[bookmark: _Hlk4672465][image: logo]










Profiling Access to Healthcare Facilities in Kano State Nigeria






Farouk Abdulkadir Umar




A thesis submitted in partial fulfilment of the requirements for the degree of
Doctor of Philosophy 


The University of Sheffield
Faculty of Social Science
Department of Geography

 

March 2019


6



									


For Zahra



ABSTRACT

Access to effective healthcare is at the centre of the debate on how to achieve the health-related MDGs and a target for achieving the SDGs. This thesis explores spatial accessibility to healthcare facilities concerning how it relates to the health policies and the population in Kano State, Nigeria. Spatial access to healthcare facilities is key to improving the health status of the population and the achievement of global health-related goals. The health-related targets in terms of access to healthcare facilities are unrealistic particularly in developing countries where the resources to meet them are not available. There has been a scarcity of studies that investigate spatial access to healthcare facilities in relation to the health policies and strategic plans in developing countries which are tailored towards the realisation of the MDGs, SDGs and WHO targets. The paucity of such research in developing countries such as Nigeria is as a result of the slow development in the application of geographical information system, and the lack of reliable disaggregated population data which is important in assessing the progress of health policy targets. 
This research uses geographical information systems and disaggregated population data with the guide of a conceptual framework to investigate the relations between health targets and access to healthcare in Kano State. The research also models improved access to healthcare facilities in Kano State.
The results of this research highlight the percentage population and settlement areas in Kano State that experience acceptable or poor access to healthcare facilities based on the health targets. It also provides what is required in terms of healthcare facilities and human resources for health to meet the Nigerian and WHO targets. The results also provide a realistic model and how an increase in healthcare facilities in optimal locations will improve access to healthcare in Kano.
The findings from this research would be helpful in policy-making decisions regarding the identification of disadvantaged population and areas in terms of access to healthcare facilities. It will also be helpful by providing policymakers with a realistic model for improving access to healthcare in Kano State.
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Access to healthcare has been a concern for both policymakers and researchers in public health, geography, economics, and sociology (Brondeel et al., 2014). Geographers have focused on access to healthcare in terms of distances and travel times to facilities, diversity and the distribution of these services  (Guagliardo et al. 2004; Comber et al. 2011). However, proximity to healthcare services does not assure greater access due to the cost and other socio-economic factors. Economists focus on the affordability of services, expenditure, demand and supply of healthcare, specifically demand-side barriers impeding access to the use of health services (Ensor and Cooper 2004). The impedance caused by these barriers is worse for vulnerable groups, notably the unemployed, low-income groups, women, children and the elderly (Audu et al., 2013). Thus, access to effective healthcare was at the centre of the debate on how to achieve the health-related Millennium Development Goals (United Nations General Assembly, 2000) and is now a target for achieving the goal of ensuring healthy lives and promoting well-being for all through improving access to healthcare in the Sustainable Development Goals. 
The importance of access as a concept in health policy and healthcare services research brought the need for it to be defined or used precisely (Penchansky and Thomas 1981). The concept is clearer if considered in terms of stages and dimensions (Guagliardo, 2004). The two stages are   “potential” for healthcare followed by “realised” healthcare (Guagliardo, 2004). For instance, in some cases “access” refers to the use of the healthcare system (Aday and Lu Ann, 1974) and in other cases, it refers to the factors that influence the use of healthcare. This research focuses on potential access to healthcare and does not account for the utilisation of healthcare facilities. 
This research also integrates two existing models, Penchasky and Thomas’ 5 As of access and Anderson’s behavioural model for the use of healthcare. 
A useful definition of access was proposed by (Penchansky and Thomas 1981) who set specific dimensions of availability, accessibility, accommodation, affordability and acceptability. This research focuses on the spatial dimensions of accessibility and availability (Guagliardo et al., 2004). Accessibility and availability are key indicators of the provision of healthcare (WHO, 1994). Accessibility of healthcare services is considered as a “priority” in the provision of healthcare services. Thus, each country must decide on how to define acceptable geographical access (WHO, 1994). 
Spatial access to healthcare facilities is critical in the realisation of the UN Sustainable Development Goals (SDGs) and the World Health Organisation (WHO) targets. Equity in geographical access to healthcare facilities is associated with improved health outcomes and the reduction of diseases and mortalities, which are the targets of the Sustainable Development Goals (SDGs), particularly goal 3. The desire to meet the WHO and SDG targets has made countries tailor their health policies towards the achievement of such targets, especially towards the realisation of primary healthcare. This is because access to primary healthcare is key to achieving sustainable development (Pettigrew et al., 2015). Thus, there is a need for national governments to be more determined in measuring progress towards the delivery of primary healthcare that will address the SDGs (Pettigrew et al., 2015).
The use of Geographical information systems (GIS) and the availability of spatially disaggregated data have enabled the development of more robust access measures for health policy planning (McGrail and Humphreys 2009). GIS is an important tool in measuring spatial accessibility to healthcare because it allows researchers to analyse both spatial and non-spatial data and also visualise it as spatial information (Black et al., 2004). GIS-based accessibility measures can be used to measure the impact of health policy or reforms through identifying the areas and population with inadequate access to healthcare and where the interventions could be targeted to improve access (Higgs, 2004). (Talen, 2003) highlighted five different approaches for measuring spatial accessibility as container, coverage, minimum distance, travel cost and gravity. According to (Talen, 2003), the most commonly used is the ‘container’ which is simply a calculation of the number of facilities within a given ‘container’ such as an administrative boundary, for example, the number of health clinics in a political ward. The ‘coverage’ approach calculates the number of within a given distance from the point of origin, for example, the number of primary clinics 5km from a settlement area centroid. The minimum distance approach measures access based on the distance to the nearest health facility, for example, the settlement area and the nearest healthcare facility. The ‘travel cost’ is the average distance between the location of the potential user and the nearest healthcare facility, for example, the average distance between the centroid of settlement areas. The Gravity is a measure of access based on the capacity or size of a healthcare facility divided by the frictional effect of distance (Higgs, 2004; Talen, 2003). All these approaches are considered in this research.
Different methods of analysis coupled with the different approaches are used in measuring spatial access to healthcare facilities. These methods include buffer analysis, network analysis and gravity model-based analysis such as  Enhanced 2 Step Floating Catchment Area Analysis  (Luo & Qi, 2009; Luo & Wang, 2003). However, there is also a need for consideration of factors that influence variations in accessibility measurement (Talen, 2003). These factors are origins, destinations modes of travel, travel route characteristics, distance calculation and distance decay functions (Talen, 2003). 
A spatial dimension is important in analysing access to healthcare facilities, both in terms of  analysing access to healthcare at different scales of geography (Luo and Wang 2003; Gautam et al. 2018) and the levels of disaggregation providing varying precision in measuring access to healthcare facilities (Gautam et al., 2018)
Meeting the UN’s Sustainable Development Goals (SDGs) and the World Health Organisation (WHO) targets are of crucial importance, particularly to developing countries such as Nigeria. The SDG 3, to “ensure healthy lives and promote wellbeing for all at all”, includes targets of the reduction of maternal mortality ratio to less than 70 per 100,000 and ending preventable death of newborns and children under 5 years of age, with the aim of reducing under-5 mortality to 25 per 1000 live births. Other targets of goal 3 include ensuring universal access to sexual and reproductive healthcare, for family planning, information and education.
The 2000 World Health Organisation report ranked Nigeria 187th out of the 191 member nations for its health systems performance. The health status of Nigeria is characterised by disease burden as a result of preventable diseases which are mostly as a result of poverty and a poor healthcare system. For instance, maternal mortality in Nigeria is one of the highest in the world with one mother’s death in every one hundred deliveries (Fmoh, 2004). Under 5 mortality rate and adult mortality rates are also higher than the average of sub-Saharan Africa. The North West and North East geo-political zones in Nigeria have higher disease burden such as under-5 and maternal mortality rates compared to the other zones (WHO, 2007). The disparity in terms of disease burden and mortality rates between the geopolitical zones is associated with the differences in the availability and distribution of human resources for health and healthcare facilities (WHO, 2007). This shows the need for an effective healthcare system with strategies and targets that can help in improving the health status of the Nigerian population through improving access to healthcare.
Nigeria has health policies and strategic plans that are aimed and tailored towards improving access to healthcare and the health status of the population, thereby realising the WHO and UN’s MDGs and SDGs targets. This is because Nigeria is a signatory to many global agenda on health and development including the MDGs and SDGs. Thus, the 2016 national health policy is developed to reflect trends, including the uncompleted agenda of the MDGs and the new SDGs and emerging health issues. The overall goal of the 2016 national health policy in Nigeria is to “strengthen the healthcare system particularly the primary healthcare system to deliver quality, effective, efficient, equitable, accessible, affordable, acceptable and comprehensive healthcare services to all Nigerians (pg26)”. This shows that the overall goal of the Nigerian health policy is in line with the 4As of access as highlighted earlier. Nigeria has several strategic health plans and standards that are set and designed to achieve these health policy goals. Example of these are the National Health Strategic Development Plan and the minimum standards for primary healthcare in Nigeria. These strategic plans and standard with their targets are also set up individually by State Governments. Among the objectives and targets of these plans is to increase access to healthcare facilities by improving geographical equity and access to healthcare facilities. It is therefore important to measure spatial access to healthcare facilities in relation these targets to identify who and where has access and what needs to be improved. 
As explained previously, geographical information systems are the common tools used in measuring spatial access to healthcare facilities to assess the performance of health systems and modelling improved access with location-allocation models. However, little research has been done in developing countries such as Nigeria to measure spatial access to healthcare facilities in relation to health policy targets using geographical information systems. This is due to the lack and unreliability of GIS locational datasets. There is also the lack of socio-economic data and census data at small area level (e.g. MSOA, LSOA, OA). Census data are only available at the Local Government Area (LGA) level which has a significant effect on spatial planning including healthcare planning. The availability of population estimate data at settlement area for this will provide a more precise result in terms measuring spatial accessibility. This motivated the need to use geographical information and the disaggregated population data to investigate the relationship between healthcare targets and spatial access to healthcare facilities in Kano State, Nigeria. The research also improves spatial access to healthcare facilities through modelling the distribution of healthcare facilities in Kano State.

[bookmark: _Toc19824757]Aims and Objectives of the Study

There are three overall aims of this thesis: 
Aim 1: To feedback to the academic debates on healthcare provision for the disadvantaged populations, specifically on a detailed exploration of healthcare facilities in Kano State. 
Aim 2: To investigate the relations between the MDG, SDG, WHO and Nigerian targets on accessing healthcare in Kano State and the actual provision of healthcare facilities in Kano State. 
Aim 3: To model improved spatial access to healthcare facilities in Kano State.

The specific objectives are:
· To measure spatial access to healthcare facilities in Kano State based on the targets of the State.
· To identify how the current healthcare facilities provide coverage to the population of Kano State.
· To examine the current distribution of healthcare facilities in Kano State based on the guidelines of  the Nigerian minimum standards for primary healthcare
· To calculate what is required in terms of healthcare facilities to meet the Nigerian State target.
· To develop a range of scenario models to identify improved access to healthcare facilities.



Research Questions

This thesis addresses the following research questions
1. What proportion of Kano State’s population experience acceptable or poor access to healthcare facilities, and what is the spatial distribution of these populations?

2. What gaps exist in current healthcare facility provision in Kano State in relation to WHO and Nigerian government health targets?

3. What would be the optimum distribution of existing and additional healthcare facilities in Kano State to realise Kano State and Nigerian government healthcare coverage targets?

[bookmark: _Toc19824758]Thesis structure

In order to achieve the objectives of this research, the thesis is structured into seven chapters outlined below:
Chapter 2 introduces the various definitions of access and the continued difficulties in conceptualising this term. This is followed by the explanation of the different conceptual frameworks for access healthcare and how these frameworks are integrated for use in this research. The chapter then reviews literature from the most relevant field of research particularly those that explored the key components of the conceptual framework. The chapter also looks at existing literature on contextual issues that are related to the conceptual framework such as the characteristics of the healthcare system in Nigeria, the health issues and the issues surrounding the enabling factors and barriers to access to healthcare facilities in Kano State and Nigeria. The review also explains some of the applications of geographical information systems in measuring access to healthcare particularly within developing countries such as Nigeria where detailed datasets are not always readily available.

Chapter 3 outlines the overall methodology and provides detail of specific techniques and analysis applied in this research. The chapter also describes how the data and methods are applied to answer the research questions. The description of the study area is also provided with a further explanation of why it is chosen. The datasets used for the analysis are described, and their sources are listed. The chapter also provides the justifications for using the datasets for the analysis and their limitations. The chapter also describes the GIS models used for the analysis and their building process. It also provides the rationale for using the models to achieve the research’s aim.
Chapter 4 focuses on answering research question one. The chapter provides results from measuring spatial accessibility in Kano State based on the targets of Nigeria and the Kano State Government. The result is obtained from different GIS methods for measuring spatial accessibility to healthcare facilities. The results provide the estimated population and area with acceptable or poor access to healthcare facilities in Kano State. The chapter discusses the key findings and relates them to the conceptual framework and other findings from the wider context.
Chapter 5 focuses on answering research question 2. The chapter examines the current distribution of healthcare facilities in relation to the calculation of what would be required regarding healthcare facilities and human resources for healthcare to meet the current World Health Organisation (WHO), Kano State and Nigeria targets and standards. The chapter, therefore, provides the result for each of the different types of healthcare facilities and shows whether the targets are realistic to achieve. The chapter then discusses the key findings based on what is required to meet the targets and position these in relation to national policies and MDGs, SDGs and WHO targets.
Chapter 6 focuses on answering research question 3. The chapter models improved access to healthcare facilities in Kano State through developing a range of scenario models using location-allocation models. The results of the two types of location-allocation models used on the different types of healthcare facilities are explained. The chapter then discusses the key findings from the location-allocation analysis and links them with findings from location-allocation modelling literature and the conceptual framework.
Chapter 7 concludes the thesis by summarising the key findings of the research. The limitations of the research, the implications of the findings and recommendations for further studies are discussed.	
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This chapter is split into two sections. The first section looks at the different definitions of access to healthcare, before moving to the key concept of access. The second section looks at contextual literature on Nigeria and Kano State.

[bookmark: _Toc19824761]Definitions of Access to Healthcare

Access to healthcare has multiple definitions, and its meaning in some circumstances is mostly assumed (Khan and Bhardwaj 1994) and there is no universal definition of access to healthcare services (Oliver and Mossialos 2004). The problem of defining access is linked with how it is related to various disciplines. For example, the perspectives of a geographer and a sociologist may differ regarding access to healthcare problems because a sociologist focuses on the social dimension and a geographer focuses on the spatial dimension of access to healthcare. Thus, there are many definitions of which have developed from different perspectives as shown in Table 2.1.
The problem of defining access is not limited to the lack of an exact definition or the multiple definitions given to the term but also it is synonymously used with terms such as accessible or available (Penchansky and Thomas 1981). The overall outcome of such misconception and ambiguity of the term prevents a complete understanding of access to healthcare and influences how health policy goals are interpreted (Khan and Bhardwaj 1994). The ambiguity of the term access is one of key the challenges encountered in this research. This research, therefore, defines access as the degree of fit between the healthcare system and the population characteristics.


[bookmark: _Toc4753003]Table ‎2.1: Definitions of Access
	(WHO, 1978)
	“Accessibility implies the continuing and organised supply of care that is geographically, financially, culturally and functionally within easy reach of the whole community. The care has to be appropriate and adequate in content and amount to satisfy the needs of people and it has to be provided by methods acceptable to them.” (pp. 58–9).

	(Aday and Andersen 1981)
	‘..those dimensions which describe the potential and actual entry of a given population group to the health care delivery system’ (pp. 5–6). Elements of potential access include availability, organization, predisposing, enabling and need factors. Elements of realised access include convenience, availability, financing, provider characteristics, quality, health service type, site, purpose and time interval of care

	(Penchansky and Thomas 1981)
	“a general concept that summarizes a set of more specific dimensions describing the fit between the patient and the health care system. The specific dimensions are availability, accessibility, accommodation, affordability and acceptability” (p. 127).

	(Khan and Bhardwaj 1994)
	“Access (is) ..defined either as the ability to obtain needed services, or in terms of potential/actual entry into the health care system.. Access is conceptualized as the outcome of a process, determined by an interplay between the characteristics of the health care service system and the characteristics of potential users” (pp. 65–66).

	(Rogers et al. 1999)
	“Optimal access means providing the right service at the right time in the right place” (p. 866).



The various definitions listed in Table 2.1 shows how the understanding of access to healthcare is argued based on different perspectives by researchers and their effort to eliminate its ambiguity. For instance, (Penchansky and Thomas 1981) consider access as a concept representing the degree of fit between the population and the healthcare system based on the dimensions of 5 As. (Aday and Andersen 1981) consider access as a dimension which shows the potential and actual entry (utilisation) of population group to the healthcare system.  (Guagliardo 2004: 13) argues that the concept of access becomes clearer when looked in stages and dimensions, identifying key stages as the “potential” for healthcare delivery and “realised” delivery of care. The availability of access indicates the prospect to utilise service if needed (service availability) while securing access is the cause for utilising the service (Gulliford et al., 2002). The utilisation or realisation of access is achieved when all barriers to provision are overcome (Guagliardo et al., 2004). This research focuses on the potential stage of access to healthcare.
Section 2.3 provides a detailed explanation of (Penchansky and Thomas 1981) concept of access (5 As of access).
[bookmark: _Toc19824762]The Five As of Access to Healthcare

As explained in Chapter 1 and the previous section, access is a major concern in healthcare policy. This brought the need for a well-defined concept of access so policymakers can measure what is required to meet health goals and the needs of the population. As shown in Table 2.1 (Penchansky and Thomas 1981) propose a taxonomic definition of access and summarise a set of specific dimensions describing the fit between the population and the healthcare system. The specific dimensions are availability, accessibility, accommodation, affordability and acceptability. Availability and accessibility are spatial in nature and the other three are aspatial. This research focuses on the spatial dimensions; however, the non-spatial dimensions are also discussed in this Chapter.
Availability: Availability is the relationship of the quality (type) and quantity (volume) of existing healthcare services and resources to the user’s quality and quantity needs (Penchasky and Thomas 1981). It also refers to the degree to which facilities and services meet the needs of people. Availability can also be measured in terms of the circumstances that make it possible to access the healthcare as and when the need (Peters et al., 2008). This simply refers to the adequacy of resources (drugs, finances, health care professionals, etc), infrastructure (hospitals, health posts, clinics, etc) and services such as emergency and maternal/neonatal care (Penchansky and Thomas 1981).
[bookmark: _Hlk3995844]Access in terms of availability is traditionally measured based on the demand and supply ratio (population and service) (Ensor and Cooper 2004). This could be measured through per capita distribution of healthcare facilities, human resources for health and drugs in a given population. Population and provider (supply ratios) calculate ratios for geographical boundaries or healthcare service areas. The numerator could be the availability of healthcare services, such as the number of health personnel, hospital or other equipment in the hospital. The denominator is the population of the area (Guagliardo et al. 2004). (Gulliford et al., 2002) argue that an optimum availability in terms of access is adequate supply of services, so that individuals will have the potential to use the services (Gulliford et al., 2002). However, the realisation of access cannot be achieved without reasonable availability of providers in terms of number, location and temporal coverage that will meet the demand and needs of the population (Khan and Bhardwaj, 1994). 
Accessibility: Accessibility is the relationship between the location of healthcare service supply and the location of the population, taking into consideration the population's transportation resources, travel time, distance and cost (Penchansky and Thomas 1981). (Guagliardo et al., 2004) define accessibility as the travel impedance (distance or time) between patient location and service points. Peters et al (2008) define accessibility as the physical distance from the person in need of care to the healthcare facility. However, Peters et al.’s approach fails to consider additional factors which influence accessibility, including transport availability, infrastructural limitations, costs of travel, and so on. Thus, Clark et al.’s (2001) definition of “accessibility” is helpful, as they consider the absence of difficulty in moving from one location measured in terms of distance travelled, the cost of travel, or the time taken. These definitions identify accessibility as the relationship between the location of the healthcare service and the client with the process that allows or stops the population from reaching the facility. Gulliford et al (2002) understand accessibility as comprising two components. The first is the location of service in relation to the population with the assumption that there will be high accessibility when people live near services. The other is personal mobility with the assumption that people with cars or public transport have more access to healthcare.
Different scholars use different methods to measure accessibility to healthcare (Langford, Higgs, & Fry, 2016; Comber, Brunsdon, & Radburn, 2011b). Hu et al. (2013) identify distance/time to the nearest facility, population and provider ratios and gravity modesl as the three approaches for measuring accessibility. (Talen, 2003) also argues that accessibility can be measured based on five approaches (Table 2.2). Most studies on accessibility based on distance and time focus on the physical separation that impedes access (Gulliford et al 2002). However, in urban areas where a high concentration of healthcare facilities is common, the dimensions of availability and accessibility should be considered simultaneously (Guagliardo et al., 2004). The integration of the two dimensions is termed as “spatial accessibility” (Guagliardo et al. 2004:13). 
This research focuses on the potential spatial access with GIS measures. (Higgs, 2004) reviews several studies that focused on GIS and potential access to healthcare facilities. These studies have used GIS to measure access based on Euclidean distance, distance or travel-time along road network to the nearest healthcare facilities. Other studies such as  (Langford et al., 2016; Luo and Qi, 2009) also used Enhanced 2 Step Floating Catchment Area (E2SFCA) methods which are gravity based models with distance decay measures. GIS-based location allocation models are used to illustrate ‘what if’ modelling of in different health policy scenarios (Higgs, 2004). These GIS based methods for analysing potential access to healthcare facilities are considered for this research and a detailed explanation of each of the methods is provided in Chapter 3. 
[bookmark: _Toc4753004]Table ‎2.2: Measurement of Accessibility
	Approach
	Definition
	Healthcare Example

	Container
	The number of facilities contained in a given unit
	Number of healthcare facilities in a political ward

	Coverage
	The number of facilities within given distance from a point of origin
	The number of hospitals 10km from a population centroid

	Minimum Distance
	The distance between a point of origin and the nearest facility
	Distance between the centre of a settlement area and the nearest healthcare facility

	Travel cost
	The average distance between a point of origin and all facilities
	Average distance between centroid of a Local Government Area and all healthcare facilities

	Gravity
	An index in which the sum of all facilities (weighted by the size or supply-side characteristics) is divided by the frictional effect of distance
	All healthcare facilities (weighted by list size) or those with specialised services, divided by distance


Adapted from (Talen, 2003).
Affordability: This is the relationship between the cost or charges of healthcare services and the preparedness to pay for the services by the population (Moyer et al. 2013).  The preparedness could be in terms of income, health insurance and the ability to pay for the services. (Evans et al., 2013) argue that it is not only the ability to pay but to do that without financial hardship. They further argue that the financial hardship does not only take into account the cost of the health services but also the indirect cost as a result of transportation to the healthcare facilities and taking of time away from work. (Gulliford et al., 2002), also agrees that people experience cost as a result of time lost from work. The financial aspect of access is important to realising healthcare. Patients also experience cost as a result of time lost from work (Gulliford, 2002). However, (Fein, 1972) emphasize that affordability is a major determinant of access to healthcare facilities and personal income is key in realising it. This means that the abundance of healthcare facilities and personnel does not guarantee the potentials or realisation of access to healthcare facilities since affordability is influenced by how a healthcare system is financed and the income of the population (Evans et al., 2013).

Acceptability: (Penchansky and Thomas 1981, pg.129) define acceptability as the relationship of populations’ attitude about personal and practice characteristics of healthcare service providers to the actual characteristics of existing providers, as well to provider attitudes about acceptable personal characteristics of the population”. (Gulliford et al., 2002) identify the decision to seek healthcare and identification of needs by people as the first step in accessing healthcare services. The characteristics that determine the likelihood of seeking care include age, gender, religion, level of education, race or ethnicity. These factors have a strong influence on the decision of both the provider of healthcare and the people demanding it. In some cases lack of healthcare personnel of the same sex becomes a barrier to some group of people as a result of religious or traditional belief. In other cases due to tradition people do not believe in the orthodox form of healthcare. (Evans et al 2013) also emphasize that acceptability is low when people perceive healthcare services to be ineffective or when the social and cultural factors such as age, sex, ethnicity or religion of the healthcare service provider discourage them from using the healthcare services.
Accommodation:  (Penchansky and Thomas 1981) define accommodation as the relationship between the manner in which the supply of healthcare services are organised to accept users (including appointment systems, waiting times, hours of operation, referral systems) and the population’s ability to accommodate these factors and the population’s perception of their suitability. (Moyer et al. 2013) also consider accommodation as the level at which the healthcare provider’s operation is organised. Thus, (Gulliford et al. 2002) see long waiting time and poor referral systems as organisational barriers to healthcare services because they strongly affect the utilisation of healthcare services. Furthermore, the level to which the population is satisfied with healthcare received is largely connected to the quality of waiting experience. 
Acceptability and accommodation both consider the characteristics of the healthcare systems in relation to the characteristic of the population. Thus, this research, therefore, combines accommodation into acceptability resulting in four As of access. Studies such as (Peters et al., 2008) and (O’Donnell, 2007) also consider the four dimensions.
This section has discussed the (Penchansky and Thomas 1981) framework which views access as a concept that summarises a set of dimensions. However, the framework has some criticisms from (Khan and Bhardwaj 1994) who argue that it fails to provide the nature and levels of interaction among the dimensions. As a result, their taxonomic definition of access does not provide a clear typology of access. Furthermore, they argue that framework largely ignores the barriers to access which is an integral aspect of the access concept. 
The next section discusses the Andersen’s behavioural model of healthcare.

[bookmark: _Toc19824763]Andersen’s Behavioural Model of Healthcare Services Use

Development of Andersen’s Model

(Penchansky and  Thomas 1981) see Andersen’s model as related to theirs but not identical with it because it includes variables that describe need, predisposing factors and enabling factors. The Behavioural Model of Healthcare Services Use developed in 1968 by Ronald M Andersen is among the most widely acknowledged models for the utilisation of healthcare. The major goal of the behavioural model is to provide measures of access to healthcare (Andersen, 1995). Andersen’s behavioural model is a multilevel model that puts together both contextual and individual determinants of health service use (Babitsch et al., 2012). It also classifies the population characteristics that influence personal health practices and use of health services into three categories: predisposing, enabling and need factors. Andersen’s model was developed in the late 1960s to help understand why families use healthcare services, to help in measuring equitable access to healthcare and to develop policies to increase equitable access (Andersen et al., 1983).
Andersen’s behavioural model for the use of healthcare services had been repeatedly modified from the 1960s to 1990s. The first model in 1968 suggests that the use of healthcare services by people is determined by their predisposition to use the services and the factors that enable or impede the use (Babitsch, Gohl, & Lengerke, 2012). The second phase of the model, developed in the 1970s, added the healthcare system concept of current policy, resources and organisation. The second phase also suggested the extension of the outcome of interest beyond utilisation to consumer satisfaction. The third model then added perceived and evaluated health outcomes next to consumer satisfaction, acknowledging that personal health practices are strongly related to outcomes. The fourth phase of the model emphasises the dynamic nature of healthcare services’ and includes health status outcomes (Andersen, 1995). The fourth phase also illustrates the multiple effects on healthcare services use and on the health status. 
Description of Andersen’s Model

Figure 2.1 shows Andersen’s models for the utilisation of healthcare (Andersen, 1995). The model is categorised into three components of the environment, population characteristics and health behaviour. The concept is an outcome of the interplay between the healthcare system, population characteristics of an area and moderated by health policies (Khan and Bhardwaj 1994).

Environment 

The first component of the model is the environment which has the healthcare delivery system characteristics and the external environmental factors. The healthcare delivery system characteristics comprise the policies, resources, healthcare finances influencing the availability, accessibility and affordability and acceptability of healthcare services (Phillips et al., 1998). According to (Andersen, 1995), national health policy and the resources and their organisation in the healthcare system are key determinants of the population’s use of healthcare services. Therefore, improved access to healthcare services is an important goal of any health policy (Aday and Andersen 1974). Aday and Andersen (1974) also argue that health policy should be characterised as the starting point for the considering of the concept of access. This is because the evaluation of the health policy is important in the examination and improvement of access to healthcare services. The overall healthcare system is however determined by the external environmental factors, such as the politics, relative wealth, economy and the norms of the society (Phillips et al., 1998). Aday and Andersen (1974) see the healthcare system characterised by resources and organisation. The resources are the human resources for health, the facilities or structures within which the healthcare is provided, and the equipment used for the provision of healthcare. Aday and Andersen (1974) also added both the volume and distribution of healthcare facilities in an area as a component of resources in the model. 
The organisation which is another element of the healthcare system which Aday and Andersen (1974) refer to as the way in which human resources for health and facilities are controlled and coordinated and controlled in the process of healthcare provision. They further divide the organisation into components of entry and structure. The entry is the travel time or waiting time taken to gain entrance into the system and the structure are the characteristics of the healthcare system that determine how the user of the healthcare service is treated.
Population Characteristics

Another key component of Andersen’s model is the population characteristics that determine the use of healthcare facilities. These characteristics are as follows:
Predisposing factors in terms of individuals include the demographic characteristics of age and gender, social factors such as occupation, education, ethnicity and social relationship, mental factors in terms of health beliefs. The contextual factors predisposing the individuals to the use of healthcare services include cultural norms, the demographic and social composition of the communities, organisational values and political views (Babitsch, Gohl, & Lengerke, 2012). Aday and Andersen (1974) identify the attributes of a community, for example rural or urban areas. 
The enabling factors are the organisational and financing forces that ease the utilisation of healthcare services. The wealth and income at the possession of an individual are the forces that facilitate the payment of for the prices of healthcare services and the level of health insurance that covers the individual. The organisational factors determine whether an individual has a significant amount of care and the type of the source (Babitsch, Gohl, & Lengerke, 2012). Financing at the contextual level is the availability of healthcare resources in the community such as the level of health insurance coverage, the per capita income of the community and their healthcare expenditures. The organisational factors at the contextual level are the distribution, amount, types, location and structures of health personnel and healthcare facilities (Andersen, 1995). The health policies in communities are also part of the enabling factors for the utilisation of healthcare services (Babitsch, Gohl, & Lengerke, 2012).
Need Factors:  There is a difference between the way people view their health state (perceived care) and the way professionals view and measure the patients’ health state and the need for medical care (evaluated need) at the individual level (Anderson, 1995). At the contextual level, there are differences between population health indices and environmental characteristics. The environmental needs are the health-related conditions of the environment such as mortality rates while the population health indices are the overall measures of population health and other indicators such as mortality and morbidity (Babitsch, Gohl, & Lengerke, 2012)
Interrelation of the Factors

According to (Aday and Andersen 1974; Khan and Bhardwaj1994), there is an interplay or interrelationship between the different factors of Andersen’s model  (Figure 2.1). For example, the healthcare policy which is part of the healthcare system through an increase in the number of healthcare facilities or human resource for health in an area, or strategic health plans may be set towards changing the population characteristics. For instance, through the provision of insurance coverage or education. Other ways of influencing the population characteristic by the environment factors (healthcare system) could be through relocating healthcare facilities thereby reducing distance to healthcare facilities for the population of an area (Aday and Andersen 1995). Furthermore, Aday and Andersen (1974) state that the healthcare system may have effect on the characteristics of the population thereby indirectly affecting the utilisation of healthcare service, for instance, through effective health education programmes.

