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Abstract 
The aim of this study/thesis was to explore how climate change is reshaping livelihoods in 3 study areas of the Western Province of Zambia also known as Barotseland. This thesis positions itself at the intersection of Climate change and rural livelihood. Specifically, the main aim of this study was to interrogate the interaction between climate change, rural livelihoods and adaptation strategies in three study sites in the Western Province of Zambia. Research suggests that climate change is the greatest threat to humanity and its impactful effects will be felt in the poorest areas of the world (Hallegate et al., 2017; IPCC, 2014; 2022; Tol, 2018). Climate change will have heterogeneous impacts across different regions of the world (Tol, 2018). This thesis explored rainfall and temperature changes and trends using scientific data in three study areas (Lealui, Nanikelako and Sefula) and compared these with local people’s observations in relation to these changes and trends. 
Taking an interdisciplinary approach, through the application of qualitative and quantitative tools, the study analysed local people’s perceptions of changing climatic conditions in their local areas. The study extracts quantitative data to analyse changes and trends in rainfall and temperatures during the study period (1981-2019). The study brings together local people’s perceptions and climatic data to assess whether people’s perceptions fit into the climatic data. Chapter 5 of this study explores local people’s perceptions.  
Rainfall onset, duratio and cessation have the greatest impact on rural livelihoods as the land’s productivity is realised when the rains feed crops, fill the rivers with water and nourish pastures for livestock (Mulenga et al., 2016). One of the main physical influences of climate change and variability, is its disruption on rainfall patterns across the world (Sultana and Gaetani, 2016; Serdeczny et al., 2016; IPCC, 2022). This thesis finds that during the study period, rainfall patterns have been shifting towards late onset, early cessation and shorter duration of rainy seasons duration. However, the study revealed that these changes and trends were shifting at insignificant rates as opposed to local people’s observations. Rainfall changes and trends are assessed in chapter 6 of this study.    
Global averaged temperatures across the planet point to a more warming trend across the globe than cooling (Lindsey et al., 2020; IPCC, 2022). An upward trend in global temperatures is pushing livelihoods to precarious thresholds (Cullen and Anderson, 2017). This study shows that temperatures have been warming during the study period. However, the study also revealed that local people do not appear to pay much attention to temperature changesand trends as much as they did with rainfall. The lack of concern or attention in relation to temperature changes, in my view are explained by the fact that the effect of rainfall changes or variations are visible and impactful on people’s livelihoods compared to temperatures changes that can be slow and gradual. Temperature changes and trends are assessed in chapter 7 of this study.    
In trying to explore the impact of these shifting rainfall and temperatures and how they are reshaping people’s livelihoods in the three study areas, I introduced the Livelihood Strategies Pathways (LSPs). The LSPs, as the main outcome of this study, was conceived during empirical data collection and literature review. The LSPs conceptualises how people negotiate and transition between livelihoods strategies. Employing a multidisciplinary methodology, I draw drew from several conceptual and theoretical lenses including sustainable livelihood frameworks, poverty and assets-based approaches. In doing so, I interrogated the plurality of the ways individuals and households combined their assets to construct livelihoods and respond to climate change within the broader social structures of institutions. In chapter 8, I employed the LSPs to investigate how people were responding or adapting to changing climatic conditions through plurality in asset deployment. I introduce the term ‘adaptation from below’ as way of exploring these adaptation measures that are mainly borne out of local or /traditional knowledge and woven in practices transposed from other parts of the world.    
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Main Contributions of the thesis  
As an orientation to the reader, the main contributions of this research are twofold; that is conceptual and empirical.
Conceptually, I drew from a broad array of knowledge which was integrated into a conceptual framework; the Livelihoods Strategies Pathways (LSPs). Using the LSPs, i conceptualised how people mobilise and combine their assets using rational decision making to construct their livelihoods. People can expand their asset portfolio in different ways to maximise on their well-being and experience forward mobility. However, in times of crisis people may deplete their assets and face a down trajectory of backward mobility. By drawing on and integrating a diverse range of knowledge, the researcher’s conceptual framework provides continuity and expands the body of knowledge on this subject matter (see sections 3.10.1).
Empirically, in chapter 5 I bring people local’s observations in relation to changing climatic conditions into discussion. Focussing on local observations or perceptions, in relation to precipitation changes/trends in the study areas, i interrogated their perceptions and understanding of rainfall changes in their locale areas. In Chapter 6, I extracted climatic data to examine changes and trends in rainfall patterns in the study areas over a period of 39 years. In chapter 7, using scientific climatic data I interrogated temperature changes and trends in the study areas. These are original empirical contributions not done before in the study areas.
In chapter 8, I introduce ‘Adaptation from below’ in chapter 8 as an empirical outcome of this thesis. Borne of ethnographic empirical approaches set out in chapter 4 of this thesis, I  explored and interrogated the material used in everyday livelihood constructions using a plurality of asset deployment. In the face of changing climatic conditions local people draw on their old established traditional and culturally embedded strategies of responding and living with change. Adaptation from below fits into new approaches of bottom-up or local adaptation to climatic change. 
Contributing at conceptual and empirical levels, not only do I add to existing knowledge and frameworks on the key concepts in this study but also bring out original work that would enhance the spatial understanding of climate and the role of local responses to change. 

Forward Statement
The interviewees were informed that photos taken during data collection were going to be used for academic purposes in writing up this thesis. Oral consent was obtained in all cases for these photos to be used for academic purposes only. Due to the nature of the data collection techniques, that included random sampling, it was not practical to obtain written consent.  
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[bookmark: _Hlk123059403]Chapter 1-Introduction 
1.0.0 Research Background  
This thesis centres on the dynamic and interactive linkages between Climate change and rural livelihoods. Specifically, the focus of this research was to interrogate the impact of climate change and variability and how these are shaping or reshaping (transforming) livelihoods in three study sites in the Western Province of Zambia, also as known as Barotseland (see chapter 4-Research Design and Methodology). Research suggests that climate change is the greatest threat to humanity and its impacts will be severely felt/experienced in the poorest regions of the world including Sub-Saharan Africa (Sy, 2016). Climate change will have heterogeneous impacts across parts of the world (Abegunde et al., 2019; IPCC, 2001; 2005; 2014; Tesfaye et al., 2015). 

[image: ]
[bookmark: _Hlk148350371]Figure 1- Geographical Location of the study sites 



Majority of people in rural areas of the world are reliant on natural resources to construct and sustain their livelihoods (Scoones, 1998: Weston et al., 2015; Pelletier et al., 2016). The International Fund for Agricultural Development [IFAD] attests that those rural livelihoods consist primarily of small-holder family farms, fisheries, forestry and pastoral activities which are often highly sensitive to climate change (IFAD,2011). This over reliance on ecosystems and natural resources entails those rural livelihoods are vulnerable to climate related shocks and stressors (IFAD, 2011; Vermeulen et al., 2012; Thornton, 2012; Schilling et al., 2012). Even the slightest of changes in rainfall or temperature can result in huge disruptions to livelihoods (Connolly-Boutin and Smit, 2016; Somorin, 2010; Seidl et al., 2017). Rainfall is a critical factor to agricultural production; its onset, amount and cessation influences yields and other livelihoods options for rural people; the land’s productivity is realised when the rains feed their crops, fill the rivers with water and nourish pastures for their livestock (Dube and Phiri, 2010). One of the most physical impacts of climate change and enhanced climate variability will be the disruption to precipitation regimes across Africa (IPCC, 2001, 2007; Niang et al, 2014). 
Temperatures having been on the upward trend and are predicated to get warmer in Sub-Saharan Africa, will further drive livelihoods to precarious thresholds (Zinke et al., 2004; Bunce et al., 2009; IPCC,2022). In the face of global economic and transboundary forces (multi-exposures/multi scalar), the livelihoods of people in rural places are at a critical point (Leichenko and O’Brien,2008; Kelman et al, 2015). However, people are agents of their own livelihood strategies and devise innovative ways of sustaining their livelihoods that are reffered to as ‘Adaptations from Below’ in this thesis. 
In trying to understand how climate change is reshaping people’s lives in the three study areas (see chapter 5-Methods), I conceptualised the Livelihood Strategies Pathways (LSPs) as a way of developing a lense to examine how people negotiate and transition between livelihoods strategies. The LSPs is conceived from chronic Poverty (Hulme, 2003), Assets (Moser, 1998; 2006) and Livelihoods Strategies studies (Scoones, 1998; 2009). Employing an assets-based approach (Moser, 1998), I explored how individuals and households gather their assets to construct livelihoods and respond to climate change within the broader social structures of institutions, power, gender, ethnicity and social status (Scoones,2009: Dijk, 2011; Sakdapolrak, 2014;). While Moser’s assets model is based on an urban context, in this study i drew on the assets model conceptualisations, which I applied to a rural context. 
Deploying the LSPs, I conceptualised how people transition between different livelihood strategies (refer to section 3.9.3). The LSPs conceptualises people’s adaptation process as transitions between five livelihood pathways influenced by processes of asset accumulation and depletion or erosion. Therefore, according to the LSPs, mediated by other social-economic, and cultural factors, individuals or households would transition between struggling; coping; resilience; adaptation and transformation. Theselivelihood outcomes are not necessarily an iterative process, but outcomes of asset accumulation or depletion in a dynamic interactive process with the external and internal environment. 
Drawing from the livelihoods concept, I expanded and stretched the concept of livelihoods by integrating critical elements such as culture, religion and indigenous knowledge, teasing out intrinsic features integral to the understanding of how these variables shape people’s livelihood strategies. It is my argument that people’s livelihoods cannot be imagined as fitting into the narrow assumptions of the traditional livelihoods framework. Instead, I contest that people face dynamic situations through which they negotiate; however, some traditional livelihoods models negate to consider other critical factors that construct livelihoods. I used the cultural lens to explore how culture is central to livelihood strategies of people in the study areas and how this can inform external adaptation intervention approaches. Cultural ideologies translate into activities and institutions that characterise the political economy of climate change (Tanner et al., 2015) and adaptation is contingent on cultural values; that is what people value as important and how resources can be allocated. 
[bookmark: _Hlk123059474]1.1.0 Rationale of the Study 
This thesis was motivated and justified on grounds that no study has been undertaken in the study areas that has explored rainfall and temperature characteristics and trends to a greater depth as done in this thesis. Secondly, climate change will have severe, unknown and unpredictable impacts on rural livelihoods and the most at risk are those communities reliant on natural resources such as those in the study areas. Therefore, the findings of this study will not only contribute to the understanding of climatic changes and trends in the study areas but crucially aid response approaches.       
[bookmark: _Hlk123059484]1.2.0 Research Context
This research was conducted in the Western Province of Zambia, also referred to as Barotseland (Chomba and Nkata, 2016). The Western province is dominated by the Barotse flood plain. The Barotse floodplain, also referred locally to as Bulozi Plain, is the second largest flood plain in Zambia (Chomba and Nkata, 2016; Cai et al., 2017). The floodplain shares a border with Angola (Cai et al,2017). The Barotse floodplain is a seasonal vast expanse of water, which covers 160 kilometres and at its widest point extends up to 60 kilometres (Flint and Monde,2006; Chomba and Nhkata,2016). The floodplain covers an estimated 550,000 hectares and 1.2 million hectares of wetland (Chomba and Nhkata,2016). The Barotse floodplain is inundated with water from the Zambezi River and its tributaries for about 3-5 months, from late December to end of May (Cai et al.,2017). Inundation of the plains is largely influenced by rainfall characteristics in the upper catchment and stream flows from the uplands (Baidu-Forson, 2014; Cai et al, 2017; Zimba et al.,2018).
The flood characteristics are influenced by upper streams flow from Angola and North-Western Zambia which records mean annual rainfall of above 1000mm (Cai et al., 2017; Zimba, 2017). The peak of the flood season is reached in March or April, which coincides with the annual Kuomboka ceremony (getting out of the water). The water begins to recede from May to July, after which the flood plain is almost clear of surface water (Cai et al.,2016; Chikozho and Mapedza, 2017). Estimates indicate that the main body of the flood plain is 5500km2 and the maximum-flooded area is estimated at 10,750km2 when other tributaries are considered (Zimba et al., 2018). The Zambezi River is a predominant feature of the lowlands, and its annual flood cycle governs the human and ecological activities of the area (Chomba and Nkata, 2016; Milupi et al., 2019). The higher grounds of the of the flood plain feature forested woodlands suitable for cattle grazing during transhumance period because the annual floods force people and animals to move (Banda et al., 2022). 
According to   historical meteorological data, the rainy or wet season on the Barotse runs from November until end of March. The annual average annual rainfall is between 600mm to 1400mm considering season variations. Rainfall over the Barotse floodplain is influenced by the annual movement of the Inter-Tropical Convergence Zone (ITCZ). There is considerable rainfall variability over the catchment areas of the flood plain with a very high inter-annual variability (Zimba et al., 2018).   
According to local narratives and other anecdote evidence, the Western province has witnessed an increase in droughts in recent years. This narrative is fronted because the Kuomboka ceremony, a powerful symbol of ‘good rains’ did not take place in three consecutive years (2017, 2018 & 2019). A local legend suggests that the only other time the ceremony did not take place due to low water levels was in 1978,1979 and 2005. These local narratives appear to suggest that Western Province’s rapid transition from abundant precipitation to frequent droughts offers a compelling evidence of climate change. 
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[bookmark: _Hlk123050065]Figure 2- An over of the Barotse Floodplain and location of study sites  
[bookmark: _Hlk123059500]1.2.1 Livelihood Activities 
The nature, ecosystems of the floodplain and the livelihoods of the people depend largely on the timing and duration of the flooding season (Flint and Monde, 2006; Timberlake, 1997; Milupi et al., 2019). As most of the waters recede, some of it is trapped in swamps, dambos and ox-bow lakes critical to the people and their livestock. According to Kwashimbisa and Puskur, (2014), the Barotse floodplain is one of the most agriculturally productive areas in Zambia. Livelihood activities on the Barotse floodplain are centere on a combination of mixed crop farming, livestock keeping, and exploitation of natural resources with artisanal fishing being the most dominant livelihood activity (Chomba and Nkhata, 2016). People on the flood plain also rely on the rich diversity in the ecosystem services of wetland plants, wild vegetables, and wild animals (Chikozho and Mapedza, 2017). Namafe(2004, P.51) attests that the flood waters of the flood plain determine the Lozi-speaking people’s celebrated annual cyclic socio-cultural characteristics of life, which define their agro-pastoral systems-the ceremony is  bond to the core of Barotse culture. The Barotse flood is an area defined by floods; where people revere the flood plain and floods often viewed as disruptive element by many but here are celebrated not just for the socio-economic benefits that are associated with them but also equally as a symbol of cultural identity of the Lozi people.     
[image: Identifying local solutions in the Barotse Floodplain for sustainable  agricultural development | Alliance Bioversity International - CIAT][image: ]

Figure 3-Main Livelihood Activities Source:(www.google.co.uk/search/images)-Subsistence farming and fishing are the main livelihood activities in the study areas. 
The Barotse flood plain has about 3000 canals that network between villages and small towns (Cai et al.,2017, 2017). The canals are used mainly for the transportation of people and their goods. However, they are also utilised for irrigation, fishing and domestic use (Cai et al, 2017). While the main river, the Zambezi remains navigable throughout the year, some of the smaller canals are often clogged with plants and silt (Chikozo and Mapedza (2017). People on the flood plain practice transhumance between the flood and dry season which coincides with the period of inundation of the flood plain (Flint, 2006). Most people relocate to the higher ground from the flood plain when the plain is inundated during the rainy season where they cultivate crops and rear their livestock (Chikozho and Mapedza, 2017).  
[bookmark: _Hlk123059524]1.2.2 The Kuomboka Ceremony 
Nothing perfectly identifies and describes the Lozi people culturally and as a tribal grouping than the Kuomboka (getting out of the water). The Kuomboka is an annual ceremony when the King and people transition from the flood plains to the uplands following inundation of the plains. During the peak of the flood season (April), the King and the people relocate from their summer homes to winter homes together with thousands of their livestock. This transition acts as a livelihood strategy and is the most important cultural fabric, which has been practiced over decades of years. As the flood waters recede from June onwards, the flood plain is transformed into rich green pastures for animals and a variety of wild vegetables for the people. In addition, as the water levels recede, fishermen can go back to their fish enterprises on the Zambezi River, which is now rich in a variety of fish species. In recent years (2017-2020), however, the ceremonial festivities of the Kuomboka have been cancelled primarily due to low water levels in the flood plain following multi-year droughts on record.
[image: Andrew Banda 🇿🇲🇲🇼🇿🇼🇲🇿🇨🇩👣 on Twitter: "Amazing shots at the  Kuomboka Ceremony 2022 Photos by Bwana Jimmy Productions #Zambia #Travel  #Africa https://t.co/KM7wL3G2eJ" / Twitter]
Figure 4-TheKuomboka Ceremony Photo courtesy google image(www.google.co.uk/search)  
Figure 4 above, shows the Kings barge (the Nalikwanda) with an elephant on top escorted by smaller canoes in a procession from Lealui to Limulunga during the annual kuomboka ceremony. 
[bookmark: _Hlk123059541]1.2.3 Governance Systems: The Barotse Royal Establishment (BRE) 
The Western province has 25 different tribes with the Lozi people being the most dominant grouping (Flint, 2006; 2008). Power, governance and administration of the Western Province is centred on the Lozi King, who is referred to as the Litunga (Mufalo, 2011; Sikayile,2015). Traditionally all the land in the Barotse floodplain belongs to the Litunga, who is the traditional leader of the Barotse Royal Establishment (BRE). Customs and traditional tenure determine land access and use. The Litunga is the supreme head of the customary land administration system in Western Province. The Litunga’s supreme status is embodied in his reference as “Minya-Mupu-Na Ngo’mbe”-translated as the owner of land and cattle. The Litunga is also the final authority in relation to all land related matters as encapsulated in the term “Fo Kutabile ngweshi” translated as “where the King had pierced no man can remove”. The BRE administers and presides over land rights (Kwashimbisa and Puskur (2014). Historically, there are two parallel governance systems in the Western Province-the Central Government and the BRE. The BRE represents the traditional systems of governance (Flint, 1986).
Any male family member in the patrilineal line of the first King is eligible for succession to the Kingship.The BRE’s hierarchy is highly centralised and complex for purposes of creating stability and cohesion for historical reasons. The BRE operates through traditional chiefs, who make the Kuta (parliament) which is presided by the Ngambela(Prime Minister). The Ngambela acts as the chief administrator of the BRE. The king can appoint any “commoner” to any office of the BRE. The BRE is a strong symbol of the Lozi people who are the dominant group (Flint, 2006; Mufalo, 2011; Kakanku, 2017).  
The King is the supreme leader and is assisted by a team of silalo ndunas (chiefs) whose jurisdiction is governance at district level (Chomba and Nhkata; 2016; Neeta, 2016). The BRE hierarchy system has six levels of governance as shown in the figure 5 below (Mufalo,2011). The Litunga (owner of the land) heads the supreme body of the Barotse National Council. The next level known as the Kuta is the judicial system. The Ngambela is the prime minister, who is followed by the Indunas at a district level. At Sub-district, the BRE is represented by the Silalo Induna and village level matters are handled by Village Headmen (Flint,2003; Chomba and Nhkata,2016). 
The functions of the Indunas are to administer land distribution, granting access to natural resources and resolve disputes (Flint, 2008). Rights and access to land are administered by the BRE and the Indunas have powers to restrict access to land at their discretion (Mufalo,2011). 
All conflicts and land disputes are presided over by the “kuta”. The “Kuta” is also responsible to assessing and scrutinising all land applications. The “Kuta” is led by a senior chief who presides over matters of conflict and land disputes at provincial level (Western Province). The senior chief does not make unilateral decisions; he is always in consultation with Indunas. At District level, conflicts and disputes and handled by a “saa Kuta” which a Lozi traditional court. Membership of the “kuta” includes the Litunga who only attends when matters of conflict or dispute are of paramount importance (Mufalo,2011).  
[image: ]
[bookmark: _Hlk154650706]Figure 5- Structure of the BRE. Adapted from Mufalo(2011)
[bookmark: _Hlk123059561]
1.2.4 Forms of Traditional Land Ownership 
As set out above, the Litunga “owns” all the land in Barotseland-controls 10 ,720Km2 in Mongu District. Mongu City Council only holds 30Km2  (Mufalo, 2011). The table below shows the five forms of traditional landownership in Barotseland.
[bookmark: _Hlk123039749]Table1: Forms of Traditional Land Ownership. Adopted from Mufalo(2011)
	Landownership Form 
	Description 

	Mubu-Wa-Ngweshi
	This land belongs to the Litunga and is passed on from one Litunga to other. This is the land that the Litunga allocates to people on request or application. This land can be allocated for settling, agriculture or other developments.

	Mubu-Wa-Luu
	This is land reserved and allocated to custodians of the customary land such as senior chiefs, sub-chiefs and other members of the royal family. Acquisition of this land is attached to the position one holds in the BRE

	Mubu-Wa-Bana ba Malena
	This is land held in trust by members of the royal family. It is passed on from generation to generation. In cases where there is no one eligible to inherit the land, this land reverts to the Litunga

	Mubu-Wa Lusika
	This land is ‘owned’ by subjects and is passed on through generations.

	Mulalambuwa
	This is land that does not belong to anyone, and no one inhabits it. Individuals who are interested in acquiring this land must follow procedures set out by the Silalo of Indunas (court of elders)



[bookmark: _Hlk123059587]






1.3.0 The Barotse Agreement
Following Independence of Northern Rhodesia from the British colonial governance in 1964, then Prime Minister of Northern Rhodesia Dr. Kenneth Kaunda, signed an agreement with Sir Mwanawina Lewanika III the then Litunga of the Lozi people. This agreement, which later became known as the Barotse Agreement of 1964 was in recognition of the Litunga of Barotseland as the principal local authority for the governance and administration of Barotseland. The agreement gave powers to the Litunga to make laws in Barotseland in relation to land, natural resources and taxation.  The Litunga was accorded the recognition of the Government of the Republic of Zambia under the Customary Law of Barotseland (Bull, 2014).   
The purpose of the Barotse agreement was twofold:
I. Ensure that Northern Rhodesia proceeded to independence as one country with Barotseland as integral part of Zambia and that all its people were one nation
II. To enter arrangements concerning the position of Barotseland as part of the Republic of Zambia to take the place of the treaties and other agreements hitherto subsisting between Her Majesty the Queen and the Litunga of Barotseland. 
In 1969, the Barotse Agreement was cancelled by then President of Zambia Dr. Kenneth Kaunda, who even announced that from 1969, Barotseland would be called the Western Province of Zambia. This in effect and practical terms meant that the Barotse Agreement was abrogated and the semi-autonomous rights that were conferred to the Litunga were altogether cancelled. In 1969, The Government of Zambia introduced and passed a Constitutional Amendment Act No 36 of 1969 in parliament to cancel the agreement. The Act stated:
“The agreement shall on and after the commencement of the Constitution Amendment Act No 5 of 1969 cease to have effect, and all rights (whether vested or otherwise), liabilities and obligations there under shall thereafter lapse”. (Bull,2014; Theobald,2017)
To date, there is a sense of tension and uneasiness between the BRE and successive central governments in Zambia. Activists, traditionalists and sympathisers have been agitating for the restoration of the Barotse Agreement. Calls have been made for the re-creation of an independent Barotseland and that the Zambia Government must honour the conditions of the Barotse Agreement or alternatively allow Barotseland to secede and become an independent state (Sikayile, 2014).   
[bookmark: _Hlk123059608]1.4.0 Agro-Ecological Zones of Zambia
Agro-ecological zones is an internationally accepted framework for land evaluation that enables rational land management options to be set out based on an inventory of land resources and evaluation of biophysical limitations and potentials (Fischer, Velthuizen and Nachtergaele,2000) . 
Zambia has been divided into three main ago-ecological zones or regions. These are classed as region I, II (a&b) and III. This is classifications is based on annual rainfall amounts, soils and climatic features (Chabala and Kuntashula, 2013;Makondo et al.,2014).  
Region I is characterised by semi-arid conditions and covers Southern areas of Central and Eastern provinces of Zambia. The average annual rainfall is between 400-800mm. Due to low to medium rainfall amounts the growing season lasts between 80 to 120 days. The soil types vary from acidic sandy, acidic loamy and clayey with loamy topsoil. These types of soils can limit crop production. 

Region II covers parts of Western, areas of central, Eastern, Southern and Lusaka provinces. Mean annual rainfall is between 800-1000mm with a growing season of 120 days. This zone has some of the most fertile soils in Zambia with good crop yields.

Region III records the highest amounts of rainfall in Zambia with mean annual precipitation of above 1000mm. High rainfall amounts means the growing season ranges from 120 to 150 days. Region III covers the Copperbelt, Northern, Luapula and Northwestern provinces of Zambia. The soils in this zone are characterised by leached acidic soils. 
 [image: Zambia, Our work | Climate and Development Learning Platform]
[bookmark: _Hlk154650657]Figure 6- Agro-Ecological Zones of Zambia. Source FAO (2015)
[bookmark: _Hlk123059625]1.4.1 Rainfall Characteristics in Zambia 
Precipitation in Zambia follows the shifting position of the Intertropical Convergence Zone (ITCZ) and the El Nino Southern Oscillation (ENSO) (Hu et al, 2017; Wang et al.,2017). ENSO is often associated with strong year-to-year climatic variations in many parts of the world (Meehl et al., 1999;Wang et al.,2017).  The ITCZ is positioned north in the dry season and moves southwards in the second half of the year and then repositions northwards in the first half of the year (Cai et al.,2015;  Johnson,2017). The ENSO, which acts like a see-saw, influences sea surface temperatures in the Pacific Ocean in two distinct phases (EL Nino and La Nina) (Abdi et al.,2015:Setimela et al.,2018;Nobre et al.,2019) . The behaviour of the two phases can be explained circularly; Variations in sea surface temperatures are both the cause and consequence of wind changes.

Therefore, follows that during the La Nina phase; the intense winds keep warm waters along the equator in the far west, which maintains a zonal temperature gradient that adds to the intensity of the winds (Setimela et al.,2018;Anderson et al.,2022) . A minor disturbance in the form of a burst of westerly winds near the international date line generates currents that transport some of the warm water towards the east, hence lowering/decreasing the zonal temperature gradient (Brainard et al.,2018; Anderson et al.,2022).  As a result, the trade winds weaken causing more warm water to flow eastwards, causing further weakening of the winds which culminates into an El Nino (Cheng et al.,2019; Guan and McPhaden,2019) .Therefore, the movement of the ITCZ with the seasons, and start of the rainy season over Mongu is when the ITCZ first encroaches in Zambia on its way south, and ends when it moves north of Zambia on its way north.
[bookmark: _Hlk123059638]1.5.0 Research Aim and Objectives
1.5.1 Aim
The aim of this research was to explore the impact of climate change on livelihoods in the Barotse Flood Plain of Western Zambia. To achieve this objective, the thesis assessed shifts or changes in rainfall and temperature indices in three areas (Lealui, Nanikelako and Sefula). The general aim was to explore the evidence of changes trends in rainfall and temperatures and how these translated into people’s livelihoods.
[bookmark: _Hlk123059657]1.5.2 Research Objectives
I. Assess climate variability and change through meta data analysis of rainfall and temperature changes and trends.
II. To Compare and contrast local observations against scientific analysis of rainfall and temperatures as set out above.       
III. To explore the plurality and diversity of rural livelihoods strategies that households/ individuals pursue in response to climate change and variability.
IV. To examine the types and asset bundles that individuals and households draw on to construct their livelihoods and adaptive measures pursued within and between individuals/ households and how these are shaped by climate change.
[bookmark: _Hlk123059670]




1.6.0 Thesis Structure  
This thesis has 9 chapters. The sections above set out generic preliminaries of this thesis; that is the research background and rationale for undertaking this study. They also highlighted the research context including the aim and objectives of this study.   
Chapter 2 provides literature on which critical analyses and discussions in this study are founded. The interdisciplinary nature of this thesis entails that the literature review is drawn from social and physical sciences. The literature review attempts to explore and link elements of global warming and climate change.The literatureure review highlights climate change detection and attribution. Climate is an the the theme of this thesis, it is analysed in chapter 5 from a local people’s view. Crucially, the literature review attempts to explore the bigger and existential challenge of climate change as linked to the adaptation strategies at different social scales.  Chapter 2 also brings together scientific and indigenous knowledge and how these different lenses of inquiry can be integrated to broaden the scope of knowledge and practice of climate change adaptation.         
Chapter 3 provides the theoretical and conceptual foundation of this thesis. Focussing on the concept of livelihoods and asset ownership, the theoretical framework explores how individuals and or households combine their assets to construct a livelihood in the face of external and internal shocks and stresses. Theoretical discussions interrogate the traditional livelihood models by bringing into perspective alternative models. I discussion Moser (2006)’s Assets Based Model and De Bruijn and Van Dijk(2005a)’ Livelihood Pathways model. The conceptual framework section introduces the Livelihood Strategies Pathways (LSPs) that I developed as part of the outcome of the thesis. 
Chapter 4 focusses on Research Design and Methodology. It explores the research tools employed to meet the objectives of chapter 5, 6 , 7 and 8. It highlights the qualitative methods (semi-structures interview, key informant, participatory observations) and the quantitative methods applied in the analysis of rainfall and temperatures. Issues of ethics and positionality are tackled in chapter 4. Chapter 4 also looks at remote data collection (WhatsApp) used in view of Covid-19 pandemic, that had restricted face-face based research.         
Over the next three empirical chapters (5, 6 & 7), I explored and discussed cross cutting issues at the core of the thesis. In the first empirical chapter (chapter 5), I interrogated and reflected on what I had found interesting about how people interpret and understand changing climatic regimes in their locales. Drawing on local narratives and traditional knowledge,I delved into and situated what people considered as forces of environmental change. Chapter 5 is titled indigenous and Cosmological Narratives of changing climatic Regimes. The first theme that emerged during the initial interviews I conducted was how people in the study areas attributed and explained changing climatic patterns to supernatural forces (gods) and superior beings (spirits/dead kings) that they claimed were able to “turn “the rains on or off and controlled other weather variables. 
In cosmological narratives, I explored how people were able to vividly narrate what they believed are were the drivers of environmental change through religious and cultural lenses. For example, one of the interesting issues I explored in chapter 5 was how people held concrete and solid beliefs about the dead Kings buried in the flood plains. The belief was that the dead kings could determine ‘if ‘and ‘when’ rains would fall and if for instance people disrespected the traditional royal cenotaphs, the dead Kings can meet out punishment in the form of drought, floods, storms, pest infestations and including death of offending individuals/households or even to entire communities.  took keen interest in trying to understand these narratives in turn situate or shape how local people perceive, interpret and respond to environment change in their localities.    
In chapter 6, I introduce and analyse rainfall characteristics in the study areas-through exploring rainfall changes and trends over the study period. This chapter explores key rainfall indices of Onset, Cessation and Duration that influence the success or failure of the growing season (Makondo and Thompson, 2020). Within chapter 6, I bring together local narratives and scientific data extracting their common narratives on changing climatic indices to compare the findings. By bringing people’s narratives and their everyday experiences of changing climatic conditions and scientific data, it accords me anopportunity to corroborate or compare between what people observe or experience on everyday basis against scientific data. In my view, indigenous and scientific knowledge in specific reference to climate change articulate the same phenomena but deploy contrasting lenses of inquiry. In this thesis, I find that in the main, local narratives are consistent scientific models whose findings suggest trends towards increasing low precipitation and drying not just in the Western Province but also across many regions of Zambia. 
Chapter 7 is continuation of scientific data analysis from chapter 6. It explores and analyses temperature patterns and trends in the study areas. It outlines the seasonal cycle of temperatures in the study areas. Chapter 7 also analyses trends on the monthly, annual and seasonal (winter and summer) temperatures. By linking chapter 5 and 6, it compares local observations against scientific observations to determine whether changes and trends are evident.           
Chapter 8 introduces the main outcome of this study “Adaptations from Below”. I Employ ‘Adaptations from below’ as an outcome of the thesis in relation to how people have responded to the impact of shifting rainfall and temperatures in their areas. Adaptations from below conceptualise responses or strategies deployed by local people in the face of changing climatic changes. Therefore, chapter 8 focusses on the processes of adaptation at the micro (individual/household), messo (village level) and macro level in the three study areas.
Chapter 9, the conclusion of this thesis, is a summary and discussion of the key findings. It brings together empirical findings in chapter 5-local narratives; 6 and 7-rainfall and temperature analysis respectively and links these with chapter 8 the main outcome of this study. By extracting the key findings and merging them into a discussion it gives a story of climate change and adaptation both from a local and scientific perspective. Chapter 9 provokes a debate between indigenous or local knowledge and science; how these different lenses of inquiry can be integrated to broaden the scope of knowledge and practice in climate change adaptation.       
[bookmark: _Hlk123059687]







Chapter 2: Literature Review
2.1.0 Introduction
Chapter 2 is an exploration of the literature that informed this study. It gives a general background to the emergence of climate change as a prominent and contested subject at the global level. It gives a general outlay of the physical characteristics of climate change and the attribution of climate change to the human activities. Climate changes manifests itself in several ways such as extreme temperature, shifts in precipitation patterns, melting snow peak or thawing of permafrost, and sea-level rises among many others (IPCC;2014;2022). Within this chapter, attention is paid to adaptation as a response to climate change. In the context of this study, climate change has had an impact on the livelihoods of the people in the areas in relation to food production and water availability for people and their livestock.
This chapter begins with a background exploration of the broad subject of climate change, its attribution to human activities (anthropogenic) and its impact on the environment. This is then followed by a discussion on the greenhouse effect and its role in maintaining Earth’s habitable conditions. The discussion then transitions to the exploration of climate change, its causes and impacts, and delves into issues of detection and attribution. It then examines the biophysical impacts of climate change. Subsequently, the chapter focuses on extreme temperatures and rainfall events in Africa as highlighted in the IPPC (2022) report. The next sections look at climate change adaptation as a multifaceted strategy that involves several elements. Vulnerability, adaptive capacity and transformation are the subject of discussion towards the closing sections of this chapter. The last two sections of chapter 2 focus on indigenous knowledge and narratives.    
[bookmark: _Hlk123059704]2.2.0 Background 
Humans are influenced by climate and in turn human activities have been influencing the climate (IPCC; 2007; National Research Council; 2011). There is evidence that the earth is warming primarily from human induced activities through the burning of fossil fuels and other economic activities that release heat-trapping Greenhouses Gases (GHGs) in the earth’s atmosphere (Bryant et al.,1997; Cheng et al.,2016; Kirhmeier-Young et al.,2018; Trenberth,2018). “The changes in the physical climate system, most notably more intensive extreme events, have adversely affected natural and human systems around the world, contributing to a loss and degradation of ecosystems including tropical coral reefs; reduced water and food security; increased damage to infrastructure;additional mortality and morbidity; human migration and displacement; damaged livelihoods ;increased mental health issues; and increased inequality” (IPCC,2022, P.8: Chapter 1 WWGII). The burning of fossil fuels such as oil, natural gas and coal contribute the largest percentage to Carbon Dioxide (CO₂) emissions (Dong et al., 2017a; Pamarati et al.,2017b; Dong et al.,2018). Human economic activities have over the years increased the concentration of carbon dioxide, methane and nitrous oxide in the atmosphere making it harmful (Schlesinger,2007; Kirhmeier-Young et al.,2018; Kweku et al., 2018). Natural drivers of increased concentrations of greenhouses gases are permafrost, oceans forest fires, wetlands, earthquakes, volcanos among others (Yue and Gao,2018;Krissansen-Totton and Davies,2013).The greenhouse effect is a consequent of the temperature of the lower layers of the Earth increasing due to the heating and cumulative impact of greenhouses gases(GHGs) (Andrady et al.,2015; Anderson et al.,2016;Hertberg et al.,2017). According to Latake et al. (2015), the concentration of greenhouses in the atmosphere is determined by the summation of natural systems and human activities and the removal (sinks) from the atmosphere through complex chemical processes.
According to the IPCC 6th Assessment Report (2022), global warming reaching 1.5⁰C in the near-term would inevitably result in unavoidable increases in multiple climatic hazards and risks consequently presenting several adverse impacts on the eco and human systems. The IPCC (2022) reports that human induced temperature increases have been detected across Africa and many regions of Africa have warmed rapidly than the global average-this indicates an increase in the frequency of heatwaves. The IPCC (2022) reports that with increased greenhouse gas emissions, average temperatures across Africa are projected to increase and some of these temperatures will be unprecedented in the history of these regions. Populations in low latitude regions of Africa are projected to experience large increases in the frequency of daily temperature extremes (Harrington et al.,2016; Arias et al.,2021). 
In many areas of South, East and North Africa, precipitation and temperature trends since the 1950s are attributable to human induced (anthropogenic) climate change. Research has also demonstrated that climate change impacts on human and natural systems are projected to have negative impacts across several sectors in Africa (Munday and Washington, 2019; IPCC, 2022).  
The following sections are interrogations in the broad subject of climate change, its features, and impacts. 
[bookmark: _Hlk123059738]2.3.0 Climate Change
Neelin (2011), describes climate as the average condition of the atmosphere, ocean, land surfaces and the ecosystems of a region. Neelin (2011) forwards that the climate of a region includes the mean wind direction and strength, mean cloud cover, the temperature of the sea surface of the surrounding area and ocean currents that influence the sea surface temperature among other factors. On the contrary, weather is the state of the atmosphere and ocean at a defined period (Neelin,2011). 
[bookmark: _Hlk100605183]As the air temperature increases in the lower layers of the earth, it results into an irreversible phenomenon of climate change and global warming (Sinnot-Armstrong and Howarth; Bayer et al., 2015; Mikhaylov et al., 2020). Global warming narrowly refers to an increase in global temperatures (Chapman;2015; Schuldt,2016). Climate change, however, on the other hand refers to the broad scale changes in climatic patterns that are attributed in part to the greenhouse effect and global warming (Schuldt, 2016). Greenhouse’s gases are a key factor in accelerating climate change by altering the composition of the atmosphere (Ramanathan and Feng, 2008; Latake et al., 2015; Kweku et al., 2018; Qiao et al., 2019). Global warming and climate change are often used interchangeably in everyday use (Whitmarsh,2009; Chapman,2015). 
The IPCC AR5 (IPCC, 2014, P.120) defines climate change as “a change in the state of the climate that can be identified (e.g., using statistical tests) by changes in the mean and/or the variability of its properties, and that persists for an extended period, typically decades or longer. It refers to any changes in climate over time, whether due to natural variability or as the result of human activity”. 
According to the (IPCC,2014, P.119-Chapter1), “climate is the average weather or more rigorously, as the statistical description in terms of the mean and variability of relevant quantities over a period of time ranging from months to thousands of years or millions of years”. The NRC (2001) argues that climatic statistics maybe calculated in form of long-term measures such as daily minimum temperatures, frequency of floods or length of the growing season. The IPCC (2014) adds that the classical period for averaging these variables is 30 years a standard set by the World Meteorological Organisation. The variables considered are among many other include surface temperatures, precipitation and wind. The National Research Council (NRC, 2001) adds that the climate of a region includes humidity, cloudiness, soil moisture, thickness, and the concentration of the sea. The NRC (2001) asserts that to the extent that climate and climate change are often presented in global averages, large variations may exist at local and regional levels which may depart from the global averages. These variations may lower or amplify the impact of climate change across different parts of the world. The climate system is composed of the oceans, land, atmosphere and cryosphere with the atmosphere being the most fragile or /volatile. The oceans and atmosphere are  fluidic in nature and interact in unique ways to produce variability patterns in weather (Rahmstorf and Coumou;2011; Trenberth,2018).
Climate change as opposed to climate variability, based on the foregoing, refers to significant and statistical variations in either the average state of the climate or variability that lasts for an extended time frame, typically decades or longer. Therefore, average climate indices of a region are in many instances used as a metric of overall change (Swain et al.,2020). Arising from the fact that the climate of a region is an aggregate of weather conditions over a period; it means that multi-decadal climate can be seen as a process of quantifying changes in the overall aggregate probability distributions from day-to day weather conditions (Swain et al.,2020). 
[bookmark: _Hlk123059807]2.4.0 Bio-Physical Impacts of Climate Change
The impacts of climate change will manifest in the areas of ecosystems, water sources, food security and safety, health, and human security (conflict) (Cramer et al.,2018).



Space left to fit table 2 below.


[bookmark: _Hlk123039823]Table 2: Biophysical Impacts of climate change. Adapted Moser & Satterthwaite (2008)

	Physical Signs

	Impact on natural systems
	Impact on human health

	Increased frequency of warm spells and heat waves over most land areas

	Decreased crop yields in warmer regions, increased risk of wildfires, and range for disease vectors

	Increased risk of heat-related diseases and deaths, increase in vector-borne disease, increased respiratory diseases due to air pollution

	Increased frequency of heavy rainfall events
	Damage to crops, soil erosion, waterlogging, water quality, river level rises
	Increase in floods and landslides disrupting livelihoods


	Increased in intense tropical cyclones and storm activity
	Damage to crops, forests, and coral reefs; interference with water supply
	Damage to housing infrastructure, disruption to businesses, transport, and infrastructure; loss of income and assets; large scale displacements of people-erosion of social networks and assets


	Increased droughts and dry spells

	Land degradation, reduced crop yields, livestock deaths, wildﬁre risks, water stress
	Water problems, migration into urban areas, hydro-energy deficits, food insecurity, spike in food prices, conflict


	Increased cold snaps
	Damage to crops
	Illness or death due to exposure to extremely cold temperatures




“Human induced climate change has led to an increase in the frequency and increase of daily temperatures and contributed to a widespread intensification of precipitation extremes” (Stott, 2016, P.1). In the following sections, I examined extreme temperature and rainfall events associated with climate change purposely as it fits in with the empirical analysis of this study. 
[bookmark: _Hlk123059823]2.4.1 Extreme Temperature and Rainfall Events
According to the IPCC (2022-Chapters 1- WGs I&II), there is proven evidence that human -induced climate change has led to an increased frequency and intensity in some of the weather and climate extremes events since the pre-industrial era, especially in temperature extremes. This evidence of observable changes has been attributed to GHGs, aerosol emission and land-use activities. Observable extremes in precipitation, droughts, tropical storms, hot or /dry and fire events have intensified since AR5 (IPCC, 2014). The IPCC AR6 (2022) forwards that these extreme weather events would not likely occur without the influence of human activities. In 2021, soaring temperatures across Northwest USA described as the “heat dome” was described as an extreme event and more of such events will occur often in future(www.nationalgeographical.com). A village in British Columbia was “incinerated “and destroyed by wildfires due to extreme heat (www.nationalgeographic.com).
The IPCC AR6(2022, Chapters 1-WGs I & II) reports that human induced climate change is the main driver of the observed frequency and intensity in hot and cold extremes across the globe and at continental level. The frequency and intensity of hot events have increased, and cold extremes have decreased at global and continental scale. This trend will continue even if global warming is stabilised as 1.5⁰C. The AR6 adds that the number of hot days and hot nights and the frequency, and/or intensity of warm spells or heat waves have increased across the globe. The largest increase in the hottest days has been experienced in the mid-latitude and semi-arid regions at the rate of 1.5 to 2 times the rate of global warming. 
According to IPCC (2022, WGI Section 22.2.1.1), the observed climatic trends across Africa indicate that near surface temperatures have increased by 0.5⁰C or more over a time of 50-100 years. Minimum temperatures have warmed at a high rate than maximum temperatures. Near surface air temperature anomalies have significantly been higher during the period 1955-2010 compared to the period 1979-1994. IPCC (2022) further adds that it is more likely that mean annual temperatures have also increased over the last century across many parts of Africa. The IPCC (2022) concludes that there is strong empirical evidence that there is a strong anthropogenic signal in relation to temperature increases in Africa during the 20th century.
The IPCC (2022, WGI Section 22.2.2.1), reports that most regions of Southern Africa (Botswana, Zimbabwe and Western South Africa) have experienced a downward trend in total mean summer rainfall and other indices of intra-seasonal characteristics seasonal rainfall such as onset, duration, rainfall intensity have changed. Southern Africa has also experienced a reduction in late austral precipitation during the second half of the 20th century. Rainfall over North Africa (Algeria, Tunisia) has experienced a strong reduction in the amount recorded in winter and early spring. These trends indicate a greater than 330 dry days per year over the period 1997-2008. However, other regions of North Africa (northern Algeria and Morocco) have experienced positive trends in precipitation in autumn. 
The IPCC (2022, WGI Section 22.2.2.1) also indicates that over Eastern Africa, during the last three (3) decades rainfall has decreased in the months of March, May and June. This has been attributed to the rapid warming in the Indian Ocean, which drives an increase in convection and precipitation over the tropical Indian Ocean and drives an increased subsidence over many areas of East Africa and results in decreased rainfall from March to May or June. The report also indicates that East Africa has experienced a decline in monsoonal precipitation over a period of 60 years (1948-2009).   
[bookmark: _Hlk123059894] 2.4.2 Future Projections 
Global warming is projected to intensify the Earth’s hydrological cycle and increase the frequency and intensity of flood and drought risk (Arnell, 2004; IPCC, 2014; Asadieh and Krakauer, 2017; Grillakis;2019).  The IPCC AR6 (2022) also forwards explains that the frequency and intensity of heavy precipitation events have likely increase since AR5. Heavy precipitation events will become more frequent and intense (Coumou and Rahstort, 2012; Pereira; 2019; Tabari,2020). AR6(2022) projects that the increase in the frequency of heavy precipitation events will accelerate with more global warming, likely to double and triple in frequency of 10- year and 50- year events (IPCC,2022). Tabari (2020), forwards that extreme precipitation events will intensify across many parts of the world due to the concentration of atmospheric water vapour exceeding the saturation concentration at the rate of 6-7% for each degree rise in global temperature.   Heavy precipitation events will result into an increase in the frequency of pluvial and river floods as the capacity of natural and artificial drainage infrastructure is exceeded (IPCC, 2022). One of the significant precipitation events of 2019, was when Southern Africa was devastated by cyclone Ida such that it became the most powerful event recorded in Southern Africa (UNFCC, 2020). Over a thousand of people were reported dead and infrastructure costing millions of dollars was damaged (UNFCC,2020). In 2021, hundreds of homes were engulfed and swallowed in Germany and Belgium due to unprecedented amounts of rainfall that feel in a period of 24 hours (www.nationalgeographic.com).Droughts and dry events will increase in frequency and severity with increasing global warming (IPCC, 2022). Many regions of the world will be impacted by severe agricultural and ecological droughts even if the global rate of warming is stabilised in the range of 1.5⁰C to 2⁰C.
According to the IPCC (2022, P.13-Chapter 1), adaptation to climate change is critical as it plays a role in reducing climate related risks. The IPCC (2022, P.13-Chapter 1), indicates that adaptation fosters development, which can be dislocated by impacts and risks associated with climate change. The IPCC (2022), forwards that a multitude of climate related impacts have caused severe damage in many regions of the world and these impacts will significantly increase in the future. In view of the foregoing, the motivation for adapting to climate change is animated by the empirical reality of the current and projected impacts of climate change (Di Falco and Sharma, 2018; Tol, 2020). The following sections explore the concept of adaptation.
[bookmark: _Hlk123059922]2.5.0 Climate Change Adaptation
Adaptation to climate change gained prominence as a global policy agenda with the Paris Agreement of 2015, which had a global goal on adaptation (P Agreement, 2015; Savaresi,2016). The goal was in response for calls to strengthen global governance of adaptation (Farmer; 2015; Vignola et al.2017).
“Adaptation to the unavoidable consequence of climate change has become a necessity globally (Klein et al.2014, P.1).  According to Moser and Boykoff (2013) and Holdren (2008), adaptation to climate change has not been fully integrated in scientific literature as a necessity and complementary to the efforts targeted at mitigating its impacts.  The physical occurrence of extreme climatic and weather events had accelerated the placing of adaptation to the front of the climate change agenda (IPCC,2012; Baker et al.,2012).Berrang-Ford et al.(2011) ,however, contest that climate change is not the sole driver of adaptation but one of the many contributing forces. Kelman (2015), stresses that climate change is one element of the many other risks with the potential to contribute to disasters particularly where vulnerability and exposure exists. Although adaptation to anthropogenic climate change may reflect an existential threat to humanity; it presents and opens new opportunities that would mitigate the adverse impacts of climate change (Smithers and Smit, 1997).   
The term adaptation as applied in modern literature was first applied in natural sciences, specifically in evolutionary biology (Skelly et al., 2007; Hoberg and Brooks,2015). According to evolutionary biology, adaptation refers to the development of generic or behavioural characteristics, which enable organisms or species or systems to respond to environmental change in order to survive and reproduce (Winterhalder 1980, Kitano, 2002).  Kitano (2002), states that individual species develop individual adaptive features to ensure survival. Drawing from plant physiology, Edwards et al. (2010) and Sage et al. (2012) demonstrated how long term-changes in the environment through millions of years have shaped plant physiology pathways that are visible today. Becklin et al. (2016), argue that it is these pathways shape the possible range of physiological tolerance for plant responses to emerging environmental threats. Smit and Wandel (2006), argue that adaptation was first applied in human systems by cultural ecologist and anthropologist Julian Steward, who described cultural adaptation as “as the adjustment of culture cores (regional societies) to the natural environment through subsistence activities. According to Smit and Wandel(2006, P.283), the application of adaptation to human dimensions of global environment change often refers to “a processprocesses, actions or outcomes in a system (household, community, group, sector , region , country) in order for the system to better cope/respond, manage or adapt to some changing condition, stress, hazard, risk or opportunity.”
There are many definitions of climate change adaptation are as many as the authors on adaptation literature (see table below). However, what is common among all the many definitions and approaches is that they refer to adaptation as changes or adjustments in a system in the face of a climatic stimuli. The differences in definitions also reference variations in scope, application and interpretation of the broad topic of adaptation (Smit et al.,2000; Schipper,2007). Smit et al. (2000) also argues that the differences in definitions also reflect the question: “adaptation to what?”.  Smit et al. (2000), forward the answer to the question can refer to responses to change and variability or to climate or a response to negative effects including vulnerabilities. Responses are also taken to capture opportunities presented by change (Smit et al., 2000). Smit et al.(2000), attest that the different definitions also capture the question “who or what adapts?” . Smit et al.(2000) postulate that people, social and economic systems, ecological systems, activities, processes or structures of systems adapt. The nature of adaptation and its impact is shaped not only by the nature or social economic nature of the object (small /large, single sector or complex species) but also on the properties that characterise its adaptation propensity; that is adaptability, vulnerability, viability, sensitivity, susceptibility, resilience and flexibility.
As authorities on climate change research, the Intergovernmental Panel on Climate Change (IPCC), define climate change adaptation as “adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities” (IPCC, 2007b, P.118). Based on the IPCC (2007) definition, processes and actions of adaptation includes actions made in anticipation of climate change; actions that are based on deliberate policy measures influenced by current or future changes. These actions include intra and extra individual autonomous or unconscious responses reflecting those unplanned response strategies triggered by changes in natural systems and other global forces (Reser and Swim, 2011).
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[bookmark: _Hlk123039864]Table 3: Summary of adaptation definitions.  Adapted from Schipper (2007)
	Source 
	Definition 

	IPCC (2022, WGII)
	The process of adjustment to actual or expected climate and its effects. In human systems, adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In some natural systems, human intervention may facilitate adjustment to expected climate and its effects

	Moser et al(2010)
	Adaptation involves changes in social-ecological systems in response to actual and expected impacts of climate change in the context of interacting non- climatic changes. Adaptation strategies and actions can range from short-term coping to longer-term, deeper transformations, aim to meet more than climate change goals alone, and may or may not succeed in moderating harm or exploiting beneficial opportunities.

	Downing et al. (1997)
	Adaptation is synonymous with “downstream coping”

	Füssel & Klein (2002)
	All changes in a system, compared to a reference case, that reduce the adverse effects of climate change.


	Rennie & Singh (1996)
	Adaptive strategies are ways in which local individuals, households and communities have changed their mix of productive activities, and modified their community rules and institutions in response to vulnerabilities, in order to meet their livelihood needs

	Smit (1993
	Involves adjustments to enhance the viability of social and economic activities and to reduce their vulnerability to climate, including its current variability and extreme events as well as longer term climate change.



According to Smit et al. (2000), the many definitions and approaches to adaptation depict the ways in which type, or form of adaptation can be distinguished; put differently “how does adaptation occur?”. The following section examines the ways in which adaptation can occur both as a process and an outcome or condition.
[bookmark: _Hlk123059971]