Challenges of the Andersen’s Model

Andersen’s model is difficult to put in to practice due to exacting data requirements as a result of the number of variables required to make the model complete (Field and Briggs 2001). (Phillips et al., 1998) also identify the lack of healthcare service utilisation data at individual level as one of the challenges of using the model. According to (Phillips et al., 1998) most studies rely on secondary data such as national surveys that include only limited contextual variables. For example, demographic health survey data that includes environmental variable such as rural locations. The availability of such contextual variables is a problem, particularly in developing countries. However, (Phillips et al., 1998) state that the behavioural model is a framework for analysis rather than a mathematical model, which means that it does not dictate the exact methods or variables that must be used. 



[bookmark: _Toc19824764]Integrating the Four As of Access to Healthcare with Andersen’s Model

As explained in section 2.3, despite defining the concept of and summarising it into a set of dimensions, (Penchansky and Thomas 1981) fail to provide the nature and levels of interaction among the dimensions and also do not provide a clear typology of access. Andersen’s model provides a clear interplay between the healthcare system and the population characteristics. Thus, this research integrates the four As of access to healthcare service and Andersen’s models so that a clearer concept is understood, particularly on how the dimensions interact with the healthcare system and the enabling factors and how the framework is used as a guide to measure and improve spatial access to healthcare in relation to health policy targets. Additionally, the interaction is used as a guide to discuss existing literature and the findings of this research.
Figure 2.2 illustrates how the 4 As of access and Andersen’s model interact. As explained section 2.1, this research focuses on potential spatial access. However, the interactions with the other non-spatial dimensions are discussed in this chapter based on existing literature. For instance, accessibility interacts with the healthcare system through the number and location of healthcare facilities in relation to the distance from community or individual. The enabling factors for accessibility are the distance to the facility and the mobility or access to transport. Availability interacts with environment (healthcare system) in terms of the number of healthcare facilities in relation to the population of the community. Affordability interacts with the healthcare system in terms of the cost of a healthcare facility in relation to enabling factors such as income or health insurance coverage of the population. Acceptability also interacts with the healthcare system in terms of its characteristics in relation to predisposing factors of the community or individual. The next section discusses these interactions based on general literature.
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Health Policy

Health policies are the decisions, plans and measures that are undertaken to achieve certain healthcare goals which comprise (inter)national health care targets and visions (WHO 2015). Thus, the achievement of improved access to healthcare is a key goal of health policy (Aday and Andersen, 1974). Most countries have strategic health plans that give overarching direction and focus on the improvement of healthcare. These strategic plans have goals and targets that are aimed towards improving access through equity and equal access to healthcare and for the realisation of global health targets (Van Herten and De Water 2012). Thus, standards are set in different countries to realise such goals and provide equity. For example, New Zealand’s health policy plan recommends that primary healthcare centre must be available for its population within 30 minutes travel time during normal business hours and 60 minutes after hours (Bagheri et al., 2005). This shows how pragmatic policies could be to provide equity in access. In some countries, smaller administrative regions have their respective health targets or standards set to meet the needs of their population. For example, Nanjing Municipal Civil Affair sets 20 minutes as an acceptable time for elderly people to reach primary healthcare centres. This shows that the policy standards do not consider accessibility but also acceptability in terms of age as a predisposing factor. It is in line with such that approach that (Russell et al., 2013) think that it is important for policy-makers to develop a better understanding of how access policies are applied in multiple dimensions and how the policy targets population characteristics and the healthcare system. (Russell et al., 2013) further add that the use of a recommended framework could enable policymakers to adequately and effectively fix the access to healthcare services and health outcomes particularly in relation to rural areas. However, (Van Herten and De Water 2012 pg.11) see health targets as tools in health policy which are mostly used at a political level, and their practical use seems to be in its early stage and can be considered as “the promising of the beginning of development.
Although it is mostly accepted that national policies have significant effect on economic growth poverty and other determinants of health status, there is relatively little evidence about how national policies affect the different patterns of health services (Peters et al., 2008). According to Peters et al (2008) an exception to the argument is the studies of ‘good health at low cost’ cited for China, Costa Rica, Cuba, Kerala and Sri Lanka (Halstead et al., 1985; Peters et al., 2008). The study showed these countries had different political and economic policies, but they still had a high rate of healthcare service use and better health status as a result of their long-term political commitment to equitable coverage of health and education services.
There are many national and international organisations involved in healthcare performance measurement and policymaking. These are policies and initiatives that relate to the interest of targets of WHO, MDGs, SDGs, National and State health governance. For instance, the universal health coverage target has been set by WHO as a possible goal for health in its post-2015 development agenda. Universal health coverage is the goal that all people obtain health services they need without risking financial hardship from paying for unaffordable health care out of pocket. Universal health coverage is attained when people actually obtain the health services they need and benefit from financial risk protection (Evans et al., 2013). Access, on the other hand, is the ability to do both things. Therefore, universal health coverage is not possible without universal access, but the two are not the same. However, since access has multiple dimensions (Penchansky and Thomas, 1981), this means that healthcare services must be physically accessible, financially affordable and acceptable to patients if universal health coverage is to attained (Evans et al., 2013).
Spatial access to healthcare facilities is key in the realisation of the targets of WHO, MDGs, SDGs and National and State health governance. According to the WHO report on the development of indicators for monitoring progress towards health for all, spatial accessibility is a “first priority” (WHO, 1994 pg 26). Each country should decide on how to define what is accessible: for example, the distance, walking time or time to be taken to travel by car to a health facility. This may vary in different parts of a country and will be different for different types of healthcare services (WHO, 1994). For example, supervision and care during childbirth may have to be near home. This shows the need for measuring spatial accessibility as an indicator of the performance of a healthcare system.
Spatial access is critical for the realisation of the UN’s SDGs. For instance, the achievement of universal health coverage and ensuring universal access to healthcare are some of the targets goal 3. Equity in spatial access is associated with improved health outcomes and the reduction of diseases and mortalities (Hanson et al., 2017; Vadrevu & Kanjilal, 2016). Distance to facilities is also known to influence the utilisation of healthcare services (Hanson et al., 2017). These relate to meeting the targets of the SDG 3 of ensuring healthy lives and promote well-being for all at all ages. For instance, the target of reducing the global maternal mortality ratio to less than 70 per 100,000 live births by 2030 with the maternal mortality ratio and proportion of births attended by skilled health personnel used as indicators. Another target is to end the preventable death of new-borns and children under 5 years of age, with all countries aiming to reduce neonatal mortality to at least as low as 12 per 1,000 live births and under-5 mortality to at least as low as 25 per 1,000 live births. Other targets include reducing premature mortality from non-communicable diseases through prevention and treatment, end the epidemics of AIDS, tuberculosis, malaria and neglected tropical diseases. This shows the importance and need for using GIS to measure spatial access in order to improve health outcomes and what is needed to meet the SDG targets.
The desire to meet the WHO and SDG targets has made countries tailor their health policies towards the achievement of such targets, especially towards the realisation of primary healthcare. In most cases, these policies and targets are mostly related to improving accessibility to healthcare facilities in order to improve health outcomes. For example, the new national health policy in Nigeria is developed to reflect new realities and trends including the unfinished agenda of the MDGs, SDGs, emerging health issues and Nigeria’s renewed commitment to universal health coverage. Furthermore, the overall policy goal is to strengthen Nigeria’s health system, particularly the primary healthcare sub-system, to deliver effective, efficient, equitable, accessible, affordable, acceptable and comprehensive healthcare services to all Nigerians. 
Nigeria has minimum standards guidelines for primary healthcare facilities which define for the various levels of fixed health facilities in Nigeria, the minimum standards for systems, staffing, equipment and service delivery at Local Government Area level in order to improve access and quality of services. The minimum standards also define spatial accessibility-related guidelines such as the expected population coverage and expected service delivery areas of healthcare facilities in Nigeria. Aside from national policies and guidelines, state governments also set their targets through strategic health development plans in order to improve access and quality of healthcare services. For example, Kano State has its strategic health development plan in order to develop and implement appropriate policies and programmes as well as undertake other necessary actions that will strengthen the health system in Kano State to be able to deliver effective, quality and affordable health. The overarching goal of the KNSHDP is to significantly improve the health status of all the residents of Kano State through the development of a strengthened and sustainable healthcare delivery system. This goal is set to be achieved with objectives such as increasing access to healthcare facilities with the target of having the population within 5km of a facility through improving geographical equity and access to the facilities. 
Considering spatial access is important in meeting the overall goals of WHO, MDGs, SDGs, and national and state targets, which is to improve the quality of access to healthcare service and health status of a population. Thus, this research focuses on spatial access, thereby using GIS to measure spatial accessibility in Kano State in order to ascertain who and where has good or poor access and identify what is required to meet the targets.

Accessibility as a Barrier 

According to (Peters et al., 2008) accessibility to healthcare services is a key determinant of the utilisation of healthcare services in developing countries. Accessibility interacts with distance to healthcare facility as an enabling factor for the use of healthcare facilities in the integrated model (Figure 2.2).  (Adedini et al., 2014) see long distances to healthcare facilities as one of the key barriers to the utilisation of healthcare. (Adedini et al., 2014) also argue that the problem of a long distance to healthcare is higher in the rural areas of developing countries where there is low density of modern healthcare facilities compounded by poor transportation systems and road infrastructure. For example, in countries like Ghana, Tanzania and South Africa, higher-order or tertiary and secondary public and private hospitals are mostly located in urban areas, making access difficult for the poorest groups living in rural areas (Macha et al., 2012). (Buor, 2003) in a study in rural Ahafo-Ano South district of Ghana found that distance was the prime factor affecting utilisation, showing that the further people are located from a healthcare facility, the lower their rate of health service utilisation.
Distance to healthcare is one of the most important factors leading to the low turnout of mothers for facility deliveries and is closely linked to rural and residence poverty (Macha et al., 2012). Thus, fewer women in rural areas attend antenatal care or delivery in health facilities than in urban areas (Kiwanuka et al., 2008). Even though distance is a fact of life in rural communities, it is rarely invoked as a barrier. However, due to the lack of access to transportation even smaller distances can be a major barrier for those without vehicles or with limited mobility (Haggerty et al., 2014). (Arcury et al., 2005) consider transportation as an important enabling factor for the use of healthcare facilities as also stated in the integrated model. Finding the means to travel to care is a problem for people in any healthcare, but more so in rural area where public transports networks are often poor and there is less access to personal vehicles (Arcury et al., 2005). (Walraven et al., 2000) identify the lack of transport as one of the factors responsible for high maternal deaths in Gambia. Short distance can represent a major barrier for those who are poor or have limited mobility. However, (Walraven et al., 2000) also identify significant improvement in maternal deaths as a result of availability of transport. Thus, (Hanson et al., 2017) see socio-economic development, including improvements in the road network have helped women in to travel moderate distances while seeking maternal care.
Health service organisation and type of health problem may also moderate the perception of distance (Haggerty et al., 2014). For instance, in the case of an emergency, the difficulty in contacting the source of care or long waiting times can outweigh distance as a barrier, making a distant source with easier organisational processes a better alternative to a more proximal one. Patients will travel longer distance for serious or chronic conditions but will go to more proximal facilities for acute or minor conditions (Haggerty et al., 2014). 
The places people live (urban or rural) may be associated with education, ability to pay, parity, ethnicity or religion, beliefs, information, availability, autonomy and access of services and quality of services. (Gabrysch and Campbell, 2009) argue that the inclusion of place of residence in an analytic study is questionable if the goal is to disentangle these factors. Thus, most studies on the use of healthcare services include rural and urban residence among their variable. For example, (Alfaqeeh et al., 2017) found that in the Kingdom of Saudia Arabia, the rural populations are the most deprived in terms of accessibility to healthcare facilities. (Gabrysch and Campbell, 2009) also argue that there is a significant advantage for the urban population compared to rural, which is even larger for those living in large cities or in the capital. For example, (Mekonnen and Mekonnen, 2015) found that urban women are more than 8.5 times more likely to deliver their babies with skilled health staff in attendance compared to rural areas, and those of women in the capital (Addis Ababa) nearly 40 times those of rural women. 
(Hounton et al., 2008) ague that in common with rural areas, distance to healthcare facilities also shows other characteristics of remoteness such as poor road infrastructure, poor communication between communities, limited access to information, poverty and other disadvantages that are difficult to measure quantitatively. (Peters et al., 2008; Smith, 2000) see these characteristics as constraints to access to healthcare which  also result in poor health outcomes. Hence, (Oppong and Hodgson, 2005) view the innovative measures for facilitating geographical accessibility having control over the increased level of utilisation and help in achieving equity in health.
[bookmark: _GoBack](Mazumdar et al., 2009) modelled healthcare utilisation in a study in Bangladesh that focused on the influence of geographic accessibility and other covariates for the curative and maternal needs of women. They selected the model covariates based on three distinct causal domains of predisposing, enabling and need factors. They considered intervening variables such as distance to qualified healthcare facilities and a variable constructed on village accessibility parameter as predictors. Their findings show that the women from inaccessible villages observed having multi-faceted difficulties in accessing  healthcare services because they had to travel longer distance, used higher number of transport means longer time to reach healthcare facilities and also seemed lacking alternative services. Furthermore, over 60% of the women sought treatment from informal providers, who were the most proximate options for the locality. Hence, the availability of informal provider near the villages exerted significant influence on the women’s use of healthcare facilities.
(Adjiwanou and LeGrand, 2014) argue that women living in communities where a high proportion of their respondents considered distance to be a major problem in accessing healthcare are found to be less likely to have used skilled birth attendants for their last delivery in Tanzania and Uganda compared with women in communities where proportion was low.
Poor physical access has been identified as an important contributor to reduced utilisation of healthcare facilities, especially primary healthcare and it is likely to be most critical in poor and rural areas. However, (Wesolowski et al., 2015) see that the relationship between physical access, travel behaviour and the utilisation of healthcare is difficult to quantify. Thus, (Wesolowski et al., 2015) quantified the impact of accessibility on primary healthcare in Sub-Saharan Africa using mobile phone data. They used anonymised mobile phone data to analyse individual and spatial aggregated travel patterns of subscribers across Kenya and compared these measures to the estimated travel times to healthcare facilities and data on the utilisation of two primary healthcare facilities. (Wesolowski et al., 2015) found that long travel distances are strongly correlated with increased mobility in geographically isolated areas. They also state that in areas with equal physical access to healthcare, mobile phone-derived measure of mobility predict which areas are lacking primary healthcare. This shows that routinely collected mobile phone data can provide a low-cost and straightforward to mapping the utilisation of healthcare facilities (Wesolowski et al., 2015).
(Rutherford et al.,2010) argue that there is an association between accessibility in terms of distance to healthcare facilities and health outcomes. Thus, improving access to healthcare facilities is key to the realisation of SDG, MDG, WHO and Nigerian health targets. For instance, (Okwaraji et al., 2012) study the effect of geographical access to healthcare facilities on child mortality in rural Ethiopia. The study involved a randomly selected cross-sectional survey of 2,058 households, GIS was used to map the household and healthcare facility and random effect Poisson regression to analyse the data. The findings show the 90% of the children lived more than 1.5 hours walk from the healthcare facility and those who lived longer than 1.5 hours from the facility had a two or three-fold greater risk of death than those who lived less than 1.5 hours from the facility. (Okwaraji et al., 2012), concluded that the distance to health facility influences under-five mortality in poor, rural remote areas of Ethiopia. 
(Magnani et al., 1996) also used data on health service use, under-5 mortality rates from survey data and multi-level regression analysis using both household and community level variables in estimating the impact of physical access to primary healthcare facility on under-five mortality in rural Niger. Their findings show that children residing in villages proximate to primary healthcare facilities (less than 5km) were 32% less likely to have died during the study than children without access to modern health services. (Akello et al., 2008) in a case-control study in Uganda investigate risk factors for perinatal death found a significant association between living more than 5 km away from healthcare facility and child death. (Becher et al., 2004)  in a cohort study of about 10,000 children in Burkina Faso also show that distance to a healthcare facility was associated with an increased risk of death in infants. 

Affordability as a Barrier

According to Andersen’s behavioural model for utilisation of healthcare, income is an enabling factor for the utilisation of healthcare. These enabling factors interact with affordability in the integrated model (Figure 2.2). The high rate of out of pocket payments for healthcare in developing countries shows that households will have to depend on their income to pay for healthcare services. Household income is used to pay for high costs associated with seeking healthcare, especially drugs, laboratory tests and transport which turn out to be a significant barrier for the use healthcare services to poorer groups (Macha et al., 2012). This means that poor families have to turn to borrow from friends, family member or money lenders (Macha et al., 2012). Another option is to their assets or delays care. (Macha et al., 2012) see borrowing as a cause for more severe poverty, especially when interest is charged as noted in Ghana and Tanzania where already poor families went into vicious cycles of indebtedness. (Goudge et al., 2009) also found that highly vulnerable households in South Africa had no source of income and depended on gifts from family and neighbours, so regular consultation was very difficult. This means that the poor are likely to underutilise health services due to the financial cost (Gabrysch and Campbell 2009). 
There are many studies on the importance of cost as access to barrier. For example (Hill et al., 2003), found that 36% of caregivers of ill children did not attend healthcare facilities because of health service cost. (Baume et al., 2000) also identified that mothers in Zambia did not attend one clinic because of user charges. The effect of healthcare cost on the utilisation of healthcare service is also highlighted through an investigation into the implication of user fees on healthcare facility use rates. For instance, (Xu et al., 2006) found that the abolition of user fees saw an increase in the utilisation of healthcare facilities in Uganda. (Palmer et al., 2004), in a review of health financing state that user fees discourage the utilisation of healthcare services. Thus, the WHO 2008 Annual Report urged the ending of user fees (Rutherford et al., 2010).
(Rutherford et al., 2010) argue that though the majority of studies focus on the impact of user fees on the utilisation of healthcare services, other costs acting as a barrier to healthcare access are overlooked. (Asenso and Dzator, 1997) found that in Ghana, indirect costs of access to healthcare to be 2-3.6 times higher than direct costs. (Macha et al., 2012)  also found that in South Africa, 31% of those in the poorest quintile, compared with 6% among the wealthiest, reported not seeking care when sick as a result of cost associated with transport. For instance, (Goudge et al., 2009) in a study in South Africa found people that do not have money for transport when referred from a clinic to hospital. However, (Gabrysch and Campbell 2009) argue that the cost of transport is likely to be a greater barrier for preventive than for emergency care-seeking.
Financial barriers can affect timely access to healthcare services. Hence, (Comfort et al., 2013)  see that health insurance can influence the use and quality of healthcare services and potentially improve maternal and neonatal health outcomes. Thus, several studies have focused on health insurance and its effect on the use or quality of maternal healthcare services, or maternal and neonatal health outcomes. These studies assessed the demand-side effect of insurance, the supply-side and in some cases both using econometric, descriptive statistics or qualitative result (Comfort et al., 2013). For example, (Lu et al., 2012) conducted a quantitative impact evaluation of Mutuelles, a community-based health insurance programme in Rwanda between 2000 and 2008 using nationally-representative surveys. (Lu et al., 2012) found that Mutuelles improved the utilisation of healthcare services and protected households from catastrophic health spending. However, like many other developing countries, one of the major challenges faced by the Government of Rwanda is how to ensure that the poorest benefit equally from Mutuelles. Resultantly, (Lu et al., 2012) found that Mutuelles enrollees in the poorest quintile  had a significantly lower rate of utilisation and higher rate of catastrophic spending The Mutuelles co-payments may have prevented indigent enrollees, who live under the extreme poverty line of $0.32 per day, from seeking needed care, or placed heavy economic burden on them when care was sought (Lu et al., 2012). The Government of Rwanda proposed a new version of the Rwanda Community Based Health Insurance Policy in 2010. One of its major components is to reduce co-payments for the poorest enrollees (Chemouni, 2018). 
 (Huntington et al., 2012) in a retrospective, longitudinal controlled study examined the impact of health insurance on improvements of maternal health outcomes in the Philippines. Their findings show that the number of maternal healthcare benefits paid by the Philippines Health Insurance Corporation in the early reform province grew by 45% and in the other provinces, the next largest was 16%. The facility-based delivery rate increased by 44% points in the early reform province, compared to 9-24% points in the other provinces. (Huntington et al., 2012) also found that since the introduction of the reforms, between 2006-2009, the actual number of maternal deaths in the early reform province fell from 42 to 18 and the maternal mortality from 254 to 114. (Barros et al., 2005) also found that in Brazil, gestational age-specific neonatal mortality and birth weight-specific neonatal mortality decreased among birth cohorts over time as insurance coverage expanded. These findings show the impact that improvement of affordability in terms of access to healthcare facilities can influence the utilisation and health outcomes. 
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This section discusses the contextual issues surrounding access to healthcare in Nigeria in relation to some of the factors of the integrated model.
Health Status of Nigeria

The health status of Nigeria is characterised by a disease burden, which primarily results from preventable diseases which are a result of poverty. There is a high prevalence of communicable diseases with a significant increase in the burden of non-communicable diseases. The communicable diseases account for about 60% of the total morbidity in Nigeria (FMOH, 2016). These diseases include diarrhoea, malaria, tuberculosis, HIV/AIDS (FMOH 2016). Malaria is a major cause of morbidity and mortality in Nigeria and it accounted for about 30% of the global estimate of malaria death in 2010 (FMOH 2016).
 Maternal mortality in Nigeria is one of the highest in the world with one mother’s death in every one hundred deliveries (FMOH 2004). The maternal mortality ratio was estimated to be 545/100, 000 live births and the infant mortality rate was 75 death per 1000 live births in 2008 (Achem and Agboghoroma 2014). According to an estimate by the WHO in 2010, Nigeria had the second highest number of annual deaths in under5 after India. Additionally, the under 5 mortality rate and adult mortality rates are also higher than the average of sub-Saharan Africa. However, despite improvement in the infant and under-five mortality rates, the rates are considered unacceptably high compared to other countries in the region (FMOH, 2016). This shows the need for the improvement of effective healthcare in Nigeria 

Nigerian Health Policy 

Nigeria’s national policy was formulated in 1988 and reviewed in 2004 to outline the goals, strategy and structure of healthcare delivery system in Nigeria (NDHS 2013). The roles and responsibilities of the different tiers of government in delivering health care were also defined in the 2004 policy. The 2016 health policy which is still at the draft level is the latest Nigerian health policy. Since Nigeria is a signatory to several global initiatives including the MDGs and SDGs, thus, the new health policy is meant to guide Nigeria in the implementation of the global declaration for the realisation of good health and wellbeing for Nigerians with a vision of Universal Health Coverage (UHC) for all (FMOH, 2016).  
The overall goal of the Nigerian health policy is to strengthen the healthcare system, particularly the primary healthcare system in order to deliver effective, efficient, equitable, accessible, affordable, acceptable, and comprehensive healthcare service to all Nigerians (FMOH, 2016). All these goals of Nigeria’s healthcare policy are in one way or the other related to the 4A’s of access to healthcare shown in (Figure 2.2). For instance, to deliver an effective accessible healthcare service to Nigerians means providing fit between the number and distribution of healthcare facilities in the healthcare system and the population characteristics in terms of the location and mobility of the population Figure 2.2. This also applies to achieving a degree of fit between the Nigerian healthcare system in terms of the affordability and acceptability and the Nigerian population.
National health strategic plans and minimum standard guidelines are set by countries to realise the health policy goals. The Nigerian National Strategic Plan framework is based on eight priority areas of leadership and governance for health, health service delivery, human resources for health, health financing, national information system, community participation and ownership, partnerships for health and research for health. For each of these areas, the framework provides uniform guidance and goals for state governments. 
The minimum standards for primary healthcare guidelines in Nigeria are also set to uniformly define for Nigeria the different levels of fixed healthcare facilities and the minimum standards for primary healthcare systems, structure, staffing and equipment of primary healthcare service delivery at Local Government Area level. The purpose of setting these health standards as a tool of management is to realise the best quality of healthcare within the resources available (NPHCDA, 2010). The rationale for developing the minimum standards is to provide a key advocacy tool to policymakers. Secondly, it is an important tool for supervision and evaluation. Lastly, it is key for effective planning for the delivery of Primary healthcare services. The research examines the current distribution of healthcare facilities based on these minimum standards in Chapter 5.



Nigerian Healthcare System

The responsibilities for the Nigerian healthcare system are decentralised into the three tiers of government. The federal level is responsible for policy and technical support for the healthcare system, international relations and the provision of tertiary healthcare (WHO, 2014). The state governments are responsible for secondary healthcare facilities and for the regulation of and technical support for primary healthcare services. The local government level is responsible for primary healthcare.
Primary healthcare as conceptualised by the Alma Ata declaration of 1978 is an approach at the basic or grass-root level towards the provision of universal and equitable healthcare for all. Primary healthcare is regarded to be the first level of contact to individual, families and communities through the provision of healthcare by the national healthcare system to the doorstep of where people live and work (Alenoghena et al., 2014). The primary healthcare centre is the level of healthcare that provides individuals with services other than those provided in hospitals (Alenoghena et al., 2014). There are three types of primary healthcare centres in Nigeria which are health posts, primary health clinics and primary healthcare centres.
Health Posts

Health posts are the health facilities at the first level of primary healthcare in Nigeria. A health post is expected to deliver services to settlement areas, neighbourhoods and/or villages. According to the minimum standards for primary healthcare in Nigeria, health posts are expected to cover a maximum population of 500 people. The minimum standards guidelines also define the minimum infrastructure requirement for health posts. For instance, the minimum land area for building a constructing a health post is 1,200 square metres. The health post facility should be fenced with gate and generator houses. It should also have staff accommodation provided within it. Health posts are expected to have furnishings such as benches, chairs, cupboards, screen, examination couch. They are also expected to have medical equipment such as scissors, solar refrigerator, tape rule, thermometer and weighing scale.
The health post should be headed by at least one Junior Health Extension Worker (JCHEW), who supervises Community Resource Persons (CORPS) working within the community. The CORPS should be utilised in limited ways based on the WHO19 recommendation that CORPS can:
· Partner with skilled healthcare providers by encouraging women to enrol for essential pre- and postnatal care;
· Act as community educators that provide support for accurate maternal and neo-natal Health messages;
· Identify pregnant women in the community who might need maternity services and distribute drugs or commodities to pregnant women in the community.
· Treat minor ailments
The CORPS are all trained Community Volunteers including Traditional Birth Attendants, Village Health Workers (VHWs), and other community-based service providers duly trained and recognised by the Local Government Area (LGA). However, TBAs are not expected to take deliveries.
The services offered by health posts include health education and promotion by informing, educating and communicating necessary behaviour messages on prevailing health issues and problems; prevention and community-based management. The health posts also offer a Health Management Information System by ensuring that all data collected should be sent to health facility staff to collate. They provide routine home visits and community outreach, maternal, new-born and childcare, family planning through counselling and dispensing of contraceptives. Other services provided include immunisation through the identification of eligible pregnant women and children and assist in the management of adverse effects following immunisation. Health posts also provide services related to HIV/AIDS through education on prevention and misconception of HIV/AIDS, community or home-based and support and the distribution of contraceptives. They also provide services related to tuberculosis through contact tracing and education on prevention and misconception. Curative care for fever-treatment, diarrhoea, respiratory infections, skin diseases, anaemia, minor accidents and worm infestation are also among the services expected to be provided by health posts. They are also expected to provide malaria treatment and Intermittent Preventive Treatment (IPT) for pregnant women. In terms of services related to water and sanitation, health posts are expected to provide promotion of personal and community, and advise on pest control, safe refuse disposal and potable water and protection of water.
The operation hours of health post are 9 am-4 pm. However, it is expected that 40% of JCHEWS time will be spent in the health post and 60% in in the community, according to the Ward Minimum Healthcare Package. Thus, health posts can open at the convenience of the community with the provision that the health post for at least 8 hours per day.

Primary Health Clinic

Primary health clinics are the second level of primary healthcare in Nigeria. The expected service delivery areas for primary health clinic are a group of settlements or neighbourhoods and village or communities. A primary health clinic is also expected to cover a population of about 2,000 to 5,000 people. It should have a minimum land area of 2,475 square metres. The building must have enough rooms and space to accommodate a client observation area, a consulting area, a delivery room, a first stage room, an injection and dressing area, a pharmacy section, a record section, a staff station, store, toilet facilities and a waiting or reception area.
In terms of personnel for primary health clinics, there should be at least 2 midwives or nurse midwives, 2 CHEW, 4 JCHEW, a support staff, 2 health attendants or assistants and 2 security personnel.
The services provided by primary health clinics are similar to those provided by health posts. However, in the case of primary health clinics, most of the services are provided by midwives and CHEWs and are based on referrals from the health posts. For example, in terms of maternal, new-born and childcare, the primary health clinic provides services such as identification of pregnant women, antenatal care, delivery (low-risk pregnancy), postnatal care, promotion of exclusive breastfeeding, care of the new-born, growth monitoring and support for weaning. Primary clinics provide family planning-related services such as counselling and motivation, dispensing of male and female contraceptives, dispensing of oral contraceptives and injectable contraceptives, and Intraurine Contraceptive Device (IUCD). They also provide services such as immunisation, promotion of proper nutrition and food education, adolescent health, and referral.
Unlike health posts, primary health clinics should run 24 hours services. 60% of JCHEWs and 80% of CHEWs are to work in the facility and others are to work in the communities. The primary clinic should be managed by the Village Development Committee co-managing with the supervising health worker and by extension the Local Government Area.