2.5.1 Adaptation as processes and actions of knowledge acquisition and assimilation
According to Reser and Swim (2011) adaptation can also refer to those intra and extra individual processes and activities that involve the accommodating, assimilating and responding to various contexts and new life. The processes and activities of knowledge acquisition and assimilation might involve trial and error (Cleaver,2001; Angell;2011; Abu,2017), improvisation, hybridisation, contestation and negotiations of practices to create new kinds of adaptive arrangements (Cleaver, 2012; 2015; Abu and Reed, 2018). The processes and actions described above draw from the concept bricolage (Cleaver 2012; 2017).  According to Cleaver and de Koning (2015, P.4),“ institutional bricolage is a process through which people, consciously and non-consciously, assemble or reshape institutional arrangements, drawing on from whatever materials and resources are available, regardless of their original purpose. Through this process, old arrangements are modified, and new ones are invented. Institutional components from different origins are consciously reused, reworked or refashioned to perform new functions. Adapted configurations of new rules, practices, norms and relationships are attributed meaning and authority. These refurbished arrangements are necessary responses to everyday challenges and are embedded in daily practice”.
According to Abu and Reed (2018) a key feature of the process of bricolage is the idea of making do-making do with whatever resources available at hand for new purposes. Cleaver (2012) argues that people make do by borrowing from already existing institutions, ways of thinking, established social norms and relationships to create new institutions to fit into new purposes. Wang (2021) argues that bricolage encompasses flexibility and crafting together of different livelihood options and in many ways resembles the concept of livelihood diversification (Ellis, 2000). Agency is a key ingredient of making do, the bricoleur creatively negotiates between different choices and makes decisions shaped by parameters of resource constraints. Linked to agency is improvisation, is another critical feature of bricolage is improvisation as postulated by Lévis-Strauss (1962 in Singer et al.,2016). Lévis-Strauss (1962), quoted in Singer et al. (2016), posits that the bricoleur is adept at performing a number of diverse tasks and always makes do with whatever is at hand.  By gathering with whatever resources available, the bricoleur unleashes innovation through improvisation by turning anything into something (Abu and Reed, 2018). The bricoleur reuses resources for purposes different from those for which they were originally conceived (Cleaver, 2012). In trying to explain the process of making do within resource constraints Cleaver (2012), stresses that bricolage is a process of hybridisation-a blending of new and old resources/materials to make something different or integrating elements of the modern and customary by combing them in new forms to represent new meanings.  Research has demonstrated how individuals and communities bring together old practices and established norms into new practices in forms that the new practice is neither completely new nor completely customary (Reser and Swim, 2011,Faggin and Behagel, 2018;Munro and Bartlett, 2019) . Cleaver and De Koning (2015), demonstrated how local people reshaped newly introduced institutions to respond to their needs through a process they described as “alteration”. “Alterations” is a process whereby some elements of newly introduced package of institutions are combined with existing ones to create a hybrid version that answers to people’s interests.
Arts et al. (2012) argued that the concepts of livelihood and bricolage can be applied to inform how people construct their livelihoods. Dressler et al. (2016), adopted the term “livelihood bricolage” to describe how people gather their assets and available options to construct their livelihood activities. Arts et al. (2012), described livelihood bricolage as “the flexible and dynamic crafting together of various livelihoods options and its associated impacts on the landscape.
According to Abu (2018), bricolage is often linked to locally developed responses and adaptive responses to change. Turner and Clifton (2009), argue that indigenous/local people must always accommodate and respond to changes in their environments. Turner and Spalding (2013b),  state that indigenous/local people draw on their past by “going back to the past to draw on their previous practices to secure their livelihoods”. Leonard et al. ((2013), suggest that local people hold alternative knowledge about climate change and variability based on their locally developed knowledge and practices. Adger et al. (2013), stress that understanding the cultural values and norms of people will inform adaptation decision making and planning on adaptation.
Research shows that the construction and the sustenance of livelihoods is shaped not only by economic and political conditions by also cultural traditions of a community (Daskon, 2010; Clarke and Mayer,2016). Adaption, as a socio-cultural process, is the subject of the next section.  
[bookmark: _Hlk123060005]2.5.2 Adaptation as a Socio-Cultural Process
Society’s response to change is mediated by many factors (Casanova-Pérez et al., 2016). Culture plays a critical role in framing perceptions of climatic risk (Adger et al.,2013; Abu, 2018). Culture generally refers to a set of values, beliefs, norms, traditions, and ways of life shared by a group of people (Adger et al, 2013; Landauer et al., 2013). Noll et al. (2020. P.2), refer to culture as “the collective programming of the human mind that distinguishes the members of a group from another”. Therefore,it goes that culture is a system of collective held views; collectives views can play a key role in shaping individual actions. Daskon (2010) and Adger et al.(2013) assert that culture intersects with other characteristics  of individuals and collective identities in complex ways to shape the development , uptake and effectiveness of adaptation activities. According to (Casanova-Pérez et al., 2016), there is gap in research that examines socio-cultural processes that shape perceptions of limits and opportunities for societal adaptation to climate change. This research gap prevents a holistic approach for the identification and understanding of socio-cultural processes that determine the process of adaptation (Daskon,2010;Antwi-Agyei,2015). Nielsen and Reenberg (2010), argue that understanding of cultural dimensions of climate adaptation informs how communities within the same locality or environment with similar experiences adopt different adaptation strategies. Nielsen and Reenberg (2010) stress that these differentiated adaptation strategies could be attributed to constructions of contextual cultural values and social relations embedded within those societies.
Culture is manifested in people’s livelihoods and social processes that are embedded in how the risk is perceived, understood, responses, and the decision making (Hall, 2008; Adger et al., 2013). Leonard et al. (2013), argue that adaptation strategies and decisions about institutional arrangements and the governance for adaptation is shaped by a set of values linked to worldviews. Xue et al. (2016), forward that people’s perceptions in relation to environmental risk varies as do their beliefs. Xue et al. (2016), drawing from Douglas and Wildavsky (1982)’s cultural theory, argue that people’s risk perception reflects or reinforces their preference on how society is organised. Xue et al. (2016), states that this preference is known as cultural worldviews.
Hedlund-de Witt (2013b, P.156), described worldviews as “inescapable, overarching systems of meaning and meaning-making that to a substantial extent inform how humans interpret, enact, and co-create reality”. Hedlund-de Witt (2015), argues that worldviews consist of elementary assumptions and perceptions in relation to the underlying nature of reality, ‘proper’ social relations or guidelines for living, or the existence or non-existence of important entities. Researchers have argued that worldviews shape or inform how people perceive environmental matters such as climate change, what are imagined as useful response strategies and defines what is thought to be individual responsibility (Hulme,2009; O’Brien et al.,2010).
Worldviews including religious beliefs inform what new knowledge can be legitimate and how it can be absorbed into resource management (Adger et al. 2011). Worldviews are embedded in socio-cultural process that determine what adaptation measures are deemed possible and what people perceive to be barriers to adaptation (Adger et al., 2009a;Landauer et al., 2013). Studies have demonstrated that cultural worldviews play a key role in environment risk perception and therefore of climate change adaptation (Hornsey et al.,2016). Sanganyando et al. (2017), posit that a cultural worldview is a lens through which individuals view, interpret and engage with the world around them. Sanganyando et al. (2018) attest that a cultural worldview is a product of the individual’s beliefs, values and background mediating by media consumption and education. Murphy et al. (2015), forward explain that culture is a vehicle through which a group of people transform/change everyday materials into significant symbols through which they draw meaning and value is placed. Armitage et al. (2008), assert that worldviews shape a society’s environmental relationship and constructs responses to environmental change.
[bookmark: _Hlk123060025]2.5.3 Cultural Resilience
Embedded within cultural lenses of adaptation is the concept of Cultural Resilience (Crane,2010; Daskon,2010). Crane (2010, P.), defines cultural resilience as “the ability to maintain livelihoods that satisfy both material and moral (normative) needs in the face of major stresses and shocks; environmental, political, economic, or otherwise”. Crane (2010), argues that this definition of cultural resilience reflects the role of subjective normative experience, acknowledging that people’s lives mean something to them at the same time recognising changes in behaviours, values and social institutions that are deeply seated in cultural fabric of a people. Daskon (2010, P.15) refers to cultural resilience as “an active resistance to unforeseen changes through the protection of a people’s traditional practices.” Daskon (2010), further forwards that people demonstrated cultural resilience through long-standing socio-cultural practices systems that include traditional knowledge, experiences, skills, values, customs and motivations to survival. Daskon(2010, P.16) in his study in Bangladesh demonstrated how individuals and households rejected programmes promoted by the government in favour of  local traditional practices. Villagers rejected new techniques after testing them declaring after that “better the things we know already than the new things than the new things we don’t know.” Daskon (2010), asserts that by  collectively or consciously resisting change during vulnerable times, by deploying multiple livelihood strategies through experience and knowledge maintained through generations, people are able to sustain their livelihood and ultimately their well-being. Crane (2010), states that when cultural resilience is absent, crises/threats will be interpreted as a disruption; conversely the presence of cultural resilience enables people to transition through disruption smoothly.
From this study’s perspective, understanding culture and other lenses of cultural worldviews is critical due to the nature of the study areas. The study rural areas have very strong traditional values and beliefs that shape many aspects of livelihoods. Therefore, to understand and appreciate local people’s perceptions, interpretations and responses strategies to changes requires an immersion into these values, beliefs, and metaphysical views.
As discussed above, culture can be referred to as collective programming of a group of people that distinguishes them from another group (Noll et al., 2020). Using this lens, culture can be mirrored in place identity and attachment. Place identity and attachment broadly refer to the emotional, physical and social connections people develop with places that are constructed through an interactive process of meaning making (Scannell and Gifford,2010; Sherry et al.,2018).    
[bookmark: _Hlk123060042]2.5.4 Place Identity and Attachment
A novel way that culture has been applied in understanding of its role in climate change adaptation is place identity and attachment (Groulx et al, 2014). Adger (2003), referred to place identity and attachment as native culture and sense of identity ties that people have to the places they have lived for generations. As Cresswell (2003, P.11) observed, “place is not a thing in the world, place is also a way of seeing, knowing and understanding the world .“ Groulx et al. (2014, P.3) described place identity as “the use of physical environment to maintain a person’s self-concept through the promotion of self-efficacy, the exploration of the past memories, and the expression of preference and place attachment at the emotional bond between a person and a place.”  Smith (2018) quoting Wright (1947), states that place is a location where human activity unfolds. According to Fresque-Baxter and Armitage (2012), place is an integral part of place identity; places are part of self-reference if they remain to be consistent with how individuals understand and define themselves (Twigger -Ross et al. 1996). 
Place identity is a socially constructed product/outcome that is internalised and often reproduced through everyday experience of people and places (Steele, 1981; Stedman, 2002; Inalhan and Finch, 2004). Place identity situates knowledge and behaviour and  is often shaped by socio-cultural processes (Watson et al., 2001). Meanings and values of a people shape their attitudes, behaviours and their interactions, which then define their worldview (O’Brien and Hochochka,2010). Meanings and values are a dynamic process that evolve with time as new experiences are assimilated into the existing cognitive structures (Nielsen and Reenberg, 2010).  When places are threatened by real or perceived changes, the long-term continuity of a place maybe disrupted and therefore potentially affecting place identity (Watson et al., 2001). Consequently, people will engage in coping measures directed at mitigating the threats (Fresque-Baxter and Armitage,2012). The long-term impacts of the changes may result into changing perceptions of the place, its meanings and values, a sense of loss or experience of grief (Herrich, 2018).  Groulx et al. (2014) posit that place identity and attachment can foster individual and collective sensitivities to local climate impacts; these sensitivities are strongly associated with the connections of individuals and groups in the social meaning that is embedded in the natural landscape.
Scannell and Gifford (2010), posit that place attachment can be conceptualised as a physical aspect through the provision of resources -the supplier of necessities of food, water, shelter and other resources key to survival. Place can also be deployed cognitively as knowledge and familiarity of how local resources can be extracted or utilised within the place to maintain livelihoods. Viewed from this lens,I posit that immersion into the dynamics of place identity and attachment develops into two-way interactive process. The environment acts as the source and provider of livelihood resources, whereas the individual creates conditions vital for the sustaining the environment. The cognitive expression of place for survival typically takes place at the individual level (Scannell and Gifford,2010).     
Agnew (2005) conceptualises a place as a combination of three interpretative elements: the physical location, the everyday activities at the locale and the sense of place. These three elements can be incorporated into the concept of place attachment (Amundsen, 2015). Amundsen (2015) uses the concept of place attachment to describe how people or individuals relate to place through social networks, belonging to a community and its physical space. Research shows how people’s “subjective” aspects of value, culture and place are essential ingredients to the designing and implementation of adaptation to climate change (Adger, 2013; O’Brien, 2009). Paying attention to place identity and place attachment identifies ways places and people may experience their identity (Adger and Barnett, 2009). What is seen as positive adaptation to one community maybe be perceived to be maladaptive in another community (Adger and Barnett, 2009). 
In reference to climate change adaptation, place identity and attachment are critical to understanding how individuals and entire communities respond to climatic threats and to policy interventions directed at responding to change. Fresque-Baxter and Armitage (2012), posit that research on place identity has demonstrated how it can contribute to the understanding of how individuals and communities perceive change. Fresque-Baxter and Armitage (2012), citing case studies, demonstrated how identities embedded in place attachment and identity played a role in climate risk perception, motivation and adaptation.
However, research shows that place identity and attachment can be an obstacle to effective adaptation to climatic threats. Barnett et al. (2021) in their study in Gippsland East (UK), demonstrated that when adaptation strategies are not calibrated with local people’s values, they may not be successful. Barnett et al. (2021), argue that a strong desire for continuity and damage to self-esteem may result in denial of the risks posed by climate change. Local people may project “false sense” of resilience (Barnett et al., 2021). This sense of “resilience” will portray local people as being in control, which inevitably masks the true nature of climatic threats which the communities face (Barnett et al., 2021).Tschakert et al. (2017), assert that people who value culture and identity, community cohesion,  and a sense of place are more likely to perceive themselves as less at risk from climate change.
These cultural elements interrogated above are central to this study on many fronts. These cultural resources interact with the political- economy and ecological system in shaping how people in the study areas perceive, interpret, accept or reject change and ultimately shape every life. Adaptation from Below as a process and outcome of this study, is a theorisation of the capacity of individuals or households in the study areas to mobilise not just tangible but also intangible cultural resources in response to emerging threats. Through practices and values such as trust in local seed banks and post-harvest care; adaptations from below demonstrates that individuals or /households draw on their traditional-cultural resources in responding to change. The strong sense of place attachment and identity that local people hold of the Barotse flood plain must a starting point in trying to design any future interventions to climate change threats. Central to that is culture and tradition, which are very strong in the fabric of the Lozi people as symbolised in the Kuomboka ceremony and the pride Lozi people exude in the ‘nation’ of Barotseland. 
Adaptation is often linked to concepts of vulnerability and adaptive capacity. The section below is a discussion on vulnerability and adaptive capacity.
[bookmark: _Hlk123060068]2.6.0 Vulnerability and Adaptive Capacity
The concept of vulnerability in global environment change studies has been widely applied (Smit et al., 2000; Smit and Wandel, 2006; Adger, 2006; Dilling et al., 2015; Balica et al.,2015). According to Smit and Wandel(2006), the vulnerability of a system at a given scale reflects or is a combination of its exposure and sensitivity to external or internal stimuli (hazard ), and its ability or capacity or it resilience to cope or adapt or recover from the effects of the stimuli or disturbance. Sensitivity refers to the extent or degree to which a system is affected by a perturbation (Gallopin, 2006). A system or exposure maybe a household, population, a group of people, a settlement, a country an economic sector, an ecosystem.  External and or internal stimuli invoke interactive environmental and socio-economic forces that disrupt the normal function of the system (Barreteau et al., 2020). Forces that shape exposure and sensitivity can often be interdependent and overlapping (Smit et al., 2000; Smit and Wandel, 2006).
Vulnerability can be conceptualised as a function of exposure (‘conditions of the natural and built environment that position a system to be affected by climate stressors’), sensitivity (‘the degree to which a system is affected ‘by climate stressors), and adaptive capacity (‘the ability of a system to modify its features and behaviours to better manage). Therefore, addressing vulnerability requires that at least one or all the elements are addressed (Jurgilevich et al.,2017; Thomas et al 2019).  Vulnerability is a dynamic process of single or co-interactive forces, meaning that vulnerability changes over time and the risk factors associated with vulnerability can shift in unknown ways (McDowell, 2012). Vulnerability can shift over time in relation to shifting “risk landscape” in unpredictable ways such as changes in current and future stresses, and the cumulative effects of increased frequent extreme events (Dilling et al., 2015). Pelling (2011), argued that contemporary modes of definitions of adaptation are aimed at accommodatig change rather than contesting it. Pelling (2010), forwards that current systems and paradigms are taken at their face value and in some cases changed but not often questioned or challenged. Consequently, the spatial-temporal dynamic nature of vulnerability entails that adaptive strategies to counter climate change may be ineffective (Dilling et al,2015) .
[bookmark: _Hlk123060088]2.6.1 Exposure and Sensitivity 
Exposure and sensitivity are often co-interactive and linked (Smit et al., 2000) and can sometimes be difficult to pull-part. According to Adger(2003) , the exposure and sensitivity of a system to an external or internal stimuli is the likelihood of the system experiencing that specific condition and the occupance, and the likelihood characteristics of the system which shape its sensitivity to the exposure. Therefore, the occupance characteristics (e.g., Settlement-location and livelihood types, land and others) are a function of the broader social, economic, cultural, political and environmental conditions. These elements or features are sometimes referred to as “drivers, sources or determinants” of exposure and sensitivity. Adger(2003), posits that many forces that shape exposure and sensitivity are like those that influence adaptive capacity.
It is often argued that to reduce vulnerability, addressing the susceptibility of the poor in relation to extreme events and disasters will in the long run mitigate against climate change (Dilling et al., 2015). It is argued that climate change is disproportionately impactful on the existing  poor people’s vulnerabilities that in turn worsens existing conditions of inequality and creates a chronic cycle of vulnerability. Therefore, it is argued that addressing existing vulnerabilities to disasters and other extreme events will prevent people falling into poverty traps shaped by exposure to extreme events (Dilling et al., 2015).
According to Adger et al. (2009a) and Barnett et al. 2015), even under the modest conditions of global warming, adaptation may not effectively deal with harm to social and ecological systems. According to Dow et al. (2013), climate change vulnerabilities research at the global scale suggests that “tipping points” and “key vulnerabilities “in biophysical systems if exceeded would pose severe threats to human life and ecosystems. Dow et al. (2013), assert that adaptation limits or thresholds have been identified particularly in ecological systems evidenced through species extinction. Dow et al. (2013), further stress that breaching adaptation thresholds will result in severe consequences that would require transformation to remedy or mitigate. There is an implicit assumption that there is a critical threshold at which the linear capacity to deliberately adapt to climate change diminishes (O’Brien, 2012; Pelling, 2010). O’Brien (2012) argues that questions arise as to whether humans have the capacity to adapt to complex non-linear and irreversible environmental shift. 
This thesis took cognisance of the role of intersectionality because it is important in the identification and recognition of community subgroups particularly gender dynamics. Gender dynamics is critical to processes of adaptation; however, this was not the focus of this study. 
Transformation has increasingly been promoted by researchers and practitioners as the solution to the unpredictable nature of environmental change and sustainability. The section below focusses on transformation as a supplementary and complementary response strategy in dealing with the complex and unpredictable nature of environmental change.
[bookmark: _Hlk123060107]2.7.0 From Adaptation to Transformation
“Transformation as an adaptive response to climate change risk opens a range of novel policy options and positions as a component of development policy and practice” (Pelling et al., 2013.p.4). Pelling et al. (2013), describe transformation as responses that produce non-linear changes in systems or their host social and ecological environments. O’Brien (2012.P.4), defined transformation as “physical and or qualitative changes in form, structure or meaning making.” Sharma (2007), described transformation as a psychosocial process that involves the deployment of human potential to commit, care and create change for better life. The latter two definitions above take divergent approaches: O’Brien’s (2012), definition is biased towards technological innovation and social structural processes towards transformation. Sharma’s (2007) approach, on the other hand, integrates individual characteristics, beliefs, values, norms, identity and behaviours critical to the transformation process. The above mode of transformation recognises that transformation requires deep realigning/reorientation of a wide range of society’s values, beliefs, structures, institutions and technology. Sharma (2007) draws back to the ideas submitted above that examining a people’s deeply ingrained values, culture and worldviews is a necessity to developing adaptation strategies. 
This thesis draws from Park et al. (2012.P.119)’s definition of transformation adaptation; “a process that fundamentally (but not necessarily irreversible) results in change in the biophysical, social or economic components of a system from one form, function or location (state) to another, thereby enhancing the capacity for desired values to be achieved given or real changes in the present of future environment.“ This definition differs significantly from the two above in its materiality and function as it pay attention to the biophysical, social and economic aspects of a system.
Pelling (2011), posits that transformation involves fundamental changes to the functioning of systems- for instance new social contracts, and new relationships of power in terms of gender, class or ethnicity that unleash alternative development choices and pathways. Pelling (2011), states that transformation opens new areas of policy measures beyond existing systemic barriers. It allows for deeply embedded risk and vulnerability causes to be reconfigured as part of the reengineering of the development trajectories towards sustainability and social justice (Pelling ,2011).
A few conceptual frameworks on transformation focus on climate change adaptation (O’Brien, 2012; Pelling, 2010; Park et al., 2011; Huang et al., 2012; Pelling et al., 2015). The following section focuses on the adaptation activity space as conceptualised by Pelling et al. (2015). The focus on the adaptation activity space is constructed on its applicability to many aspects of the livelihoods, socio-cultural and economic-political orientation of the study areas.    
[bookmark: _Hlk100862922]2.7.1 The Adaptation Activity Space
Pelling et al. (2015)’s model attempts to illustrate the importance of transformation to the reconfiguration of adaptation. It attempts to sketch out the origins and breadth of the transformative activities that capture the plurality of elements of co-evolving social-ecological systems. The framework helps to deconstruct the space in which transformation, including other adaptive actions, can be observed and the inter-relationships through which multiple non-linear transformations maybe possible or deployed (Pelling et al., 2015). Pelling et al. (2015), attest that their framework was inspired by David Harvey (2010)’s Methodology of Moments that was conceived by Mark in his Economic and Philosophical Manuscripts of 1844.
Reformulating Harvey (2010)’s activity spheres framework, Pelling et al. (2015) focus on the adaptation activity space by shifting from a political-economy approach to political-ecology epistemology. Political ecology expands political economy’s hegemonic power asymmetries that shape the distribution of risk and opportunities. It also examines nature and other environmental forces including mediating sites of power.  The individual sphere interrogates the values and identity elements of social relations and links with nature. The activity spheres also mobilise other expressions of social relations including social capital and other social relations that identifies individuals with their communities through shared norms and values.
The discourse space examines Harvey’s mental imageries of worldviews conceived and reproduced that are situated beyond the individual, for example political and popular discourses. The behaviour activity space captures all activities of everyday interactions and routines, the unconscious acts that embody and recreate the naturalisation of the other co-evolving activity spheres.  The institutions expand on Harvey’s work on formal arrangements by including informal cultural institutions and explore into the number of ways these interact as forces to constrain adaptation activities. Technology activity space was Harvey’s conception of material and organisational objects.







The Adaptation Activity Space
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Figure 7-The Adaptation Activity Space –Adapted from Pelling et al. (2015).
The value of the adaptation activity space in this study lies in its recognition of the complex and fluid nature of elements and processes that mediate between in a social system. Embedded within societal layers are the individual, environment, behaviour (individual group), technology, institutions and livelihoods. The interactive nature of the activity spaces entails that, for example to transform the Barotse flood plain from a subsistence agriculture zone to a tourism zone will require the other activity spaces shift in sync. It means that individuals with deep seated cultural value and a strong sense of place identity will need to be persuaded in the proposed changes (re-socialised). The institutional (formal and informal) framework that governs the plains will need to be reorganised to fit in with the proposed changes and new technologies introduced. This transformation process will reshape the landscape (environment) and the livelihoods of the people in complex ways. However, the uncertain nature of the outcomes may result into what Juhola et al. (2016) referred to as maladaptation particularly if local people are not won over with new changes. Juhola et al. (2016) describes maladaptation as the unintended outcome/result on intentional adaptation that acerbates the vulnerability of the target or outside population. 
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2.7.2 Applying the Adaptation Activity Space to the Study Areas 
[bookmark: _Hlk100906074]The relevance and applicability of the concept of transformation is discussed in empirical findings on the proposed Barotse Cultural Landscape. While in the broad conceptualisation of transformation of the Barotse Flood Plain have good intentions, the biggest concern to local people and other stakeholders is that the intended transformative measures may disrupt and contract livelihood spaces for the indigenous people. Chung Tiam Fook (2017) argues that resource-based communities maybe reluctant to accept fundamental/radical changes to their landscape due to a strong sense of place and cultural identity. The prospect of large scale social and economic transformation, whose outcomes are unpredictable, can be seen as a threat to livelihoods and well-being (Chung Tiam Fook,2017). Attachment to place and cultural identity could coalesce as resistance and contestation of space; a means through which local people will seek redress and recognition through claims of belonging (Geschiere and Jackson, 2006). Geschiere and Jackson (2006) use the term “autochthony” translated as “origin of soil itself” a direct claim to a territory. Pelican (2009, P.1), suggests that “autochthony” manifests itself in narratives as “indigenous rights to self-determination, to lands, territories and natural resources, and to free, prior and informed consent. “These sentiments still play out in Barotse land; the question of the sensitive Barotse Agreement, the right to self-determination; the right to land and resource is always a source of contestation. If the Barotse cultural landscape transformation is to be realised, a careful negotiation of these sensitivities and thorny complexities will be required.  
The foregoing unpredictable nature of outcomes adaptation/transformation cultivates perfect grounds for contestation. In the next section I examine climate change adaptation as a contestation of ideas. 
[bookmark: _Hlk123060170]2.7.3 Climate change Adaptation as a contestation of ideas
According to Eriksen et al. (2015), climate change adaptation is a contested social-political process that mediates how groups and individuals deal with a myriad of co-evolving environmental and social changes. Sovacool et al. (2015) argue that social and political contestations are closely linked in the process of climate change adaptation. Sovacool et al. (2015), states that regardless of the good intentions of the planners or how well the adaptive measures are designed, adaptation projects have always been characterised by underlying power distribution and contestations of ideas. Ford et al. (2011), argue that deeply entrenched institutions and other social forces may influence which actors will have powerful voices and naturally shape adaptation agendas. Biermann et al. (2005), illustrated how adaptation measures can be shaped to promote specific actors, from state agencies, donors, NGOs and private institutions. Sovacool et al. (2015), stress adaptation projects are always focal points of competing interests that often result in winners and losers. “Adaptation is part of the socio-political involving relations, contestations, negotiations and cooperation of at multiple scales, from the individual to that of international negotiations” (Eriksen et al., 2015, P.14).
Climate change adaptation is not a unitary decision or strategy but a social process in which social and political relations intersect to shape the dynamic processes of changes, some of which are driven by other socio-economic factors not necessarily by climate change. Pelling (2010) argues that climate change adaptation must be seen as an integral aspect of social change rather than just an adjustment to the biophysical processes of change that require technical measures to address. Eriksen et al. (2015) assert that framing climate change adaptation in this way recognises the role of inequality and social justice in shaping debate on adaptation and transformation. “There is a risk that present adaptation strategies may reinforce vulnerability, if not properly conceived and legitimately implemented (Kjéllén 2006, P.9). Adger (2006), suggested that vulnerability to environmental change is directly or indirectly human driven that reinforces the interests of the powerful actors and concentrates power in the hands of the powerful. Wise et al. (2014) demonstrated how adaptation options are considered an outcome of contested decisions in relation to resource allocation, investment options and social activities. Dominant actors with power and presence in public or private arenas can wield their influence to help sway the parameters of decision making to their advantage (Ribot, 2013). It is my argument that the conflict and contestations of ideologies and interests can be reconciled through knowledge co-production and collaborative partnership between stakeholders.
According to Klenk et al. (2017) research shows that crafting effective adaptation strategies requires co-production of knowledge that cuts across scientific, local communities and other stakeholders. Indigenous knowledge sometimes referred to as local knowledge manifests itself differently across time and place (Latulippe and Klenk et al., 2017).  Adger et al. (2014), argue that knowledge systems and practices of indigenous people are projected as a key resource for climate change adaptation. The next section explores the role of indigenous knowledge in climate change adaptation.       
[bookmark: _Hlk123060191]2.8.0 Indigenous Knowledge
“Indigenous knowledge is generally employed to mean knowledge, innovations and practices of indigenous and local communities embodying traditional lifestyles; the wisdom that is developed over many generations of holistic traditional scientific utilisation of lands, natural and environment. This is generally passed down from generation to generation, for most part is undocumented (Egeru, 2012, P.1). Indigenous knowledge (IK) is sometimes referred to as local or traditional knowledge (Kelman et al., 2012). Indigenous knowledge includes Traditional Ecological Knowledge (TEK) of the local landscape, methods of coping with environmental change, knowledge on weather patterns and seasons, knowledge of conservation, cropping patterns and local seeds among others (Cameron, 2012).” It is a vast system of knowledge that includes local technical knowledge, traditional environmental knowledge and ‘science of the local people” (IIoka, 2016, P.12). IK and TEK focus on local knowledge and contextual forces/factors that bear upon the ability of communities to respond to change (Cameron, 2012). Drawing from their experience, experimentation, and tinkering(bricolage), local people have often adapt to local environmental change through the deployment of techniques and methods utilising knowledge passed on both by oral means and practice (McDonell, 2016; Makondo and Thomas, 2020; Chitata et al., 2021). According to Makondo and Thomas (2020), this process of knowledge creation and transmission enables local people to develop and maintain a wide tool of coping strategies. Fairhead et al. (2017), attest that local knowledge and practices can provide an important platform for dealing with future climate change challenges.
According to Petzold et al. (2020), although indigenous knowledge systems have been recognised as a major resource for climate change adaptation; they have not been applied consistently in adaptation activities and often have been neglected in research and policy (Egeru, 2012; Adger et al., 2014). Adger et al. (2014) advance that the greater the diversity of adaptation strategies the greater the chance of crafting effective adaptation strategies. The IPCC AR5 (2014) argued for a “two-eye” approach through the integration of many different forms of knowledge.    
The “two-eyed” or pluralist way of knowing and understanding the world is important as it accords for both science and traditional or indigenous knowledge to examine, question and reflect on their own deep-seated frames of knowledge and enrich their worldviews learnt from others (Hatcher,2009; Martin,2012). Incorporating different worldviews into climate change adaptation strategies can foster community –level management of climate change effects by integrating scientific interventions into local practices (Stevenson et al., 2014; Hornsey,2021). “Two-eye” approaches to climate change adaptation recognise and integrate worldviews that are value-based and place-based (Adger, 2016). Adger’s(2016)  placed-based approach recognises the role of institutions, structural and procedures and local people’s experiences that enable or limit people’s motivation to adapt to climate change. Value-placed approach by O’Brien and Wolf (2010) direct attention to people’s subjective experiences of climate change. O’Brien and Wolf (2010)’s approaches to adaptation planning bring into focus conceptual frameworks that integrate culture, contexts and science as key considerations in planning climate change adaptation (Lyons et al., 2019). The centrality of infusing/merging indigenous knowledge with science arises from the fact that local people’s identities are connected to their environments and their relationships to culture, traditions, rituals and ways of sharing knowledge and worldviews and in the indigenous observations of local environmental change (Berkes, 2009; Lyons et al., 2019). Local people’s cultural heritage and cosmology are important because they shape their worldviews and perceptions of climate change. The two-eye view of climate change ensures that local meanings and understanding of climate change remain relevant and situate climate change within local contexts that include people’s lives, their cultures and values (Abu et al.,2019; MacFarlane et al.,2022).
Naess (2013) argues that there is often an overlap between local observations of climate change (local knowledge) and meteorological observations. Citing research conducted in Clyde River in the Canadian Artic, Naess (2013) demonstrated how local narratives and scientific observations were neither wrong. Gearheard et al. (2010) account for divergences between local people and meteorological data in the methods the data is presented. Orlove et al.2002) in their research in the Andes demonstrated how local people’s visual observations of stars used to predict ‘El Niṅo’ can be scientifically validated.        
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2.9.0 Narratives
“Narratives, storytelling and communication are vital to how we live our lives. The world is constructed and reconstructed by stories, or narratives that social actors construct about it” (Bushell et al., P.3). Narratives are shaped by people, shape people and communities in which they live (Wood, 1991; Archetti, 2013). Archetti(2013) forward that narratives connect and give meaning to events and actions that would otherwise not have had any connections between them. Humans experience their world as a narrative and therefore, communicating through narratives can be powerful in shaping people’s views. Therefore, a collectively unifying narrative could give meaning to events, actions and understanding truths (Taleb,2008). 
Elliot (2005) describes a narrative as a storyline-that is a set of events including their causal connections within a narrative. According to Moezzi et al. (2017), narratives are often used pretheoretically and imprecisely to refer to various kinds of language representations of some length. 
According to Bushell et al. (2017), there is no agreed definition of a narrative. Bushell et al. (2017. P.3), posit that loosely used, a narrative can “explain a situation, define a problem that disrupts the order of the initial situation and then provide a resolution to that problem, which re-establishes order.” Krauss et al. (2020, p.7), advance that “narratives tell a story that make space meaningful and turn geological, architectural and meteorological features or events into makers of memory, of identity and belonging.”  In relation to climate change narratives can be framed to explain why climate change is important and people must act to respond to its impacts (Bushell et al., 2017). 
Somers (1994) advanced that narratives turn single events into episodes through the assembly of a series of historical events into a narrative plot(emplotment). Somers (1994) argues that emplotment gives prominence to interdependent events over time as opposed to through their chronological order. Bushell et al. (2017), stress that through emplotment people make sense of future events that can be “tested” against others’ narrative understanding of the present and past. Narratives have a temporal element, which makes them applicable in climate change communication (Bushell et al., 2017). Through narratives, individuals or communities can tell different stories about climate change and which in turn are subject to different interpretations by different actors. This differentiated interpretation can be a source of confusion or conflation because even minor differences in the storyline can change the meaning of events. However, narratives can provide a lens for shared meaning of events (ibid).             
Reflecting on narratives in the study areas; similarities and variations in narratives in relation to rainfall indices such as onset, duration and withdraw; rainfall is not just perceived as a meteorological event, but of livelihoods, of agriculture; of floods; fishing, wild vegetables and medicinal herbs. Over generations and generations, seasons are reflected on and compared to each other in narratives such as “we had very good rains in 1973”; “last year the rains delayed, and our harvest was affected. “ Krauss et al. (2020) further posit that those local narratives give key insight into material-semiotic evolution of specific regions, their environmental histories, trends and variabilities. 
Drawing from Moezzi et al. (2017), I conceive narratives as symbols projected in written and spoken language that shape how people conceive, communicate and comprehend their world. I argue so based on interviews with study participants. For instance, when interrogating study participants’ conception of the onset of the rainy season; in their view onset of the rainy season was perceived as a powerful symbol of start of the agricultural season and all the activities that surround it. Therefore, any actual or perceived late onset of rain season drives people into a state of weary. This state of weary was reflected in the use of phrases such as “it looks like we are going to die this year as happened last year; God has looked down on us this year”.  Therefore, late onset of rainy season symbolised “imminent hunger” and invoked the need to reconcile with “God” for perceived wrongs done.    
2.9.1 Linking key concepts with literature review.  
At the core of this literature review is the centring of livelihoods at the core of the conceptual framework as demonstrated in figure 8. As indicated in the preceding chapters of this thesis, the focus of this study was to examine the impact of climate on livelihoods in the study areas. In formulating the linkages between the diverse literature interrogated in this chapter, I place the vulnerability context on the outer core of the conceptual framework with climate change being the core of the threats to rural livelihoods (IPCC, 2014; 2022). Rural livelihoods are highly sensitive to climate changes and variability because they are reliant on the extraction/exploration of natural resources and other eco-system services (Heltberg,2009). This conceptual framework conceives assets as a key ingredient in the construction of people’s livelihoods. From a rural perspective, the assets include labour; natural resources; land; social capital, finance and culture among others critical to their survival (see sections 3.9.0-3.9.1). Taken into perspective, for illustration purposes, out of the five traditional livelihoods assets only one (finance) is fluid, robust and flexible to be converted to other assets in times of stress or shock. The other four assets lack the plasticity or robustness of easy conversion and are highly vulnerable even to slightest changes in climatic indices. Livelihood assets shape how people respond/adapt to climate change and is a key element of the livelihood strategies pathways as discussed in section 3.10.1. Adaptation from below in chapter 8 zeros in on the role of assets in local adaptation to climatic changes. 
Drawing from Marschὔtz et al. (2020, P.), the main themes of this literature review can be summed by in the following statement: “narratives link identities with place (culture) and can show how actors perceive their agency (motivations to adapt); narratives can connect factual events (climate change) in a place with their values and these values shape how people respond to perceived changes.” 
Culture plays out throughout the discussions of this thesis. Culture shapes how people perceive, interpret and understand change (Adger, 2006; Daskon, 2010). It is interwoven in socio-economic forces to formulate narrative building and worldviews (Brondizio et al., 2016; Roncoli et al., 2016). Narrative and worldviews are reflected by people’s decision-making process and behaviour as they engage into livelihood activities (Singh et al., 2016).  The literature review and the key concepts outlined in this chapter are integrated and are applied in the empirical chapters 5 and 8. 
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[bookmark: _Hlk148343773]Figure 8-Conceptual linkage of key themes
2.10.0 Conclusion
This chapter has examined and explored the wider concept of climate change. It has discussed climate change manifestations, effects and impacts across different sectors. The chapter also interrogated the concepts of adaptation as a response strategy in the face of the unpredictable effects of climate change. Within the wide context of adaptation, the chapter delved into how adaptation can be a process of knowledge transfer and assimilation. Adaptation can also be influenced by people’s culture, which then shapes how people perceive and respond to environmental change. Adaptation is linked to two concepts of vulnerability and adaptive capacity and this chapter demonstrated how vulnerability and adaptive capacity can co-interact. As the future impacts of climate change remain unknown and unpredictable, scholars have argued that adaptation has limits and transformation has been promoted as the alternative. Climate change adaptation is more than just technical strategies, it includes the deployment of various forms of knowledge; indigenous/local knowledge is a key element of climate change adaptation. People’s perception of the world can be influenced on emotional and personal beliefs and to some extent by measurable/physical data. Narratives and storylines have become central to local observations and interpretations of climate change. This literature review is central in the discussions and analyses of this study to explore, question, contest and understand findings of the empirical chapters. 
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3.0.0 Livelihoods Concepts and Frameworks
3.1.0 Introduction 
Chapter 3 takes an integrative approach; it brings together the theoretic and conceptual frameworks. The theoretical framework is focused on the concept of livelihoods and assets portfolio on which people from a rural perspective construct livelihoods. The conceptual framework born out of the empirical work of this study conceptualises how people combine assets to meet their daily needs and achieve well-being. The Livelihood Strategies Pathways brings assets, pathways, and well-being to model how people transition through different livelihood pathways mediated by broad social-political-economic and environmental processes.   
This chapter begins with a broad scan of background literature on livelihoods in plurality and diversity. The next two sections that follow focus on elements that compose a livelihood system and introduces the concept of livelihoods. The chapter then transitions to explore origins of the Sustainable Livelihoods followed by an interrogation of the DFID Framework. In doing this, the section looks at types of assets and how they fit in the asset pentagon.The next section introduces the concept of livelihood pathways as conceptualised by De Haan and Zommers(2005). The theoretical framework section concludes with a discussion on Asset Based Approaches(ABAs). The original idea of the livelihoods was criticised on many fronts and ABAs were fronted as alternatives.  
Section 4.0 begins with an introduction of the conceptual framework. It then briefly explores concepts of basic needs and poverty key concepts in this study. This section then discusses well-being and links this to the LSPs. The last two sections focus on interactions between assets and livelihoods strategies pathways. The section is then contextualised on climate change and asset dynamics in the study areas.          
[bookmark: _Hlk123060265]3.2.0 Background Literature  
The livelihoods broadly refer to the multiplicity and diversity in the ways that people construct and sustain a living over time through the utilisation of a mix of economic, social, cultural and environmental resources (Pain and Lautze, 2002; Scoones, 1998). Solesbury (2003), traces the prominence of livelihood studies to an intersection of scientific scholarship and development policy. However, Sakdapolrak (2014) contests that livelihoods research, as understood in modern times, came to prominence in the 1980s through Ian Scoones’ (2009) works that described livelihoods research as “an integrative, locally embedded, cross sectoral and informed by deep field engagement and a commitment to action”.      
De Haan and Zoomers (2005) quoting Long (1997), describe a livelihood as the idea of individuals or groups striving to make a living, attempting to meet their various consumption and economic necessities, coping with uncertainties, responding to  new opportunities and choosing between different value positions .    
Chambers (1989, P.7), defined a livelihood as “adequate stocks of food and cash to meet basic needs.” Chambers stresses that these flows of food and cash/incomes are a result of the process of livelihood generation. Niehof and Price (2001), argue that a livelihood generation refers to a bundle of activities that people engage into to provide for their daily basic needs. Niehof and Price (2001), posit that a livelihood generation consists of activities, resources and assets required to undertake these activities. Niehof and Price (2001), further stress that a livelihood generation is a multifaceted and dynamic process. Assets and resources are critical ingredients to a livelihood system. The figure below conceptualises some of the elements that compose a livelihoods system.   
The figure below conceptualises elements that compose a livelihood system. It is based on the readings above and the author’s own imagination of a livelihood system. 
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Figure 9- Elements of in a Livelihood System. Adapted from Moser (1998) 
The diagram above is a simple illustration of the elements linking the bundles of assets and resources that characterise a livelihood system. A combination of assets and resources determines livelihood outcomes and well-being. At the centre of the diagram is the livelihood strategy –a multifaceted and complex process of activities that shape how households deploy their assets and resources.      
The earlier definitions of a livelihood, as demonstrated above, have been criticised because they fail to make distinctions between the multifaceted nature of processes, activities, assets or resources, and outcomes that characterise a livelihood.  
Scoones (1998, P.5), modified the definition of a livelihood as “a livelihood comprises the capabilities, assets (material and social resources and activities required as means of living. A livelihood is sustainable when it can cope with and recover from stresses and shocks and maintain or enhance its capabilities and assets while not undermining the natural resources base”.
Ellis (2000, P.10), added more grit to the definition of a livelihood, which he defined as “a livelihood comprises the assets (natural, physical, financial, human and social capita, these activities and the access to these (mediated by institutions and social relations that together determine the living gained by the individual or household.” 
The integration of these definitions into the concept of livelihoods recognises that a livelihood is a complex and multifaceted concept (Niehof, 2004). 
[bookmark: _Hlk123060283]3.3.0 Conceptualising Livelihoods
The concept of livelihoods was framed on the recognition and understanding of the plurality and diversity of activities that shape poor people’s livelihoods to ensure survival and improve their well-being (Gordon et al., 2000). The epistemological and practical strength of the livelihood approach lies in the focus on diversity within complex local realities, their attempt to apply a holistic and people centred view of specific combinations of livelihood activities, and their commitment to action and ‘development thinking” (Mὕller-Mahn et al., 2010). The livelihood approach is anchored on two concepts of “household” and “strategy” (Rakodi and Lloyds-Jones, eds., 2002, P.30).   Rakodi and Lloyd-Jones (eds.2002, P.30) define household as “a person or co-resident group of people who contribute to and or/ benefit from a joint economy in either cash or domestic labour”. Niehof (2001), asserts that the concept of livelihood can only be concretised and applied when it is linked to an individual or household. Niehof (2001), posits that a household is a basic unit of social organisation, and it is the household that acts as an arena of everyday life for many people in the world.  Niehof (2001), argues that it is within the context of a household that activities intended to meet people’s basic need are undertaken. Based on the foregoing, Niehof (2001) suggests that a livelihood is generated from an arena of a household.  
According to Fischer and Chhatre (2015), rural livelihoods approaches conceptualise a dynamic relationship between assets and activities, as they interact with each other to form the basis on which individuals or households draw resources essential for their survival. The plurality and diversity of activities that constitute a livelihood strategy are realised by combining assets and capabilities that individuals or households have access to or control (Fischer and Chhatre (2015). Rakodi and Lloyds-Jones (2002), posit that a livelihood strategy encompasses all those activities that households engage in as they mobilise their resources and opportunities, which they combine to earn a living.  These activities include on-farm and off-farm livelihood strategies; engagement in labour market activities, utilisation of savings, asset accumulation through investments, and borrowing from social networks among other activities (Grown and Sebstad, 1989). Individuals and households recreate or negotiate their livelihoods considering their circumstances and according to contextual factors prevailing in their localities (Ellis, 2000). The relationship between assets and productive assets is mediated several factors at various scales of society (Fischer and Chhatre, 2015). Livelihoods are constructed within specific institutions and social arrangements of markets, laws, rules, gender, culture, and power that limit choices (De Haan and Zoomer, 2005. Prowse, 2010; Adger et al., 2014, Sakdapolrak, 2014). 
According to Shen et al. (2008), there were contestations in the notion of rural development in developing countries. Shen et al. (2008), argue that questions were posed about the success of ‘small-scale enterprises. The contention was that while it was acknowledged that small-scale farm agricultural activities had improved agricultural productivity, this did not shift or transform poverty levels, social inequality. Furthermore, asymmetricity in income distribution was on the increase. There were calls for new approaches to the analysis of livelihoods (World Bank, 1990). The concept of sustainable livelihoods emerged out of this new thinking in the late 1980s (Shen et al., 2008).         
[bookmark: _Hlk123060305]3.4.0 Origins of the Concept of Sustainable Livelihoods     
Chambers and Conway (1992) have been credited with coining the term ‘sustainable livelihoods’ in their seminal work entitled Sustainable Rural Livelihoods: Practical Concepts for the 21st Century. Conway and Chambers (1992), argued that the concept of livelihood was based on the ideas of capability, equity, and sustainability. All of which they claimed were end and means. Conway and Chambers’ work was influenced by Sen’s work on capabilities (1985).   Chambers and Conway (1992, P.7), described the concept of sustainable livelihoods as:
“a livelihood comprises the capabilities, assets (stores, resources, claims and access) and activities required for a means of living; livelihood is sustainable which can cope with and recover from stress and shocks, maintain or enhance its capabilities and assets, and provide sustainable livelihood opportunities for the next generation; which contributes net benefits to other livelihoods at the local and global levels and in the short and long term”.
According to Levine (2014), there is a core of sustainable livelihoods body of thinking that is widely recognised and accepted by researchers and practitioners (Levine, 2014; Scoones, 2015; Serrat, 2017). It is from this thinking that various sustainable livelihoods frameworks were conceptualised and developed (Scoones, 2015; Serrat, 2017). The following section examines the concept of sustainable livelihood framework and pays focus on the DFID framework, which is widely held as most conceptualised sophisticated and applied framework” (Pain and Lautz,2002; Solesbury,2003; Scoones,1998;2015).      
[bookmark: _Hlk123060327]3.5.0 The Sustainable Livelihoods Framework
The Sustainable Livelihoods Approach (SLA) gained traction in the 1990s when research demonstrated that there is complexity and multiplicity in the ways people construct their living (Moser, 1998; Patnan and Prasad (2014). Moser (2000), argues that there were concerted calls during the 1990s that development agendas should be people centred and an on-going process. The SLA enhances understanding of how the livelihoods of poor people are constructed (Scoones, 1998; DFID, 1998; Serrat, 2017). The SLA recognises assets or capital an individual or household needs to sustain a livelihood (Scoones, 1998). It assumes that every household needs a bundle of assets to craft a living (Scoones, 1998; DFID, 1998).  Moser (1998), adds that the SLA aims to give an insight of people’s assets or endowments and how these can be transformed into positive livelihood strategies or livelihood outcomes. Moser (1998), attests that there is no single asset bundle that can exclusively sustain positive livelihood outcomes sufficient to yield diversity and multiplicity in livelihood outcomes as defined in the DFID framework of 2000.
The Sustainable Livelihoods Framework (SLF) is not a theoretical approach because it explains complex subjects such as poverty, inequality, vulnerabilities, constraining structures and well-being (Wiggins,2002). It is a broad normative framework that had been widely applied in poverty reduction and development studies (Wiggins, 2002). Consequently, it needs to be immersed into other theories and concepts to explain such phenomena (Wiggins, 2002). However, it has been applied as a tool to analyse people’s well-being, poverty, inequality and other factors that constrain people’s livelihood (Scoones, 1998; Solesbury, 2003; Serrat, 2017). However, De Haan (2012) contests that Polanyi (1977) attempted to bring theoretical grit to livelihoods by arguing that the economy is socially, culturally, and historically embedded rather than the individual maximisation behaviour. Polanyi (1977), argued that people need a material base to meet their needs and wants. 
There have been several livelihoods frameworks that were developed based on the concept of the sustainable livelihoods approach (Levine, 2014). The DFID (2000)’s sustainable livelihoods framework remains the most common and conceptually strong, in modern times, and still enjoys worldwide application (Pain and Lautz, 2002; Levine, 2014). The DFID SLF as depicted below, conceptualises that the basic components of livelihoods can be broken into livelihood resources that people have, the livelihood strategies that people pursue, and the livelihood outcomes that they can achieve (Pain, 2002).       
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Figure 10- The DFID Sustainable Livelihoods Framework.DFID (2000)
[bookmark: _Hlk123060343]3.6.0 Livelihoods Dynamics 
Livelihoods and assets are always in a mutually dynamic and influential process (Lloyd-Jones and Rakodi, 2002; Levine, 2014). Stresses and shocks may affect how asset bundles can produce new environments to which livelihoods must respond or adjust (Scoones, 2009). Vulnerability analysis has been an integral component of the livelihood approaches. McDowell and Hess (2012), posit that small-scale farmers in rural areas confront a wide variety of social and environmental stressors that force changes in livelihood strategies to prevent livelihood collapse, while at the same time taking advantage of new opportunities brought by these changes.       
DFID’s SLFs starts with the analysis of the vulnerability context. The argument here is that to explore livelihoods the initial starting point is to interrogate the context that shapes them (Levine, 2014). 
 “Vulnerability is taken to refer to “the propensity of exposed elements such as physical or capital assets, as well as human beings and their livelihoods, to experience harm and suffer damage or loss when impacted by a single of compound hazard or events” (Birkmann et al., 2013, P.3). According to Rakodi and Lloyds-Jones (eds., 2002), vulnerability is characterised by a combination of exposure, sensitivity and adaptive capacity of a system (Bohle, 2007; Wisner et al., 2004). According to Birkmann (2011), vulnerability is composed of conditions and processes that shape exposure and susceptibility of a system and includes capacities to positively respond to those conditions and processes. Birkmann (2011) adds that vulnerability is not only situated in threats posed by environmental change but in the political, economic and social processes that shape governance. Leichenko and Silva (2014) posit that vulnerability has two critical elements of ‘exposure’ and ‘social’-the ‘exposure’ element reflects an area which is subject to climatic hazards and the ‘social’ element consists of individual, community, cultural, economic, political factors that may exacerbate susceptibility to harm and constrain the capacity to mitigate climatic shocks. McDowell and Hess (2012), argue that while physical events act as an external stressor, the consequent risk that the hazard presents is a factor that is socially differentiated and reproduced by processes, events, and other systems internal to society. Research attributes some of the social factors to education, health, infrastructure, culture and poverty (Adger et al., 2004; Vincent, 2004; Hinkel, 2011). All these factors intersect in complex and multiple ways to shape access, and control assets (Blaikie et al, 1994).    
[bookmark: _Hlk123060359]3.8.0 Trends, Shocks and Seasonality 
According to the DFID framework, vulnerability is characterised by conditions of trends, seasonality, and shocks. The vulnerability context, it is argued, with reference to climate change includes extreme climatic events such as floods, storms, wildfires, pests and droughts (climatic shocks and stresses) all of which erode and degrade the livelihoods of individuals and communities.The researcher adds that trends also include shifts in rainfall and temperature indices of a region. This study explored shifts in rainfall indices of the onset of the rains; rainy season duration; rainfall intensity and rainy season withdraw over a 40-year period (see Climatic Chapter). As these shifts become “the new normal” and become normalised within the communities, it is plausible to argue that rather than being seen as seasonal variabilities, these shifts can be described as trends. For instance, rainfall data examined in this study shows a steady shift of the onset of the rainy season from November to December throughout the entire study period (1980-2019).I  argue that this steady and consistent shift over a 40-year period can be described as a trend rather than a seasonal variability.  
 For example, non-climatic shocks or stresses include sudden spikes in the price of food prices or farming inputs that reduces the buying of a currency. Additionally, some assets are very volatile and susceptible to economic fluctuations; while others such as land and buildings might remain stable for a long time. Trends include population growth, technological changes, national macroeconomic policies, and global economic trends (Morse and McNamara, 2013). Seasonality refers to variations in the market prices of goods and services and to the availability of products and other opportunities essential for daily life. Seasonality also applies to agricultural supply and output services. Trading is very cyclical based on seasonal lines and for some crops with annual harvest, trading short (Devereux et al., 2012; Blackmore et al., 2021). For example, the price and availability of fertiliser in the rural areas of Zambia can be unpredictable during the planting season. Price speculators hold stocks to create an artificial shortage resulting in price increases (Sitko et al., 2012; Mofya et al., 2013). All these factors can shape and influence how people deploy their assets and capabilities as they construct their livelihood. 
Livelihood frameworks frame that there is a close link between an individual or household asset portfolio and well-being; assets shape well-being (Lloyd-Jones and Rakodi, 2002).
[bookmark: _Hlk123060378]3.9.0 Asset Categories 
The SLA organises assets into five core categories as set out below.
I. Human Capital –Human capital is represented by the quality and quantity of human capital within the household. This is influenced by many factors such as the health status of the members of the household, age of family members, and levels of education/skills of family members. Lack of some of these factors may have consequences on the ability of a household to secure a livelihood. Human capital also includes embodied capital acquired and imparted by home upbringing and caring in which parents play a role. 
II. Natural resources-The International Institute for Sustainable Development (in Pain and Lautze, 2002, P.11) defines natural capital as an “extension of the economic notion of capital to environmental ‘goods and services. It also describes it as a stock which produces a flow of goods and services. Natural capital includes land, water resources (rivers, lakes), forests and a wide range of ecosystems and the services that flow from them that sustain people’s livelihoods. Pain and Lautze (2002), suggest that natural capital can also be renewable and non-renewable.    
III. Social Capital-Social capital largely attributed to the scholarship of Robert Putnam (1994). The World Bank (in Fox and Gersham, 2000) describes Social capital as “the institutions, relationships, and norms that shape the quality and quantity of a society’s social interactions –it is the glue that holds people together”. Social capital includes social rules, norms, networks of social obligations, and reciprocity embedded in communities. Social capital includes structures and institutions that enables individuals, households and communities to achieve joint objectives. 
IV. Financial Capital-financial capital has mainly been defined in economic terms. DFID (2000), defines financial capital as the financial resources that people use to achieve their livelihood objectives. It Includes cash, savings, investments, remittances, pensions and other liquid assets that can be converted to other assets 
V. Physical Capital-Refers to stock of infrastructure and equipment utilised for production assets such as housing, transport and communications (public goods) facilities available to individuals, households or communities essential for everyday activities (www.worldbank.org).Collective/public). 
Based on Carney (1998. P.7)
[bookmark: _Hlk123060394]


3.9.1 Assets Pentagon
Most SLFs map assets into a pentagon (Kim and Sumberg, 2015; Scoones; 1998). Carney (1998) converged livelihood assets into a pentagon as embedded in the DFID (2000) model. According to Chen et al. (2013), the structure or shape of the pentagon is dynamic and is largely influenced by contextual factors such as natural events, political, economics, culture, and others. Carney (1998), conceptualised that access by an individual, household or community to each type of asset can be mapped or plotted along the axes. Carney (1998), posits that plotting the assets provides a starting point for imagining how and what combination of assets could achieve positive livelihood outcomes. The pentagon gives insight into household’s livelihood, its resources, endowments and sustainability (Chen et al., 2013). 
The illustrative asset pentagon below depicts various asset combinations. The shapes of the pentagon captures the dynamic nature of the access to assets. The symmetricity of the pentagon shows evenness in access to all assets while asymmetrical shows a lack of access to assets.   
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Figure 11- Asset Portfolio Dynamics. Adapted from Erenstein et al.(2007).  
According to Shivakoti and Shrestha (2005), various factors determine what mix of assets will yield or result in a desirable livelihood outcome. In the pentagon, livelihood assets can be scaled from 0 to 1 for illustrative purposes. The core or centre of the pentagon represents zero or poor access to livelihood assets and assumes 0 on the scale. The peripheral or points on the outer perimeter depict full or maximum access to livelihood assets. Full access to livelihood assets or an optimal combination of assets yields or achieves 1 on the scale. Therefore, it goes that a higher degree in the robustness of the structure of the pentagon depicts a higher degree of performance of a livelihood strategy and its robustness to cope with and recover from shocks and stresses, maintain or improve it assets, and capabilities (Rakodi and Lloyd-Jones, 2002; Erenstein et al, 2010).    
[bookmark: _Hlk123060416]3.9.2 Transforming structures and Processes. 
 “Livelihoods are never neutral: they both shape and are shaped by processes of inclusion and exclusion, and are embedded in contested and conflicting arenas” (de Haan and Zoomers, 2005, P.34). The DFID SLF recognises that people negotiate through structures (government, private) and processes (law enforcement such police, laws, rules) that shape their livelihood strategies. Levine (2014), refers to these structures and processes as “political economy analysis “-that is how people’s potentials or possibilities are shaped by the broad structures of society in which they construct their livelihoods. Structures and processes shape who gains access to what types of assets (de Haan and Zoomers, 2005). Markets and legal processes, for instance, determine how assets can transferred or exchanged from one type to another (DFID, 1998; Moser, 1998). Assets, access, rights and institutions taken together and are viewed as a critical component of livelihoods that intersect in complex ways to provide opportunities and constraints for households, individuals, and communities (King, 2011). According the Oughton and Wheelock (2003), the ability of a household to organise and deploy their endowments is influenced by institutions of regulation, power, norms and values. Oughton and Wheelock (2003) drawing from Sen (1999), argue that these institutions also determine a household’s entitlements. Folbre (1999), referred to these institutions as structures of constraints of power, gender relations, interest groups and others that mediate access to endowments and entitlements. 
[bookmark: _Hlk123060480]3.9.3 Livelihood Strategies
Individuals or households combine their assets and resources within the vulnerability context that then shape their livelihood strategies. The choice of a livelihood strategy is influenced by a complex intersection of factors. The livelihood strategy is largely influenced by the household asset bundle and decisions made about how these assets are deployed or allocated to different livelihood activities (DFID, 2000). Deverux et al.(2012), argue that a livelihood strategy is not merely a pattern of an individual or household behaviour but a set of guiding principles through which people try to organise themselves to fulfil their goals.    
[bookmark: _Hlk123060497]3.9.4 Livelihood Outcomes 
The DFID framework divides livelihood outcomes into five categories as set out in the table below. Outcomes vary according to access, rights and control of assets, and other resources. 
	More income and more economically sustainable livelihoods

	Increased well-being-nonmaterial goods e.g., self-esteem, sense of control, political participation, access to health & education

	Reduced vulnerability to external shocks, trends and seasonality  

	Improved food security 

	More sustainable use of natural resources 


[bookmark: _Hlk123039988]Figure 12- Livelihood Outcomes. Adapted from DFID (2000)
[bookmark: _Hlk123060511]3.9.5 Criticisms of the Sustainable Livelihoods Frameworks  
The DFID framework and other SLFs have been criticised for not being “people centred” enough (Sakdapolrak, 2014). It argued that is in their construct, most SLFs ‘hide’ away people within the framework (Levine, 2014). Scholars argue that people are lost within the framework that inevitably relegates people to the equivalent of other assets when in effect people should have been at the core of the analysis (Prowse, 2010; Levine, 2014). Levine (2014), contests that the linkages between the various elements (vulnerabilities, assets, structures & processes) of the framework are weak when they are critically essential to the operationalisation of the framework. Lautze and Raven-Roberts (2003), cite the perceived lack of cohesion in the arrows and boxes. They argue that the construct of the DFID SLF is based an artificial combination of different and delinked forces that shape livelihoods. Lautze and Raven-Roberts (2003), argue that great emphasis should have been directed at understanding how these forces shape livelihoods. Sakdaplorak (2014), argues that the framework disregards the critical role of power and politics by failing to broaden insight into how these structural factors influence livelihoods. 
Critics of the livelihood concepts have argued that the concept is simplistic and overly materialistic in its approach (King, 2011). King (2011), contests that livelihoods operate at spatiotemporal scales; livelihood are characterised by a collection of resources, collaboration with social networks, and the movement of labour, which inevitably makes livelihoods spatial. King (2011), contends that livelihood approaches have overlooked symbolic and cultural norms and practices that shape how livelihood assets can be accessed. Daskon (2010), on the other hand, argues that the concept of livelihoods needs to expand to integrate not only economic factors but also cultural, historical and spatial forces of change that enhance or constrain livelihoods. Sakdapolrak(2014), critics the DFID framework on the grounds that it fails to incorporate non-economic or intangible structures from a cultural context and other social structures of dominance  that shape people’s lives.  The following section examines the role of culture in shaping livelihood.
[bookmark: _Hlk123060528]3.9.6 Expanding the Sustainable Livelihoods Framework: The Role of Culture in Livelihoods 
One of the criticisms of the SLFs has been their lack of inclusion of culture in analysing livelihoods (De Haan, 2012; Scoones, 2015). Culture plays a critical role in how communities respond to climate change and several studies have demonstrated the socio-cultural role in shaping livelihoods (Nagel, 2012; Fresque-Baxter, 2012; Adger et al. 2013, Brown et al., 2019). “An inadequate consideration of the cultural perspective oversimplifies not only people, but also their resourcefulness and capacities” (Daskon, 2015, P.3). Verhelst(1990, P.5), refers to culture as “ every aspect of life, know-how, technical knowledge , customs of food and dress, religion, mentality, values, language symbols, socio-political and economic behaviours , ingenious methods of taking decisions and exercising power  , methods of production and economic relations, and so on”.  The centrality of culture in livelihoods has been demonstrated in research that shows that tradition and culture are resources or assets critical for the survival and sustainability of rural livelihoods (Daskon, 2010; Rao and Walton, 2004). Ma et al. (2021), posit that diverse customs and traditions which make up a culture of a people are conduits through which local farmers in rural areas acquire and transfer knowledge, and skills, and accumulate livelihood assets.
De Bruijn et al. (2005, P.16), describe culture as “the sum of the cultural understandings of the environment and the cultural means people employ to counter insecurities of every sort”. They argue that cultural understandings shape and influence people’s coping strategies and their changing interpretations of what constitutes work and resources. De Haan and Zoomers (2005a), employ the term ‘style’ as a way of informing habitus-shaped understating of livelihoods. Through style, de Haan and Zoomers (2005) assert that livelihoods consist of groups sharing specific social positions, cultural repertoire, knowledge, interests, and prospects. Bourdieu’s (2002) habitus theory employs social practices to describe actors as a system of deeply ingrained dispositions: an embodied manner of being, seeing, acting, and thinking, a schema of perception, conception, and action”. Bourdieu (2002), refers to habitus as an actor’s dispositions internalised through social structures-a process through which rules and values of social space become internalised through interactions and observations. Sakdapolrak (2014, P.4), argues that these “embodied dispositions and specific ways of perceiving and valuing the world explain why some opportunities are not even considered by some people”.     
Ma et al. (2021), assert that the traditional and cultural beliefs of a people can release the potential of people to be agents of change, enhance their adaptation to external shocks or stresses, and improve their livelihood outcomes. Su et al. (2019), demonstrated how traditional culture played a vital role in transforming household livelihood strategies in China’s tourism sector. Daskon (2010), argues that many rural people or communities instinctively situate their beliefs, norms, religion, traditional knowledge, and other socio-cultural elements to construct and sustain their livelihoods.  Daskon (2010), adds that as a dynamic process, culture and traditional values or norms help to reinforce livelihood resilience during times of crisis. “Cultural values enhance people’s ability to be agents of change and their ability to question, challenge and propose, and ultimately bring new ways of doing things” (Daskon,2010, P.2).    
Adger et al. (2012), posit that cultural lenses help to explain differences in response across people when exposed to the same environmental risk. Adger et al. (2012), posit that climate change narratives interact with other cultural beliefs to animate responses that appear to be “irrational” and inconsistent with responses advocated by institutions promoting adaptation policies. They argue that information about climate does not necessarily resonate or connect with all cultures and worldviews in the same way. Research also shows how communities with the same shared beliefs and values produce their unique view of the natural environment which in turn shapes the way they respond to changes (Amundsen, 2015; Change, 2016). Neef et al. (2018), suggest that Western literature conceives that successful adaptation of climate change is reflected in dealing with immediate risks to the physical well-being and livelihood security of a people. However, they contend that this approach is faulty as it fails to account or address the socio-cultural risks that people or communities may face in the process of adaptation. They argue further that this perspective ignores the subjective dimensions of climate change that shape how people perceive and respond to change. 
The researcher argues by adopting Creswell’s (2007, P.8) writing “that culture is not just a thing in the world, culture is also a way of seeing, knowing and understanding the world.” The researcher stresses that culture has epistemological   and ontological importance because it informs the understanding of its culture that shapes people’s livelihoods. 
Sustainable livelihoods frameworks have been instrumental in developmental work in trying to find answers and solutions to issues of poverty at the global level (Scoones, 1998).  However, in the consideration of the criticism of the SLF, it is reasonable to consider alternative concepts that add to their applicability and utility. De Bruijn and Van Dijk (2005; 2006) Livelihood Strategies Pathways adds another dimension to the study of livelihoods by exploring how individual and or group experience shape how people perceive and respond to events. The following section examines De Bruijn and Van Dijk (2005)’s contribution to the study of livelihoods. 
[bookmark: _Hlk123060581]3.9.7 The Concept of Livelihood Pathways 
De Bruijn and Van Dijk (2005a), make a distinction between a livelihood strategy and pathway. De Bruijn and Van Dijk (2005a), refer to a strategy as a pre-set goal that is established after a process of rational and conscious negotiation choices by actors. De Bruijn and Van Dijk (2005a; 2005b), conceptualise a strategy as a stage rather than structured category. They argue that rather than classifying people in terms of that they own, individuals should be classified in relation to their objectives and priorities. Therefore, it goes that at different times, a particular individual may deploy different strategies. De Bruijn and Van Dijk (2005), refer to a pathway as a step-by-step iterative process in which procedure goals, preferences, resources and means are constantly renegotiated in view of emerging unstable conditions with which the actor or decision maker is faced. Through this iterative process individuals make choices based on a range of past experiences rather than on the future. De Bruijn and Van Dijk (2006), argue that recollections of the past are informed to a greater extent by an individual’s intellectual concerns of the current.  Knowledge about past unstable conditions and how to cope with them is gained through an incremental learning process. Arising from this, actors’ have differentiated experiences of conditions over time. Their knowledge, experiences, and understanding of their environment varies systematically among them. Therefore, when challenged with a similar set of conditions, they are likely to follow different pathways. Drawing from this, they argue that individuals who have experienced a disruptive event such a drought are more likely to respond in a different way in a good year compared to individuals who have just experienced several good years (De Bruijn et al., 2005). De Bruijn and Van Dijk (2005a; 2000b), argue that pathways are linked to the decision-making process in uncertain conditions. 
In their study of pastoralists in Mali, De Bruijn and Van Dijk (2005b) show that under unpredictable environmental conditions the pastoralists were unable to make long-term strategic decisions in relation to their livelihoods. De Bruijn and Van Dijk (2005a; 2005b), suggest that, therefore, these pastoralists relied on a trial-and-error type of everyday interactions with the local environments from which pathways emerged. “In reality people combine different activities in a complex bricolage or portfolio of activities” (Scoones, 2009). The concept of “trial-and-error” was corroborated by the empirical findings of this study, which found that individuals and households were applying response strategies that were based on elements of bricolage (see Adaptation from Below chapter).     
In their studies of the Sahelian ecosystems, De Bruijn et al. (2005, P.14) argue that the Sahelian ecosystems were not “just neatly organised and equilibrated set of production space for farmers and herdsmen but a volatile, highly dynamic and extremely varied environment both in time and space.” De Bruijn et al. (2005), posit that risk events produce a different array of responses at individual, household, and community level (collective decision-making units). These risk events and subsequent responses by individuals intersect with a myriad of psychological, institutional and cultural processes in ways that attenuate the perception of risk and shape risk response behaviours. De Bruijn et al. (2005), posit that these response strategies prompt further response at a socio-cultural scale and trigger additional responses at the institutional level that might foster positive or negative responses.
It has been contended that a better approach to an analytical discussion of livelihoods is an asset-based approach (Moser, 2008; May et al., 2009; Walelign et al., 2017). The point of contention here is that livelihood approaches do not make critical inquiry in distinctive assets and how asset variations influence livelihood strategies pursued by individuals or households (Walelign et al., 2017). The following section in based on Moser’s asset-based approach to livelihood analysis.  
[bookmark: _Hlk123060602]3.9.8 Asset Based Approaches
Asset Based approaches (AB) and SLFs have similar conceptual foundations because they both focus on assets and capabilities, livelihoods, and institutions that shape people’s livelihoods (Moser, 1998). However, there is a bifurcation between them. AB models pay particular emphasis on assets, how these assets are deployed, and the role of asset accumulation strategies. On the other hand, SLFs approaches focus on livelihoods strategies linked to well-being. Asset based approaches are influenced by Sen Entitlements and Bebbington’s Capitals and Capabilities approaches (Moser, 1998). Bebbington (1999), posited that assets are not just resources that people utilise to construct their livelihoods but that assets give people the ability to be and act. Sen’s (1976), entitlement approach is framed around three concepts of endowments, entitlement and entailment mapping (Osmani, 1993; 1995; Sohlberg, 2006). Sen (1976), describes endowments as a bundle of resources that can be legally owned by an individual. According to Sen (1976), entitlement is a combination of all possible ways goods and services that an individual can legally obtain by utilising resources of his endowment set.  Entitlement mapping is the relationship between the endowment set and the entitlement set. It depicts the rate at which resources from the endowment bundle can be transformed into good and services (Sen, 1976). Bebbington (1999, P.2), argues, therefore, that assets are the basis of “agent’s power to reproduce, to challenge, or change the rules that govern the control, use, and transform resources”. Moser (1998) adds that assets create agency; agency energises people to mobilise resources that will satisfy their daily needs.  
Moser’s (1998) AB model illustrates how vulnerability and asset ownership are linked. The model identifies the risks or threats and resilience in resisting; resilience enhances recovery from negative effects of environmental change (Morecroft et al., 2012; Satterthwaite et al., 2020). Using her model, Moser (1998) demonstrates that assets and endowments are the means through which individuals, households, and communities can mobilise when faced with a crisis. Moser’s (1998) approach strives to stress that vulnerability is linked to asset ownership. Therefore, the more assets individuals or households have, conversely the less vulnerable they are. Therefore, it goes that the greater the erosion of people’s assets, the greater their vulnerability and the insecurity that is associated to it (Moser, 1998). Moser (1996), argues that poor surmount a complex bundle of assets that contribute to their well-being and positive outcomes while deploying their agency to manage assets to cushion and limit the impact of shocks.  
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Figure 13- Moser’s Asset Based Model. Adapted from Moser (1986)
Kim and Sumberg (2015), criticise asset based approaches on the grounds that they aggregate different types of assets into one group negating that fact that assets are heterogenous. Kim and Sumberg (2015), contest that different types of assets have different values and attributes, which they refer to as asset-ness. They further argue asset-based approaches do not acknowledge the individuality of lives and motivations in the deployment of assets. Drawing from Dorward et al.’s (2001) work, Kim and Sumberg (2015) pursue an argument that an interaction and integration of an asset’s attributes determines its value, experience and implications of owning. Kim and Sumberg (2015), stress that the experience or implications of owning or using a particular asset transcends its individual attributes; it is the integrated quality that gives an asset its asset-ness .Dorward et al. (2001), categorised the attributes of livelihood assets as set out in the table below.  
[bookmark: _Hlk123040039]Table 4: Asset Attributes. Adapted from Dorward et al. (2001). 
	Attribute
	Description

	Productivity 
	production or income activities and processes associated with employing an asset to generate resources for consumption and social reproduction   

	Utility 
	the individual, social and demographic well-being (health, nutrition, shelter, clothing, …) derived from the use of an asset

	Security 
	Risk of theft, loss of control or access, susceptibility to pathogens or other risks 

	Holding costs 
	costs associated with holding or maintaining an asset  

	Life
	costs associated with acquiring or disposing off an asset; expected period over which the asset is held; seasonal and lifecycle effects on an asset’s value  

	Convertibly  
	costs involved in converting or exchanging an asset 

	Complementarity 
	Effects on and of other assets (e.g. plough with a bullock will be little vale) 

	Ownership/control 
	Private(individual/household); communal; public, gendered rights and responsibilities for disposal, acquisition, costs and returns  



Drawing from Kim and Sumberg (2015) argument above, the value of an asset is subjective, context specific, and contingent. The value of a specific asset, as perceived by the asset owner, reflects an individual’s objectives, preferences, skills, interests and access to other assets, and the specific context within which the individual constructs their livelihood and the strategies they deploy their assets. The researcher argues that Kim and Sumberg (2015) hypothesis fits into the narrative of this study; value, desirability and the actual usefulness of assets is subjective, and contingent on the circumstances of the asset owner. Take for instance cattle; from the Lozi people’s perspective in which the cultural value of cattle is important than the income it can generate when sold. Therefore, a cattle owner will only consider selling his cattle as a last contingent option. Seen from this lens, the economic value of cattle is secondary to its cultural value. Binsbergen and Geschiere (2005) argue that assets are more than economic, rather their value is embedded in social relations and increases social power.     
The theoretical framework discussed above feeds into the conceptual framework set out in the next section. At the centre of the theoretical and conceptual frameworks is a hypothesis that individuals or households generate a livelihood out of a rational mix of assets and incomes (Ellis, 2000; Davis et al., 2010). Well-being is shaped by socio-economic characteristics and asset endowment of an individual or household (Wavelign et al., 2017). Livelihood strategies are mediated by various forces and seasonal variations-both economic and climatic seasonal variations (Wavelign et al., 2017). Seasons are characterised by shocks and stresses that drive some individuals or households into poverty (Adger, 2006; Leichenko and Silva, 2014). Individuals or households negotiate through these perturbations by deploying asset smoothing and asset accumulation strategies (Moser, 1986; 1998). This conceptual framing is borne out of an understanding that asset endowment mediated by “political economy” influences Livelihoods Strategies Pathways.   
The Livelihoods Strategies Pathways (LSPs), as a conceptual tool, gives insight into the relationship between asset ownership (endowment) and well-being. By bringing together concepts of livelihoods, livelihoods strategies, asset erosion, and asset accumulation, the LSPs acts as a tool for appraising how people rationally or reactively respond to climatic and non-climatic events through deployment or redeployment of their assets portfolio. Empirical insights derived from the study sites feed into the conception of the LSPs and Adaptation from below (see chapter on Adaptation from Below). 
[bookmark: _Hlk123060630]3.10.0 Conceptual Framing
3.10.1 Introduction 
This thesis employed the Livelihood Strategies Pathways (LSPs) as a way of conceptualising how people’s livelihoods in rural areas are shaped and or being reshaped by climate change and other co-interactive socio-cultural and economic-political factors. The LSPs employs an integrated conceptual and theoretical approach informed by livelihoods (Scoones, 1998; De Haan and Zoomers), poverty (Hulme and Shepherd, 2003; Carter and Barrett, 2006), assets (Moser, 1998) and capitals and capabilities (Bebbingtion, 1999). It explores how individuals or households mobilise and combine their asset bundles and other resources to construct their livelihoods in the presence of shocks or stresses and mediating social structures (institutions of exchange) of institutions, power, gender, ethnicity and social status (Scoones, 1998; de Haan and Zoomer, 2005). The LSPs were empirically conceived and refined through engagement with other conceptual and theoretical foundations indicated above.     