Primary Healthcare Centre (Ward Health Centre)

A primary healthcare centre is a facility at the highest referral level of the primary healthcare system in Nigeria. The expected service delivery area for a primary healthcare centre is a political ward which is explained in detail in Chapter 3. A primary healthcare centre is expected to cover an estimated population of 10,000-20,000 people. The minimum land for its building and premises should not be less than 4,200 square metres. A primary healthcare centre should have a detached building of at least 13 rooms and a staff accommodation provided within the premises. The building should also have enough rooms and space to accommodate state station, 2 consulting rooms, adolescent health service room, pharmacy and dispensing unit 2 delivery rooms, laboratory, maternity section and medical records area. 
The guidelines of the minimum standard for primary healthcare in Nigeria related to health personnel expect a primary healthcare centre to have 1 medical officer if available, 1 community health officer (CHO), 4 nurses or midwives, 3 CHEWs, 1 pharmacy technician, 2 JCHEWs, 1 environmental officer, 1 medical records officer and 1 laboratory technician. The health personnel should be supported by 2 health attendants, 2 security personnel and general maintenance staff.
The services provided by primary healthcare centres are similar to those provided by primary clinics. However, in some instances, primary healthcare centres provide more complicated services based on referrals from health posts or primary health clinics. For example, in terms of maternal new-born and childcare, primary healthcare centres offer services for higher risk pregnancies and newborn resuscitation. 
There is no clear guideline or explanation documented by the Nigerian Government regarding the differences in terms of the services provided by the various primary healthcare facilities. The level or type of service provided is determined by the healthcare personnel through assessment of the illness before making referrals for those they cannot handle. However, there is a clear distinction between the different primary healthcare facilities is in terms of the level of health personnel offering services, the number of hours for the services and the availability of beds pace for admitting patients. 



Healthcare Financing in Nigeria

(Uzochukwu et al., 2015) also, see the way a country finances its healthcare system as a key determinant for reaching universal health coverage. However, (Eneji et al., 2013) argue that the major challenge facing policymakers in Nigeria is how to allocate limited resources to major issues that contribute to the reduction of poverty and to economic development. According to (WHO, 2014), Nigeria’s health system was seriously crippled during nearly two decades of military rule as the per capita investment in health remained at $1.00 per person per annum between 1985-1993 compared to the international recommended $34 per person. Lower-middle-income countries such as Nigeria account for more than 90% of the global burden of disease but for only 12% of global spending on health (Peters et al., 2008). The Nigerian government has spent less than 40% of what was needed on each person’s health in 2013 (Eneji et al., 2013). The Nigerian government needs to spend at least US$86 per person for it to provide basic health services. In 2013 the Government of Nigeria spent only US$31 per capita which is 36% of what is required for the provision of universal basic healthcare (WHO, 2015). According to African Health Budget Network (2015) if the Nigerian taxes were increased to full capacity the government would be able to spend an additional US$9 per person on health, thereby increasing per-person spending from US$31 to US$40 (AHBN, 2015).
Health expenditure in Nigeria is largely from households, but the proportional share disproportionately affects the North and rural areas because of the presence of high poverty rates there (Olaniyan and Lawanson 2010). More than 70% of the population in Nigeria is considered below the poverty line, while only less than 35% are considered poor in the South (NBS 2007). North West, including Kano state, has a poverty rate of 77% (KSHDP, 2010). The low income and high poverty areas, therefore, experience poor access to and utilisation of healthcare (NDHS 2013). For instance, the NDHS (2013) reports that 77% of women in rural areas and 88% of women in the North are likely to deliver at home because of the inability to afford.
The main sources of health funds in Nigeria are the government and private donors which includes household and donors (Olaniyan and Lawanson 2010). Because the Nigerian government’s expenditure on healthcare is very low, the burden of paying for healthcare falls disproportionately on households. About 4% of households in Nigeria spend more than half of their household expenditures on healthcare and 12% spend more than a quarter (Uzochukwu et al., 2015)
The availability of health insurance will influence the fit between the cost of healthcare and the ability of the user to pay. According to the NDHS (2013), less than 2% of women of reproductive age 15-49 are covered by health insurance in Nigeria as most of it is employer based. The health insurance is also more common among better educated of which most are in the highest wealth quintile that live in urban areas (NDHS, 2013). This shows that the rural and less educated are out of the picture when it comes to the issue of health insurance coverage. 
Since its independence in 1960, Nigeria has had a limited scope of legal coverage for social protection: over 90% of the Nigerian population is without health insurance coverage (Aregbeshola, 2019). There have been reforms aiming to address the health challenges in Nigeria. These include the National Health Insurance Scheme (NHIS), National Immunisation Coverage Scheme (NICS), Midwives Service Scheme and the Nigerian Pay for Performance scheme (P4P). 
The inability to address Nigeria’s numerous health challenges has contributed to the high level of poverty and the weakness of the healthcare system. Corruption, political instability, limited institutional capacity and unstable economy are the major factors responsible for the poor development of healthcare services such as health insurance in Nigeria (Aregboshola, 2019). After several attempts at implementing legislation on health insurance since 1960, NHIS, although established in 1999 was launched in 2005. The goals of the NHIS are to:
· ensure access to quality healthcare services
· provide financial risk protection
· reducing the rising cost of healthcare service and
· ensure efficiency in healthcare through programmes such as Mobile Health, Public Primary School Social Insurance (PPPSHIP), Community Based Social Health Insurance Programme (CBSHIP), Tertiary Institution Social Health Insurance Programme (TISHIP) and Formal Sector Social Health Insurance Programme (FSSHIP) an the provision of healthcare services for children under 5 years, prison inmates, disabled persons, retirees and the elderly.
The NHIS is expected to offer social and financial risk protection by reducing the cost burden of healthcare and providing equitable access to basic healthcare services. The most vulnerable population groups in Nigeria such as children, pregnant women, people living with disabilities, the displaced, elderly, unemployed, retirees and the sick sometimes benefit from free healthcare services and exemption, though in most cases people largely must pay for the services. The provision of free healthcare services in Nigeria is often politically motivated, poorly implemented, does not become fully implemented and sometimes only lasts for a few years (Ijadunukola, 2013). For example, states such as Kano, Osun, Niger, Ekiti, Lagos, Ondo, Enugu and Jigawa are known to have provided some free health services and policies at some point since the return of democracy in 1999. These free healthcare services and exemption mechanisms were set to provide financial risk protection for the most vulnerable populations but there is evidence that they have been ineffective and have failed to achieve this target (Onoka et al, 2010).
Pregnant women and children under five years are the only beneficiaries of the free healthcare policy in Kano, Niger and Kaduna State. However, these states still have higher child mortality rates compared to states in the Southern part of Nigeria. This is because, despite the free maternity services provided by Kano State, utilisation of maternity services is still poor especially in rural areas (Galadanci et al., 2010). However, a review of data from 28 hospitals participating in a free maternity service shows a  significant increase in the antenatal attendance from 303,648 in 2001 to 705,468 in 2006 (Galadanci et al., 2010). Likewise deliveries also increased from 29,704 in 2001 to 42,127 in 2006 (Galadanci et al., 2010).
The NHIS still covers less than 10% of the Nigerian population leaving the most vulnerable without affordable healthcare services (Onwujekwe et al., 2012). This means that the most vulnerable populations in Nigeria are without social and financial risk protection as a result lack access to basic healthcare services. This shows the need to provide social health protection scheme that will target these vulnerable groups.

Human Resources for Health in Nigeria

Nigeria loses health personnel as a result of a brain drain in which a quite number of Nigerian health personnel move to Europe and the USA in search of better wages, facilities and working environment (WHO, 2007). The statistics from the number of nurses seeking employment outside Nigeria also proves that the majority of health workers that migrate from developing countries end up in developed countries (WHO, 2007). About 12% of doctors trained in Nigeria are working in OECD countries (WHO, 2007). Thus, Nigeria loses an estimate of $184,000 per skilled doctor that emigrates. It also creates dearth in terms of availability of health personnel in Nigeria.
Nigeria has one of the largest numbers of health workers in Africa, comparable only to South Africa and Egypt (AWHO, 2008). There are about 39,210 doctors and 124,629 nurses registered in Nigeria (NHRHSP 2008). Nigeria has about 30 doctors and 100 nurses per 100,000 populations (NHRHSP 2008) which compares to the average of 15 doctors and 72 nurses per 100,000 in Sub-Sahara Africa (WHO, 2006). Nigeria has also exceeded the WHO target for the African region of one doctor/1000 but still faces crisis in terms of availability of health personnel like other countries (AHWO, 2008).
Despite the dearth in terms of availability of human resource in Nigeria, there is also poor distribution of the personnel in favour of the southern part of Nigeria, urban areas and tertiary healthcare (AWHO, 2008). However, this also shows the disadvantage of national level statistics because they hide the intra-state disparities and inequalities.

[bookmark: _Toc4752017]Figure 2.3: Zonal Distribution of Key Health Personnel in Nigeria
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Source: National Human Resource for Health Plan 2008
Figure 2.3 shows the distribution of and availability of health personnel per 100,000 population with variation in the different zones. The North East and North West have a figure of 4 doctors per 100,000 population which is low compared to the national average of 12 per 100,000 populations. The significant disparity between the zones is associated with the geographical distribution of health training schools (AWHO, 2008). Out of 339 health training schools in Nigeria, the South East has 68, South South 73, South West 81, North Central 45, North East 26 and North West 46 (NDHS, 2013).
[image: ][bookmark: _Toc4752018][bookmark: _Toc4752978]Figure 2.4: Distribution of Doctors in Relation to Under5 Mortality Rates

The difference in the distribution of doctors in Nigeria’s geopolitical zones is arguably reflected in disparities in under 5 mortality ratios. The North West and North East have higher under 5 mortality with a low doctor density of 4/100,000 population (NHRHP, 2008). The North East also has the highest maternal mortality of 1,549/100,000 live births compared to the South West with 165/100,000 live birth (Galadanci et al., 2010). There is also great variation between urban and rural areas in terms of the maternal mortality rate: 351/100,000 urban to 828/100,000 rural (Galadanci et al., 2010). This is an example of how the availability of healthcare facilities and human resource for health influence health outcomes.
Distance to healthcare facilities is a barrier to the utilisation of healthcare facilities in Nigeria. Over 33% of women reported that they did not deliver in healthcare facilities because there was no time while about 13% that distance to the healthcare facility is the hindering factor (NDHS 2013). It is one of the objectives of the Healthcare Sector Reform Programme (HSRP) to reduce the distance that health consumers travel to service points a bear the cost of service and transport. However, (Uneke et al. 2008) argues that distance to healthcare is still a serious issue in Nigeria and that the proportion of household within 10 kilometres of a healthcare facility is higher in the urban areas compared to the rural areas. 
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According to (KSHDP, 2010) the disease pattern of Kano State is comparable with that across Nigeria with infectious diseases and parasitic diseases making a large part of morbidity and mortality in the State. Vaccine-preventable diseases such as measles, diarrhoeal diseases and malaria are the leading cause of child morbidity and mortality in Kano State (KSHDP 2010). The infant mortality for Kano State is around 110 per 1000 live births (KSEEDS 2005). Kano State has a maternal mortality ratio of 1700 deaths per 100,000 live births (KSHDP 2010) which  is higher than the national average of 1,026/100,000 (Galadanci et al., 2010). Additionally, 17,000 per 100,000 are left after childbirth with serious complications such urinary tract infections, anaemia, infertility and fistula (KSHDP 2010). The high maternal and child mortality rates and complications after delivery are attributed to the fact that only 13% of deliveries in Kano State were attended by a skilled birth attendant and only 11% of the deliveries take place in a healthcare facility.
Healthcare systems and potential users or population are moderated by healthcare related public policy and planning. Effective healthcare policies and programmes lead to effective healthcare system and equity of services among population in need.
What is the healthcare policy in Kano State? How does it affect the healthcare system and the population?
The healthcare policy in Kano State is strictly based on the Nigerian National Health Policy which is based on the concept of Primary Health Care (PHC) (KSHDP, 2010). Kano State has developed and implemented policies that seek to improve its health system to be able to deliver effective, quality and affordable healthcare. This is one of the reasons why the overall vision of the Kano State Strategic Health Plan 2010-2015 is to reduce mortality and morbidity rates as a result of communicable and non- communicable diseases through meeting the global targets for the eradication of diseases. This is the latest health plan for Kano State, although the development of a new one is ongoing. The vision of the 2010-2015 plan is to improve the life expectancy and the quality of life of the people of Kano State. Among the strategic objectives of the development plan is to increase access to healthcare services through improving geographical equity and access to healthcare services with the target of having the population of the state within 5km to services.
What percentage of the population has acceptable access and where?
The leading barrier to access to healthcare for women and children is getting money for treatment (Galadanci et al., 2010). This is why in 2011, Kano was the first State to make maternal care free in all secondary healthcare facilities (Galadanci et al., 2010). This is to remove barriers related to affordability. Other services made free include under 5 treatment, vesico-vaginal fistula repairs and accident and emergency services (Galadanci et al., 2010). 
In terms of the number or quantity of healthcare facility resources, Kano State has a total of about 1165 healthcare facilities out of which 2 are tertiary healthcare facilities, 36 public secondary facilities, 61 private secondary facilities and 970 primary healthcare facilities (KSHDP, 2010). The statistics show that private healthcare facilities are almost twice the number of public secondary facilities. This is also evident in Tarauni LGA in Kano metropolis where out of 25  primary healthcare facilities, 16 are private (Kibon & Ahmed, 2013) .According to the NDHS (2013) the Northwest Zone of Nigeria is the most underserved in terms of population per secondary facility, but Kano State is an average performer with a ratio between one facility between 120,000 and 200,000. However, Kano is performing very poorly in terms of primary healthcare coverage with one facility to between 9,000 to 13,500 people (KSHDP, 2010). The KSEEDS recommended the provision of one facility to 500 people to enable universal coverage. 
Dearth in human resource as evident in Nigeria is also a major problem to the Kano State healthcare delivery system.  Kano State has a total of 219 doctors, 1490 nurses and midwives, 134 lab scientists, 80 x-rays staff, 731 primary healthcare staff and 248 clinical assistants (Galadanci et al., 2010). Kano State has a very low figure of 1.78 doctors per 100,000 in government primary and secondary health service, compared to a national figure of 28/100,000 (KSHDP, 2010). Kano State also has a great shortfall from the WHO recommendation (1994) of 1 doctor to 2060 population, 1 nurse to 980, 1 midwife 980 and 1 pharmacist to 10,000. According to (KSHDP, 2010) Kano State has a shortfall of 4150 doctors, 7693 nurses and 862 pharmacists.  For many years to come, Kano will not achieve the proposal of Ward Minimum Health Package for Nigeria (2006) of 14 health workers, and a doctor to 10,000- 30,000. 
Dearth in human resource is compounded by urban bias. The distribution of healthcare facilities is similar to of the  in Kano state where more healthcare services are concentrated in the urban areas than rural and about 89% of doctors and 73% of nurses in the employment of the state Government are in the Kano metropolis which has only 25% of the state’s population (KSHDP, 2010). The problem of human resource is mostly caused by lack of planning. The inequity has is attributed to many factors such as; favouring indigenous hires, poor organisation between the public and private sector and the lack of planning based on projections that result in the over provision of some groups of health personnel and dearth of others (KSHDP, 2010; NDHS, 2010).
Accessibility is a major barrier to access healthcare facilities in Kano State (Adamu and Salihu 2002). According to (Adamu and Salihu 2002) in a study carried out in Kausani a conglomerate of villages with a population of more than 15,000, inhabitants have to walk for more than 4 kilometres to reach the main road leading to the nearest healthcare facility in rural Kano. This is because the insufficiency of vehicles especially in rural areas is a common barrier for women to visit nearby healthcare facilities. (Stock 1983) in a study in rural Kano found that per capita healthcare utilisation decreased exponentially with distance to facility. This shows that distance is a major barrier to access to health, especially in rural areas.
Out of the available healthcare facilities in Kano a large amount is enjoyed by the richer in society while the poorer have the smallest share (KSHDP 2010). Like other states in Nigeria about 61% of the population of Kano live below the poverty line (KSHDP, 2010).  The minimum wage per month is still less than US$100. In addition all these Kano has a high dependency ratio compared to other parts of Nigeria; for every person of 15-64 years of age that is economically active there is a household member that is under 15 or over 65 years, which give a ratio of 1.0 compared to 0.8 for the whole of Nigeria (KSHDP, 2010). With these statistics it is not surprising that the health status indicators and the utilisation of healthcare in Kano are very low.
Agriculture is the most important part of the economy of Kano state involving at least 75% of the rural population in Kano (KSHDP, 2010). Agriculture contributes 65% of Nigeria’s GDP, where most of it comes from the rural areas. This means that farming and other agricultural activities provide a significant amount of the income in rural Kano where most earnings during harvesting season become exhausted in the long dry season of people in the rural areas (Adamu, 2002). This leads to the poor families borrowing from friends, ,family members or money lenders when there is a need to seek healthcare (Macha et al., 2012). Another option is to sell their assets or delay care.
In terms of personal health decision, in rural areas of Kano state women depend almost entirely on their husband’s income for securing the necessities of life (Adamu and Salihu, 2002). In some places of rural Kano, the decision to go to a health facility in an emergency will have to wait until the husband or in-laws give consent (Yar’zever and Said, 2013; Adamu, 2003). It is also evident in the NDHS (2013) that the number of women reported the lack of utilisation of healthcare as result of husband’s permission in rural areas doubled the ones in urban areas. There is the need to economically empower women so that they participate actively in their health decision.	
In terms of acceptability, most women in the rural part of Kano prefer to deliver at home with the assistance of their family members; they deliver in hospitals when it becomes necessary or when there is a complication (Adamu et al., 2003). Another reason is the presence of male staff attendant during delivery; some see that as lack of privacy. 
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It is evident that access has multiple definitions, and its meaning in some circumstances is mostly assumed and there is no universal definition of access to healthcare services (Khan and Bhardwaj, 1994; Oliver and Mossialos, 2004). Thus, researchers understand access to healthcare based on different perspectives. The efforts to eliminate this ambiguity led to  (Penchansky & Thomas, 1981) considering access as a concept based on dimensions of five As and (Aday and Andersen, 1981) considering it as  a dimension that shows the potential and actual entry (utilisation) of population groups into the healthcare system. There is no doubt that the integration of the two concepts in this research provides a clearer understanding, particularly on how the dimensions interact with the healthcare system and enabling factors and how the framework is used as a guide to measure and improve access to healthcare facilities.
It is also evident from the literature search to elaborate on the integrated model that the problem of access and utilisation of healthcare is more severe in rural areas. It is also clear access in terms of each of the dimensions influence utilisation of health facilities and health outcomes and its realisation is key to the realisation of the WHO and SDG targets. This is also evident in Nigeria and Kano where there is weakness in the healthcare system and poor access to healthcare facilities especially in the Northern part of the country and rural areas which serves as a threat to the realisation of the targets. 
The evidence from the literature highlights the aim and need for this research to investigate spatial access to healthcare facilities in relation to WHO, SDG and Nigerian targets so that what is required to meet such targets is identified.
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This chapter outlines the overall methodology and provides detail of specific techniques and analysis applied in this research. It also describes how the data and methods are applied to answer the research questions formulated in Chapter 1. Section 3.2 describes the study area used to address the research questions. Section 3.3 describes the datasets used in this research and their sources. It also provides the justifications for using the datasets and their limitations. Section 3.4 describes the models used and the building process. It also provides the rationale for using the models to achieve the research’s aim.
The next describes the study area and explains why it is considered for this research
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Kano is a state in the North-Western part of Nigeria located 10.30°N to 7.40°N and 7.40°E to 10.39°E. Jigawa borders Kano to North-East, Katsina to the North-West, Bauchi to the South-East and Kaduna to the South-West (Figure 3.1). Kano has a total land area of 20,760 square kilometres with over 1,754,200 hectares of agricultural land and 75,000 hectares of forest vegetation and grazing land (KSHDP, 2010).
Kano is the most populous state in Nigeria according to the 2006 Census with a population of 9,401,288 and a gender distribution of female (49%) and male (51%) (KSHDP, 2010). A projection of the 2006 Census shows that as at 2008 Kano has a population of 10,013,224. The population is distributed in 44 LGAs with 8 LGAs in the metropolis and the rest in the rural part of the State (Figure 3.1).
The demographic profile of Kano State suggests that it is the centre of rapid population growth with changing population size, distribution and composition, as a result of the historical and cultural development of the defunct former Hausa States. The population of Kano State was low during the pre-colonial era between the 16th-18th centuries with less than 1% growth per annum and density of about 1-4 persons per square kilometre but had grown from 1.5% in 1931 to 3.34 growth rate in 2006 as shown in Table 3.1
[bookmark: _Toc4753005]Table ‎3.1: Population Growth in Kano between 1931-2006
	Census Year
	Total Population
	Growth Rate per Annum
	Density/km2

	1931
	2,438,844
	1.5
	53.3

	1952
	3,396,350
	2.0
	74.2

	1962
	4,832,609
	2.4
	105.5

	1991
	5,810,470
	2.5
	273.09

	2006
	9,383,682
	3.34
	441.03


Source: (Ibrahim, 2014)
Kano city is an ancient city with over 1500 years of history (Yar’Zever, 2014). Kano city was one of the most advanced cities in pre-colonial Northern Nigeria and the largest urban centre in Sudanic West Africa during the 19th century (Paden, 1970). The development of Kano was greatly influenced by trans-Saharan trade which linked it with North African, Western and Sudanese groups (Osaghae, 1994). The trade brought foreigners to the city and others from Southern part of Nigeria who looked at Kano as hotspot for jobs, trade and business. Many Europeans also found their way into Kano after independence as manufacturing industries grew which lead to the need for skilled and unskilled labour. This is the reason why Kano State is referred to as a ‘centre of commerce’ in Nigeria.
There are various factors driving population growth in Kano State. Firstly, more than 95% of Kano State residents are Muslims, which influences personal and community affairs and decisions in the State (Barau, 2014). The Islamic faith permits Muslims to practice polygamy with a limit of up to four wives. This practice is common in Kano state and contributes to high birth rates and family sizes. Secondly, the strength and growth of the economy in Kano State (particularly in agriculture and textiles) has acted to draw in migrants seeking employment in the burgeoning industries. The rapid population growth puts more pressure on the allocation of resources such as healthcare facilities.
The accessibility of Kano is of the reasons why there is a high inflow of people by road, air and rail. Kano State is connected to the Southern Part of Nigeria by rail which creates more trade opportunities. Kano State also has the oldest international airport in Nigeria which began operations in 1936. This opened the door for the inflow of people from different countries (Barau, 2014).
[image: ][bookmark: _Toc4752019][bookmark: _Toc4752979]Figure 3.1: The Study Area with an Inset Map of Nigeria

The migration of people to Kano from other parts of Nigeria especially the Southern part led to the creation of sub-communities within Kano State. Segregated sub-communities are common in Nigerian cities and states and are formed or motivated as a result of religious, professional, economical and ethnic reasons (Albert, 1996). A typical example of such communities is the ‘sabongaruruwa’ found in both North and Southern part of Nigeria. The Sabongari is a Hausa word, literally translated as “new town or settlement” inhabited by migrants (Albert, 1996). The sabongari settlement in the Southern part of Nigeria are inhabited by migrants from Northern Nigeria, likewise migrants from Southern Nigeria inhabit the sabongari in the North. 

Reasons for Considering Kano State as the Study Area

Kano State forms the study area for this research because of data availability, knowledge of the area, the source of the research funding and the health challenges in Kano State. 
Regarding data availability, the success of every GIS-based analysis such as that for access healthcare facilities largely depends on the availability of datasets that contain geographic information that identifies the location of features such as healthcare facilities that supply the areas of the demand population that are contained within boundaries. There is dearth in terms of such data, particularly in developing countries such as Nigeria where GIS is merely used for policy and decision making. The availability of such data for Kano State makes the project feasible.
The funding for this research is sourced from Tertiary Education Trust Fund (TETFund) through Bayero University Kano, Federal University in Kano State. The fund requires this research project research will have an impact on the people of the State. 
Regarding healthcare issues, the health indicators for Kano State are poor (KSEEDS 2005). For example, the Northwest geopolitical zone including Kano State has maternal mortality rates that are 6 times higher than the Southwest which has the lowest. Additionally, maternal mortality rates are higher in the Northwest zone and in rural areas than in urban areas. Infant mortality is about 114 of which 55 deaths per 1000 are neonatal deaths. Despite these poor health indicators, only about 11% of deliveries are in healthcare facilities and only 13% are done with skilled birth attendant present. Malaria, diarrhoeal diseases, measles and other diseases that could be prevented with vaccination and malnutrition are the leading causes of morbidity and mortality in Kano State (KSHDP, 2010). These poor health indicators could be improved with an effective access to healthcare facilities. Kano State being the most populous state in Nigeria also shows how important it is to improve access to healthcare facilities. Thus, this research focuses on Kano State.
Section 3.3 explains the sources of the data used in the research and the process of obtaining the data
[bookmark: _Toc19824771] Data Sources
As explained in section 3.2.1, data availability for Kano State was a critical factor in driving the case study selection of the project. For the purpose of this project, all data were sourced free of charge from a government agency (National Population Commission) and a non-governmental organisation (NGO), eHealth Africa (Table 3.2). eHealth Africa is a Non-Governmental Organisation (NGO) founded in 2009 to provide support to Northern Nigeria’s health infrastructure. The services offered by the organisation include polio programmes, the establishment of polio immunisation centres, micro planning and geo data collection. The geo-data is used by eHealth for micro-planning activities to ensure that more children are reached during large-scale immunisation campaigns (eHealth Africa, 2016).

[bookmark: _Toc4753006]Table ‎3.2: Data Sources
	Category
	Data
	Source

	Supply Points
	Healthcare Facilities
	eHealth Africa

	Demand Points
	Settlement |Areas
	eHealth Africa

	Network
	Roads
	Geofabrik

	Administrative Boundaries
	States, Local Government Areas, Wards 
	eHealth Africa

	Demand Weight
	2015 Population Estimate
	eHealth Africa
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This section describes the data used for the analysis in answering the research questions of this research. The data explained in this section are those listed in Table 3.2.

Administrative Boundary Data

The boundary data represents the boundaries of geographic regions that are defined for the purpose of census or administrative reasons. These regions contain the settlements or towns in Kano State.  The boundary data used in this research are the Local Government Area and the Ward.  The boundary data is key because the service catchment areas for healthcare facilities are determined by factors such as politico-administrative boundaries and geographical boundaries (WHO, 1998). Additionally, boundaries are used to measured access to healthcare facilities with the container approach (Talen, 2003).  
Local Government Area
A Local Government Area (LGA) is an administrative division in Nigeria that a Local Government is responsible for. A Local Government is the lowest tier of government (Federal and State) in Nigeria. It is responsible for the delivery primary healthcare services in Nigeria (as explained in Chapter 2). There are 774 Local Government Areas in Nigeria including 44 in Kano State. Eight of the LGAs are in the metropolis and the remaining 36 make up the rural part of the State. The size and population of LGAs varies tremendously, from 14km2 for Dala to 1,485km2 for Ungoggo (see Tables 3.3 and 3.4).
[bookmark: _Toc4753007]Table ‎3.3 Area Statistics of Wards and Local Government Area in Kano State
	Administrative Boundary
	Minimum (Km2)
	Mean (Km2)
	Standard Deviation (Km2)
	Maximum (Km2)

	Local Government Area
	14
	459
	325
	1,485

	Ward
	0.1
	42
	426
	426



[bookmark: _Toc4753008]Table ‎3.4: Statistics for Population Distribution in Wards of Kano State
	Administrative Boundary

	Minimum
	Mean
	Standard Deviation
	Maximum

	Ward
	1,983
	28,205
	28,567
	331,112



Wards
The Wards are subdivisions within Local Government Areas, each with an expected maximum population of 30,000 residents (NPHCDA, 2010). Each LGA is divided into wards, with a minimum of 10 and a maximum of 15 wards per LGA. Kano State has 484 wards, with considerable variation in population size per ward each with the population of Dorayi ward (in the Gwale LGA) over 330,000 (Table 3.4). The high population in Dorayi, and other wards in Gwale LGA reflects the high population density of the metropolis. Only 27% of the wards in Kano have a population that is less than or equal to 30,000. 
There is also significant variation in terms of the size of the wards in Kano State, from Fagge B in Gwale LGA which covers an area of 0.1 Km2, through to Masu ward in Sumaila LGA with an area of 426 Km2 (Table 3.3). These disparities matter for health care provision, as wards are the lowest units for healthcare delivery in Nigeria and the National Health Policy (NHP) recommends a minimum of one Primary Health Centre per ward (WHO, 2004). 