[bookmark: _Hlk123060655]3.10.2 An Integrated Conceptual and Theoretical Approach 
This thesis applies an integrated conceptual and theoretical approach.  The application of an integrated conceptual and theoretical approach was informed by the fact that no single concept or theory can sufficiently explain how individuals or households construct their livelihoods. This is drawn from the understanding that the study of livelihoods is not situated in any one discipline (Pain and Lautze, 2002). An integrated approach transcends beyond a narrow focus on livelihoods to examining the characteristics of those livelihoods. It examines what assets and resources people need to construct a livelihood and the functions of those assets (Carter and Barret, 2006). As an integrated approach, it explores the strategies and pathways people take to convert their asset; and in what ways these assets enable individuals or households to achieve well-being (de Bruijn and Van Dijk, 2005a; de Haan and Zoomers, 2006). By employing an integrated approach this thesis explores the role of agency, socio-cultural (norms, values), perceptions and worldviews, and how these intersect with constraining structures in shaping livelihoods strategies pathways. It is from the rationale above that this thesis conceives that an integrated conceptual and theoretical approach is an ideal entry for this study.   

As set above, the LSPs is conceived from 3 keys concepts: assets, pathways and well-being. It attempts to highlight how rural livelihoods involve the deployment of assets to produce daily living outputs. These outputs both material and non-material are intended to meet people’s well-being and aspirations. These livelihood activities are played out in an unpredictable external context as set out in figure 13.

As demonstrated by Dorward et al. (2009), for many rural people the construction of livelihood activities is characterised by uncertain seasonal cycles that shape the production of food crops, livestock, labour hiring and the sale of agricultural produce. This uncertain and unpredictable external context affects people’s consumption and accumulation motivations. However, in seasons of good fortune people can produce more crops and livestock and be able to store and sell the surplus. With extra savings, people can accumulate more assets, which they can convert into liquid or consumed in times of crisis. Research shows that lack of access to financial markets for insurance and other financial support in times of crisis (Hansen et al., 2007; Hazwell et al., 2010;Xu et al.,2018), makes people craft livelihood strategies intended to meet their daily needs and ultimately satisfy their well-being.        

[bookmark: _Hlk123060679]3.10.3 Livelihoods and Assets 
Scoones (1998, P.5), defines a livelihood as “a livelihood comprises the capabilities, assets, material, and social resources, and activities required as a means of living. A livelihood is sustainable when it can cope with and recover from stresses and shocks and maintain or enhance its capabilities and assets while not undermining the natural resources base”. The capacity of a livelihood to cope with and respond to disturbances is what Speranza et al. (2014. P.5) refer to as livelihood resilience, which they describe as “the capacity of a livelihood to cushion stresses and disturbances while maintaining or improve essential properties and functions.”      
This thesis describes a livelihood as being composed of activities that individuals or households engage in on an everyday basis to meet their essential basic needs. These activities involve individuals or households gathering and converting different kinds of assets to sustain their livelihoods. Assets can act as a ’safety nindividual’s dividuals or households’ livelihoods are disrupted (Carter and Barret, 2006). From a rural perspective, assets are measured in units such as the number and diversity of livestock; the productivity of land; the size and health status of the family, and socio-cultural networks; access and rights to common pool resources (Adato et al., 2006). Adato et al. (2006), posit that the household well-being is a function of household characteristics and its asset holding. Brandolini et al. (2010. P.2), suggest that “the possession of tangible and intangible assets is a major determinant of the longer-term prospects of a household and individuals”.   
[bookmark: _Hlk123060700]3.10.4 Asset Poor 
Following on from the foregoing, this thesis applied the term “asset poor” to refer to households or individuals whose command, access and rights to assets and other resources critical for their livelihoods is not sufficient to meet or sustain their daily basic needs for extended periods of time.  This is framed on the assumption that individuals or households need access to and command over a portfolio of assets and resources to construct a livelihood that meets their basic needs.  It is from this command and diversity of assets that generates flows of products or incomes that ultimately determines whether an individual or household is poor and the extent to which they can be described as asset poor (Reardon and Vosit, 1995). The description of ‘asset poor’ is influenced by Sen’s capability approach that postulates: “Capability failure of an individual is the inability to achieve basic capabilities to adequately fulfil certain crucial functions at a minimal level” (Sameti et al., 2012). The capability approach takes in account the role of monetary and other resources (tangible and intangible) to achieve well-being (Sameti et al., 2012). 
[bookmark: _Hlk123060719]3.10.5 Basic Needs
The definition of basic needs is contentious and there is no agreed standard for measuring these basic needs (Haveman and wolff, 2004). Basic needs refer to those goals essential for basic human survival and the avoidance of harm (Abubakar, 2021). Basic needs are natural (innate) to every individual; they must be achieved if an individual is to go on to achieve any other needs (Abubakar, 2021). Cardoso et al. (2021), add that basic needs are a bundle of requirements; that is personal, social, political and economic that result into a satisfactory life and the participation in societal development. The methods and measurements of the multiple theoretical and conceptual frameworks of human basic needs is beyond the scope of this thesis, however, this thesis will refer to basic needs as access to food, clean water, accommodation(housing), healthcare, education, safety, and self-expression. The adoption of the basic needs approach in this study is motivated by the fact for an individual to survive or “get by”, these basic needs must be met (Max-Neef, 2017). It is impossible to envisage survival in the absence of these basic needs (Doyal and Gought, 1984 ;). Contextualising the basic needs approach to socio-economic status of the study areas, is grounded on the fact that the study areas are highly deprived areas and the everyday lives of the people are centred on meeting basic everyday needs (Moono ,2015: Rajratnam et al.,2015).  By common everyday use, poverty exists when one or more people fall short of a level of economic welfare determined to constitute a reasonable minimum, either in some absolute sense or by standards of a specific society. 
“The concept of reasonable minimum is then defined by pre-determined basic consumption needs such as food consumption” (Lipton and Ravallion, 1994. P.1). Bourguignon and Chakravarty (2019), argue that poverty is a multidimensional concept that describes a shortfall from a predefined threshold on each element of individual well-being. Chambers (1995), refers to poverty as a state of deprivation or lacking what is required for well-being. Chambers (1995), stresses this lacking manifests as in the form of physical, economic, political, and psychological or spiritual deprivation. Well-being and basic needs are important concepts in this study. Drawing from empirical evidence of this study, the most critical goal of the individuals or households in the study areas is to satisfy their daily basic needs and enhance well-being. The satisfaction of these basic needs is constrained by multiple deprivations in the spheres including those suggested by Chambers (1995).    
The definitions and measurements of poverty are relative depending on different interest groups and individuals’ experiences (Laderchi et al., 2003; Kotler et al., 2006). There are two main approaches applied in the measurement of poverty-the use of income and consumption approaches (Hulme and Shepherd,2003; Chen and Ravallion,2011;2019; Smeeding,2016). From an income perspective, an individual is considered poor if his or her income falls below a pre-determined income level (Hulme and Shepherd,2003; Chaudry and Wimer,2016; Bourguignon and Chakravarty, 2019). Consumption measures of poverty aggregate food and non-food essential items into a ’consumption basket’ that determines whether people are poor or not (Backiny-Yetna, 2017. Both approaches are error prone and restrictive in their appraisal and analysis of poverty (Bourguignon and Chakravarty, 2019).To draw reliable and valid conclusions , it is recommended to employ multidimensional measures of poverty that transcend incomes and consumption measures of poverty (Ravallion,2016;Smeeding ,2016;Bourguignon and Chakravarty, 2019).Researchers have  made calls for the  application of other measures and analyses of  poverty using livelihoods and assets models (May and Carter, 1999;Moser,2008; Erenstein and Chandna,2010; Hua and Zhang,2017).              
Hulme and Shepherd (2003), describe chronic poverty as a condition of intergenerational poverty where households experience significant capability deprivations for an extended period. The distinctive feature of chronic poverty is the extended duration that households are exposed to conditions of poverty (Ravallion, 1998; Yaqub, 2002).
[bookmark: _Hlk123060740]3.10.6 Concept of Human Well-being
There is plurality in conceptions and theorising of human well-being (La Placa et al., 2013). This thesis adopted McNaught (2011)’s concept of well-being in its discussions. Applying a definitional framework of well-being, McNaught (2011) argues that well-being is wider than individual subjectivities; well-being constitutes a range of environmental, geographical, political and socio-economic factors.  McNaught’s (2011) framework has four domains of well-being; that is individual well-being; family well-being; community well-being and societal well-being. The framework conceives, that well-being is dynamically constructed by actors through an intersection of their circumstances, locality, activities, and psychological resources. 
Therefore, individuals change circumstances of their lives in reference to the four domains. For instance, when an individual or household is faced with a shock (idiosyncratic shock), they take measures that will resolve or cushion the impact of the shock to satisfy unmet needs. This could involve for example, drawing on their socio-cultural networks, migrating or disposing off stocks of assets. Such measures open economic opportunities and psychological energies different from those that the individual or household had previously enjoyed (McNaught, 2011).   
McNaught (2011), argues that individual well-being is an important element of the framework. He locates the individual as an active agent who possesses the power and conscious to interpret and design well-being.  La Placa et al. (2013), however, contest that while individuals are active agents that create and interpret well-being, they are subject to influence by socially defined concepts of well-being and other standard scales of well-being. La Placa et al. (2013), stress that individual well-being, therefore, is a multi-dimensional concept that incorporates subjective experiences of, for example, career and financial well-being, physical, psychological, spiritual, and moral values, and experiences. La Placa et al. (2013), add that all these elements of well-being are shaped by the broader structural factors and standard objective definitions of an individual’s life, which can be externally observed and measured.
McNaught’s (2011) concept of well-being renders itself applicable in this study at the individual or household level. McNaught’s (2011) conception of well-being can be linked to livelihoods; particularly that most SLFs were originally conceptualised at an individual and household level (Schreckenberg et al., 2010). Drawing from McGregor (2007), well-being is linked to the resources that an individual or household can command and what goals they are able to achieve from those resources. Therefore, well-being has a critical place in this study; this study explores how individuals or households desire to achieve well-being arising from the different combinations of asset deployment that is played out within the broader socio-cultural context. Socio-cultural and political-economic forces constantly evolve and so does well-being (McGregor, 2007). Asset accumulation and loss resulting from exogenous and endogenous forces precipitate reconfigurations of livelihoods. It is from these livelihood reconfigurations that Livelihoods Strategies Pathways emerge. Livelihoods Strategies Pathways is the subject of discussion in the following section.
[bookmark: _Hlk123060791]3.11.0 Livelihoods Strategies Pathways (LSPs) 
The Livelihoods Strategies Pathways (LSPs) contributes as a model for conceptualising how individuals and households negotiate or transition between different livelihood strategies based on their access to resources. The LSPs integrates De Bruijn and Van Dijk’s (2005a; 2005b) distinct concepts of livelihood strategies and livelihood pathways into a single unitary concept. The LSPs conceives livelihoods strategies pathways as a step-by-step process composed of reactive and or rational conscious pre-determined negotiation of choices by individuals or households. Therefore, LSPs is an  outcome of everyday livelihood activities actively navigated by individuals and households; a process where individuals and households consider their assets and resources and evaluate realistic choices for achieving livelihood outcomes .The LSPs recognises the role of human agency (Giddens , 1984;  Tanner et al., 2015; Colding et al., 2020), in that individuals and households construct livelihood strategies through a combination of survival strategies and devise conditions that make their livelihoods possible (Giddens, 2008). The ability to engage in a type of livelihood pathway is shaped by the type of assets and resources individuals or households have access to and surmount amidst constraining structures (Scoones, 1998; Moser, 1998; De Haan and Zoomer, 2005). For purposes of discussion, the term livelihood strategy will refer to activities and decision-making processes that individuals or households engage in as they allocate and combine their assets to activities that meet their daily needs.  
At the centre of the Livelihoods Strategies Pathways are livelihood activities that individuals or households engage in on an everyday basis to meet their basic needs. Therefore, Livelihoods Strategies Pathways are influenced by individuals or households’ asset portfolio (labour, land, socio-cultural capital, education etc.) mediated by endogenous and exogenous forces prevailing in their locales. The allocation and combinations of assets and other resources result in several outcomes. The outcome of each livelihood strategy (Struggling, Coping, Resilience …) is shaped by the socio-characteristics of an individual or household and asset portfolio that in turn influences the livelihood strategy pathway that individuals or households will follow. The LSPs conceives that individuals or households make rational decisions that will enhance or sustain their well-being. However, the LSPs takes cognisance that in times of crisis individuals or households take reactive actions designed to satisfy their needs.      
This thesis argues that a livelihood strategy pathway is a livelihood activity borne out or constructed from everyday negotiation of alternatives by individuals and households. This negotiation is influenced by a repertoire of socio-cultural and economic-political institutions and processes that subsequently inform decision making. Drawing from De Haan and Zoomers (2005), the LPCs conceptualises that individuals and households do not construct livelihoods under conditions of their making rather that livelihoods emerge from past and current actions and decisions mediated by environmental factors that are constantly evolving.
[bookmark: _Hlk123060829]3.11.1 Forward Mobility 
The graphic representation of the LSPs conceives that when an individual or household improves its well-being forward mobility is observed; that is a positive forward movement from coping to resilience or from adaptation. A forward mobility or transition can be achieved through asset accumulation and diversified asset deployment. Drawing from the empirical data of this study, this was achieved through improved land management practices, planting of drought resistant crops, livestock diversity (cows, goats, chickens), and engagement in non-farm activities. Forward mobility can also be realised through redeployment of labour from activities with low returns to those with better returns (Ellis, 2000). Conversely, individuals or households who were once poor can climb out of conditions of poverty through asset accumulation and improved asset utilisation (Moser, 1998).   
While climate change maybe the biggest threat to livelihood through its disruption of farming activities in rural areas of the global South, people have been devising ways of living with climate change. Farmers have been redeploying the use of their land through cropping changes. Evidence shows shifting from crop farming to other lucrative income generating activities, for example shifting from water based agro-based agriculture to pastoral systems. In East Africa and the Ethiopian highlands where rainfall has been on a decline during the last decade, farmers have been increasingly diversifying into other activities such as transient pastoralism and cultivation of commercial crops such as coffee (Carr et al., 2013; Liao et al., 2020; Kariuki et al., 2021). Ogada et al. (2020), document that farmers in Kenya adopted multiple stress-tolerant crops that boosted not just staple food production but also food security. Ogada (2020), document how these farmers were able to yield surpluses that they resold on commercial basis thereby enhancing their incomes. The extra incomes were then invested on other asset accumulation activities. 
[bookmark: _Hlk123060852]In relation to the LSPs, these positive adaptation strategies enhance people’s ability to flexibly adjust to change and enjoy high well-being in comparison to those that have a poor asset bundle. This high adaptive capacity acts a buffer against rapid or slow onset events. 
3.11.2 Backward Mobility 
Backward mobility is observed when an individual or household is pushed backwards to a position of poor or low well-being when faced with a crisis. Based on the empirical data of this study, backward mobility was observed during periods of low yields or harvests due to poor rains (drought) and lean periods between the seasons. Backward mobility was also observed when households experienced loss of the family head (particularly male heads).  An individual or a household can experience a shock that can result in a negative transition from coping to struggling or from adaptation to resilience. Individuals or households can be driven into a negative pathway due to climate-related events such as floods or storms (livelihood shocks) that destroy their crops, livestock, housing and infrastructure such as roads or bridges leading to asset erosion at household and or at community level (Scoones, 2009; Sayers et al, 2015). Economic factors such as prices of farming inputs, inflation, low prices for agricultural products and more recently trans-global diseases such as COVID-19, can have serious repercussions for people’s livelihoods (Pittman et al. 2011; Boughton et al., 2020; Morton, 2020). Conversely, individuals or households who were once non-poor can fall into poverty when faced with a crisis that erodes their assets (Moser, 1998).
Climate change and variability impact on the livelihoods of millions of people, particularly rural areas of the global south (Douglas et al.,2008; Olsson et al., 2014). Even the slightest changes in rainfall, in terms of onset, duration and cessation can have devasting impacts on the agricultural activities on which many rural people rely (Olsson et al.,2014; IPCC;2022). Climate change has been the main driver behind the disappearance of farming land and soil fertility in many regions of the world (Reed et al.,2012; Bayu,2020; Mondal,2021). The erosion of farming land disrupts food production activities and compromises food security not just at the household level but equally at the national level (Nguyen,2002; Dawson et al.,2016; Leisner,2020). 
Research demonstrates that for many rural poor, natural resources on which they depend such as forests, rivers, lakes, fish stocks and others have been impacted by climate change (Osbahr et al.,2010; IPCC,2022). Climate change erodes these critical resources by disrupting and exacerbates human suffering as more and more people are pushed into conditions of poverty. 
At an individual or household level, which is the focus of this study, climate change in tandem with other socio-economic forces affect livelihood pathways through the disruption of their livelihood activities and consequently pushing people into conditions of hardship and low well-being. This is illustrated in the LSPs as asset erosion and low well-being. Due to a low adaptive capacity, people with a poor asset bundle are highly vulnerable to rapid and slow onset events. A mix of low adaptive capacity and high vulnerability translates into irrational and reactive desperate responses that results in maladaptation.  
[bookmark: _Hlk123060868]
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Figure 14-4 Stages of the LSPs. Author’s own work
The LSPs was drawn from different approaches that had interrogated how subsistence farmers in rural areas responded to change through the process of decision-making and adaptive behaviour. Decision making is shaped by social-economic processes (Slegers, 2008; Singh et al., 2016). Operating within contexts of internal and external pressures of which climate change is a big factor, individuals or households make decisions based on plurality of factors that are mainly shaped by asset availability, cost constraints, financial costs, risk perception, and experience. Singh et al. (2016), stress that agency or motivation to act or respond is a critical element in livelihood construction. Singh et al. (2016), further argue that responses to external and internal pressures are driven by subjective perceptions of risk and vulnerability. 
The conception of the LSPs is framed on a continuum; starting from a state of struggling on the extreme left of the LSPs, that is living in a cyclic of perpetual survival strategies directed at meeting the barest of everyday needs. The continuum transitions to full adaptation on the extreme right, which in this case situates as a state where an individual or household has an assets portfolio that supports a robust and flexible response to changes. 
As indicated above, having borrowed from other studies, the LSPs situates that individuals or households may be driven by desperate/reactive short-term motivations for survival. These individuals or households respond to crisis to satisfy their immediate needs and in the long term maladapt (Jones et al., 2010). When conditions are favourable individuals or households can make incremental asset accumulation and transition to adaptation. On the opposite end, you have individuals or households that have a positive response strategy and deploy agency to deal dynamic changes both in the external and internal environment (Park et al., 2012). However, even fully adapted individuals or households maybe be pushed backwards into a state of struggling or coping, and eventually into poverty when they face multiple challenges. 
The LSPs can be linked to Doward et al. (2009)’s three broad categories of livelihood strategies or three activities that contribute to livelihoods:
I.Hanging in-conditions where assets are held, and activities are directed at maintaining livelihood activities in the face of extreme socio-economic conditions. In the LSPs, this can relate to the Struggling Stage.
II.Stepping up-whereby activities are engaged into planned investments and asset accumulation as the primary motivation-these activities are intended to expand the productivity of existing assets and income to improve livelihoods. This is the resilience stage in the LSPs.
III.Stepping out-whereby current activities are directed at asset accumulation where time assets deployed as a base to expand and diversify existing livelihood activities leading to a higher or more returns. In the LSPs this is the adaptation stage where individuals or households have a combination of liquid assets, land, livestock (cattle, goats, pigs), and mobile farm equipment. 
[bookmark: _Hlk123060893]3.11.4 Struggling
According to Warner (2000), to be in a state of struggle is to have few assets or resources from which to create and sustain a livelihood. As conceptualised in the LSPs, people in a state of struggle often rely on a mix of natural resources, social networks, and outside assistance.  Most rural poor people are heavily reliant on eco-systems (hidden harvest) and services that flow from them as embodied in common pool resources such as rivers, land, pasturelands and forests (Campbell and Luckert, 2002; Ryan et al., 2016; Wisely et al., 2018). Extraction of natural resources is very common in poor people’s livelihhods strategies because they are often deemed as ‘free’. Environmental incomes can provide a pathway for asset accumulation and a strategy out of poverty (Anglesen and Wunder, 2003; Hallegate et al., 2018). Apart from their labour, in many cases, natural resources are the only asset which struggling individuals or households can surmount (Anglesen and Wunder, 2003). Inevitably, as common pool resources are susceptible to over exploitation and widespread degradation it exacerbates climate change (Heltbeg, 2004; Turner and Grieco, 2000). However, natural resources are prone to over exploitation as in Hardin’s ‘Tragedy of the Commons’ (Hardin, 1968; World Bank, 2016b).
Outside assistance normally comes in the form food aid and other forms of support such as farming input supplies. Individuals in a state of struggle will also draw on the resources of their social networks through which their assets can be shared, traded and transformed to create livelihoods (Ellis, 2000).  When faced with a crisis, struggling people make trade-offs between survival and longer-term sustainability (Geest, 2004). These livelihood strategies pathways are often precarious and climate-sensitive making them highly vulnerable to internal and external shocks (Shackleton et al., 2012). According to the LPCs struggling individuals and households live precarious livelihoods and subsist in conditions of intergenerational and chronic poverty traps. Poverty traps are self-perpetuating and reinforcing conditions of deprivation lasting from one generation to another (Carter and Barrett, 2006; Bird, 2007). According to the LPCs, an in individual or household in the struggling state can improve its well-being through a combination of asset smoothing and external support to cope during times of crisis. Being in a state of struggle is not necessarily a static position; through a careful mix of asset accumulation, deployment, and outside assistance poor people in a state of struggle can migrate into less worse position of coping.   
[bookmark: _Hlk123060911]3.11.5 Coping
Coping involves livelihoods strategies that are reactive and short term intended to deal with day-to-day perturbations, problems and opportunities. Rugalema(2007) suggests that coping measures are taken in response to a shock/stresses  that results in declining availability of daily needs. The main objective of coping is to ensure that an individual or household can sustain economic and social viability after the crisis has passed. Coping strategies do not deal with the underlying causes of vulnerabilities; and should the same event or hazard occur in future, individuals and households will more than likely experience similar effects (Twyman et al., 2010). The distinction between coping and struggling, is that a struggling individuals or household have poor assets or resources or have its assets or resources depleted the household will often rely on support from their socio-cultural networks, remittances and or external agencies to sustain their daily needs. This support or assistance can energise people to mobilise and sustain their daily needs for a period, beyond which those resources will soon be depleted if the crisis is not resolved.
Assets diversification and improved asset utilisation by households can result in forward mobility above the poverty line, which can be transitional or permanent.  Households can create new livelihood opportunities and enhance their well-being through the expansion of cultivated land, better crop mix, livestock diversity, building food stores to withstand future shocks and stresses (Ellis, 1999; Moser, 1998; Adger, 2005). Where there are no feasible opportunities for diversification, remittances from social networks and migration can sustain livelihoods (World Bank, 2007). Accumulation or diversity in the assets stock improves a household’s resilience against future shocks (Adger, 2007). However, a household can also be pushed back to a state of struggle when faced with a shock that reduces its capacity to mobilise its daily needs.
[bookmark: _Hlk123060939]3.11.6 Resilience
Speranza et al. (2014. P.9), describe livelihood resilience as “the capacity of a livelihood to cushion stress and disturbances while maintaining or improving essential properties.” An individual or a household’s resilience to endogenous and exogenous disturbances is influenced by the capacity to sustain a livelihood above a poverty threshold (Adger et al, 2011). When the household asset bundle falls below a pre-determined threshold, there is a probability of being pushed into the path of a poverty trap (Barrett and Constas, 2014). Faced with downward mobility, individuals or households try to shield themselves against the effects of perturbations to survive. Through different deployment and conversion strategies, they negotiate their way up.  Asset diversification is widely recognised as a strategy for asset flexibility, stability and increasing well-being (Ellis and Allison, 2005; Sallu, Twyman, and Stringer, 2010). Diversification is enhanced by drawing more effort and time into a series of unrelated livelihood activities as an asset accumulation strategy; through waged labour or self-employment, accumulation of physical assets such as land or herds of livestock, and investment in a range of seed types, and mixed cropping (Ellis, 2000). The accumulation of assets may go a long way in supporting individuals or households’ ability to respond to shocks with greater diversity in alternatives (Tanner et al., 2015). However, the accumulation of assets does not permanently shield an individual or household from slipping back in poverty and subsist in coping conditions (Quandt, 2018). The difference between coping and resilient livelihoods strategies pathways is that resilient livelihoods strategies pathways can respond or /cope with disturbances in a robust manner by ensuring that the functional capability of people’s assets is permanently not dislocated. Therefore, according to the LSPs sustainability and continuity of livelihoods in the face of shocks and stresses is the key feature of this state.   
[bookmark: _Hlk123060964]3.11.7 Adaptation 
Adaptation generally refers to the activities and adjustments that people make in response to current or future predicted changes (Kelso and Vogel, 2015). Human and environmental systems are in constant interactive process of change; therefore, adaptation is not a destination but rather a constant process of adjustments is response to other changes. The capacity to adapt to change is based on access to assets and is opportunity driven (Sallu, Twyman and Stringer, 2010). According to Heltberg et al. (2009) adaptation is a risk management strategy based on a household’s access to assets which enable it to cope or mitigate risks associated with changes. Jakobsen (2012) argues that a household asset bundle is a key factor in reducing risk and tackling with change. 
Adaptation takes place when individuals or households with a diversified assets portfolio engage in a combination of high-return farm and off-farm activities with the objective of asset accumulation; increasing their household income streams and maximising return from their asset bundle (Adger, 2005, 2009). Individuals or households diversify and seize opportunities created by technological advances, new markets, favourable labour returns, and improved infrastructure (Reardon et al., 2006). In this way these households accumulate high endowments of assets such as land, livestock, machinery and buildings; the combination of farm and non-farm activities accumulates more assets which protects them from future impacts of climate change and other socio-economic stressors (Ellis and Freeman, 2004; Barrett et al., 2001).   
[bookmark: _Hlk123061004]3.12.0 Interactions between Assets and Livelihoods Strategies Pathways
The behaviour of the Livelihoods Strategies Pathways corroborates with several studies on livelihood strategies and asset dynamics in rural areas challenged by extreme weather events including climate change and other socio-economic forces (de Haan and Zommers, 2005;2006; Kazianga and Dry,2006; Ogada et al., 2020). Barret et al. (2001b) in their studies in the Ethiopian Highlands and the Mali Sahelian region found that individuals or households with poor asset endowments were unable to experience positive livelihood mobility and were less able to respond to climate related events such as droughts, floods, livestock disease or soil degradation (struggling people). Individuals or households with high assets endowments were able to access superior livelihood strategies and utilised opportunities emerging from climate change (resilience, adaptation and transformation). 


Space left to fit in figure 15. 
[image: https://lh6.googleusercontent.com/Cwks6monE7nFssQ8_D31dOkOZOYgcNq-i1K-yBe5qItfzSYVzpxUHmyo8rVEGIJXFaszZAmYVtnH3pMBrsYaSXkw2Q5flhTT3bSsE7NEqUNPKqnjkQiWAUqO2RuLZKyj4Fy-buiRBc1p8-ZM3w]
Figure 15- Asset Dynamics Vs Livelihoods Strategies Pathways. Author’s own Work
Figure 15 above provides a basic illustration of asset portfolio over time and how this shapes livelihoods strategies pathways. In the presence of an imaginary level of poverty that meets the essential everyday needs- individuals or households are imagined as subsisting below, oscillating between or subsisting above the imaginary level of well-being. This illustration does not ignore or obfuscate the fact that poverty and well-being are broad concepts beyond meeting basic daily needs (beyond the material needs of people). Taking the description of poverty at its basic level, poverty is described as the inability to access or obtain basic goods and services in relation to income and consumption parameters (Coudouel et al.,2002: Gentle and Maraseni,2012). 
 An initial asset mix or portfolio suggests that an individual or households can accumulate assets and face upward mobility to an improved livelihood strategy as illustrated in the LSPs above (Fig 15). At a given time period, considering an asset mix or portfolio, prevailing contextual issues and in the presence of shocks/stresses, an individual or household will construct a livelihood through a careful allocation of its assets. Assets vary across time mediated by constraining structures and intersected with shocks/stresses. Over time, the individual or household will negotiate between choices to achieve optimal utility from their asset portfolio. Shocks/stresses have the negative consequence of pushing people below the poverty line downward towards chronic or intergenerational poverty. Favourable conditions promote asset accumulation and push people above the poverty line towards higher well-being. The livelihood strategy pursued by an individual or household will have pathways of asset accumulation and well-being. The figure above also illustrates a critical point at which adaptation reaches a threshold and its marginal returns flatten out and only through transformation will asset accumulation improve.   
[bookmark: _Hlk123061023]3.12.1 Climate Change and Asset Dynamics  
Climate variability and climate change have increasingly been affecting rural livelihoods (Olsson et al., 2014; IPCC, 2014; Hallegate and Rozenberg, 2017; Turner et al., 2020). Extreme climatic events disrupt lives and livelihoods of millions of people across the world (IPCC, 2014; Hoegh-Guldberg et al., 2018). Changes in rainfall patterns (onset, duration, withdrew) and extreme temperatures erode natural resources such as land, rivers, and forests on which the poor people subsist their livelihoods (Douglas et al., 2008, Bryan et al., 2013; Fahad and Wang, 2018).   
Situating climate change in the context of this study, analysis of the climate data (see climactic analysis chapter) demonstrates that the biggest risk of climate change is its impact on rainfall patterns; its onset, duration and withdraw, which have been shifting during period analysed. This shift will translate into poor or low crop yields, loss of livestock, damage to fishing grounds and loss of forest resources. The loss of these common pool assets has an impact on livelihood strategies and well-being as depicted in the LSPs above. Transitions/movements between different livelihood strategies of the LSPs is shaped by seasonal variabilities (rainfall) and asset command. For instance, seasonal deprivation during the lean season is a factor of food reserves from the last season. Inevitably, the ability to recover from seasonal deprivation largely depends on an individual or household’s ability to command assets to construct a livelihood that will in the long term enhance its well-being and transition through the different livelihood strategies of the LSPs. The ability or capacity to recover is also influenced by asset diversity within the household and therefore individuals/households in a state of struggle will face challenges to experience mobility across the LSPs. And thereforeTherefore, those in a resilience livelihood strategy can recover from shocks as a consequent of an asset diversity in their command. Pursuing this line of argument and drawing from Moser (1998) work, climate will change exacerbate poor people’s vulnerabilities; vulnerability is closely linked to asset ownership. “The greater the erosion of people’s assets, the greater the vulnerability. The greater the command and asset mix, the greater the capacity of people to buffer against shocks” (Moser, 1998; 16). 
[bookmark: _Hlk123061038]3.12.2 Conclusion 
This chapter explored the theoretical and conceptual frameworks applied in this study. It brought together these two frameworks to explore how livelihoods from a rural perspective are constructed. The theoretical framework introduced the concept of livelihoods and sustainable livelihoods; explored the DFID SLF and assets type/asset pentagon. Scholars and practitioners have criticised the livelihoods approach and alternatives frameworks have been promoted Moser (1998; 2006).  Asset Based Approach gained traction in development work in view of these criticisms. Section 4.0 of this chapter introduced the Livelihood Strategies Pathways that was conceived out of empirical work of this study. The LSPs integrates assets, livelihood strategies and well-being. The LSPs models how asset portfolios shape livelihood strategies and meets individual/household well-being. Critically, this chapter contextualised the LSPs to the study areas and demonstrated a dynamic relationship between climatic change and livelihoods.    


  






[bookmark: _Hlk123061057]
Chapter 4 -Research Design and Methodology 
4.0.0 Introduction
Chapter 4 introduces the research design and methods that were applied in this thesis during data collection. The research design and methodology was an integrative conceptual approach situated in the “lived experiences” of the people in the study areas. The “lived experienced” coined by Sale and Thielke(Thielke (2018, P.2), describe qualitative research as “an ongoing process focussing on interpretation and meaning that explores human problems”. Abbot and Wilson (2015) argue that “the lived experience “is the premise within which climate change is understood and interpreted by lay (local) people.
The first section of this chapter introduces the objectives of this study,followed by the study area location. The Study location gives a general overview of each of the three (3) sites. This is then followed by an overview of the research methods applied to answer the research questions. The methods used in this study were informed by an understanding that to delve a deeper and insightful into meanings of people’s worldviews, a researcher has to apply an integrated interdisciplinary approach that incorporates a wide range of data collection tools, which are critically important for purposes of triangulation (Denzin ; 1985; Gilbert,2008 ;Bryman,2012; Cresswell; Silva,2017). 
The primary data collection tools used in this research consisted of:
I. Semi-structured interviews.
II. Elite and key informant interviews.
III. Ethnographic and participatory observations and
IV. Remote Data Collection
This chapter also reflects on issues of positionality, reflexivity, and power dynamics during the entire data collection process. Ethical issues that guided the process of data collection are tackled before examining the methods. The chapter concludes by appraising the document and data analysis.   


[bookmark: _Hlk123061078]
4.1.0 Aim
The aim of this research was to explore the impact of climate change on livelihoods in the Barotse Flood Plain of Western Zambia. In order to achieve this objective, the thesis assesses shifts/changes and trends in rainfall and temperature in three areas (Lealui, Nanikelako and Sefula). The goal is to explore the evidence of change and trends in rainfall and temperatures, and how these translate into people’s livelihoods in the study areas.
[bookmark: _Hlk123061087]4.1.1 Research Objectives
I. [bookmark: _Hlk142645576]Assess climate variability and change through Meta data analysis of rainfall and temperature changes/trends.
II. To Compare and contrast local observations against scientific analysis of rainfall and temperatures as set out above.       
III. To explore the plurality and diversity of rural livelihoods strategies that households or individuals pursue in response to climate change and variability.
iv.    To examine the types of assets bundles that individuals and households draw on to construct their livelihoods, the adaptive measures pursued within and between individuals or households, and how these are shaped by climate change.
[bookmark: _Hlk123061102]
4.2.0 Background Literature
 This chapter consolidates this thesis’ earlier discussions by building on the theoretical and conceptual frameworks on which the thesis is anchored. Chapter 4 was bridged to meet the empirical objectives of this thesis.  This chapter was the pathway to the investigation of “the lived experience“of people in the study areas and to draw meaningful inferences in subsequent discussions. From the foregoing, this study adopted a mixed methods research (quantitative & qualitative) because it accorded for an adequate exploration of the scientific climatic data and local people’s interpretations of their livesexperiences of these perceived changes (Collins et al., 2007; Teddie ,22009; Silva2017). Silva (2017) adds that research cannot mirror or replicate the image of the social world; however, it opens access to meanings people draw or place on their experiences and social world. Therefore, to fully understand/grasp the effects of shifting climatic conditions in the study areas, it was imperative to integrate the two approaches: merge numerical data and people’s narratives using a two-lens perspective. Central to two lens perspective is that people’s perceptions of climatic changes can be “tested or modelled“for correlations through numerical analysis (Shao and Goidel, 2016). Studies have demonstrated that people’s perceptions of shifting climatic conditions often correlate with scientific climatic trends (Savo et al., 2016; Rapinsk et al., 2018; Reyes- Garcia et al., 2019). Other studies, however, have also demonstrated differences in trends between climatic trends and people’s perceptions (Abu et al., 2019). Quantitative and qualitative methods have limitations when applied in isolation; therefore, these limitations in scientific measurements and people’s perceptions can be integrated through a “two- eye” approach (Bartlett et al., 2012). The “two-eye” approach offers an intelligent way of narrowing gaps between scientific data and people’s perceptions (Bartlett et al, 2012; Haag et al., 2021).               
[bookmark: _Hlk123061114]4.3.0 Research Location 
The Barotse floodplain,14°19'~16°32'S and 23°15'~23°33'E(see study area map) also referred to locally as Bulozi Plain, is the second largest flood plain in Zambia (Chomba and Nhata,2016; Cai et al.,2017). The floodplain is in the Western province of Zambia sharing a border with Angola (Cai et al., 2017). The Barotse floodplain is a seasonal vast expanse of water which is 160 kilometres long and at its widest point extends up to 60 kilometres (Flint and Monde,2006; Chomba and Nhkata,2016). The floodplain covers an estimated areas of 5,500KM2 and 1.2 million hectares of wetland (Chomba and Nhkata,2016; Cai et al,2017). The Barotse floodplain is inundated with water from the Zambezi River and its tributaries for about 3-5 months, from late December to end of May (Cai et al., 2017; Zimba et al., 2018).  Inundation of the plains is largely influenced by rainfall characteristics in the upper catchment and stream flows from the uplands (Baidu-Forson, 2014)-refer to figure 1 and section 1.2.0.
[bookmark: _Hlk123061127]4.3.1 Justification for case study approach 
The motivation for this study was anchored on the need to explore the impacts of climate change and how this is reshaping livelihoods in the Western province of Zambia. Case studies are most appropriate when exploring one or multiple cases, each case is studied as if it is singular and then compared to others (Starman 2013; Clark et al, 2021). The areas offer a special case for investigation each offering unique, contrasting features and contextual problems. Through a case approach, this study undertook an in-depth exploration of the diversity and uniqueness of each study area, exposures same climatic events, natural resources endowment, access to infrastructure, markets and livelihood dynamics. As indicated in the earlier discussions in this thesis, the main livelihoods in the study areas are subsistence farming, fishing, livestock herding, harvesting and collection of Non-Timber Forest Products (NTFPs) which are all vulnerable to the impacts of climate change (Olssen et al.,2014). NTFPs include wild vegetables and fruits, medicinal plants, wild meat, reeds, tubers and others. The three study sites were selected for the following reasons:
I. Lealui, the main residence of the Litunga King of the Lozi People is a powerful cultural symbol of the Lozi people and the “nation” of Barotseland. Lying slightly on an elevated position   in the flood plain, it overlooks the vast expanse of the Barotse Flood Plain. Most of the land is normally flooded during the flood season. Lealui has good road access to the urban areas of Mongu and Kalabo further west. With land use restrictions and grazing pastures preserved for the King’s livestock, agricultural activities are limited to small land portions mainly that surrounding people’s homes.   
II. Nanikelako is a remote area that lies further in the interior of the flood plain. During the flood season the entire areas is flooded. Villages are sited on man-made hills (Mazulu) and navigation during the flood season is by canoes. There are no schools or health facilities in Nanikelako. The soils in Nanikelako are sandy and not suitable for agricultural activities. Livestock keeping is the main occupation in Nanikelako,-with the vast expanse of the flood plain providing good grazing lands particularly during the dry season.  
III. Sefula-Lies South-west of Mongu along the tarred Mongu-Sesheke road. Sefula lies on the upland overlooking the low-lying flood plain. Sefula has schools both primary and secondary and health facilities. Sefula is one of the biggest rice growing areas of the Western province. With access to irrigation systems farming activities including growing of vegetables are done throughout te year.  
Having given the background of the study areas, the next section considers ethical issues of positionality, reflexivity and power dynamics.  
[bookmark: _Hlk123061145]4.4.0 Positionality, Reflexivity and Power Dynamics  
According to Bourke (2014) research is shared space that is influenced by both the researcher and the research participants. Therefore, it goes that the researcher and the participant have the potential to shape the research process. Bourke (2014) argues that both parties will identitify into play through perceptions. Bourke (2014) further adds that people’s biases shape the research process, and it is through the recognition of these biases that insight can be gained into how to approach a research setting, interaction with communities and how to engage with them. Kezar(2002, P.96) posits that “within the positionality theory, it is acknowledged that people have multiple overlapping identities.” Therefore, people make meaning from various aspects of their identity (Bourke, 2014).    
Wolfe (1996) posited that a researcher’s positionality is situated within a social hierarchy vis-à-vis other social groups and individuals in relation to class, gender, race, ethnicity and culture each of which has the potential to limit or broaden a researcher understanding of others. Wolfe (1996) and Hertfeld (2020), argue that “embodied subjectivity “and positioned knowledge shapes how completely a researcher can understand and carefully interpret local phenomena. Positionality plays an important role in research when engaging with participants in the field (Hall, 1990; Bourke, 2014). Anthias (2002, p.501), defined positionality as “placement within a set of relations and practices that implicate identification and ‘performativity’ or actions”. Anthias (2002) adds that individual researchers enact (through performativity) and experience (through social positioning by others) positionality in pathways that transition within the multitudes of social contexts and structures. Holmes (2020) refers to the term positionality as an individual’s world view and the subsequent position they take or /adopt in pursuance of his or /her research objective(s). A researcher’s worldview is influenced by several factors including their ontological and epistemological orientations and to greater extent the way they interact with the environment.  According to Roberts (2001),  the most important consideration in qualitative research is the question whether the researcher operates as either an “insider” or “outsider” in the context of research. The most dominant assumption argued about this dualism has been that the researcher adopts a neutral position (Roberts, 2001). 
While conducting this study and through the everyday interactions with the communities in the study area, I was acutely reminded and constantly mindful of my position of privileged as a researcher. As an “outsider”, this status accorded me an easy access to the communities because my local contacts and guides had already “spread word” beforehand. Paechter (2012) advances that traditionally,  researchers employing ethnographic studies have been taken as “outsiders” who journey into another culture and attempt to understand its important features through participation. Being a Zambian and able to speak the local language was advantageous for the creation of rapport and building of trust. Being an “outsider” had its own challenges some of which were the suspicions and mistrust of “outsiders” and the intentions of this research. This suspicion meant that I was not able to record the interviews to allay notions of suspicion as a way of gaining people’s trust. I was in a transitory mode-shifting and negotiating between a myriad of vantages of being a “foreigner” and “Zambian”, which Wolfe (1996) referred to as “mobile subjectivities “. 
However, Scheyvens and Stoney (2003) contest that the debate about “insider-outsider” is redundant and emphasised that researchers pay particular attention to the understanding of historical or cultural specificities as well, thereby creating openness and honesty while undertaking their research. Scheyness and Stoney (2003) posit that it is far more beneficial to cultivate such capacities than preoccupation with the insider-outsider status. They stress that even experienced insider researchers encounter obstacles due to differences in class, education, social status, and race and gender while undertaking their research. “Where outsiders have the advantage of being detached from the field, an insider must learn to manage the influence of being the researcher and the researched” (Bettez, 2012). Paechter (2012), argues that even researchers who start as “insiders” can find the research process challenging. “Insider” and “outsider” positioning require self-introspection in relation to the entire research process (Ellis, 2011; Paechter,2012)
Reflexivity, according to Fook (1999, p.11), refers to a process of reflective practice to examine the research process- “it’s an ability to locate oneself in a picture”. Turner (2010) refers to reflexivity as “self-critical introspection “. What can be inferred from Fook and Turner’s (1999) definitions is that a researcher should be attentive to his or her own background experiences, knowledge, and social status that might interfere with aspects of their research process. Conducting research in areas where poverty, deprivation and marginalisation are endemic as is the case in this study area, I was reminded of my privileged position. The urge to help these people living in conditions of chronic poverty was overpowering, which would have been in conflict as a researcher. My desire to be detached was acutely challenged within myself-conscious as a development worker who is opposed to all kinds of suffering, inequality and injustice perpetuated by political and traditional leaders.  
Navigating and negotiating through this complex and conflicting web of positionality, ethical tensions and dilemmas came into sharp focus when the researcher went to visit a local chief as part of his data collection. It took him a few weeks to fix an appointment with the chief. When the appointment day was finally fixed, it made the researcher and his local guide to make a journey of 3 hours each way. They took public transport to get a roadside junction, where they then had to walk to get to the chief’s palace. From the road junction, it took them an hour, walking through narrow forest paths, in temperatures of nearly 35⁰C. As they walked through the forests, the only sounds they could hear were their own footsteps as they stepped on dead plant leaves and the chirping of birds. It was an extremely hot day and the researcher recalled thinking, “when are we going to get there?” and for a moment he thought it was not a wise idea to walk for such a long distance in such a dense forest. When they finally got there, the researcher’s thoughts were hesitant of walking through the forest again. 
They met the chief and were welcomed and served with glasses of a local drink (munkoyo-a drink made of fermented corn meal and then mixed with roots of local trees). The chief walked us through his village, showed us his herd of cattle and his fields of rice, maize and cassava. Most of the crops were withering due to a prolonged dry spell (see narratives chapter 5). We discussed a broad range of issues focussing mainly on changing rainfall patterns and impacts on livelihoods in the study areas. The Chief made the following notable remark:
“This year has been very challenging, we had some rains at the start of the rainy season and people planted. From end of November, we have not had many rains and the crops are drying. If the rains do not come any time soon these crops, we completely die out. We are not sure how will survive as they we do not get much support from the government “.  
Then came the decisive moment; the researcher was filled with tension and apprehension. We were served with some plates of food that had been prepared by the chief’s wife. The ambiguity and personal challenges were “should I be eating the food as a researcher?” – “how do I maintain distance and at the same time appreciate the culture of the research context?”  As the researcher and his guide were sitting in the glass-thatched dining room, the guide looked at the researcher and said, “Please we have to eat this food or else we will spoil everything we have done today.” He said, “The most disrespectful thing you can ever do is refusing to eat food prepared for you as a guest”. With a sense of conflicted emotions, I reluctantly agreed to eat the food.   
 Several qualitative researchers have documented and theorised about the complexities of situations of strife and confusion (Bettez, 2012; Olukotu et al.,2021; Secules set al.,2021). Other scholars have reflected on personal encounters of challenging situations they had to navigate through while conducting their qualitative research (Subreenduth and Rhee; 2010; Nazneen and Sultana, 2013).  
The next section examines the ethics that guided the entire research process. The ethical application was two pronged; one from the University of Sheffield and the other from the University of Zambia’s Ethics Committee, which approves international applications.  In the first instance, the researcher got ethical approval from the University of Sheffield as the home institution. The ethical approval was “amended “to incorporate other data collection tools due to the face-face interviews restrictions that were imposed due to the Covid-19 pandemic. 
[bookmark: _Hlk123061168]4.5.0 Ethical Considerations: Confidentiality and Privacy  
The nature of qualitative research through the everyday personal interaction between the researcher and the participants poses challenging ethical concerns for both the researcher and the participants (Guillemin and Gillan, 2004; Sanjari et al., 2012).  Sanjari et al. (2012), stress that the researcher must always be aware of the potential negative impact of their research on the participants through the questioning and other interactive activities in the research context. It is critical that the entire research process does not cause participants any form of harm to the participants. Guillemin and Gillan (2004), posit that whenever research is designed and conducted, human beings must be at the centre of the process. Caution is placed on kinds of repeat and long-term interviews where the researcher and participants could easily build a relationship and intimacy.
The researcher took cognisance of the importance of maintaining respect and privacy in all his conversations. He also ensured the discussions were truthful. Every effort and care was taken to ensure questions asked were non-intrusive and did not trigger any feelings of disrespect towards the interviewees. The researcher avoided giving any room for misrepresentations and misunderstandings; the two research assistants, who were competent in native language and were familiar with the local culture, were locally recruited. Informed consent was sought through the provision of the consent forms and study information leaflet as were approved during the ethical application stage (see appendices). The participants were assured of confidentiality and made aware of the purpose of the study; how the information will be collected and used. All the data collected was secured and anonymously coded. I took cognisance that I was talking to elderly people and that I was taking their time; therefore, interviews were conducted on agreed time limits. 
This section discusses the methodological tools that were employed during the research process including the strategies and the justification for this approach. It details how the research participants were drawn-up and accessed.  It also details how each method was deployed to address the research questions. 
[bookmark: _Hlk123061188]4.6.0 Methodological Tools:  Strategies and Rationality 
4.6.1 Secondary Data Sources 
The use of secondary data sources, sometimes also referred to as documentary analysis, involves the examination of documents that contain or may contain information about phenomena one wished to study or is already studying (Bailey, 1994: Daas and Beukenhurst, 2008). This is essential to the supplementary of data or information that is collected from primary sources such as focus groups and in-depth interviews (Scott, 1990; Mogalakwe, 2009). Creswell (2009) and Johnston (2014), describe secondary data analysis as a systematic and methodological procedure designed to apply theoretical knowledge and conceptual frameworks through the utilisation of existing data to address the research question. 
According to Hinde (2020), the examination of current and historical records and documents is of particular importance to qualitative research exploring social-political and economic phenomena. Hinde (2020) contends that to fully understand temporal contextual historical and emerging issues, it is essential that a researcher benefits from a broad range of sources to identify facts and have a clear understanding of key issues. Secondary data provides a researcher with another lens to for the understanding, extraction, and the interpretation of the connected or unconnected issues at the core their study (GHR and Aithal,2022) b. 
During this process, I gathered and analysed a wide of published and unpublished literature cutting across a wide area of disciplines. These disciplines covered subjects that touched on climatic trends in Zambia, Poverty trends in the Western province of Zambia, Livelihoods, the History of the Barotseland among others. The justification or rationale of the application of secondary sources for this was based on the understanding that rural livelihoods are shaped by a complex interaction of culture and traditional norms, economic and political processes that are bound in historical roots that cannot be fully and or solely interpreted from empirical research alone.  
[bookmark: _Hlk123061211]4.6.2 Sources of Secondary Data and Historical Records
The documentary sources accessed consisted of those from public institutions and private sources.  The secondary data sources used in this study consisted of Government Policy Statements and Reviews, Civil Society (NGO) Strategy Papers, Project Reviews, and Annual Reviews.
A systematic and thorough examination of documents shaped the background data that helped to me to appreciate the socio-cultural, socio-political, and economic context, which influenced people’s livelihoods.  Documentary sources were useful for grounding the research in the context of climate change and other factors key to the research question. Aside from drawing richness into the research process, documents were particularly crucial for exploring discourse divergences between Government publications, Civil Society and International Aid Agencies. Information generated from documents was applied in formatting interview questions, follow-up questions and pre and post interviews including providing pointers to activities or events that needed to be observed in the field.
[bookmark: _Hlk123061252]4.7.0 Mixed Methods: Qualitative and Quantitative tools
This study employed a mixed methods approach that is quantitative and qualitative methods to meet the objectives of this study. Mixed methods involve the collection, analysis, integration of findings, and drawing conclusions  using both quantitative and qualitative tools (Cresswell.2003; Brewer and Hunter, 2006). Quantitative methods were applied in the exploration of rainfall and temperature trends during the study time (1981-2019); this was to assess whether there have been any changes in rainfall and temperature in the study areas. The qualitative methods were employed in drawing people’s understanding of these climatic trends, their impacts, and response strategies. Qualitative research recognises that the socially constructed nature of reality , which is embedded intimately in the context of a study (Yates and Leggit, 2016). Mixed methods are appropriate when no one single method can adequately answer a research question (Tobi and Kampen, 2018). The application of mixed methods accords the researcher a chance to deeply and accurately understand and draw valid conclusions of the nature of the phenomena under study (Lisle, 2011; Almeda, 2018).  
[bookmark: _Hlk123061267]4.7.1 Quantitative Methods  
The quantitative methods applied in this study are discussed in the chapter that analyses rainfall and temperatures. The methods involved analysing large number of data sets; carefully checking the degree to which the analysed data and observations are consistent. This process also included exploring the degree to which there is correlation between the different data sets using different tools. Using different software packages, Advanced Excel and L- Programming, numerical data was manipulated using formulas and coding to assess climatic trends and answer the question if these trends point to climate change or seasonal variabilities. The most important methods used to calculate trends and rate of change, in both rainfall and temperatures in the study areas, were Mann Kendal and Modified Mann Kendal Tests and Sen’s Slope Estimator.   
In this study, trend analysis for both rainfall and temperatures were conducted by using non-parametric Mann-Kendall test. The purpose of analysis is to investigate whether values of the data sets are trendless, increasing or decreasing (Da Silva et al., 2015). Non-parametric trends require that data sets be independent and give tolerance for outliers in the data. Parametric tests on the other hand require that the data be independent and normally distributed and for this case are not suitable for the analysis climatic data that is highly variable data (Hamed and Rao, 1998). MK trend detection was originally conceived by Mann-Kendall as a non-parametric test for trend detection (Mondal et al., 2012; Sa’adi et al.,2019).MK is widely applied in meteorological analysis as a statistical approach to assess for spatial and temporal trends of hydrological a temperature series. Non-parametric tests are preferred because they eliminate the problem of skewing data (Hamed and Rao; Mondal et al., 2012).
Sen’s Slope estimator was conceptualised by Sen (1968). Sen’s Slope Estimator (SSE) is also a non-parametric statistical tool for estimating the slope (steepness) of a trend in a sample of data set. The estimator asseses the magnitude of the trend and its variance (Da Silva et al., 2019).  A positive slope of the value SSE indicates an upward trend or an increasing trend in the time series. A negative slope of the value of the SSE on the other hand suggests a downward or decreasing trend in the time series (Pohlet, 2016; Panda and Sahu, 2019).
The use of the statistical tools above is aligned with the aim of this study; that is to determine if there trends or changes in the climatic data (MK/MMK) and determine the magnitude/size including the trajectory (SSE). Detailed and comprehensive analysis of the climatic data is in chapters 6 focussing on rainfall and 7 on temperatures.  
[bookmark: _Hlk123061297] 4.7.2 Qualitative Methods       
The singular application of numerical data cannot capture the lived experience of people (Collins et al., 2007). Driven by the desire to understand the everyday lived experience of the research subjects, this study adopted qualitative interviewing techniques as an instrument for data collection. The lived experience of people and their reality under relativism can be shared meanings through individual lenses and perception (Walsham, 2006). Social constructivism argues that individuals and or collective groups seek understanding of their world and develop subjective interpretations and thereof meanings of their experiences towards certain phenomena (Borman et al., 1985; Argent, 2019). Drawing from this epistemological vantage, I investigated the complexity of views and multiple interpretations of climate change and its impact of livelihoods from the real world of the research subjects rather than from the scientific biophysical viewpoint. 
I took cognisance of the fact that often-qualitative research has been charged with being not able to avoid the infusion of personal impressions or descriptive accounts of the researcher thereby, preventing the avoidance of biases from data collection and analysis (LeCompte and Borman et al., 1986; Lune and Berg, 2017). To close in on their ‘story’, there is always a lingering temptation by qualitative researchers to lose objectivity altogether and fall prey to “going native” (Bergman, 2008). However, I argue that the use of quantitative analysis alone cannot sufficiently explain people’s understanding, perceptions and interpretation of events that surround them. 
[bookmark: _Hlk123061312]4.7.3 Interview Techniques 
Kvale (1983, p.174), defines a qualitative research interview as “an interview whose purpose is to gather descriptions of the lifeworld of the interviewee with respect to the interpretation of the meaning of the described phenomena.” The purpose of research is to extract relevant information from the research participants that is centred on the evidence to be generated for achieving the research objectives of describing, predicting, and interpreting the phenomena” (Cohen and Manion, 2007, P.12). Therefore, qualitative interviews serve as a rich source for the exploration of people’s inner- feelings and attitudes (Hitchings and Latham,2020). Fraenkel and Wallen (2003) and Taylor (2005) posit that interview techniques play a critical role in social research because they facilitate for an in depth and holistic descriptions of an activity or situation. 
Interview techniques can be structured and sometimes they are also be referred to as standardised or unstructured (open) (Schimdt, 2004; Kallio et al., 2016). The goal of a structured interview is to generate data that is amenable to quantitative analysis (Murphy and Dingwall, 2003).  The relationship between a structured or standardised and unstructured interview can be visualised as a continuum along which a researcher seeks to be in control to greater or less extent of the interview process (Murphy and Dingwall,2003; Brinkman,2014). An unstructured or informal interviews on the other hand most often used in ethnographic research, are the opposite of the continuum, where the researcher and the interviewee are engaged in an interactive two-way exchange as conversing partners (Geertz,1973; Bryman,2016). Data generated from unstructured interviews is a product of an open process that pays particular attention to reflexivity and subjectivity. Not only is this data “thick” and “deeper” but most important is a result of an interactive accomplishment in which researcher and interviewee are collaborators in the “story making” (Geertz, 2012).   
A balance had to be stuck between facilitating a natural and open interaction between myself as a researcher and the research subject, and the need for cross comparison in the three case studies. Therefore, it was necessary to maintain consistency in the structure of the interview techniques hence the use of semi-structured interviews. Semi-structured interviews accord reciprocity between the interviewer and participant. The most critical thing about it is that it enables the interviewer to improvise and make follow-up questions that are shaped by the respondent’s response (Polit and Berk, 2010; Galletta, 2012).  
The following section gives insight into the core data collection methods that were used in this study. More details are integrated in the discussions of the irrelevant chapters and are also included in the appendices. Collection of data was initially envisioned to be conducted in two stages to capture how seasonality (wet and dry season) shape livelihoods in the study areas and to capture how livelihood strategies transition between the two seasons. The two-stage period was also envisaged to reflect seasonal variation in livelihoods and asset/resources use. The first stage of data collection was conducted between October 2019 and February 2020. The second stage was initially postponed and cancelled altogether due to the global disruption caused by the outbreak of the Covid-19 pandemic.
The data collection methods used during this stage were semi-structured interviews, elite/ key informant interviews. They were conducted sequentially and concurrently with ethnography and participatory methods through everyday interactions with study participants and members of the community in the study areas. 
[bookmark: _Hlk123061326]4.7.4 Qualitative Tools
4.7.5 Household Semi-Structured Interviews 
A test semi-structured interview guide was employed to 5 people prior to it being administered in the study areas. The feedback from the responses of the test interviews was used to revise and refine the final interview guide. The interview guide integrated the core questions of the study, thereby providing a structure for the discussions during the interviews (Taylor, 2005). The questions in the interview guide were not strictly followed allowing for variation and flexibility in the order of questions (Mason, 2004). One similar interview guide was used in all three study areas to explore the study areas by gathering similar types of information, while at the same time taking in account spatial contextual factors (Wheeler, 2010). The final semi-structured interview guide consisted of twenty questions which were supplemented by follow-up questions during the interview process.
The core questions of the interview guide focussed on knowledge and attribution of changing climatic regimes; the core livelihood strategies in the study areas; how the changing climatic regimes were impinging on the people; and the coping and response strategies that were deployed. The interview guide also composed of questions related to external interventions such as government support and NGO programmes designed to mitigate the impact changing climatic patterns. The questions were asked in Lozi language. However, during interviews, some of the participants switched between Lozi and English languages. 20 household or individual semi-structured interviews were conducted out of the 30 planned.
Acknowledging that information generated during household interviews can be influenced by recall and people’s reconstruction of past events, it was essential to complement this view through elite or key informant interviews (Willis, 2006) and as a method of triangulation (Denzin, 1995). 
[bookmark: _Hlk123061341]4.7.6 Elite and Key Informant Interviews
In-depth elite and key informant interviews were utilised to capture information that could not have been captured using semi-structured interviews (Arthur & Hilhorst, 2011). The researcher engaged with actors at a macro and micro levels with knowledge and experience of the issues of critical importance about the people in the study areas and the surrounding localities. Elite interviews are critical for generating crucial detailed data from individuals and groups who have knowledge and experience in their professional fields and local issues (Denscombe, 2012; McKenna and Main, 2013). Key informants are important for gaining understanding into livelihood activities, local traditions and culture McKenna and Main, 2013). Key informant are very helpful in trying to understand why people do certain things and why they do not; they are excellent avenue for exploring people’s behaviours and response to certain events (Marshall, 1996; Rapport & Overing,2003) . Traditional leaders were very insightful in using oral historical testimonies that traced changing rainfall and temperature trends, local traditions and culture that shape livelihoods, common pool resource use and access, cropping systems, and other socio-economic trends. Oral testimonies were invaluable for the understanding of socially differentiated perceptions and understanding and knowledge about changes in livelihoods and aspects of the physical environment within each study locale. Oral historical testimonies are an important ingredient to indigenous knowledge (Agrawal, 2003; Green & Raygorodetsky, 2010). A combined total of twelve elite and key informant interviews were conducted- Seven elite interviews (experts) and five a selected number of communities leaders.
[bookmark: _Hlk123061356]4.7.7 Recruitment of Elite & Key Informants 	
Key informants act as instruments of access to people and information; they act as ‘local experts’ and local guides explaining contextual issues to an outsider (Bernard, 1995a). During this study, the identification and recruitment was conducted through recommendations from the Mongu City Council officials and everyday interactions with people including snowballing.  The selection of these key informants was then narrowed down to people who held formal or informal positions in their communities or groups and most significant those with knowledge about themes centred on the research objectives (Kun et a.,2013;Lokot,2021). A distinction was made between expert and local key informants. Payne and Payne (2004), state that expert key informants are those who hold specialist knowledge in their professional fields and hold formal positions in the research context. Payne and Payne (2010), describe local key informants, whose social positioning in a research context accords them to possess specialist knowledge about other local people, happenings and activities that is more detailed and extensive that ordinary people. Precaution was exercised based on the premise that key informants represent a sub-stratum of a specific community or group. However, their views maybe subjective, not always representative and reflective of the groups they represent (Morris, 2009; McKenna, 2012). Morris (2009), adds further that “seeking the truth” is best done through everyday observations and interactions with participants in the field rather than reliance on the subjective interpretations of key informants. 
[bookmark: _Hlk123061371]4.7.8 Ethnography and Participatory Methods
Along aside engaging in semi-structured and eliten or key informant interviews, the researcher took part in participatory observations activities that included community meetings and civil society workshops or seminars hosted by local Non-Governmental Organisations.  The researcher attended a Constituency Delimitation Consultative meeting intended to generate views of stakeholders at the Provincial, District, and Constituency level in Western province. The main stakeholders present at the meeting were local communities, government officials, technical experts and members of the Barotse Royal Establishment (BRE). The process of boundary delimitation and demarcation has always proved to be a contentious issue not just in this region but also across the country because it is centred on land issues. The researcher was very much interested in listening to the views of the stakeholders in relation to the boundary making practices and understanding the dynamics among the various actors involved in the process. The researcher was also interested in gaining insight into how they negotiated their conflicting visions of the outcomes of the exercise. The researcher attended two other workshops that were hosted by Action-Aid Zambia and Civil Society for Poverty Reduction. The thematic discussions at these two forums were centred on issues of governance at national and local levels. It was through the engagement with NGOs that the researher got wind of the contentious Farmer Input Support Programme (FISP), a farmer support programme by the Government. FISP was a recurrent theme in most of the workshops the researcher had attended; littered with allegations of mismanagement, corruption and as an instrument of political patronage. As highlighted in the following, FISP and other similar poverty reduction programmes by the Government are characterised by poor funding and lack of transparency.      
Participant observations were central to the contextual appreciation of the local environment and developmental issues. The researcher took transect walks, with his local guide, of landmarks of special interest such as the Mongu harbour, the Zambezi River, and local markets. 
[bookmark: _Hlk123061386]4.7.9 Recruitment of Interview Participants 
There is a wide variation in the ways of sampling procedures strategies and goals in qualitative research (Coyne, 1997; Abrams, 2010; Vogt, 2011). Qualitative scholars have argued that ‘purposive sampling also sometimes referred to as ‘judgemental sampling’ and ‘theoretical sampling ‘are the common categories of sampling strategies in qualitative research (Curtis et al., 2000; Marshall, 1996).  According to Abrams (2010), purposive sampling is a strategy where the researcher exercises judgement and flexibility in determining who is best suited to giving perspective on the phenomena of the research interest and in eliciting data that answers the research question. Based on that judgement, the research then draws up a frame for capturing the target participants (Abrams; 2010; Tongco, 2007). In theoretical sampling, which is anchored on grounded theory, sampling procedures are developed based on the characteristics and categories of issues that emerge during the activities of data collection and analysis (Strauss and Corbin, 1998). It has been argued that the two approaches are different. However, one would argue that the differences between them are difficult to pull apart.  The theoretical foundations of theoretical sampling to a greater degree involves the application of judgement by the researcher during the process of sample selection (Curtis et al., 2000).  In the same token, purposive sampling strategies are often well pre-planned during the framing of the research just like theoretical sampling (ibid). 
Based on the foreground, it was necessary to decide on the sampling strategy to use in the study. The researcher faced the challenge of how-to best benefit from different sampling strategies and elicit comparative data sets from the three study sites. The decision was further complicated by the fact that one of the study sites, Nanikelako, could be described as   “hard to reach” (Abrams, 2010) due to its remote location and inaccessibility by vehicles. As Patton (2002), commended that to benefit from the use of broader methodological genres researchers can use several techniques to achieve their overall sampling goals. 
Using a contact at Mongu City Council, the researcher was given a list of Councillors from the Council who acted as gatekeepers to the study sites. Initially the researcher was able to enlist five participants from Lealui who, in his judgement, were engaged in similar livelihood strategies and shared experience of local issues in Lealui. In small and close-knit communities cultures tend to be collectivist and homogenous (Hall, 1976; Lavoie and Lavoie, 2016). Everyday interactions and livelihoods are shaped by social rules and expectations that are embedded in the social fabric (Hall, 1976). The researcher’s goal at this stage was to gather detailed pattern of livelihoods and contextual interpretations of changing climatic regimes. From then on, the researcher was able to use other techniques such as snowballing to access and recruit other participants into my data collection. The researcher replicated the same pattern of accessing and recruiting research participants in the other two study sites.   
[bookmark: _Hlk123061402]4.8.0 Remote Data Collection Methods
The entire data collection for this study had been planned as a two-phased approach. This was intended to capture the wet or rainy and dry season. The aim of this two-phased approach was to explore and contrast the different livelihoods strategies between the two seasons. The wet season was specifically designed to explore the processes and factors that shaped livelihoods during the wet season; household decision making in relation to asset deployment during preparation of the rainy seasons; types of local and external support available or accessed by households (weather information, family networks, seed or fertiliser support); assets redeployment in face of shifting climatic patterns. 
The dry season and its post-harvest season data collection phase was intended to explore how and what factors shape households’ decisions regarding the harvest; asset accumulation or re-investment after the harvest; and in times of crisis or poor yields, households’ response strategies, asset smoothing during the lean season. 
However, due to the outbreak of the Covid-19 global health pandemic, the second stage of data collection could not be conducted. The University of Sheffield in line with UK Government’s Covid-19 guidelines stopped all data collection methods that required face-to face interaction. In order to change from face-to-face to remote data collection an ethics “amendment “was applied for (see appendix).  Rodham and Gavin (2006) assert that when conducting online research, major ethical issues are no different from those applied in traditional data collection approaches. However, Khalil et al. (2021) contest that telephone interviews present with a different set of ethical challenges including issues of consent, confidentiality, and data quality among others.       
“Qualitative researchers face unique opportunities and challenges as a result of the disruption caused by the outbreak of Covid-19. Although the pandemic represents a unique opportunity to study the crisis itself, social distancing mandates are restricting traditional face-to face-investigations of all kinds” (Lobe et al., 2020, P.1; Teti, 2020). Teti et al. (2020), argue that the Covid-Pandemic is a social event, which is disrupting social order. Teti et al. (2020), stress that there is need for researchers to investigate the “lived experience” of people while at the same time public health mandates and social distancing measures are limiting the ability of researchers to explore their research interests. Researchers pursuing research requiring face-to-face data collection methods were forced to transition or adopt other forms of data collection methods- internet based or phone-based applications (Kobakhidze et al.,2021).
In view of the foregoing, to continue with the study and capture more data. The researcher adopted remote-based methods and used the telephone and internet-based techniques. Fogel et al. (2018), posit that in remote based interviews the researcher and the research participants do not need to deal with issues of travel, distance and safety. However, research demonstrates that remote based data collection techniques can face technological challenges. Technological challenges include reliable internet connection, telephone signal and access to computers or mobile phone (Deakin and Wakefield, 2013; Fielding et al; 2016; Lobe et al., 2020). Remote data collection methods suffer from impersonality of the interview process; it can be difficult to create rapport with the interviewee(s) and the lack of body language can pose challenges (Weller, 2016; Khalil et al., 2021). Torrentira (2020), argues that the nature of qualitative interviews requires a high level   interaction between the researcher and interviewee; whereby the interviewee opens up to a free two-way conversation and the researcher engages into exploring the research questions. Weller (2016), adds that rapport is often regarded as an ingredient for the minimising of social distance and the cultivation of trust critical to the candid disclosure and thereof the richness of the stories narrated by participants. This study used largely used WhatsApp mobile and video to conduct the refined second stage data collection.
[bookmark: _Hlk123061421]4.8.1 WhatsApp
WhatsApp messenger is an internationally available American freeware cross-platform instant messaging and voice –IP secure service by Meta platforms. Meta Platform report that their freeware is encrypted end-to-end; meaning it is a very secure tool to use in research (www.whatsapp.com/features). Some its features such as text messaging, image and video sharing are attractive to researchers conducting remote interviews (Dar et al., 2017). The free availability of WhatsApp and the simplicity of its user provided an alternative to face-to-face. However, the researcher was cognisant of the potential challenges of using it due to the rural nature of the study areas with unreliable internet and mobile signals in the study areas. Equally challenging were the cost factors of ensuring that interviewees had mobile phone credit. Another consideration was access to power for interviewees to have their mobile phones charged considering that there was power rationing in Zambia. 
[bookmark: _Hlk123061435]4.8.2 Approach and Conduct of WhatsApp Interviews
The reasearcher set out to make follow up interviewees with twenty study participants covering all the three study areas. However, due to several challenges including internet signals and access to mobile phones, the researcher only managed to interview eight. The researcher made monetary contributions towards the cost of mobile credit to ensure that interviews were conducted. 
Re-connecting and re-establishing rapport with the interviewees was easy because the researcher had prior interaction with them during the first stage of data collection. Speaking the local language was equally handy in trying to break the ice after a few months of no contact. There was an uneasy and uncomfortable question as to why the researcher had not been able to travel back to the study sites as promised during my first field trip. It was uncomfortable to justify why the researcher was unable to travel to Zambia particularly that in the case of Zambia, lockdown measures were not in place when the UK was in a total lockdown. These issues were challenging to address because the interviewees referenced the idea “the researchers only collect data and then abandon the study after data has been collected” (Clark, 2008; Neal, 2015). However, with an honest and respectful conversation the interviewees were accommodating all my explanations.     
[bookmark: _Hlk123061452]The scheduling of interviews took in account time differences between Zambia and the UK (2 hrs difference in UK Wintertime and 1hr difference in UK summertime). The researcher took cognisant that he was taking the interviewees’ time that they could use to engage into livelihood activities. Therefore, the researcher made a compensation for this time. For purposes of confidentiality and privacy, a careful consideration for the presence of other people in the house/place when the call was made was noted. To comply with research ethics and maintain privacy, an interviewee had the liberty to proceed or refuse to proceed with the interview. However, on all occasions the interviewees chose to proceed with the interview at times even in the presence of other people who were not necessarily part to the interview. On such occasions, great effort was made in ensuring that no personal questions were asked. The interviews focussed on broad themes of livelihoods and climatic changes. However, it was possible that the presence of other people might have influenced how the interviewees responded to the questions. On one occasion, the researcher could hear a voice in the background attempting to answer a question that he had posed to an interviewee. In this case, the researcher had asked an interviewee if they had accessed farming inputs from the government during the last farming season. The answer from the background was “no, they never brought anything here as always”.  This reflects one of the challenges of remote interviews; that invisible people in the background can potentially influence an interview (Dar et al., 2017). According to Hensen et al .(2020) , remote interviews shift responsibility to the interviewee to establish  privacy which can be difficult when study participants share a living space and have limited space or time.       
4.9.0 Document Analysis
Document analysis is a key process in qualitative research that is often applied in combination with other techniques as a means of enhancing triangulation (Denzin, 1970; 1985).  Eisner (1991, p.291), argues that by triangulating data a researcher “attempts to provide a confluence of evidence that breeds credibility. “  Yin (1994), adds that a qualitative researcher adds rigour and reliability to the research findings by drawing upon multiple sources of data to converge and corroborate evidence.   
Document analysis was essential in this study as a way of engaging the temporal and spatial contextual issues in each one of the study areas (Bowen, 2009). Skimming and reading through a broad range of documents provided an opportunity to gaining an understanding of the social milieu within the study areas and (Bowen, 2009).  Examining and paying particular attention to literature centred on rural livelihoods, poverty, climate change, adaptation and other wider issues of development I was able to iteratively engage in processes of content and thematic analysis. Through content and thematic analysis, the researcher was able to “listen” to themes and critical issues of public policy and development as embedded in the political, economic, and social life of the people in the study areas. Document analysis was very insightful in drawing an in-depth understanding of what other researchers have done and how these feed or fit into my research .The strength of document analysis lies in its facilitation of  monitoring and tracking of dynamic societal trends that impact on people’s livelihood such price trends in good or services, population growth  and shifts in cultural norms, among the many and therefore of the response by people as a consequence of endogenous and exogenous pressures (Gitz et al.,2012;Tesso et al.,2012). Insights and information derived from document analysis was used to generate new research questions and rephrase the original questions. 
[bookmark: _Hlk123061465]4.9.1 Data Analysis 
Data must be read and read multiple times to understand the socio-economic and historical context of events to develop macro-propositions or topics about the phenomena under study (Kent, 2020; Khoa et al.,2023).  The tentative macro-propositions can be further refined and narrowed to specifics in the process of grounded theory analysis (Strauss, 1987). 
The first stage of data analysis involved a meticulous reading of notes and research diaries several times, by paying particular attention to the socio-political context of the livelihood strategies, changing climatic regimes, and responses strategies. These three themes formed the foundational basis on which this study was conceived, and it was critical to situate the key narratives from the onset. The second stage of the data analysis was characterised by breaking down the narratives in smaller texts, words, phrases, and sentences, and analysing these through an open mind. Initial coding using constructionist grounded theory was applied to generate exemplars for basis of comparisons and refinement of the macro-propositions (Charmz and Thornberg, 2021). Initial coding was done line-by-line of participant narratives including of those key informants picking out key words, phrases, sentences from field notes and diaries. Repeatedly re-reading the notes for purposes of understanding commonality and differences in responses between households or individuals and across the three study sites. Line-by-line coding allowed the researcher to create a deeper and fuller understanding of the contextual issues across sites that were frequently brought up in interviews.     
Using Glaser and Strauss (1967), as a guide, 0an inductive approach to coding aimed at identifying patterns and discovering theoretical characteristics in the data, line-by-line coded the data to create and progressively create higher themes or theories that were grounded in the data rather having pre-conceptualised theories drawn from elsewhere (Corbin and Strauss,2008). The researcher inductively kept an open mind with the understanding that social phenomenon is   not constructed by human laws of constant, the researcher wanted the data to ‘speak to him’ rather than the opposite. Danermark and Morgan (2023), argue that social reality is constructed through open interaction in which events or variables that often overlap and in which individuals or groups learn and respond to change.
Note: Full list of the composition of interviewees is attached in appendix (4)
[bookmark: _Hlk123061479]4.10 .0 Conclusion 
This chapter has been a discussion on the quantitative and qualitative used during the data collection stage of this study. It gave a rational for adopting a mixed approach; no one method is sufficient to facilitate for reliable and valid inferences from a study (Bartlett et al., 2012; Haag et al., 2021). By adopting a mixed approach, this study incorporated epistemological and ontological rigour in the data collected (Rolfe, 2006; Johnston, 2014). This chapter links up with the theoretical and conceptual framework to provide a structure for data collection, analysis, and interpretation of the findings (Swanson, 2013). This chapter reflected on the key issues of ethics and ethical conduct during the research process.
It also discussed issues of positionality, reflexivity, and power relations critical in social research because they can affect the position of the researcher; these factors can influence how the researcher approaches the entire research process (Sultana, 2007; Liong, 2015; Schiffer, 2020). Following up with the above issues, the question of “insider and outsider” were explored-how the researcher views him/herself in relation to the research context. A researcher is referred to as an “insider” by virtue of their indigenous, race, culture or nationality; an “outsider” is stranger to the research area (Ergun and Erdemir, 2010). In this chapter the data collection instruments used were assessed; that is household or individual, semi-structured interviews, key informant, and elite interviews, and ethnographic participatory methods. Due to the outbreak of the Covid-19 pandemic and subsequent field research restrictions by the University of Sheffield, the researcher incorporated the use of remote data collection using WhatsApp as the instrument for this purpose. 
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Chapter 5: Indigenous and Cosmological Narratives of changing climatic Patterns.
5.0.0 Introduction 
“In the old days, we could tell if the rains are coming and when to go to the fields by looking at the position of the moon. Our forefathers told us they could smell the rains months ahead” (Mushabati: 55-Male-Lealui). 
The foregoing statement depicts an indigenous or traditional understanding of the local environment and an intergenerational knowledge transfer. From the context of this study, the statement shows a concern or an observation or perception of changing rainfall patterns in the study areas. Issues explored in this chapter arose from interviewes with local people and the literature review in chapter 3 with specific reference to local or indigenous knowledge and narratives.     
The thrust of chapter 5 is to interrogate local people’s observations, perceptions and interpretations of changing climatic conditions in the 3 study areas. Secondly, to analyse local people’s narratives and storylines to determine whether trends or changes in rainfall are evident in the scientific data.  The third objective of the chapter is to examine convergences and divergences in people’s narratives and scientific data in reference to climatic indices in the study regions. In trying to achieve these objectives, the chapter also attempts to interrogate the extent to which these changes articulate themselves into people’s livelihoods and the entire landscape in the study areas.  Assembling local people’s observations can provide an important insight in documenting multiple grainy-local scale environmental responses to climate change (Savo et al., 2016).  
During interviews and participatory observations, study participants expressed judgements and interpretations of local environmental changes in relation to rainfall and temperatures. These narratives generally centred on religious, spiritual and cultural paradigms of change. In relation to rainfall changes, this study probed into aspects of the onset, distribution, intensity, rain season length (duration), and cessation as linked to scientific climatic data analysed in chapter 6. These indices of rainfall reflect communities’ concerns over observed rainfall changes. This chapter of the study also interrogated the various ways these climatic changes articulate themselves in people’s livelihoods and the entire landscape.
The four main indices that emerged during data collection as based on the semi-structured interview guide in appendix 3 are set out:
I. Late onset of the rainy season. 
II. Uneven distribution (spread) of the rains. 
III. Receding or negative trends in the length season length/duration. 
IV. Intensification of dry spells and droughts. 
These themes are in turn explored in the following sections. 
In order to explore what people, perceive to be shifts in climatic conditions in their local environments, i examined people’s interpretations and inferences of changing climatic patterns in their everyday lives. Drawing on people’s narratives or storylines, and local knowledge, i investigated their everyday use of language, spoken words and symbolic imaginaries that situate what people consider as drivers of environmental change. Corollary to the preceding, the study investigated how these perceived local observations of environmental change feed into the socio-cultural-economical fabric of the people.     
Chapter 5 begins by exploring some background literature on indigenous and cosmological narratives of climatic changes. This is followed by a discussion based on local people’s observations, conceptions and interpretations of the perceived changes based on the indices highlighted above and the impact of these changes on their livelihoods. It examines these rainfall indices in all the three study areas of Sefula, Nanikelako and Lealui (see chapter 4). This is thematically developed as an exploration of people’s judgements in relation to these rainfall changes as described in commonly used phrases such as “the rains are not coming on time these days”, “we do not receive enough rainfall” and “the rainy season stops early these days”. The discussion then goes to examine narratives of uneven distribution of the rains during the rainy season.The length or duration of the rainy season was one of the strongest narratives that emerged, particularly that most of the crops grown in the study areas have a growing period of 3 to 4 months (90-120 days). 
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5.1.0 Background Literature 
One of the dominant narratives that emerged during interviews was people’s attributions and construing of shifting climatic patterns to supernatural forces (gods) and superior beings (spirits/dead kings); which they believed were able to “turn “the rains on or off and controlled other weather variables. The belief or narrative was the view that forces beyond humans or planetary forces were responsible for environmental changes. In all the three study areas there was a belief that local climatic conditions were changing –that is rainfall was becoming more variable and temperatures were becoming extreme (hotter summers and colder winters). It is important to highlight from the outset that people in the study areas did not appear to place greater attention to changes in temperature during the interviews. From the local people’s perspective, the most pressing concern in the study areas were perceived changes in rainfall patterns. This was reflected in the fact that rainfall shapes livelihood activities in the study area. Temperatures changes are discussed separately in chapter 7.     
Science Historian Spencer Weart postulated that, “at the start of the 20th Century and for years to follow then on, deeply ingrained in human cultural systems is the belief God or nature would rescue humanity from environmental change” (quoted in Taylor, 2014, p.12). Religious and cosmological narratives are important as they influence “the adherents’ attitudes and behaviours as well as being powerful social actors” (Haluza-Delay, 2014, P.1). Alison (2015) argues that dominant discourses of climate change focus on its materialistic interpretation that obscures deep cultural anchors; subjective interpretations of emotional, psychological and spiritual beliefs that people ascribe to changing climatic conditions. Drawing from the foregoing, the study areas have very strong cultural and religious beliefs that often shape their interpretations of social and natural events. For example, there are beliefs that God can “bless” people with good rains or “punish “them with droughts. In other parts of the world, similar beliefs are held where victims of natural catastrophic events are held responsible for their situation by virtue of having engaged in worldly chastisement (Ahamd,2019).               
Narratives play a critical role in the way people perceive, interpret and understand things around them in any setting (Bravo, 2009; Bremer et al., 2019b-see also in section 2.9.0 literature review). As Bravo (2009) observed, the grand-global narratives of climate change are not sufficiently sensitive because they are premised on a language of physical scientific  causations. Bravo(2009) asserts that these global scale narratives are not responsive to non-scientific social contexts. Bremer et al. (2019b), argue that science-based narratives of the changing global environment often negate the cultural specificity of place; that is the diverse ways of living with the climate that is only meaningful to local people. “Whilst the complex science of measuring and modelling climate change may escape the majority, climate change is present in people’ understanding of themselves in relation to place” (Geoghegan and Leyson, 2012). Yeh (2015), asserted that the ‘experience of local people’ is non-negotiable knowledge as a starting point for interdisciplinary ‘human dimensions’ of global climate research. Bourdieu (1993), using the concept of habitus and social practices, postulated that social practices are pre-reflective, habitual, and routinised actions shaped by practical knowledge. Bourdieu (1993, P.137), further argues that “social practices are enacted through actor’s habitus, which is a system of deeply inscribed dispositions: an embodied manner of being, seeing, acting and thinking, a schema of perception, conception and action”.  De Haan and Zoomers (2005), argue that people’s decisions and livelihood strategies are embedded in in their experiences, learning processes, and personal and collective history. Despite its globality, climate change is experienced and interpreted through contextual frames of reference; frames that often reflect religious and cultural ideas of ways of existence in the world.  
Before exploring the main emergent themes from the study areas, the next section will first explore the general features of the rainfall patterns in the study areas. 
[bookmark: _Hlk123061603]5.2.0 General Rainfall Characteristics in the Study Areas
“The effects of climate change will be experienced in various ways both in human and natural systems” (Serdeczny et al., 2016 P.1). Research suggests that there has been a steady decline in rainfall received in the regions of Southern, Western and Eastern Sahel in North Africa and an increase of rainfall in parts of Eastern Africa since the 1980s (Cook and Vizy, 2016; Nicholson et al., 2018; Serdeczny et al.,2016). Precipitation in Africa indicates trends towards a drier Sub-Saharan Africa tropics and wetter regions in parts of Western and East Africa. Juana et al. (2013), contend that since the 1970s rainfall patterns in Africa have declined by 25 per cent over a period of 40 years. Most of the African continent is characterised by semi-arid conditions and consequently vulnerable to extreme variabilities in rainfall from year to year (Niang et al., 2014; Nicholson et al., 2018). Rainfall is highly seasonal in most parts of Africa dominated by unimodal distributions in extra-tropical and sub-tropical regions whereas the low latitudes experience bi-modal distributions (Nicholson, 2018).  
According to Chabala et al. (2013), more than 90 per cent of the total annual rainfall is received during the main rainy season between November and April. According to Libanda et al. (2019; 2020) and Kaluba et al. (2017), since the 1980s rainfall in Zambia has been on a negative trend. Specifically notable has been the frequency of drier years in the 1990s and 2000s.Libanda et al. (2019), argue that of great concern has been the increased rainfall variability during the November-December-January –February (NDJF) rainfall.  Libanda et al. (2019), further demonstrate a significant decrease in precipitation at an annual scale during the DJF months. Similar research demonstrates a downward trend in rainfall patterns in Zambia (Thurlow et al., 2009; 2012; Mulenga et al., 2017). 
According to Hachigonta et al. (2007), during a typical or normal rainy season the onset of the rains in Zambia has historically occurred between October and November with variability on the actual start dates between different regions of the country. The rainy season in Zambia is unimodal (Zimmer et al., 2019). Rainfall cessation or retreat has historically been in March or April (Zimmer et al., 2019). Historically the onset and cessation of the rains in Zambia have centred on maize growing and other crops such as millet, sorghum, sweet potatoes and groundnuts (Hachigonta et al., 2007). Maize is the main staple food in Zambia and is predominant in terms of production and consumption. Maize is normally planted in late October or early November (Mukanga et al., 2010; Mather et al., 2013). It requires a four-month period from planting to maturity. December is a key point in the growing season with anything grown beyond this point having very little prospect of resulting into a good yield (Manda et al., 2016; Mubanga and Ferguson, 2017). The onset and cessation of rains is critical to the planning of agricultural activities in relation to land preparation, crop mix and selection, the planting, and final harvest of the crops (Sutcliffe et al., 2015; Makondo and Thompson, 2019).” The inter-annual and seasonal rainfall variability are key factors in the success of agriculture production. This is particularly true for Zambia where more than 60% of the staple food crop maize is grown by small-scale farmers under rain fed conditions” (Chabala et al., 2013 P.1).  
[bookmark: _Hlk123061624]Having set out the general rainfall characteristics in the study areas, in the sections that follow, the researcher explored dominant themes or narratives concerning observed or perceived changes in rainfall patterns. 
5.3.0 Narratives and Visual Imageries of Changing Rainfall Patterns
5.3.1 Narratives of Late onset of the rains 
Wilson et al. (2012, P.1), defined rainfall onset as “occurring when daily precipitation consistently exceeds the local annual daily average and ends when precipitation systematically drops below that value”.  Stern and Copper (2011) defined the onset of the rainy season based on a three-criterion scale:
I. The first date of the year on which a total of at least 25 mm of rainfall is recorded within 5 days.
II. The starting day and at least two other days in these 5 days (at least 0.1 mm of rainfall observed/recorded)
III. No dry period of seven or more consecutive days occurring in the following 30 days. 
 According to Stern and Cooper (2011), reliable determination of the onset of the rainy season and the start of the growing season is critical in regions of the world where rainfall is limited to only a few months of the year. Ati et al. (2002), argue that in cases where most of the agricultural production activities depend on rainfall, water available to crops is strongly influenced by the onset of the rainy season, its duration, and cessation. Ati et al. (2002), posit that it is critically important that the onset of the rainy season is predictable because it coincides with the growing season (agricultural season). 
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Figure 16-Cattle grazing on the floodplain.
A beautiful picture that tells a different story. This photo, which was taken in early December 2019 in Lealui, shows cattle feeding on the lower flood plains. However, local people indicated that due to the late onset of the rains, cattle were still grazing on the lower flood plain in December. In a “normal” rainy season, this area of the flood plain would have been flooded and cattle transferred to higher land. “Normal” rainy is used here loosely to refer to previous predicted rainy season onset and cessation (November-April).  
There were differences in the understanding or definition of the onset of the rainy season across generations and localities. This might have been influenced by livelihoods activities dominant in a particular locality. However, the most established definition in all the study areas referred to the onset of the rainy season as the first week of continuous rainy days- of 3 or more days of rain in a week. Other study participants used the first month of consecutive rainy days, which appeared to suggest the types of crops grown. There was no agreeable definition of the onset of the rainy season and narratives surrounding this were not uniform. A loose logic based on observations of ‘tell-tell’ signs of the local environment was used to establish onset. These ‘tell-tell’ signs consisted of observations of the wind direction, position of the moon, position of the sun at sunrise or sunset, visibility or availability of the certain insects such as caterpillars, availability of certain wild vegetables such as wild mushrooms among other signs.
[bookmark: _Hlk123061642]5.3.2 Rainy Season Onset Defined by Month
As maize is the main crop grown in Lealui and Nanikelako, the reference point of the onset was the first week of continuous rainy days when people began to prepare their fields for maize growing. Maize has been cultivated on monoculture basis for generations mainly for consumption and customary reasons (Amukena-Mongu Small-Scale Farmer). In Sefula, rice is cultivated on a subsistence and cash crop basis. Rice is mainly grown on seasonal basis structured around the annual floods but also throughout the year for those with access to irrigation systems. In Nanikelako an area which lies deep in the flood plain, pastoralism was the dominant activity mainly because of access to the vast expanse of the flood plain and pastures; secondly, the presence of Kalahari sands in Nanikelako does not favour farming as a viable livelihood activity. 
Narratives in relation to the onset or start of the rainy season were centred on the months of November and mid to late December. Late onset of the rains referred to when the rains did not fully set until early December or then after. However, the rule of the thumb was that the first few days or the first two weeks of the rains were not considered as the “actual start of the rains”. The “actual start of the rains” was based on several tell-tell signs based on traditional knowledge and experience. Some of the tell-tell signs included “dark clouds in the afternoon”, “thunder”, “hot nights”, presence of certain insects such as caterpillars, abundant mushrooms and other wild vegetables. Participants were weary about “being misled by the false onset of the rains”.  People made recollections of previous “false starts” where they experienced heavy rains in October that gave them an impression of an early onset. They narrated, however, that this onset was soon characterised by long dry spells lasting up to 3 weeks. Intertwined within other narratives of late onset of the rainy season was a general concern with the length and frequency of intra-season dry spells. While the study participant’s acounted for a “normal dry spell” within the rainy season; however, their main concern was the length of the dry spells that replicated drought conditions (linanga) that ravaged their crops in previous years.   
The end of November was the yardstick against which the onset of the rainy season and the agricultural season was measured or judged. By end of December, the expectation was that the agricultural season would have been in ‘full swing’ with crops such as maize that were planted in November had grown past the ‘knee height’ (a reference point but commonly used in the study areas-it translates into 20-25mm above growing surface). 
In Nanikelako, an interviewee put changes in rainfall onset into perspective; “in 1993 the rains were very good as I can recall and since then the rains have been a problem. I remember also that in 1977 the rains were so heavy that we had a big harvest and got a lot of fish, it’s never been the same since” (Masiye -65: Male-Nanikelako). As the preceding quote cites, it appears to suggest the forward shifting of the onset has been a slow process with significant impacts on the livelihoods of the people who are dependent on the rains. The older generations of interviewees were able to historically recount that the first rains or the onset of rains was normally in October. An elderly woman in interviewed Lealui reflected, “We used to have rains every Independence Day (24th October), which we believed was a blessing from God for our liberation. Over time the rains have behaved in ways we do not know, we receive most of the rains in December or even January sometimes” (Bo Sitenge-78: Female-Lealui). A similar observation was made by a study participant in Sefula who said, “Years back we used to have green maize fields by December and by January most of maize crops had cobs because the rains were coming early. Nowadays, even getting a full bag of maize is a miracle. In the last two rainy seasons (2017-2018, 2018-2019 rainy seasons) we waited for the rains which never came and last year (2019-2020) the rains did not fall until late December” (Namangolwa- 65: Male-Sefula).
The quotes above depict variations in perceptions in the changes in the rainy season onset. Various reference points were made in observations and perceptions. Some of these references were based on religious imageries of change with “God” at the centre of perceptions of rainfall patterns. The older generations appeared to have made historical connections of the previous onset to the independence of Zambia as a country. Many people in Zambia often have rain on 24th October as a “blessing from God” and an indication of a good rain season ahead. As indicated in the literature background, maize growing is often applied as the yardstick against which the rainy season is measured. In the researcher’s views there was some over exaggeration in the onset of rainy season, it was not factual or possible to have fully grown maize by December grown under rain conditions. Scientifically maize requires at least 120 days to fully mature and suggestions that people used to have maize by December in previous years flies over simple truth.    
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Figure 17- Author during data collection in Sefula deep in the Barotse Flood plain in photo on the left. Photo on the right author interacting with interviewees after interviews in Lealui. 
A local key informant in Sefula suggested that one of the consequences of the delayed onset of the rains was the shrinking of the growing season by 3 to 4 weeks. He argued that the 3-4 weeks delay was because in the last few years the rainy season did not fully start until later in December; meaning there were no rains for the entire month of November. Further, he stressed the shift of the onset of rains from November to December and decline in the rainfall amount means shortening of the growing season. The key informant added, “these changes in the rainfall patterns means that people have had to shift their land preparation, planting from November to December and in some extreme years to January “. A cassava grower in Nanikelako made similar corroborative sentiments; suggesting that due to the delayed onset of the rainy season and early retreat of the rains has inevitably resulted poor yields/harvest. Mr Linyama (61: Male-Nanikelako) asserted that it was critical to have good rains from the onset to allow the newly planted cassava stems to germinate; after that the rains must be consistent for about 3 months to allow the cassava tubers to be fully germinate. Another local farmer made the following observation, “early rains are not normally a sign of a coming good rainy season or a good harvest. Years ago, we had early rains from October, we planted our crops hoping for a bumper harvest. Later in the season we were faced with a late drought and a lot of people were left without food” (Namakando: 55-Male-Lealui). Similar sentiments were made by other interviewees who suggested the first rains can “mislead” people into believing that the rainy season has commenced. Based on the traditional knowledge people have learnt to understand and interpret the season onset based on the observation of their local environment with reference to “tell-tell signs as indicated above. For example, the visibility of caterpillars and wild mushrooms that blossom during the first rains were often taken as the “true” onset of the rainy season by some interviewees. 
Another key informant David Mwanamambo,  the Regional Manager for Action Aid Zambia, an organisation that works with different communities in the study areas on Climate Smart Projects  observed ,  “there is an observation that most of the rainfall is concentrated between December and February rather than being spread out from November, December, January and February. This is a significant shift in rainfall patterns with unmitigated repercussions for thousands of people and their livelihoods. Most of the people in the plains depend on the rains and disruptions to the rains affects the growing season and fishing activities”.  These observations fit into climatic data analysed in chapter 6 that indicates late onset and rainfall intensification -rainfall concentration in short space of time. 
One of the visible signs of the shifting rainfall patterns particularly in relation to the onset of the rains in the study areas; evidently during participatory observations was large tracts of land that were untilled in November. “In previous rainy seasons, the month of November was at the peak of the field management activities; the landscape would be heaving with households and individuals spending entire days in their fields” (Lillian Makata-Women for Change). Men, women and their children would wake up at 4am to prepare for a busy day on their fields. Lillian continued, “as you can see people are still not sure if the rains are coming hence why people are still in the villages and not in their libala(woodland with sparse and short tress which are cut down to grow plants” (Lillian Matakala-ibid). However, it was interesting to observe that while other farmers were reluctant to start land preparations during the first rains; other farmers took advantage of the first rains to prepare their land. These differences in the timing of land preparations could also account for in my view for in differences in crop yields. I observed that, even though marginally, farmers who prepared their land and planted during the first rains recorded better yields compared to those who planted later in the rainy season. On the other hand, in case of a “false start”, the late planters would perceive themselves as more in tune with their environment.   
Being patriarch communities, men’s fields are normally cultivated and planted first before women. This also applies to harvest time; men’s crops are gathered first before women. The gender roles and responsibilities are clearly defined and embedded in the cultural fabric of the Lozi people (Flint, 2006). The strong patriarchal orientation of the communities is deeply ingrained in the everyday livelihood activities. “During harvest, the men’s harvest is gathered first then our brothers and it is the women and their sisters” (Mubanga-51: Male-Sefula). All farming activities from planting, weeding or applying fertilisers fits into these customary and gender roles (Kajoba, 2008). Equally in relation to the yield, men made the decisions as to how much will be used for household consumption or sold to meet other household needs (Kajoba, 2008; Rajaratnan, 2016). 
Ms Sitongi a Project Officer at Save the Children contends that the conspicuous lack of agricultural activities during the time of “urgency” in the farming season was telling; “in that either people were responding to the shifting of onset of rains or did not anticipate good rains in the 2019-2020 season as was the case during the previous two years”. A sweet potato grower in Sefula made the following comments which appeared to affirm the lack of urgency in November during data collection, “if look everywhere around here, the fields  still have a lot of dry grass and other vegetation because we have no rains. I can assure you that if the rains had come early, all these fields would have been tilled and crops starting to grow” (Sibusiso:53-Male-Sefula). Some interviewees emphasised on reading the “tell-tell- signs” so as not be deceived by the changing climate; suggesting that people should not misinterpret weather signs and be caught out by the “false onset of the rains”. However, in my observations, there was no uniformity in the what was described as “tell-tell signs”. What could be described as “tell-tell signs “In Lealui maybe not the case in Sefula. For example, caterpillars are abundant in Sefula due its woodlands and forests making suitable conditions for caterpillars to thrive. On the hand, the vast expanse of the flood, low lying land and fertile soils is favourable for wild mushrooms in Lealui with the first rains. These differences in perception in “tell-tell signs “have some breath of scientific grounding. During the dry season, female caterpillars nest their eggs in the on-forest trees and other secondary under growth. The first rains trigger the eggs to transform into larvae. The health, size and the availability of the caterpillars is alleged to be influenced by a particular pattern of rain-often this is days of heavy rains that is followed by a few days of sunny days (Dufour,1987; Janzen, 1988; Muvatsi,2021). And based on these observations, farmers were motivated to begin their land preparations and other agricultural activities. 
Below is an extract of an interview with a local chief in relation to perceived changes in the onset of the rainfall in the study areas. Some of the responses referenced broader issues of economic, political, social, environmental and cultural aspects. It was apparent from the conversation that there was a complex mix of socio-economic and climatic issues of concern to local people. This demonstrates that socio-economic, environmental and cultural issues can be intractably linked (Reyes-Garcia et al., 2023).  
Interviewer: “Could you tell me when the rains normally start in this area?”
Chief: “We have a problem here as you can see. This is December, all these people here should be in the fields but as you can see, the women are brewing Kachasu (local brew) instead of tending the fields. The men would have been up by 5am going to their fields and as the schools are closed, the children would be on the fields helping their parents. Everywhere you look it is very dry, nothing is growing and on some fields the maize we planted in November has been eaten by worms “.
Interviewer: “so in previous years, when have the rains started to fall if you can recall?”
Chief: “We Lozi people are very much connected to our land, for as long as I have lived and remember we have had a good start of rains in November sometimes but not very often in October. I recall when I was still in primary school years ago, when we closed schools, our roles changed to helping our parents on the fields. By December, all crop types from maize, cassava, millet, cowpeas, groundnuts and others would be grounded in the soil. Downstream over there, our rice would be in floodwaters. This year all our cattle are still on the flood plain and we are in December. In previous, everybody’s animals would have been moved to the upper land. Inspite of all the problems we have here, the Government does not seem to care about us. We last saw our Member of Parliament during the elections time and he has never been since”.
Interviewer: “Could you tell me in what ways are the changes to the onset of rains affecting livelihood activities in this area?”
Chief: “As I mentioned to you earlier, all the people in the villages and the entire flood plain including their animals depend on the rains. Life here is based on land and the rains, there would be no people or animals here if we could not grow food or look after our animals. Nothing is ever so important than knowing when we can go to the field and then we take down our hoes and prepare our seed. The Government never gives us seeds or fertilisers over here. We are told that in other areas people get seeds and fertiliser, not here we are never thought of. I hope you understand what I am saying”.
Interviewer:” why is the onset of the rains important to the people here?” 
Chief: “when the rains come on time then we prepare our fields, get the seed ready and most important we plan when to move our animals from the plains to the upper lands. The type of crops we grow here mainly maize, cassava, millet and sorghum require enough rains from start until they mature. Any long pose in the rains our harvest is in trouble. It is common here that people have two homes, one here in the lower flood plain and one in the upland. During the off-season people go the town to sell their produce or do other businesses. Therefore, when people know when the rains are coming, they prepare to relocate back here for farming activities. Sometimes we must sell a few cows or goats to get the seed or other things we need in the fields, you cannot do that if you are not sure when the rains are coming. We must use our knowledge to tell if the rains are real or not, if we plant too early the crops will not survive and again, we plant late we get nothing”. 
Interviewer:” Are you able to cite in specific years when you noticed that the rains were getting delayed on starting?”
Chief: “It is not easy to put exact years to this. However, I think in the last 5 years we have not had the Kuomboka due to poor rains. The last 5 years we did not have to relocate from the flood plains as the flood waters did not come. Our animals were grazing on the plains through the entire rainy season during those years”. 
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Figure 18- The author interviewing a local chief.
Fig. 18, the chief emphasising a point in relation to the impact of delayed rains. Seated in the background is the chief’s son. Photo by author.     
[bookmark: _Hlk123061674]Climate change has direct and indirect socio-economic-material consequences for people under the threats of its most sever impacts such a declining or shifting rainfall patterns . In the main, a key takeaway from this interview with the chief was that environmental change was a genuine concerns and local people have observed these changes that have material consequences. The chief recites how local people apply traditional knowledge to determine rainfall patterns. Material consequences are reflected in declining crop outputs or low yields as a direct consequence of changing rainfall patterns.   
[bookmark: _Hlk156635726][bookmark: _Hlk156635778]Some of the responses were woven in the longstanding issues of poverty and marginalisation in the study areas. The chief narrates how local people have not had any support from the government in terms of the FISP programmes (Farmer Input Support Programmes). This narrative appeared to be embedded in not only local people’s attitudes to the central government but generally in the Western province of Zambia. Empirical and anecdote evidence has long argued that the Western Province of Zambia is the poorest out of the nine provinces of Zambia (Mufalo,2011; Noyoo and Campus,2014). For example, a CSO survey of 2012, the latest which could be retrieved cited the Western Province as the province with the highest incidence of poverty in Zambia (CSO,2012). As Mufalo(2011) argued, the integration of Barotse land into Zambia was designed to undermine and curtail development prospects in Barotse land. Madudeni et al., (2015) forward the resultant merging of Zambia and Barotse was the suppression of autonomy and skewing of resource distribution towards other regions of Zambia. 
5.3.3 Rainy season onset perceived by livelihood strategies.  
It was evident in my view that narratives surrounding the onset of the rainy season appeared to be constructed largely on livelihood strategies between and within the study areas. From the perspective of pastoralists particularly in Nanikelako, the onset of the rainy season was premised on “green pastures” around and nearer the villages. Normally, during the dry season between July and October, cattle are moved further afar into the inner flood plain in search of pasture and water on an annual transhumance practice. The inner flood plain called the Bulozi Meander has clayey, loamy water channels and other seasonal water sources (Mulapo) fertile for forage that cattle survive on during the dry season. When the first rains begin to fall, cattle are moved back nearer the villages as the pastures flourish again. This transhumance, the seasonal movement of cattle and people coincide with the formal ceremony of the Kuomboka (getting out the water). The Kuomboka is a core cultural identity of the Lozi people (Flint, 1985;2006; Knight-Jones et al.,2016)). Based on these transhumance practices, perceptions and narratives on the onset of the rainy season were shaped by the re-appearance of new green grass pastures near to the villages.
[image: ]This is also reflected by remarks made by elderly male pastoralists, “when we see the rains coming early it gives a sign on how the entire rainy season will be but what is important to us is that we know will have new pastures for our animals. If the rains delay falling or sometimes not even fall at all then the animals will be stuck in the plains for the entire year. With good rains we can move the animals closer to our villages allowing us to attend to our crops as well” (Sepiso:76-Male-Nanikelako). Another elderly man made the following observations echoing similar sentiments. “In the old days we used to move the animals back to the villages from the plains with the growth of the new pastures from November onwards; but if I recall in the last 15 years, we have not moved the animals until sometimes at the start of January. If you are still in the plains by December, you have no time to attend to the fields (libala)” (Mushabati:65-Male-Nanikelako). The preceding remarks emanating from elderly “statesmen” with years of living and experience in the study area emboldened the general narrative of much of the people in Nanikelako. 
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Figure 19- The Barotse Flood.
In figure 19, the vast expanse of the Barotse flood plain flourishing with green pastures. Photos taken early December 2019. In previous years by this time of the year, the flood plain would have been inundated with floodwaters with most of the cattle moved to the uplands.   
[bookmark: _Hlk123061702]
5.3.4 Narratives of Uneven distribution of rains during the rainy season 
As well as concerns regarding the late onset of rains, concerns were abounded of perceived  uneven distribution of the rains during the rainy season. Broadly, there were homogeneous narratives that depicted a scenario that rainy seasons have become increasingly become unevenly distributed or not evenly spread. The consensus was that the seasonal rains were concentrating between Decembers and February rather than being spread out through the entire normal rainy season of 5 months (NDJFM). Interviewees made some accounts of the lack of rains during the month of November and December. According to interviewees, during a ‘normal’ rainy season rainfall progressively intensifies from November spreading through to December, January, and February and slowly ceding/ceasing from March to April. According to local accounts, the wettest period of the rainy season was in the months of December, January and February. One study participant in Nanikelako made the following observation, “the rainy seasons have become unusually unpredictable. We are in December and for weeks since November; the skies have not opened even showers in sight. We are worried because when the rains start falling without a break, we have no time to prepare our fields later alone get to the fields. The worst concern is that we will never be able to grow any food here” (Innonge: 62-Female: Sefula). The above sentiment corroborates with finding of the rainfall analysis in chapter 6 that shows the rainfall intensity has been on the upward trend in the study areas.  
A District Agricultural Coordinator (DACO) in Mongu Central corroborating with people’s accounts suggested that the uneven distribution of rainfall results into “highs” of intense rainfall and “lows” of dry spells. These highs” and “lows” translated into the differentiated crops and fields. The DACO added that an even spread or distribution of the rains through the entire season is important for proper crop growth. A skewed distribution could result into floods or drought conditions with negative consequences on people’s livelihoods. 
The DACO added, “When we had intense rains that peaked in January, some fields were inundated with water that saturated the ground thereby submerging some crops. Flooding stresses plants by off cutting the sources of oxygen supply to the roots. Small maize crops completely die out when submerged in water for more than 5 days concurrently. The only people who benefited this season were those who planted late and those were able replant their fields in December”.
The DACO further reflected on shifting rainfall and food security, “the last 3 years have been challenging for the people, poor rains for 3 consecutive years have had a negative impact on food security. The conditions are dire in the remote areas of the province where people are lacking in food supplies and water. If these dry conditions persist for any longer in the future, then the living conditions of the people can only get worse”. 
Broadly, all the communities reported a shift in the peaking and the spread of the rains through the rainy season months of November, December, January, February and Marc (NDJFM). Most of the people interviewed suggested that most of the rains were concentrating between December, January and February. This sudden peaking and intensification of rainfall may explain communities’ concerns about “no break in the rains” that sometimes prevents them from tending to their fields at time when they need to apply fertiliser to crops and carry out weeding. Some interviewees expressed that the concentration of the rains within a few months results in daily rainfall intensity that destroys their crops.
[bookmark: _Hlk156636437]Research shows that rainfall intensity can have detrimental effects on the socio-economic activties of people through disruption of their livelihood activities of agriculture and livestock keeping through flooding (Gulati et al.,2009). Extreme rainfall events can lead to reduced crop yields and food insecurity (Gulati et al.,2009; Shahid,2011). These accounts of rainfall intensity are corroborated with flooding events that characterised the rainy seasons of 1999-2000, 2005-2006-2007 during which lives were lost and livelihoods affected (Tauya,2010). Tauya(2010) observes that while annual flooding on the Barotse flood plain is regular feature that sustains livelihoods through the provision water and  enhancing soil fertility, what is concerning has been the frequency , intensity , timing and duration of the flooding events. 
Apart from trends in the general wetting and drying shifts, changes over time in the characteristics of wetting and drying are critical to the assessment of climatic hazards (Funk and Brown,2006; Batisan and Yarnal,2010; Greve et al.,2014; Jensen et al.,2019). Batisan and Yarnal(2010) and Saeed et al.(2018) respectively posit that this is true in the case of semi-arid areas where rainfall occurs during the wet season. In these regions, they add, changes in the onset and length have substantial repercussions for people and their livelihoods. The rainy season length (RSL) or duration was of great concerns to people and their livelihoods in all the three study areas. Variability in rainy season length threatens food security and livelihoods (Thornton et al., 2011; Amekudzi et al.2015).
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Figure 20-Left a maize filed in Sefula wilting and attacked by armyworms due to a prolonged dry spell. Right a field of rice wilting due to late arrival of flood waters-photos taken by author (Mid December,2019).
[bookmark: _Hlk123061725]5.3.5 Negative Trends in Rain Season Length (RSL-Duration): “we used to have good rains and harvests in the old days. These days the rains are never enough “. 
According to Amekudzi et al. (2015), the duration of a rainy season is influenced by the onset and cessation of the rainfall. Amekudzi et al. (2015) assert that in semi-arid regions problems related to poor agriculture practices, food security and human health are linked to generally high variabilities in the onset and cessation of the rainy season.  Broadly, in all the three study areas the length of the rainy season was loosely defined based on the onset of the rainy season that historically was the month of November and cessation of March. Based on this period the rainy season length consists of 5 months (NDJFM). 
Research suggests that there is a relationship between the onset, cessation and rainy season length that very is critical for agricultural activities  (Sivakumar, 1988; Mugalavai et al., 2008). Omotosho et al. (2000) and Oguntude et al. (2014) in their research in Northern Nigeria demonstrated how the onset, cessation and length of the growing season were significantly linked and illustrated how the length of growing season was sensitive to the onset and cessation of the rains. 
During an interview with a female study participant in Lealui, I inquired if she had noticed any changes in the rainy season duration specifically during the last twenty years. In response she made the following remarks, “I do not know a lot about the total annual rainfall amounts, but we can judge this from the time we grow our crops to harvest that the rains are enough. If our crops do not mature or we have a poor harvest, then we know the rains were not enough. What is clear to us here is that the rains have changed when they start and how they are spread over the entire season”. Probing further, I asked her what she implied by “enough”. She indicated “the amount of rainfall available for our crops from planting to harvest”.  She added, “the kind of crops grown here such as maize, millet, sorghum and maize need consistent rainfall from sowing to maturity lack of which significantly reduces the chances of a good yield” (In’gutu: 54-Female-Lealui). 
These remarks above fit in with similar narratives above where patterns of rainfall are determined by for example, by how much people harvest or gather at the end of the growing season. Interviewees appeared to ignore or discount other factors that influence crop harvest such as early land preparation or the use of fertiliser. On the hand, it goes to demonstrate that how people define or describe reality may not always fit into measurable data, however, their descriptions help to understand how their perceive reality and how they re-strategies to sustain their livelihoods. 
[bookmark: _Hlk156636767]As part of the data collection, I participated in an NGO Forum organised by the Civil Society for Poverty Reduction (CSPR) that was reviewing among other issues the Farmer Input Support Programme (FISP). What local farmers repeatedly brought up was the issue of “not enough rains to grow maize, cassava, beans, millet and sorghum”.  I had an opportunity to interview a representative of the Mongu Small-Scale Farmers’ Cooperative to gain insight into the issue of “enough rain”. The discussion is representative of the general narrative of farmers’ perspectives in relation to the rainy season duration. The narratives cannot be wholly reproduced here; however, the interview script is representative of the concerns:
Interviewer: During the workshop the issue of “enough rains” was brought up several times, what does that mean?
Farmers’ Representative: “the type of crops we grow especially maize need enough rains from about November until end of February for us to have a good harvest. If the rains pose or stop in between it should not be for a long time otherwise the crops die. Equally you do not expect the rains to fall non-stop as crops will suffocate due to too much water”.
Interviewer:” in your understanding or experience how long should the rains fall for your crops to mature up to harvest”?
Farmers’ Representative: “many of our farmers and people in the villages grow maize mainly but also millet, sorghum and groundnuts. Maize needs consistent rains for about 4 months. Millet and sorghum can survive even with poor rains in my experience”.
Interviewer: “what have you and your members noticed in the past years in relation length of the rain season in this region?”
Farmers’ Representative: “it is not something we can count going back in years, but we face poor rains more these days than before. Sometimes the rains do not come till late December and will end early February. When this happens, then we have no time to prepare our fields and the crops has no time to mature. If we had better seed varieties that mature early, then maybe we can have a harvest. The FISP programmes only benefits people with connections in the ruling party connections. The District Agricultural Co-ordinators have no control over the programme. The whole system of FISP has been taken over by politics and is not helping poor people who need it”.  