Supply (Healthcare Facilities) Data

The availability of the supply (healthcare facilities) location data is key to achieving the aim of this research since these are the points that people travel to in order to access healthcare services. Furthermore, several of the 4As of access are inherently spatial in nature, reflecting not only the location of healthcare facilities but also additional geographical factors including accessibility and availability. For example, accessibility is the relation between the location of the healthcare facilities (supply) and that of the population (demand). 
The healthcare facilities data is available as a result of eHealth Africa’s project to map all existing healthcare facilities in Northern Nigeria. The healthcare facilities data contains the locations of the facilities in Kano State and the neighbouring States of Jigawa, Kaduna, Katsina and Bauchi. The facilities in these neighbouring States are used to analyse border effects in terms of access to healthcare. The healthcare facilities dataset also contains aspatial information of the facilities such as their names, the ownership type (public, private and non-profit), the category (health post, primary health clinic, primary health centre, general hospital and tertiary) and their functionality. 
The data contains the locations and non-spatial information of 1188 healthcare facilities of various categories in Kano State. The number of the facilities in each of the categories is shown in Table 3.5.  Based on the data, health posts constitute about 70% of the overall healthcare facilities in Kano State and 75% of the primary healthcare facilities. The private healthcare facilities only constitute 6% of the facilities in Kano State.
[bookmark: _Toc4753009]Table ‎3.5 Number of Healthcare Facilities in Kano State by their Category
	Facility Type
	Number of Facilities

	Health Posts
	838

	Primary Health Clinics
	117

	Primary Health Centres
	159

	Private Facilities
	71

	Tertiary
	3



After obtaining the healthcare facilities from eHealth Africa, the data was validated to confirm the locations of the healthcare facilities using Google Earth Images as base maps. For example, Figure 3.2 shows Kauyen Liman Health post and Karshi Health Clinic both in Rogo Sabon Gari ward of Rogo Local Government Area. 
[bookmark: _Toc4752020]Figure 3.2 Healthcare Facilities in Rogo Local Government Area
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Demand (Settlement Areas) Data

The demands (settlement areas) are equally important as the supply points (healthcare facilities) because the potential users of the facilities live and travel from there. The settlement areas represent contiguous housing settlements. EHealth Africa and the Bill Melinda Gates Foundation mapped these settlement areas as part of the process for generating population estimates for Kano State and other Northern Nigeria States (Weber et al., 2018). The settlement areas were mapped by using Settlement Mapper Tool (SMT) which is a machine learning system for extracting settlement areas from high-resolution imagery. The settlement areas are classified into built-up areas, small settlement areas and hamlet areas. The settlement areas are classified based on their size regarding area and population. EHealth Africa also collected the names, coordinates and administrative attributes of the settlement areas during the mapping exercise. There are about 9,130 settlement areas in Kano State which were categorised into three settlement area types – hamlets, small settlement areas, and built up areas (Figure 3.3).
The hamlet areas are cluster of hamlets with each containing less than 20 residences (see Figure 3.3) (Touray et al., 2016). There about 5,704 hamlet areas in Kano State and they contain 32% of the population of the state. The majority of the hamlet areas are in the rural parts of Kano State, only 120 are in Ungoggo and Kumbotso LGAs at the fringes of the metropolis. This is because some of the areas in fringes of the metropolis are still semi-urban and development is ongoing.
The small settlement areas are rural villages or settlements with 20-100 residences (see Figure 3.3) (Touray et al., 2016). There are 2256 small settlement areas in Kano State, and they contain about 5% of the population of the state. The small settlement areas are also predominantly in the rural areas of the state. However, there are 67 of them in the metropolis, predominantly in the Ungoggo and Kumbotso
The built-up areas large settlements or cities with more than 100 residences (see Figure 3.3) (Touray et al., 2016). There are 1170 built-up areas in Kano State, and they contain 62% of the population of the State. 
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b) Small Settlement Area
a) Hamlet Area






c) Built-up Area


Population Data (Demand Weight)

The population count of the potential users of healthcare facilities in Kano State is important in this research. The As of access in terms of availability and accessibility both relate to the population of potential users of healthcare facilities. For instance, availability in terms of access to healthcare facilities is the relationship between the number of facilities and that of the potential users.  In terms of accessibility, it is also important to identify the number of potential users that are in within a set distance to healthcare facilities. The population data is obtained from the National Population Commission, which is the 2006 Census, and the 2015 population estimates by the Bill and Melinda Gates Foundation. 
2006 Population Census Data

The main source of population and demographic data is the national population and housing census typically conducted once every 10 years (United Nations Statistics Division (UNSD), 2017). The most recent national census in Nigeria was conducted in 2006, which is available for this research. The 2006 census data contains the headcount and the distribution of the population across the 44 Local Government Areas in Kano State. The census data also contains the distribution of the population by gender. However, the lowest spatial scale of census data is only available at a Local Government Area level. This means that the census data does not reveal information at lower spatial levels such as wards and settlement areas.
The availability of accurate population data at local levels such as settlement area is key for a range of applications by the government and non-governmental organisations in the planning and delivery of services such healthcare similar to the aims of this research (Wardrop et al., 2018).  Additionally, human populations are not uniformly distributed in areal units such as Local Government Areas and thus aggregate population data at such a large scale do not accurately represent the actual spatial distribution of the population. The lack of actual representation of the population hinders the assessment of progress against the Sustainable Development Goals (SDGs) indicator because it relies on the availability of population data at finite scale such as settlement area from which to measure the change (Lu et al., 2015). For example, spatial inequalities in terms of access to healthcare at ward or settlement areas cannot be measured.
Census taking in Nigeria has for a very long time been politically controversial and administratively a problematic task. This is related to how the population data is used to determine the allocation of fiscal resources in Nigeria and the very weak political settlement that ties together an ethnically diverse and religiously polarised society (Adegbola and Robinson 2012). On the other hand, this had led to the inclination for over-counting and under-counting which has made the quality of the data to be considered not very good. 
The level of aggregation of the 2006 census didn’t allow the deduction of population of individual settlements within Local Government Areas. This is an issue the National Population Commission acknowledged and linked to the lack of authoritative lists and maps of the localities (Weber et al., 2018). An accurate and reliable disaggregation of the 2006 census at locality level can be done through verifying the localities on the ground and scientifically using high-resolution satellite imagery. This is the conclusion of the National Population Commission at the National Workshop on Compendium of Localities in Nigeria. The unreliability of the census data and the lack of more recent date has made the need for better population data especially for International Organisations and Non-Governmental Organisations. For example, the Bill and Melinda Gates Foundation and eHealth generated the 2015 population estimate using high resolution satellite imageries.

 Population Estimate Data.

The 2015 population estimated was generated by the Bill Melinda Gates Foundation and eHealth Africa to tackle the problem of unreliable and outdated 2006 census population counts through bottom-up population mapping approach that combines a micro-census survey with high resolution settlement mapping (Weber et al., 2018). This approach is in line with the conclusion of the National Population Commission on how to generate more accurate disaggregated population data at settlement area level. The main objective of the population estimate project is to estimate the total residential population with high spatial precision which can be used a denominator for estimating subpopulations when used combined with estimated socio-economic and demographic rates (Weber et al., 2018). The subpopulation estimation of the under 5 children is used for the polio eradication programmes.  The population estimate data can be generally applied for any research aiming to accurately locate settlements and estimate populations in areas where census data are spatially imprecise (Weber et al., 2018).
The 2015 population estimate data is available at administrative levels and areal units of Local Government Areas, Wards and settlement areas unlike the 2006 census data. The availability of the population data at smaller area level means that access to healthcare which is one of the targets of the Sustainable Development Goals is measured and profiled at the lowest spatial scale (settlement area level) which has been very rare in the context of developing countries such as Nigeria.  

Population Characteristics (Census Priority Tables).
The census priority tables contain information on the distribution of socio-demographic characteristics such as schooling status, literacy, sex, marital status, nationality, head of household and origin of the population counted for the 2006 census at Local Government level. The population characteristics are important for this research because acceptability in terms of access to healthcare is concerned with the relationship between the population characteristics and the healthcare facilities (Penchansky and Thomas 1981). Additionally, the population characteristics are among the components of Anderson’s models that serve as the predisposing factors to the use of healthcare facilities. Although the non-spatial dimensions of access are not the focus of this research, it is important to consider such characteristics in identifying the need for certain types of facilities and the vulnerability of the areas. Schooling status has information on the distribution of the population by age group and gender in terms of whether they have attended school or not, the school they are attending (primary, secondary and tertiary) and those that have already attended. Literacy status also has information on the distribution of population by gender and whether they are literates or not. 

Road Data

As explained in Chapter 2, accessibility is the relationship between the location of the potential users and the location of the healthcare facilities, taking into account the potential users’ travel times, cost, distance and the transportation resources (Penchansky and Thomas 1981). The roads are the network or path that people use to travel to reach healthcare facilities. This means that roads can be used to measure accessibility in terms of time taken or distance from the settlement areas to healthcare facilities. The calculation of the distances between the demand and supply locations is an important aspect of the location-allocation analysis used to model improved access to the healthcare facilities. The road data was downloaded from geofabrik. The road data is a line shapefile that contains attributes such as the length of each line segment (road) in metres, highway classification (residential, path, track or service) and the type of surface (paved or unpaved). However, most of the roads are not classified, therefore the speed limit cannot be assigned to the roads. Thus, distance is used in the analysis, not travel time.
Figure 3.6 shows how the road network connects the three settlement areas and a healthcare facility in Kiru Local Government Area. The road is untarred, but it connects to a hamlet area (Safara Safiyanu), a small settlement area (Safara Malamai) and a built-up area (Gajale) where Gajale health post, which is the only health facility between the settlement areas is located. This shows why a road is used as the path to calculate the distance between the settlement areas (demand) and the healthcare facilities (supply).	[bookmark: _Toc4752022][bookmark: _Toc4752982]Figure 3.4: Road Network Connecting Settlement Areas in Rural Kano State
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This section explains and discusses how the data described in Section 3.4 are analysed with different GIS methods to find solutions and answers to the research questions. The section also provides justification for using the GIS methods and criteria in answering these questions. Section 3.5.1 discusses how different GIS methods such as buffer analysis, service area analysis and the Enhanced 2 Step Floating Catchment Area were used to measure spatial accessibility to identify estimate population with good or poor access in Kano State. Section 3.5.2 explains how GIS techniques were used to answer research question 2 in order to calculate what would be required in terms of healthcare facilities and professionals to meet the current WHO targets and Nigerian Standards. Section 3.5.3 discusses how the location-allocation models are used to answer research question 3 through developing a range of scenario-based models to improve the distribution and access to healthcare facilities in Kano State.
Analysis for Research Question 1

This section discusses how different GIS methods are used to measure spatial accessibility to healthcare facilities in Kano State. The measurement enables the identification of the estimate of the population in Kano State that is experiencing acceptable or poor access to healthcare facilities.
Accessibility to healthcare facilities has been classified into two main categories: potential accessibility and revealed accessibility (Joseph and Phillips 1984), with the former focusing on the entire supply of healthcare facilities in an area and the latter focusing on the actual use of healthcare facilities. This research focuses on potential access to healthcare facilities. Potential spatial access refers to the ease with which the populations of a given settlement area can reach healthcare facilities (Luo and Qi, 2009). As explained in Chapter 2, among the four A’s of access, availability and accessibility are spatial in nature and often combined into a single index to measure geographic coverage of healthcare facilities which is termed as “spatial accessibility” (Guagliardo et al., 2004). Accessibility and availability are combined into a single index because they are not independent of each other and we are often required to measure facilities that fall within a specified distance (Pan et al., 2015; Guagliardo et al., 2004). Additionally, most reliable measures of spatial accessibility are produced from gravity models through combining accessibility indicator of distance and availability  (Murad, 2014; Guagliardo et al., 2004). Thus, this approach is used in this research.
Disparities in spatial accessibility are connected to the interplay between the spatial components of the As of access (accessibility and availability) and the components of the Anderson model 3 (the environment and the population characteristics) as explained in Chapter 2. Healthcare policy influence the provision of healthcare in a place through the distribution of resources and the organisation of the healthcare system. This relates to the distribution, amount, location, and structure of the healthcare facilities in an area that all have effects on the travel burden and availability. The enabling factors of the population also have effect on spatial accessibility. These factors include mobility, travel cost and infrastructure which vary between individuals or communities. For example, different travel options or access to vehicles have different effect on the burden of travel to healthcare facilities. People walking to healthcare facilities may experience longer travel time than those with access to a vehicle. The distance, time and cost by road also determines the burden level experienced when travelling to healthcare facilities particularly in areas with poor roads and other physical barriers. This is because patchy and poor roads are normally characterised by longer travel time and distance which increase the cost of the journey. 

Set of Parameters for An Effective Measurement of Potential Spatial Access

The effectiveness of potential spatial access measures requires the specification of a set of parameters, as explained in chapter 5, namely; (1) a spatial unit of reference for the population (settlement areas); (2) an aggregation method (the distribution of the population in the settlement areas); (3) a measure of accessibility; and (4) a type of distance to be used in computing the accessibility methods measured (Apparicio et al., 2017). The identification and selection of parameters, particularly the measures of accessibility, is likely to give different dimensions and results which could lead to a certain level of measurement errors. This research, therefore, considers these parameters in the analysis.
Spatial Scale
The selection of a suitable spatial unit of analysis that is the operational definition for settlement areas, is key to reducing aggregation errors (Apparicio et al., 2008, 2017). Aggregation error emerges due to the distribution of population around the centroid of spatial units (Hewko et al., 2002). Spatial units differ in size from small areas, for example, the settlement areas used in this research, to larger ones such as Local Government Areas and wards. As spatial accessibility measured for smaller spatial units results in less aggregation error (Hewko, Smoyer-Tomic, & Hodgson, 2002), thus, this research uses the settlement areas centroid as the spatial units of analysis. This is also the first time such small area unit has been used in measuring accessibility to healthcare facilities in Nigeria.
Aggregation Method 
Spatial accessibility to healthcare facilities for a population within a settlement area could be measured using three methods (Hewko, Smoyer-Tomic, & Hodgson, 2002); 
1. The first method measures the distance between the centroid of a census tract and the healthcare facilities. The weakness of this method is that it ignores the spatial distribution of population within the census tract (Apparicio et al., 2008). 
2. The second method calculates the population-weighted mean centre of the census tract. The method considers the spatial distribution of population within a census tract to reduce aggregation error. 
3. The third method calculates the distance between healthcare facilities and each centroid of spatial units within the census tracts and then calculates the mean of the distances weighted by the total population of the unit. This method is seen to be more accurate than the previous ones because it accounts more for the distribution of population within the census tract (Apparicio et al., 2017; Hewko, Smoyer-Tomic, & Hodgson, 2002). This is the approach used in this chapter because the settlement areas represent the spatial distribution of population inside their respective Local Government Areas.

Measures of Spatial Accessibility
In terms of measuring spatial accessibility, five methods are seen to be most commonly used (Apparicio et al., 2017; Hewko, Smoyer-Tomic, & Hodgson, 2002). These measures are: 
1.  Distance to the closest healthcare facilities, 
2. The number of facilities within a distance or time, 
3.  The average distance to a certain number of facilities, 
4.  The gravity models 
5.  The enhanced two-step floating catchment method. 
1, 2 and 3 are concerned with the supply of the healthcare facilities. However, as explained earlier, potential spatial accessibility to healthcare facilities relies on both the location of the supply of healthcare facilities (accessibility and availability) and the settlement area as the location of demand. The gravity models and the enhanced two-step floating catchment area method allow consideration of both the supply and demand of healthcare facilities. This enables the measurement of potential spatial accessibility in terms of accessibility availability.

Distances used for Measuring Spatial Accessibility

For distances used in measuring spatial accessibility (Hewko, Smoyer-Tomic, & Hodgson, 2002) identified four types as typically used. These distances are:
1.  The Euclidean distance (straight-line), 
2. Manhattan distance, which is only relevant in an urban environment.
3. Shortest network distance 
4. The shortest network time. 

The calculation of the network distance and time require an additional network dataset which serves as the travel path at which the calculation is made. As explained in Section 3.4.6 the road data for Kano State is available. However, travel time cannot be calculated because the roads are not properly classified. Thus, multiple methods are employed to measure spatial accessibility to healthcare facilities in Kano State. These methods are the Euclidean buffer analysis, service area and the Enhanced two-step floating catchment (E2SFCA). The reason for choosing each of these methods is explained in their respective sections in this Chapter. 
Before measuring spatial accessibility to calculate the estimate population with acceptable or poor access using the buffer analysis, service area analysis and the enhanced two-step floating catchment area method, there is need to profile the levels of access to healthcare facilities based on distance. The next section (3.5.6) explains how the access in terms of distance to healthcare facilities is profiled for this research.
Profiling Distance to Healthcare Facilities in Kano State

Defining an acceptable travel distance or time to healthcare facilities remains under debate in healthcare accessibility studies. This is because it is context dependent upon the society studied and the policy in place. As a result, there is no universally accepted travel distance or time to healthcare facilities which is understood as constituting ‘good’ or ‘poor’ access (dos Anjos Luis and Cabral 2016). Complicating efforts to define acceptable distance limits are influences including enabling and need factors, as well as the characteristics of the healthcare system that interplay with accessibility and availability (spatial accessibility) as discussed in model 3 of Chapter 2 also contribute to this debate. The relationship between these factors and spatial accessibility vary among individuals or even communities. For example, an individual or community with ease of mobility or access to transport will experience less impact of distance to healthcare facilities compared to those without. The same applies to communities that have better infrastructure such as good roads that ease mobility. The characteristics of the healthcare system (model 3) also determine how an acceptable distance could be defined. This is because people are willing to travel farther for more specialised services. There is a correlation between the hierarchy of the healthcare facility and the distance to be covered for treatment (Stock 1983). The type of treatment or critical demand for healthcare also determines the impact of distance to healthcare facilities (R Stock, 1983). For example, proximity to healthcare facilities is seen to be more crucial in the case of emergencies than minor ailments. Thus, there remains no consensus on acceptable distance for healthcare accessibility and multiple standards are used within work in this field (see Table 3.6 for some examples).  
[bookmark: _Toc4753010]Table ‎3.6: Standard Distances to Healthcare Facilities
	Author
	Standards Used

	(Ni et al., 2015)
	20 minutes as the acceptable time for elderly people to reach healthcare facilities based on the standards of the Nanjing Municipal Civil Affair Bureau in China

	(Bagheri et al.,, 2005)
	New Zealand’s health policy which recommends that primary healthcare centres must be available for 95 percent of its population within 30 minutes travel time during normal business hours and 60 minutes after hours

	(Agbenyo et al., 2017)
	5km radius as the acceptable distance to health centres based the on the recommendations of the Ghanaian Health Survey (2002) and the Ministry of Health

	(Mokgalaka, 2014)
	5km travel distance as acceptable distance to reach primary healthcare centres based on the National Department of Standard for primary health care in South Africa



In the context of access to primary healthcare centres, the World Health Organisation’s (WHO’s) guideline for access to healthcare facilities is universal access regardless of the location of the population. However, Nigeria has its own National Health Policy on primary healthcare facilities. The national guideline is that primary healthcare facilities should be at 5km or 30 minutes walking distance (Muhammed et al 2013; Odu 2011). The target of Kano State Strategic Health Development Plan in terms of increasing access to healthcare facilities is that 50 percent of the population is within 30 minutes’ walk or 5km of health service by the end of 2011.   This research considers 5km distance as an acceptable distance to healthcare because of these guidelines and targets. 
The level of access is profiled based on distances to healthcare facilities. Therefore, settlement areas within these distances are considered to have acceptable, poor, very poor or extremely poor access (Table 3.7).
	Distance (Km)
	Level of Access

	0-5
	Acceptable 

	5.01-10
	Poor

	10.01-15
	Very Poor

	>15
	Extremely Poor


[bookmark: _Toc4753011]Table ‎3.7 Profiled access in terms of distance to healthcare facilities

Buffer Analysis
This section explains how buffer analysis is used to compute spatial accessibility in healthcare facilities in Kano State in order to provide an estimate of population and settlement areas with acceptable or poor access to healthcare based on multiple scenario models. This is achieved using the healthcare facilities and settlement area centroid datasets explained in Section 5.4.
The measurement of spatial accessibility to healthcare facilities has two common approaches (La Rosa, 2014). 
1. The first is to measure the number of healthcare facilities within a fixed distance (buffer) from the settlement areas or vice versa. 
2. The second approach is to calculate the proximity based on the population of each settlement area with reference their specified distance from a healthcare facility. 
Approach 2 is used for the buffer analysis in this research since the aim is to identify the settlement areas with their populations that within the profiled access (Table 3.7). 
The modelling of accessibility to healthcare facilities using the second approach requires three key variables: an origin place (settlement areas - as explained in previous section): a destination (healthcare facilities - representing the location of facilities that population can potentially access); and a distance measure between the settlement areas and the healthcare facilities (La Rosa, 2014).
Different types of distance could be used for calculating accessibility measures. Euclidean distance (straight line), Manhattan distance (distance along two sides of a right-angled triangle opposed to the hypotenuse) and network distance are typically used (Apparicio et al., 2017). For buffer analysis, two basic methods are used for the construction of the buffers: Euclidean and geodesic. The geodesic method is not relevant to this research because it only applies in 3 dimensions. Euclidean buffers measure distance in a two-dimensional Cartesian plane, calculating the distance between two points, for instance, healthcare facilities and settlement areas, on a flat surface. Euclidean buffers are used in this research because they also work better than geodesic buffers when analysing distances around features such as healthcare facilities and settlement areas in a projected coordinate system, which are distributed within relatively small areas such as Kano State that have one Universal Transverse Mercator (UTM) zone (ESRI 2017). Kano State is considered a relatively small area in comparison to areas that cover multiple Universal Transverse Mercator zones or even the whole globe that is considered when using a geodesic buffer. 
The Euclidean buffer analysis is used in this research because its calculation of access in terms of distance is based on a straight line. This means it does not consider or require a network (roads or footpath) in the calculation. People, especially in places such as rural areas of Kano do not necessarily use road network to reach healthcare facilities due to underdevelopment on most of its land which leaves open spaces that people can move through. For example, as shown in Figure 5.6, there is only one road connecting the 2 settlement areas to the healthcare facility based on the road data available. However, the satellite imagery reveals other smaller footpaths which are not captured in the road data.  The use of buffer analysis in this research gives a different accessibility outcome for such areas. For instance, (La Rosa, 2014) identified that results show that rank of green space accessibility is strongly influenced by the chosen distance metric (Euclidean vs network).
Euclidean buffer analysis is also the most common technique used in measuring spatial accessibility to healthcare facilities (dos Anjos Luis and Cabral 2016) due to its simplicity and compatibility with every GIS (La Rosa, 2014). The simplicity involves the amount and types of data required, specification parameters, the software and how the audience understands its results. Since this research analyses a dataset that is used for the first time in calculating accessibility in Kano State, it is important to use a conventional method such as a Euclidean buffer to generate accessible findings. The buffer analysis also serves as a starting point to identify the population with good or poor access based on Euclidean distance (straight line distance) prior to more robust analysis such as the service area and the Enhanced 2 step floating Catchment Area (E2SFCA).
Euclidean buffer analysis has its own limitations. For instance, it does not consider physical barriers to movement and transportation paths since the calculation is based on straight line distance (dos Anjos Luis and Cabral, 2016). In some areas, especially urban areas people are unlikely to travel to healthcare facilities without using footpaths or roads, but these are rarely following the shortest point-to-point line. Furthermore, people may need to deviate from primary routes to avoid obstacles including rivers, lakes, buildings or other barriers, while roads and paths may undulate significantly depending on local topography. Thus, the non-consideration of these physical barriers and transportation paths leads to underestimation of real travel distance to healthcare facilities (Comber et al., 2008). Therefore, while it is useful to begin analysis of spatial accessibility with a simple, conventional modelling approach, significant limitations remain as it is not adequate to measure accessibility to healthcare facilities using Euclidean buffer distance only. To overcome these limitations, this work develops more powerful analysis by layering on further methods of analysis such as service areas (which adds road networks etc to the model) and Enhanced two-step floating catchment area (which adds distance decay modelling). A further explanation of why these methods are used is given in their respective sections.
Steps for Carrying out Buffer Analysis

This section explains how the Euclidean buffer analysis was carried out. The process is explained in four steps:	
Step 1: Assign the healthcare facilities buffered. The modelling of accessibility requires a destination to which people travel. In this case, the destinations are the healthcare facilities. Therefore, the different types of healthcare facilities (health post, primary clinic, and primary health centre) are analysed separately and buffers are assigned to them. This is because healthcare services are delivered from fixed locations but are expected to serve a population seen to be continuously distributed across regions (Joseph and Philips 1984). 
Mobile clinics are used by healthcare providers to deliver immunisations, preventive healthcare, communicable disease control and maternal services in rural areas. However, mobile clinics cannot match static healthcare facilities due to their inconsistency in terms of healthcare delivery and range of services (Peters et al., 2014). Mobile clinics are therefore not considered in this research because they lack fixed locations.
Step 2: Assign distance to the healthcare facilities that are buffered so that their relationship based on distance with settlement areas is identified. As explained previously the modelling of accessibility to healthcare facilities requires a distance measure. The distance determines the radius of the Euclidean buffer, which is also the proximity to healthcare facilities. The defined distances in Table 3.7 (5, 10 and 15 kilometres) are used to create the buffer to identify the estimated population that are within acceptable, poor, very poor or extremely poor access. The linear units of measurement are set as metres. For example, Figure 3.5 shows how the buffer zones are created around health posts in Kano State. The multiple buffers show zones of various levels of access in terms of distance (Table 3.7) to the health post. These buffers are used to identify the settlement areas that fall within the different levels of access in terms of distance to the health posts. 
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Step 3: Identify the level of accessibility of settlement areas to the healthcare facilities based on the buffer zones. This is done through the identification of the settlement area centroids that lie within or outside each of the buffer zones. The “select by location” tool in Arc GIS is used. The select by location tool allows the selection of settlement area centroids based on their location relative to the Euclidean buffer zones (ESRI 2017). This is done in four steps. 
a) Set the selection method and the “select from” method is chosen. This allows the selection of the settlement area centroids as a target. 
b) Set the target selected from. The settlement areas are set as the target areas for the spatial query to determine the spatial relationship.
c) Specify the source layer used to determine the spatial relationship between settlement areas. The Euclidean buffer is used so that settlement areas within or outside are identified. 
d) Set “spatial selection method” for the settlement areas. “Intersect” the Euclidean buffer is selected. The intersect spatial query identifies any settlement area centroid that partially or fully overlaps the Euclidean buffers. This is used to identify the settlement areas within each of the levels of access (Figure 3.5).

Step 4: Calculate an estimate of the population of the selected settlement areas with different levels of access in terms of distance to the healthcare facilities based on the buffer analysis. The statistics tool in the “attribute table” is used to generate the sum of the estimated population of the settlement areas within the different buffer zones that represent the levels of access. 

Service Area Analysis

In addition to the buffer analysis, accessibility can also be evaluated with service areas analysis using road networks. Among the limitations of buffer analysis is the non-consideration of physical barriers to movement and transportation paths since the calculation is based on straight line distance (dos Anjos Luis and Cabral 2016) which leads to an underestimation of real travel distance to healthcare facilities . Some studies have considered the relation between Euclidean distance and network distance. It is argued that there is more than a 20% difference between them especially when Euclidean distances are below 400 meters (Cubukcu and Taha 2016). Euclidean distance and network distance are not the same, however , (Apparicio et al. 2008) reported a strong correlation between them but the relation is weaker in suburban areas due to the difference in the nature of the roads. (Cubukcu and Taha 2016) also calculated and compared Euclidean distance and network distance for ten randomly selected European cities. They concluded that there is a relation between Euclidean distance and network distance which is local and can be observed at the city level and it is specific for each city. Thus, they finally concluded that there is not a quantifiable relation or constant value to represent the relation between Euclidean distances and network distances. The conclusion means that the relationship entirely depends on the context, particularly around the road network: the more extensive the road network the closer the similarities.
Different travel impedances exist on land as some land is easier and quicker than others. However, the road data available for this research is not properly classified. Thus, measuring spatial accessibility based on a travel impedance that considers different road surfaces is impossible in this research.
The service area analysis creates services areas along the road network. A network service area is a region that surrounds all accessible roads that are within specified impedance which could be distance or travel time. For instance, a 5km service area for a healthcare facility on a road network includes all the roads that can be reached with acceptable distance from the facility. Service areas also help measure accessibility and show how accessibility differs with impedance (ESRI 2017). The service areas in this research are used to identify the estimated population of the settlement areas within these regions. These regions along road network are classified based on the level of accessibility (distance from the healthcare facility) (Table 3.6), so that the estimated population and areas with acceptable or poor access to healthcare facilities are identified. The outcome, therefore, provides answer to research question 1
5.5.6.1 Steps for Carrying out Service Area Analysis
This section explains how the service area analysis carried out. The process is explained in four steps:
Step 1: Convert the road shapefile to a network dataset. For a service area to be created, there is a need for a road dataset because it is the path on which the impedance is measured. However, this road shapefile needs to be converted to a network dataset to establish connectivity of routes. Creating a network dataset also allows the definition of attributes and determination of their values. The impedance distance is set in in metres. This is because not all the roads are properly classified to enable the use of travel time as impedance and so we cannot account for the types of transport in the different parts of the State. 
Step 2: The healthcare facilities are used as facilities for the service area analysis with their locations calculated around the built network dataset. This adds additional attribute field on the facilities such as a numeric identifier of the facility that the network location is located on and the numeric identifier of the source feature. This allows a relationship to be built between the location of the healthcare facilities and the road network junctions created from the network dataset so that impedance is measured between them.
Step 3: The impedance of the analysis is set in length (metres) which means travel distance is used instead of time with multiple default break values (distance). The World Health Organisation (WHO) recommends the use of travel time instead of distance since it takes into consideration the nature of roads and the type of transport (Huerta Munoz and Källestål 2012). However, as this research cannot account for the nature of all the roads and types of transport available in different parts of Kano State, travel distance is used. Multiple break values are used because of multiple distances based on multiple scenarios (Table 3.6). Service area distances of 5000metres 10,000metres and 15,000metres represent the different levels of access (Table 3.6).
Step 4: Identify the settlement areas that are within the impedance regions along the road network which represent the levels of access. This is done using the “select by location tool”. This tool allows the selection of settlement areas based on their location relative to the impedance regions or levels of access (Esri 2017). This is also done in four steps
a) Set the selection method and the “select from” method is chosen. This allows the selection of the settlement areas centroid as target. They are the targets because the second approach of measuring spatial accessibility by calculating the proximity based on the population of each settlement area with reference their specified distance from a healthcare facility. 

b) Set the target to be selected from. The settlement areas were set as the target areas for the spatial query to determine the spatial relationship.
c) Specify the source layer used to determine the spatial relationship with settlement areas. The Euclidean buffer because settlement areas within or outside it are identified. 
d) Set “spatial selection method” for the settlement areas. “Intersect” the impedance regions are selected. The intersect spatial query identifies any settlement area that partially or fully overlaps the impedance regions. This is used to identify the settlement areas with different levels of access.

Step 5:  Calculate an estimate of the population of the settlement areas that are within the different levels of access. The statistics tool in the attribute table is used to generate some descriptive statistics of the population of the settlement areas.