Space left blank to fit in figure 12 below
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Figure 21- Participants to a workshop/seminar reviewing community projects and FISP. Photo by author. 
At the household and individual level, there was sentiments that the probable cause of the perceived shortening of the rain season was the late onset and early cessation of the rains. In all the study areas, there was broad agreement that a forward shift in the onset of the rains from November to December and cessation of around later February has cut short the normal duration of the season.  Rice growers in Sefula were particularly concerned with the shifting and shortening of the growing season because rice demands a longer growing period and requires a lot of water compared to maize. “I used to harvest about 80 bags of rice every year from this field going back maybe ten years ago. I have not had more than 30 bags since 2016 and the main reason is the rains come late and finish early. When that happens, the floods never arrive here for rice to grow” (Situla: 58-Male-Sefula).
This interview extract above draws back to the main concerns of local people with changing rainfall patterns and the impacts these have on their livelihoods. Responses in this extract centre or reference back to the main themes already established in this chapter-rainy season duration and the growing season. To some extent an intertwining of issues such as rainy season duration and growing season appeared to be conflated -for example the growing days of a hybrid maize seeds are different from traditional maize seeds. Traditional maize seeds require a growing season of 120 days whereas hybrid seeds often require 80-90 days. However, this difference did appear to be taken into consideration by local farmers in trying to assess “enough” rain. In trying to justify a correlation between season duration and crop yields, interviewees ignored factors such planting dates, seed variety and the application of fertilisers. Equally, there was a bundling of storylines or narratives in relation changing rainfall and crop growing that local people appeared to conflate. For example, maize requires different growing conditions and compared to rice or cassava. Compared to cassava, maize is water intensive and very sensitive to rainfall variation and so constructing changing rainfall indices based on maize solely may obfuscate the true picture.     
[bookmark: _Hlk123061764]5.3.6 Intensification of Dry Spells
[bookmark: _Hlk156637112]During field participatory observations, I interacted with a range of people (general public and interviewees-see appendix 4) in the study areas. It was evident not only from people’s (public & interviewees) views but also from the physical landscape that the region was experiencing a dry spell at the start of the December (2019) lasting until the end of December. An interviewee passively commented, “It rains every Christmas day but this year it never did “(Pelekelo: 55-Male-Lealui). Zambia Meteorological Department (ZMD, 2012) defines a dry spell as a period of continuous and consecutive dry days of less than 5mm or no amount of rainfall recorded.  According to the ZMD’s categorisation, this was a long-term dry spell as it lasted more than 18 days. 
During one of my participant observation activities in Lealui in December 2019, I spent some time with a 65-year widow who was weeding in a small maize field. It was evident from the dry landscape and vast tracts of fields of wilting crops almost abandoned by their owners that there was a dry spell in the study areas (linanga). As I conversed with the woman she remarked, “I have four grandchildren, we rely on this field for our survival but the little rains that came in November have stopped”. In relation to drying trends, some interviewees particularly the older generation were able to cite years of drought in 1992-3, 2004-5, 2012-14 and 2017-18. These dry years fit into the climatic data analysed in section 6.3.2 that point to more drought(drying) conditions particularly in those years cited.  [image: ]
Figure 22: A woman in Lealui tending to her mixed field of maize, cassava and local vegetables. Photo taken early December 2019 –after a prolonged dry spell crops not performing well for this time into the growing season. 
These conditions of a dry spell were replicated across all the three study areas. A man in Sefula observed, “We had a few rains at the start of November, but for almost three weeks nothing at all not even a single drop of rain has fallen” (Lubasi:65-Male-Sefula). In Nanikelako, one interviewee put things into a historical context that she contrasted with recent years without citing precise years. She observed, “In the years back we never had to think about the rains, we knew when the rains would come and then we get hoes out and seeds ready. These days we live at mercy of God not knowing if the rains will ever come and if they did come how long they will last” (Seshekamon:61-Female- Lealui). 
What I adduce from the foregoing, was that the rainfall patterns that have become unpredictable and erratic in their onset, duration and cessation. This generally corroborates with rainfall analysis in chapter 6 of this study. The erratic nature of the rains was clear to elucidate from majority of the interviews as in the discussions above. The interviews established that these shifts in the rainfall were the main attributable factors of poor crop yields. I argue that these visual-narrative schemas evoked by study participants (see to methods) interviewed provides compelling evidence of how changing climatic changes in the study areas are impacting on local’s livelihood strategies. 
My argument corroborates with Reyes-Garcia et al. (2016) who forward that local people with a long history with of their environment hold intricate and valuable knowledge not only of weather variability but also climate change. Reyes-Garcia et al. (2016, P.2) apply “local indicator of climate change” to refer to “local observations of climate change reported by people with long histories of interaction with their environment and observed impacts on the biophysical and the social systems attributed to climate change “. Savo et al. (2016) argue that places that have few or lack instruments for collecting scientific data, local observations provide valuable first-hand descriptions of complex interactions between the biological and the physical elements of the environment under climate change pressures.     
Analysis of the meteorological data during the period 1981-2019 indicates that Mongu experienced 17 years wet years and 22 dry years; these defined as years above or below the 1981-2019 average. However, both trends appear to be statically insignificant as demonstrated in chapter 6.  Similar studies (Libanda et al., 2019; Musonda et al., 2020) suggest an increase in dry/drought conditions in the Southern/Western regions of Zambia. According to Musonda et al. (2020), the biggest magnitude of drying has been recorded in some districts of the Western Province (Barotse Land).  Local perceptions appear to suggest strongly concerns with drying trends, with people citing catastrophic drought years of 1991-92, 2004-2005 and more recently 2018-2019 as a source of worry.  
[bookmark: _Hlk123061784][bookmark: _Hlk154757892]5.4.0 Perception by livelihoods   
A common theme that emerged from local narratives and climatic data indicates that rainfall patterns are shifting in all the study areas However, the point of departure or contestation lies in the nature and the magnitude of these changes. As well as striking differences in the perception and interpretation of the changes between local observations and scientific data, there was distinctions between and within the study areas in the weight or importance of these changes. The spatial differences placed on the magnitude of these differences reflect dominant livelihood dynamics and contextual issues. In Sefula for instance, the presence of irrigation systems cushioned the impact of the changes in the rainfall patterns that partly explained that while farmers acknowledged these changes in rainfall, they appeared not to elevate or have strong views in relation to these rainfall changes. The farmers who owned “premium land” (irrigated fields) did not rely on the rains to engage in their farming activities; their ability and capacity to cultivate different crops year-round on rotation and mixed cropping basis amelioarated the impact of rainfall changes. Aside from growing rice as the main crop, the farmers grew vegetables such as tomatoes, green vegetables and sunflower post flooding or dry season. Their ability and capacity to redeploy the use of land as an asset for the cultivation different crops fostered their adaptive capacity and resilience to changing climatic conditions.
[bookmark: _Hlk156637973]Conversely, for other farmers without access to irrigation systems the impact of the changing rainfall patterns was a big concern. “Some people here are well connected to the indunas (village headmen) and their land is watered year-round but for many of us, without the rains and the flooding season we cannot grow anything “(Akende-Farmer: 68-Male-Sefula). In Lealui and Nanikelako, the importance of rainfall changes was strongly expressed mainly not just due to the absence of irrigation systems also but also in relation to the types of crops. In Lealui and Nanikelako, maize dominant crop grown is extremely sensitive to changes in rainfall and any disruptions to the rains will have impact on yields. Maize yields are affected by late onset, cessation and prolonged dry spells (Hachingonta , 2005).  As earlier discussed in the paper, in Nanikelako most of the people were engaged in mono- cropping of maize while others engaged in agro-pastoralism. Pastoralists’ views were strongest regarding access to pastures for their animals as opposed to agricultural activities. One cattle owner indicated, “the soils here are sandy you must work twice as hard to grow maize, I rely on my cattle and if we do not have the rains then we are in great difficulties. We must move our animals further afar in the flood plains for pasture and water” (Muka: 56-Male-Nanikelako).
[bookmark: _Hlk123061818]5.4.1 Conflated narratives    
[bookmark: _Hlk156638125]During interviews and discussion with the participants, it was evident that they made a direct causal link between crop yield and total rainfall. Participants did not appear to disentangle other critical factors that influence crop yield, such as early planting, seed type and access to vital farming inputs such as fertilisers. This conflation of issues was present in some of narratives. In some cases, people who accessed improved seed varieties and fertilisers reported good yields during the same rainy/agricultural season whereas other farmers reported poor yields. Often, those that had poor yields linked this to either the late onset or shortening of the rainy season but ignored factors such early planting and other land management practices that influence crop yields. Research argues that one of the prominent causes of poor yields by subsistence farmers in Zambia is poor agricultural practices such as poor seed choices, and management and government policies that are not supportive of rural farmers (World Bank, 2010; Mulenga et al., 2014). “In spite of the generally argued correlations between rainfall and crop yields, there are clear discrepancies with poor yields during some years of near annual rainfall (Black et al., 2015). Sentiments of the lack of agricultural extension services were common which Office District Agricultural Co-ordinator citing the lack of funding from the Provincial Office. Further, the Western Province is characterised by Kalahari sands with strong acidity, poor nutrients and low water retention properties (Rajaratnan et al., 2015). These differences in perceptions and interpretations can collectively be termed as boundary objects; that object shared by several communities but perceived or used differently to each other (Baggio et al.,2015).   
[bookmark: _Hlk156638184]Added to this complex picture is the nature of the land tenure system in the entire study area. All the land belongs to Litunga (King). People are allocated a portion of land that they are allowed to occupy for settlement and livelihood activities. However, they do not own that land but enjoy its usufruct (Kajoba, 2008; Jayne et al., 2008). Lack of title to land creates perceptions of future loss rights to use of the land thereby contributing to low crop productivity (Baidu-Forson et al., 2014). 
[bookmark: _Hlk123061834]5.4.2 Intergenerational perceptions (Age related Interpretations) 
Intergenerational or age-related perceptions appeared to generally be influenced in my view by educational attainment on one hand and experience on the other. Younger people in general had some level of education and had more livelihood options including getting into the formal economy. Younger people were more abreast with modern scientific terminology in relation to climate change. Younger people were able cite cite climate change as the main factor behind late onset, early withdraw and shortening rainy season. In the general, younger people were able to demonstrate scientific understanding of climate change. I can arge that, exposure to media and access to education by younger people can be said to the source of their knowledge on climate change.   
The older generation attributed these changing climatic condistions mainly to religious or planetary forces. Guo et al. (2022) argue that the age of a farmer had a negative perception of environmental change -suggesting that the older the person, the more likely they dismiss environmental change or attribute it to other factors.  
Narratives in the study areas espoused by the old generation attributed rainfall changes to long established cyclical rainfall patterns and placed “faith” in the traditional agricultural methods. Older generations “placed trust” in the use of indigenous seeds and natural fertilisers such as cow dung as opposed to modern farming techniques including the use of chemical fertilisers. Older people showed a lack of interest in the use of artificial fertilisers arguing that these were not good for the long-term fertility of the soils and water sources. By implication the older generation’s explanations for poor yields were changes in the onset and cessation of the rainy season. Going by this narrative, the interpretation is that the older generation attributed poor yields singularly to changes in rainfall rather the none-adoption of new farming methods and discounting the possibility the critical role of soil degeneration. Zimmer al. (2019) document intergenerational perception of climatic changes shaped during formative years and experience. Byg and Salick (2009) demonstrated that the link between climatic change and age maybe not be very strong .Yaro et al. (2015) , however, argue that socio-demographic characteristics including age played a significant role in how people perceived and responded to climatic changes. They assert that even within the same locality/village socio-demographic factors including age played a role in how people perceived climatic changes. Another interesting narrative espoused mainly by the older generation was the depiction of the rainfall changes to normal seasonal variabilities. “We have always experienced cycles in the in rainfall, in some years we have good rains and in some we face poor rains. This is not really something we have not seen, the only problem we have is that we have lost our memories “(Lizazi-72-Sefula).  Berkes and Boillat (2009;2013) made similar observations where local people perceived rainfall changes not as unprecedented rather possibly cyclic. 
From the foregoing observations, I argue that the volatility and unpredictable nature of the shifting precipitation regimes are pushing people’s livelihoods to precarious limits.  People’s narratives and climatic observations suggest that people are increasingly facing challenges to their livelihoods driven in part by changes in the rainfall. This variability and or trend in the seasonal rains is currently the most critical stressor faced by most people interviewed.  The dependence on agriculture and other ecosystem services in the rural areas makes them vulnerable to multiple stressors including political, institutional, economic and biophysical (Panthi, et al., 2015; Qaisrani et al., 2018; Thorpe and Figge, 2018). Poor or lack of access to markets, farming inputs and poor infrastructure add to existing risks to worsen the living conditions of the people in rural settings (Thorpe and Figge, 2018).  
The above sections based on interviews from people from the study areas tell a story of environment change -observed or perceived but is a lived reality in their livelihoods. Based on interrogations of rainfall indices critical to their agriculture activities, local narrated a story living with change. People’s understanding of their lived reality or world is often constructed several factors including culture, perceptions, beliefs among others. However, these individual factors often contradict measurable or physical data. Moezzi et al. (2017) stress that natural phenomena and theoretical models about the world have always been described in narratives and storylines. This chapter focuses on people’s narratives and storylines to visualise these changes which are then compared measurable data in chapters 6 and 7.      
[bookmark: _Hlk123061861]5.5.0 Conclusion 
Chapter 5 explored local people’s observations, perceptions/interpretations of changing rainfall patterns in their areas. Summed up as narratives or storylines –local observations built on long term and intergenerational transfer and sharing observations, experiences and knowledge. Local observations can be a source of first-hand detailed descriptive visual images of the complex interaction between the physical and biological elements of climate change. As highlighted above some of the narratives of changing rainfall patterns were influenced by religions and cultural paradigms. The general narrative, however, was that rainfall patterns have been changing significantly; onset of the wet season has shifted towards December from November and that cessation has come early than in previous years. Other significant narratives centred on shortening rainy season length (RSL) and intensification in dry spells. Some of the narratives appeared to be shaped by livelihoods and contextual issues in each study areas such as place vulnerability and exposure. Chapter 5 contrasts with chapter 6 that applies scientific measures to assess for evidence of local people’s observations. The next chapter (6) in an assessment of rainfall characteristics over Mongu western Zambia in which the study areas lie.     

[bookmark: _Hlk123061879]Chapter 6:  An assessment of rainfall characteristics over Mongu Western Zambia
6.0.0 Introduction
This chapter follows on and draws on the discussions in chapter 5: Indigenous and cosmological narratives of changing climatic regimes. Whereas chapter 5 is based on local people’s observations of changing rainfall patterns, chapter 6 is framed on the scientific analysis of rainfall characteristics during the study period. Chapter 6 seeks to determine whether people’s observations are evident in climatic data and to assess whether the scientific analysis of rainfall data in the study areas corroborates with local observations. Local observations and scientific data apply different lenses of inquiry and have unique advantages and disadvantages (Roncoli, Crane and Orlove,2016; Reyes-Garcia et al.,2015; Kothari and Arnall,2019).It is often argued that integrating these two lenses of inquiry can sharpen the scope of available climate data and effective adaptation strategies (Rudiak-Gould, 2014; Kothari and Arnall, 2019). These contrasting frames of inquiry enrich, expand knowledge application in climate change adaptation and drive motivations for the integration of indigenous/local and scientific knowledge (Chanza and De Wit; Nalau, 2018; 2016). At the heart of these two worldviews is the complexity of how people know the world (epistemology) and the multiple ways of understanding what the world is (ontology); reality is perceived using different perspectives (Goldman, 2018; Owen, 2020-see also section 7.8.0).    

Chapter 6 starts by providing some background literature in relation to the role of rainfall characteristics in rural livelihoods. It then proceeds to highlight the methods and data sources applied in this study. This is followed by the methodological approach-analysis of rainfall trends using the Mann Kendall and Modified Mann Kendall tests. Within this section, the chapter explores daily rainfall characteristics and onset of the wet season. It also considers trends in Consecutive Wet Days (CWD) and Consecutive Dry Days (CDD) as these are key variables in determining the agricultural season. The discussion then proceeds to examine characteristics of the rainy season onset, cessation and length, key factors that are important for agricultural activity. 
The last section of this chapter is an analysis and discussion that converges science and local observations.  In this analysis and discussion, I attempt to abstract points of convergence and divergence between the findings from scientific analysis of rainfall and local people views.  In doing so, I concur with (Yeh, 2015) who argued that scientific epistemological and ontological representations of climate change through measurements, abstraction and long-term averages, should not dissolve/dismiss alternative ways of knowing and interpretations of climate change. Berkes et al. (2021) forwards that regardless of the realities that some elements of local people’s observations, perceptions and interpretations of climate change may challenge and question long established and deep-seated theories of scientific knowledge production, local knowledge is not always incompatible with science. Berry et al. (2016, P.3) made the following observations, “climate change should not be understood as a decisive break from the past nor a unique outcome of modernity-but as the latest stage in the cultural evolution of the climate idea; an idea which enables humans to live with their weather through a widening and changing range of cultural resources, practices, artefacts and rituals”.
[bookmark: _Hlk123061937]6.1.0 Background Literature 
Precipitation is one of the significant climate components (Sun et al., 2018). Sub-Saharan African subsistence farmers primarily depend on rain-fed agricultural production as the main economic activity, especially within the rural settings (Connolly-Boutini and Smit, 2016). Therefore, seasonal rainfall, the number of rainy days, and the amount of total rainfall received significantly affect the agricultural production. A large part of the Sub-Saharan African population (about 80%) live in rural areas depends on rain-fed farming as their primary source of income (Huho, 2017). Additionally, of the urban population, between 10% – 25% rely on agriculture as their source of livelihood (Ngetich et al., 2014). However, rainfall variability is a common occurrence with different periods experiencing different rainfall characteristics, which leads to average, below average, and above normal rainfall amounts (Gorman,2015; Huho, 2017).

Taking 2013 for illustrative purposes to demonstrate spatio-temporal changes in rainfall across Africa, the  World Meteorological Organization (2019) forwards the year 2013 experienced below normal precipitation based on the long-term rainfall average of 1033 mm between 1961 to 1990.  Within the same year (2013), East African region experienced above-normal rainfall between March and April, leading to significant flooding (Dunning et al., 2016).  As well as variability, there are trends towards extreme rainfall events both in terms of  frequency and magnitude across Africa (Akumaga & Tarhule, 2018; IPCC,2022).
Zambia has experienced an increase in the frequency and intensity of extreme events such as droughts and floods in the last 30 years (Chabala et al, 2013; Bopape et al., 2021). Many regions of Zambia experienced drought in 1991/92, 1994/95, 1997/98, 2002/2003 and 2003/2004 (Thurlow et al., 2012).  In 2007-2008, 2010-11, 2016-17, Luangwa district in the Eastern Province of Zambia experienced unprecedented flooding (Mseteka, 2017). In 1989 large areas of Lusaka experienced heavy flooding with an estimated 50,000 people left homeless (Mulwanda, 1983). These extreme events have been described as normal climate variability; however, climate change has been aggravating the frequency (Thurlow et al., 2012) Many regions in Africa have experienced precipitation changes (IPCC, 2014; IPCC, 2022). Rainfall variability has also been witnessed within the Horn of Africa region (Tierney et al., 2015; Degefu et al., 2017).  There has been notably a significant decline in the long rainfall season (March to May) within the last three decades (Tierney et al., 2015). The spatial rainfall characteristics distribution within the Horn of African has had a significant impact on food security and agriculture within the region (Degefu,2017; Lewis; Ogenga et al.,2018). Also, a study carried in Kenya within the central region revealed a significant decrease in rainy days and a significant increase in rainfall intensity (Huho, 2012;Kisaka et al.,2015;Wakachala et al.,2015). Understanding the changing precipitation characteristics is fundamental, especially in relation to planning of the growing season as it can impact livelihoods (Dzimbo and Mashizha, 2017).

According to Dube et al. (2016), the climate of a region is a critical factor that shapes development and livelihoods. Dube et al. (2016), argues that all human activities linked to livelihoods are responsive to the climate in various ways. Weather and climatic patterns are central to human survival as they support agriculture and socio-economic development, thereby sustaining human life and ecosystems (Olsson et al., 2014). However, extreme weather events like floods and droughts are known to exert negative effects on societies (Rahman et al., 2021) and to dictate economic rhythms in poor regions of the world where economies and other livelihood activities are driven by rain-fed agriculture (Eldon et al., 2020) and other ecosystems services (Ryan et al., 2016). 

Research shows that extreme precipitation events are on the increase across Southern Africa, and with climate change, this is expected to worsen (IPCC 2022; New et al. 2006; Ongoma et al., 2018). For example, in 2017, cyclone Idah killed an estimated over 1000 people in Mozambique, Zimbabwe, and Malawi (ReliefWeb, 2017; UNICEF, 2018). During the same rainy season, over 79 000 people were left homeless in Mozambique (ReliefWeb 2017). ACT Alliance (2017) also documented that during the same 2017 rainy season, over 35000 people were affected by severe flooding in neighbouring Malawi. During the same period, Zimbabwe experienced severe floods in 37 districts causing extensive damage to infrastructure (ACAPS 2017; Libanda and Ngonga, 2018).
In Southern Africa, Zambia is one of the most severely affected regions by extreme precipitation events (Musonda et al., 2020). Studies in Zambia demonstrate that economic losses and livelihoods due to extreme precipitation have increased, especially since 1990s (Kaluba et al., 2017). A study that used a hydro-crop model together with a dynamic general equilibrium model to evaluate the impacts of climate change on economic variations in Zambia found that the country lost US$4.3 billion from 1998 to 2008 to climate-related events that results an increase in poverty rate (Thurlow et al., 2008). A study conducted in Kabwe and Livingstone, Zambia, concluded reduction in annual rain and number of rainy days (Makondo & Thomas, 2020). The study further revealed delay in rainy season about 7 weeks in Kabwe and 3 to 4 weeks in Livingstone. That also concluded that the frequency and duration of dry spells within rainy season showed increasing trend (Makondo & Thomas, 2020).
All these events and trends demonstrate the need for mechanisms that can effectively respond to them. In sub-Saharan Africa, responses to climate shocks such as drought and floods have mainly focused on post-disaster response rather than anticipating these events and ensuring that mechanisms to absorb them are put in place (WFP 2019). Evidence suggests that anticipating climatic events and installing mechanisms to cushion them reduces the cost of emergency response required by ~50% (WFP 2016). The studies on climate change impact assessment should be inclusive of vulnerability assessment where to identify the exposure, sensitivity and adaptive capacity to climate change. As the South African region poses significant threat due to climatic variability to their water resources, food, health, infrastructure, biodiversity, and environment (Ziervogel et al., 2014). It follows then that climate studies provide the foundation on which anticipatory actions can be framed. Despite of the high-level poverty and inequality, the climate change is further exacerbating the challenges for national development.  

Research suggests that in future climate change will present unknown and unpredictable challenges for humanity and eco-systems (Fankhauser, 2017; IPCC, 2022). The challenge for humanity will be to innovate new models or strategies that will deal with gradual processes of climate change (Fankhauser, 2017; Perera et al.,2020). Research points to increasing trends and effects of slow (gradual) climate change related events such as droughts, rainfall scarcity, rising temperatures and heatwaves (Vogt et al., 2018; IPCC, 2022).  Tosun and Howlett (2021) argue that gradual (slow onset) receive less attention compared to rapid onset climatic events, however, the impacts of gradual climatic events are cumulative and increase over time culminating into large scale impacts that disrupt livelihoods. In view of the foregoing, addressing future impacts of climate change will require addressing the limits of current soft and hard adaptation strategies. To overcome future gradual (slow) and rapid on-set climatic events will require concerted efforts directed at addressing finance, governance and information impediments to effective adaptation (IPCC, 2022). 

Rainfall is the single most essential factor that influences livelihood activities in many rural areas (Niles et al., 2016; Biggie and Mubanga, 2022). The onset and cessation of rainfall timing strongly influence the agricultural sector in a variety of ways (Amekudzi et al., 2015). Mubanga and Ferguson (2017) forward that in rain-fed agricultural systems, the amount and distribution of rainfall has a huge influence on crop choices (varieties) and other agronomics activities. According to Gummadi et al. (2017), the rain-fed agricultural systems' performance and productivity are influenced by the onset and cessation of the rainy season. Gummadi et al. (2017) attest that other variables, including the amount and distribution of rainfall, the length of the rainy season, and the frequency of dry and wet spells also impact the growing season. Froidant and Dredihou (2017) argue that the combination of dry and wet days is critical to rain-fed growing season. Increase in annual dry days can decrease the soil moisture and can cause the droughts, thereby negatively affecting crop yields (Sahid et al., 2011). Conversely, an increase in wet days can also have a negative impact on crop productivity through soil erosion, flooding, and leaching (Barry et al., 2018). An increase in dry days and a decrease in wet days can effectively shorten the growing season, if these dry days occur at either end or start of the season. Considering that in a normal season, the rainy season in the study areas lasts between 4-5 months, an increase in dry-days and decrease in wet-days will have a significant impact on the growing of maize, the leading staple food in the region (Mulenga et al., 2017).  Delayed onset and an early cessation of rainfall affect planting time and the potential to grow crops (Mubanda and Umar, 2014; Gummadi et al., 2017). 

Several studies on rainfall season length, onset, and cessation have been conducted in the Sub-Saharan Africa. Other studies that have expounded on rainfall cessation and onset include; (Hachigonta et al., 2008; Ngetich et al., 2014). Bopape et al. (2021) forward that many cultural and economic activities in Zambia are dominated by the onset, cessation and total rainfall associated with the rainy season. The onset and cessation behave differently for different zones and parts of African region.  In West Africa, the rainfall onset and its cessation progress in a regional manner (Oguntunde et al., 2014-see section 5.3.1). Besides, the onset and cessation of rainfall are different in southern Africa. According to Tadross et al. (2005), rainfall onset extends towards the northeast and southeast concurrently while the cessation increases from the borders of Mozambique, Zimbabwe, and South Africa.

A study was carried out by Hachigonta et al. (2008) to determine rainfall season duration and onset dates in Zambia using historical data from 1979 to 2002. Results from this study suggest that the western and northern parts of Zambia experienced early onset dates while the eastern and southern areas experienced late-onset. The onset dates suggested inter-annual variability of the rainy seasons all over the country. The study identified gaps in understanding onset and cessation variability and how farmers interact with rainfall characteristics such as; dry and wet spell intensity and frequencies (Hachigonta et al., 2008).  

This study aims to assess long-term (1981 – 2019) patterns of onset, cessation, rainy season length (RSL), and mean annual precipitation over Mongu in western Zambia (over a 38-year period).  It also considers the wet spell and dry spell length as indicators of extreme events relevant to agriculture (Nyirenda & Sachikumba, 2019). The frequency of both floods and droughts added to the sandy, poor soil nutrient nature of Mongu makes it an interesting study area. As far literature indicates there is no known published works that have attempted to focus on rainfall trends in this region.  This study aims to fill this research gap. Most studies have focussed on other regions of Zambia (Alfani et al., 2019; Arndt et al., 2019; Hachigonta et al., 2008; Makondo & Thomas, 2020; Mulungu Kelvin, Gelson Tembo, 2019). 

The studies highlighted above across Zambia suggest a downward trend in heavy rainfall events and an upward trend in the frequency of dry events (Makondo & Thomas, 2020). Further, there is overwhelming scientific evidence that rural livelihoods mainly depend on rain-driven agriculture, especially in developing countries where access to irrigation facilities is limited (Dube et al., 2010; Makondo and Thompson, 2020; Salemo et al., 2019). The dependence on rainfall necessitates the need to understand RSL determined by the onset and cessation of the rainy season (Makondo and Thompson, 2020). Reliable information on the changes in onset, cessation, and RSL can optimize agricultural productivities, especially in rural regions like Mongu (Ngetichi et al., 2014; Simelon et al., 2013; Wainright et al., 2019).  

6.6.0 [bookmark: _Hlk123061961]Data and Methods
6.6.1 The study area
Mongu is the provincial capital of the Western Province in Zambia (Section 1.2.0). It is located on the Barotse floodplain within the confines of the Zambezi riparian region bounded by latitude 11⁰S and 19⁰S and longitude 18⁰E to 34⁰E (Figures 1&2 ; Nyambe et al., 2018). The floodplain is estimated to cover 1.2 million hectares (Turpie et al., 1999 as cited in Nyambe et al., 2018). Being on a floodplain, much of Mongu is usually waterlogged in the rainy season. These conditions encourage the flourishing of vegetation after the rainy season. The vegetative regeneration is estimated to support ~250,000 pastoralists, with the overall wetland itself  is of high economic value despite the ever-increasing pressures from extreme climate events and population growth (LUCN, 2003; Estrada-Carmona et al., 2020)-See also sections 1.0.0-1.2.1.
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Figure 23: Geographical location of Mongu (red asterisk) in Zambia. The red square shows the extent of the floodplains. The blue shading indicates the geographical spread of the Zambezi Riparian Region (ZRR), whereas the insert shows the location of the ZRR on the map of Africa.
Like much of Zambia, precipitation over Mongu mainly driven by mechanisms such as the  Intertropical Convergence Zone (ITCZ) and the effects of El Nino Southern Oscillation (ENSO) are directly felt in the area (insert ref). The seasonal precipitation cycle is strongly driven by the seasonal movement of the ITCZ, whereas ENSO influences and is responsible for rainfall variability in the study area.  In general, during La Niña, Zambia experiences higher than average precipitation, this is reversed in  El Niño years where the region experience dryness (Hachigonta et al., 2008).  These factors are explained in more detail below.

The ITCZ is a zone located between the tropics in the region of the equator. The ITCZ zone is characterized by low pressure where the heat and moisture-loaded surface trade winds join, leading to enhanced mean convention, precipitation, and cloud formation (Waliser & Jiang, 2015). The ITCZ and its associated cloud and precipitation moves with the seasonal movement of the zone of maximum insolation of the sun.  It is the seasonal movements of this zone of precipitation associated with the ITCZ that determines the seasonal cycle of precipitation in Mongu, with the rainy season from November to April as the ITCZ moves toward the southern tropics and then north again during austral Autumn.  During the convergence of the trade winds, latent heat is released that acts as a fundamental element of the atmospheric energy balance and improved cloud formation. According to Waliser & Jiang (2015), heat, momentum, moisture, and radiation fluxes differ significantly between the surface and the atmosphere in the ITCZ regions and those outside the ITCZ region. Therefore, the ITCZ zone's structure, position, and migration are fundamental for determining the land, ocean, and atmosphere interaction characteristics locally, tropical ocean circulations, and the earth's climate features, and importantly for this thesis the precipitation regime in the study area.  

On the other hand, the El Nino Southern Oscillation (ENSO) is a mode of climate variability in the tropics that causes significant climate variability in many regions of the globe, and that affect the amount of rainfall which leads to affect the condition of vegetation (Moeletsi et al., 2011). The ENSO is amongst the most significant occurrence within the Earth Climate systems and is due to  the sea surface temperature variation in the tropical Pacific Ocean (Hansen et al., 2004). ENSO is described using three distinct phases; El Nino, Neutral, and La Nina. During the El Nino phase, sea surface temperatures (SST) are warmer than average and more relaxed during the La Nina phase in the Eastern and Central Pacific (Hachigonta et al., 2008). The neutral phase refers to the condition whereby neither El Nino nor La Nina occurs, and the SST is average within the equatorial pacific. During El Nino, high SST heat the atmosphere, leading to increased convection and rainfall within Eastern Africa (Hawinkel et al., 2016), whereas during La Nina rainfall is reduced due to enhanced subsidence in this region (see also section 1.4.1) . 
6.6.2 [bookmark: _Hlk123061989]Sources of data
In this study, the daily Climate Hazards Group Infrared Precipitation with Station data version 2 dataset (CHIRPSv2.0: Funk et al., 2015) were used. The University of California, Santa Barbara (https://www.chc.ucsb.edu/data/chirps/) and the United States Geological Survey (USGS) developed CHIRPSv2.0 by merging observed rain-gauge data with satellite images from the Globally Gridded Satellite dataset of the National Climate Centre of NOAA (National Oceanic and Atmospheric Administration). The dataset has a high spatial resolution of 0.05⁰ and a daily temporal resolution; it is of high quality and has been widely used in climate-related studies worldwide (Katsanos et al., 2016; Cavalcante et al., 2020; Libanda et al., 2020). The grid boxes used in this study are those within the confines of longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for the period 1981 – 2019.  In the absence of long-term station observation data in Mongu, this dataset was chosen due to its high spatial and temporal resolution resolution and its development for agricultural drought monitoring (Funk et al., 2015).  

[bookmark: _Hlk123062005]6.2.3 Methodological approach
Trend detection was done using the improved version of the non-parametric Mann-Kendall test (Hamed and Rao, 1998) using the ‘modifiedmk’ Package in R programming language (R Core Team, 2013). This test was modified from its original version developed by Mann (1945) and Kendall (1975). It follows the hypothesis:
· 
 no monotonic trend detected.
· 
 monotonic trend present
The modified Mann-Kendall test is mathematically expressed as follows:


 for  							                        [1]
Ri is the rank of the de-trended series, n is the time series’ length, and ϕ-1 is the inverse standard normal distribution function with 0 mean and a standard deviation of 1.
To quantify the magnitude of the trends, Sen’s slope estimator was employed (Sen 1968). The Sen’s slope estimator is also a non-parametric method and is mathematically expressed as:

											[2]
Where: Q is a slope estimate. ’ are  the values at times I’ and I, where I’ is more significant than I, N’ is all data pairs for which I’ is more significant than i. After calculating trends, the ‘pheno’ package (Schaber, 2003) was used to run the sequential Mann-Kendall test (Sneyers, 1990) to detect approximate potential turning points in the trend of the time series. R Programming Language was again used to calculate rainy season length (RSL).  To do this, each year was sectioned into an agro meteorological year beginning in September and ending in August, the year that follows. The onset was then considered the first day of the agro meteorological year when 8% of total annual rainfall normally between October and November and the cessation when 90% of precipitation was reported. The length of the rainy season was then taken as the difference between cessation and onset. Many researchers (e.g., Ilesanmi, 1972; Laux et al., 2008; Ndomba et al., 2010; Guenang and Kamga, 2012; Amekudzi et al., 2015) have utilized a similar approach in studies around the world. 

Wet and dry years were also studied. Data were expressed as standardized anomalies due to seasonal variations in the time series. These were calculated by dividing anomalies by their climatological standard deviation for the study period.  Two of the 27 core climate change indices of Karl et al. (1999) were also studied, i.e., Consecutive dry and wet days (CDD and CWD respectively), to understand the evolution of wet and dry spells. The two indices CDD and CWD, are key indices since they can indicate inadequate and adequate water for agriculture.  Consecutive dry days, for example, are an indicator of inadequate agricultural water.  The consecutive dry days (CDD)  were defined as the maximum number of consecutive days with < 1mm precipitation, while the consecutive wet days (CWD) as the number of days with ≥ 1mm precipitation (Karl et al., 1999). The Climate Data Operators package was used in the computation (Miao et al., 2016; Alexander and Arblaster, 2017). 
6.3.0 [bookmark: _Hlk123062040]Results
6.3.1 Daily rainfall characteristics
This section of the study focuses on the daily rainfall characteristics in the study area. Mongu receives a daily rainfall average of 2.5 mm every year. The wet season extends from November to April, the wettest months are December – February (DJF) when a mean daily precipitation of 6.5 mm is received (Figure 24). With a mean daily rainfall of generally < 1 mm, the June – August (JJA) months are the driest over the region. The usual rainfall cycle of Mongu is, therefore, clearly defined as uni-modal, with precipitation associated with the passage of the ITCZ.
Figure 24: Mean daily precipitation (mm) over Mongu, averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for the period 1981 – 1999 (red curve) and 2000 – 2019 (blue curve).
Firstly, I explored whether the seasonal cycle of mean annual precipitation has changed between the first 20 years of data (1981-1999) and the most recent 20 years (2000-2019).  To do this the Mann-Whitney U-test was used.  Figure 24 above shows the seasonal cycle of mean annual precipitation for these two periods.  The independent samples Mann-Whitney U test indicates that differences between the mean annual precipitation for the periods 1981 to 1999 and 2000 – 2019 was statistically significant at p<0.05. The assessment depicted a significant difference (U = 278, p-value = 0.013) between the periods 1981 – 1999 and 2000 – 2019.  Hence the mean daily precipitation has increased during the second half of 20 years compared to the previous 19 years. Specifically, during the core of the rainy season (DJF), 6.9 mm of mean daily precipitation was observed during the period the last 20 years (2000-2019) compared to 6.5 mm over the period 1981–1999. This translates into a ~6.1% increase in precipitation from the period 1981-1999 compared to 2000-2019.

The rainfall data was further analysed monthly using Mann-Whitney U test for each month during the study period. The mean value of each month in the first period was found to be lower (1981-1999) while that for the second half was higher (2000-2019) except in the months July and October. The highest increase was observed in December, February and March.  The results of the Mann-Whitney U test for the monthly precipitation are shown in Table 5, which shows that although the amount of precipitation has increased in latter half of the study period, but the only individual month in which the means are significantly different is December. 
[bookmark: _Hlk123040322] Table 5: standard Mann-Whitney U test using Monthly Precipitation over Mongu
	Month
	Mann-Whitney U
	P-Value
	Interpretation

	Jan
	193.5
	0.922
	Retain the null hypothesis

	Feb
	235.5
	0.201
	Retain the null hypothesis

	Mar
	240
	0.16
	Retain the null hypothesis

	Apr
	217.5
	0.439
	Retain the null hypothesis

	May
	197
	0.809
	Retain the null hypothesis

	Jun
	199.5
	0.33
	Retain the null hypothesis

	Jul
	190
	1
	Retain the null hypothesis

	Aug
	199.5
	0.33
	Retain the null hypothesis

	Sep
	224.5
	0.169
	Retain the null hypothesis

	Oct
	171
	0.593
	Retain the null hypothesis

	Nov
	249
	0.097
	Retain the null hypothesis

	Dec
	263
	0.04
	Reject the null hypothesis
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Figure 25: standard Mann-Whitney U test using Mean Annual Precipitation over Mongu. The blue bar represents the precipitation for the period 1981-1999 and the green bar shows the precipitation for the period 2000-2019 
Based on the analysed data that there is an increase in mean daily precipitation over Mongu (Figure 25). This was explored further by considering trends of the maximum daily precipitation amount (MDP, i.e., maximum daily precipitation recorded in one day within a given year). Results show that MDP is increasing at a rate of 0.06 mm per year. However, this trend was statistically insignificant (P-Value = 0.45) at α 0.95. During the study period, the highest MDP observed is 63.9 mm recorded in 1986, whereas the lowest is 19.9 mm reported in 1997. On average, Mongu experienced a MDP of 33.2 mm for the period 1981 – 2019.
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Figure 26: Trend of Maximum daily precipitation (mm) over Mongu, averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for the period 1981 – 2019. The red dashed line is the regression fitted using the Sen’s slope estimator, and the dashed black line is the mean maximum daily precipitation.
Occurrences of CDDs and CWDs were also explored during the rainy season (November – March). The results indicate that the average mean monthly consecutive wet days are more that consecutive dry days during the rainy season. The number of mean monthly CWD was 17 days while the number of mean monthly CDD were 14 days over Mongu (Table 6). The minimum CDD was 9 days while minimum CWD was 11 days in the study period. Similarly, the maximum CDD was 19 days while the maximum CWD was found 21 days in Mongu during the study period. The data was further analysed for assessing standard deviation and coefficient of variation in the study period. From the analysis it was found that standard deviation for both CDD and CWD was 2 days while the coefficient of variation for CDD was 14.7% whereas it was 12.1% for CWD. Drawing from the foregoing, while annual total rainfall has increased, the number of wet days has decreased and an increase in dry days. The increase in annual total rainfall is attributed to rainfall intensity –that is a lot of rainfall falling over a short period. 

	Metric
	Consecutive dry days (CDD)
	Consecutive wet days (CWD)

	Mean (days)
	14
	17

	Min (days)
	9
	11

	Max (days)
	19
	21

	SD (days)
	2
	2

	CV (%)
	14.7
	12.1



[bookmark: _Hlk123293355][bookmark: _Hlk123040387]Figure 27 above and table 6 below show the total number CWD annually and for the rainy season (November-MaFigure 27 below shows the summary statistics of mean monthly consecutive dry and wet days during the rainy season (November – March) over Mongu, averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for the period 1981 – 2019. SD, standard deviation; CV, coefficient of wet daysrch) based in each year.
It can be seen that the number of rainy days are increasing which were further evaluated to determine if the trend is significant or not. For that the Mann-Kendall trend test was applied and it indicates that the increase in wet days is significant with 95% significance level (Table 6). The year 2011 was the wettest year where the total number of rainy days in annual analysis was 119 while 105 days were observed wet during the rainy season (November to March-see also figure 27 and 28). The lowest number of rainy days were observed during 1981 where the total annual rainy days were 58 in which 52 rainy days were found during the rainy season.
[bookmark: _Hlk123040421]Table 6: The Mann-Kendall trend for the annual number of Consecutive Wet Days and Consecutive Dry Days over Mongu in the period 1981-2019
	 
	Kendall's tau
	S
	Var(S)
	p-value (Two-tailed)

	CWD
	0.2254
	165.00
	6809.00
	0.0469

	CDD
	-0.2230
	-163.00
	6805.67
	0.0496




Figure 28: Annual and rainy Season (November to March) total number of CWD over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for the period 1981 – 2019.Figure 28 shows the total number of dry days during the rainy season which often starts from November and lasts till the end of March over Mongu, Zambia. The results indicate a decrease in the number of dry days during the rainy seasons and the same was evaluated for trend significance using Mann-Kendall trend test. The results of Mann-Kendall trend test showed significant decrease in the number of CDD.



Figure 29: Rainy Season (November to March) total number of dry days over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for the period 1981 – 2019.
[bookmark: _Hlk123062093]6.3.2 Annual rainfall characteristics
Mean annual rainfall was assessed over the past 20 years (2000 – 2019) and compared to the long-term mean (1981 – 2019) to assess if there are any noticeable recent climate change and variability. The results revealed that during the entire study period (1981 – 2019), precipitation has been increasing at the rate of ~5 mm/year (P-Value = 0.01) as shown in Figure 30. However, during the last two decades (2000 – 2019), a negative trend at the rate of 2.7 mm/year is observed albeit statistically insignificant (P-Value = 0.97). Although a negative trend was observed, mean annual precipitation (MAP) was found higher (982.2 mm) during the period 2000 – 2019 compared to 1981 – 2019 (924.1 mm), thus reflecting the insignificance of the trend (P-Value = 0.97), and that this negative trend follows a period of positive trends. The higher mean annual precipitation value during the last two decades indicates the occurrence of higher intensity precipitation in lesser time. This high rainfall intensity is linked to the increase in the number of rainy days, with a shorter rainy season, however, observable more rainy days. The foregoing analysis corroborates with Biggie and Mubanga (2022) who found the trends in the rainy season length decreasing over AERII over which the study areas are located (see Section 1.4.0) . Biggie and Mubanga(2022)’s study cover the period 1983-2019, which is almost the same period that this study covers. The range of MAP during the 1981 – 2019 period ranges from 598.9 mm – 1286.9 mm with an 18% coefficient of variation (CV). This is because, in both periods, the maximum rainfall was reported in 2010 while the minimum was observed in 2018.
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Figure 30: Mean annual precipitation (mm) over Mongu, averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for 39 years (1981 – 2019).  Red line in the figure above represents the regression for the period 2000 – 2019 while black line shows the regression for the period 1981 – 2019. Regression fitting was done using the Sen’s slope estimator in this study.
Figure 31 below presents standardized anomalies of mean annual rainfall over Mongu. Standardized anomalies are a widely used for measuring the magnitude of precipitation distribution because their computation removes any influences of dispersion from the data. These results show that during the study period (1981 – 2019), Mongu experienced 17 wet years and 22 dry years (defined as a year above or below 1981-2019 mean). A statistically insignificant near-zero positive trend in wet years was also found (Sen’s slope = 0.002 ; P-Value = 0.96) while dry years exhibited an insignificant negative trend (Sen’s slope = -0.01 ; P-Value = 0.29). The years 1981-1986 were consecutive dry years where the precipitation was found below the long term (1981-2019) average precipitation while 1987 and 1988 was recorded wet years after the consecutive dryness over Mongu. The years 1989-1991 were again the dry period over Mongu which was dissipated with high precipitation in 1992. Again, there was a dry period recorded in 1993-1997 over Mongu while 1998 was again a wet year. The years 2001 and 2004 were again found with precipitation below average.  After 2004 the Mongu experienced consecutive wet spell from 2005-2013 whereas the years 2014-2015 were again dry. The precipitation was found above the long-term average in the years 2016 and 2017 whereas 2018 was driest year during the study period (Figure 29). 

To the extent that there no previous scientific findings to rely on or cite, the dry years in the cited above corroborate with local people’s observations of significant drought years in 1992/3, 2004/2005, 2012-2014 and recently 2017/2018 (refer to section 5.3.5). Table 8 below summaries areas of agreement and disagreement between local observation and climatic data analysis . Biggie and Mubanga (2022) report drought years in 1992/3, 1995 and 2011 in the in western Zambia where the study areas lie also. Biggie and Mubanga’s findings are not significantly different from local observations as explored in this study. 
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Figure 31: Standardized anomalies of precipitation over Mongu, averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for a 39-year period (1981 – 2019)
 
The sequential Mann-Kendall statistical test revealed that Mongu experienced two statistically significant sudden changes in the trend of mean annual precipitation during the period 1981 – 2019 (Figure 32), in 2005 and 2008. The change point is determined at the intersection between the progressive and retrograde curves. If the intersection occurs, α = 0.05, within the confidence interval of +/-1.96 shown by dashed horizontal lines, indicates a change point. Although the progressive and retrograde series of Kendall normalized Tau’s are seen to be in contact during the 1997/1998 season (Figure 32), the two lines did not cross, and thus, this was not considered a potential trend turning point. As demonstrated in figure 32 below, the red (dry) and blue (wet) lines cross in 2005 and 2008 indicating a new trend. Where a crossing point is present it indicates the start of a new trend (Gerstengarbe and Werner, 1999; Bisai, 2019). Figure 32 demonstrates that 2005 was a transition point from a wet trend to a dry trend that subsequently reverses in 2008. These turning points in general corroborate with Musonda et al.(2020)study that found that 2005-6 as a dry period and the period 2008-14 as the wettest period in Zambia.   
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Figure 32: Abrupt changes in precipitation over Mongu based on Sequential Mann-Kendall test statistic. The dashed black dashed lines indicate limits of statistical significance at the α 0.95. The period covered is 1981 – 2019, and the data is averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S.
[bookmark: _Hlk123062162]6.3.3 Characteristics of rainy season onset, cessation, and length
Rainy season onset and cessation are hypothesized to have defined effects on agricultural yields (Amekudzi et al., 2015). During the 1981 – 2019 period, an analysis of onset, cessation, and length of the rainy season revealed that the mean start of the season is on the 14th of November each year while the end is on March 20th (Figure 33). A positive trend of onset dates was also found (Sen’s slope = 0.19; P-Value = 0.1), suggesting that rainy seasons over Mongu generally start later. On the other hand, cessation dates were found to exhibit a negative trend (Sen’s slope = -0.06; P-Value = 0.5), inferring that rainy season are ending earlier. It was hypothesized that this would ordinarily translate into shorter rainy seasons. Figure 33 confirms the hypothesis that due to late onset and early cessation of rains, rainy seasons are getting shorter, although the trend is insignificant (Sen’s slope = -0.25; P-Value = 0.1). 
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Figure 33: Trends in onset and cessation of the rainy season over Mongu. The period covered is 1981 – 2019, and the data is averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S




Space intentionally left blank to fit figure 33 on the next page 
[image: ]
Figure 34: Rainy season length (days) over Mongu, averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for a 39-year period (1981 – 2019)
Red dashed line is the regression line fitted using the Sen’s slope estimator, and the dashed black line is the mean RSL (days) over the period.
Figure 34 shows the rainfall onset and cessation trend analysis for the Mongu region. The results indicate an increasing trend (day 315, 1981 to day 327, 2019) within the rainfall onset based on years. The trend translates to delayed rainfall start, and this might have a significant impact on farmers and agricultural activities in the study area.  Besides, the trend analysis reveals a decreasing cessation date depicting an early withdrawal (day 88, 1981 to day 82, 2019). The results analysis suggests a significant inter-annual onset and cessation rainfall variability within the study region. Based on the observed data's onset and cessation grouping, many of the years fell under the normal category. Both the onset and cessation were classified into three categories (normal, late and early). 

Figure 35: Rainfall Onset and Cessation Classification
Cessation and onset period was categorized under normal and extreme conditions (below normal). Rainy season onset classification was adopted from Amekudzi et al. (2015)-the average daily rainfall amounts/rainy days from the period 1982-2019 for Mongu using satellite data was calculated. The next step involved the computation of the mean monthly totals. Mean monthly totals were summed into mean annual rainfall or rainy days that were recorded at each 5-day interval throughout the year. The next step involved the computation of percentages of mean annual rainfall and rainy days and their cumulative percentages. Subsequently, the temporal variation of the cumulative percentages for the entire year were determined. Following this method, the average onset date of rainfall was described/determined as the first point of the maximum positive curvature of the graph. Cessation on the other hand was defined as the maximum negative curvature. Based on the foregoing, the rainy season length (RSL) is defined described as the difference of the onset and cessation dates of rainfall. The most notable years with late withdrawals are; 2000, 1985, 2016, 2019, and 2018 while the years with the most notable late onset are; 1989,1981, 2001, 1992, 2002, 2014, 2017, 2018. Based on classification above for both onset and cessation of rainfall, two years were grouped under below normal category (onset: 1993 and 2012, cessation: 1983 and 1986
Generally, Mongu region is characterised by increasing (later) onset dates and decreasing (earlier) cessation dates. Therefore, the result suggests a significant growing season reduction. The trends signify a decrease in the rainy season duration. Correlations between MAP and rainy season length (RSL) have previously been identified (Dunning et al., 2016; Byakatonda et al., 2018). However, in this study, a weaker insignificant negative relationship (correlation coefficient of -0.18) was found.  The key finding here is that there is an increase in rainy season days despite a decrease in the rainy season length. The turning point is observed in 2009/10, which is present/observed in the analysis of mean annual precipitation and in the number of wet days. The forward trend in rainy season onset fits into Biggie and Mubanga (2022) findings over AERII over which the study areas lie. However, Biggie and Mubanga (2022)’s study finds insignificant trends in cessation. Biggie and Mubanga (2022) attest that despite the seasonal rainfall amounts in all three AERs of Zambia remaining the same, the rainy season and therefore the growing season is getting shorter. Other previous studies have drawn similar conclusions in relation to the shortening rainy season across Zambia (Hachigonta et al.,2008; Mulenga et al,2017). The shortening growing season is a call for policy makers and other stakeholders to proactively empower farmers with skills in improved farm management practices in relation to crop choices and varieties that maximize yields and minimize losses.

Figures 31 and 32 show that in the first part of the study period, until around 2009/10 the trend in the number of rainy days in a rainy season was positive coinciding with the period of positive trend in mean annual precipitation. These trends reversed from 2009/10 to 2019 (figure 32).  The second decade results shows that the number of rainy days decreased compared to 1981-1990 and similarly the mean annual rainfall was also comparatively lower. The decrease in rainy days suggests that it is becoming dry over Mongu because of the decrease in the mean precipitation and rainy days (Figure 34). The last two decades 2001-2019 shows a decrease in rain days with fluctuations in some years and similarly the mean annual rainfall was found higher in years 2006, 2007 and 2010 which then decreased to 2014 and again was observed to be higher in 2016. Overall, the lowest amount of mean annual precipitation was in 2018 while the least rainy days were observed in the years 1993 and 2012 (Figures 35 and 36). 
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Figure 36: The relationship between mean annual precipitation and rainy season length, averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for 39 years (1981 – 2019)
Having analysed the key changes and trends in rainfall during the period under study, the table below is a summary of these changes and trends.
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6.3.4 Summary of Key Changes and Trends 
Table 7 Summary of Key Changes and Trends 6.3.4
	Rainfall Indices 
	Climatic data 
	Description 

	Rainy season onset 
	Forward trends towards late onset: Sen’s Slope=0.19 P-Value=0.1. 
	Rainfall starts shifting towards December from November 

	Rainfall distribution
	Climatic data points to increased rainfall intensity-increase in CWD. Study period experienced an increase of maximum daily rainfall of 6.6mm. Highest increase during the last 20 years (2000-2019). However, these changes were insignificant-Value=0.45. 
	Rainfall season concentration between 3 months opposed to being spread through the normal 5. A shift from 180 days season to 120 days

	Rainy season duration 
	Climatic data points to an insignificant trend towards a shortening RSL: Sen’s slope=-0.25 P-Value=0.1. Combination of late onset and early withdrew translates into a shorter RSL. Majority of years during study period indicate normal RSL. 
	Minor changes towards a narrowing rainy season compounded with more intense rains. By implication the growing season has decreased in line with late onset and early withdraw

	Consecutive Wet Days 
	Climatic data points to an increase in wet days-Mann Kendall trend test shows 95% increase in wet days. Mann Kendall shows decrease in dry days. Increased wet days coincide with an increasing rainfall intensity during the study period
	Consecutive wet days have been an increase-that is rainy days with rainfall amounts more than 1mm have been on the increase

	Total Annual Rainfall 
	During the study period (1981-2019) rainfall increased at an annual rate of ~5 mm/year (P-Value = 0.01. The last decade (2000-19) experienced a negative trend at an annual rate of ~2.7mm/year abet insignificant P-Value=0.97. 
	Total annual rainfall has remained the same during the study period with insignificant changes of a receding trend during the period 2000-2019

	Rain season Cessation 
	Negative trends towards early withdraw: Sen’s Slope=-0.06 P-Value 0.5

	The rains have been withdrawing early from the previous of April to March and late February 




6.5.0 Discussion
The main objective of this chapter was to investigate rainfall characteristics over Mongu in Western Zambia to assess for changes and trends in rainfall over the study period. The findings indicate that there is a positive trend in long-term annual rainfall. However, this study finds out a negative (albeit insignificant) trend in last two decades 2000-2019. Similarly, a study by Makondo and Thomas (2020) in AERII concluded reduction in number of wet days and concluded a shortening of the rainy season.  The current study also finds a shortening of the rainy season, and a positive trend in the number of wet days within the rainy season over the entire period, but with some evidence of a reversal of the trend in the final decade (from 2009/10 onwards). This study points to an early cessation as also observed by Makondo and Thomas (2020). This study reveals a decadal-scale variability in the annual mean precipitation, with positive trends to a period of increased mean precipitation in the period 2000-2010, and negative trends after that agreeing with the findings of Linbanda et al. (2020) and Biggie and Mubanga (2022). This period of increased mean annual precipitation was also reported by Libanda et al. (2020) and revealed by Makondo and Thomas. The finding of this study, however, are inconsistent with the results by Libanda et al. (2020) which concluded a decrease in the amount of rainfall based on satellite based daily data which were compared with data from 35 meteorological stations between 1960-2016. This study on the contrary reveals an increase in the amount of annual rainfall compared to assertions by Libanda et al., (2020). 

The key findings of this study suggest that while long-term mean annual rainfall was observed to have a positive trend (fig 30), RSL exhibited a negative trend (fig 34).  Although this trend is insignificant, it is a result of significant trends in start date (later) and end date (earlier) of the rainy season. The same shortening in the rainy season length was also observed in Makonda and Thomas (2020) and in the study conducted by Libanda et al. (2020). Interestingly, this study also finds an increase in the total number of wet days within a rainy season. This suggests that despite the shortening of the rainy season, within each rainy season there are a greater number of rain days. The result also suggests that more rainfall is now being received within a short period hence with higher intensity that is also corroborates with results of the maximum daily precipitation that showed positive trend although the results were insignificant. However, the impact of intense rainfall over a short period can have serious consequences for people and their livelihoods (Levy et al., 2016). 

When this was explored further, it was observed that there is a general increase in annual maximum daily precipitation, especially in the last 20 years, although this increase was statistically insignificant (Figure 25).  Therefore, the increase in annual precipitation is likely a combination of more rain days, with a potential contribution from more intense rainfall, i.e., more frequent and intense rainfall (IPCC, 2022). The findings of this study are consistent with global outlook that concludes that there had been an increase in the number of heavy precipitation events (95 percentile) across many regions of the world (Lehmann et al., 2016; Mukherjee et al., 2018; IPCC, 2022). Research argues that the observed increase in extreme precipitation events is associated with climate change at the global scale (Fischer and Knutt, 2016; Sun et al., 2021). Extreme rainfall events damage/erode topsoil structure and highly reduces soil permeability, translating into poor agricultural yields for the rural majority who depend on rain-fed agriculture for their livelihoods (Burt et al., 2016; Han et al., 2020).

According to the IPPC (2022-Chapter11; Section 11.4.2), evidence indicates that there has been an increase in daily precipitation during the latter half of the 20th Century dependent on data availability. The IPCC (2022) forwards that several gauge stations show significant increases in extreme daily precipitation than decreases. Fowler et al. (2021) forward that rainfall intensification can cause severe disruptions to livelihoods and damage communities. Wainright et al. (2020) report that for example, during October to December rainy 2019, the rainy season over East Africa was the wettest on record with many locations experiencing widespread flooding. Wainright et al. (2020) forward the rainfall amount received were double the climatological rainfall. Similarly, Kruger et al. (2019) indicate that Southern Africa has experienced an increase in extreme precipitation events.  According to Mungambiwa et al. (2021) and Balgah et al. (2023), flash floods are due to extreme intense rainfall that results in hundreds of millimetres within few hours or days. 

The impact of flash floods on human life and, economic terms, can be devastating (Velasco et al., 2013). This is especially concerning considering that Mongu features several floodplains such as the Barotse and Zambezi. These floodplains are considered among Africa’s most significant wetlands (LUCN, 2003). Therefore, the increase in precipitation intensity and rain days within a rainy season over Mongu is a threat to agriculture and a threat to lives. For instance, in 2009, 1000 households were displaced in Mongu due to floods that also caused significant agricultural and infrastructural damage, with 65% of upland and 80% of floodplain crops lost to extreme precipitation events (DREF, 2009). In 2011, it was reported that 78,000 people were affected by floods in Mongu, with 60% being women and children (LT, 2011). Therefore, the observed increase in precipitation intensity must require monitoring with a particular focus placed on bettering forecasting facilities, establishing early warning systems and overall disaster preparedness.

The following section brings together local observations and scientific data to highlight areas of agreement and disagreement in relation to rainfall patterns and trends. 

Space left to fit in next section -6.5.1












6.5.1 [bookmark: _Hlk123062244]Merging Science with Local Observations 
Table below is a descriptive comparison of the rainfall indices explored from local people versus climatological data. 
[bookmark: _Hlk123040621][bookmark: _Hlk142638844]Table 8 Summary of agreements and divergences between climatic data and local observations.    
	Rainfall Indices 
	Climatic data 
	Local observations 
	Description 

	Rainy season onset 
	Forward trends towards late onset: Sen’s Slope=0.19 P-Value=0.1. Section 6.3.3
	Narratives of late onset towards late November/Early December. Sections 5.3.1-5.3.3 
	Climatic data and local observations agreement-insignificant differences in relation to actual start dates

	Rainfall Intensity  
	Climatic data points to increased rainfall intensity-increase in CWD. Study period experienced an increase of maximum daily rainfall of 6.6mm. Highest increase during the last 20 years (2000-2019). However, these changes were insignificant P-Value=0.45. Section 6.3.1
	Local observations suggested “a lot of rainy falling within a few days- not giving a chance to tend to our fields”. Narratives suggested that due to late onset most of the rainfall concentrate between December to end of February/early March. Sections 5.3.1-5.3.4  
	General agreement between local observations and scientific observations in relation to rainfall intensity. Scientific data points to rainfall intensity also observed by local people   

	Rainy season Length 
	Climatic data points to an insignificant trend towards a shortening RSL: Sen’s slope=-0.25 P-Value=0.1. Combination of late onset and early withdrew translates into a shorter RSL. Majority of years during study period indicate normal RSL. Section 6.3.3
	Local observations point to a shorter RSL. Narratives of late onset and early withdrew combine to reinforce local observations. Section 5.3.4  
	Broad agreement in relation to RSL between the science and local observations. However, divergence to the extent of the changes/trends. Science points to insignificant changes as evidenced that majority of years fell under normal RSL. Local narratives suggest a significant trends towards a shorter RSL.   

	Consecutive Wet and Dry  Days 
	Climatic data points to an increase in wet days-Mann Kendall trend test shows 95% increase in wet days. Mann Kendall shows decrease in dry days. Increased wet days coincide with an increasing rainfall intensity during the study period. Section 6.3.1 
	Local observations point to more dry days /prolonged and frequent dry spells. Section 5.3.5
	Clear and obvious differences between science and local observations. The differences in opinion maybe situated in the way local people perceive/ referenced “dry spells or drought”. 