Enhanced Two-Step Floating Catchment Area Analysis

The “Enhanced Two-Step Catchment Area method is used to compute accessibility scores for settlements areas. Unlike the previously used methods of measuring spatial accessibility (Euclidean buffer and service area analysis), it assesses healthcare facility availability at the supply locations as the ratio of healthcare facilities to the settlement area population within a threshold distance or travel time. It then adds up the ratios (healthcare facility availability) within the same threshold distance or travel time from each settlement area with distance decay within catchments. The E2SFCA measures availability and accessibility (spatial accessibility) within settlements areas thereby enabling the identification of the areas with good or poor access not only in terms of distance but with the additional availability measure.
The Enhanced Two-Step Floating Catchment Area method is an improved version of the two-step floating catchment method that had two limitations (Luo and Wang 2003) before its enhancement by (Luo and Qi, 2009). The limitations are; 
(1) it is a dichotomous measure i.e. all locations outside of catchment area have no access at all and 
(2) it does not differentiate impedance in terms of distance within catchment areas and is assumed to have equal access. 
These limitations are also present in the buffer analysis and service area analysis previously used in this chapter. For example, in the case of service area analysis, all the settlement areas within a distance impedance or service area are assumed to have equal access. This is also the case for buffer analysis, of which all settlement areas within a buffer are assumed to have equal distance to healthcare facilities. 
Several studies have attempted to address these limitations. For example, (Guagliardo et al., 2004) suggested using a Kernel density function to estimate the distance decay for both healthcare personnel and population and obtaining population-to-provider ratios based on population and healthcare personnel densities. (Yang, Goerge, & Mullner, 2006) also compared the 2-step floating catchment area (2SFCA) method with the Kernel Density method and found out that the 2SFCA works better than Kernel density but highlighted the need to set the radius of the service area based on the type of healthcare facility and type of settlement area. According to (Luo and Qi 2009), Alford et al. (2008) introduced Gaussian weights to the demand side of the 2SFCA but didn’t apply that to the supply side, nor did they suggest any theoretical linkage to the gravity model.
Hence, (Luo and Qi 2009) integrated these ideas in the enhanced two-step floating catchment area to address the limitations and also retained the theoretical relationship with the gravity model. Thus, the enhancement addresses the problem of uniform access within catchment by applying weights to different travel distance zones to account for distance decay. The enhanced two-step floating is implemented in two-step (Luo and Qi 2009), step 1: The catchment of healthcare facilities j is defined as the area
Since the enhancement of the 2step floating catchment area method, several researchers have applied it in healthcare accessibility studies. (Pan et al., 2015) examined the impacts of accessibility characterisation through comparing results of the E2SFCA method to those derived from conventional measurements. They found a substantial difference between the two approaches. They recommended the implementation of the E2SFCA methods for healthcare accessibility research in China, providing policymakers with accurate information when establishing healthcare services. (Vadrevu and Kanjilal 2016) used the enhanced two-step floating catchment area in measuring spatial equity and access to maternal healthcare service in India. They thereby identified that maternal healthcare facilities are not equitably distributed to disadvantaged populations and those living in the remote villages of the study area. (Higgs et al., 2017) also used an enhanced two-step floating catchment area method to investigate the impact of different modes of travel on relationships between General Practitioner supply and area-level deprivation and the number of elderly patients. These indicate the versatility of the E2SFCA method in addressing different problems in accessibility studies.
Conventional measures such as buffer analysis have been criticised for their lack of sophistication and dependence on operations such as Euclidean buffering (Langford et al 2011). The enhanced two-step floating catchment is mostly used in recent related studies (Pan et al., 2015) because of its additional distance decay parameter which overcomes errors regarding the same accessibility within distance buffers. This research, therefore, uses an accessibility measure based on the enhanced two-step floating area methods, which has to date not been applied to measure access to healthcare facilities in Kano State or Nigeria at large.
The E2SFCA is computed using the University of South Wales Floating Catchment Area tool (USWFCA) (Langford 2014). The tool is used to compute the E2SFCA accessibility scores and other geographical accessibility metrics such as the computation of closest healthcare facility for each settlement area, the number of healthcare facilities within a threshold distance from settlement areas, and the generation of an origin-destination matrix of the travel cost along a network between the service supply (healthcare facilities) and the demand points (settlement areas) based on a set distance parameter out of which the E2SFCA scores and other scores are calculated. These scores are used to identify settlement areas and their population with acceptable or poor access to healthcare facilities in Kano State.
The capability of the E2SFCA indicates that the analysis requires the locations and attributes of the settlement areas (demand), the healthcare facilities (supply) and a built road network dataset. These attributes include the population of the settlement areas which indicates the volume of the demand and also information about the capacity of the healthcare facilities. The analysis is done in six steps:
Step 1: Make the settlement areas and healthcare facilities have their network locations on the road network using the ‘Calculate Locations’ tool. This added a field to the healthcare facilities and settlement areas that contain their network location. This stored the network location information as feature attributes to quickly load the settlement areas and healthcare facilities as inputs of the network analysis layer (ESRI 2017).
Step 2: Set the network travel impedance with the distance metric sets as length (metres). This means that the Floating Catchment Area threshold will be in travel distance instead of travel time. The World Health Organisation (WHO) recommends the use of travel time instead of distance since it takes into consideration the nature of roads and the type of transport (Huerta Munoz and Källestål 2012). However, as this research cannot account for the nature of all the roads and types of transport available in different parts of Kano State, travel distance is used. The different scenario of threshold distances (5000m and10000m) is used for this analysis. The 5000m is used as the minimum value because it is the minimum acceptable distance to healthcare facilities based on the Kano State and Nigerian standard as explained in the previous section. 
The 5000m threshold was chosen so that all the settlement areas within the threshold distance will be part of first step score for each healthcare facility and all healthcare facilities within the threshold distance will contribute to the step 2 FCA accessibility score for each settlement area.
 Step 3: Adjust the scaling factor. According to (Langford 2014) the FCA scores are the supply to demand ratio, and are usually quite small. The scaling factor was applied to the value of ‘100’ to help preserve the precision of the final score and make the scores less difficult to weight. This means the final scores of this analysis will be moved to 2 decimal places to the right.
Step 4: Set the capacity of each of the healthcare facilities which is used for the supply-demand ratio computation. The supply capacity of the healthcare facilities and their demand are two important factors that influence access (Luo and Qi 2009). They are also indicators of availability. The supply could be an indicator of healthcare facility capacity such as the number of doctors, clinics or hospital beds (Guagliardo et al., 2004). However, this research could not account for the distribution of healthcare personnel and the number of beds for the healthcare facilities in Kano State. This is due to the lack of information regarding their distribution at the facility level but rather based on sixteen healthcare management zones`. Therefore, the minimum expected coverage for each of the healthcare facilities is used as supply capacity. 
Step 5: Set the demand capacity. In this case, since each of the settlement areas has its own population, the total population of each settlement area was used as the demand points, their total population count attribute was selected as the demand capacity option.
Step 6: Specify the distance decay function. The Gaussian decay is used with a decay bandwidth of ‘50’ as values around that region are typical because higher values produce a steeper rate of decline in the middle while lower values produce a gentler curve closer to the linear model (Langford 2014).


Examining the Distribution of Healthcare Facilities (Research Question 2)

It is one of the objectives of this research to examine the current distribution of healthcare facilities in Kano State based on the national guidelines for minimum standards of primary healthcare facilities in Nigeria. This enables the identification of what is required to meet the targets of the national guidelines in Kano State and to identify whether the targets are realistic. Table 3.8 shows the national guideline’s expected number of healthcare facilities within politico-administrative boundaries and their expected coverage population. 
Geographical boundaries and politico-administrative boundaries are some of the factors that determine the catchment area for a healthcare facility. This is similar to the guidelines of minimum standards where politico-administrative boundaries such as LGAs and wards are the catchment areas for the healthcare facilities (Table 3.8). The ‘container’ approach of measuring accessibility which calculates the number of facilities contained with a given unit is used (Talen, 2003). For example, to identify the current distribution of primary healthcare centres based on the minimum standard, there is a need to consider the number facilities in each ward, so that those that do not meet the standards can be identified. Thus, the number of primary healthcare centres required to meet the targets is identified. This is achieved in this research through the following steps:
Step 1: The different healthcare facilities are mapped with their respective boundary as set by the minimum standards guideline. For example, the primary healthcare centres are mapped with ward boundaries and the general hospitals are mapped on the LGA boundary.
Step 2: The ‘spatial join’ in Arc GIS is used to join the healthcare facilities and the ward or LGA boundary based on spatial relationship so that the number of healthcare facilities in each of the wards is calculated. This allows the identification of the underserved LGAs or wards based on the distribution of the existing facilities. It also allows the calculation of the existing number of facilities to identify what is required to meet the policy guidelines.
Step3: The population to provider ratio is calculated to identify whether the standard guidelines in terms of estimated population coverage are met. The expected coverage population of each of the healthcare facilities is divided by the total population of the state to identify what is required to meet the standards in terms of population coverage.
[bookmark: _Toc4753012]Table ‎3.8: Types of Healthcare Facilities and Expected Coverage
	Healthcare Facility
	Expected Numbers
	Estimated Coverage Population

	Tertiary Hospital
	1 Per State
	-

	General Hospitals
	1 per LGA
	-

	Primary Healthcare Centres
	1 per ward
	10,000-20000

	Primary Health Clinic
	1 per group of villages with about 200
	2,000-5,000

	Health Posts
	1 per village or neighbourhood of about 500 persons
	500




Location-Allocation Modelling (Research Question 3)

Location is a critical factor in realising the desired accessibility to healthcare facilities. Healthcare facilities can provide a better service to settlement areas with low impedance when a suitable location is chosen. In the context of developing countries such as Nigeria, government officials and politicians mostly take locational decisions of healthcare facilities. As a result of the lack of GIS analysis such as the type conducted in Chapter 4 to measure spatial accessibility, decisions are made based on political or pragmatic concerns (Smith, 2000). These decisions, therefore, result in the uneven distribution of facilities which results in urban bias and failure to provide healthcare facilities to most of the population as identified in Kano State. The decisions also make the realisation of targets and standards set to be achieved by Kano State difficult.
Since healthcare facilities provide services to settlement areas that are the potential users, the goal of location-allocation is to locate health care facilities to such a degree that settlement areas are supplied efficiently. However, efficiency in location-allocation varies because different targets are set as the practical ways of achieving the desired goal or solving a problem. For example, different countries have different standards for healthcare in terms of distance and coverage that when executed are considered efficient. As the name indicates, the location-allocation problem is solved in two simultaneous ways. First, it locates healthcare facilities, and secondly, it allocates the settlement areas to the healthcare facilities. In the first step, a certain number of healthcare facilities are optimally selected from a possible set to provide healthcare services; in the second step healthcare facilities are optimally allocated to a set of spatially distributed settlement areas (demand areas) for use (Jia et al., 2014). For example, if healthcare facilities are to be optimally distributed based on the Kano State standard distance of 5km, the location-allocation model, models the distribution of these facilities in such a way that all settlement areas are within the threshold distance. Secondly, it allocates these settlement areas to the nearest healthcare facility or the facility that is within a 5km distance.
From the examples, one may conclude that all location-allocation analysis solves the same problem, but different healthcare facilities have different optimum locations. For example, the best location for a health post in Kano State might not be the best for a primary healthcare clinic. This is because of the difference in terms of the level of expected coverage in for each of the different types of healthcare facilities. The specific question may be: Where should a health post be located so that it covers the required population in settlement areas within 5km? Another problem that could be solved is to minimise travel impedance from the settlement areas to healthcare facilities. In this case, location-allocation analysis locates healthcare facilities in such a way that it minimises the overall impedance in terms of travel distance or time. However, the location-allocation analysis is not restricted to be used only for healthcare facilities but could also be used for other facilities that provide goods and services, including factories, fire stations, shops, and offices. Thus, different types of location-allocation analysis could be used for different types of problems in this instance. Thus, the ArcGIS Location-Allocation analysis provides different problem types to answer such questions.  
Section 3.5.6.1 explains the various location-allocation problem types that are used in this chapter to provide a model of an improved spatial accessibility to healthcare facilities in Kano State identified in Chapter 4 and 5.
Location-Allocation Problems Types
The ArcGIS location-allocation analysis provides seven different problems types which are:
i. Minimise Impedance
ii. Maximise Coverage
iii. Maximise Capacitated Coverage
iv. Minimise Facilities
v. Maximise Attendance
vi. Maximise Market Share
vii. Target Market Share
This research uses only the minimised impedance and the maximise capacitated coverage location-allocation models. The reason for using them is because the problems they solve are similar to the aims of this research. For instance, minimising impedance location reduces the overall distance that people need to travel to reach a chosen facility. It is used to improve access in terms of distance to healthcare facilities (accessibility). In the case of the maximise capacitated coverage, it is similar to minimised impedance but with the added constraint of capacity.

 Minimise Impedance (P-Median)

A key challenge in location planning of healthcare facilities is minimising the distance between facilities and settlement areas (Hamid 2014). The minimise impedance (P-median) locates healthcare facilities in a way that the sum of all weighted distance between settlement areas and solution healthcare facilities is minimised. The P-median model aims to determine the location of P healthcare facilities such that the total travel time or distance from each settlement area to the closest facility is minimised (Jia et al., 2014). The travel distance could either be network or Euclidean as analysed in Chapter 6. As explained in Chapter 2, accessibility is one of the dimensions of access to healthcare facilities. Accessibility is considered the absence of difficulty in the movement from a location measured regarding distance travelled, or the time taken. Accessibility is also seen as a connection between the location (settlement areas) with the consideration of populations transportation resources, travel distance and cost (Penchansky and Thomas 1981). Thus, the location of healthcare facilities about that of the population ( settlement areas) is seen as a component of accessibility with the assumption that accessibility is high when people live near healthcare facilities (Guagliardo et al., 2004). 
The achievement of improved access is a crucial goal of health policy (Aday and Andersen 1974). The overall aim of Nigerian health policy is to provide adequate access to healthcare facilities for the country’s population. Hence, it is one of the objectives of the Health Sector Reform Programme (HSRP) to reduce the distance that population travel to healthcare facilities. The strategic health plan of Kano State sought to ensure that at least 50% of the population are within 5km of healthcare facilities by the end of the year 2011. These policies are all aimed at minimising travel impedance from settlement areas to health facilities which is what the minimise impedance (P-Median) model does. Therefore, the minimise impedance (P-Median) is used in this chapter to minimise the travel distance from settlement areas without acceptable access to healthcare facilities.
Section 3.5.6.3 explains how the minimise impedance (P-Median) model analysis is done to improve spatial accessibility in Kano State.

 Minimise Impedance (P-Median) Analysis
The minimise impedance (P-median) analysis like the buffer, service area and Enhance Two-Step Floating Catchment Area also requires specific types of data for it to run. These datasets include road network, the healthcare facilities, and the settlement areas. The road network is used as the travel path of which the travel distance between the settlement areas and the healthcare facilities is calculated. The settlement areas are used as the demand points that people travel from to reach health facilities. The healthcare facilities are also used as the service points in which people travel to seek healthcare.

The minimise impedance (P-Median) location-allocation analysis is done in the following steps:
Step 1: The road shapefile that is converted to a network dataset for use in the service area analysis and the Enhanced Two Step Floating Catchment Area analysis is also added and used for the minimise impedance analysis. The road network dataset allows the establishment of connectivity routes and the definition of attributes and their values. The impedance is set in metres because not all the roads are appropriately classified to enable the use of travel time as impedance and cannot account for the types of transport used in the different parts of the State. Thus, distance is used to measure the travel impedance from the settlement areas to the healthcare facilities along the road network explained in the previous section.
Step 2: Load the healthcare facilities for the location-allocation analysis. Facilities in location-allocation are service points that represent a required or candidate sites (ESRI, 2018). The required facilities must be included in the solution (ESRI, 2018). Therefore, the existing healthcare facilities (health post, primary health clinic and primary healthcare centre) are used as the required facilities for the minimise impedance location-allocation analysis.  This because the goal is to locate new healthcare facilities without closing any existing healthcare facilities. The closure of an existing healthcare facility is unrealistic, especially considering the number of people and settlement areas without acceptable access to the various healthcare facilities in Kano State. Thus, the location of the existing healthcare facilities is considered as a constraint in the analysis.
A candidate facility is a location that is suitable for a new healthcare facility. There is no restriction on the number of factors to be considered in determining the suitability for locating healthcare facilities (ESRI, 2018). However, the selection of suitable factors and finding locations that meet the factors should be performed before setting up the location-allocation problem. This is because if the candidate healthcare facilities are randomly distributed without the correct suitability analysis, the location-allocation solver might place a candidate healthcare facility in an unsuitable location, such as water bodies and remote areas far from settlement areas. Avoiding an inappropriate location for a candidate or potential healthcare facilities, seeded points are created which then move with the consideration of factors such as proximity from settlements areas and avoiding the potential sites overlapping with water bodies and forests. The candidate points which serve as potential sites for the new healthcare facilities that improve access are created in the following steps:
a) Specify the number seeded points (potential sites for new healthcare facilities) to be within each of the 44 Local Government Areas of Kano State. Ten candidate healthcare facilities are placed within each of these Local Government Areas (Figure 3.9) which serve as constraining features. This number of points is specified considering the average area of the Local Government Areas of the State which allows the maximum number of seeded points to be accommodated with consideration of the minimum allowed distance between the candidate facilities. If a Local Government Area cannot accommodate the specified number of candidate facilities due to the minimum allowed the distance between them, only the number that can fit in is created. Figure 3.9 shows the distribution of the seeded points (potential sites for new healthcare facilities) in the 44 Local Government Areas of Kano State. The number of seeded points in the Local Government Area varies depending on the size area of the Local Government and the pattern of distribution of the settlement areas. This adds in decisions that are based on distance between the settlement areas and the healthcare facilities unlike the standards set in the minimum standards for primary healthcare which do not consider distance or size area of the service delivery area. 

b)  Specify the minimum allowed distance between the candidate facilities within each Local Government Area. The value of 2000 metres is used as the distance between each point. The distance is used in consideration with the average area of the Location Government Areas and the mean distance between the different settlement areas. It is essential to consider the proximity to settlement areas since healthcare facilities are expected to be close to where potential users live and work. The nearest neighbour analysis on the different settlement areas shows that the mean distance between the built-up areas is about 2000 metres with a random pattern of distribution.

c) Remove the candidate facilities that overlap water bodies. The spatial selection tool is used to select the seeded points created that intersect with the water bodies or forest as it is unrealistic to site a healthcare facility in such places (WHO, 1998). Although, there are there are existing healthcare facilities that are located less than 300 meters away from the water bodies. 

The minimise impedance location allocation solver chooses among the seeded point to find the new healthcare facility or a certain number of facilities that would minimise the travel impedance based on the specified distance threshold and demand.

Step 3: Load the demand points (settlement areas). The settlement areas are used as the demand points because they represent the potential users that may require the services of the healthcare facilities. The settlement areas are the points that the healthcare facilities are allocated to. The relative weighting of the settlement areas is left as the default value of 1, which means that all settlement areas have the same value. However, the population of the settlement areas is used as the field for the weighting, so that settlement areas with 0 population, for instance, some hamlet areas that have no people living in them will be ignored.
Step 4: Set the impedance. The impedance is set in length (metres) which means that travel distance is used instead of travel time. This is because this research cannot account for the nature of roads and transport available in the different parts of the State.
Step 5: Set the impedance value. A 5000m impedance cut-off value is used because it is the maximum acceptable distance to healthcare facilities.  In the minimise impedance problem type the impedance value is set so that any settlement area outside all the healthcare facilities’ impedance cut-offs of 5000 metres is not allocated. The settlement area inside the impedance of one healthcare facility has all its demand weight allocated to that healthcare facility. The settlement areas within the 5000 metres impedance cut-off of two or more facilities have all their demand weights allocated to the nearest facility only.
Step 6: Specify the number of healthcare facilities the minimise impedance location-allocation solver should locate. As explained in step 2, the required (existing) healthcare facilities must be part of the solution. However, any additional healthcare facilities chosen are selected from the seeded points (candidate healthcare facilities). In the minimise impedance location different number of candidate healthcare facilities are chosen depending on the amount that will minimise the travel impedance to the desired level. For instance, the number of candidate healthcare facilities required to minimise travel impedance of 95% of the population of Kano State to primary healthcare clinics of Kano State is higher than that required for health posts. This is due to the nature of the current level of spatial access to the healthcare facilities identified in Chapter 4.
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 Maximise Capacitated Coverage Location Allocation

Unlike the minimise impedance, the maximise capacitated coverage considers the capacity of the healthcare facility and relates it to the population of settlement areas. The maximise capacitated does that by locating healthcare facilities such that as many settlement areas as possible are allocated to the solution healthcare facilities within an impedance cut off, and the population of the settlement areas allocated to the healthcare facility cannot exceed the healthcare facility’s capacity. The maximise capacitated coverage is used because its combines availability and accessibility (spatial accessibility) in terms of access to healthcare facilities. It provides a solution not only in terms of distance through minimising the travel impedance to the healthcare facility but also the coverage population of the facilities. The analysis in section 7.2 that relates healthcare facilities to the minimum standards for primary healthcare facilities shows the lack of consideration of distance in the expected standards. It also shows failure in terms of availability of healthcare facilities in Kano State. Additionally, the areas identified with poor access based on the Enhanced Two Step Floating Catchment Area are also improved in the maximise capacitated coverage. 
The maximise capacitated coverage Analysis is done in seven steps as follows; Step 1 to Step 6 of the maximised capacitated coverage location allocation are the same as that of the minimised impedance location allocation explained in the previous section.
Step 7: The capacity of the of the different healthcare facilities is set. In this case the expected coverage population based on the minimum standards for primary healthcare in Nigeria are used as the capacities of the healthcare facilities since there is no information the number of beds for each of the facilities (Table 3.8 and Table 3.9). For example, the expected coverage population of a health post is 500. The maximise capacitated coverage, therefore, allocates all settlement areas that can be served within the threshold distance and their overall population does not exceed the capacity of the facility. However, in the maximise capacitated coverage location allocation an allocated settlement area centroid (demand point) has all or none of its population is assigned to a healthcare facility, which means the population of a settlement area centroid is apportioned within this problem type. Additionally, if the total population within the impedance cut-off of a healthcare facility is greater than the capacity of the healthcare facility, only the settlement area points that maximise total captured population and minimise total impedance are allocated. Thus, there is a need to convert each settlement area to multiple points which matches the maximum to ensure they are allocated.
Step 8. Convert each settlement area to multiple points so that it could be allocated facilities by the maximise capacitated location allocation. About 29,001 points are created from 9130 existing settlement area points. The creation of these point is done in four Steps
i. The settlement area points that have a population that is less than or equals to 500 are selected and separated from the overall settlement areas. This is to ensure that they are separated from the points that have population higher than 500. This is because all the points are converted to multiple points with value that is less than 500 since the health posts have the least capacity (Table 3.10)
ii. The settlement areas that have a population higher than 500 are divided by 500 to identify the number of points of required for the settlement. The remainder from the division are also considered as potential points so that the exact population value of the existing point can be maintained.
iii. Multiple rows of the existing settlement areas based on the result of the population division. For example, if the existing settlement features has population of 3000, dividing that by 500 means that there will be 6 new rows containing the location and new population of 600 each. The multiple rows were creating with a code in the power query of excel.
iv. The spreadsheet data is then converted to GIS features using the location of each the rows. This makes the new number of settlement point to 29001 but having the same population value of the existing ones.

[bookmark: _Toc4753014]Table ‎3.10 The Capacity of Primary Healthcare Facilities
	Healthcare Facility
	Capacity

	Health Post
	500

	Pimary Health Clinic
	5,000

	Primary Health Centre
	20,000
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This chapter has demonstrated how data, methods, theoretical pathway and policy guidelines are analysed to measure access to healthcare facilities and produce an improved. It is evident that different GIS-based methods for measuring spatial accessibility such buffer analysis, service areas analysis and the E2FCA method coupled with location  datasets of healthcare facilities and settlements, road network and policy guidelines as criteria can be used to identify the population  of Kano State experiencing acceptable or poor access to healthcare facilities and the spatial distribution of the population (Research Question 1).
The chapter has also demonstrated how geographical and administrative boundary datasets, healthcare facilities location data and population provider ratio are analysed to examine the distribution of healthcare facilities based on the minimum standard guidelines for primary healthcare in Nigeria. This identifies the gaps that exist in the current healthcare facility provision in Kano State in relation to the guidelines (Research Question 2).
The chapter has also shown how GIS-based location-allocation models are used to model improved access to healthcare facilities. The minimised impedance location was used to model and improved access in terms of distance to healthcare facilities. Additionally, the maximise capacitated coverage was used to improve access in terms of accessibility and availability. Both GIS-based location-allocation models have proved they can be used to produce an optimum distribution of existing and additional healthcare facilities in Kano State and Nigerian government healthcare coverage.
The outcome of the analysis demonstrated in this chapter will serve as results and answers to the research questions to be explained in Chapter 4, 5 and 6.
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This chapter aims to answer Research Question 1 by providing an estimate of the population that has acceptable or poor access to healthcare facilities in Kano State based on the State’s Strategic Health Development Target. The calculation is achieved using GIS methods for measuring spatial accessibility with a series of scenario models as explained in Chapter 3. The finding from this Chapter serves as an indicator of how far Kano State is from meeting the acceptable standards of distance to healthcare facilities of the WHO and Nigeria. The realisation of such targets is key to achieving the Sustainable Development Goals (SDGs). The findings also provide feedback to academic debates on disadvantaged population regarding potential spatial access to healthcare facilities 
Accessibility to healthcare facilities are classified into two main categories: potential accessibility and revealed accessibility (Joseph and Phillips 1984), with the former focusing on the entire supply of healthcare facilities in an area and the latter focusing on the actual use of healthcare facilities. This research focuses on potential accessibility. Potential spatial access refers to the ease with which the populations of a given settlement area can reach healthcare facilities (Luo and Qi, 2009). As explained in Chapter 1, among the four As of access, availability and accessibility are spatial and often combined into a single index to measure geographic coverage of healthcare facilities which are termed as “spatial accessibility” (Guagliardo et al., 2004). Availability and Accessibility are combined into a single index because they are not independent of each other and we are often required to measure facilities that fall within a specified distance (Pan et al., 2015; Guagliardo et al., 2004). Additionally, most reliable measures of spatial accessibility are produced from gravity models through combining accessibility indicator of distance and availability  (Murad, 2014; Guagliardo et al., 2004). Thus, this research uses the enhanced two-step floating catchment area method which combines accessibility and availability and produces its spatial accessibility measure with gravity models. The research also uses buffer analysis and service area analysis to measure access to healthcare facilities in Kano. The methods and process of analysis are explained in Chapter 3.
The next section explains the results of the buffer analysis. Section 4.3 explains the results of the service area analysis. Section 4.4 explains the results from the Enhanced Two Step Floating Catchment Area method (E2SFCA). Section 4.5 discusses the key findings from results obtained from all the methods. Section 4.6 provides a summary and conclusion of the Chapter.

[bookmark: _Toc19824777]Results from Buffer Analysis to Measure Spatial Accessibility to Healthcare Facilities in Kano State
This section explains the results of the buffer analysis in measuring access regarding the distance to the different types of healthcare facilities and identifying an estimate of the population that is within the different levels of access. Table 4.1, Table 4.2, 4.3 and 4.4 show the results generated from the buffer analysis on the health posts, primary health clinics, primary health centres and all the healthcare facilities. The tables show the number of settlement areas and populations that are within each of the levels of access to the facilities. The tables also show the settlement areas and estimated population within these levels of access with the consideration of edge effect and the inclusion of the healthcare facilities of neighbouring States in the analysis.
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	Level of Access (km)
	Number of Settlement Areas Within
	Estimated Population
	Number of Settlements Areas 
(Edge Effect)
	Estimated Population (Edge Effect)

	Acceptable (0-5)
	8605 (94.2%)
	11, 648, 960 (97.5%)
	8685 (95.1%)
	11,701,884 (98%)

	Poor (5.01-10)
	516 (5.7%)
	291, 392 (2.4%)
	439 (4.8%)
	239,152 (1.9%)

	Very Poor (10.01-15)
	9 (0.1%)
	1,500 (0.1%)
	6 (0.1%)
	816 (0.1%)

	Extremely Poor (>15)
	0 (0%)
	0 (0%)
	0(0%)
	0(0%)
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[bookmark: _Toc4753016]Table ‎4.2 Estimated Population within Different Levels of Access to Primary Health Clinics
	Level of Access
	Number of Settlement Areas Within
	Estimated Population
	Number of Settlements Areas (Edge Effect)
	Estimated Population (Edge Effect)

	Acceptable
	3001 (32.9%)
	6, 481, 122 (54.3%)
	3158 (34.6%)
	6,619,959 (55.4%)

	Poor
	3,901 (39.7%)
	2, 650, 759 (22.2%)
	4301 (47.1%)
	3,740,708 (31.4%)

	Very Poor
	1,564 (20.1%)
	2,254,217 (18.8%)
	1491 (16.3%)
	1,432,531 (12%)

	Extremely Poor
	664 (7.3%)
	555,754 (4.7%)
	180 (2%)
	148,654 (2.2%)
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	Level of Access
	Number of Settlement Areas Within
	Estimated Population
	 Number of Settlements Areas (Edge Effect)
	 Estimated Population (Edge Effect)

	Acceptable
	4008 (43.9%)
	7,686,832 (64.4%)
	4103 (44.9%)
	7,763,217 (65%)

	Poor
	3628 (39.7%)
	3,169,773 (26.5%) 
	3805 (41.7%)
	3,277,268 (27.5%)

	Very Poor 
	967 (10.6%)
	769,088 (6.5%)
	925 (10.1%)
	747,559 (6.2%)

	Extremely Poor
	527 (5.8%)
	316,159 (2.6%)
	297 (3.3%)
	153,808 (1.3%)



[bookmark: _Toc4753018]Table ‎4.4 Estimated Population within Different Levels of Access to All Primary Healthcare Facilities
	Level of Access
	Number of Settlement Areas Within
	Estimate Population
	Number of Settlements Areas (Edge Effect)
	  Estimated Population (Edge Effect)

	Acceptable
	8973 (98.3%)
	11,903,004 (99.7%)
	8988 (98.4)
	11,906,450 (99.7)

	Poor
	151 (1.6%)
	38,032 (0.2%)
	136 (1.5%)
	34,586 (0.2%)

	Very Poor 
	6 (0.1%)
	816 (0.1%)
	6 (0.1%)
	816 (0.1%)

	Extremely Poor
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)



Access to Health posts Based on Buffer Analysis

The result from measuring spatial access to health posts based on buffer analysis shows that health posts have a higher population coverage within acceptable access in terms of distance compared to the other types of primary healthcare facilities (Table 4.1). This is unsurprising considering that healthposts the most common types of facilities in Kano State. Additionally, health posts are the designated healthcare facility to provide primary healthcare at settlement, neighbourhood and village level. The lack of acceptable access is, therefore, an indication of highly disadvantaged communities. 2.5% of the population of Kano State are not within acceptable distance (5km) access to health posts with 0.1% of that within very poor access (10.01-15km). Despite 98% of the Kano State population having an acceptable access to health posts, there are still 524 settlement areas without such access. These settlements therefore do not meet the minimum standards for primary healthcare in Nigeria, which expects each settlement area or neighbourhood to have a health post.
The estimated population with poor or very poor distance access to health posts are all in rural settlement areas. This indicates a spatial distribution of disadvantaged settlement areas with poor or very poor access in terms of distance to health posts in Kano State between rural and urban areas. Indeed, these disadvantaged settlement areas are distributed in 24 Local Government areas, predominantly in the southern part of the State (Figure 4.1). 
The number of settlement areas and population that are within poor access in terms of distance to health post significantly varies between the affected Local Government Areas in Kano State. For instance, Rogo LGA has the highest number of settlement areas with 28% of the total population having poor access regarding distance to health posts (Figure 4.1). Rogo is a rural LGA in the South Western part of Kano State which borders two neighbouring States of Katsina and Kaduna. About 29% of the population of Rogo has poor access to health posts with most of them in border settlement areas. The second LGA in terms of population with poor access to health posts is Tudun Wada in the Southern part of Kano State which also shares a border with Kaduna State. Tudun Wada has 17% of the total population of Kano State with poor access to health posts. About 20% of the population in Tudun Wada has poor access. Sumaila Local Government Area also in the Southern part of Kano State and sharing a border with Bauchi State has about 20% of its settlement areas and 11% of its population with poor access regarding distance to health posts. 
[image: ]     [bookmark: _Toc4752024][bookmark: _Toc4752984]Figure 4.1:Settlement Areas with Poor or Very Poor Access to Health Posts

The situation of Rogo, Tudun Wada and Sumaila in terms of poor access to health posts is more severe than that of the other 21 LGAs. The 3 LGAs making about 60% of the total population with poor access and 21 LGAs making the remaining 40% shows the significant variation in terms of the distribution of settlement areas and population with poor access to the health posts in the affected LGAs. Thus, while a high-level analysis might identify that only 1.9% of the population of Kano State experience poor distance access to health posts, a more nuanced examination indicates concentrations and spatial patterns at work. Thus, looking at Local Government and settlement area provides greater detail on the level of severity and differential concentration of health care access.
The hamlet areas which are isolated settlements have the highest number regarding settlement area types that have poor access in terms of distance to health posts. Although hamlet areas make about 62% of the settlement areas in Kano State, it is alarming that they make 73% of the settlement areas that have poor access regarding distance to health posts. Additionally, about 45 % of the total population with poor access to health posts are in hamlet areas, reflecting the concentration of health posts in built-up areas. However, there also 33 built-up areas that contain 45 % of the population experiencing poor access to health posts. This is also alarming considering the expectation of the minimum standard for primary healthcare in Nigeria is for a health post to be in every village or neighbourhood. The lack of health posts in these 33 built-up areas and their poor access in terms of distance is clear evidence of failure in terms of healthcare provision in Kano State. There are fewer settlement areas and population experiencing very poor access in comparison to those within poor access to health post (Figure 4.1). There are only 9 settlement areas with very poor access to health posts and they contain 0.1% of the population of Kano State. 3 out of these 9 settlement areas are hamlet areas with Gangara in Danbatta Local Government Area being the only small settlement area within very poor access to health posts. That hamlets comprise almost all settlement areas with very poor distance access to health posts, this indicates the challenges of isolation from built-up areas. Exacerbating this concern, several of these settlement areas are not only isolated from built-up areas within Kano State but are located at the border between Kano and neighbouring states. For example, the 3 settlement areas in the Northern part of Kano in Danbatta near its border with Babura Local Government of Jigawa (Figure 4.1). The remaining 5 hamlets with very poor access to health posts are in the Southern part of Kano in Sumaila Local Government Areas near the border with Ningi Local Government Area (Figure 4.1). 
[image: ][bookmark: _Toc4752025][bookmark: _Toc4752985]Figure 4.2 Edge Effect on Settlement Areas in Rogo Local Government Area

The inclusion of health posts of States bordering Kano (Bauchi, Jigawa, Katsina and Kaduna) in analysing edge effect in terms of access to health posts, particularly on settlement areas that are in border areas influences the estimated population that within the different levels of access. However, the effect is more significant in one level of access than the other depending on the locations of the health facilities in the neighbouring States and the disadvantaged settlement areas at the edge. For instance, with the consideration of health posts from the neighbouring states, there is an increase of 0.5% of the population of Kano State and 80 settlement areas that are within acceptable access to health posts (Table 4.1). Figure 4.2 shows how health posts in the neighbouring States influence the access in terms of distance of settlement areas at the edge of Rogo Local Government Area. More than half of these settlement areas and 85% of the population that are improved from poor to acceptable access regarding the distance to health posts as a result of the inclusion of health post in neighbouring States are in Rogo Local Government. This is because of Rogo’s location which makes it the only Local Government Area in Kano State that shares border with 5 Local Government Areas from Katsina and Kaduna State (Figure 4.2).  The inclusion of the health posts from these States in the buffer analysis, therefore, makes the settlement areas in Rogo, that are close to the border with Kufar and Danja Local Government Areas of Katsina State and Kudan and Makarfi Local Government Areas within an acceptable distance to health posts.

Access to Primary Health Clinics Based on Buffer Analysis

A primary health clinic should be in at least one group of villages or neighbourhood based on the minimum standard for primary healthcare in Nigeria. The target of Kano State is its population to be within 5km to healthcare facilities such as primary clinics. There is need for the population to have an acceptable access to every healthcare facility because of the referral system and the different roles each plays. It is the target of the Kano State in the Strategic Health Development Plan that 50% of the population are within 5km of healthcare facilities by 2011. This target seems to have been achieved in terms of primary clinics with just above half the population of the State within acceptable distance and the other half within poor, very poor or extremely poor access (Table 4.2). This shows the achievement of the health for all in terms of the Nigerian health policy and the UN’s Sustainable Development Goals far from realisation. 
The population and settlement areas with poor access in terms of distance to primary clinics are distributed in the LGAs of Kano State except in 6 out of the 8 Local Government Areas of the metropolis. This is a clear indication of urban bias regarding the distribution of primary clinics in Kano State. It also shows how far Kano State is from achieving access for all in terms of distance to healthcare facilities considering the number of settlement areas and Local Government Areas that affected by poor access in terms of primary health clinics.
Despite the clear evidence of urban bias regarding access to primary clinics, there are still disadvantaged populations in the metropolis that have poor access (Figure 4.3). These settlement areas are in the 2 Local Government Areas at the Northern and Southern fringes of the metropolis (Ungoggo and Kumbotso). Some parts of these Local Government Areas particularly at the peripheries are still semi-urban because of their proximity to the rural part of Kano and the existence of small settlement areas and hamlets (Figure 4.3). However, development is still ongoing in these areas as a result of population density and lack of space for the development in the centre. Thus, since 2006-2014 most growth has occurred in the -edges of the metropolis with a settled area growth rate of 8.4 and 9.7% per year over the 8 years (Seaman, 2013). About 4% of the population of Ungoggo and 9% of the population of Kumbotso have poor access in terms of distance to primary clinics. These disadvantaged populations are distributed in settlement areas that include built-up areas which are expected to have at least one primary health clinic each or one for a group depending on their population size (Figure 4.3). However, Kumbotso and Ungoggo LGAs have 15 built-up areas between them that do not only have a primary health clinic each but also have poor access to the clinics. It is also evident that most of these disadvantaged settlement areas in the fringes are closer to the neighbouring rural Local Government Areas than those in the metropolis (Figure 4.3). 
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There are fewer people experiencing very poor access to primary health clinics compared to those within poor access (Table 4.2). This shows that population reduces as access to clinics becomes poorer. The population within very poor access are distributed in 33 rural LGAs, with none in the metropolis. This is also evidence of urban bias in terms of access to primary health clinics. Also concerning is that about 191 built-up areas that have very poor access to clinics are distributed in these rural LGAs. About 43 of these built-up areas have a population that is above 5000 which is the expected coverage population of primary clinics. For example, built-up areas such as Kwakwaci, Komi and Kunya, each have a population that is more than 20,000, four times the expected population coverage of primary clinics, yet there is no primary health clinic within 15km, meaning these communities experience very poor distance access to healthcare provision. This shows failure in terms of healthcare provision by the Kano State Government.
About 4.7% of the population of Kano State have extremely poor access to primary health clinics. The population with extremely poor access to primary clinics are all in 13 rural Local Government Areas of Kano State. All these Local Government Areas are at the edges of the State near the border with other States. Additionally, most of the settlement areas that have extremely poor access to primary clinics are at the near the border of Kano and other States. For instance, Gabasawa LGA, at the North Eastern edge of Kano and bordering Ringim Local Government Area of Jigawa accounts for one-third of those experiencing extremely poor access to primary health clinics. Gabasawa is the most affected in terms of extremely poor access to primary health clinics with about 66% of its population with extremely poor access. This shows that the highly disadvantaged areas in terms of access to primary clinics are not only rural communities but those at the edges of the State. 
The inclusion of primary health clinics of neighbouring States in the buffer analysis to consider edge effects influences the estimated population that is within the different levels of access in terms of distance to the clinics. This effect is expected mainly because of the high population and number of settlement areas at the peripheries of Kano State that are within the poor, very poor and extremely poor access. However, there is only a 1% increase in the population of Kano State that is within an acceptable distance to primary clinics if the primary health clinics of neighbouring States are considered (Table 4.2). This is because most of the primary health clinics in the neighbouring States are not within an acceptable distance of the settlement areas in Kano as a result of their built-up areas being farther away from the border. Thus, it is more effective on the population that is within very poor, and extremely poor access as they are improved to poor access. Hence, the significant increase in terms of population that are within poor access in terms of distance to primary clinics.

Access to Primary Healthcare Centres Based on Buffer Analysis 

The primary healthcare centre is the highest referral level of care in the primary healthcare system in Nigeria and a referral point from the primary clinic. This is where basic obstetric care and management of regular vaginal deliveries and care of the new-born takes place. This means that acceptable access is crucial to reducing maternal mortality and under 5 mortalities. The service delivery areas of the primary healthcare centre are political wards based on the minimum standards for primary healthcare in Nigeria. As a primary healthcare facility, a primary healthcare centre is also expected to be within the standard 5km distance based on the Kano State Strategic Health Development Plan. However, based on the buffer analysis on the primary health centres, about 35.6% of the population of Kano does not have acceptable access (Table 4.3). Most of the population not within acceptable access have poor access and only about 6.5% of the population have very poor access and 2.6% have extremely poor access (Table 4.3). This shows failure in terms of the provision of primary healthcare in Kano State. 
The majority of the population that are not within an acceptable distance from primary healthcare centres have poor access. Almost all the population with poor access are distributed in all the rural Local Government Areas of Kano State with only about 0.5% in the metropolis. This is further evidence of urban bias in terms of access to healthcare facilities. This minute population with poor access in the metropolis are in Ungoggo and Kumbosto Local Government Areas at the fringes. These settlement areas are located near the border between the rural areas and the metropolis. For example, the two small settlement areas in Ungoggo that have poor access to primary healthcare centres are Kuriwa and Uwadawa which are close to the border with Minjibir which is a rural Local Government Area and even the nearest built-up areas in Minjibir are within poor access. The settlement areas with poor access in Kumbotso are 3 hamlets areas at the Eastern part near rural Local Government Area of Tofa. This shows how acceptable access to primary healthcare centres diminishes with proximity to the edge of the metropolis and rural Local Government Areas. 

With around 9% of the population of Kano State having either very poor or extremely poor access to primary healthcare centres, this presents alarming evidence of severe failure in terms of healthcare provision considering their significance in the healthcare system. There are 976 settlement areas with very poor access, with 726 of them, containing 59% of the population, experiencing very poor access are in the Southern part of the State (Figure 4.4). Additionally, the Southern part of the State is the most affected in terms of settlement areas and a population that have extremely poor access to primary healthcare centres. For instance, 513 out of the 527 settlement areas which contain 96% of the population with extremely poor access to primary healthcare centres are also in the Southern part of Kano State particularly in Rogo, Doguwa and Sumaila Local Government Areas (Figure 4.4). These are all LGAs at the border with other States and most of the settlement areas affected are at the edge of the boundary. For example, 55% of the population of Tudun Wada Local Government Areas have extremely poor access to primary healthcare centres (Figure 4.4). This shows how behind the Southern part of Kano State is in terms of access to primary healthcare centres, particularly those by State boundary.
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The inclusion of the primary healthcare centres of the neighbouring State in the buffer analysis influences the estimated population that is within the different levels of access (Table 4.3). For instance, there is a 0.6% increase in terms of the population that has acceptable access to primary healthcare centres (Table 4.3). Figure 4.4 shows the settlement areas in Southern Kano State that suffer extremely poor access based on the distribution of only the primary healthcare centres in Kano State. Some of these settlement areas are within an acceptable distance if the primary healthcare centres of neighbouring State are considered (Figure 4.4). For example, 41 out of the 527 settlement areas, which contain 11% of the population suffering extremely poor access, are within an acceptable distance to primary healthcare centres of neighbouring States (Figure 4.4). These settlement areas include built up areas such as Fulatan and Unguwar in Rogo Local Government Area. Fulatan is within an acceptable distance of  2 primary healthcare centres because of their high concentration in Makarfi Local Government Area of Kaduna State (Figure 4.4). This shows how the concentration of healthcare facilities in a neighbouring Local Government Area of another State can significantly affect the level of access of settlement areas in Kano State. However, this is not the case for all the settlement areas in Sumaila Local Government Area that have extremely poor access because there are no primary healthcare centres in the Ningi Local Government Area of Bauchi State with which it shares a border. Thus, there are still 1.3% of the population with extremely poor access to primary healthcare centres despite the consideration of the neighbouring States.

Access to All Primary Healthcare Facilities in Kano State Based on Buffer Analysis

All the primary healthcare facilities in Kano State and those in neighbouring States that are within 20km of distance of the border between the States are analysed using buffer analysis to identify the estimated population and settlement that are not within an acceptable distance of any type of primary healthcare facility. The results show that 99.7% of the population of Kano State have acceptable access to at least one type of primary healthcare facility. This is expected because 97.5% of the population of Kano State has acceptable access in to health posts. Thus, the estimated population with acceptable access to all the primary healthcare centres is not an indication of an overall good healthcare provision in Kano State, especially considering to the importance of having an acceptable access to every type of primary healthcare facility because of the referral system as recommended by the WHO. The importance of the result is to identify the estimated population and settlement areas with poor access or very poor access which serves as an example of highly disadvantaged populations in terms of access to healthcare facilities in Kano State.
About 0.2% of the estimated population of Kano State have poor access and 0.1% have very poor access to all the primary healthcare facilities in Kano State. Figure 4.5 shows these settlement areas that have poor access or very poor access to all the primary healthcare facilities in Kano State. These disadvantaged population in terms of access to any type of healthcare facility are distributed in the rural parts of Kano State particularly the Southern part. This also shows how disadvantaged the Southern part of Kano is regarding access to healthcare facilities.
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The settlement areas with very poor or poor access to all the primary healthcare facilities are either small settlement areas or hamlet areas (Figure 4.5). However, all the settlement areas with very poor access are hamlet areas in Doguwa Local Government Area.  There is evidence of no built-up area among these disadvantaged settlement areas and the need for more focus in terms of improving access to healthcare facilities of these small pockets of dispersed population in the rural parts of Kano State.   
The consideration of all the primary healthcare facilities of neighbouring States in the buffer analysis shows an improvement in terms of access of 3 small settlement areas and 12 hamlet areas from poor access to an acceptable access (Figure 4.5).  The small settlement areas include Yalwa and Unguwar Barau small settlement areas in the Southern part of Kiru Local Government Area which are within an acceptable distance of three health posts in Ikara Local Government Area. The other small settlement area is Ayagi kwari in the Northern part of Rogo Local Government which is near Kafu Local Government Area of Katsina State and within acceptable distance of Dan Rimi health clinic and Kurako health post. This shows how the edge effect influences the access of the surrounding settlement areas, particularly if there is a concentration of healthcare facilities less than 5 kilometres from the border. This is not the case for settlement areas in Sumaila and Doguwa Local Government Areas of Kano State which share a border with Ningi and Toro Local Government Areas of Bauchi State. Thus, the settlement areas with very poor access especially those in Falgore game reserve remain with the same level of access despite the consideration of the facilities of neighbouring State (Figure 4.5). 
This section has described the results from the buffer analysis based on Euclidean distance which was used measured spatial accessibility to healthcare facilities to identify the estimated population that are with the different level of access. 
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This section explains the results from the service area analysis on the healthcare facilities in Kano State which identifies the estimated population and settlement areas that are within different levels of access based on regions that surround all accessible roads that are within specified distance from the healthcare facilities.
Access to Health Posts Based on Service Area Analysis

The service areas analysis is used to identify the estimated population with the different level of access to health post based on distance regions that surround accessible roads. This helps in answering research question 1.  Table 4.5 shows the estimated population that is within different levels of access in terms of distance to health posts based on the service areas. Figure 4.5 shows the health posts service areas across the forty-four Local Government of Kano State which represents the level of access in terms of distance along the road network and contain the settlement areas and population. 
[bookmark: _Toc4753019]Table ‎4.5 Estimated Population within Health Post Service Areas
	Level of Access
	Number of Settlement Areas Within
	Estimated Population

	Acceptable
	7,342 (80.4%)
	10,765,912 (93.3%)

	Poor
	1,460 (16%)
	973,872 (5%)

	Very Poor 
	204 (2.2%)
	126,825 (1.1%)

	Extremely Poor
	124 (0.4%)
	75,243 (0.6%)



Health posts show a very high population coverage with acceptable access in terms of distance along the road network (Table 4.5). The population coverage within an acceptable distance is higher than that of all the other primary healthcare facilities. This higher population coverage within acceptable access is expected because of the high number of health posts compared to the other types of facilities as explained in Chapter 3.
There are differences in terms of the estimated population within different levels of access in terms of distance to health posts between the service area analysis and the buffer analysis. It is not the aim of this research to conduct sensitivity analysis on the outcomes of the two methods. However, it is important to highlight such differences. For example, there is a 4% decrease in terms of the population with acceptable access on the road network compared to the straight-line buffer. This results in an increase which doubles the estimated population that are within poor access. Furthermore, based on the service area analysis, about 0.6% of the estimated population are experiencing extremely poor access which is non-existent in the buffer analysis. 
[bookmark: _Toc4752029]Figure 4.6 Service Areas for Health Posts
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There is a significant difference between rural and urban areas in terms of access to health posts based on distance along the road network. Table 4.6 shows the estimated population and percentage of the population in both the urban and rural areas that is within the different levels of access. The majority of the population in the metropolis or the urban area of Kano State are within acceptable distance of health posts with only a few living poor access (Table 4.6). The underserved or disadvantaged populations in the metropolis are in Ungoggo and Kumbotso Local Government Areas in the fringes (Figure 4.6). In terms of rural areas, about 14% of the population do not have acceptable access to health posts (Table 4.6). The settlement areas without acceptable access are predominantly in the Southern part of Kano State, particularly in Rogo, Tudun Wada Sumaila and Doguwa Local Government Areas. Considering the differences in terms of population and settlement area without acceptable access to health post it is evident that the urban areas have better access compared to the rural areas.
[bookmark: _Toc4753020]Table ‎4.6 Estimation with Access to Health Posts
	Level of Access
	Estimated Population Urban
	Estimate Population Rural

	Acceptable 
	3,980,328 (97.9)
	6,869,640 (86.3%)

	Poor
	84056 (2.1%)
	906,940 (11.4%)

	Very Poor 
	0
	109701 (1.4%)

	Extremely Poor
	0
	75,243 (0.9%)




Access to Primary Health Clinics Based on Service Area Analysis

The service areas analysis on the primary health clinics which are the referral points from health posts show an apparent failure in terms of the provision of the clinic. Table 4.7 shows the estimated population and settlement areas that are within different levels of access based on distance regions along the road network in Kano State. The result shows that  less than half the population of the State has acceptable walking distance access, which means that Kano has failed to achieve its target of having primary health clinics within a 5-kilometre walking distance of the population. 


[bookmark: _Toc4753021]Table ‎4.7 Estimated Population Service Area Primary Clinics
	Level of Access
	Number of Settlement Areas Within
	Estimated Population

	Acceptable
	1,656 (18.1%)
	4,963129 (41.6%)

	Poor
	3,026 (33.1%)
	3,137,664 (26.2%)

	Very Poor 
	2,278 (25.1%)
	2,029,228 (17%)

	Extremely Poor
	2,170 (23.7%)
	1,811,831 (15.2%)



Most of the population that do not have acceptable access to primary health clinics have poor access limits (Table 4.7). However, the combined estimated population that has very poor or extremely access to primary clinics is higher. This is very alarming and shows how far Kano State is from achieving optimum access for its population. This high percentage of the population not within an acceptable distance of primary health clinics is unsurprising, considering there are only 117 clinics distributed over the 484 wards in the 44 Local Government Areas of Kano State.
The failure regarding the provision of primary health clinics within an acceptable distance of most of the population of Kano State is compounded by urban bias. Table 4.8 shows the estimated population of both rural and urban areas that are within the different levels of access to primary health clinics. Figure 4.7 also shows the service areas for primary health clinic along road networks which represent the regions of acceptable, poor, very poor and extremely poor access. 
[bookmark: _Toc4753022]Table ‎4.8 Estimated Population Primary Clinics
	Level of Access
	Estimated Population Urban
	Estimate Population Rural

	Acceptable 
	3,324,912 (83.5%)
	1,638,217 (20.6%)

	Poor
	630,657 (15.9%)
	2,507,007 (31.5%)

	Very Poor 
	7,635 (0.2%)
	2,021,593 (25.4%)

	Extremely Poor
	17,124 (0.4%)
	1,794,707 (22.5%)







[bookmark: _Toc4752030]Figure 4.7 Service Area Primary Health Clinics
[image: ]

Most of the population in the metropolis are within an acceptable distance; with only 16% of the urban population suffering unacceptable access – and even then, primarily at the ‘poor access’ level (Figure 4.7). These disadvantaged areas in the metropolis are predominantly in Ungoggo and Kumbotso Local Government Areas at the fringes (Figure 4.7). 
The settlement areas in the metropolis that have very poor access to primary health clinics are also in Kumbotso LGA near its border with Dawakin Kudu which is a rural LGA (Figure 4.7). Furthermore, the settlement area in the metropolis that suffers from extremely poor access to primary health clinics is Tokarawa in Nassarawa Local Government Area by the Eastern fringes of the metropolis which borders Gezawa rural Local Government Area. The location of the population of the metropolis that does not have acceptable access to primary health clinics also indicates the settlement areas at the fringes are disadvantaged in terms of healthcare provision.
The low population coverage within acceptable access to primary health clinics in in the rural areas of Kano State shows clear evidence of failure regarding the provision of healthcare to the rural poor (Table 4.8). This also shows a significant disparity in terms of healthcare provision between the urban and rural areas in Kano State. About 80% of the population of the rural areas have acceptable access in terms of distance along road network to primary health clinics. The failure of providing adequate primary health clinics to rural areas of Kano State is not only based on not meeting the targets of Kano State in terms of distance to the facilities. The expectation of the minimum standards for primary healthcare in Nigeria is that the service delivery area of a primary health clinic should be a group of settlements or villages or communities. This is not the case for the rural areas of Kano State as there are LGAs that have over 90% of their population with extremely poor access in terms of distance along road network to primary health clinics. Examples of these Local Government Areas are Dambatta, Gabasawa and Takai (Figure 4.7). Although some of these areas have primary health centres, however, the lack of primary health clinic means a referral system is not in place, which as a result puts more pressure on the existing facilities.



Service Area for Primary Healthcare Centres in Kano State

The primary healthcare centre which is the highest referral level of primary healthcare service in Kano State has a better population coverage within acceptable access than primary health clinics. Table 4.9 shows the estimated population of Kano State that is within the different levels of access in terms of distance along a road network to primary healthcare centres based on services areas or region. Figure 4.8 shows these service areas for the 159 primary healthcare centres across the 44 Local Government Areas of Kano State which represent the different levels of access based on distance along a road network.
The service area analysis on the primary healthcare centres shows that just about half the population of Kano State are within acceptable access in terms of distance to primary healthcare centres on road network (Table 4.9). Primary healthcare centres are of crucial importance to the reduction of maternal mortality and under 5 mortality because they are where basic obstetric care, management of normal vaginal deliveries and care of the new-born take place. Thus, proximity to such services is important particularly in the realisation of the UN’s SDGs. However, almost half the population of Kano State are not within an acceptable distance of the primary healthcare centres based on the distance on the road network (Table 4.9). This shows how far Kano State has to go regarding the provision of primary healthcare to its population and towards the realisation of the SDGs. 
[bookmark: _Toc4753023]Table ‎4.9 Estimated Population within Access to Primary Healthcare Centres
	Level of Access
	Number of Settlement Areas Within
	Estimated Population

	Acceptable
	2,340 (24%)
	6,302,332 (52.8%)

	Poor
	3,509 (40.1%)
	3,214,433 (26.9%)

	Very Poor 
	1,768 (19.3%)
	1,394,003 (11.7%)

	Extremely Poor
	1,513 (16.6%)
	1,031,084 (8.6%)



There is evidence of urban bias regarding access to primary healthcare centres in Kano State. Table 4.10 shows the estimated population of urban and rural areas that are within different levels of access in terms of distance on the road network to primary healthcare centres. There is a disparity between the population of urban areas and that of rural areas that have acceptable access to primary healthcare centres. Most of the population in the metropolis are within acceptable access to primary healthcare centres, only about 4.1% do not (Table 4.9). These disadvantaged areas are in Kumbotso and Ungoggo which also shows that accessibility problems regarding primary healthcare centres are in the urban peripheries. Furthermore, the only settlement area in the metropolis that has very poor access in terms of distance on road network to primary healthcare centres is Kamfa built-up area in Kumbosto (Figure 4.8). 
The access to primary healthcare centres in the rural area is alarming and shows bias towards the urban areas. About 70% of the population of rural areas do not have acceptable access (Table 4.10). Most of the rural population are within poor access to primary healthcare centres and are in all the rural Local Government Areas (Table 4.10 and Figure 4.8). Another alarming issue is the percentage population of the rural areas that suffer very poor and extremely poor access compared to that in the urban areas. There is only 1 settlement area in the metropolis that experiences very poor access and none at the extremely poor access level. However, a significant percentage of the population of the rural areas have extremely poor access, especially in the Southern part of Kano State (Table 4.10). These settlement areas are predominantly in Sumaila, Doguwa, Rogo and Tudun Wada Local Government Areas which shows that the most disadvantaged rural population in terms of access to primary healthcare centres are in the Southern part of Kano State (Figure 4.8). 
 
[bookmark: _Toc4753024]Table ‎4.10 Estimated of Urban and Rural Population with Access to Primary Healthcare Centre
	Level of Access
	Estimated Population Urban
	Estimate Population Rural

	Acceptable 
	3,817,249 (95.9%)
	2,485,083 (31.2%)

	Poor
	160,291 (4%)
	3,054,142 (38.4%)

	Very Poor 
	2,788 (0.1)
	1,391,215 (17.4%)

	Extremely Poor
	0(0%)
	1,031,084 (13%)









[bookmark: _Toc4752031]Figure 4.8 Service Area for Primary Healthcare Centres
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The service area analysis on primary healthcare centres further reveals that built-up areas are by far more advantaged regarding acceptable access in terms of access to primary healthcare centres. About half of the population of Kano State have acceptable access to primary healthcare centres. However, about 80% of them are in built-up areas. This also means that about 67% of the population of Kano State that are in built-up have acceptable access to primary healthcare centres. This is expected because normally the primary healthcare centres are in Local Government Area headquarters which are clustered in built-up areas. Additionally, most of the population in the metropolis are within acceptable distance to primary healthcare centres, and most of the settlement areas in the metropolis are built-up areas. Nevertheless, it is evident that most of the highly disadvantaged population in terms of access to primary healthcare centres are in the dispersed rural hamlet areas and small settlement areas.