	Total  Annual Rainfall 
	During the study period (1981-2019) rainfall increased at an annual rate of ~5 mm/year (P-Value = 0.01. The last decade (2000-19) experienced a negative trend at an annual rate of ~2.7mm/year abet insignificant P-Value=0.97. Section 6.3.2
	Sweeping narratives of decreasing total annual rainfall enveloped in the term “not enough rainfall to grow our crops”.  Section 5.3.1-5.3.4  
	Divergences between the two findings-local observations interwoven with conflated themes of late onset, early withdrew and RSL. Differences situated in measures of assessing total rainfall    

	Rain season Cessation 
	Negative trends towards early withdraw: Sen’s Slope=-0.06 P-Value 0.5
Section 6.3.3
	Local observations of early withdraw of the rains coinciding with late onset-resulting into short rainy seasons. Sections 5.3.1-5.3.4
	Scientific analysis and local observations corroborate in relation to rainy season cessation  


The rainfall data analysed in this study to points divergences and convergences with local people’s observations. Convergence or agreement is observed in the onset, cessation and rainy season length as shown Sen’s slope. Sen’s slope =0.19 and P value -0.1 points to a positive trend in the onset of rains (i.e. later onset). In relation to cessation of the rainy season Sen’s slope (=0.06, P-Value=0.5) suggests a negative trend which ordinarily mean that the rainy season stops early. The combined effect of late onset and early cessation of the rainy season translates in a shorter rainy season (Amekudzi et al., 2015). Drawing from the foregoing, the scientific climatic data used in this study affirms people’s observations that the rainy seasons during the study period have been starting late and withdrawing early. As demonstrated in section 6.3.3 of this chapter, rainy season onset showed a positive trend-that is a forward shift of start of the rainy season with climatic data pointing November (Sen’s slope =0.19 and P-value=0.1) and a negative trend with Sen’s Slope =-0.06 and P-Value=0.5. Chapter 5 under sections 5.3.1-5.3.4 demonstrated from the local perspective narratives of late onset and early withdraw of the rains. Local observations appeared to suggest that onset of the rainy season shifted towards late November/early December. Whereas scientific data points to precise starts of between 14-21 Novembers as start dates, interviewees were unable to cite precise starts.
These insignificant grainy differences in start dates, in my view lie in the fact that scientific approaches apply precise and objective approaches that measure actual start dates. Scientific approaches often has set standards and homogenous instruments that can be applied at a global scale and largely replicate similar observations (Panini, 2005).   On the hand, people make subjective and broad judgements based on historical observations of their local environment. This can be seen in remarks/narratives such as such, “In the old days, we could tell if the rains are coming and when to go to the fields by looking at the position of the moon. Our forefathers told us they could smell the rains months ahead”. This statements symbolises the subject nature and the framing of rainfall patterns based on historical narratives passed on through generations. Subjective and historical narratives can suffer from uncertainty due the none existence of standards of measure that reproduce similar results when applied in different part of the world (Panini,2005) .Another interesting observation drawn from this study, descriptions of onset varied between and within study site and while others were based on livelihood activity. For instance, subsistence farmers in Nanikelako defined onset as “when green pastures appeared on the flood plain” (section 5.3.2).
Seen from this angle, it is my view the description of onset reflected pastoralism as the dominant activity in the area. Pastoralism is closely linked to the seasonal flood season-flood bring water and green pastures for people and their animals. This seasonality also influences the annual migration of people and their livestock from the flood plain to the higher ground. It goes therefore that the presence of flood water and emergence of green pastures maybe seen by pastoralists as a sign of the rainy season onset. In Lealui and Sefula on the other hand, onset appeared to be largely framed around the appearance of wild vegetables and wildlife in the local forests. For example, the presence of seasonal mushroom, fruits and wildlife such as caterpillars were symbolic of rainy season onset. Similar studies have demonstrated how local people have used their traditional knowledge in terms such as “signs of weather” to predict the rainy season (Bolliat and Berkes, 2013). Roncoli et al. (2002) in their study demonstrated how local people relied on the fruit production of certain trees to assess rainy season onset. Radney et al. (2019) document in their studies in East Africa (Uganda, Kenya & Ethiopia) how local people applied a mix of meteorological, astrological and biological indicators to describe and predict their local weather. 
Citing Goldman (2018) and Owen (2020), these fine grainy differences lie in the lenses of inquiry and the complex interrelations between science and local observations both from an epistemological and ontology level-the perception, interpretation and understanding of a same phenomenon using different approaches. Savo et al. (2016) in their large-scale meta-analysis climate change observed by subsistence farmers in 137 countries between 1955-2005, found that climatic ensembles were unable to capture local observations.         
The rainy season length or duration is influenced by the onset and cessation of the rains; however, the RSL is not essential for the assessment of climatic change but critical for the determining the growing season (HarvestChoice; Makondo and Thompson, 2019). The data analysis in this study points to an insignificant negative trend in rainy season length (Sen’s slope=-0.25, p-Value-0.1-Section 6.3.3). However, people’s narratives contrasts with scientific data with local narratives portraying a picture of an impactful shortening rainy season length (section 5.3.4). Local people suggested an onset that has shifted towards late November/early December and a withdraw of end of February/early March. However, scientific data indicates during the study period that abet insignificant forward shifts of onset, most of the years fell under normal withdrew. In the broader context, however, the data points an increasing trend of late onset and a decreasing (early) cessation that can attributed to people’s perception of a shortening RSL and thereof of the growing season. Based on the foregoing, I argue that it is plausible that people will report significant changes in rainy season length when data indicates the opposite because changes in RSL impact the growing season and crucially people’s harvest. It is possible the local people may conflate RSL with other factors that affect their harvest and thereof of their perception of RSL. 
Savo et al. (2016) forward that soil moisture can simulate and acerbate conditions of drying observed by local people. Changes in temperatures can also affect crop yields in the similar ways that shifts in rainfall can (Savo et al., 2016). The analysed data in this study points to an upward trend in winter and summer temperature (section 7.4.6 & 7.6.0), both MM and MMK tests affirm this trend. It’s this combination of shifting rainfall patterns and up trends in my view combine reinforce people’s perceptions of significant changes in RSL. Although shifts in the RSL do not always often translate into proportional changes in MAP, correlations between the two have previously to be found strong (Laux et al., 2008; Amekudzi et al.,2010).  No association was found in this study, which may relate to the increase in the number of rain days within the rainy season identified.
Other divergences or overlaps between rainfall data and people’s observations are related to perceived decline in the total annual rainfall received. Based on the analysed data as demonstrated in figure 24, Mongu recorded an increase in daily precipitation intensity of 0.06mm per year. However, this positive trend appears to reverse in the 2009/10. Even though this increase is insignificant, it contradicts people’s perceptions of decline in observed MAP (Section 6.3.2).  The turning of 2009/10 corroborates with the finding of Maidment et al. (2015). Maidment et al. (2015) observed that rainfall trends in Southern Africa where Zambia is located experiencing an increasing trend from 1983 to 2008. However, the contradictions in findings between local observations and climatic data can attributed to differences in perception between the two lenses of inquiry as observed in discussions above. Climatic trends indicate the period 2000-2019 recorded MAP of 982.2mm compared the longer term of 924.1mm during the 1981-2019. This inconsistence or divergence can partly be explained by the fact that most of the study participants were unable to recall long rainfall historical events. Indeed, there were ambiguities and at sometimes conflation in the narratives as to whether some people referred to historical climatic events as normal seasonal variabilities or trends. As observed in sections 5.3.1-5.3.4, local people were unable to make differences between a dry spell and a drought. Their use of the term “linanga” (drought) was collectively used to refer to “the lack of rain”. The rainfall data of this study relates to period between 1980 and 2019 (39 years), however, some of the people’s observations or memory of recall of climatic events were related to a much longer periods and in some cases shorter periods (5.3.5). It also is equally plausible that people’s observations at the local scale were not captured in this data as studies in different parts of the world have proved (Savo et al, 2016). 
Research shows that there are often strong and significant overlaps between local narratives on ecological changes and climatic data generated using complex scientific methods (Bolliat and Berkes, 2013; Alexander et al., 2011; Klein et al., 2014; Bremer and Meisch, 2017). Local knowledge can provide great insights into the extent, impacts of shifting local climatic conditions and contextualise these on the human landscape (Alexander et al., 2011). Klein et al. (2014) demonstrated how local knowledge of climate change and ecological change supported perceptions of delayed summer on the Tibetan Plateau. Engaging with herders herding livestock at higher attitudes daily they revealed changes in seasonality that indicated warming trends in the region. Krauss and Bremer (2020) posit that local narratives of change are critical to giving insight into material –semiotic evolution of specific regions and their environmental histories.  
Local narratives and scientific modelling of change with specific reference to the empirical findings of this study, I argue articulate the same phenomena but employ contrasting lenses of inquiry. I further argue that the two contrasting lenses are complementary to the narration of the same story about climate change and its interactions with rural livelihoods. Drawing from people’s narratives about changing climatic conditions in the three study areas, I am compelled to conclude that local narratives, perceptions and observations are broadly consistent with scientific findings in relation to seasonal variabilities and trends towards decreasing precipitation in the Western Province of Zambia particularly in the study areas. The language used by local people to describe certain climatic phenomena may have some ambiguities when directly applied into scientific models. However, “narratives situate events in a certain place and time, thus shifting attention from the scientific abstraction of climate to the changes of weather and seasons as the materialisation of climate change in a discrete episode” (Krauss and Bremer, 2020 P.3). Similar differences in observation, perception and interpretation of climatic events are explored and discussed in section 7.8.0(temperature analysis).      
The changes and trends in rainfall based on the both climatological data analysed and empirical findings from interviewees of this study are broadly consistent with similar other   studies in different parts of Zambia have found shifting rainfall patterns but crucially for the Western province of Zambia (Gannon et al., 2014; Met-Office Zambia, 2018; Mulenga et al, 2017; Makondo and Thompson e al., 2020; Musonda et al., 2020). Similar studies across Zambia offer evidence of shorter rainy seasons and increasingly less predictable rainfall patterns (Kaluba et al., 2017; Libanda and Ngonga, 2018; Libanda et al., 2020). These studies suggest indicators of climate change in Zambia; pointing to variable rainfall seasons that are increasingly getting shorter, erratic, uneven, and less predictable over the last 30 years (GRZ et al., 2007; (Mubaya et al., 2012; Mulenga et al.,2018). Ngoma et al. (2019). Nyirenda and Sachikumba add that between 1976 and 2016, Zambia had recorded a rainfall declined of 1.9mm per decade. Several other studies have predicted decreasing rainfall patterns across most parts of Zambia (Lekprichakul, 2008; Libanda et al., 2020).
[bookmark: _Hlk123062348]6.6.0 Conclusion
This study has demonstrated a general increase in long-term mean annual precipitation over Mongu, although, in the recent 20 years (2000 – 2019) a decrease has been observed, RSL has exhibited a negative trend, with rainy seasons generally starting late and withdrawing earlier. Daily precipitation intensity was generally increasing during the study period. The findings also indicate that the number of wet days increased although at an insignificant rate. The increase in wet days links with increased rainfall intensity despite a decrease in the rainy season duration (RSL). The study areas are characterised by high seasonal rainfall variability that directly affects agricultural crop yield and production. The rainfall was an upward trend while the number of rainy days declined with a turning point in 2009/10 as indicated above. Rainfall changes and trends in the study areas are influenced by larger scale changes beyond the scope of this study. 

The study reveals that rainfall onset occurs at around 14th November while cessation happens at around 20th March. Generally, the study results reveal an increasing rain season onset trend and a decreasing cessation trend that means a decrease in the rainy season (and the growing season). These changes can be linked to the changing climate in the study region which is also observed in other areas of Zambia (Mulenga et al., 2017; Biggie and Mubanga, 2022). Therefore, there is a need to educate and empower farmers on these changes and trends-particularity in relation types of crops to grow based on the future rainfall characteristics. The findings of this study argue for a realignment of climate monitoring and forecasting systems not just at the national but also at local scales. Critically there is a need for enhanced and locally conceived adaptation strategies in rural settings where majority of people subsist on rain-driven agriculture for their livelihoods.

This study in general and this chapter brings together or coalesces into a two epistemological and ontological investigation of climate change. Yeh(2016) argues that local/traditional knowledge does not exist to be disproved or confirmed by science but rather its place in knowledge co-production is situated in its contribution to climate change debates. The experience of local people framed as narratives in this study (chapter 5) “should be taken as a non-negotiable starting point for the understanding from a multi-perspective of ‘human dimension of global climate change ‘(Yeh, 2016. P.3). As demonstrated chapter 5, local people gave valuable insight into their everyday interactions with the physical environment and how with time it has been changing. Their epistemological and ontological lenses may be different from a scientific lens, however, the rainfall changes described or narrated by local people in many ways fits into the climatic data analysed in chapter 6.     

Berkes et al. (2021) forwards that local people’s knowledge is a combination of valid observations and beliefs with no basis of reality. However, they possess valuable understanding of the working of their environment or natural world acquired/transmitted through generations. Some of the knowledge is acquired through their day-to-day pursuit of their livelihoods. Chapter 5 demonstrated how local people understood for example onset of the rainy season through the observations of appearance of the wildlife and were able to predict a ‘false start’ of the rainy season. These observations were to a large extent valid and affirmed through generations which then shaped the planning of their agricultural activities. With marginal or insignificant differences, this chapter has demonstrated that local observations and scientific methods are complementary. In many regions of the world, climate change will be experienced through shifts in rainfall and temperatures. The next chapter (7) explores temperatures changes and trends over Mongu.  
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Chapter 7: Recent near-surface temperature trends over Mongu Western Zambia
7.0.0 Introduction 
Current and projected increases in global temperatures will have significant and adverse impacts on both human and natural systems (IPCC, 2014; 2022-Chapters 1; Munday and Washington, 2019). Since the IPCC 5th Assessment Report multiple, consistent, concurrent changes in the physical systems have become more visible; rising sea levels, loss of sea ice volume, increasing global temperatures and shifts in precipitation patterns (IPCC, 2022). Under global warming, the spatial-temporal distribution of temperature is projected to change (IPCC; 2014; 2022; Neukom et al., 2019) with impacts on human activities and ecosystems (Jacob et al., 2018; IPCC, 2022). From the observations and projections, many regions of Africa will experience increasing temperatures; temperatures will become hotter and longer heat waves more than 300 days per year (reference needed). The projections point to frequent hot days and nights with decreasing cold days (Shukla et al., 2019; Kraemer et al., 2021; IPCC, 2022). Increasing temperatures also increase the probability of droughts as increase in temperature rise the rate of evapotranspiration (Spinoni et al 2015; Nauman et al., 2018). In this study, the temperature trends over Mongu in western Zambia are assessed based on the European Centre for Medium Range Weather Forecasting (ECMWF) ERA5 products using the temporal temperature data records from 1981 to 2019. This study focusses on monthly and seasonal mean temperatures because mean temperatures can exert stress on human life and livelihoods (Lin, 2011). This analysis of monthly and seasonal temperatures is continuation of the precipitation analysis as set out in earlier in this paper. This is critical as climate change has a direct influence on two ingredients of agricultural production, that is rainfall and temperature (Phillips et al.,2014). Any changes in these rainfall and temperature can translate into severe repercussions for rural livelihoods due to the reliance on agricultural production (IPPC,2007b). 
The aim of the chapter is to analyse the temperature trends in Mongu in Western Zambia (Barotseland) using Mann-Kendall and Modified Mann-Kendall trend test. In order to quantify the magnitude of trend over Zambia, the Sen’s Slope estimator is applied. The temperatures are assessed over the long-term period of 1981-2019 (40 years) against the short-term period of 2000-2019(20 years) to determine if these trends are indicative of climate change or climatic variabilities. Within this analysis, the study aims at identifying whether there are convergences or divergences between local narratives and scientific observations.   
[bookmark: _Hlk123062436]7.1.0 Objectives:
1) To outline the seasonal cycle of temperatures in Mongu and to determine whether temperature increases are evident in the seasonal cycle over the analysed period. 
2) To analyse trends in monthly, annual mean and seasonal (winter and summer) temperatures. 
3) Building on objectives 1 and 2, to compare local people’s observations to determine whether trends and changes are evident. 
The three objectives above align with the aim and objectives of this study as set out in chapter 4. Temperature indices are central to the determination of climate change; and therefore, seasonal cycles and long-term temperature changes have an impact on people’s livelihoods.  
This chapter consists of two sections. The first section focusses on empirical quantitative analysis of temperature as set in the objectives above. The first section starts by citing the source of the data that employed to analyse temperature in the study areas. This followed by a discussion of the methods (Mann Kendal and Modified Mann Kendal Tests) used in analysing the trends. Subsequently, the section goes on to present the results of the analysis by exploring monthly temperature cycles and temperature distributions for the study period. In presenting the results, the section highlights the distribution of annual temperature and assess trends in mean annual temperatures. Following the presentation of the results, the section then examines the annual rate of change of temperatures using Sen’s Slope Estimator. This section concludes with a discussion of the results and findings of the temperature analysis.         
The second section builds from the above through the exploration of local people’s views in relation to temperature trends. Here I explore local people’s observations, perceptions and interpretations of temperature in the study areas during the study period. In this section, I also assess local people’s view in relation to summer and winter temperatures. The section then coalesces/merges science with people’s views by bringing together areas on convergence; that is areas where scientific data agrees with local observations in relation to temperature trends. The section also brings to discussion areas of divergence; that is where scientific data and local observations ran parallel or disagree in relation to temperature trends. The preceding discussion leads to epistemological and ontological dualism; science versus indigenous/local knowledge. Working from fundamental different “worldviews”, science and indigenous/local knowledge will often arrive at different conclusions to the same question. However, in my view, this does not suggest that science or indigenous knowledge is superior to the other. In view of the foregoing, this section also explores how indigenous/local knowledge and science can be integrated. 
[bookmark: _Hlk123062456]7.2.0 Data Sources
The temperature data used in this study was retrieved from the Physical Sciences Laboratory of the European Centre for Medium Range Weather Forecasting (ECMWF) (ERA5; https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5.). It is available from the period 1979 onward and gridded at a resolution of 31km by 31km (Hersbach et al., 2020). Lealui is 22Kms from Mongu; Sefula is 16Kms and Nanikelako is 17Kms. This dataset is of high quality and is widely used in climate studies around the globe (Muñoz-Sabater et al., 2021; Yao et al., 2021; Zhu et al., 2021). For downloading the data, a grid box on Mongu was overlaid and data for the selected area was downloaded. Reanalysis data was chosen for this analysis, as the data is publicly available. This temperature data variable was at 2-meter deep measurement. The mapping of temperature at 2 meter deep below the earth’s surface constitutes a valid geothermal exploration tool (Coolbaugh et al ,2007). Coolbaugh et al (2007), argue that at depths of more than 1 meter, temperature variations influenced by the 24-hour solar radiation cycle are almost eliminated. From research, it appeared Mongu has not had regular local station data available before 2006. Therefore, in this study the above-mentioned grid data was used for the period of 1981-2019. This period was picked to fit with the available precipitation data analysed in this chapter.
[bookmark: _Hlk123062476]7.3.0 Methods
7.3.1 Mann-Kendall and Modified Mann-Kendall
To calculate the trend Mann-Kendall and Modified Mann-Kendall trend tests were applied in this study. The MK trend test was first applied and proposed by Mann (1945). The Modified Mann-Kendall trend test introduced by Hamed and Rao (1998) is also used in this study in order to determine the significant trend in the time series data. Both MK and MMK trend tests are based on two predefined hypotheses i.e., if the p value is greater than 0.05 at 95% significance level this means that no significant trend exists in time series data and if the p value is less than the significant 0.05 at 95% significance level this means that there is a significant trend in the time series data. The value of Kendall's Tau determines whether the temperature trend is upward or downward. The positive Kendall’s Tau indicates upward temperature trend while the negative Kendall's Tau value indicates downward temperature trend. The Sen’s Slope value determine the trend magnitude in ℃/annum.
[bookmark: _Hlk123062493]7.4.0 Results
7.4.1 Monthly Cycle of Temperatures  	
One of the most significant current discussions relates to the impacts of anthropogenic (human-induced) on temperature change and studies pertaining to temperature variations are at the centre of these dialogues (IPCC,2014;2022; Tabari,2020). To address the objective one, the annual cycle of temperatures in the gridbox overlying Mongu were calculated (Figure 37; Table 9). This section focuses on monthly temperature variation in Mongu in Western Zambia. The temperature varies over months and seasonally in line with seasonal climatic conditions of Zambia (Libanda et al., 2020). Similarly, the variation in temperature is also not the same over months and seasons therefore, monthly as well as seasonal temperature data is analysed.
Table 9 shows the minimum, maximum, mean, standard deviation and variation coefficient of temperature at monthly, annual and seasonal interval. The highest monthly temperature occurs in October (with annual mean 27.20 ℃) and the lowest occurs in month of July (with annual mean temperature 18.95 ℃). Similarly, the highest variation in monthly temperature during the study period 1981-2019 was observed in October in both standard deviation and variation coefficient results while the lowest variation was observed in January.  
Figure 37 shows that during October, a month of maximum insolation receives, where the highest temperature of 27.7°C recorded and the lowest of 19.9°C is recorded in in July. An ‘S’ like shape in mean monthly temperature is observed as shown in figure 37 and same is reported in earlier studies over Zambia (Libanda et al., 2020), was also found over Mongu.  Specifically, Mongu was found to be characterised by total annual average temperature ~21.8°C (average temperature 1981-2019), which is lowest 19.9 °C in month of July, gradually beginning to rise at the beginning of August, reaching their peak of 27.7°C in month of October before steadily dropping to medium temperatures of ~22°C in December.
[bookmark: _Hlk123040687]Table 9: Monthly, annual and seasonal statistical analysis of temperature over Mongu
	Period
	Minimum
	Maximum
	Mean
	Standard deviation
	Variation coefficient (%)

	Jan
	22.16
	24.46
	23.04
	0.52
	2.25

	Feb
	21.85
	24.58
	23.09
	0.69
	2.99

	Mar
	22.16
	25.11
	23.30
	0.70
	2.99

	Apr
	21.94
	24.36
	23.22
	0.62
	2.67

	May
	19.72
	22.95
	21.58
	0.70
	3.22

	Jun
	17.49
	20.47
	19.18
	0.79
	4.14

	Jul
	17.62
	20.84
	18.95
	0.67
	3.56

	Aug
	20.48
	24.00
	22.21
	0.83
	3.74

	Sep
	23.81
	27.34
	26.09
	0.80
	3.05

	Oct
	24.12
	29.97
	27.20
	1.21
	4.46

	Nov
	22.91
	27.41
	24.94
	1.03
	4.14

	Dec
	22.12
	25.08
	23.37
	0.69
	2.97

	Annual
	22.14
	23.77
	23.01
	0.42
	1.83

	Winter
	17.56
	20.13
	19.06
	0.64
	3.33

	Summer
	24.44
	27.69
	26.08
	0.75
	2.87
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Figure 37: The annual cycle of mean monthly temperature (°C) over Mongu, averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for a 20-year period (2000 – 2019)
[bookmark: _Hlk123062512]7.4.2 Temperature Distributions for 1981-1999 and 2000-2019
To determine whether changes to the seasonal temperature cycle are evident, the seasonal cycle for first and second 20 years of the overall data period are calculated (Figure 38). The blue line shows the monthly average temperature over the period 1981-2019 while the green line represents the monthly average temperature of the period 1981-1999 whereas the orange line represents the mean monthly temperature during 2000-2019. It is evident from the results of figure 38 that the temperature is comparatively higher during the last two decades (2000-2019) compared to the first two decades (1981-1999) and to overall average temperature during the study period (1981-2019). The highest variation is observed in October where the 2000-2019 temperature is almost 0.08 ℃ higher than the 1981-2019 period average temperature, and it is 1.4 ℃ higher than the October average temperature of the 1981-1999 period.



Figure 38: Mean Monthly Temperature distribution for 1981-2019, 1981-1999 and for 2000-2019.                                                                                                                                                                            
It is evident from the figure 38 that there have been temperature increases over Mongu. The of months January, April, May, November and December showed in change in average temperature of the three temporal period as shown in figure 38. The 1981-1999 and 1981-2019 average temperature of March was higher as compared to the average temperature of the period 2000-2019. It showed that the temperature in March is comparatively lower than the previous two decades temperature (1981-1999). This temperature rise is observed in the June, July, September and October months where the last two decades average temperature (2000-2019) is much higher than the average temperature of 1981-1999. These findings corroborate with similar findings that average temperature are increasing in Zambia (Mulenga et al.2017). Libanda et al. (2020) in their study demonstrated that summer temperatures have been increasing at a rate of 0.01⁰C per year which fits into the evidence of this analysis as analysed above. Mulenga et al. (2017) in their study evidenced decadal temperature increases from 0.056⁰ C to 0.60⁰C between 2000-2009 in agro-ecological zone IIb on which the study areas lie. A similar study by Chabala et al. (2013) agro- area IIb found an increasing trend in both maximum and minimum temperatures. Chabala et al. (2013) used a large data and covering a large area. However, the results of their study fit in the finds of this study. Chabala et al. (2013) analysed data from 1940 to 2010 with their study finding that the most significant temperature was from the 2000s. 
[bookmark: _Hlk123062531]7.4.3 Distribution of mean annual temperatures.
To determine whether the median annual temperatures between the 1981-and second half of the record are significant, the Mann-Whitney U-test is applied and the results indicates that this change is not statistically significant (Mann-Whitney U test: U = 289, Test statistic = 289, p-value = 0.039; Reject the Null hypothesis of equal distributions). The Mann-Whitney U-test results are table 10 below. This observation agrees with several studies that have documented that temperature is generally increasing over Zambia and across the southern African region (see for example Jury, 2013; Conway et al., 2004; Chabala et al.,2013; Libanda et al., 2020).
In this study, the Mann-Whitney U test was applied to each month, annual, and seasonal scale to compare the temperature distribution from 1981-1999 and 2000 to 2019. The results showed that temperature in January and February months are increasing but the results were insignificant. Similarly, the months March and April showed a decrease in temperature with insignificant results. The Mann-Whitney U test results for the months May, June, July and August showed insignificant increase in temperature while the months September and October recorded significant increase in temperature where the p-value was less than the threshold 0.05. November showed insignificant increase while December month recorded an insignificant decrease in the amount of temperature. 
The Mann Whitney U test was also applied on annual, winter and summer season average temperature. The annual average temperature for the time period 1981-1999 was 17.24 ℃ while the average annual temperature recorded during 2000-2019 was 24.95. The annual temperature showed significant results where the p-value was recorded 0.039 which was less than the threshold p-value of 0.05 (Table 9). Similarly, the Mann-Whitney U test was also applied to the winter season temperature where the average temperature during 1981-1999 was 16.42 ℃ while this was 23.4 ℃ average temperature during 2000-2019. The winter season temperature showed an increase but according to Mann Whitney U test results this increase was insignificant, and the p-value was close to 0.05 threshold level. The Mann Whitney U test results for the summer season showed that during 1981-1999 the average temperature was 19.79 ℃ which was 24.95 ℃ in 2000-2019. The results showed a significant increase in summer season.
[bookmark: _Hlk123040722]Table 10: Mann-Whitney U Test results for Temperature 1981-2019 and 2000-2019
	Time Interval
	1981-1999 Mean
	2000-2019 Mean
	Mann-Whitney U Test
	Standardized Test Statistic
	2-tailed p-value
	Remarks

	Jan
	18.3
	21.4
	218
	0.787
	0.431
	Not Significant

	Feb
	17.53
	22.35
	237
	1.321
	0.187
	Not Significant

	Mar
	22.84
	17.3
	136
	-1.517
	0.129
	Not Significant

	Apr
	20.79
	19.25
	175
	-0.421
	0.630
	Not Significant

	May
	19.89
	20.1
	192
	0.056
	0.955
	Not Significant

	Jun
	17.84
	22.05
	231
	1.152
	0.249
	Not Significant

	Jul
	18.42
	21.5
	220
	0.843
	0.399
	Not Significant

	Aug
	16.58
	23.25
	255
	1.826
	0.068
	Not Significant

	Sep
	16.16
	23.65
	263
	2.051
	0.040
	Significant

	Oct
	23.21
	26.45
	319
	3.625
	0.000
	Significant

	Nov
	19.68
	20.3
	196
	0.169
	0.866
	Not Significant

	Dec
	22.21
	17.9
	148
	-1.18
	0.238
	Not Significant

	Annual
	17.24
	24.95
	289
	1.742
	0.039
	Significant

	Winter
	16.42
	23.4
	258
	1.911
	0.056
	Not Significant

	Summer
	19.79
	24.95
	289
	2.782
	0.005
	Significant 


[bookmark: _Hlk123062550]
7.4.4 Trends in Mean Annual Temperature
Having considered the seasonal cyclone, to address objective 2, temperature trends are now considered. 
Results (Figure 39) of the mean annual temperature (MAT) analysis indicate that during the 40-year study period (1981 - 2019), Mongu experienced a MAT of 23.01°C. Overall, MAT was found to range between 21.14 and 23.77°C. The lowest MAT i.e., 21.14 °C was recorded in 1986 while the highest (i.e., 23.77 °C) was observed in 1995. Figure 39 further indicates that based on the linear regression analysis, the trend of MAT is positive at an annual rate of 0.0166 °C which is not significant as evident from R2 value.  
[image: ]
Figure 39: Mean annual temperature over Mongu. The blue bar represents the temperature for the period 1981-2019 and the green bar shows the temperature for the period 2000-2019 

Figure 40: Mean annual temperature (MAT; °C) over Mongu (blue line), averaged over longitude 22.8° E –23.9° E and latitudes 14.8° S and 15.9° S for a 38-year period (1981 – 2019).  The dashed blue line is the linear trend.
The figure 40 indicates fluctuations in temperature over the study period. The years 1987, 1995, 2005, 2015, 2016, 2018 and 2019 is observed warm years where the average annual temperature was recorded above 23.5 ℃. Whereas the years 1981 and 1986 was the cold years where the temperature remained below 22.5 ℃ during the study period. The linear trend results showed rising temperature trend with insignificant R2 value. Similar rising temperature trend over Zambia with 0.01 ℃ annual increase was observed by Libanda et al. (2020). 
Figure 41 below presents the temperature anomalies of mean annual temperature of the period 1981-2019 over Mongu, relative to the mean of that period. Anomalies are a widely used measure of the temperature variation from its temporal mean. The positive anomalies show a high temperature in that particular from its long-term mean temperature while negative anomalies indicate low temperature from long term mean. These results show that during the study period (1981 – 2019), Mongu experienced 19 warm years and 20 cold years (defined as a year above or below 1981-2019 mean). The warm years than mean is presented in red colour while the cold years than mean is presented in blue colour in figure 41. Furthermore, it is evident from the anomalies results that all years onward from 2013 experienced higher temperature than 1981-2019 mean temperature. 
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Figure 41: Temperature anomalies over Mongu using the temporal temperature data from 1981-2019
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7.4.5 Trends in Mean Seasonal Temperature 
Figure 42 shows the seasonal temperatures over the period 1981-2019. The seasons analysed in this study are summer and winter temperature. The mean temperature for months of June, July and August are taken as winter season over Mongu while for summer season the mean temperature of September, October and November months are analysed. The latter are the months showing the greatest changes in Figure 37.  Months of September, October and November are deemed as summer because during this period the highest temperatures are recorded as demonstrated in figures 37 and 38 above.   


Figure 42: Mean Summer and Winter Temperature

Both winter and summer seasons shows fluctuations in during the study period 1981-2019. The orange line shows the summer temperature trend while the orange dash line shows the summer temperature linear trend. Similarly, the blue line shows winter temperature distribution and blue dash line shows the winter temperature linear trend. Both seasons show a positive trend. The trend in summer is higher than the winter temperature trend, which fits with the results of the seasonal cycle in Figure 37 which showed the greatest difference in October. The summer temperature observed an increase with an annual rate 0.0383℃ but the R2 shows insignificant results. This fits into Libanda et al. (2020)’s observations of summer temperatures across of 5% significance level. Similarly, the winter temperature observed an increase at an annual rate of 0.0219℃, however the increase was insignificant as the R2 is low. These trends appear to be insignificant as opposed to those analysed by MKT and MMT because of autocorrelations in time series data resulting into false trends (Hansen and Lunde,2014; Gao et al., 2019).   
[bookmark: _Hlk123062632]
7.4.6 Mean Monthly Temperature trend based on Mann-Kendall and Modified Mann-Kendall Trend Test
To address objective 2, temperature trends are now analysed. The trend in temperature was assessed using the non-parametric Mann-Kendal (MK) and Modified Mann-Kendall (MMK) trend tests technique. Both MK and MMK have been extensively used in research studies to detect the presence or absence of trend in time series data (Phuong et al., 2020; Tunde et al., 2022). The bold value in table 11 represents the existence of significant trend in the monthly, annual and seasonal temperature. The MMK results detected the significant upward trend in in the month of February that is found insignificant in the MK trend test results. Similarly, June also detected significant upward trend in MMK trend test while the same month observed insignificant trend in the MK test results (Table 11).
The seasonal, annual and monthly temperature trends, calculated over the period 1981-2019 are shown in Table 11.  Considering firstly the monthly temperature trends, the months July, August, September, and October recorded significant upward trends. The results of both MK and MMK trend tests showed upward temperature trends in all most in all months except March and December where insignificant downward trends are evident. The annual trend is significant and upward, and as are the trends in winter and summer. 




[bookmark: _Hlk123040775]Table 11: shows the temperature trend (1981-2019) using Mann-Kendall and Modified Mann-Kendall Trend test
	 
	Kendall's Tau
	MK P Value
	MMK P Value
	Sen's Slope

	January
	0.092
	0.398
	0.398
	0.006

	February
	0.171
	0.114
	0.019
	0.012

	March
	-0.008
	0.948
	0.948
	-0.001

	April
	0.064
	0.558
	0.558
	0.006

	May
	0.182
	0.091
	0.091
	0.017

	June
	0.201
	0.062
	0.004
	0.024

	July
	0.238
	0.027
	0.040
	0.020

	August
	0.257
	0.017
	0.001
	0.023

	September
	0.271
	0.012
	0.001
	0.024

	October
	0.538
	0.000
	0.000
	0.069

	November
	0.164
	0.129
	0.129
	0.023

	December
	-0.087
	0.423
	0.423
	-0.008

	Annual
	0.391
	0.000
	0.000
	0.020

	Winter
	0.257
	0.017
	0.000
	0.023

	Summer
	0.475
	0.000
	0.000
	0.040


Note: The bold MKT, MMKT P values and Spearman’s Rho Z value indicates the existence of significant trend 
[bookmark: _Hlk123062651]7.5.0 Sen’s Slope Estimator and Temperature Trend Magnitude
The Sen’s Slope gives the magnitude of the temperature trend, and the unit is ℃/year. Analysing the monthly Sen’s Slope (SS) results, the highest trend magnitude was observed in October (0.069℃/year) followed by September and June with SS value 0.040℃/year which means that the temperature in these months is getting higher with this observed slope magnitude. The negative trend magnitude was in March (-0.001℃/year) and December (-0.008℃/year) which means that in these two months the temperature is decreasing, although as stated above these trends are insignificant. 
The annual and seasonal temperature trend magnitude was also assessed using the SS approach. The results revealed that the annual temperature is rising at the rate of 0.020℃/year slope magnitude. Similarly, the seasonal temperature shows that the temperature trend magnitude is higher in summer (0.040℃/year) than winter (0.023℃/year). This means that the warming is much higher in summer than winter over Mongu.
[bookmark: _Hlk156662066]Summary of Key Temperature Trends and Changes 
[bookmark: _Hlk148349915][bookmark: _Hlk154658207]The table 12- is summary of the key trends in temperatures during the study period. The table indicates both summer and winter temperatures point warming.
	Temperature Indices 
	Trends

	Temperature Distribution 
	Highest temperature increases during the period 2000-2019. Highest increases during the months of January, April, May, November and December 

	Summer and Winter Temperatures 
	Both summer and winter temperature on a positive trend with the month of September and October showing significant trends. Summer trends indicate an increase of 0.0383⁰C. Winter temperatures show an insignificant upward trend of p-value=0.05-with an annual increase of 0.0219⁰C

	All the years from 2013 indicate trends of an upward trend with mean temperature of 0.166⁰C



Summary of Key Temperature Trends and Changes 
[bookmark: _Hlk148349992]The table 13-below provides a Summary of key difference between science and local observations in relation to temperature trends. The temperature indices have been summarised as summer and winter temperature as the key questions in this analysis were based on seasonal basis rather broken to specific indexes such as daytime temperature, night temperature, hottest time of the day and so on. 



	Temperature Indices 
	Climatic Data
	Local Observations 
	Description 

	Summer temperatures 
	Climatic data points to warming trend. Both MK and MMK indicated warming. Highest warming trends observed during the summer months of August-November. October had the highest warming trend(0.069℃/year) followed by September.
Day and night-time temperature not analysed in this study 
	Observations of warming trends particularly during the months of October and November. Differences in observations with some interviewees in perception between daytime and night temperature. Some interviewees suggesting too hot during the day while others suggested extremely hot nights
	Agreement between science and local observation in relation to warming trends. Only difference lies in precision in terms of months with greatest warming trends. Science citing 4 months between August and November- local between people citing between October and November

	Winter temperatures 
	Science to a decrease in cold days. Both MK and MMK point to warming winters. Science points June with the warmest trend in winter.
March(-0.001℃/year)and December(-0.008℃/year) temperature indicated a decreasing trend even though these trends are insignificant 
	Reports of colder winters in “recent years”. Reports of extended winter months from May to August as opposed to June to July 
	Differences in perceptions between science and local observations that be attributed to several factors; grind box used in this study may have introduced errors when being downscaled. It is possible local observations may not have been captured by science 


[bookmark: _Hlk123062668]



7.6.0 Discussion
The main objective of this study was to explore the mean monthly, mean annual and mean seasonal temperature and trend over Zambia using the temporal gridded temperature data of 1981-2019. The monthly cycle of temperature results was consistent to that of Libanda et al. (2020) having S like shape and the highest temperature in October (figure 37). The rate of annual increase in temperature 0.0166℃/year of linear trend was higher than that of Libanda et al. (2020). Libanda et al. (2020) used a longer time period between 1950-2016 and covered a larger area. However, the period of this study as in Libanda et al. (2020)’s shows the strongest increase in temperatures. Results of linear trend 0.0154℃/year while this increment in temperature was lower than that reported by Ongoma et al. (2017) in equatorial East Africa where the temperature increase was 0.05℃/year. Ongoma et al. (2017) analysed temperature data from 1950 to 2010 that demonstrated strongest increase in temperature from 1980 onwards fitting into finds of this study.
 The increase in temperatures might be the result of global climate change (Wills et al. 2018) but some local factors can also contribute to temperature increase. These factors include geographical location, topographical features, wind direction (sea-surface interaction) and vegetation cover among others (Benth et al.,2007; Yang et al.,2019). Similarly, the increasing trend in temperatures was observed in Lake Chad basin Africa. (Mahmood et al., 2019) analysed data from 1950-2013 which was consistent with results of this study. The rate of increase in annual temperature was 0.022℃/year calculated through Sen’s Slope (Mahmood et al. 2019) which was near to the results of the current study as calculated 0.020℃/year using Sen’s Slope. Similarly, the increasing trend in minimum and maximum temperature at annual, summer, and winter scale was observed by Byakatonda et al. (2018) who analysed climatic trends and variability over Botswana using different geo-statistical techniques like Mann-Kendall. The study analysed data from 14 meteorological station across different regions of Botswana during the period 2000-2016.
The results of this study are largely consistent with the recent findings of the IPCC 6th Assessment Report(2022). The IPCC 6th Assessment Report (2022) reports that temperatures across many regions of Africa are expected to rise in line with increasing global warming trends. Since the IPCC 5th Assessment Report (2014), studies have shown that many parts of Africa have frequent hot days and hot nights and heatwaves have also become frequent and longer (Kramer et al., 2021). West and South-Western Africa are projected to become extremely hot and dry (Shulka et al.,2019; IPCC,2022).  According to the IPCC (2022), the observed annual temperatures over Southern Africa have increased between 1.04⁰C and 1.44⁰C during the period 1961-2015. The annual number of hot days have increased over Southern Africa on a decadal scale. The IPPC (2022) also projects that the number of hot and very hot days will increase under 1.5⁰C and 2⁰C of global warming. The number of cold days and extremely cold days are projected to decrease under any projected scenarios of emissions. Kruger and Nxumalo(2017b) report that the occurrence of cold extremes decreased over Southern Africa. 
The section above of this chapter above focussed on the quantitative empirical assessment of seasonal cycles, monthly and annual mean trends. The section aimed to assess the monthly, seasonal and annual temperature trend and seasonal cycle over Mongu, western Zambia. The linear trend, Mann-Whitney U-Test, Mann-Kendall and Modified Mann-Kendall was applied to assess the trend in temperature time series data downloaded from the European Centre for Medium Range Weather Forecasting (ECMWF) ERA5 website. This data was used as the Mongu area does not have any long-term climatic data. Applying basic statistics such mean, standard deviation and coefficient variation it is concludes that there is high monthly, seasonal and annual temperature variability over the study regions during the study period 1981-2019. The key findings of this study indicate that there is an upward trend in the months of July, August, September and October. The monthly temperature analysis concluded that the highest variation was observed in October. During the study period, months of March and December on the other hand experienced a down trend. Furthermore, the trend results concluded significant upward trend in temperature in seasonal and annual data records. In monthly data records of the Mann-Kendall trend results it is concluded that an upward trend is observed in the months July, August, September and October while there was a little variation in the Modified Mann-Kendall trend test results as the significant upward trend was in the months February, June, July, August, September, and October. Furthermore, the trend magnitude calculated using Sen’s Slope concluded the highest trend in temperature in October with 0.069 ℃/year while this trend magnitude was 0.020 ℃/year in annual results whereas in winter this was 0.023 ℃/year and in summer the trend magnitude was 0.040 ℃/year. Overall, the study concluded an increasing trend in temperature on both summer and winter temperatures.
The following section interrogates interviewees’ perceptions in relation to temperature trends in the study areas during the study period. I submit here that the question of temperature trends was not explored to greater depth with interviewees on two grounds. Firstly, the most critical factor that shapes livelihoods in the study areas is rainfall and therefore changes in rainfall patterns are visual, impactful and relatable with people in the study areas. Rain-fed agriculture is the main stay of most of the people in the study areas-changes in rainfall affects crops yields and water availability with resulting severe consequences for people and their livestock. It goes therefore, that local people are likely to pay more attention to shifts in rainfall than changes in temperatures. Secondly, situated in a low-lying area the study areas generally experience warmer temperatures during most times of the year and therefore people may not notice small changes in temperatures over the years. 
[bookmark: _Hlk123062689]7.7.0 Changes in Mean Temperatures: Local Observations, Perceptions and Interpretations 
Spatial-temporal changes in mean temperatures have been widely used as indicators of climate change among other factors such as precipitation patterns and wind velocity (Yang et al., 2009; IPCC, 2014; Niang et al., 2014). Communities reliant on natural resources for their livelihoods are often keenly Intune and watchful of their environment and quickly observe climatic anomalies and their effects on their livelihoods. These anomalies can be experienced collectively which then draw a narrative picture of change (Roncolli et al.,2016).         
Interviewees were asked semi-structured questions in relation to their perceptions or observed temperatures based on the questionnaire as attached in the appendix 3. The key questions were based on summer and winter temperatures during the study period 1980-2019. The responses varied based on location and age. The quote below gives an indication of the responses.      
“It is very strange that during August (2019) it was still very cold which is not normally the case but then temperatures just shoot up unbearably within days in September. In previous years, the cold weather used to end latest by July. It is strange that we are in August it is still cold” (Lillian Matakala:female-67-Sefula).
These intergenerational perceptions can be attributed to life experiences. The older generations might have experienced significant climatic events that register in long term in their memories. Equally, older people have traditionally worked on the land and more sensitive to changes in both rainfall and temperature particularly so if this impacted on their crop yields. On the other hand, the younger generations may not have experienced such events and not relate with what the older generations might have experienced. As earlier discussed, De Bruijn and van Dijk (2006) argued that recollection of the past unstable events to a greater extent is influenced by an individual’s knowledge of the past through an incremental learning process.
[bookmark: _Hlk123062707]7.7.1 Narratives of Warming Summers 
Participants across all the three study areas offered consistent but sometimes conflicting views of rising summer temperatures and colder temperatures in winter. Broadly, most interviewees suggested that summer temperatures have been on an upward trend in recent years. “Recent years” is often used in the study areas mainly to refer to events that they can recall and are unable to cite precise years when those events occurred. However, there was inconsistencies in the warming trend –particularly whether the warming trends referred to daytime or night-time temperatures. Interviewees offered different times scales in years of their observations of these changes. The time scales of 1980s, 1990s and 2000 cited by interviewees as the warmest years appeared to reflect an inter-generational theme and experience of extreme climatic events. Older interviewees were able to cite years when they experienced either extreme hot summers or cold winters while the younger ones were unable to cite precise years other than referencing those temperatures have been on the increase in “recent years”.  
For example, one male interviewee (72yr) in Nanikelako was able to cite 1993 and 2005 as particularly hot years. These years corroborate with Musonda et al. (2020)’s findings that 1992/3 and 2005 were dry years characterised by drought conditions across most regions of Zambia. On the other hand, a 30-year male farmer in the same area was unable to cite any specific years apart from putting across a general statement on summer temperature as in the statement below:
“We know that in summer it is normally hot in the plains. We can say that in recent years, of course it is unbearable during the dry season but sometimes you cannot remember the different years” (Shambango:30-Male-Nanikelako). 
In Lealui and Nanikelako, the general narrative was that both day- time and night summer temperatures have increased in recent years. Both in Lealui and Nanikelako, interviewees did not appear to make distinctions between summer daytime temperatures and night-time temperatures. Interviewees in these two areas appeared to suggest that summer daytime and night-time temperatures were the same as summed up by an interviewee below:
“It is very hot in the plains in summer; one cannot make the difference between day and night. During the day you are hot and at night you are sweating; the difference is the absence of sun at night” (Namakando:65-Female-Nanikelako).   
In Sefula, while most interviewees reported rising summer day-time temperatures, other interviewees indicated that summer night-time temperatures were getting extremely hot. In all the three study areas there was an agreement that summer night-time temperatures were increasingly getting hotter and winter night-time temperatures getting colder. However, there was a narrative that the temperatures in Sefula were not warming or not hot as much as in Lealui and Nanikelako. This narrative was forwarded by some interviewees who have homes in both in Sefula and Nanikelako. It is common for people in the study areas to have two residences, one in the plains and another in the plains. These household/individuals transition between the flood plain and the uplands following the seasonal flooding (see Kuomboka-getting out of the water). These differences in perceptions between Lealui and Nanikelako in comparison with Sefula can be explained by several factors. Sefula lies on an upland with areas of woodland cover. Lealui and Nanikelako, on the other hand are located on an open low-lying flood plain with very little vegetative cover. Factors including topography, vegetation cover, slope and solar radiation can influence these spatial microclimate variations; areas with wooded cover often generally have lower daytime temperatures compared to open areas Tougeron et al., (2016; Zellweger et al.,2019). Zellweger et al. (2019) posit that seasonal maximum/minimum temperatures can be regulated by landscape and topography features of an area. Summer maximum temperatures can be moderated by the cooling effect of trees (Zellwger et al.,2019). 
During field data collection in pursuance of temperature question, I made provision for an expert interview. An Official from the Water Resources Management Authority (WARMA) made the following observation in relation to the dry/drought conditions during the 2016, 2017 and 2018, “a combination of unusually high temperatures and droughts impacts on wells and boreholes in the villages as the ground water retreats deeper into the ground. We have faced a few long dry conditions culminating into critical waters problems due to a reduction in the ground water recharge in this area. And on the flood plains the consequence has been a reduction of water bodies” (Provincial Hydrologist-Western Province). 
[bookmark: _Hlk123062729]7.7.2 Narratives of Colder Winters 
There were other narratives of winters becoming colder in the “recent years” with many interviewees citing the presence of frost in the winter morning and the non-availability certain wild winter fruits due to cold temperature. It was alleged that when minimum temperatures exceed certain optimal levels fruits would not mature. There were inconsistencies in accounts as to whether these cold temperatures referred to daytime or night-time temperatures. In Nanikelako interviewees were of the view that it was getting extremely cold during winter nights. It is logical to imagine that when the temperatures fall during the night that it would feel colder in vast open spaces such as Lealui and Nanikelako. The lack of vegetation, in particular trees and hedges in both Lealui and Nanikelako prevents the windbreak and antifreeze role of vegetation making it feel colder than the actual temperature (Tougeron et al., 2016).   
One participant in Nanikelako appeared to infuse traditional and scientific explanations to perceived changes in the following statement:
 “in early August, the cold migrates from the upland to the plains and normally winds from the South are bitterly cold, this year (2019) the winds came from the east this is why in the plains it is has been warm this year” (Imwiko: 64-Male- Lealui). 
Imwiko stressed that according to the Lozi traditional narrative, winds from the East are normally warm and in previous years, the winds from the South have influenced winter temperatures in the plains. Imwiko claimed that it was highly unusual to have Easterly winds during the winter months. Imwiko was able to support his view by illustrating how in the last two years (2018 and 2019), the wind velocity has been noticeably slow in July compared to previous years when the wind velocity in the plains tends to increase; with dusty conditions characterising the plains at this the time of the year. Kanno et al., (2013), made an observation that during the dry season, Zambia experiences easterly winds which bring with them warmer temperatures and when winds shift westerly, colder temperatures are experienced across the county. Possible explanations for the perceived warmer temperatures in the lower lands of the plains maybe linked to this directional shift in the winds; the uplands will experience colder temperatures resulting from the general wind regimes transitions (ibid). People in the lower lands experience warmer temperatures than those in the uplands even though the temperature differences may be marginal. Local topography can influence wind speed and direction; the spatial gradient between the uplands and low lowlands may shift the wind speed and direction due to the resulting block effect (Yang et al.,2016). 
[bookmark: _Hlk123062751]7.8.0 Merging Science and Local Observations: Convergences and Divergences 
In general, the scientific empirical data employed in this study is consistent with interviewees’ narratives in relation to an upward trend in summer temperatures. According to the temperature analysis above, the summer months of July, August, September and October have been on an upward trend during the study period. Both MK and MMK tests point to an increase in hotter summers, which fits into interviewees’ narratives. These findings corroborate with similar studies that report frequent hot days, hot nights and longer heatwaves across Africa (Shukla et al., 2019; Kraemer et al., 2021; IPCC, 2022).
However, there is a divergence between scientific data analysed and interviewees’ narratives in relation to winter temperatures. Whereas interviewees appeared to suggest that winters have become colder, the empirical data does not support these observations.  It is also possible that daytime winter temperatures have got warmer and night-time temperatures got colder but the daily mean have remained the same. However, both MK and MMK tests point to an upward trend in winter temperatures; suggesting that cold winters are on the decrease. In addition, between and within study sites interviewees gave different accounts of summer and winter temperatures; none of which these accounts are reflected in the data analysed. Equally, these differences between scientific and local observations can be attributed to the fact that models used to capture scientific data may conflate and conceal differences between temperatures (James and Washingston,2013). Studies have shown that some differences between scientific climatic data and local observations maybe rooted in original datasets that might miss some variables when downscaling them to the village level (Llamazares et al.,2017;Haag et al.,2021).It is plausible, therefore, that in this study the ERA5 gridbox used in this analysis might have limited accuracy attributed to scale mismatch to the village level which might have influenced the spatial accuracy of the downscaled temperature variables.
Whereas the differences between climatic data and local observations are apparent in this case, I argue that both worldviews are critical to understanding local climatic changes. Haag et al.(2021) argue local observations may lack empirical objectivity but they are rooted in daily observations and practices. Haag et al. (2021) further forward those local observations help to erase uncertainties by acting as a conduit of evidence gathering for local changes in temperatures in the shape of biophysical signs and indicators.  
The differences in findings between scientific data and people’s narratives maybe also attributed to the embedded multiple and diverse worldviews/contexts of understanding how climate change is experienced and interpreted (Pettinger, 2007; Callison, 2014; Fielding and Hornseyl.,2016). Researchers working in different regions and cultures of the world argue that epistemologies of environmental knowledge are often centred on understanding a complex interaction of environment forces occurring within a particular geographical area (Lorenzoni and Pidgeon ,2006). Equally other epistemologies of environmental knowledge are based on personal experience, that is knowledge that is first-hand (Congretel and Pinton,2020;Lam et al.,2020). This first-hand experience is often far removed from climate modelling (Marino and Schweitzer,2016). Reyes-Garcia et al. (2016) argue that local people’s perceptions of climate change can be influenced by personal experiences of recent increases in temperatures including actual outdoor temperatures at the point interview(elicitation) or other short-term changes in rather long-term global climate change trends. Reyes-Garcia et al. (2016) forward further that “visibility” researchers posit that the effects of climate change are visible and can be tracked based on personal experiences.     
Drawing from the foregoing, I argue that as scientific term ‘climate change’ may not be a term familiar in certain communities. I contend that climate change is a ‘relative’ term subject to multiple interpretations that are often integrated into ongoing societal narratives. While at the global scale debate rages on climate change, it causes and effects; at the local (micro) level localised perspectives of environmental change contest for space for recognition. At micro scale local people may not reference local environmental change as “climate change”. However, their reference point maybe constructed from a social, material, religious/spiritual even livelihood perspective or much more broadly from a cultural lens (Egeru,2013;  File,2021). These diverse frames of reference are situated in local values, beliefs cultural paradigms and embedded in indigenous knowledge systems (Hornsey, 2016). Therefore, it is my assertion that the understanding that local people draw from local environmental change is a core element of their worldview that does not necessarily resonate with scientific terms. That said, local people’s observations, perceptions and their interpretative lens may not necessarily conflict with the scientific phenomenon that is generally recognised/referred to as climate change.    
Marino and Schweitzer (2009) argue that the global climate change debate did not emerge on the global scale through local experiences but through global scientific and political discourses. Drawing from Marino and Schweitzer (2009), it is plausible to argue that if ‘climate change’ did not emerge at the local scale then it is not a term that will be synonymous (familiar) with local people. Hulme (2017) argues that “climate change” emerged from western scientific research which was applied as term to embrace all forms of climatic inconstancies on 10-year time scale. Hulme (2017) forwards the “climate change” was adopted as a descriptive term to refer to these climatic inconstancies as distinguished from economic or political changes. Bushell et al. (2017) argue that “climate change” emerged and evolved through western scientific research.      
It is not my argument that local people in the study areas are sceptical or in denial of climate change but rather express these climate changes in local frames of reference.  As Farbotko and Lazrus(2012, P.3), “the abstractions of time, space and belonging which dominant climate change narratives assume are not often universally shared”. Farbotko and Lazrus(2012) argue cultural values and everyday practices of a people are important in understanding the meanings and  repercussions of environmental change. According to Nash et al. (2019. P.4) “everyday” constructs a key concept cultural study, broadly referred to as “the site of tacit and ongoing mundane practices shared by ordinary people”. Research has demonstrated (Savo et al.,2016) local people do not demonstrate the idea of climate change, however, local people identify moments of environmental change not through the scientific lens of climate change.  Local knowledge can reflect greater depth of understanding local ecological systems; this is true on many fronts whether this links causality of local environmental change to climate change (Savo et al.,2016. These localised approaches to knowing reveal alternative ways of knowing climate change at the site of everyday life (Nash et al.,2019).
Mistry and Berardi (2016) argue that rather than attempting to make local knowledge “scientific “, it is important that its uniqueness and epistemology be harnessed. Mistry and Berardi (2016) stress instead of seeking scientific knowledge to validate local knowledge, research must be directed at expanding its range of alternatives for action. It is from this background that there is a strong argument for the integration of scientific and indigenous knowledge in order to understand and respond to environmental change (Latulippe and Klenk,2019).  Latulippe and Klenk(2019) forward that in order to value indigenous  ways of knowing , being and doing requires the cultivation of culturally appropriate spaces for indigenous scientific research to flourish  within the existing infrastructure of knowledge production. This approach to global knowledge assemblage can foster knowledge co-production that can contribute to the creation a global resource of understanding of climate change and response strategies (Reyes-Gracia et al.,2016-see also literature section 2.8.0). The challenge posed to science as the dominant lens to understanding climate is not driven by the desire to privilege other forms of knowledge over science bur rather to a recognition that climate change can be comprehended in plurality of ways (Hulme, 2016; Leyson, 2014).   
[bookmark: _Hlk123062774]7.9.0 Conclusion
In the sections above, this chapter analysed and explored temperatures in the study areas over the study period. The first section of this study focussed on the quantitative empirical analysis of the monthly temperature cycle and temperature distribution for the entire study period. It also highlighted the distribution of the mean annual temperature and the trends in the mean annual temperature. Using Sen’s Slope the study estimated the annual magnitude of trend. The key findings of the quantitative analysis of temperatures during the study period are summarised in 7.6.0. The second section of this study explored local people’s observations, perceptions and interpretations of the changing temperatures in the study areas. It explored narratives in summer and winter temperatures by local people and what they attribute these changes to. The chapter brought together science and indigenous knowledge in trying to find areas of agreement and disagreement in relation to the subject of study. Drawing from different epistemological and ontological lens, it often the case that science and indigenous knowledge will have areas of contention. However, I argue in this chapter that neither science of indigenous/local is supreme over the other. The dominance of science over indigenous/local knowledge in climate change adaptation illuminates how most response strategies are oriented towards technical strategies. However, tackling the multiplicity of climate change impacts demands the advancement of science and indigenous/local knowledge through a non-hierarchical lens and the creation of knowledge co-production platforms.          
Having explored local people’s perception/observations in relation to shifting climatic conditions in chapter 5 and explore rainfall changes and trends in chapter 6 and temperatures in chapter 7, chapter 8 that follows is based on the process and activities of adaptation at the local level.                   
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[bookmark: _Hlk123062859]Chapter 8-Climate Change Adaptation in Barotse Flood Plains
8.0.0 Introduction
Chapter 8 focusses on the processes of adaptation at the micro (individual/household), Messo (village level) and macro level in the three study areas. Micro levels adaptation refers to unconscious everyday autonomous responses that individuals and households engage into as responses to climatic and non-climatic shocks and stressors (Ndamani and Watanabe, 2015; Kumar et al., 2020; Singh, 2020). Autonomous adaptation includes all those unplanned responses to climatic and non-climatic stimuli-triggered by environmental change and or economic changes (IPCC, 2001;  Bonzanigo et al., 2015).  I employ the term Adaptations From Below as a lens to examine the ways into which people in the study areas exercise agency to mobilise their assets to respond to changing climatic and non-climatic conditions. Adaptations from Below was conceived during and after field data collection through observing, interpreting and trying to understand how local people learn, modify and pass on knowledge from one generation to another. These adaptive strategies are constructed at a local level, influenced by indigenous knowledge systems and blended with other knowledge systems including scientific knowledge.  
Adaptation from below is drawn from the concept of local adaptation, which is that due to geo-spatial, socio-economic, socio-cultural and institutional differences adaptation practices need to be embedded into local contextual ways of life of the people (Funfgeld,2015; Nordgren at al.,2016). Local adaptation, I argue is a collective or assemblage of indigenous knowledge, traditional ecological knowledge and local environmental knowledge. This assemblage enhances resilience and adaptation to climate change at the local level (Berkes,2009; Parsons et al.,2021; Rarai et al., 2022). As illustrated in the literature review above, local adaptation in often embedded in the cultural fabric of people and how they interact with human and non-human actors. It includes how people create and refine knowledge over generations; it this knowledge that acts a powerful force in how people perceive, understand and interpret change. And in this study, local adaptation enveloped as adaptation from below is at the centre of adaptation considering that for people in the study areas, people there is little or no external interventions. People often rely on their agency in using locally available resources. 
Chapter 8 links up with the previous empirical chapters (5, 6 and 7) and focusses on local response strategies to shifting rainfall patterns and temperatures. The three empirical chapters coalesce here into what I refer to as “science meets local observations” and summarised   into a quote from Krauß and Bremer (2020. P.2), “we interpret what we see, select the most workable of multiple choices”.  Research shows that narratives as opposed to scientific facts influence people’s understanding of climate change (Böhm et al.,2019; Petrescu et al.,2022). Böhm et al. (2019) forward key elements of narratives in relation to climate change include the casual relations and how the impacts of climate change can be mitigated. Seen from this lens, therefore narratives are a reference point for reality as people know it by making sense of observations, enables people to draw inferences and create models for future pathways (Veland et al.,2017). 
I employ the concept of adaptation from below to refer to livelihood strategies influenced by culture, values, place attachment and identity. These and among other factors shape and constitute the indigenous knowledge systems. By implication, evidence of environmental change will be dismissed if it threatens local people’s cultural norms or accepted if it affirms the cultural values of the people (Kahan et al., 2011; Kuehne, 2014). Culture and traditional knowledge systems can interact in several ways in shaping livelihoods and fostering or hindering adaptation (Davies et al., 2019; Few et al., 2021). 
 In chapter 8, I consider how local subsistence farmers, pastoralists and fishermen in the study areas have use local practices that are intertwined with other knowledge systems to sustain their livelihoods in the face of climate change and other everyday stressors (see also section 2.5.2 and 2.8.0). Indigenous (local) knowledge systems interact with socio-economic forces in dynamic ways that results into socio-cultural modification (farbotko and Lazrus,2012; Curry et al., 2015; Makondo and Thomas,2018). Socio-cultural modification refers to people’s every day decision making directed at responding to or modifying livelihood strategies which is “once-off” but a dynamic process of “trial –by error” (Curry et al., 2015, P.12). Trial-by error includes activities of improvisation, hybridisation, contestation and negotiation of practices to create different kinds of adaptation arrangements (Cleaver, 2012; 2015; Abu and Reed, 2018 on institutions). I forward that the processes highlighted above centre on practices of knowledge production intended to find solutions to everyday challenges. Trial by error, improvisation and hybridisation involves processes of inclusions and or exclusions and the assemblage of activities that in the long term become established in the fabric of a society (Abu and Reed, 2018; Ellen, 2018).
Traditional societies across the world have long established systems, practices and norms that have sustained them; vast ‘banks’ of knowledge of planting, reading weather and climate, environmental conditions, healthcare and medicines (Whyte,2017; Tume et al.,2019). It is these banks of knowledge and practices borne out everyday trial by error, improvisation, hybridisation, contestation and negotiation that in my view compose ‘Adaptation from Below”. In ‘Adaptation from Below’, I derive elements of trial by error, improvisation and hybridisation to conceptualise adaptation activities that are based on local co-production of local knowledge systems. People create and hybridise different elements of local and scientific knowledge to sustain their livelihoods and adapt to change (Abu and Reed, 2018). Drawing from this, it implies that what is referred to as local knowledge can be a form of hybridisation or infusion of different understanding and interpretation of events that are practised in a particular locality but may not necessarily originate from that place. Therefore, adapting from below is plurality and diversity of livelihood activities that are characterised by a blending of different knowledge systems and practices directed at responding to present threats and as contingency measures for the future security. 
Indigenous knowledge (IK) is often interchanged with local knowledge (LK) and traditional ecological knowledge (TEK) (Berkes, 2012; 2015). This discussion will employ local knowledge and practices as these adaptive measures are not purely indigenous but rather reflect a process of knowledge acquisition, transplant, blending replicated over time and space.   
[bookmark: _Hlk156641531]In the following sections, I demonstrate and discuss the practices of adaptations from below. While great emphasis is placed on interrogating Adaptation from Below as the main outcome of this study in relation to local responses to climate change and other socio-economic changes; at macro level adaption interventions, I explore the role of the government and Non-Governmental Organisations (NGOs) in responding to climate change impacts and towards promoting alternative livelihoods. I examine the Farmer Input Support Programme (FISP) introduced in 2002 by the government of Zambia under the Ministry of Agriculture Food and Fisheries (MAFF). FISP was designed to support smallholder farmers with agricultural inputs such as seeds, fertilisers, small farm equipment among others (Mofya et al., 2013). Within the subject of macro level adaptation, I interrogate the proposed Barotse Cultural Landscape propagated by UNESCO, WWF and the Government of Zambia. 
[bookmark: _Hlk123062886]8.1.0 Background Literature 
According to Von der Porten et al. (2016), the term indigenous knowledge system describes a collective held understanding of a particular area/region that has been developed by indigenous people living on that landscape for many generations and has been passed or transferred often through oral means that consists of knowledge of the local environment and ecology (refer to section 2.8.0). Local knowledge is a critical element of indigenous knowledge system (TIKS) (Harrison, 2008; Byg and Salick, 2010). Local knowledge includes rainfall patterns, cultural knowledge, knowledge that is embedded in the spiritual, cultural lore, everyday interactions and language of a people. Amin et al. (2021, P.2) refer to indigenous adaptation techniques and knowledge practices as, “those structural or non-structural measures adopted by the local community irrespective of ethnicity as long as those long-term practices are perceived to be effective for adaptation practices “. Structural measures include intercropping, crop rotation, use of improved seed varieties and irrigation systems. These strategies are not necessarily local indigeneity but products of interactions between traditional practices and scientific knowledge. Non -structural measures include use of local seed varieties, transhumance practices, local farming practices among other measures (Amin et al., 2021). As indicated above these practices are developed and passed on over generations and therefore are often unique to a people or community (Byg and Salick, 2010; Adger at al., 2013; Alessa et al., 2015). 
Faced with shifting climatic conditions in their areas, individuals and households have developed and refined their adaptation strategies over generations. These adaptive measures include changes in farming practices (on-farm) and engagement in non-farm livelihoods. In the flowing sections, I examine the main response strategies used by local subsistence farmers. These response strategies were shaped around access and ownership to asset bundles such as land, labour, natural resources, social capital, government support and finance.  
[bookmark: _Hlk123062902]

8.2.0 Adaptation Strategies 
The following were the main local adaptation measures common in all the three study areas- these are interrogated in turn.
I. Tillage and land preparation techniques/choice of cultivable land
II. Soil fertility practices-chemical fertilisers and organic matter including use of cow manure.
III. Cropping systems-Drought resistant crops, early maturing crops and irrigation
IV. Support Infrastructure-Local Seed Banks, Harvest and Post-Harvest Care
V. Government Support-Farmer Input Support Programme (FISP)
VI. Farm cropping strategies
VII. Land reclamations
VIII. Transhumance practices-seasonal movement of people and livestock
Each one of these practices gives agency to a set of socio-cultural driven strategies that function effectively within the socio-economic-political-environmental constraints of everyday life. 
Field preparation and planting timing are critical to crop yields as any delay in the timing of these activities could have significant consequences to the farmer. In the following section, I examine tillage systems and soil management strategies employed by farmers in the study areas.   
[bookmark: _Hlk123062930]8.2.1 Tillage and Land Preparation Techniques  
Data collection for this thesis was designed to coincide with the rainy season and the growing season. The month of November is a critical period when people in the study areas begin to prepare for the coming agricultural season.  In a ‘normal’ rainy season and based on historical meteorological data, the growing season is influenced by the on onset of the rainy season. As evidenced in the meteorological and temperature analysis chapter of this thesis, the first rains of late October and early November signify the rainy season onset and thereof of the growing/agricultural season.  According to Thierfelder et al. (2013) the productivity of crops is sensitive to the time of planting that then is also influenced by time of land preparation. Thierfelder et al. (2013) argue that undertaking land preparations before the onset of the rainy season well before the agricultural season starts can significantly increase yields by facilitating timely planting while utilising the minimal agricultural inputs. 
The growing season is characterised by land preparation using different tillage systems, planting (seeding) and application of mature or chemical fertilisers. Land as a form of physical capital is critical as a means of productive assets (Carter and Barrett, 2006). For majority of farmers in all the study areas, land preparing commences in the second week of consistent rains. Most of the interviewees suggested that the first rains made the soil much softer as they used hand hoes to prepare their fields. The use of hand hoes was the most common and prevalent method of land tilling as hoes were cheap and affordable costing about ZMK 150. Local crafts men locally made most of the hoes while some were sold in the urban markets of Mongu. However, interviewees indicated using hand hoes was labour intensive and “backbreaking”. Many study participants indicated using hand hoes constrained the size of land they were able to cultivate. According to interviewees, land preparation using hand hoes did not start until the first or second week of rains that made the soil much softer. Consequently, this resulted in late planting in comparison to ox-drawn land preparation that could be undertaken in the dry season.    
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Figure 43: Farmers preparing land-here it shows burnt grass before ox-drawn ploughing is done. Farmers suggest that burning grass before cultivation enhances soil fertility. On the right a farmer planting mixed local, and hybrids seed of maize. Photo by author.
Other study participants indicated that livestock ownership was an expensive venture hence   hand hoe cultivation was the only option. For those who were able to borrow or rent oxen from their social networks to increase their cultivated land, they had to wait until the livestock owners had prepared their land. Livestock owners had to prepare their own land before assisting others, which gave them an advantage of planting early than other farmers.   
For the farmers who owned cattle, land preparation commenced a few months before the onset of the rainy season employing drying-season ripping with the aid of ox-drawn ploughs. Livestock owners indicated that apart from the rains that was the determining factor of the growing season, they felt there were more in control in terms of when to start land preparations, planting and the size-cultivated land. It plausible to argue that ox-drawn ploughing had advantages as it enables for dry-season land preparation, early planting and the potential for good yields if other factors hold; that the onset of the rain including the distribution of the rainfall during the agricultural season.  One cattle owner in Sefula made the following observations.
“We can start preparing the land as soon as we have harvested. We start in early October so that when the rains come in November when start planting. We get more from our land than people using hoes” (Amwiko-Sefula, 69-Male). 
[bookmark: _Hlk123062967]8.2.2 Land Ownership
The size of land ‘held ‘varied widely between study areas, between and within individuals/households largely due to the nature of land tenure system in Barotseland. In principle, every Lozi person is deemed to be entitled to a piece of traditional land whether male or female (Jain et al., 2016). Between households, those who acquired land through inheritance or a family gift and others with close connections to the Indunas held more land in size and variety. Within a household, men tended to have more in land size, variety. The narrative was that access to, and ownership of land is weave in a complex web of social-cultural power of relationships. Significantly, the King owns all the land in the Barotseland and access to land is at his discretion through leaders of the BRE and Indunas (village leaders). Seen from this angle, access and not ownership to land is critical to livelihood strategies pathways particularly that the study sites are agriculturally based. However, it was evident the distribution of land was highly inequitable, and its allocation was largely influenced by connections to village leaders (Indunas) and leaders of the BRE. As discussed in this thesis, the land tenure system in Barotseland is customary; is managed and administered by Indunas on behalf of the King. The Indunas on behalf pf the King allocate land for settling, agriculture or other developments but not ownership is passed (Jain et al., 2016). See also sections 1.2.3-1.2.4.   
[bookmark: _Hlk123062990]8.2.3 Land Preparing Coinciding with the Lean/Hunger Season and Asset Depletion 
However, the month of November falls/coincides with the period referred to as the lean/ hunger season-that is the period when food stores from the previous season have been depleted (Ellis and Manda;2012; Anderson et al.,2017. Most households would have exhausted or run down their grain stores from the previous harvests. The lean/ hunger season is characterised widespread hunger and food prices spikes that expose and push households into a state of struggle (Khander et al.,2012). Ironically, the start of the growing season demands a lot of labour as most subsistence farmers lack access to mechanised farming equipment for land preparations for the coming growing season. Manual land preparation is “backbreaking” work that requires a lot of energy and good physical health. Labour as a form of physical capital is a key at this stage of the seasonal cycle and is a key driver of resilience and adaptation (Brooks et al., 2005). Faced with a predicament individuals/households engage into desperate measures such selling off their livestock or personal items in order to cope during this season. This was evident in households with poor asset bundles; these desperate measures of disposing off assets meant that households were stuck in perpetuate states of struggle and only those who were able to surmount external support were able to cope during the lean season/hunger. Seasonal transitions in and out of poverty particularly during the lean season co-interact with others to worsen people’s well-being. The net impact is that household further deplete their assets eroding the possibilities of asset accumulation. These findings/observations corroborate with similar studies which demonstrated asset depletion during the lean/hunger season in agriculturally based livelihoods (Khander et al.,2012; Ellis and Manda,2012; Anderson et al., 2017). This analysis fit into the initial state of the LSPs framework-a state of poor assets and welling-being characterised by transgenerational poverty.   
[bookmark: _Hlk123063010]8.2.4 Forms of Cultivable Land 
The cultivable land types of the Barotse Flood Plain are classified according to soil type, proximate to water sources, risk of flooding, vulnerability to drought and remoteness to local communities. Most of the farmers have gardens or fields situated on these different land types on which they carry out their agricultural activities. Having gardens or fields on different land types is critical as productivity depends on the location of the plot. The most productive gardens or fields are located the Zambezi River and tend have good soil fertility. The productivity of these gardens/fields are largely influenced by rainfall and the groundwater availability. 
[bookmark: _Hlk123040897]Table 14- Main type of fields used to cultivate crops on the Barotse Flood Plain. Adapted from Sililo(2017) and Del Rio (2015).   