Service Area Analysis of General Hospitals

The general hospitals are at the secondary level of healthcare in Nigeria. However, they are analysed in this research to identify the population that are within different levels of access. This is because of the evidence of failure in terms of the provision of primary healthcare in Kano State. It is therefore important to investigate whether it is different at the secondary level of care, especially for the rural disadvantaged populations. For the service area analysis on the general hospitals, longer distances are used as regions for the service area or level of access compared to that of the primary healthcare centres (Table 4.11). This is because the expected service delivery area of a general hospital based on the minimum standards for healthcare in Nigeria is a Government Area. 
[bookmark: _Toc4753025]Table ‎4.11 Profiled Access to General Hospitals
	Distance (Km)
	Level of Access

	0-10
	Acceptable

	10.01-20
	Poor 

	20.1-30
	Very Poor

	>30
	Extremely Poor




Table 4.12 shows the estimated population that is within the different level of access to the 31 general hospitals in Kano. The results show that about half of the population of Kano State have acceptable access (10Km) to general hospitals (Table 4.12). This shows that access to secondary healthcare facilities is not better than that of the primary healthcare facilities considering the estimated population that is within acceptable access despite the increase in the service area.
[bookmark: _Toc4753026]Table ‎4.12 Estimated Population with Access to General Hospitals
	Level of Access
	Number of Settlement Areas Within
	Estimated Population

	Acceptable
	2083 (22.8%)
	6,122,623 (51.3%)

	Poor
	3519 (38.6%)
	3,343,135 (28%)

	Very Poor 
	2,169 (23.7%)
	1,677,292 (14%)

	Extremely Poor
	1,359 (14.9%)
	798,752 (6.7%)



There is significant evidence of urban bias considering the estimated population that has acceptable access in terms of distance on road network between the urban and rural areas in Kano State. Table 4.13 shows the estimated population of urban and rural areas that is within different levels of access to general hospitals in Kano State. There is a clear disparity between urban and rural areas regarding their estimated population with acceptable access to general hospitals. Most of the population in the metropolis have acceptable access to general hospitals and only about 7% do not have acceptable access. This is not the case for the rural areas of Kano State because about 70% of the population are not within acceptable access to general hospital. This shows that the urban bias regarding the provision of healthcare services is not only at primary healthcare level, but also the at secondary level of the Kano State and Nigerian healthcare system.
The population of the metropolis that does not have acceptable access to general hospital are predominantly in Kumbotso and Ungoggo Local Government Area. This shows that the LGAs at the fringes are not only disadvantaged in terms of access to primary healthcare facilities but also secondary healthcare facilities. This is because the general hospitals are concentrated at the centre of the metropolis and there is none located in Kumbotso. The population that are within very poor access to general hospital is in the Eastern fringes of the metropolis in Tokarawa Local Government Area near the border with Gezawa rural Local Government Areas. 
[bookmark: _Toc4753027]Table ‎4.13 Estimated Population Urban Rural
	Level of Access
	Estimated Population Urban
	Estimate Population Rural

	Acceptable 
	3,712,652 (93.3%)
	2,409,971 (30.3%)

	Poor
	249,244 (6.2%)
	3,093,941 (38.8%)

	Very Poor 
	18,342 (0.5%)
	1,658,860 (20.9%)

	Extremely Poor
	0 (0%)
	798,752 (10%)



The percentage population of the rural areas that does not have acceptable access to general hospitals is distributed in all the rural LGAs. This is unsurprising because there are only 21 general hospitals distributed across the 36 rural Government Areas. This means that the disadvantaged and underserved population have to travel farther to access a general hospital. For example, a high number of the population that have very poor or extremely poor access to general hospitals are in Local Government Areas such as Sumaila, Takai and Kiru that do not have a general hospital.








[bookmark: _Toc4752032]Figure 4.9 Service Areas for General Hospitals in Kano State
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[bookmark: _Toc19824779]Results from Measuring Accessibility to Healthcare Facilities in Kano State with the Enhance 2 Step Floating Catchment Area (E2SFCA) Method

This section explains the findings from the E2SFCA analysis which is a form of gravity model that combines levels of demand and supply as additional accessibility factors. This means that access is measured in terms of accessibility and availability based on the As of access. In terms of measuring access based on policy guidelines, it also enables the combination of the Kano State targets in terms of distance to healthcare facilities and the guidelines of the minimum standard for primary healthcare in Nigeria regarding the expected population coverage of the healthcare facilities. The results from the E2SFCA analysis includes the closest distance to a healthcare facility from each settlement area, the average distance and the number of facilities that the population of settlement areas can reach within the threshold distance. The analysis also provides an E2FCA accessibility score which is based on the 5000 metres threshold distance and Gaussian distance decay model. The E2SFCA score is not a metric that policymakers use in their decision making. However, for this research, the score is used to identify areas with high or low accessibility scores based on the combination of accessibility and availability as As of access with the addition of distance decay.

E2SFCA Analysis on Health Posts in Kano State

The results of an E2SFCA analysis of on health posts in Kano State provides the distance from each settlement area to the nearest health posts, the number of health posts accessible to each settlement area within the threshold distance of 5 kilometres and the E2SFA score.
Distance from Settlement Areas to Health Posts

The E2SFCA analysis shows the actual distance from each settlement area to the nearest health post in Kano State. The supply distance of the E2SFCA is different from the service area because the service area assumes that all settlement areas that are with a service region have the same access. Table 4.14 shows the statistics of the actual distance from each of the settlement areas to its nearest health post. It also shows the contrast between the urban settlement areas and rural settlement areas in terms of distance. The results show lower travel distances to health posts even among settlement areas within acceptable distances. Furthermore, it shows the significant disparity in terms of the longest travel distance to health posts between urban and rural settlement areas do not have acceptable access. For example, settlement areas in the rural part of Kano with the longest travel distance to health post are in Doguwa Local, and their distance is almost three times longer than that of the Tsohuwar Kera settlement area in Ungoggo Local Government Area which has the longest travel distance in the metropolis (Table 4.14).

[bookmark: _Toc4753028]Table ‎4.14 Distance from Settlement Areas to Health Posts
	Settlement Type
	Minimum (Metres)
	Maximum (Metres)
	Mean (Metres)
	Standard Deviation (Metres)

	All Area
	0
	19,246
	3,052
	2,483

	Urban
	0
	6,687
	1,872.00
	1,190

	Rural
	0
	19,246
	3,107.00
	2,513



Number of Health posts within Acceptable Access from Settlement Areas

The E2SFCA analysis also shows the number of health posts that lie within an acceptable distance of each of the settlements area in Kano State. Health posts have shown the highest population coverage within an acceptable distance based on the buffer analysis and service areas analysis. However, there is evidence of bias in the distribution of health post between the urban and rural areas (Table 4.14). For instance, while there are settlement areas that have extremely poor access to health post such as those in Sumaila Local Government Area there are also settlement areas at the centre of the metropolis that have acceptable access to 19 health posts. Most of the settlement areas in the metropolis especially those at the centre are within acceptable travel distance of at least 5 health posts (Table 4.15). 
[bookmark: _Toc4753029]Table ‎4.15 Number of Health Post with Acceptable Distance from Settlement Areas
	Settlement Type
	Minimum
	Maximum
	Mean
	Standard Deviation

	All Area
	0
	19
	1.74
	1.84

	Urban
	0
	19
	5.94
	4.84

	Rural
	0
	9
	1.54
	1.27



E2SFCA Accessibility to Health Posts Scores for Settlement Areas in Kano State

The accessibility scores show a different outcome compared to the buffer analysis and service area analysis in terms of access to health post as a result of the addition of availability measure because of the inclusion of the population of the settlement areas as demand and the expected population coverage of the health posts (500), which is the supply weight. Table 4.16 shows the statistics for the E2SFCA accessibility scores for health posts in Kano State between the rural and urban settlement areas. The rural settlement areas that are within acceptable distance in terms of distance to health posts have higher accessibility scores than most of the settlement areas in the urban area which means better access if the population provider ratio and travel distance with distance decay are considered. Figure 4.10 shows the built-up areas and their accessibility scores in relation to the population density of their Local Government Areas. There is evidence of built-up areas in highly densely populated areas particularly in the metropolis having the lowest accessibility scores (Figure 4.10). This shows that despite having almost all its population within acceptable access in terms of distance to health posts, the relationship between the population of the metropolis and the size or capacity of the health posts (availability) is poor. Thus, they have low accessibility scores.
 
[bookmark: _Toc4753030]Table ‎4.16 Statistics for E2SFCA Accessibility Scores for Health Posts
	Settlement Type
	Minimum
	Maximum
	Mean
	Standard Deviation

	All Built-Up Areas
	0
	36.9
	5.00
	5.62

	Urban Built-up Areas
	0
	5.8
	1.10
	1

	Rural Built-Up Areas
	0
	36.9
	5.90
	5.8




The built-up areas with the highest accessibility scores in the metropolis are in Kumbotso and Ungoggo Local Government Area (Figure 4.10). These are Local Government Areas with the lowest population density in the metropolis

[bookmark: _Toc4752033]Figure 4.10 E2SFCA Scores for Access to Health Posts from Built-Up Areas
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E2SFCA Analysis of Primary Health Clinics in Kano 

The buffer analysis and service area analysis on primary health clinics showed that the estimated population and the areas that are within the different levels of access. The E2SFCA analysis provides the actual distance from settlement areas, the number of primary health clinics each settlement areas could reach within an acceptable distance. The E2SFCA analysis also provides accessibility scores.
Distance to Primary Clinics

The actual distance from settlement area to primary health clinics further reveals the disparity between the rural and urban areas in terms of access to healthcare facilities. The results from the service area and buffer analysis show that more than 20% of the rural population of Kano State has extremely poor access to primary health clinics. Table 4.17 shows the statistics of the distance from each settlement to the nearest primary health clinic in Kano State. It also shows the contrast between urban and rural areas in Kano State in terms of maximum distance to primary health clinics. It is evident that there are settlement areas in Gabasawa, Kiru and Doguwa Local Government Areas that must travel almost 8 times the acceptable distance to reach a primary clinic. 
[bookmark: _Toc4753031]Table ‎4.17 Distance from Settlement Areas to Health Posts
	Settlement Type
	Minimum (Metres)
	Maximum (Metres)
	Mean (Metres)
	Standard Deviation (Metres)

	All 
	0
	39,568
	10,426
	6,789

	Urban
	0
	10,614
	4,029
	2,612

	Rural
	0
	39,568
	10,722
	6,776



Number of Primary Health Clinics within Acceptable Access from Settlement Areas

Based on the service area analysis and buffer analysis, there is a significant disparity between the urban and rural areas of Kano State in terms of the estimated population within acceptable access to primary health clinics. This is compounded by uneven distribution of the primary health clinics in the State. For instance, most of the population at the centre of the metropolis can reach at least 17 primary health clinics with an acceptable distance. This is not the case for rural areas in Kano State, because more 80% of the population is not even within an acceptable distance to the primary health clinics. 
[bookmark: _Toc4753032]Table ‎4.18 Number of Health Post with Acceptable Distance from Settlement Areas
	Settlement Type
	Minimum
	Maximum
	Mean
	Standard Deviation

	All 
	0
	18
	0.35
	1.46

	Urban
	0
	18
	3.18
	5.63

	Rural
	0
	3
	0.19
	0.43



E2SFCA Accessibility to Primary Health Clinics Scores for Settlement Areas in Kano 
Table 6.19 shows the statistics for E2SFCA primary health clinics accessibility scores for built-up areas in Kano State. Figure 4.11 also shows the accessibility scores of these settlement areas in relation to the population density of Local Government Areas in Kano State. Based on the E2SFCA, there is an evident significant contrast between the accessibility scores between the built-up areas in Kano (Table 4.18). However, there is more contrast between accessibility scores of the rural built-up area and the urban built-up areas. This is because of the urban settlement areas having a higher population in relation to the capacity of the primary health clinics. Although over 80% of the urban population are within an acceptable distance of a primary health clinic, the gravity-based model analysis shows that these areas have lower accessibility. However, the built-up areas in Kano Municipal and Dala have slightly better accessibility than other areas in the metropolis such as Tarauni and Nassarawa despite being the more densely populated. This is because of the concentration of primary health clinics in these Local Government Areas. More than half of the primary health clinics in the metropolis are in the two Local Government Areas. However, their accessibility is far lower than that of the built-areas in the fringes and most of those in the rural areas, especially where primary health clinics are located. This is because these rural and semi-urban areas have smaller population. This shows that the problem of urban areas of Kano is more of availability in terms of As of access than accessibility.
[bookmark: _Toc4753033]Table ‎4.19 Statistics for E2SFCA Accessibility Scores for Primary Health Clinics
	Settlement Type
	Minimum
	Maximum
	Mean
	Standard Deviation

	All Area
	0
	231
	5.97
	19.85

	Urban
	0
	18
	4.50
	5.22

	Rural
	0
	231.9
	6.29
	21.79


[image: ][bookmark: _Toc4752034]Figure 4.11 E2SFCA Scores for Accessibility to Primary Health Clinics from Built-Up Areas

Figure 4.12 Spatial Distribution of General Hospitals in Local Governments Areas of Kano StateFigure 4.13 E2SFCA Scores for Accessibility to Primary Health Clinics from Built-Up Areas


[bookmark: _Toc19824780]Discussion

The aim of this chapter is to measure spatial access to healthcare facilities so that the percentage population and settlement areas experiencing acceptable or poor access is identified. Another aim to find out the relations between the current healthcare provision and the health targets of Kano State which are tailored towards the realisation of SDGs and WHO targets. 
The findings show that Kano State has failed in terms of health provision for its population and is far from realising its strategic objective of increasing access to healthcare services through improving geographical equity and access to healthcare with the target of having population within 5 kilometres of healthcare facility. This is evident particularly with respect to primary healthcare clinics and primary healthcare centres. The level of achievement of the Kano State target further proves the argument of (Van Herten and De Water 2012 pg.11), that health targets as tools in health policy are mostly used at a political level and their practical use seems to be in its early stage and can be considered as “the promising of beginning of development”.
There is evidence of a weak healthcare system considering the population suffering poor access to healthcare facilities. This shows the need for more healthcare facilities and better organisation in the Kano State healthcare system. The larger the number of healthcare facilities in a healthcare system the better the spatial accessibility (Penchansky and Thomas 1981) . Health posts show a better population coverage within acceptable distance by far compared to primary health clinics and primary healthcare centres because they are almost 7 times their number. This finding supports the argument of the integrated model, that the volume or availability of healthcare facilities in the healthcare system determines the access of the population and reduces inequality between the urban and rural areas if evenly distributed.
There is urban bias in terms of the distribution of healthcare facilities and access to healthcare. This is in line with findings of (McGrail and Humphreys 2009), that rural areas are the most affected when it comes to poor access to healthcare facilities. However, this research identifies that even within the rural areas, the dispersed populations in small settlement areas and hamlet areas are more affected. This shows the advantage of using spatially disaggregated population data which reveals inequality among population at the lowest scale.

The findings show that accessibility to healthcare facilities of urban areas is better measured with the fusion of availability and accessibility (spatial accessibility). The urban areas show lower accessibility with the fusion because of high population density. However, they have good coverage if only the accessibility measure in terms of distance is considered. This is because of the high concentration of healthcare facilities within acceptable distances in the metropolis. This finding is in line with the findings of (Guagliardo et al., 2004).

[bookmark: _Toc19824781]Conclusion

This chapter has demonstrated how GIS-based methods of measuring accessibility such as buffer analysis, service area analysis and the E2SFCA method have been used to measure access to healthcare facilities in relation to the target of the Kano State government to identify the proportion of Kano State’s population experiencing acceptable or poor access to healthcare facilities and the distribution of these population. The majority of the population of Kano State are experiencing acceptable access to health post. However, about half of the population of the state are experiencing poor access to primary health clinics and primary healthcare centres. The predominant percentage of the population experiencing poor access are in rural areas. The very few in the metropolis who are experiencing poor access are mainly in the LGAs at the Northern and Southern fringes. The healthcare facilities of neighbouring states sharing border with Kano State influence the level of access of some of the populations in rural area that are near the border. Furthermore, the different metrics of accessibility might be applicable in urban and rural areas, with E2SFCA that combines availability and accessibility (spatial accessibility) being more appropriate for the urban areas because of high population density and distance travelled measures such as buffer analysis and service area analysis more so in rural areas.
In a nutshell, Kano State has failed in terms of healthcare provision to its population and is far from reaching its target on improving access to healthcare. The spatial accessibility pattern shows inequity between the metropolis and rural areas which proves the arguments of the integrated model. There is need for an increase in the number of healthcare facilities in the state, especially in the rural areas. Geographical information systems with disaggregated population have proven to be useful in the policy decisions and planning.

[bookmark: _Toc19824782]Examining the Distribution of Healthcare Facilities in Kano State Based on Minimum Standards in Nigeria

[bookmark: _Toc19824783] Introduction

This chapter answers Research Question 2 through examining the distribution of healthcare facilities in Kano State in relation to a calculation of what would be required regarding healthcare facilities and human resource for health facility provision to meet the current World Health Organisation (WHO), Kano State and Nigerian targets and standards. 
 Evidence of the failures of healthcare provision in many areas of Kano State are identified and explained in Chapter 4. This failure of healthcare provision was identified by measuring the spatial accessibility to healthcare facilities based on multiple scenario models. The scenario models are based on the guidelines of the Kano State Strategic Health Development Health Plan, the Nigerian minimum standard for primary health care and overall the Nigerian health policy. For instance, the 5km distance from settlement areas to healthcare facilities used in Chapter 4 as the acceptable distance to healthcare facilities is based on the Kano Strategic Health Development Plan. The expected coverage of healthcare facilities used in Chapter 4 is also based on the minimum standard for healthcare facilities in Nigeria. These guidelines are in most cases based on context or the recommendations of United Nations (UN) agencies such as the World Health Organisation (WHO), UN Refugee Agency and others. The UN Refugee Agency guidelines state the distance to healthcare facilities should be considered when healthcare facilities are constructed, and there should be at least one health facility within 5km of refugee locations. It is, therefore, more than reasonable that such guidelines should also be the target of the Kano Strategic Health Development Plan for Kano residents. Therefore, not meeting such a target is not only a failure locally but internationally, including in relation to realisation of the UN’s Sustainable Development Goals (SDGs).


[bookmark: _Toc19824784]Human Resources for Health in Kano State Based on WHO Recommendations

Kano State is not only characterised by failure regarding the provision of healthcare facilities but also a dearth of human resources for health. Despite not including the demand for human resources for health as part of the analysis in Chapter 4 (due to the nature of their distribution by zone rather than at a specific facility), the challenges of human resources are highlighted in the Kano State Health Strategic Plan. According to the health plan, adequate human resources is the major challenge of the Kano State healthcare service delivery system. The inadequacy is evident even in comparison to the country, which is also a low figure: as of 2006, there were 28 doctors/100,000 population at the national level compared to Kano State with 1.78 doctors/100,000 (Table 5.1). Kano State is also failing regarding meeting the Ward Minimum Health Package for Nigeria (2006) which proposed 14 health workers headed by a community health worker and including three nurses/midwives and where possible a doctor to be providing care for a population of 10,000-30,000. However, there are only 80 health workers per 100,000 population, and this includes laboratory staff and others who do not directly treat patients.  Kano is also a long way behind the World Health Organisation (WHO) recommendation (1994) of 1 doctor to 2060 people, one nurse to 980 people and one pharmacist to 10,000, the gap between what is available and what is required is shown in Table 5.2.

[bookmark: _Toc4753034]Table ‎5.1 :The Availability of Human Resources for Health Nationally and in Kano State
	Cadre of Health Worker
	Number Nationally/100, 000
	Number in Kano State/100, 000

	Doctors
	28
	1.78

	Nurses
	170
	10.2


Source: Kano State Strategic Health Development Plan 2015


[bookmark: _Toc4753035]Table ‎5.2: Gap in Availability of Human Resources for Health in Kano State Based on WHO Recommendations
	Cadre of Health Workers
	Number Required
	Number Available
	Gap (Shortfall)

	Doctor
	4369
	219
	4150

	Nurse
	9183
	1490
	7693

	Pharmacist
	900
	38
	862


Source: Kano State Health Strategic Development Plan 2015

Healthcare policy influences the provision of healthcare facilities in a place through the distribution of resources and their organisation. It is therefore important that the targets of the policy are met to provide fit between the population of Kano State and the healthcare facilities. However, this is not the case for Kano State based on the findings that show the estimated population with acceptable or poor access in Chapter 4. Nevertheless, it is important to examine the healthcare facilities in Kano State based on policies such as the Minimum Standards for Primary Healthcare in Nigeria, to calculate what is required regarding healthcare facilities and human resources to meet such standards.
[bookmark: _Toc19824785] Healthcare Facilities in Kano State Based on Nigerian Minimum Standards

According to the World Health Organisation, healthcare standards are set to serve as tools to manage healthcare services and to facilitate the achievement of the best possible quality of care based on the resource available. The need for better quality care informed the development of the Ward Minimum Healthcare Package in 2007, with the aim of improving access to healthcare services and ensuring equity in delivery. In ensuring a practical realisation of the minimum ward healthcare package regarding healthcare facilities, human and financial resources for primary healthcare institutions in Nigeria were defined and declared (Table 5.3). 
Meeting defined policy standards will have an overall impact on both the healthcare system and the population of Kano State. The policy standards clearly define how the healthcare system should be organised regarding the number, distribution, and expected coverage of healthcare facilities within defined areas such as villages, wards, and Local Governments. The areas that do not meet such standards will no doubt have access to healthcare problems regarding availability, accessibility, and affordability. As explained in Chapter 2 in model 3, the number of health resources such as healthcare facilities and human resources that are available in a healthcare system has an influence on availability in terms of access to healthcare of an area. This means that the larger the number of resources available in the healthcare system of Kano State to meet the policy standards, the less the problems of availability in terms of access to healthcare the settlement areas of the State will encounter. However, this does not necessarily mean access to the appropriate health facility.
The pattern of how these healthcare facilities are distributed and organised also influences the effectiveness and achievement of policies that are aimed at improving access to healthcare such as the Nigerian health Policy. For example, equitable distribution of the healthcare facilities will result in some people within areas travelling longer distance to access healthcare. The inequality in the distance will affect the degree of fit between the facilities and settlement areas which will result in accessibility to healthcare problems as identified in Chapter 4.
 The health policy of Kano State is strictly based on the Nigerian National Health Policy; it is, therefore, essential to examine the healthcare facilities in Kano State based on the Minimum Standards for Primary Healthcare in Nigeria. 
[bookmark: _Toc4753036]Table ‎5.3: Healthcare Facilities in Kano State Based on Minimum Standards
	Health Facility
	Expected Coverage Population
	Current
Coverage
Population
	Current
Number of Facilities
	Required Facilities

	Primary Health Centre
	10,000-20,000
	75,105
	159
	597

	Primary Health Clinic
	2,000-5,000
	102,000
	117
	2388

	Health Post
	500
	14,250
	838
	23,883



Table 5.3 outlines the different types of healthcare facilities in Kano State and the minimum standards for primary healthcare. The expected coverage population is the number of people expected to be served by each of the healthcare facilities. The current coverage is derived from the ratio of the existing number of each of the facilities and the estimated population of Kano 2015 (11,941,852). The number of required facilities are derived from a calculation of the division between the estimated population of the State and the expected coverage population of the healthcare facility. This table answers some part of the research question.
General Hospitals Based on Minimum Standards for Healthcare in Nigeria 

According to the minimum standards, there should be at least one general hospital in each of the Local Government Areas in Nigeria. With forty-four Local Government Areas, Kano State requires at least forty-four general hospitals to meet the minimum standards. There are only thirty-one general hospitals in Kano State. However, one may consider that the number of the general hospitals is still good considering it is about 70% of the amount required. Going by the minimum standards and the current number of general hospitals, it is expected that at least 31 Local Government Areas in Kano will each have one general hospital. However, the general hospitals are not evenly distributed with some Local Government Areas having more than one as shown in Figure 5.1. This leaves 20 Local Government Areas without general hospitals meaning Kano State requires at least 20 new general hospitals to meet the minimum coverage standards.
The unserved Local Government Areas are distributed across all parts of the State. However, about 90% of these unserved areas are in the rural parts of Kano State with Gwale and Kumbotso the only unserved areas in the metropolis (Figure 5.1). The pattern of distribution of the unserved Local Government Areas is biased towards the rural areas, although there is an array of them in the middle of the State, from West to the East (Shanono to Bagwai). There are also nine Local Governments among the unserved areas located at the border (Figure 5.1). However, this section does not consider border issues because the minimum standard policy suggests that each Local Government should have at least one general hospital and the provision of such is the responsibility of each State Government. 
The distribution is biased because the decision to allocate these facilities to the people in most cases is  based on political considerations. For instance, politicians who oversee government offices responsible for the allocation and delivery of healthcare services give more attention to their places of origin or areas where they have strong political support. This neglects other areas which as a result leads to bias, maldistribution of healthcare facilities and an increase in inequality in terms of access to healthcare facilities. This shows the need for a theoretical and pragmatic approach using GIS to enable equitable distribution of healthcare facilities towards the improvement of access to healthcare.
There is variation and bias in the distribution of general hospitals in the serves Local Government Areas.  For instance, there are Local Government Areas with one and up to three general hospitals each. There are eighteen Local Government Areas with only one general hospital, four of which are in the metropolis. There are five Local Government Areas have two general hospitals each. Two of these areas (Nassarawa and Kano Municipal) are in the metropolis and the others are Danbatta, Dawakin Tofa and Bebeji are outside the metropolis. The Local Government Area with the highest number of general hospitals (three) is Fagge, which is the metropolis. The general hospitals in Fagge are the Infectious Disease Hospital, Dr Abubakar Imam Urology Hospital and Sheikh Jidda General Hospital. In addition to these three acute specialist hospitals, Fagge Local Government Area is bordered to the West by Kano Municipal and to the East by Nasarrawa which both have two general hospitals each (Figure 5.1). This means that the three Local Government Areas have seven general hospitals within the area of 20 square kilometres (Figure 5.1). This also shows urban bias regarding the distribution of general hospitals in Kano State and certainly inequality regarding distance to the facilities between the rural and urban areas.
[image: ][bookmark: _Toc4752035]Figure 5.1 Spatial Distribution of General Hospitals in Local Governments Areas of Kano State

Figure 5.2: Spatial Distribution of Primary Health Centres in Wards of Kano StateFigure 5.3 Spatial Distribution of General Hospitals in Local Governments Areas of Kano State

The population to general hospital ratio for Kano State as calculated based on the thirty-one facilities (Figure 5.1) and the 2015 estimated population of the State is 325,000 people per facility. This ratio is higher than the 120,000-200,000 population per hospital facility stated in the Kano State Strategic Health Development Plan (2010-2015) that puts the State in the middle of the league table for Nigeria. This shows that access regarding availability of general hospitals in Kano State is worse than stated in the Strategic Health Development Plan document

Primary Health Centres Based on the Minimum Standards for Primary Healthcare in Nigeria

Figure 5.2 shows the distribution of primary health centres in the Wards of Kano State. As explained in Chapter 4, the Political Wards are subdivisions of Local Government Areas in Nigeria. Each of the 44 Local Government Areas in Kano State are subdivided into wards with a minimum of ten and a maximum of fifteen for each area. Thus, there are 484 wards in Kano State. About 18% of the wards in the State are in the eight Local Government Areas of the metropolis. Table 5.4 shows a statistical summary of population distribution in Wards of Kano State. The average population of the wards in the State is 28, 205 and the highest population is 331,112. The ward with the highest population is Dorayi in Gwale Local Government Area of the metropolis. Dorayi is followed by Dan Maliki ward which also has a population of 208,528. Both are areas experiencing rapid population growth due to people moving because of the high density in the centre of the metropolis and urbanisation in the fringes of the State. Most of the wards with a population that is above the average are in the metropolis.
[bookmark: _Toc4753037]Table ‎5.4 Population Distribution of the Wards of Kano State
	Mean
	Standard Deviation
	Minimum
	Maximum

	28,205
	28,567
	1,983
	331,112


			
According to the minimum standards for primary healthcare in Nigeria, there should be at least one primary health centre in each ward with an estimated coverage population (Table 5.1). If Kano State is to meet this expected standard, therefore, it needs a minimum of 484 primary health centres. Unfortunately, Kano State has only 159 primary health centres which are 32% of what is required. (Figure 5.2). The number and distribution of these available facilities, therefore, leaves 341 (70%) of the wards in the State without a single primary health centre provision. These unserved wards contain 68% of the population in the State. Thus, Kano State is far from meeting the minimum standards regarding primary health centre. 
The wards without primary health centres are distributed in both the rural and urban parts of the State. In the metropolis, out of the 88 wards, only 37 have primary health centres (Table 5.5). These wards in the metropolis without primary health centre contain 42% of the population in the metropolis. This high percentage of the population that live in wards that do not meet the minimum standard is another indication of how far Kano State is regarding meeting the minimum standards regarding primary health centres. For the rural areas, 290 out of the 396 wards do not have a primary health centre (Table 5.5). These unserved wards contain about 68% of the population of rural Kano State.
Tsamiya Babba ward in Gezawa Local Government Area has the highest population among the wards in rural Kano, yet it does not have a primary health centre. Among the top fifteen rural wards in terms population that are in the rural area, about nine of them are unserved regarding primary health centre. These are wards with a population of 90,000- 50,000.
[bookmark: _Toc4753038]Table ‎5.5: Number of Wards and Population with Primary Health Centres in the Rural and Urban Areas
	Settlement Type
	Number of Wards with Primary Health Centres 
	Population

	Metropolis
	37 (42%)
	42%

	Rural Areas
	106 (27%)
	32%



Table 5.5 shows the number of wards in metropolis and rural areas that have primary health centres and their percentage among the total number of wards in the settlement type. It also shows the population that these wards contain in their respective settlement type.
Having one or more primary health centres in a ward does not necessarily mean good access regarding availability of primary health centres in these areas. There is also evidence of inequality in terms of the availability of the primary health centres if they are considered based on the guidelines of the minimum standards for primary healthcare. About 26% of the wards in Kano State have only one primary health centre each, and 77% of these wards are in the rural part of the State. There are also fourteen wards in the State that have two primary health centres each. However, these wards with two primary centres each contain about 7.8% of the population of the State. The total population of these wards means that they have a ratio of 1 primary health centre to 33,300 people. This ratio shows poor access in terms of availability if it is considered based on the expected coverage of a primary healthcare centre in the minimum standards for primary healthcare in Nigeria. 
The inequality regarding availability of primary health centres even among the served wards that have two each is because their population ranges from 14,007 to 208,528.  For instance, Zaitawa ward in Kano Municipal (Figure 5.2) has a population of 14,007 which is the lowest among the fourteen wards. Zaitawa ward is well served based on the minimum standards for primary healthcare because it has two primary health centres with a population that is less than the expected coverage.  Other well served wards with two primary centres each, and a population that is below the expected coverage of primary centres are Gwale in Gwale Local Government Area, Turawa ward in Karaye. However, six out of the fourteen wards with two primary health centres have a population that is above the expected coverage population. For instance, Kachako and Gandun Albasa wards in Takai and Kano Municipal Local Government Areas both have a population of about 50,000 each which is more than twice the expected coverage population of the primary health centre. Wards such as kawaji in Nassarawa, Tudun Fulani in Ungoggo, Kabuga in Gwale and Dan Maliki in Kumbosto all have two primary centres each but with a population that ranges between 100,000-200,000 each. 
The ward with the highest number of primary health centres is Dorayi ward in Gwale Local Government Areas of the metropolis. Dorayi has three primary health centres namely Dorayi Babba PHC, Dorayi Karama PHC and Jaen Maternity and Child Primary Health Centre. Dorayi Babba means large Dorayi while Dorayi Karama is meaning small Dorayi. Both Dorayi Babba and Karama are Built Up Areas in Dorayi ward which is situated outside the Western part of the old Kano City wall. Dorayi ward has the highest population by ward in Kano State. This is because of its location and proximity to the old Kano city. The high population density and lack of room for expansion within the Kano City wall make it necessary for people to move to Dorayi and other areas in the outskirts of the old city to settle. With three primary health centres, it means that Dorayi is well covered in terms of the expected number per ward based on the minimum standard for primary healthcare in Nigeria. However, since it has a population of more than 331,112, this means that it requires more than fifteen primary healthcare centres to meet the standards with regards to the expected coverage population.
There is a discrepancy between the expected service delivery area and the estimated population coverage of primary health centres set for the minimum standard for healthcare in Nigeria. For instance, the minimum of one primary healthcare centre is expected in each ward serving a population of 10,000-20,000. However, about 44% of the wards in Kano State have a population that is higher than the expected coverage. The average population of the wards in the State is also above the expected coverage population regarding the primary health centre. The size of the population of the wards shows that one primary centre is not enough for almost half of the wards in the State with regards to availability. For example, Hotoro North ward in Nassarawa Local Government Area has a population of over 100,000 but has one primary health centre. In this case, Hotoro ward meets the expected number of primary healthcare centres based on the minimum standards of Nigeria. However, it requires at least four more primary health centres to meet the standards regarding the expected coverage population. The situation of Hotoro wards other wards such Dorayi shows the weakness of the minimum standards for primary healthcare policy and the need for synergy between the expected number of facilities in a service delivery area the expected coverage population of the facility.
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Figure 5.4: Spatial Distribution of 42 Potential Health Posts in Kano StateFigure 5.5: Spatial Distribution of Primary Health Centres in Wards of Kano State