	Land Type(singular & Plural)
	Description 
	Crops grown 

	Sitapa/Litapa
	Located in low-lying areas (lagoons/depressions) often close to water sources in the dry season. Prone to flooding during the wet season. Sitapa/Litapa soil fertility is good due to alluvium deposits left after floods -only short growing period crops are cultivated on them due to early flooding. 
	Maize, Green Vegetables, Cassava, Potatoes, Okra, Cowpeas, Watermelons, beans.

	Sishanjo/Lishanjo
	Located at the edge of the flood plain. Soil fertility is good but are often waterlogged and can be prone to flooding. Only short period crops can be grown on them
	Rice, Green vegetables, Tomatoes. Maize, Sweet potatoes, Cowpeas  

	Litongo/Matongo
	Situated at slightly higher ground than Shishanjo. The soils are sandy with low organic matter. These are village rain-fed garderns/fields.
	Maize, cassava, Cowpeas, Watermelons, Cabbage, Cassava, Onions, Eggplants(aubergines) 

	Litema/Matema
	These are forest gardens-forest fields. The soils are sandy with low organic matter. Farmers use biomass to improve their fertility. 
	Millet, Cassava, Sweet Potatoes, Maize

	Saana
	These are plains in the upland with natural grass. Gets flooded during the wet season. Soil fertility is good.
	Rice, potatoes and groundnuts. 

	Lizulu/Mazulu
	Man-made or natural small hills or moulds raised above the surrounding low-lying ground. Difficult to access during the flooding season.   
	Maize, Sweet potatoes, pumpkins, Green vegetables, Okra, Groundnuts   


[bookmark: _Hlk123063030]8.2.5 Soil Fertility Practices: Chemical Fertilisers and Organic Matter 
In terms of soil management practices, there was differentiation in measures the used between and within households. The differentiation was based on a mix asset ownership, ownership of livestock and crops grown. Households and individuals who owned cattle tended to have other assets which enabled them to purchase chemical fertilisers while at the time using animal manure and crop residue as soil management measures. Households and individuals without livestock and access to animal manure used organic material such as crop residue as a soil enrichment strategy. There were unverified narratives that the farmers who applied chemical fertilisers reported better yields/output. Research on the other hand indicates that plant organic matter apart being critical to the process of soil nitrogen fixation helps to improve soil chemical composition and improve yields (Ajayi et al., 2009; Furey and Tilman,2021, Hafez et al.,2021; Voltr et al.,2021 ). The overall, the general narrative was that many subsistence farmers were able to transform the productive of their land and reported increase in their yields with chemical fertilisers. The farmers sold surplus harvests from which they were able to diversify their asset portfolios. Some interviewees reported how they were able to expand their cultivable land over the years through the hiring of extra labour from savings made from the sale of surplus grains.
Additionally, some reported accumulating substantial savings that they then invested in the purchase of more stocks farming inputs and high value livestock such as cattle. Several other farmers reported using their saving to buy bicycles, which they used to transport inputs and produce to markets. Based on the preceding observations, it is plausible to suggest that those individuals /households who expanded their cultivable land saw an increase in their non-farm incomes. Expansion in non-farm activities was characterised by an increased in the number of grocery stores and bars. The pursuance of non-farm livelihood strategies reflected not only the recognition of the vulnerability of on-farming activities by individuals/households but the desire to improve their well-being. This forward mobility along LSPs fits into similar studies that demonstrated that rural subsistence farmers in the developing countries experienced improved well-being through asset accumulation driven by expansion in agricultural productivity and non-farm activities (Hurni et al., 2015). 
Abede et al. (2022) reported differences in yields between chemical fertilisers and organic matter are marginal. Abede et al. (2022) in their study that explored the output differences between chemical fertilisers and organic matter found that there no were significant differences in yields between the two approaches. Abede et al. (2022) contend that marginal differences between the two approaches were attributed to other factors rather than inputs application. They attributed the yield differences to individual farmer circumstances, tillage methods employed, rainfall distribution and planting time. 
[bookmark: _Hlk156642475]Given the high cost of chemical fertilisers on the other hand, meant that in most cases only farmers with a diverse asset bundle and cash reserves could afford to apply chemical fertilisers on their fields. The cost of a 50kg of fertiliser was costing ZMK400 as 2019 prices as recommended by the Ministry of Agriculture Food and Fisheries (MAFF, 2019 bulletin-ZMK1=£16). However, I witnessed 50Kg bags of fertilisers being sold at ZMK600 in the markets by other traders. There were allegations by interviewees that Officials from the District Agriculture Office were diverting farming inputs from FISP beneficiaries to their networks of traders and who then resell these inputs at inflated prices. 
[bookmark: _Hlk123063049]8.2.6 Cow Manure as a Soil Fertility Measure 
“Cow Manure is a great asset and if well managed could serve as an organic soil fertiliser amendment that could restore degraded soil” (Ndambi et al., 2019). In the uplands of Sefula and Nanikelako, farmers practised a kind of kraal rotation. Using this system, the farmers will shift or move the location of kraal every month or two depending on its size and the number of cattle it houses. Cattle are headed out at dawn into the plains or in local forests (mishutu) to graze during the day freely. At dusk, the cattle are brought back and housed in the kraals not just for safety and for soil conservation. As the cattle defecate while housed in the kraal, their droppings in deposited on the soil and in the process provide vital soil nutrients. Every one month or two the location of the kraal is moved to different portion of the land and the same process is repeated over again. Some of the cow droppings were collected to be used on different land portions or even sold to other people. Some of the cow dung is used as a source of cooking energy and it was claimed that is burns for a long time compared to wood fuel. Anecdote narratives suggested that portions of land that housed a kraal and were fertilised in this way remained nutrient rich and productive for five years. It is contestable how long a piece of land will stay fertile from hosting a sedentary kraal; however, research demonstrates sedentary kraaling through rotation of kraal siting has the potential to improve yields and enhancing soil nutrient (Kizza and Areola, 2010). Kizza and Areola (2010) stress that the concentration and localisation of nutrients on a kraal site restores the entire ecosystem and creates spatial productivity at the micro level. Kizza and Areola (2010) argue that sustainable agriculture in semi-arid environments can be fostered using animal manure from a kraal as soil and crop management strategy by redistributing soil nutrients back to degraded soils. A farmer involved in mixed cropping and livestock keeping said made the flowing observations:
 “we have used this method of improving our soils for a very long time. My father left me the land and a few cows. Every month we move the kraal to fertiliser different parts of the land and our crops do well compared to others.”(Sishekomo-Male-54:Nanikelako).
 An interviewee In Nanikelako made the following remarks:
” Cattle manure is better than those fertilisers people use in the city. For many years we have used this, our crops do very well and apart from that we use dung for cooking as we do not have wood fuel here” (Sepiso-Nanikelako). Sepiso added, “Without cow manure there would have been difficulties growing food here. We can grow maize, cassava, millet and maybe sorghum without the need for chemical fertilisers”.   
As well using cow dung for agricultural purpose, it long been used as an alternative source of household energy for cooking particularly in Nanikelako and Lealui where wood fuel is scarce. As Milupi et al. (2017) observed, the use of cow dung as a source of fuel is a sustainable use of natural resources as it stops people from degrading the existing forests for wood fuel purposes. There were some anecdote sentiments that cow dung when used as energy burnt slowly thereby and hence lasting longer than wood fuel. Other benefits of cow dung as cited by interviewees included less smoke and reusability of ashes for cooking indigenous vegetables as libowa and delele (okra like) compared to wood. The multiple use of cow dung fits into the concept of adaptation from below and the process of bricolage. It demonstrates how local people make do and construct their livelihoods with the available resources through improvisation and hybridisation. By making do within the parameters of resource constraints and by deploying their agency people mobilise available resources to sustain their livelihoods. 


[image: ]Figure 44: Cooking on a fire using cow dung and reeds.
 “We could not survive here if we did not have cow dung which we use for farming and cooking. As you can see here we have not trees aside from linjefu (aquatic weeds) and mashela(lily family). However, cow dung gives more in terms cooking time, and we use the ash as an ingredient for cooking (as caustic soda) our traditional foods. In even in winter as it gets very cold we make fire in the house in the night using cow dung as it gives less smoke compared wood fuel. Thinking of it in a bigger picture, we rely on cow dung for cooking as the other fuel sources (linjefu and mashela) as are seasonal” (Mwanamwambwa-Nanikelako).   
[bookmark: _Hlk123063110][image: ][image: ]

Figure 45: Differences between a  portion of land fertilised by cow manure on the near left and one not on the far right. 
Photo on the left shows a kraal where cattle are kept over for a certain number of months. Cows dung enriches the soils as the adjacent photo on the right shows. The next photo shows a contrast between fertilised portions of land (dark) against the unfertilised land on the far side of the photo of the right.
8.2.7 Cropping Systems: Drought Resistant, Early Maturing Crops and Irrigation 
According to Chikoti et al. (2013), cassava is one of the main major staple crops grown in Zambia.  It accounts for 95% of the crops in Western, Northern, Northwestern and Luapula provinces of Zambia. Chikoti et al. (2016) stress that 30% of the population in Zambia is directly or indirectly dependent on cassava for their household food consumption and for sell.  
Facing changing rainfall and temperatures changes as discussed earlier in this thesis (i.e. late onset, early withdraw of rains, rainfall intensity, warming trends), people in the study area have been trying to spread or reduce the risk of crop failure by growing drought resistant and early maturing crops. Drought resistant crops demand less water and can withstand long periods of drought conditions (Fischer et al.,2016; Padakandla, 2016).  According to Gano et al. (2021), crop/plant adaptation is critical to ensure that climate change does not affect food production. According to Westengen and Brysting (2014) crop adaptation includes the use of more drought resistant crop species/varieties and improved crop varieties. 
Cassava (manihot esculenta) is an important source of household staple food in many parts of Africa that is very resilient to drought conditions (Abegunde et al., 2019; Ndjouenkeu et al., 2020).  According to FAO (2013), cassava is highly resilient to prolonged drought, heat and poor soils. Therefore, cassava is an ideal crop for cultivation in regions of low rainfall.
To the extent that it was not cultivated on a large scale in Lealui and Nanikelako due to poor soils and land use restrictions, it was dominate crop grown in the upper lands fields of Sefula. Cassava was primarily grown for household food consumption. From field observations, most of the cassava fields were intercropped with seasonal crops such as maize, beans, pumpkins and groundnuts. Intercropping cassava with season crops assured food security at household level particularly that cassava tubers require 2-3 years to fully mature. However, some farmers with excess capacity or in instances of a good harvest, some of the Cassava was sold to traders from urban city of Mongu because its high market value. In comparison to maize meal, cassava meal was cheaper and affordable to many city dwellers. During participant observations in the markets of Mongu, I observed a meda (5kg bucket) of maize meal costing between ZMK15 to ZMK20 (Zambia currency - Kwacha). The same meda of Cassava meal was costing between ZMK5 to ZMK8. There were indications that the sky rocketing prices of maize meal was making Cassava meal an economically preferred choice for urban dwellers. There were indications that farmers were increasingly getting motivated to intensify its cultivation as a way of increasing their income streams.    
Two varieties locally known as nalumino and lipuuim are common. According to an interviewee, nalumino and lipuuim are resistant to drought and pests such as mealybug. Lipuuim is an early maturing variety mainly grown on the uplands areas called matongo- upper lands where flood waters cannot reach.  Another interviewee suggested that the preference for Cassava growing was based on the easy availability of stems/cuttings and its utility as the leaves can be used as vegetables. 
“Cassava gives you a lot. We make flour for buhobe (local porridge) and the leafs we use as vegetables and the dry stems are as wood fuel” (Madulo-65, male-Farmer: Sefula). 
According to Lillian Mataka the Provincial Co-ordinator for Women for Change (WFC), local people have used igneous traditional ways to improve yields from cassava stems. She narrated that the traditional way of growing cassava was to insert/plant the cutting/cultivars vertically/upright in the soil. According to interviewees, the yields from this way of growing were reported to be low with interviewees reporting harvesting 2 to 3 cassava tubers from a single plant. In recent years, the farmers have been planting the cuttings horizontally in the soil as shown in the figure below. Using this method, not only do the farmers increase the surface area of germination for the cultivars but as well as the number of tubers from one cassava plant. Cassava growers highlighted the big size or bulkiness of the tubers as the biggest advantage of this method of growing cassava. Most interviewees could not recite the precise years when this way of growing was introduced. This might suggest this developed through a process of trial by error or knowledge acquisition/transfer from other places. However, according to Lillian Mataka this ‘indigeneity” or “tinkering” has been has become the norm for cassava growing in the study areas. Lillian stresses that this method has since gained widespread traction in the study areas for improving yields and enhancing food security at household and national level. There was anecdotal narratives that this way of cassava growing enhances its quality, made it more resistant to pests and tubers lasted long in storage.
[image: ]
Figure 46: Vertical(traditional) Vs Horizontal methods of planting cassava
 Drawing by an interviewee showing the traditional (vertical-top) and the horizontal methods. The horizontal method appears to show more tubers on one crop compared to the vertical method. Drawing by Situtu(Sefula).    
Most of cultivars were gathered from the farmers who own fields or bought from other local farmers. There was a belief that the local cultivars were resistant to pests and more productive. The re-planting or recycling of the same varieties of cultivars transferred from generation to generation had the potential of preventing the importation of pests or diseases from other regions. The counter argument is that the continuous recycling of the same varieties over many generations could result into low productivity.      
[bookmark: _Hlk156643291][image: ][image: ]Once harvested the fresh cassava tubers are peeled are processed in two ways. The fresh tubers are sun dried for a number of days and milled into some flour. Another method of processing cassava is by peeling the fresh tubers, cutting then into small chips and then soaking them in water for up to 7 days and placed in the sun to dry. The chips are then placed in water for another 2-3 days before dried in the sun. Once fully dried the chips are then milled into a flour that is used to cook a local porridge called buhobe. It was suggested by interviewees that these two methods of processing cassava enhanced longevity in storage and quality. According to Oghenechavwuko et al.(2013), the drying of cassava under the sun improves its shelf life and reduces on the postharvest losses.

Figure 47: Fields of millet and cassava plants
On the left is a mixed field of millet and sorghum and on the right is a cassava field. These crops are drought resistant. Photo by author.  
Rice growing is a very popular, highly important and profitable activity in many parts of the Western Province of Zambia (Milupi et al., 2020). Rice growing in the study areas, particularly Sefula was restricted to the lower flood plains and in the dambos(litapa and shishanjo). Litapa and shishanjo are low lying depressions that are subject to wetness and flooding in different proportions of length during the year. The distinction between litapa and shishanjo , is that litapa lies further deep in the flood plain and most of it water comes from the annual flooding and groundwater table. Shishanjo on the other hand lies slightly away from the flood plain; its water comes from rainfall and gets flooded in later period of the rainy season. In the case of poor rainfall, shishanjo are vulnerable to droughts and crop lose compared to litapa .Litapa and shishanjo have a poor drainage and have high water retention making them suitable and favourable for rice growing.  According to Styger(2014) rice is the crop grown during the flooding season as it tolerates prolonged flooding .Rice growing is undertaken under two systems, under rain fed and an irrigation system. With changing rainfall patterns due to climate change, the use of the irrigation system reduces the risk of dependence on the rains to produce rice and other crops. On the other hand, due its high demand for water rice growing is highly vulnerable to droughts. 
Land preparation for rice growing commences as soon the harvest has been taken off the fields and the water levels have recedded from the flood plain beginning from the months of May/June. Interviwees empahised the timing of planting as being critical as it determines how the crop will develop and the eventual final yield/harvest. They indicated that late planting means that the plants will be flooded before they tiller resulting in poor yields . From obserevations and interviews  most of the land preparation was done by hand hoes . Some farmers with extra incomes could afford to cultivate more land by hiring extra labour or ox-ploughs. Rice growers interviweed indicated that they would start planting rice following the first rains in November. Interviwees expressed concern that greatest challenge to commemmencement  of planting was the unpredictablity  of the onset of the rainy season-that is when to predict exactly when the rains will start. Other interviwees expressed concerns at uncertainities when the floods will come and the extent to which the flood plains will be innudated . These Interviwees’ concerns colloborate with the climatic analysis of this thesis that points to late onset of the rainy season, increased frequency of droughts and rainfall intensity leading to flash floods (refer to rainfall analysis chapter). 
One way rice growers have adapted rice growing particularly in Sefula in the use of the local variety commonly known as Mongu rice – named after the capital city of the Western Province- but also referred to as ‘super rice’. It is referred to as Mongu rice because it is cultivated on the flood plains around the District of Mongu and surrounding areas. The rice seeds are selected from the local traditional “seed banks” or those that were picked from the farmers’ previous good harvests. Most of the rice farmers interviewed suggested that seeds from the local “seed banks” were of superior quality compared to those bought from agro dealers (scientific/hybrid seeds). 
They argued that Mongu rice was more resistant to both excessive floods and drought conditions. This variety of rice is not prone to attacks by ricebird(s) and small fish that come with the floodwaters. Farmers explained that Mongu rice tended to mature early and requires less water and has a higher tolerance for too much water compared to the commercial rice varieties on the market. Rice growing is very attractive to many people for its high value in the Mongu City markets. The location of Sefula benefits from location capital, which facilities accessibility to large markets giving individuals/households opportunities to engage in diversified livelihoods influenced by access to markets (Jakobsen, 2012). However, the biggest challenge for farmers who are growing Mongu rice is access to capital for expanding their production capacity (Harvest-Survey of 2014/2015).
Since the 2000s, the Government and donors have accelerating trends towards rice growing in Sefula. The government and the Japanese government set up a gravity –fed surface irrigation system for rice growing in Sefula. The Sefula Canal Rice Project was constructed at a cost of USA $8 million as a joint venture project to create employment opportunities and promote food security.  
 “The Western Province has vast potential to feed the country with rice; however, the biggest obstacle is access to services and to fair markets. Rice growing would change a lot of people’s lives here, reduce poverty levels and diversify people’s livelihoods” (Induna-Sefula).
[bookmark: _Hlk156643524][bookmark: _Hlk156643547][bookmark: _Hlk156643568]The narratives above corroborate with those of a Harvest-Survey of 2014/2015 of Zambia that revealed that the Western Province of Zambia is the largest producer of rice with Sefula contributing significantly to the annual total harvest (Zamstats, 2017). However, lack of government support directed at small-scale farmers has been a barrier to understanding market dynamics, thus, making the sector less profitable (CSPR, 2018). With good support [image: ]from government, the farmers would be abreast with the dynamics of prices and their pricing [image: ]would respond to the market behaviours of supply and demand.
Figure 48: Canal Irrigation system in Sefula
Canal Irrigation infrastructure in Sefula used by rice and vegetables farmers. On the left one of the canals running through fields and on the right farmers diverting water onto their fields using hosepipes.   
[bookmark: _Hlk123063140] 8.2.8 Support infrastructure: Seed Banks, Harvesting and Post-harvest Care 
The crops which constitute ‘adaptation from below’ are not a solution by themselves, they also have supporting infrastructure adapted and developed in the locally.  Seed banks are one of the important aspects of the adaptation from below as they form the foundation and progression of genetic superiority.
Typical ‘Seed banks’ were wood and mud thatched huts that were also used as kitchens locally known as situngu. In all the study areas, these ‘seed banks ‘were owned at an individual or household level. After each harvest, the farmer selects the best grain of maize, rice, millet, sorghum, groundnuts, beans and others from the ‘seed bank’. The process of seed preservations starts with suspending unshelled grains or hanging them on the roof of the hut. It was alleged that when the seeds are left unshelled, they lasted long in storage than when shelled. A slow burning wood fuel fire is lit underneath them in a process known locally as ku kunyeka (translated to as to smoke). Smoke and heat from the fire penetrate the grains to make them dry and the smoke keeps free from pests and other grain microorganisms. The thatched roof of the ‘seed bank’ provides adequate ventilation of the grains and maintains a good moisture content for as long the grain are in storage. This open fire seed preservation blends locale practices and applies scientific principles of ‘curing’ to have antimicrobial effects. Beans, pumpkins and watermelon seeds were preserved in a different way. These are sun dried for up to 7 days till fully dry. The seeds/grains then dipped in a bitter plant ash for several days to ensure they are moisture and pest free before storing them in clay pots ready to be used during the next growing season. 
Farmers with bigger land sizes and good harvest construct structures known as sishete. These are   elevated on wooden poles to house the grain stores. These traditional granaries are sprinkled with traditional pesticide made of bitter plants, ash and cow dung that stops pests from invading the seeds while in storage. The size and capacity of the granary (sishete) symbolises how successful and hardworking farmer is. Farmers with bigger sishete that are filled to full capacity are looked upon with admiration and well respected in the villages. 
[image: ]
Figure 49: Shishete-type of seed bank
A typical sishete made of grass/reeds and wooden poles raised above the ground in which different types of harvested crops are stored. Photo courtesy of Mwanja Mwale(PhD Scholar UoS). 
Traditional seed saving or preservation have been used for a long time and passed on through generations with marginal or not modification (Adhikari et al., 2021; Dasgupta et al.,2023). This method of seed preservation is widely practiced in many parts of rural areas of the world (Semenya and Mokgoebe,2020; Chhetry and Belbahir, 2009; Dasguta et al.,2023). Tumule et al. (2020) stressed ‘smoking’ or curing can stimulate the germination process of seeds by initiating physical and or physiological processes required to break seed dormancy leading to enhanced seed germination and better yields. Adhikari et al. (2021) and Dasgupta et al. (2023) demonstrated how seeds that were preserved through the process of smoking and heat have a higher germination rate and vigour than those that were not. These traditional grain/seed preservations have been practised and evolved over many generations and have proved to be robust enough to cope with change (Mobolade et al., 2019). Many interviewees appeared to suggest that they preferred to plant local seeds from the “seed banks” as it gave them better yields and was more resistant to local crop pests.
In summing discussion of section 8.2.1-8.2.8 response strategies in changing climatic conditions in the study areas, which I referred to “adaptation from below”. There is a debate that can be constructed here, there could be an argument or contest that these adaptation strategies are not necessarily or borne out of local/indigenous knowledge or practices. The counter argument is that these practices were “transported” by people who moved from different areas into the study areas. Others might argue that these practices drive from interactions with agricultural extension officers. However, local people argue to the contrary that these practices were long established in the study areas through generations observing that, “we do not have any agricultural extension officers here. Who does not know that mukapa yandongo (groundnut shells) fertilise the soil? Who is this area does not know that beans is good for the soil? We have known how to grow our own food here using local seeds that were more resistant to bad rains or pests. Whoever wants to tell us that we borrowed our way of life needs to read our history as Lozi people” (Mbumwaye:71-Male-Sefula).      
I argue that largely these adaptation strategies were borne out of a complex process of blending of “transported” and long-established practices in the local communities. However, some of the practices such intercropping were an outcome of interactions between social cultural factors and land scarcity (refer to section 1.2.3-1.2.4). Land is “centrally” controlled by the BRE and therefore local people will utilise every portion of their land to produce food. This drives a process of ‘intensification of production’ through intercropping and crop rotation influenced following seasonal cycles.      
The Government of Zambia introduced farmer input subsidies in the 2002/2003 farming season through the Fertiliser Support Program (FSP). The primary focus of the FSP was to increase maize production through the provision of farming inputs such as fertiliser and seeds (Mason et al., 2013). The Farmer Input Support Program (FISP) replaced FSP in the 2009/2010 farming season. The following section is a discussion on FISP. FISP is not necessarily an element of adaptation from below but is discussed here as part of the broad range of government strategies for adaptation across Zambia.  
[bookmark: _Hlk123063168]8.3.0 Government Support: Farmer Input Support Programme (FISP)
[bookmark: _Hlk156643840]Field observations and interviews with study participants revealed that individuals and households were adopting improved seed varieties in combination with local crop varieties. However, many improved seed varieties were mainly accessible through the government Farmer Input Supply Programme (FISP) and agro traders. A few individuals and households with cash savings were able to purchase these seed varieties particularly maize from agro dealers. The Government of Zambia introduced FISP in 2002 to improve small-scale farmers’ access to agricultural inputs (World Bank, 2010). During the farming seasons 2002/03 to 2008/09 each eligible farmer was to receive one FISP pack consisting of the 4 50Kgs of basal fertiliser, 4 50Kgs of top dressing and 20Kg of seed (Mofya et al., 2013). It was also envisaged that the programme would improve access to modern farming inputs and support crop diversification (Sitko et al., 2012; Mason and Tembo). During the agricultural season of 2015/2016 and 2016/2017 the Government transformed FISP to FISP e-voucher (electronic version) (Mason et al., 2020). A notable addition to the programme was the encouragement to farmers to diversify away from traditional maize cultivation. FISP e-voucher introduced flexibility in the system by allowing farmers to acquire a broad range of farming inputs not limited to fertilisers (Kuntashula, 2021). Access to physical agricultural inputs/assets such as fertilisers is key to in enhancing in fostering productivity, livelihood sustainability, food security and well-being (ibid).       
From interviews with beneficiaries of FISP, the outcomes/benefits of the programme were mixed and, in most cases, marginal. The FISP Pack encouraged some farmers to expand their cultivable land and recorded improved harvests in comparison to previous years when the programme when they had not benefited from the programme. One farmer in Sefula, reported harvesting 15 more bags of maize in the 2017/18 season after accessing the FISP pack compared to the 2016/2017 season when he did not have access to the pack. Some farmers introduced a dual system of production; one for home consumption using local seeds and the other one meant for cash sells using hybrid seeds. Based on this dual system of production, some farmers were able to hire more labour and ox-drawn power. 
To this extent, FISP enabled farmers to diversify their cropping systems through mixed cropping; farmers ventured into growing commercial crops such as sunflower and to the less extent tobacco.  Indeed, from the beneficiaries of FISP, the programme enabled access to cheap farming inputs, increased their capital and improved their food security. It is therefore, that these farmers that have experienced forward mobility on the LSPs. By drawing incomes from a non-farm activity, they ability to bounce back in times of crisis had been enhanced.        
The table below tracks a farmer’s maize production using a dual production system over a 3-year period. The data used to draw from the farmer’s production notebook. The size of the hectares has been rounded off to the nearest whole number.    
[bookmark: _Hlk123040956]Table 15- Illustrative Trends in Maize Harvests Using Local Seed Vs Hybrid Seed
	Season
	Cultivated Land Size(hectares )
	Local Seeds
	Hybrid Seeds

	2015/16
	3
	45 of 50Kgs
	65 of 50Kgs

	2016/17
	5
	65 of 50Kgs
	90 of 50Kgs

	2017/2018
	8
	95 of 50Kgs
	120 of 50Kgs


The table above suggests that the farmer recorded more harvest using hybrid seeds as opposed to local seeds. However, as discussed earlier improved harvests cannot be singularly attributed to the use hybrid seeds. Factors such as the application of fertilisers, labour proportions/times spent on land, extension services, early planting and rainfall patterns can influence harvests.     
However, FISP has been characterised by reports of corruption, political patronage, nepotism and as a result most farming inputs were inaccessible to subsistence farmers (Mason et al., 2013, 2020; Kuntashula, 2021). The criteria used to enrol farmers favours large-scale farmers at the expense of poor subsistence farmers. Among the other requirements was that the farmer must register with a local cooperative and subscribe to one membership share. The farmer must demonstrate that they cultivate 5 hectares of land. For those farmers are eligible to get farming inputs, they are required to pay ZMK400 which is aside from the cooperative membership fee. However, membership of a cooperative is not a guarantee that the farmer will be eligible for subsidised inputs (Mason and Jayne, 2013; Simale et al., 2015). Inputs are often delayed due to financial and logistical challenges (World Bank, 2010; Mason et al., 2020). In comparison to original FISP, the FISP e-voucher has not had any significant impact on yields and crop diversification (Siame and Siame, 2017; Mason et al., 2020). From the interviewees’ perspective, particularly subsistence farmers in the study areas, FISP and FISP e-voucher’s intended benefits have not been realised as summed up in the extract below:
 “Only people with connections get seeds and fertiliser from the depots. Most of the people who need the inputs never get them. If you do not belong to the ruling party, you get nothing and sometimes you must give someone money to be enrolled.  The inputs never come on time and sometimes you do not receive what you applied for.”(Chairperson-Mongu, Small Scale farmers’ Cooperative).     
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[bookmark: _Hlk123063198]8.4.0 Farmer Cropping Strategies 
[bookmark: _Hlk123041001]Table16- Famer cropping strategies. 
	Local adaptation to changes in rainfall and temperatures

	Changes to planting dates  

	Due to late onset of rains planting dates have shifting towards mid-November and early December. This fits with indications from climatic data of a forward shift pf the onset of the rains

	Changes in crops grown

	Evidence of farmers moving from growing traditional crops such as maize to millet, sorghum, cowpea, cassava. These crops respond well to a short growing seasons and rainfall variabilities 

	Growing more drought resistant crops
	In Sefula and Nanikelako, people rely more on cassava as opposed to maize that is vulnerable to rainfall changes. Sorghum and millet have increasingly been promoted as alternatives to maize.  


	Crop mix and crop rotation 
	Farmers growing a mix of crops on the same piece of land as risk protector. In Sefula for example, farmers growing rice, vegetables and wheat on the same field. In Nanikelako famers growing millet, cowpeas and watermelons during the same growing season. Crop mix improves food security and better income returns. Mixed cropping also acts a risk spreader. Crop rotation is improves and enhances soil fertility

	Use of local seeds
	Evidence of more trust in the use of local seed varieties of maize, rice, sweet potatoes, sorghum, millet, African aubergine  



[bookmark: _Hlk123063221]8.5.0 Claiming Land from Land from the Flood Plain: Mazulu
The Lozi people have always used traditional ways to adapt to living with floods. Due to the low-lying nature of the flood plain, people have used land reclamations called lizulu(mazulu-plural) to build their houses and carry out agricultural activities. A lizulu is made by collecting soils and heaping it in a low-lying area to make a hill or mould structure that is elevated from other areas. In some villages particularly in Nanikelako ever year, soils are collected to heap of the existing mazulu make them higher and broader allowing for more spaces for living and cultivation of food. In Lealui and Nanikelako, there is a significant number of the moulds. Several of them are dedicated to annual agricultural activities during the flooding season. At the peak of the floods, the mazulu used for agriculture can only be accessible by canoe, particularly those that are located deep into the flood plains of Nanikelako and Lealui. However, due to their location and susceptibility to flooding yields from mazulu tend to be low. The low yields are also as due to the small size of the mazulu; as they are human made and demand a lot of manual labour to construct.   
[bookmark: _Hlk123063245]8.6.0 Transhumance: The Seasonal Movement of People and Cattle from the Flood Plain“Kuomboka and Kufuluhela” 
Aryal et al (2018) describe transhumance as a form of livestock production in which livestock are moved between fixed points to use the seasonal availability of grazing pastures. Rajamajhi and Manandjhi(2020) describe transhumance as a  type of pastoralism in which animals are moved on a season basis between different agro-ecological zones to utilise the seasonal availability of grazing pastures. What the two descriptions of transhumance above underline is that this movement is driven by the need to find new pastures for live livestock. Aryal et al.(2018) stress that the movement usually happens between winter and summer and varies in type; from nomadic ways to settled communities who combine arable farming with livestock keeping. In both cases of nomadic and sedentary settled communities practice transhumance if form of livelihood strategy taken to adjust to certain environmental changes. 
Transhumance practised by communities with fixed settlement is historical and traditionally a responsive strategy to climate variability, low agricultural productivity and remote location as well for its socio-economic and cultural importance (Chetri et al., 2011).”The knowledge of pastoral communities and their lifestyle are rooted in the historical evolution of their experiences in their environments, which is largely been part of their social adaptation strategy to environment variability Easdale and Aquiar (2018.P1)”. Hulme (2008b) contended that climate change is both a physical transformation as much as it is a cultural object and therefore cultural objects of adaptation play a critical role in fostering change.  Transhumance has been cited as an adaptation strategy against the negative effects of climate change (Agrawal, 2010; Aryal et al., 2018)  
[bookmark: _Hlk156644201]The Lozi people have always practised transhumance for hundreds of years that has always coincided with the annual flooding season (Munan’andu et al., 2012; Mwamulowe, 2017). In the Western Province of Zambia (also known as Barotse Land), the movement of people and their livestock from the flood to the upper lands as a result of annual flooding is locally known as Kuomboka (getting out of the water) (Moonga and Milupi, 2015).  The opposite movement –that is the movement of people and their animals back to the flood plain post floods is known as Kufuluhela(Moonga and Milupi,2015). Kufuluhela occurs during the dry season when the floodwaters recede, and the flood is rich with green pastures. Each village or clusters of villages have grazing lands called mafulelo(plural). Mafulelo is derived from the term kufula-translated as grazing. Each lifulelo(singular) has boundaries and access to these grazing is restricted to individuals and households of that village or villages. In certain circumstances, access is granted to people from nearby villages to graze their animals.  This transhumance is necessitated by climatic conditions such low or poor rainfall and the annual flooding that occurs from January to June each year which is largely influenced by patterns of the annual rainfall. Anecdotal narratives appeared to suggest that during the flooding season as the cattle are moved uplands, the cattle tend lose a lot of weight due to poor pastures which are mainly consist of small shrubs. 
The significance of the transhumance practices in the Barotse Flood plains were highlighted in an evaluation report on the nomination of the Barotse Land Cultural Landscape which was undertaken by the International Council on Monuments and Sites (ICOMOS).
[bookmark: _Hlk156644285] “A transhumance system that goes beyond the grandiose of the annual Kuomboka ceremony and the site specific royal graves, settlement moulds and canal-it is the social, cultural and economic force that binds communities together around migration between the flood plain and higher ground and the value of the very specific type of agriculture practiced on the fertile plans that in effect provide the impetus for this system”)ICOMOS, 2009, P.71)     
Interviewees reported that in the last 15-20 years pronounced seasonal rainfall variabilities have affected the quality and size of pasturelands. Interviewees cited the late onset and early retreat of the rains as having had a huge impact on their livestock keeping as text extract below indicates.   
 “In the old days we never used to travel far in search of fresh pastures, even at the peak of the dry season we used to have nutritious pastures near the villages. In the old days the most we would go was about 5 kilometres and our wives would bring us food as we looked after our animals. In recent years, looking after animals has become hard because we must have to move up to 80 kilometres on the flood plain and be away from home for months. The water points dry up quickly as well. How long we can live like this, no one knows but God. The rains never come on time and if they did come the finish after 2 months” (Manyando-Herdsman-Nanikelako).
Transhumant practices extend as far as up to 50-100 kilometres from the village deep in the inner flood plain during the dry season as the pastures near the villages become scare. Topographic features of the areas influence transhumance practices. The landscape in Nanikelako is composed of with low-lying vast expanses of plain land, dambos, disused canals, swamps and ox-bow lakes many of which are seasonal water bodies. 
In Nanikelako, transhumance was undertaken on a horizontal bases-which is the back-and-forth movement of people and cattle across different areas of the low-lying flood plain.  Therefore, in Nanikelako the movement of cattle covered a wide area following established routes of water sources and pastures influenced by timing of rainfall and vegetation growth. Whereas Nanikelako appeared to hold the potential for cattle production due to vast expanse of the grazing lands, it is challenged in the sense of location capital. Its remote location hinders access to markets and extension services. The lack of location capital; that is infrastructure in the form of roads, bridges, electricity and others narrows options or alternative livelihoods for individuals/households to engage in. Consequently, in the case of Nanikelako individuals/households the vulnerability of individuals/households’ shocks is amplified due to limited livelihood options. The foregoing observations fit into the general observation of the poverty incidence in the Western Province of Zambia (CSPR,2013;2015).      
 In Sefula, transhumance was undertaken on a vertical basis-which is people and cattle ascending and descending from the low-lying flood to the upper land. Sefula is characterised by a wide upper land that overlooks the low-lying flood plain. In Sefula, the transhumance is mainly undertaken by moving herds from the low-lying flood plain to the adjacent upper lands during the flood season and back down when the flooding has receded. 
On the other hand, Lealui, which is he King’s Winter Palace lies an on slightly high ground surrounded with vast expanses of low-lying flood plain. However, the land and its pastures in are the preserve of the King; no one is permitted to keep cattle or graze their livestock on the proximate areas of Lealui. Therefore, the movement of cattle and people in Lealui coincided with the Kuomboka; the transition of the King and his herd from Lealui to Limulunga which is the King’s summer palace (refer to the Kuomboka ceremony).  
During the flood season, the herds are kept in kraals made of wooden structures. At night, the cattle are locked in the kraals to protect them from cattle rustlers and wild animals.  The cow dung deposited in the kraal fertiliser the land and some of it is collected then dried as an energy source. During the day, the cattle is moved to the edges of the flooded plain or nearby forests and dambos to graze. 
  “most of the people on the flood plain have two homes, one on the flood plain and another on the upper lands. When we are blessed with good rains and the plains flood, we move with our animals. If the there is too much water on the plains, we live on the upper land for up to end of June before we move back. When we move back the plains are rich with forage and our animals are happy just as we are. In the last few years, we have faced poor rains, we have no water or food for us or our animals. We do not get any kind of help and it is sad to see our animals die due to starvation” (Induna-Nanikelako).
Livestock keeping was found to play a significant role in how people have responded to the impacts of shifts in the rainfall in Sefula and Nanikelako. At household and individual level selling livestock provided cash that was invested in other livelihood activities (e.g grocery stores) and purchase durable assets such as bicycles. Interviewees indicated they were able to pay school fees for their children and pay for medical expenses from cash incomes from cattle sells. Sale of Milk and cowhide created employment opportunities across the communities. Cowhides are used to make traditional mats and others sold to traders from the urban areas. Cash incomes and investment in other livelihoods contributed to livelihood and asset diversification. The findings of this study corroborate with similar studies (Moonga and Milupi, 2015; Milupi et al, 2019) that found communities on the Barotse Flood plain have long used transhumance as way of responding to environmental state.  Similar studies in other regions of the world have suggested that transhumance practices have deployed in order to deal with challenges of environmental change in precipitation and snowfalls in Nepal and Himalayas ( Rajamajhi and Manadhar, 2020; Aryal, 2016; Gentle and Thwaites , 2016). Easdale and Aguiar (2018) add transhumant is a critical socio-productive measure adapted so spatial and temporal environmental variabilities. Some of these measures are necessarily, indications of how people have increasingly diversified their livelihoods in order to broaden their incomes streams and spread risk. As agriculture is increasingly becoming vulnerable to climate related perturbations (Lawson et al., 2020), the centrality of livelihoods and asset diversification becomes critical as it acts a risk spreader. Livelihood diversification acts as buffer in case people’s main livelihood is disrupted by climatic or non-climatic shocks or stressors (Ellis, 1998; Mohammed et al, 2021).     
Transhumant livelihoods depend on natural resources and therefore highly vulnerable to climate variabilities. Questions arise at how these livelihoods will remain viable in the face of the unpredictable nature of climate change; that is drying of water sources due to drought and the increasing erosion of commons across many rural areas of the world. The spread/distribution of water sources and grazing pastures is to a greater extent shaped by rainfall and temperatures of a locality and therefore as some of the impacts of climate change remain unknown, it entails that the livelihoods people involved in livestock keeping is at risk (Dong et al., 2010; Onah et al., 2013; Tiwari et al., 2020). 
The responses strategies set out above are often woven into knowledges, ideas, logics, values, norms and understandings of local people,  in my view can be classified into 4 livelihood pathways; Struggling; Coping; Resilience and Adaptation.     
[bookmark: _Hlk154750153]8.7.0 Linking up Livelihoods Strategies and Adaptation Strategies.
In the following sections I illustrate how I developed the LSPs based on empirical observations and the application of other theoretical lenses of inquiry. As argued earlier in this study (refer to sections 3.9.1-3.9.1 & 3.9.7-3.10.1), key to the conceptual development of the LSPs is the deployment of assets in livelihood construction in the face of internal and external forces (push & pull). Internal and external forces shape how individuals distribute their assets to satisfy their well-being (Scoones, 1998; Moser,1998). In stable times/seasons individuals or households make rational and purposeful decisions which then situate/shape their livelihood pathways. However, in times of crisis people make reactive or desperate decisions to ensure survival. In the following sections, I track through the conceptualisation of the LSPs through an ethnographic analysis of asset deployment. 
8.7.1 Struggling Pathways 
The concept of struggling pathways is based on the everyday survival instincts of individuals or households who lack in asset diversity or those who subsist on “hand to mouth” basis. From this study’s perspective, these were individuals or households that were lacking in access/ownership of land, liquid and physical assets that could easily be redeployment on the everyday basis and critically in times of crisis.
Based on empirical engagements, I observe that these individuals or households relied on their own labour as the most important asset in their portfolio. They subsisted through labour exchanges with households in their local areas. The defining feature of these individuals/households was the lack of access to land. These landless people were disadvantaged from the onset because as already established in this study, agriculture is the dominant livelihood activity. During data collection, I interacted with an old lady who lived by herself and due to illness was unable to engage in piece work. She survived by accessing or tapping into her immediate social network (neighbours) and community cooperation that very strong in the study areas. There were other similar stories of people in the study areas who were relying on their labour for survival; either by working on other people’s land or other labour-intensive jobs. Many young people looked after other people’s cattle which they grazed on pastures in the vast expanse of the flood. The returns/incomes from these kinds of jobs were paid either in food portions or small amounts of money. 
There was a narrative of strong community cooperation and propensity to share available resources particularly food in times of crisis. Based on the concept of care-the innate behaviour of humans to care for one other, people rallied together to satisfy their daily needs and thereof their well-being. Motivations or agency for asset accumulation in this case is almost nearly impossible as people’s preoccupation is to get the next meal. 
In times of widespread crisis particularly during droughts, resources were scarce in terms of food that could be shared around. For example, during the drought years of 2017-2019, interviewees cited widespread hunger that devastated all the study areas. Competition for grazing land led to hostilities between and within villages prompting some people to convert their livestock to daily needs of food. While people were able to surmount their agency during desperate times, they lived in the reality that they will face the same hardships in the next season. While they were sentiments of plenty food during the rainy season due to the abundance of natural resources such as wild vegetables, non-timber forest products and fish in the flood plain, many people in this category lived in a cyclical reality of recurrent or worse conditions in the following year.
From all the three study areas, two concepts come into play in relation to livelihood struggle in this category of classification: unequal power distribution and fragmented geography. In Nanikelako, location capital and place vulnerability narrowed the range of alternative livelihoods options and critically during times of crisis. The conditions particularly in Nanikelako were desperate, the lack of social infrastructure such as schools and hospitals mean that social mobility in relation to health and education opportunities exacerbated intergenerational poverty. Based ethnographic interactions with study participants, evidence indicated high levels of illiteracy and poor health outcomes Nanikelako. In Lealui, unequal access to land ;the most critical asset is highly skewed in favour of the King therefore limiting livelihood options for people. In Sefula, while land and other support infrastructure such as irrigation is available, many people subsisted on sub-letting their labour because only a few individuals or households owned land and had access to the irrigation infrastructure. 
In categorising this group of people, I draw on three (3) key points; lack of asset diversity; limited range of livelihood options and intergenerational cycle of struggle.  
 8.7.2 Coping Pathways 
The basic characteristics of the Coping Pathways are like that of the Struggling. Individuals or households in this category relied prominently on the extraction of natural resources and labour exchanges due to being asset poor (see section 3.10.4) and a limited range of livelihood options. 
In this pathway I assemble individuals or households that apart from engaging into activities above were also involved in brewing local alcohol(kachasu/kachipembe) and making local crafts. Kachasu brewing is common in Sefula and Nanikelako but restricted in Lealui.   
The most distinctive feature between struggling and coping pathways was access to remittances.  Remittances play a critical role in times of crisis as buffer for vulnerable people (Musah-Surugu et al.,2018). Some individuals/households with social networks beyond their locale areas relied on remittances from their family members in the urban areas. Interviewees narrated how remittances supported them to meet their basic needs in times of drought or other social pressures. Remittances were used to buy food, pay for school requirements and other essential needs. Other individuals/households indicated how their children from urban areas sent them monthly allowances for food and other needs. Without these remittances, these families were vulnerable to external and internal shocks.   
However, these individuals or households heavily rely on labour exchanges and the extraction of natural resources. They are at a higher risk of falling back into the state of struggle. 
A common thread in Struggling and Coping Pathways is that these are short-term strategies to ensure everyday survival. These strategies do not deal with the underlying causes of vulnerabilities; should the same event or hazard occur in future, people or communities will more than likely experience similar effects.
Case Reference: Ms Namunji in Lealui relies on the remittances from her brother who lives in Lusaka. Ms Namunji is unemployed and owns no productive assets apart from a mud thatched house. She looks after 3 orphans, and one is disabled. She cannot engage in farming due to land use restrictions in Lealui. During the flood season, Ms Namunji will engage in artisanal fishing using fishing baskets in cooperation with other women. In times of crisis Ms Namunji like many other families in Lealui are in danger of starvation without support from her brother. The possibility of Ms Namunji escaping these conditions are nearly impossible without deliberate/target interventions from external agencies.  
[bookmark: _Hlk154750261]8.7.3 Resilience Pathways
Resilience pathways situate in a delicate balance -any extreme mixture of external and internal pressure can easily push these livelihoods to Coping or Struggling. 
Whereas, in my conception I imagine that livelihoods in this category are characterised with a moderate asset diversity (liquid cash, livestock-cattle, pigs and goats). These livelihood pathways are characterised by a high proportion of farming activities that are highly sensitive to seasonal cycles and climatic shifts. For example, in Sefula there is a dominance of rice growing and livestock keeping. These farming activities are highly profitable in good agricultural seasons because of the huge demand and high prices of rice. Many of the farmers in this category experienced good levels of well-being, access to health facilities and schools. 
However, based on the fact these livelihood pathways are anchored on farming activities means that changes in climatic conditions can have devastating impacts.  Anecdote evidence indicates that droughts of 2017-2018-2019 eroded farming activities in the study areas. Water shortages and livestock disease wiped out hundreds of cattle. Farmers made huge losses in terms of crops and animals. However, resilience pathways were able to bounce back and transform into better pathways. Interviewees in this category narrated how they sold off their livestock and some of their stores of rice stocks which they reinvested in their farming activities. Other farmers in this category diversified their farming portfolios into growing vegetables such as cabbages and tomatoes that had good returns.  
Case Reference: Mr Mubaanga a farmer in Sefula held his wealth in livestock and grain stores. He kept his livestock as a symbol of wealth and for cultural reasons. Over the years he accumulated a big head of cattle. He claims to have lost hundreds of heads of cattle due to a devasting epidemic of anthrax in 2016. Mr Mubaanga reports that he had to sell the rest of the cattle to avoid a total lose. He narrates that he had to start over again by restocking from his father and selling off his grain stores. Mr Mubaanga has been investing heavily into cassava and millet growing as these are drought resistant. 
[bookmark: _Hlk154750278]8.7.4 Adaptation Pathways 
Individuals or households in this pathway were engaged in a diversity of on farm and non-farm activities. These individuals/households can be imagined as having achieved high levels of well-being. Their highly diversified assets in terms of social networks, financial capital and other assets cemented their robust and flexible response to shocks through rational asset redeployment.
In my conception, the feature of this pathway was anchored on a good mix of liquid cash, physical assets such land, lorries, bicycles and livestock diversity (a mix of cattle, pigs and goats). This fluidity and diversity in their assets accelerated further asset accumulation not possible in the other pathways. 
In terms of on farm production, these individuals were involved in growing different crops-maize, cassava, rice and green vegetables with ready markets in the urban markets of Mongu. Crops of were grown for dual purposes-that is for household food consuption and commercial purposes. These farmers were able to purchase hybrid seeds and fertilisers to maximise their returns and further accumulate assets. 
Case Reference: Mr Mwendalubi, a farmer in Sefula with a stock of roughly 200 cattle, 130 goats and 15 pigs. He collects livestock manure for his agricultural activities and resells the surplus. He is engaged in mixed farming-rice, vegetables, maize and cassava. He owns a lorry that transports his farm produce and hires it out to other farmers. He managed to send two (2) of his children to university. 
[bookmark: _Hlk148350196]Table 17- Summary of the key features of the LSPs 
	Pathways
	Features 
	     Asset Diversity 
	Well-being

	Struggling 
	Labour-exchanges, natural-resources and social networks
	 Poor/low asset bundles 
	Transgenerational poverty 

	Coping
	Labour-exchanges, natural-resources, social networks & Remittances 
	Poor/low
	Transgenerational poverty. Can escapee poverty in the right conditions 

	Resilience 
	Anchored on-farm activities/moderate activities in non-farm
	Moderate asset diversity -mix of liquid cash, livestock, land and grain stores
	Moderate well-being
Flexibility in asset redeployment/bounce back from perturbations 

	Adaptation 
	High mix of on farm and non-farm activities 
	Complex/careful mix of liquid, physical assets 
	High well-being. Greater opportunities to apply assets 

	Transformation
	No empirical evidence to indicate has been achieved or can achieved without external support



[bookmark: _Hlk123063309]8.8.0 Conclusion 
Chapter 8 explored the main outcome of this research ‘Adaptation from below’.  Chapter 8 focused on the processes and activities of adaptation to shifting climatic conditions in the three study areas. Adaptation from Below was conceived during and after data collection; it is situated in local knowledge and practices developed and refined over main generations. Adaptation from Below is a blending/hybridisation of local knowledge and practices infused with knowledge from different parts of the world. This was demonstrated into how local people engaged in their farming activities from the choice of seeds, tillage systems, soil fertilisation and post-harvest care of their harvests.  Through all these many farming activities, evidently processes of trial and error, blending and bricolage were intertwined with local practices. This chapter explored the plurality and diversity of adaptation practices in the study areas including tillage, land preparations and soils fertility management. It also examined the main cropping systems and the use of drought resistant crops in the face of increasing drying conditions in the study areas. Local support infrastructure is key in the study areas; the use of local banks plays as central role in the local practices and knowledge retention/transfer between generations. This chapter explored transhumance practices in the study areas. Transhumance practices coincide with the annual flooding season that is also celebrated through the Kuomboka ceremony. Hundreds of people and their livestock move from the lower flood plain to the uplands every year between March/April to escape the flood water. 








[bookmark: _Hlk123063348]
Chapter 9: Conclusion
9.1.0 Introduction
This thesis set out to investigate the impacts of climate change and explore into the plurality of adaptation strategies in the Barotse flood plain of the Western Province of Zambia.  Taking an interdisciplinary approach, the thesis explored rainfall and temperature changes and trends between 1981 and 2019 in three study areas (refer to methodology-Chapter4). Employing qualitative and quantitative methods, the thesis assessed local people’s observations (qualitative-chapter 5) and applied scientific data analysis (quantitative-chapters 6&7) to evidence for change and trends. The thesis demonstrated in chapter 5 that local people’s observations pointed to rainfall and temperatures shifts. Local people’s biggest concern was perceived to be changes in the onset, duration, and cessation in rainfall. In chapters 6 and 7, this thesis analysed rainfall and temperatures indices to establish whether people’s observations match with climatic data. Through discussions and analyses, this thesis established that people’s observations and scientific data were generally in broad agreement; in that some of the indices of rainfall and temperatures have been shifting. Local observations and scientific data point to a forward trend towards late onset, shortening of the rainy season (duration) and an early withdraw. In relation to temperatures, both local observations and scientific data point towards warming summers. However, there were divergences between local observation and scientific data in relation to winters. Whereas local observations appeared to indicate a trend towards colder winters, these observations were not supported by scientific data. However, remarkably local people did not appear to emphasise changes in temperatures as much as they did for that of rainfall. In my view this can be attributed to the fact that changes rainfall patterns were more visible and impactful on people’s livelihoods.  
The thesis introduced the Livelihoods Strategies Pathways (LSPs)-as a way of conceptualising how local people respond to change through the deployment of their assets in order to satisfy their well-being. The main adaptation outcome of the thesis, which I referred to as “Adaptation from Below”, was conceived during and after field data collection through observing, interpreting and trying to understand how local people learn, modify and pass on knowledge from one generation to another. These adaptive strategies are constructed at a local level, influenced by indigenous knowledge systems and blended with other knowledge systems including scientific knowledge. This thesis was motivated by the grounds that no similar studies has been conducted in the study areas that have explored rainfall and temperature changes to greater depth as in this study has. In undertaking this study, this thesis has contributed empirical knowledge that will be valuable to policy makers and other researchers as the world seeks to find solutions to climate change. In conducting this research, I deployed a place-based three case study (see chapter 4-methods). 
In order to meet the aim of the thesis and answer the research question, the thesis set out to meet the follow objectives.
I. Assess climate variability and change through meta data analysis of rainfall and temperature changes/trends.
II. To Compare and contrast local observations against scientific analysis of rainfall and temperatures as set out above.     
III. To explore the plurality and diversity of rural livelihoods strategies that households/ individuals pursue in response to climate change and variability.
IV. To examine the types and asset bundles that individuals and households draw on to construct their livelihoods and adaptive measures pursued within and between individuals/ households and how these are shaped by climate.
The following sections present the key findings of this thesis as set out in Chapters 5, 6, 7 and 8. The key findings are highlighted under each objective and main themes that were explored. 
9.1.2 [bookmark: _Hlk123063455]Key Findings of the study  
Objective I. Assess climate variability and change through meta data analysis of rainfall and temperature changes/trends.
From the scientific analysis of data, the key findings of this study suggest that while long-term mean annual rainfall was observed to have a positive trend, the rainy season length or duration was on a negative trend (decreasing).  Although this trend is insignificant (p<0.05), it is a result of significant trends in onset (later) and cessation (earlier) of the rainy season that are driving changes in rainfall patterns. The findings above corroborate with similar studies in Zambia (Libanda et al.,2020; Makonda and Thomas,2020; Biggie and Mubanga,2022). Interestingly, this study also finds an increase in the total number of wet days within a rainy season. This suggests that despite the shortening of the rainy season, within each rainy season there are a greater number of rain days.  This suggests that more rainfall is received within a short period resulting into higher rainfall intensity and floods.  
In relation to temperatures, local people’s observations were that summer temperatures were warming. Interviewees suggested that the month of October was the warmest. Interviewees also reported experiencing unusually hot nights. However, this study did not assess daytime or night-time temperature in order to establish evidence for these views. The exploration of daytime and nighttime is beyond the scope of this study.  It is possible that the night temperatures have remained stable during the study period, however, it is also arguable that people will report feeling hot in the night as they were not as active in the night compared to the day when they engaged in their livelihood activities. The findings also revealed that local people appeared to suggest that winters were getting cold compared to previous years; however, these assertions do not fit with climatic data analysis. Here too, it is plausible that people will report experiencing feeling cold when the actual temperatures are warm. The possible explanation for this is that winter-time (cold season) in the study areas coincides with the dry season-it is the lean season with most people not engaging very productive livelihoods activities and being less active may make people feel cold when infact the temperatures have remained stable over time.    
The key findings from the climatic analysis of this study point to an upward trend (positive) in temperatures in the months of July, August, September and October. The monthly temperature analysis concluded that the highest variation was observed in October corroborating with local observations. During the study period, months of March and December on the other hand experienced a downward trend (decreasing temperatures). Furthermore, the trend results concluded a significant upward trend in temperature in seasonal and annual data records. In monthly data analysis using Mann-Kendall trend the results indicate an upward trend in the months of July, August, September and October. There was a little variation in the Modified Mann-Kendall trend test results as the significant upward trend was in the months February, June, July, August, September, and October. The trend magnitude calculated using Sen’s Slope concluded the highest trend in temperature in October with 0.069 ℃/year while this trend magnitude was 0.020 ℃/year in annual results whereas in winter this was 0.023 ℃/year and in summer the trend magnitude was 0.040 ℃/year.  Overall, the study concluded an increasing trend in temperature on both summer and winter temperatures. These results corroborate with the findings of the IPCC (2022, Chapter 1)-that point towards warming trends both in summer and winter. According to IPCC (2022, WGI Section 22.2.1.1), across Africa the observed climatic trends indicate that near surface temperatures have increased by 0.5⁰C or more over a time of 50-100 years. Minimum temperatures have warmed at a high rate than maximum temperatures. Near surface air temperature anomalies have significantly been higher during the period 1955-2010 compared to the period 1979-1994. The IPCC (2022) further adds that it is more likely that mean annual temperatures have also increased over the last century across many parts of Africa. 
Objective II. To Compare and contrast local observations against scientific analysis of rainfall and temperatures as set out above.     
a. Narratives of Late onset of the rainy season-Chapter 5 established that the general narrative(views) from all the three study areas was that the rainy season has been shifting forwards (late onset). The narrative was that rainy season was starting in early December as opposed to late October to early November as was the case in previous years. The rainy season onset appeared to be defined by two frames of reference, by month and livelihood activities within and between the study areas. However, in the main it was agreeable that the rainy onset was historically referenced to the month of November. In Lealui and Sefula, rainy season onset was broadly defined by month. In Nanikelako this appeared to be defined by the availability of green pastures for cattle in the vicinity of the villages depicting a livelihood frame of reference. During data collection, I observed large tracts of land left uncultivated during the month of November that interviewees attributed to late onset of the rainy season. These local observations agree with climatic data analysed in chapter 6(Sen’s Slope=0.19, P-Value=0.1). This is consistent with other research that indicates that wet seasons will get delayed across many regions of Africa with the largest shifts of an average of 12 days over much of Southern Africa (Dunning et al., 2019; IPCC,2022).  
b. Narratives of uneven distribution of rainfall and intensification of dry spells-broadly the views from interviewees were that the rains have been unevenly distributed during the rainy season and often characterised by long and frequent dry spells. Most interviewees were of the view that the rainy season is concentrated within three months (DJF) as opposed to being spread evenly during rainy season compared to previous ‘normal’ rainy season of five months (NDJFM). During the study period, a maximum of 21 consecutive wet days was recorded. Interviewees also suggested that dry spells have become frequent and intense. This corroborates with the climatic data analysis that revealed rainfall intensification in 2000-2009 with 982.2mm against 924.1mm in 1981-2000. During the study period, 19 consecutive dry days were recorded (see section 6.3.1). The findings of this study indicate an increase in wet days that coincides with rainfall intensity during a shorter rainy season. Rainfall concentration or intensity can play a critical role in the total rainfall amounts (Quenum et al., 2019). These indices can influence the flooding or drought events including the frequency of dry spells (Quenum et al.,2019). Kumar et al. (2019) argue that the distribution of rainfall through an entire season rather than its total deficiency during the season can significantly influence crop productivity. Kumar et al. (2019) forward that any high variability or any prolonged uneven distribution of rainfall can result into severe impacts on crop productivity not just in rain fed but equally irrigated cases.    
c. Narratives of negative trends in rainy season length (duration) and early cessation – sentiments by interviewees in all the three study areas indicated the rainy season length has become shorter and the rains withdraw early(stoppage).  The argument was that due to the late onset of the rainy season and early withdraw; the rainy season length has become shorter. The anecdotal view was the rainy season onset has shifted forward towards late November and early December and cessation has shifted backwards from April to March. Following this line of narrative, the rainy season has reduced by a month. The above observations translate into a shorter rainy season and growing season. These local observations fit in with the scientific data analysed that depicted a negative Sen’s Slope (=-0.6 and P-Value=0.5) as analysed in section 6.3.3. Using six member ensemble, Cook and Vizy(2016) found shortening growing seasons over Southern Africa and western parts of the Sahel.Biggie and Mubanga(2022) in their study across the entire three Agro Ecological Areas(AERIIb) of Zambia found shortening/decreasing rainy season and early cessation of the rains this is despite rainfall amounts remaining relatively stable.  All the above findings are consistent with the IPCC (2022, WGI Section 22.2.2.1) - most regions of Southern Africa (Botswana. Zimbabwe and Western South Africa) have experienced a downward trend in total mean summer rainfall and other indices of intra-seasonal characteristics seasonal rainfall such as onset, duration, rainfall intensity has changed.
Objective III and IV as discussed here together - asset bundle influence the response strategies (Moser, 1998). As argued in the theoretical and conceptual framework, asset characteristics influence how individuals or households deploy or deploy their assets in the face of threats in order to satisfy their well-being (Moser, 1996; Scoones, 1998; Chen et al., 2013).  From the perspective of this study, access to labour and critical natural resources such as land shaped response strategies as most of the livelihoods are agriculturally based (see chapter 8). And well-being outcomes in the form of livelihood security, empowerment and sustainable use of natural resources is a result of a rational deployment of assets and negotiation of constraining forces within the vulnerability context (Armitage et al.,2012; Breslow et al.,2016). 
As discussed in Chapter 8; ‘Adaptation from below’, climate change adaptation at the individual or household level were shaped by local practices embedded in long-term cultural practices and values of the people. These practices and values reflected strong place attachment and identity of the Lozi people who inhabit the Barotse flood plain. These practices and values among others constitute indigenous or local knowledge systems. As demonstrated in chapter 8, research shows that people’s understanding and perceptions of environmental change is affirmed if it fits in with cultural values (Kahan et al.,2011; Kuehne,2014). This corroborates with Daskon(2010),  who describes cultural resilience as a strategy of responding to change characterised by the protection of long standing traditional practices  .The Barotse flood plain typifies a place where culture, traditional, place identity, attachment , livelihood and politics  coalesce. The annual celebration of the flood season symbolised by the transition of the King from the flood plain to higher ground in a form of agro-pastoral transhumance system, has often been seen by Lozi people as a symbol of the state of the Lozi nation (Flint, 2007). The entire ceremony articulates the Lozi nation and the future aspiration of a separate state of Barotseland (Flint,2007) (see section 1.2.2).
From the foregoing, this complex sociocultural and socioecological relationship between the flood plain and local people forms a rich environment for people to construct livelihoods and while safeguarding the flood plain (Shishekanu, 2022). 
The key findings of objectives III and IV are summarised below under broad adaptation measures discussed in chapter 8.
a. Tillage and land preparation techniques/choice of cultivable land: land preparation under ripping and minimal tillage systems was undertaken mainly from the month of November. Land preparation was undertaken by hand hoes and ox-drawn for those who owned cattle or could afford to pay for their land be tilled using ox-drawn plough. Land size and labour within the household determined the size of cultivated land and influenced the harvest in the presence of adequate rains-these are explored in Sections 8.2.1, 8.2.2 and 8.2.4
b. Soil fertility practices-chemical fertilisers and organic matter including use of cow manure: Soil management practices consisted of reduced tillage, delayed tillage and minimal tillage recommended for its less disturbance to soil. The application of chemical fertiliser was highly sort after but least in use due to the cost factors. Application of cow manure and organic matter were the most practised due to the ready availability of manure and plant organic matter left over from previous harvest. Farmers using chemical fertilisers reported the marginally better outcomes in terms of harvests. However, studies suggest that the application of chemical fertilisers by themselves does not necessary result in improved harvests, rather other farm management practices contribute to improved yields. See sections 8.2.5 and 8.2.6

c. Cropping systems-The main cropping systems are mono-cropping, mixed cropping and rotational cropping. Crops grown consisted of drought resistant crops, and early maturing crops. In order to reduce the risk of crop failure and harvests, most subsistence farmers adopted drought resistant and early maturing crops. Cassava was the most popular drought resistant crop grown in the study areas. Local varieties nalumino and lipuuim were most common. The availability of cassava cuttings locally encouraged the growing of local varieties apart anecdotal sentiments that local varieties gave better yields per plant.
Rice growing the most popular in Sefula due to its access to fertile plains of the flood plains and irrigation infrastructure. Rice is grown throughout the year; however, most of the rice growing was undertaken to fit in with the annual flood season. During the dry season rice is grown using irrigation canals that were constructed by the Government and donors. In the face of changing rainfall characteristics irrigation will reduce reliance in rainfall. Rice growing is a highly profitable livelihood activity grown on both subsistence and commercial basis. Farmers engaged in rice grown on commercial basis were relatively well- off than those did not due to high incomes earned from sales of rice. Sefula produces a highly valued rice known as “mongu-rice” which is packaged and sold commercially. Other drought resistant crops such as sorghum and millet were grown on scale basis alongside other crops such as maize, groundnuts, sweet potatoes and beans (see section 8.2.7).   
 
d. Support Infrastructure-Local Seed Banks, Harvest and Post-Harvest Care: As part of ‘adaptation from below’ local people had support infrastructure such as ‘seed banks’ that  stored local seeds for generations. ‘Seed banks’ made of wood and mud thatched huts stored local seeds of maize, cassava cuttings(stems), rice, millet, groundnuts and other crops. The preservation of local seeds consisted of “smoking” locally referred to as ku kunyeka under a slow burning fire. The heat and smoke removed moisture from the seeds and stops pests and other microorganisms from attacking the seeds. Better-off farmers constructed bigger ‘seed banks’ known as shishete-some kind of granary that was elevated from the ground and treated with local herbs to stop pests from invading seeds. Local people purchase these seeds in the next farming season earning the seed bank farmer extra incomes that they invested into other activities (refer to section 8.2.8).   
e. Government Support-Farmer Input Support Programme (FISP): First introduced in 2002 the Farmer Input Support Programme (FISP) has undergone several reforms. It aims to support small-scale farmers with farming inputs such as improved seed varieties and farm equipment. Access to agricultural inputs and farm equipment is central to improving productivity, food security and well-being (Mal, 2014). A recent change to the programme was to encourage farmers to diversify away from traditional crops such as maize in the face of changing rainfall patterns. The outcomes of FISP are mixed due to late or non-delivery of farming inputs. The eligibility criteria also acts as a barrier to the smaller subsistence farmers that cannot meet the requirement such subscription fees. In all the study areas, none of the interviewees have been able to access inputs under FISP due to a complex mix of factors and allegations of corruption in the administration of the programme.     
f.Farm cropping strategies: In response to changeing rainfall patterns, evidence from the study areas suggests farmers changing their cropping systems. In particular, due to late onset of the rains farmers have shifted their planting season to fit in with late onset. Most farmers have shifted their planting from November to December. As well as shifting their planting in relation to late onset, late planting is strategy used a precaution in case of a “false onset” of the rainy season.  
Other changes in cropping systems consist of shifting from growing traditional crops such as maize that is highly sensitive to changes in rainfall to growing drought resistant crops such as millet, sorghum and cassava. Not only are these crops drought resistant but are suitable for a shorter growing season and rainfall variability. In order to buffer themselves against the risk of crop failure and maximise harvests from the same piece of land, mixed cropping and crop rotation have been another strategy farmers have increasing been adopting particularly in Sefula where crops can be grown year-round using irrigation infrastructure –refer to sections 6.3.3 and 6.4.0. Transhumance practices: Floods are often viewed as a disruption and detrimental to people and their livelihoods (Sultana,2010; Call,2017). From local people’s perspective, a good rainy season is one that inundates the entire flood plain. In the Barotse flood plain floods sustain the livelihoods of people and their livestock. The annual transhumance of people and their livestock from the flood plain to uplands locally referred to as the Kuomboka is the Lozi people’s annual cyclic sociocultural way of life which characterises their agro-pastoral livelihoods (Namafe, 2004; Sishekanu). The king like many of his subjects reside on the flood plain during the dry season and relocates to Limulanga that sits on the edge of the flood plain when the flood plain is inundated around March/ April. 

From around June when the flood waters begin to recede, the reverse movement takes place and people move back to the flood plain to continue with their livelihoods and graze their cattle in the now nutrient rich flood plain. For thousands of people who subsist on the flood plain, their livelihoods are hugely dependent on the rich ecosystems nourished by the seasonal hydrological cycle of the Zambezi River. This annual movement not only demonstrates how local people live with floods but also is at the core of Barotse culture. However, with climate change comes the unknowns and unpredictable variables and as the frequency and intensity of extreme weather events intensify, the future of the people on the Barotse flood plain is threatened (see section 8.7.0). 



9.1.3 [bookmark: _Hlk123063508]Emerging Trends: Rainfall and Temperatures   
Chapters 6 and 7 of this thesis analysed rainfall and temperatures during the study period. Based on this analysis, I conclude that these changes can be attributed either  long term climate change and or climatic variability. Climate change and variability disrupt or alter hydrological and temperature patterns (IPCC.,2014;2022).  Evidence suggests that rainfall and temperature will be two of the most critical variables that will have a significant impact of the livelihoods on the people in the global south (IPCC.,2014;2022).
As demonstrated and analysed in chapter 6, all the key indices of the rainfall patterns in the study areas point to a forward shift and negative shift for cessation or withdraw. Late onset of the rainy (Sen’s Slope 0.19, P-Value=0.1), receding rainy season duration (Sen’s Slope -0.25, P-Value=-0.1) and early cessation (Sen’s Slope 0.06, P-Value=0.5) implies that the normal growing season of 180 days has been decreasing to 120 days. This reduction in the growing season has not been compensated or not reflected in adaptation measures. Most farmers are still reliant on growing traditional crops such as maize that are water thirst and sensitive to temperature shifts (Connolly-Boutin and Smit,2016; Dube et al.,2016). Poor rains and high temperatures will worsen drought conditions and water stress making people even more vulnerable to conditions of poverty. Droughts and a short rainy season will compound pre-existing food security issues in the study areas as was the case during the 2017-2019 droughts. 
The data analysed reveals two others critical indices relevant to agriculture, that is rain intensity and consecutive wet days. An increase in rainfall intensity and consecutive rainy days maybe result in saturation overflow or flooding and erosivity (Nearing et al., 2017; Dunkerley,2021). Considering that the Barotse flood plain is dominated or characterised by sandy soils with low productivity; increased rainfall intensity will further degrade these soils. Conversely, the most fertile soils that lie in inner flood plain that are often exposed to flooding. Rainfall intensity increases the power of rainfall to cause erosion and loss of fertile lands essential for agricultural purposes (Dunkerley,2021). As the analysis indicates, extreme flooding events impact not only agricultural activities but critically access to education and health facilities. Mroz et al. (2023), in their study document how flooding events increased the risk for maternal neonatal morbidities and mortalities in the Barotse Flood Plain.   
These changes and trends in these rainfall and temperatures will have significant implications for agriculture-based livelihoods.
Taking the case of Nanikelako, locational poverty, marginalisation compounded by changes in rainfall and temperatures will culminate into severe food insecurity not just for humans but for livestock as grazing ranges on which livestock thrive will virtually disappear. Seasonal water points dependent on the annual flooding will dry up due to drought and high temperatures. According to Leal Filho et al. (2021), extreme dry events such as droughts and heatwaves impact on food production due to rainfall scarcity and soil moisture. Droughts are often characterised by below normal rainfall or precipitation and extreme heat over several months or years which often results in agricultural droughts (Zhao and Dai,2022): As analysed in chapter 5, Nanikelako is a highly depraved area, and the outlook appears desperate without concerted efforts to confront these rainfall and temperature changes. Future projections not just for the study areas but for Zambia indicate frequent and prolonged droughts and increased water stress (Libanda et al.,2020).  
The Barotseland flood produces 60-70% or locally grown rice in Zambia (Blom,1984; Milupi et al., 2020). Another significant impact of the receding rainfall and warming trends will be disruption of the irrigation systems in the rice and vegetable growing areas of Sefula. The major economic activities in Sefula are centred on rice growing and livestock keeping particularly cattle. Rice growing is water intensive; it demands a lot of water to have a successful yield of rice (Yao et al.,2017; Singh et al.,2021). Receding rainfall and warming trends will have a damaging impact on rice and vegetable growing. As demonstrated in chapter 8, irrigation is one of the effective ways people in rice have adapted against poor rainfall and higher temperatures. Research shows that decreasing rainfall compounded with warming trends will be deleterious in sub-Saharan African especially among the poorest who depend on rainfall for their livelihoods (Kurukulasuriya and Mendelsohn,2007; Ahmed,2020).
Movement and transportation of goods services in the vast expanse of the Barotse flood plain in anchored on the vast network of 300 canals dotted across the flood plain (Cai et al.,2017). This transverse system of man-made canals are the nerve of the transport and communication system of people on the flood plain (Chaiwa,2023). The villages in the expanse of the flood plain are connected by this network of canals. Between June and December, when waters in the flood plain recede navigation between the villages is reliant on this network of canals not just for the transportation of people but also for goods that are traded between the villages. Diminishing water levels in the canals will disrupt this vital network of communication and further worsen their living conditions. 
The impacts of climate change are well documented in research from different regions of the world (Ahmad and Afzal,2021; Ndiritu and Maricho,2021; Foster et al.,2023;Kikstra et al.,2022). This study has demonstrated how livestock keeping is a critical element of the livelihood dynamics in the study areas. The impacts of decreasing rainfall patterns and warming trends will impact livestock keeping through the spread of livestock diseases and diminishing grazing lands. Hotter and drier conditions will result in water stress and exert pressure on grazing systems. Higher temperatures will cause heat stress in livestock and favour the spread of pathogens such as anthrax which is endemic in the study areas. Grazing lands will be impacted through herbage growth, changes in the composition and herbage quality (Herrero et al.,2016; Godde et al.,2021).         
The greatest threats that climate change and variability pose is on humanity (Rocque et al.,2021; IPCC,2022). Abbass et al. (2022) forward that climate change accelerates the transmission of waterborne and vector born disease. Warming temperatures, extreme precipitation events (floods, droughts etc.), wildfires and other are impacting human life. According to Rocque et al. (2021), climate change will have multiple impacts on humans including but not restricted to the following: increased respiratory infections, heat related morbidity/mortality, malnutrition to increased food insecurity and increased conflict for resources (IPCC,2014;2022). These multiple impacts of climate change cannot be wholly reproduced here. However, one of the prevalent diseases that is synonymous with extreme rainfall events and warming temperatures relevant to the study areas is malaria. Malaria is endemic in many semi-arid regions of the world (Ototo et al.,2022). To the extent that this study did not investigate the impact of climate change on human health, it is plausible to extrapolate from research conducted in similar climatic regions of the world that the impact of climate change and the prevalence of vector borne diseases in the study areas.
Research has showed that in conditions of extreme rainfall events and warmer temperatures mosquito populations thrive (Tompkins and Ermert, 2013; Diouf et al.,2021; IPCC,2022; Ototo et al.,2022). Increased malaria transmissions has been recorded in West Africa, Central Africa, Southern Africa and Indian Sub-Continent (ibid). Widespread malaria transmissions have been attributed to when atmospheric conditions (rainfall and temperature) are favourable for breeding and transmission (Ayanlade et al.,2020; IPCC,2022).   
Broadly research shows that the malaria incidence has recorded a higher transmission with high endemicity in the Southern and South-Western regions. These trends suggest or coincide with shifts in observed rainfall and temperature trends in Zambia (Lubinda, 2020; Lubinda et al, 2021). Taking current and future perspectives based other studies and the empirical results of this study in relation to rainfall and temperature, it is plausible to conclude that people, livestock and the entire eco-systems will be severely impacted (Lubinda et al.,2021; IPCC.,2014;2022).    
9.1.4 Implications for Adaptation 
The evidence of this study fits into the broad picture of the current and future climatic changes in semi-arid zones across Africa. Drawing back on the results of chapters 6 and 7, evidence pointing to receding rainfall patterns and warming temperatures; adapting to these changes will require more than just local adaptation and external interventions but also finding other novel ways of dealing with unexpected effects of climate change. Chapter 8 analysed local people’s strategies responses which I refer to as adaptation from below. Farmers have been realigning their planting dates to strategies such as late planting to counter late onset of the rainy season. In this context farmers must be encouraged to re-examine their farming activities including their agricultural calendars (from land, preparation, seed selection, planting, weeding and harvest). These strategies should be complemented by other responses strategies such the introduction of modern hybrid seeds than reliance on local seeds. Evidence drawn for this study indicates that local farmers preferred local seeds for many reasons including cultural and the trust that they held in local seeds. 
Local seeds are readily available and anecdotally were more resilient to pests and drought conditions. However, these local seeds require a longer growing season of more than 120-days growth cycle (Mulenga et al.,2017). However, there are cost concerns associated with hybrid seeds; hybrid seeds cost more to buy and often require the application fertilisers for good yields to be realised. This cost burden can be absorbed by reforming the operations of FISP to ensure its benefits are targeted to the most vulnerable and poorest farmers. 
With a shrinking rainy season duration and early cessation, introducing early maturing crops with a shorter growing season will ensure farmers yields are maintained. In tandem with the measures above, drought resistant crops must be given priority. Drought resistant crops do not just improve yields but are also resistant to pests (Fisher et al. 2015; Hadebe and Mabhaudi,2017). As well as introducing drought resistant crops, farmers should be supported in crop diversity through the cropping systems, crop rotation, intercropping and the promotion of farmer education programmes. These measures will increase crop productivity, resilience and sustainability of the local agricultural systems (Tirado and Cotter,2010; Peng et al.,2023; Sloat et al.,2023).  
Researchers have been agitating for doubling on efforts to accelerate climate-smart agricultural measures or practices in semi-raid regions. Climate-smart measures include the creation of awareness for emerging technologies for sustainable crop yields, mixed-crop-livestock systems, rainwater harvesting and micro-irrigation, improved soil management practices through ecological farming. The Barotse flood is rich is in rainwater catchment systems such as ox-bow lakes, canals and numerous tributaries of the Zambezi River. Research shows that rainwater harvesting be channelled towards the expansion for irrigatable land and can be an important buffer during periods of poor rainfall such as droughts (Anderson et al.,2020;Munyasya et al.,2022).  Recha et al. (2014) forward that rainwater harvesting is a cost-effective strategy in semi-arid regions as it has been proven to improve crop yields and enhances people’s resilience through the reduction of vulnerability to droughts.      
it is important that strategies and resources are pulled together to ensure the sustainability of livelihoods in the study areas. However, the central question revolves around how these activities would be financed. Without addressing this critical question, the outlook for livelihoods in the study areas and many other regions in the global south is bleak. COP26(Glasgow-2021) and COP27(Sharma El Sheikh-2022) agreed to upscale larger climate finance by 2025 through “Loss and Damage”. However, often these pledges have never been fully realised in the past and it remains to be seen how this can be achieved in the future.  
The key point of the LSPs is the emphasis on diversification-that is a planned shift from on-farm to non-farm livelihood activities. Diversification can also be said to be plurality and multiplicity in livelihood activities as continuum of the adaptation process to sustain well-being. One of the critical ways that diversification could be achieved in the study areas in my view, from a household perspective is through the creation of micro-financing. Micro-financing would involve the provision of small loans explicitly directed at enhancing livelihood resilience and fostering adaptation. As discussed earlier in this paper, livelihood diversification energises individuals or households to invest in climate resilient livelihood activities, however, the biggest constraint to these endeavours is the lack of finance. Similar micro-financing projects have been undertaken by international organisations such as the International Monetary Fund (IMF) in drought prone regions. In Cambodia, for example, the IMF piloted a micro-finance project in drought prone area in which rice was a dominant crop grown. The project successfully expanded rice cultivation through the introduction of irrigation infrastructure in small farmer holder allotments. The main outcome of the project was the enhancement in livelihood resilience and adaptation and individual/household and community level (Forcella,2013; Guermond et al.,2022). 
9.1.5 Why Adaptation from Below?
Studies have demonstrated that previously attested or mainstream climate change strategies have not necessarily materialised envisaged or expected outcomes (Pelling,2010; Shackleton et al., 2015). Top-down approaches to dealing with spatial, socio-economic, cultural and other contextual differences have failed to yield positive outcomes (Pelling,2010). Overt or under-acknowledged socio-cultural motivations for adaptation have rarely been interrogated or promoted as a necessity to dealing with place specific environmental change (Shackleton et al., 2015). In agitating for adaptation from below, I try to bring to the fore the need to examine the materiality of culture as a critical ingredient or starting point in trying to investigate how local people perceive and deal with environment change. 
As cited early in this paper, culture stands throughout discussions because of its centrality in all the entire livelihoods cycles in the study areas-the image of the Lozi people, how they describe or perceive themselves, their daily interactions and most important how they mobilise their resources are embedded in their cultural fabric. Therefore, I argue here that the motivations or energies of the Lozi people and how they conceptualise adaptation strategies fits into the ways of their lives-cultural values, norms and other socially acceptable ways of living. 
Throwing this curved ball into perspective, researchers and policy makers have been agitated for intersectionality to be central to climate change adaptation with gender dynamics being one central element (Kaijer and Kronsell,2014; Osborne,2015). Extracting and applying gender equality, land ownership or distribution in male or patriarchy dominated area needs to be carefully thought through. To bring a gender equality discussion in relation to land for example, is a taboo and will be met with fierce resistance. The study areas are strongly patriarch-men own land and women are not allowed to own land. On the flip side, it is suggested or acknowledged that one of the ways of empowering women is through land ownership particularly in rural areas of the global south (Mishra and Sam, 2015; Grabe et al.,2016). Therefore, care must be taken to examine cultural limits and other aspects of culture that are deemed intolerable by local people. Studies in place identity and attachment have demonstrated how culture is central - why some individuals or groups refuse to adapt to climate change using certain strategies (Devine-Wright,2013; Tschakert et al.,2017). Adams (2015) illustrated how people deemed “trapped” in flood prone areas refused to be relocated because it would interfere with their “ways of life”. Devine-Wright and Sabel (2017) in their research in place attachment and identity show cased how local people refused to have wind farms and nuclear energy plants set up in their local areas because they were deemed out of place-were argued to ‘industrialise ‘a rural place regarded as ‘natural’.  
In trying to conceptualise adaptation from below, here I’m trying to refocus efforts from the traditional “drafting” of complex technical adaptation strategies from failed top-down strategies to local -micro-grainy strategies. These local-micro-grainy strategies long practised by local people have not been paid attention by external interventionists -interventions that have been imposed or transposed from other regions of the world as “one-size-fits-all”. Adaptation from below reaffirms two cardinal principles drawn from Conway et al. (2019): consult about the problem, investigate people’s most pressuring problem and secondly integrate people’s own ways of living into interventions. Therefore, I strongly argue that nesting culture into locally developed adaptation strategies will help to naturalise complex scientific data or models into strategies that reflect local concerns and determine adaptation in practice. 
 

9.2.0 Empirical and Theoretical Contributions 
This thesis assessed the impact of climate change on rural livelihoods. Applying a multidisciplinary approach and drawing largely from empirical observations, it demonstrated how shifting rainfall and temperature changes and trends in the study areas are affecting livelihoods. The empirical contributions of this thesis are grounded on the basis that this study has explored rainfall and temperature indices to greater depth not done before. In so doing, this thesis has contributed to a growing resource on climate change and rural livelihoods no just in Zambia (Arslan et al.,2015; Wineman,2016; Mulenga et al.,2017, Nawrotzki and DeWaard,2018; Biggie and Mubanga,2022) but across the world (IPCC,2014; Connolly-Boutini et al.,2016; Serdeczny et al.,2017; Araro et al.,2020). 

[bookmark: _Hlk123063537]By introducing the conceptual framework Livelihood Strategies Pathways (LSPs) this thesis has contributed to the understanding of asset ownership, livelihood strategies and well-being from a rural perspective (Carney, 1998; Moser, 1998; Scoones, 2000; De Bruijn et al., 2005; De Haan and Zoomers). The LSPs employs an integrative approach (poverty, livelihoods, assets, and well-being), it conceptualises how asset accumulation or depletion determines how people respond to change to satisfy their well-being. The LSPs brings well-being into focus as it is often ignored in my view. This theoretical deficit in the integration of well-being into livelihoods studies obscures the role of agency that individuals or households summon in pursuance of their livelihoods. By bringing agency into discussion, this study has demonstrated how people in the study areas as active agents are engaged in everyday trial/and error and bricolage to satisfy their everyday and future needs in the face shifting climatic conditions. My argument here is that the goal of individuals or households is well-being and therefore when faced with risks/threats to their well-being they summon their agency to maintain their current well-being or transition to the next level of well-being. Based on the argument advanced above, I argue that the LSPs brings agency, asset accumulation and well-being into discussion. I argue that people with the rational application of their assets, people pursure well-being in their everyday activities. Even in times of stress or shocks, people will summount their energies to meet their everday needs. Even in the most dire times , people will exploit opportunities using their last resources/ assets which often is their labour and their social networks.Through the conceptualisation of ‘adaptation from this below’ as way of exploring how local people adapt to climate change, this study enriches existing literature on local/indigenous knowledge as essential element of climate change adaptation (Daskon ,2010; Reser and Swim,2011; Kelman et al.,2012; Adger et al.,2012; Makondo and Thomas,2020).  
Another important contribution of this thesis is the reaffirming of key concepts of local adaptation, local indigenous / traditional ecological knowledge through the conceptualisation of adaptation from below. Adaptation from below draws back from the idea that people are masters of their destiny -people know and understand their own problems and often have ideas on how to create pathways out of these problems. People’s daily lived reality is often far removed from external interventionists. Based on traditional knowledge also referred to as indigenous knowledge acquired through everyday engagements in their livelihood activities, people devise and recreate ways, strategies and tools of living with change. Its these practices, logics, wisdoms alternative lenses that adaptation from below brings to the fore.



















9.3.0 Methodological Framework This study employed empirical data collection tools to assess rainfall and temperatures from a two-lens perspective and applied secondary data in subsequent discussions. Blending local/indigenous and scientific lenses of inquiry this thesis appraised shifting climatic conditions in the study areas. This multi-disciplinary approach contributes to methodological and philosophical rigour to data collection tools (Byg and Salick,2009; Makondo, 2018: Reyes-Garcia et al.,2019). No one method or approach can explore the ‘lived experience’ of people and to understand how people in the study areas perceive and interpret environmental change. Boylorn(2008, P.480), describes the ‘lived experience’ as “representation and understanding of a researcher or research subjects’ human experiences, choices, and options and how those factors influence ones perception of knowledge…”. In social sciences, the lived experience has been applied to investigate subjective experiences in empirical research (McIntosh and Wright, 2019). Seen from this view, a multi-disciplinary approach was suitable for this study.  Kothari and Arnall(2019) refer to ‘everyday’ as a space in which the subject of climate change constitutes and constituted by tacit everyday realities , identities and practices in cyclic relationship. What I draw from McIntosh and Wright (2019) and Kothari and Arnall (2019)’s description of ‘everyday’, is that people’s experiences of climate change can be influenced by embedded cultural constructions of reality. From the foregoing, it was necessary to integrate semi-structured, key informant interviews and observation participatory data collection to fully understand people’s perceptions of rainfall and temperature changes. For example, in order to assess the rainy season onset from interviewees, I conducted individual/household interviews first and crossed checked this with key informant and participatory interviewees within and between the studies areas. As shown in chapter 5, the responses were varied depending on the location and livelihood strategy. Using participatory observations, I analysed interview scripts to determine if people’s narratives match with what I had observed in the field. Using secondary data, local narratives were analysed to gain insight into how these narratives fit into the bigger theme such as poverty, religion, culture and other cross cutting issues at the local level. As Reyes-Garcia et al. (2019) argue to gain insight from local observations into mainstream climate change science requires interactions with local people with historical knowledge of their environment and locally developed “instruments” of detecting local changes. Crate and Fedorov (2013) refer to local people as place-based people who have an immediate daily dependence and interaction with the local environment. Reyes-Garcia et al. (2019) attest that a cross–scale and interdisciplinary mix of interactive and structured tools/techniques that captures local communities’ views bridges the gap between local knowledge and science. 

On the reverse argument, no qualitative methods can scientifically assess rainfall and temperature changes/trends. Scientific data analysis is based on validity and predictability achieved through detailed scientific methods independent of subjective human inferences (Crate and Fedorov, 2013). To evidence for changes and trends advanced by local people in chapter 5 required the application of scientific data analysis tools in chapter 6 and 7. This required an analysis of large amounts of data over many years in order to rigorously evidence for changes and trends. The multidiscipline approach applied in this study aids scalability and transferability of local observation into mainstream science while at the same time valuing the role of “local instruments “of assessing change (Reyes-Garcia et al.,2019). Savo et al. (2016) attest that in circumstances where local observations and scientific modelling are divergent, scientific models may not have captured local observations. Pearce (2014) attests that framing climate change as a scientific problem contributes to the narrative that climatic change is a scientific problem at the global scale-this narrative  underplays the plurality and diversity of contexts that construct people perspectives. Based on the foregoing, it plausible to conclude that local/indigenous and scientific knowledge are not mutually exclusive but complementary.     
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9.4.0 Limitations and Future Directions 
The empirical findings both from the local people and scientific perceptive of this thesis offer insight into a unique region of Zambia; where nature, people and culture intersect. The reality, however, is that the physical impacts of climate change are being experienced while the future impacts are still unknown. This study was initially designed to consist of two study periods: the wet and the dry seasons. The aim was to assess and compare change and trends between the two seasons and explore into the different livelihood pathways people transition between the two seasons. However, due to the global COVID-19 pandemic and subsequent restrictions imposed on face-to-face research, I was only able to assess the wet season. Future research can be directed at assessing the dry season. In the same vein, I would have liked to explore to greater depth some of the adaptation strategies particularly tillage and cropping systems.

I am convinced these are important themes to be explored as the impacts of climate change take hold.  Research shows with rising temperatures and unpredictable rainfall, traditional crops such as maize that are sensitive to heat stress and changes in rainfall will become uncultivable (IPCC,2022; Li et al.,2022). Other studies forward that soil characteristics will be compromised under rising temperatures and extreme rainfall events (Zhang, 2012; Servadio et al.,2016). Informed, by the foregoing, investigating tillage systems such as reduced, delayed and no tillage can help to improve yields. In addition, as rainfall patterns shift, researching into how cropping systems such as monoculture, mixed and rotation would improve yields will help support local farmers respond to these changes. 
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9.5.0 Summary 
Over four empirical chapters, this thesis interrogated climate change, impacts and response strategies in the Barotse flood plain of Western Province of Zambia. Applying the sustainable livelihoods framework and livelihood strategies pathways as main lens of conceptualising rural livelihoods, it demonstrated how individuals or households cope/respond to changing climatic conditions in their locales. Through analysis and discussions, this thesis has demonstrated that assets play a critical role into the plurality and diversity of ways people respond to change. The LSPs as a conceptual lens conceptualises that asset bundles fluctuate over time; people accumulate assets in favourable conditions and transition out of poverty. However, in times of crisis people experience shocks that erode their assets and are drawn into conditions of poverty. Climate change maybe not a subject that people in the study areas may relate with in their everyday use of language; however, they understand environmental change through tacit intergenerational knowledge. This is knowledge gained not from formalised and structured processes but rather through in-depth observations and understanding of their local climate. The power of local knowledge lies its everyday long-term observations of change by local people (Huntington et al., 2011; Klein et al., 2014; Reyes-Garcia et al., 2015).   
Based on empirical analysis, this thesis draws the following inferences:
Based on semi-structured interviews, participatory observations and key informant interviews, there is a general narrative of the changing rainfall patterns in the study areas. The main themes in rainfall changes are late onset, early withdraw and shorter growing seasons. These themes fit/corroborate into climatic data analysed with marginal differences in total rainfall.
A general agreement in relation to summer temperatures of a positive trend (warming up). Differences in relation to winter temperatures –science points to warming winters while local people suggest colder winters-this is attributed to differences in frames of references as discussed in chapter 7.
Chapter 8 demonstrated how people are responding to changes in indices of rainfall –adaptation from below explored local adaptive strategies main of which were independent of scientific reasoning but crafted from long periods a relationship between people and their environment and often blended with ideas learnt from different parts of the world. There is little input from the central or local government in supporting people in responding to change. 
It was evident that adaptive capacity and livelihood diversity was high in Sefula in part due to easy access to the urban markets of Mongu and opportunities opened by irrigation infrastructure. The remoteness and isolation of Nanikelako placed people in position that is more vulnerable mainly due to lack of alternative livelihood opportunities outside of farming.    

As the physical and material impacts of climate change take hold, at the sharp end of these impacts are poor people living in rural areas such as in the study areas. In as much as the changes in rainfall and temperature maybe appear insignificant as analysed in this study, their resultant impacts can have significant and damaging effects on people’s livelihoods. The cumulative impacts of these shifts in co-interactive with other socio-economic-political forces can be erosive. Drawing back to the context of this study, most of the people in the study areas subsist on crop-livestock, fishing and non-timber forest products livelihoods. Over the years, pastures overgrazing on the flood plain, forest and soil degradation have been steadily increasing. Climate change will not only accelerate these changes but also act a risk multiplier. To illustrate and elaborate this point, the rainfall data in chapter 6 indicate insignificant shifts in rainy season onset and cessation. 
However, the unimodal characteristic of the rainy season in the study areas precedes the “lean season”-when food stocks and wild vegetables/fruits became scare. It goes therefore, any delay in the onset of the rainy season can have a damaging impact on local communities as the first rains not only bring relief in relation to food and water availability for the people but also for their livestock on which they depend heavily as high value assets. Central to this argument is that the amount of rainfall available to crops is greatly influenced on the rainy season onset, duration, distribution (spread) and cessation (Ngetich et al., 2013). On the other hand, even though the data points to insignificant warming trends-this in combination with changes in rainfall patterns can result crop failure and water shortages due to declining or reduction in ground water recharge as this study discussed in section5.3.4. 
Acknowledging that fact that some of the perceptions/observations of changing rainfall and temperatures by local people might have gaps and conflations, the lived experience of the people in the face of these changes are reflected in the multiple and diversity of the strategies they have devised to respond to these perceived changes as discussed in chapter 8. I argue that these perceived/observable changes by local in their local communities are rooted in local knowledge-their observations may not necessarily be reflected in the climate data. As these changes are observed through individual everyday experiences and verified through collective observations, even marginal changes in rainfall or temperatures are magnified particularly when this disrupts their everyday life.  As Roncolli et al. (2016) argued, communities that rely on natural resources such as rainfall for their livelihoods people will keenly pay attention and be watchful of the landscape and quickly notice changes and their impacts. Often these changes can be experienced collectively thereby giving a homogenous picture of change (Roncolli et al.,2016).     
The works of Leichenko and O’Brien (2008) Double Exposure illustrated the role of climate change as a risk multiplier. In the near recent times, the concept of double exposure was further highlighted by the impact of the global Covid-19 pandemic. To the extent that the data collection of this study was interrupted, I subsequently had remote interactions with study participants (refer to section 4.8.0) revealed the devastating climate of Covid-19 on their livelihoods. Even though this narrative was not explored or probed deeply due to time limitation, a picture emerged of the negative impacts on their agricultural activities. Due to lockdowns, the local agriculture value chains in the sense of access markets were disrupted. Interviewees cited lockdown measures that shut of markets resulting into their fresh produce going to waste. At the global scale, similar sentiments of the impact of Covid-19 on rural livelihoods have been documented (Gatto and Islam, 2021; Leach et al., 2020).         
Going back to the context of this study, the socio-cultural value of a “good rainy season” and the resultant floods plays a pivotal role in the local economy. The seasonal flooding acts as an economical booster in the local communities of the study areas. The annual celebration of the Kuomboka ceremony draws in large number of people from across the world who boost the local economy (section 1.2.2). Local and international tourists spend substantial sums of money on lodging, food, local crafts, hire of speedboats and taxis pouring in money into local circulation. Anecdotal reports indicate that the droughts of 2016-2017-2018 that saw the cancelling of the ceremony suggested a reduction of money in circulation in Mongu.  To the extent that most of the study participants lamented the lack of social safety nets and other support mechanisms in the study areas, the future appears desperate when the future impacts of climate change as suggested by the IPCC (2022) taken in context. 
This study demonstrated how assets play a critical role in rural livelihoods. However, the over dependence on natural resources that are extremely sensitive to climate change entails that poor people are extremely vulnerable to minor changes in climatic conditions (Gupta,2014; Hallegatte et al.,2016).  Research shows that the direct and indirect effects of climate change shape dynamics of how people fall into poverty (IPCC; 2014; Halegatte et al., 2015; 2017). The link between poverty and environmental change has been a subject of debate in sustainable livelihoods literature (Reardon and Vosti, 1995; Vemer, 2010; Olsson et al., 2014). Similar sentiments were observed in the study areas where seasons of poor rainfall deplete people’s food stocks and livestock. Interviewees narrated that during seasons of poor rainfall they had to convert some of their assets into cash in order buy food and other daily essentials. 
The contribution of poor people to the damaging impacts of climate change arises out of the necessity to make a living out of natural resources, which are the most asset and readily available to them. As often is the case, the voices/views of the poor and marginalised are not represented at the country or global level when climate change adaptation and mitigation strategies are conceived. At global stage, global assemblages such the recent United Nations Climate Change Conference (COP26) where global powers assembled to set climate change mitigation targets, the real victims of the damaging impacts of climate change were unrepresented (Ogden et al.,2013;Nel,2017). Global assemblages frame climate change as a collective problem with collective answers, however, only the powerful shape the agenda at the expense of the voiceless (Dubash, 2019).  Policy makers push for these global targets to be adapted at the local scales often with mixed results (Myers et al., 2018).  
One of the key topics of the COP26 was to accelerate climate finance both public and private flows from the developed to developing countries targeted at mitigation targets- that is low emissions and decarbonising economies and adaptation envisaged to build resilience towards impacts of climate change (Mountford et al.,2021). In my view and other researchers is  that the finance flows are unlikely to be realised or fulfilled,  if they did, may not reach the real victims of climate change who are often pushed into further deprivation through low emissions and decarbonising projects such as REDD+ (McAfee, 2016; Nel, 2017). I concur with Chirisa et al. (2021), who forward that there is need to promote climate adaptation strategies that engage with local people- both autonomous and planned adaptation strategies that pay attention to local values and ways of living with nature. Chirisa et al. (2021) argue that these locally crafted adaptation strategies can be blended with other practices from other parts of the world and financed by a local financing mechanism to reduce political rigidities.  
Global pronouncements and targets towards low emissions and decarbonisation contrasts with an increasing global demand for natural resources and commodities (Fankhauser and Joytzo, 2017; Voigt et al., 2019; Sovacool et al.,2020). Questions arise in relation to the availability and access to natural resources within local communities (Green,2015; Chatterton and Pusey,2020). Power relations and dynamics between the local people and central government are always a source of contestation and conflict (Mdhlovu, 2018; Diprose and Azca, 2020). Asymmetrical access to resources and conflicting visions of local needs and development agendas between local and central government often ensue over the control of land/space, governance (Kelly,2013). 
The scope of my thesis is beyond climate change ‘detection’ and attribution (DA); that is evidencing that the climate the study areas has significantly changed and attributing this to anthropogenically induced forcings. The science of ‘detection and attribution is complex and rigorous that is conducted by scientists who specialise in detection and attribution but often do not agree on detection and attribution (Scott et al, 2010;2016).Sippel et al.(2020) argue that the science of detection and attribution (DA) focuses on identifying externally forced signals in the observed climatic data (seas surface temperature, humidity or seasonal cycle of temperature ). Lahsen et al. (2020) forward while scientific approaches to detect and attribute weather events to climate change have improved, there is still a lot of uncertainty and contestation. Lahsen et al. (2020) argue that even the most advanced models are characterised with diversity in interpretations/meanings often filtered with socio-cultural and political frames of reference. To detect and attribute climate change for a given region, needs long term climatic data which often a problem in Africa (IPCC, 2022), as well as the relevant climate model simulations and applying the correct statistics (Han, Cook & Vizy, 2019; Lahsen et al.,2020). Climate change scientists are still grappling with the question of attempting to make definitive distinction between climate change and weather change/variability (Ghil and Lucarini, 2020). I argue that the rainfall and temperatures analysed in this study point to climate change rather than season changes. The time covered in this study of 40 year is significant to indicate climate change.     
What is projected and agreeable is that the impacts of climate change will increase variability, the frequency and severity of extreme climatic events and in the variability of weather patterns which will have significant impacts for natural systems and most important on livelihoods (Thornton et al.,2014; IPCC,2022). 
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Appendices
 Appendix 1a
Semi-Structured Interviews Guide 
Questions not necessarily posed in this order- prompts used depending on responses and issues brought up by interviewees.  
1. What is your marital status (married, divorced or single-determine household unit)?
2. Do you have any children?
3. Do you have formal education? 
4. What are the most common livelihoods in this area? 
5. What changes have you noticed in weather patterns in your lifetime?
6. What changes have you observed during the rainy season in this area? If so, what are these changes?  (examples rainy onset, droughts, floods)
7. What changes have observed/noticed during the summer and winter months? (Assess changes in temperatures).
8. Do you think there has been any changes in summer temperatures? If yes, can you describe these changes?
9. Do you think there has been any changes in winter temperatures / If yes, can you describe these changes? 
10. Has been any impact on your livelihoods due these changes in summer and winter temperatures? 
11. If there are any changes, what are these changes? 
12. What do you think is the cause of these changes? (Assess attribution)
13. In terms of years, when did you notice these changes? (Assess timeline of climatic events) 
14. Have these changes affected you as an individual or household? If so, how? (Assess livelihood strategies)
15. Can you describe what your main livelihood?
16. Have these changes affected your livelihood in any way? If so in what ways has your livelihood been affected?
17. Do you have other sources of livelihoods aside your main livelihood? 
18. Are there any activities (livelihoods) you were involved in previous years that you are not able to do now? If so, which ones and what do you think is the cause? 
19. Are there any activities (livelihoods) that you are currently engaged in that you were not engaged in previous years? 
20. What measures you have taken in order to respond to these changes? [Assess resilience and adaptation strategies]   
21. What types of assets/resources do you have as an individual or household? (Land, farm equipment, cattle etc.)
22. Who owns these assets within the household? [determine decision maker in relation to asset deployment]
23. How do you decide on what to use(consumption) and what to save (investment/accumulate) as a household?
24. Do you have any access to any assets/resources outside your household?  [common pool resources-forests, rivers, grazing lands] 
25. Are there any rules on to have access and or/rights to these resources? If so, what are the rules [family networks, club membership, community belonging]
26. Do you have access to external support in order to respond to changes above? [Support from Government, NGOS, Family networks]










Appendix 1b
Key Informant Interview Guide 
	Description 
	Key Informant Type 

	To gain general insight into livelihoods and other social issues in the study areas
	Community and religious leaders, chiefs and other informal networks  

	To assess changes/trends in weather patterns during the study period 
	Community and religious leaders, local chiefs and informal networks and NGOs

	To assess local strategies for managing climatic changes -vulnerability, resilience and adaption  
	Government Officers, NGOs and community leaders 

	Assess government farmer support programmes (FISP) and other external support   
	Farmer Cooperatives leaders, NGOS and Government Officers 

	Explore cross -cutting socio-cultural issues-culture, tradition and land ownership
	Local chiefs and community leaders 
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Participant Information Sheet
Climate Change: Impacts and Adaptation in Western Zambia
Please take some time to read this information and ask questions if anything is unclear.
Contact details can be found at the end of this document.
What is the purpose of this study?
This study aims to assess the impact of climate change on rural livelihoods in the Western Province of Zambia (Barotseland) 
Who is organising this research?
The research for this study is being undertaken by Phillip Banda who is PhD student in the Dept. of Geography at the University of Sheffield.  
University of Sheffield Research Ethics Committee has reviewed and approved this research.
Why have I been chosen?
By using the interviews and group discussions this project intends to gather views of individuals and households on the impacts of climate change and how people are responding to these changes in order to construct a livelihood. It also intends to assess what resources people utilise in order to construct a livelihood. 
I to interview 60 participants and conduct 6 group discussions in two different seasons of the year (dry and wet season). 
Do I have to take part?
Participation in this study is voluntary and you may ask the researcher questions before agreeing to participate.  However, I believe that your contribution will assist in help me to fulfil the main objectives of this study and help shape policy formulation at National level. 
If you agree to participate, you will be asked to sign a consent form.  However, at any time, you are free to withdraw from the study and if you choose to withdraw, I will not ask you to give any reasons.
What will happen to me if I take part?
If you agree to take part in this study, I will audio record the individual interviews and group discussions for record purposes to be analysed at a later stage of the research.  
I may ask you to participate in a follow-up interview, though participation in this is optional.  
What are the possible benefits of participating?
While the study may not benefit you as individual, the benefits of the study will help to understand how policy makers and other organisations can target their poverty reductions interventions and shape future interventions as the impacts of climate change take hold. 
What are the possible risks of taking part?
While I hope that your experience will be pleasant, by asking questions about how you earn a living as an individual or household may make you uncomfortable. At any time during the interview, you can choose to withdraw.   
How will my interview be used?
The interviews and group discussions will used for academic research purpose only, in writing up my PhD thesis.  
On the consent form I will ask you to confirm that you are happy to assign your (or where relevant, your child or vulnerable adult in your legal charge) copyright for the interview to us, which means that you consent to the researcher using and quoting from your interview.  
What will happen to the results of the project?
All the information that I collect about you during the research will be kept strictly confidential.  You (or where relevant, your child or vulnerable adult in your legal charge) will not be identified in any reports or publications and your name and other personal information will be anonymised. 
What happens to the interviews collected during the study?
Interviews and group discussions will be transcribed and stored digitally, managed by the researcher for the duration of the project.  Only the researcher and supervisor will have access to the interviews. 
What happens at the end of the project?
If you agree to participate in this project, the research will be written up as a thesis you may request a summary of the research findings by contacting the researcher.  On successful submission of the thesis, it will be deposited both in print and online at University of Sheffield, to facilitate its use in further research.  The digital online copy of the thesis will be deposited with the University of Sheffield Library and will be published with open access meaning that it will be available to all internet users.  At the end of this project, the audio and digital data collected from interviews with participants will be deposited at the UK Data Service for use by future researchers.  
What about use of the data in future research?
If you agree to participate in this project, the research may be used by other researchers and regulatory authorities for future research.  
Who is funding the research?
This research is self-funded as well as a study loan from the UK Government  
What should I do if I have any concerns or complaints?
If you have any concerns about the project, please speak to the researcher, who should acknowledge your concerns within ten (10) working days and give you an indication of how your concern will be addressed.  If you remain unhappy or wish to make a formal complaint, please contact [please insert details, name, address and email].  
Fair Processing Statement 
This information which you supply and that which may be collected a part of the project will be entered into a filing system or database and will only be accessed by the researcher and supervisor involved in the project.  The information will be retained by University of Sheffield and will only be used for the purpose of research, statistical and audit and possibly commercial purposes.  By supplying this information, you are consenting to us storing your information for the purposes above.  The information will be processed by use in accordance with the provisions of the Data Protection Act 1998.  No identifiable data will be published.
For Further information or queries you may contact my supervisor
Dr Julie Jones
Dept. of Geography 
Email:J.Jones@Sheffield.ac.uk
University of Sheffield
Western Bank, Sheffield S10 2TN
UK.

Or Department of Geography
The University of Sheffield
SHEFFIELD S10 2TN
United Kingdom
Email: geography@sheffield.ac.uk
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PhD Research Project-Climate Change: Impacts & Adaptation in Western Zambia

	Please tick the appropriate boxes
	Yes
	No

	Taking Part in the Project
	
	

	I have read and understood the project information sheet dated …/…/…. or the project has been fully explained to me.  (If you will answer No to this question, please do not proceed with this consent form until you are fully aware of what your participation in the project will mean.)
	

	


	I have been given the opportunity to ask questions about the project. 
	

	


	I agree to take part in the project.  I understand that taking part in the project will include… ( completing a questionnaire, being interviewed, being recorded (audio and / or video, participating in a focus group)
	


	

	I understand that my taking part is voluntary and that I can withdraw from the study at any time/before [      ]; I do not have to give any reasons for why I no longer want to take part and there will be no adverse consequences if I choose to withdraw. 
	


	

	How my information will be used during and after the project
	
	

	I understand my personal details such as name, phone number, address and email address etc. will not be revealed to people outside the project.
	


	

	I understand and agree that my words may be quoted in publications, reports, web pages, and other research outputs. I understand that I will not be named in these outputs unless I specifically request this.
	


	

	I understand and agree that other authorised researchers will have access to this data only if they agree to preserve the confidentiality of the information as requested in this form. 
	


	

	I understand and agree that other authorised researchers may use my data in publications, reports, web pages, and other research outputs, only if they agree to preserve the confidentiality of the information as requested in this form.
	


	

	I give permission for the [          ] that I provide to be deposited in [……………….] so it can be used for future research and learning
	


	

	So that the information you provide can be used legally by the researchers
	
	

	I agree to assign the copyright I hold in any materials generated as part of this project to The University of Sheffield.
	

	


	
	
	

	Name of participant  [                   ]
	Signature
	Date

	
	
	

	Name of Researcher  [                    ]
	Signature
	Date

	
	
	


Project contact details for further information:
If further details contact: 
Dr Julie Jones
Dept. of Geography 
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 List of Interviewees
	Location
	Interviewees Mix
	Age Group
	Characteristics/Livelihoods

	Sefula
	Males-6
Females-4
	30-71
	A mix of farmers, pastoralists, traders and timber extractors 

	Lealui
	Males-5
Females-3
	40-70
	Mix mainly subsistence farmers due to land use restrictions 

	Nanikelako 
	Males-5
Females-6
	25-65
	Mainly pastoralists and subsistence farmers (due to poor soils)

	List of Key Informants

	Location
	Description 
	Age
	Expertise 

	Nanikelako
	Local chief(male)
	74
	Presides over a village/s of over 50 households. Vast knowledge of local issues. 

	Nanikelako
	Charcoal trader and farmer (male)
	65
	Assistant to the local chief. Understands local issues and markets trends in relation to local produce and urban markets of Mongu

	Lealui
	Grocery store own and informal women’s leader(female)
	55
	Interacts with a wide range of local people, picks on local issues. Involved in organising local people for community work

	Mongu
	Mongu Farmers Union President (male)
	52
	Represents farmers at local level. Wide knowledge on farming activities, farm produce markets/pricing 

	Mongu
	Local businessman
	49
	Interacts with a wide of local people and understands local issues and business trends 

	List Of Expert Informants

	Organisation
	Position
	Expertise 

	Provincial vet Office
	Vet Officer 
	Expert animal disease prevalence and prevention

	Auditor General Office
	Senior Auditor
	Expertise on FISP-Implementation and evaluation 

	Women for Change
	Programs Officer 
	

	Provincial Forest Office
	Provincial Forest Officer 
	Expertise forestry management & climate change 

	Mongu City Council 
	Community Engagements
	Expertise land issues and other public issues

	Action Aid
	Programs Officer 
	Engagement local adaptation and poverty alleviation issues 






1981-1999	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	6.7989473684210511	5.473684210526315	3.6140350877192984	1.0128070175438597	0.11315789473684212	1.578947368421053E-2	1.2280701754385965E-2	1.807017543859649E-2	0.13543859649122805	1.1375438596491225	2.8712280701754382	5.3312280701754391	2000-2019	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.1190833333333314	6.1269166666666655	4.4727499999999996	1.2773333333333332	0.12775000000000006	1.5083333333333332E-2	0	1.4416666666666666E-2	9.9333333333333357E-2	1.0265	3.2672499999999998	6.0149999999999997	Months


Mean Daily Precipitation (mm)




Annual Sum of CWD	
1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	58	105	87	87	78	95	92	97	95	86	95	88	99	69	70	85	87	97	80	94	109	93	92	93	82	111	105	110	110	109	119	103	90	105	77	96	94	99	84	Sum of Rainy Season CWD	
1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	52	97	77	83	69	80	81	85	88	73	90	79	88	66	66	76	79	93	76	88	94	79	83	84	79	99	94	104	102	98	105	90	81	99	72	93	85	86	70	
Number of Rainy Days




CDD	
1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	99	54	74	69	82	71	70	67	63	77	61	73	63	85	85	76	72	58	75	63	57	72	68	68	72	52	57	48	49	52	46	62	70	52	79	59	66	65	80	
Consecutive Dry Days



Rainfall Onset and Cessation Classification

Onset	Below	1993	2012	52	54	Onset	Normal	1983	1986	1982	1984	1990	1997	2003	2005	2006	2007	2008	2009	2011	2013	1985	1987	1995	1996	1998	1999	2000	2010	2015	2016	2019	81	70	79	81	75	73	80	79	69	63	68	81	68	77	80	63	78	78	77	80	75	69	Onset	Over	1987	2000	2019	1981	1988	1989	1991	1992	2001	2002	2004	2014	2017	1994	2018	82	82	82	88	85	87	84	89	86	91	85	92	89	84	98	Cessation	Below	1983	1986	302	298	Cessation	Normal	1981	1982	1984	1988	1989	1990	1991	1992	1993	1997	2001	2002	2003	2004	2005	2006	2007	2008	2009	2011	2012	2013	2014	2017	314	315	308	312	318	319	319	311	310	316	314	318	313	315	315	316	309	316	308	319	314	315	Cessation	Over	2003	1985	1995	1996	1998	1999	2010	2015	2016	1987	2000	2019	2004	1994	2018	320	331	324	322	321	322	324	324	328	326	333	327	320	324	327	Year


Day




1981-2019	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	23.037840975609754	23.092898780487801	23.304969756097567	23.219420975609765	21.580431951219509	19.178112682926827	18.95030365853659	22.210774390243909	26.086627073170732	27.197372682926826	24.94183682926829	23.367260975609753	1981-1999	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	23.016631428571429	22.988423809523809	23.420403333333336	23.266441904761908	21.51520428571429	18.933609047619047	18.781805714285717	21.980074285714288	25.843608571428572	26.51222523809524	24.869548571428574	23.442847619047622	2000-2019	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	23.060110999999999	23.202597500000003	23.183764500000002	23.170048999999999	21.648921000000001	19.434841500000001	19.127226499999999	22.4530095	26.341796499999997	27.916777500000002	25.017739500000001	23.287895000000002	Months


Temperature in ℃




Annual	
1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	22.325079166666669	22.619544999999999	23.246040833333335	22.625697500000001	22.615388333333332	22.144081666666665	23.518941666666667	22.844286666666662	22.819672499999999	23.073304999999994	22.709950833333334	23.097735833333335	22.558749166666669	22.98875	23.770586666666674	23.397882500000005	23.119023333333335	23.432660833333333	22.701110833333335	22.716789166666668	22.646874999999998	23.273688333333336	23.238309166666667	22.838211666666666	23.748115000000002	22.644392499999999	22.781795000000002	22.786803333333335	22.918430833333332	23.305458333333334	22.817083333333333	22.992255	23.319899166666669	23.335291666666667	23.570116666666667	23.625263333333326	23.122276666666664	23.664930833333329	23.728563333333337	23.043154786324784	Years


Temperature in ◦C



Cold Year than Mean	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	-0.71807561965811573	-0.42360978632478563	0	-0.41745728632478318	-0.42776645299145244	-0.89907311965811942	0	-0.19886811965812257	-0.22348228632478495	0	-0.33320395299145034	0	-0.48440561965811568	-5.4404786324784737E-2	0	0	0	0	-0.34204395299144963	-0.32636561965811595	-0.39627978632478644	0	0	-0.20494311965811818	0	-0.39876228632478572	-0.26135978632478185	-0.25635145299144924	-0.12472395299145234	0	-0.22607145299145159	-5.0899786324784202E-2	0	0	0	0	0	0	0	Warm Year than Mean	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	0	0	0.20288604700855117	0	0	0	0.47578688034188232	0	0	3.0150213675209869E-2	0	5.4581047008550598E-2	0	0	0.72743188034188933	0.35472771367522071	7.586854700855028E-2	0.38950604700854896	0	0	0	0.23053354700855166	0.19515438034188293	0	0.70496021367521777	0	0	0	0	0.26230354700854974	0	0	0.27674438034188498	0.29213688034188223	0.52696188034188296	0.58210854700854142	7.9121880341880058E-2	0.62177604700854516	0.68540854700855292	Years


Temperature in ℃




Winter	
1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	19.359313333333333	20.170123333333333	20.195953333333335	19.568396666666668	19.386503333333334	19.271536666666666	19.857096666666667	19.750566666666668	20.091053333333335	20.546143333333333	20.123160000000002	19.942473333333336	19.726339999999997	19.117136666666667	20.703819999999997	20.402100000000001	20.771523333333331	20.351276666666667	20.213793333333332	19.803753333333336	19.914826666666666	21.175243333333334	20.454283333333333	20.119356666666665	21.143806666666666	19.914266666666666	19.846123333333335	19.85056333333333	19.891476666666666	19.892119999999998	19.716093333333333	20.383473333333331	20.734570000000001	20.793109999999999	20.922413333333335	20.379926666666666	20.642883333333334	20.88470666666667	20.304186666666666	Summer	
1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	25.513803333333332	24.548646666666667	25.835763333333333	25.542116666666669	25.720996666666668	24.439909999999998	27.192923333333336	25.362459999999999	25.895353333333333	25.960746666666665	24.981803333333335	25.652506666666667	25.392203333333331	26.07713	26.897156666666664	26.97628666666667	26.082956666666664	26.677539999999997	25.326396666666668	26.257813333333335	25.604849999999999	25.746593333333333	26.760009999999998	26.055946666666667	26.848246666666668	25.194083333333335	26.001913333333334	26.228750000000002	26.305856666666671	27.058756666666664	26.103783333333336	26.502626666666668	26.321493333333336	26.62232333333333	27.28391666666667	27.691270000000003	26.148903333333333	27.211063333333332	26.560556666666667	
Temperature in ◦C
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