Primary Health Clinics Based on the Minimum Standards for Primary Healthcare in Nigeria
Primary health clinics in Kano State based on the minimum standards for primary healthcare in Nigeria shows poor access in terms of availability. One primary health clinic is expected per group of settlement areas, neighbourhoods, villages, or communities. Primary clinics are expected to cover a population of 2000-5000 in their service delivery areas. However, Kano State currently has only 117 primary health clinics for these 9130 settlement areas which include built-up areas, small settlement areas and hamlet areas. There are 1170 built-up areas among these settlement areas in Kano State which contain about 62% of the State’s population. There are built-up areas with up to a population of about 100,000 (Table 5.6). The average population of the built-up areas is about 6,421 (Table 5.6). About 345 of the built-up areas have a population that is above the expected coverage population of primary clinics. From the size of the population and the number of the built-up areas alone without the inclusion of other settlement area types, it is clear there is insufficiency regarding primary clinics in Kano State. 
[bookmark: _Toc4753039]Table ‎5.6 Summary Statistics for Population in Built-Up Areas of Kano State
	Mean
	Standard Deviation
	Minimum
	Maximum

	6421
	11743
	100
	118706




The number and population of the small settlement areas and hamlet areas in Kano State shows the insufficiency of primary health clinics in relation to the minimum standards which expect one facility to serve group settlement areas. For instance, there are over 2000 small settlement areas in Kano State which contain about 50% of the population of the State with an average population of about 300. About 51% of these small settlement areas have a population of between 500-800 each. Although the minimum standard for primary healthcare does not state the number of settlement areas that make up the group a primary healthcare clinic should serve but based on the expected population coverage about 1200 primary clinics is required to serve the population of the small settlement areas in Kano State (Table 5.3). This number of required primary health clinics needed to meet the expected coverage of only the small settlement areas is another indication of how far Kano State is from reaching the standards and how unrealistic they are. 
The population to primary clinic ratio based on the expected coverage of the minimum standards for health is another evidence of poor access in terms of availability in Kano State. The primary clinic population coverage for Kano State based on the number of existing clinics and population is one facility to 102,000 people. This ratio is poor considering the standard requirement and shows how far Kano State is from making available primary health clinics based on the expected coverage of the minimum standards for primary healthcare. Kano State needs about 2300 primary clinics to meet the expected population coverage of the standard (Table 5.3). This shortfall shows how unrealistic meeting the target is for Kano State with consideration to the budget and human resources required. 
Examining primary clinics in a bigger administrative boundary level gives broader evidence on the issues of insufficiency and poor access in terms of availability of these facilities in Kano State. Although primary clinics are expected to serve group settlement areas understanding their distribution in the Local Government Areas of Kano State gives a broader explanation of the areas covered by the primary clinics. The distribution shows Local Government Areas with primary clinics ranging from 0-10 primary clinics. Dala Local Government Area in the metropolis has the ten primary health clinics which are the highest for any Local Government Area in Kano State. Dala is followed by Sumaila Local Government Area in the rural part of Kano which has nine primary clinics. However, despite having ten primary health clinics, Dala still has problems in terms of availability of primary clinic with regards to the expected population coverage of the minimum standard for primary healthcare. The poor access in terms of availability in Dala is because of its population of about 400,000 people distributed in 16 built-up areas. The high population in relation to the number of existing primary clinics leaves Dala with a ratio of 40,000 people per primary clinic. 
The urban-rural distribution of primary clinics shows about 26% are in the metropolis. These number of primary clinics means that the metropolis has the population to clinic ratio of 120,000 people per facility. The coverage is weak in comparison to the expected population coverage of the minimum standards for primary healthcare. The population to the primary clinic for the rural areas is 92,000 people per clinic. The population to clinic ratio for the rural areas is better than that of the urban areas. However, the rural areas have more settlement areas which are randomly distributed in the Local Government Areas. The random distribution of the settlement areas will have a multiplier effect on the number of facilities that are required to produce optimal coverage
The sparse coverage population of the primary clinic is compounded by inequality in the distribution of the primary clinics even within the metropolis. Table 5.7 shows the number of primary health clinics and the population of each of the Local Government Areas in the metropolis. Dala Local Government Area with 10% of the population of the metropolis has 32% of the primary clinics in the metropolis which is double the number of clinics in Ungoggo whose population is double that of Dala. The population of each of the Local Government Areas in the Northern and Southern fringes of the metropolis, Ungoggo and Kumbosto are double that of most of the Local Government areas in the metropolis. However, these Local Government Areas in the fringes of the metropolis have fewer primary clinics than Dala and Municipal Local Government that each have a population that is not more than 10% of the overall population of the metropolis. 
The Local Government Areas without a single primary health clinic are Rimin Gado, Gabasawa, Wudil, Takai and Karaye. These five Local Government Areas are all in rural Kano State. They constitute about 8% of the population of Kano State which is contained in 1048 settlements areas. About 87% of the settlement areas in these Local Government Areas are built-up areas. The percentage of these built-up areas shows how deprived they are with regards to the availability of primary clinics in Kano State
[bookmark: _Toc4753040]Table ‎5.7: Population and Number of Primary Clinics in Local Government Areas of Kano Metropolis
	Local Government Area
	Population
	Number of Primary Clinics

	Dala
	401,783 (10%)
	10 (32%)

	Fagge
	252,525 (6%)
	2 (6%)

	Gwale
	585,580 (15%)
	2 (6%)

	Kano Municipal
	252,792 (6%)
	6 (19%)

	Kumbotso
	822,570 (21%)
	3 (10%)

	Nassarawa
	634,167 (16%)
	2 (6%)

	Tarauni
	280,940 (7%)
	1 (3%)

	Ungoggo
	749,971 (19%)
	5 (16|%)


 
Table 5.7 shows the number of primary clinics is generally proportional to the population of Local Government Areas. It also shows their percentage of population and primary clinics from the total of the metropolis.

Health posts Based on the Minimum Standards for Primary Healthcare in Nigeria

The minimum standards for primary healthcare expect health posts to serve at settlement, neighbour and or village level with estimated population coverage of 500. There are currently 838 health posts distributed in Kano State. This number of health post means that health post makes up about 75% of the primary healthcare facilities in Kano State. This dominance is unsurprising due to the position of the health post in the primary healthcare system. Health posts are expected to be the first point of contact in the primary healthcare system with the responsibility of delivering health education and its promotion. Regarding human resources health post should be headed by a Junior Community Health Extension Worker (JCHEW) who supervises the Community Resource Persons working within the community as recommended by the World Health Organisation (WHO).
The distribution of health post in Kano State shows that 82% of the health posts are in the rural parts of the State. However, the distribution is also unsurprising considering the number and types and the distribution of settlement areas in the rural part of Kano State as explained in Chapter 4. 
The number of health posts in the Local Government Areas of Kano State range from Fagge having one health post to Bichi having forty-two (Table 5.8). In the metropolis, the number of health post range from 1-10 except for Ungoggo and Kumbotso Local Government Areas that have more settlements and 17 and 20 health post respectively. In the rural parts of Kano, the average number of health post is around 20. However, there are areas such as Makoda, Kunchi, Sumaila and Dawakin-Tofa that have more than 30 health posts each.

[bookmark: _Toc4753041]Table ‎5.8 Health Posts in Fagge and Bichi Local Government Area
	Local Government Area
	Number of Health Posts
	Area (Km2)
	Population

	Fagge
	1
	35.4
	252,525

	Bichi
	42
	729
	398,405



Kano State is far from achieving access in terms of availability of health post as expected by the minimum standards for primary healthcare in Nigeria. The population to health post ratio for Kano State is 14,250 people to one health post (Table 5.3). This coverage is very poor considering the minimum standards expected of 500 people to one health post. Despite making up 75% of the primary health care facilities, this is poor regarding the coverage population of health post expected by the minimum standards for primary health. For Kano State to meet such a target, it requires about 23,000 health posts. It is unrealistic for Kano State to achieve this target considering the number of new facilities, budget and the human resources that are required. For instance, the guideline minimum standard for primary health care in Nigeria states that health posts should be headed by at least one Junior Community Health Extension Worker (JCHEW), who supervises Community Resource Persons (CORPs) working within the community. This shows that at least 23,000 JCHEWs are required in to meet the standards regarding personnel for health post.
[bookmark: _Toc19824786]Discussion on Healthcare Facilities in Kano State and the Minimum Standards for Primary Healthcare

The healthcare system is a significant part of Model 3 explained in Chapter 3 because it affects all the four As of access to healthcare. The healthcare system is a concept comprised of current policy, resources, and organisation. The achievement of improved access is a crucial goal for much of health policy (Aday and Lu Ann 1974). This is because healthcare policies are the decisions, plans and measures that are undertaken to achieve specific healthcare goals. For healthcare goals to be achieved, there is a need for standard setting in the healthcare system. According to the World Health Organisation (1993), the purpose of setting healthcare standards is to achieve the best quality of healthcare within the resources available. For standards to be effective, they must be based on the primary service expected at the level of service delivery. The minimum standards for primary healthcare in Nigeria which is also based on services at expected at the expected level of service delivery (Table 5.1) are set to achieve the best quality of care in Nigeria. However, based on exploring and analysing the location and distribution of healthcare facilities in Kano State about the minimum standards for primary healthcare, it is identified that there is a failure regarding healthcare provision and the State is far from meeting the standards.
The examination in the earlier part of this section identifies that problems such as a dearth of resources characterised the healthcare system in Kano State regarding healthcare facilities with relation to the minimum standards for primary healthcare, and maldistribution of the facilities available, especially between rural and urban areas. An organised and effective healthcare system should be able to provide a fit between the population and the four A’s of access. The inadequacy of resources (healthcare facilities) that will meet the standards is a clear indication of access to healthcare problems regarding availability. 
Kano State is characterised by uneven distribution of healthcare facilities, especially urban bias and areas that are at the fringes of the metropolis. Urban bias is evident in all types of healthcare facilities except for health posts. The urban bias shows that Kano State is far from achieving universal health coverage which is a target of the goal 3 of the Sustainable Development Goals. For instance, the concentration of general hospitals in the urban areas shows that people in the majority of the rural areas are deprived of specialist care. The unavailability of primary healthcare facilities is a set back to the realisation of the Sustainable Development Goals because the facilities are responsible for health education, environmental health, reproductive health and family health, epidemiology and disease control, and community pharmacy. The effective deliverance of responsibilities is key to meeting the targets of theSustainable Development Goals such as the reduction of maternal mortality, end of preventable deaths of newborns and children under five years. Other targets that could be met are the end of epidemics such as AIDs, malaria, and tuberculosis.
The distribution of healthcare facilities has an effect on the travel distance because residents in the areas that are not in proximity or do not have a need to travel farther to access them. It is identified that there are wards that do not have a primary health centre as expected or Local Government Areas that do not have general hospitals. The lack of these facilities shows that people in these areas must travel farther to access to these facilities. Long distance to healthcare facilities has been identified as one of the critical barriers to utilisation of healthcare facilities (Adedini et al., 2014) which is the reason why distance is seen as an enabling factor in Model 3. The scarcity of vehicles compounded by poor transportation also makes it difficult for people to reach even the nearest healthcare facility. The financial cost of travel is another burden to people that live far from healthcare facilities. The burden because of the financial cost of travel is also a setback to achieving financial risk protection and affordable healthcare service which are targets of the SDGs.
The examination of the distribution of healthcare facilities in relation to the minimum standards for primary healthcare facilities has shown what is required to meet the targets of the standards (Table 5.1). However, the number of the different types of facilities required to meet the target seem unrealistic, considering the budget to establish these facilities and the human resource needed. The targets are impossible to meet and that can demotivate, or even leave space for corruption, as no matter what is done what has been deemed success from outside bodies cannot be achieved.  It is therefore important to provide a realistic approach that can improve access to healthcare with the consideration of the four As of access.

[bookmark: _Toc19824787]Conclusion

This chapter has examined the distribution of healthcare facilities in Kano State to identify the gaps that exist in current healthcare facility provision in relation to the WHO and minimum standard guidelines for primary healthcare in Nigeria. The distribution of healthcare facilities in Kano State is uneven and compounded by urban bias. There is a huge gap between the current healthcare facility provision in Kano State and the WHO and Nigerian targets. This provides evidence that these guidelines for the allocation of healthcare facilities lead to the unachievable and unrealistic implications about how many more facilities should be added. The discrepancy between the expected service delivery areas and the estimated population coverage set as minimum standards further highlights the weakness of the guidelines.
The findings from this chapter show the need for developing countries as such as Nigeria to embrace GIS-based approaches in setting targets and guidelines, and for the allocation of healthcare facilities as to be shown in Chapter 6.










[bookmark: _Toc19824788]Modelling Improved Access to Healthcare Facilities in Kano State

[bookmark: _Toc19824789]Introduction

This chapter aims to answer Research Question 3 through developing a range of scenario models with location allocation to identify the optimum distribution of existing and additional healthcare facilities to realise Kano State and Nigerian government healthcare coverage. This helps in achieving aim 3 of this research which models an improved spatial access to healthcare facilities. Section 6.2 explains the results of the minimise impedance location allocation modelling. Section 6.3 explains the result of the maximise capacitated location allocation modelling. Section 6.4 discusses the main findings of the chapter.

[bookmark: _Toc19824790] Minimise Impedance Location-Allocation Models for Healthcare Facilities in Kano State
This section explains and discusses the findings from the minimise impedance location-allocation analysis on the primary healthcare facilities of Kano State. The minimise impedance location-allocation analysis is done as part of the aim of improving access to healthcare facilities of Kano State by reducing the travel impedance from settlement areas to the facilities. Decreasing the travel impedance influences accessibility which is among the four dimensions of access to healthcare that is the relationship between the location of the facilities and that of the settlement Areas. 
Table 6.1, Table 6.6 and Table 6.10 show the results from the minimise impedance location-allocation analysis. The three types of primary healthcare facilities (health posts, primary health clinics and primary health centres) are analysed to reduce the travel impedance in reaching them. The candidate facilities are added as a percentage increase in the number of existing facilities. The minimise impedance chooses the best locations among the candidate facilities as the potential new facilities that reduce the overall travel impedance. The mean distance is the average of the total length from all the settlement areas to the health facilities. The estimated population covered are the number of people that are allocation the health facilities with the travel distance of either 5 kilometres or 10 kilometres. In summary, the tables show how the addition of candidate facilities in optimal locations influences or improves the travel impedance and coverage of the population of Kano State.
The next section explains the results from the minimise impedance location-allocation analysis on health posts.
Minimise Impedance Location-Allocation for Health posts in Kano State
The minimise impedance location-allocation analysis is carried out to model improved access to health posts which are the lowest level of care in the primary healthcare system of Kano State. As explained in Section 6.1 about 75% of the existing primary healthcare facilities in Kano State are health posts. The high number and distribution of the health posts make them provide the best access regarding distance compared to primary health clinics and primary health centres (Chapter 4). The health posts have a population coverage of over 90% within the acceptable distance of 5 kilometres in both the buffer analysis and service area analysis as shown in Chapter 4. The percentage of population covered shows there is still room for improvement of access regarding distance for some areas. To model improved access regarding distance to the health post the minimise impedance location-analysis is used with the addition of more candidate facilities based on a percentage increase of the existing ones as shown in Figure 6.10. 
The minimised impedance analysis on the existing health posts without the addition of any candidate facility show a good population coverage of 91% within the acceptable distance and with a 7% increase if within 10 kilometres (Table 6.1). This percentage covered by the health post within the 5-kilometre distance shows that Kano State has achieved its target of having 50% of its population within 5 kilometres. The mean total distance from all the settlement areas that are allocated health posts shows that most of them have a travel distance to the nearest health post that is shorter than the acceptable distance (Table 6.1). The mean and standard deviation of the total distance to the health posts is another indication of how good the access in terms of distance to health post is in Kano State. However, the overall access regarding travel could be improved with the addition of potential health posts in optimal locations.


	[bookmark: _Hlk528927294]Number of Candidate Facilities
	Mean Distance (Metres)
	Standard Deviation (Metres)
	Settlement Areas within 5000 Metres
	Estimated Population Covered within 5000 Metres
	Settlement Areas within 10,000 Metres
	Estimated Population Covered within 10,000 Metres

	0
	3,113
	2,464
	7,288 (80%)
	10,860,803 (91%)
	8,762 (96%)
	11,745,357 (98%)

	42 (5%)
	2,863
	2,107
	7,612 (83%)
	11,162,036 (93%)
	8898 (97%)
	11,818,371 (99%)

	84 (10%)
	2,750
	2,039
	7,785 (85%)
	11,251,837 (94%)
	8899 (97%)
	11,818,814 (99%)

	125 (15%)
	2,657
	2,000
	7,910 (87%)
	11,294,617 (95%)
	8900 (97%)
	11,818,849 (99%)

	168 (20%)
	2,595
	1,979
	7,980 (87%)
	11,327,013 (95%)
	8900 (97%)
	11,818,849 (99%)

	210 (25%)
	2,560
	1,974
	7,999 (88%)
	11,334,494 (95%)
	8900 (97%)
	11,818,849 (99%)


[bookmark: _Toc4753042] Table ‎6.1 Estimated Population and Settlement Areas Allocated Health Posts by the Minimise Impedance Location-Allocation Solution




Increasing the number of Health posts in Kano State

The addition of potential health posts in optimal locations increases the percentage of population covered and settlement areas within the acceptable distance of 5 kilometres and the doubled distance of 10 kilometres (Table 6.1). The addition of the potential health posts also reduces the total travel distance from the settlement areas to the health post as reflected in the mean distances and the standard deviation. For instance, the addition of 5% of the existing health posts as potential facilities in the minimise impedance location-allocation analysis increases the percentage estimated covered within 5 kilometres by 2% and within 10 kilometres. Doubling the percentage of the added potential health post to 10% also increases the percentage of the estimated population covered by another 1%. There is evidence of at least 1% rise in the estimated population covered within 5 kilometres by health post. However, this reduces after the first 15% increase (Table 6.1). The reason for the decline in the rise of the estimated population covered within the 5 kilometres of health posts is explained in the previous section. 
The addition of the potential health posts in Kano State with the minimise impedance location allocation reduces the overall travel distance from all settlement areas to the health posts. This also helps in achieving one of the aims of this chapter by improving access through reducing the travel impedance from the settlement areas to the healthcare facilities. For instance, there is decrease in both the mean and standard deviation of the total distance to the health post with increase in the number of potential health posts. For example, the existing health posts have a mean distance of about 3,113 metres and a standard deviation of about 2,464 metres, however, the addition of potential health posts in optimal locations by the minimise impedance location-allocation shows a decrease in the travel distances.

[bookmark: _Toc4753043]Table ‎6.2: Number of Potential Health Posts in Local Government Areas
	Number of Local Government Areas
	Potential Health Posts per Local Government Area

	15
	0

	22
	1

	5
	2

	2
	5



Figure 6.4 shows the spatial distribution of the 838 health posts and the 42 potential health posts that are allocated and added as 5% of the existing ones. These 42 potential health posts are chosen from the candidate facilities by the minimise impedance (p-median) solution as the optimal locations that improve access to health posts in Kano State. The addition of the potential health posts increases the population of Kano State that is within an acceptable distance of 5 kilometres to health posts by 2%. This rise in the population covered is achieved by allocating the potential health posts to 29 Local Government Areas of Kano State (Table 6.1). Table 6.2 shows how these 42 potential health posts are distributed in Local Government Areas. 22 of 29 Local Government Areas are allocated one potential health post each. However, Rano and Rogo Local Government Areas in the rural parts of Kano State are allocated 5 potential health posts each (Table 6.2).
[image: ]
Figure 6.1:Spatial Distribution of 42 Potential Health Posts in Kano State

There is a need for more improvement of access regarding distance to the health posts in the rural parts of Kano State than the metropolis because from the results of the three methods of measuring spatial accessibility shown in Chapter 4 show that all the settlement areas with poor access regarding distance to health posts are in the rural part of Kano, most especially the Southern part of the State. Thus, the minimise impedance (p-median) solution allocates about 95% of the 42 potential health posts to the rural parts of Kano State to raise the population within an acceptable distance by 2%. The allocation of 95% these potential health posts to the rural areas is also unsurprising considering about 99.9% of the population in the metropolis are within an acceptable distance of health posts. This high percentage of population in the metropolis that are within acceptable distance of health posts is because of the number of the existing health posts, their distribution and that of the settlement areas and the size area of the metropolis. About 9% of the existing health posts are in the metropolis which has a size area of approximately 574km2. The metropolis is smaller in area but has a higher number of existing health posts than the rural Local Government Areas of Kano State. Thus, the minimise impedance solution allocates more potential health posts to the rural areas. This means if access to health posts in Kano State is to be significantly improved, more attention is needed to be given to the rural areas.
[bookmark: _Toc4753044]Table ‎6.3: Statistics of the Number of the Existing Health Posts in Local Government Areas
	Minimum
	Maximum
	Mean
	Standard Deviation

	3
	43
	19
	7



The number of existing health posts and their spatial distribution in relation to settlement areas determines the number of potential health posts required to minimise the overall travel impedance to health posts. For instance, Rano and Rogo Local Government Areas are allocated the highest number of potential health posts, with both having 5 each. They are assigned a higher number of potential health posts compared to the other Local Government Areas because of the number existing health posts, their distribution, the number and the distribution of the settlement areas in relation to distance or areas. Table 6.3 shows the statistics of the existing health posts in the Local Government Areas of Kano State. The average number of health posts per Local Government Area is 19, and about 60% of the rural Local Government Areas have more than 20 existing health posts, with Bichi having 43 (Table 6.3).  However, Rano and Rogo Local Government Areas are nowhere near Bichi regarding the number of existing health posts or even the mean level of coverage. For instance, Rano has 9 existing health posts, which is the lowest among the rural Government Areas. Rogo also has 14 existing health posts which is below the average (Table 6.3) and is the third lowest among the rural Local Government Areas regarding the number of existing health posts. The lower number of existing health posts means that people in some settlement areas must travel further (beyond acceptable distance) to access health posts. Thus, the minimise impedance (p-median) location-allocation allocates more potential health posts to Rogo and Rano to reduce the overall travel impedance to health posts in Kano State.
The number of settlement areas and their distribution determines the level of access and the number of potential facilities required to improve it. However, there are Local Government Areas such as Rogo which are among those with the highest number of settlement areas but with fewer existing health posts (Table 6.3). For example, Rogo has more settlement areas than Tudun Wada, Kiru and other Local Government Areas but has fewer health posts (Table 6.4). The settlement areas in Rogo are dispersed in every part of the Local Government Area. Thus, the number of health posts and their distribution are not enough to be within an acceptable distance of most of the settlement areas. For example, residents of the settlement areas in the Eastern part of Rogo such as Sabuwar-Unguwa must travel for more than 10 kilometres to reach the nearest health post (Figure 6.1). This is the same for settlement areas in the Northern part of Rogo in Gwangwan ward (Figure 6.1). Sumaila Local Government Area has more than twice the number of the existing health posts in Rogo, but it is still allocated 2 potential health posts by the minimise impedance solution (Table 6.4). Sumaila is allocated these potential health posts because the existing health posts are distributed in a way that the settlement areas in the East bordering Garko LGA have poor access regarding distance. The location and number of these settlement areas in relation to the distribution and number of health posts mean they have poor access which therefore shows the need for more facilities in optimal locations to improve the access.



[bookmark: _Toc4753045]Table ‎6.4: Number of Settlement Areas and Health Posts in Some Local Government Areas
	Local Government Area
	Number of Settlement Areas
	Number of Built Up Areas
	Number of Small Settlement Areas
	Number of Hamlet Areas
	Number of Existing Health Posts
	Number of Potential Health Posts

	Sumaila
	566
	35
	66
	466
	31
	2

	Rogo
	482
	26
	152
	304
	14
	5

	Tudun Wada
	471
	30
	188
	253
	21
	1

	Kiru
	432
	21
	66
	353
	23
	1




[bookmark: _Toc4753046]Table ‎6.5 Distances reduced from some Settlement Areas in Rogo to Health Posts
	Settlement Area
	Distance to the nearest Existing Health Post (Metres)
	Distance to the nearest health post with the addition of potential ones
	Distance Reduced
(Metres)

	Makwamfaci
	5,629
	1,059
	4,570

	Gidan Wanzamai
	8,212
	2,859
	5,353

	Gidan Iyankande
	5,937
	5,376
	561

	Dandoro
	11,245
	6,169
	5,076

	Gidan Nakaku
	8,186
	3,195
	4,991

	Unguwar Dawa
	7,588
	3,743
	3,845

	Gidan Kolo
	6,441
	4,949
	1,492



The minimise impedance (p-median) solution significantly improves the access regarding distance to health posts of settlement areas in Kano State through allocating potential health posts in optimal locations. For instance, Table 6.5 shows how the distance to health posts of some settlement areas located in the Southern part of Rogo Local Government Area is reduced by the allocation of a potential health post in an optimal location. For example, settlement areas such as Gidan Wanzamai, Dandoro and Gidan Nakaku, have a travel distance to existing health posts that is farther than the acceptable distance of 5,000 metres (Table 6.5). However, the allocation of a potential health post in an optimal location by the minimise impedance solution significantly improves the access regarding distance to health post from very poor to acceptable (Table 6.5). 

Minimise Impedance Location-Allocation for Primary Health Clinics in Kano State

This section explains the results of the minimise impedance location-allocation analysis for the primary health clinics in Kano State. The existing primary health clinics are analysed to produce a model of an improved allocation by reducing the travel impedance from settlement areas through allocating additional potential primary clinics in optimal locations. 
Table 6.6 shows the results for the minimised impedance solution. The results show the population covered within distances by the existing primary health clinics and their mean distances from the settlement areas in Kano State. The table also shows how the increase in the number of primary health clinics increases population covered within distances. The increase also reduces the overall mean distance from settlement areas to the facilities.
Primary health clinics show the lowest population coverage within the acceptable distance of 5,000 metres among the other types of primary healthcare facilities in Kano State. This low coverage is evident also from the results of the analysis in Chapter 4 that measures the accessibility of the facilities. The minimise impedance solution despite its ability to reduce the overall travel impedance from settlement areas to facilities shows that only 43% of the population of Kano State is allocated the existing primary health clinics within the acceptable distance.  The low population coverage is because of the number and distribution of the current primary health clinics which means most of the settlement areas are farther from a clinic than the acceptable distance. The percentage population covered shows a failure in the provision of primary health clinics in Kano State and failure in achieving the strategic objective of the State’s development plan of increasing access to healthcare services with a target of 50% of the population within 5000 metres of a health service by 2011. This target is set to be achieved through an intervention by improving geographical equity and access to healthcare services. Location-allocation models such as the minimise impedance solution with a decision based on theoretical considerations rather than pragmatism are used to guide policymakers to achieve such a target. The achievement of improved access is a crucial goal to health policies while these policies are the overall determinants of the quality of healthcare systems and its geographical equity to the population.

[bookmark: _Toc4753047]Table ‎6.6: Minimise Impedance Location-Allocation (P-median) for Primary Health Clinics in Kano State

	Number of Candidate Facilities
	Mean Distance (Metres)
	Standard Deviation (Metres)
	Settlement Areas Within 5000 Metres
	Estimated Population Covered within 5000 Metres
	Settlement Areas within 10,000 Metres
	Estimated Population Covered within 10,000 Metres

	0
	10,670
	6,680
	1,819 (20%)
	5,095,706 (43%)
	4,742 (52%)
	8,128,740 (68%)

	6 (5%)
	10,635
	6,693
	1,852 (20%)
	5,105,322 (43%)
	4,775 (52%)
	8,138,356 (68%

	12 (10%)
	9,875
	5,812
	1,907 (21%)
	5,187,326 (43%)
	5,022 (55%)
	8,406,032 (70%)

	23 (20%)
	8,552
	4,796
	2,141 (23%)
	5,446,438 (46%)
	5,838 (64%)
	9,363,421 (78%)

	35 (30%)
	7,957
	4,331
	2,331 (26%)
	5,858,213 (49%)
	6,313 (69%)
	9,933,117 (83%)

	47 (40%)
	7,512
	4,091
	2,523 (28%)
	6,168,458 (52%)
	6,749 (74%)
	10,357,077 (87%)

	59 (50%)
	7,179
	3,860
	2,706 (30%)
	6,476,517 (54%)
	7,059 (77%)
	10,622,531 (89%)

	70 (60%)
	6,921
	3,707
	2,881 (32%)
	6,685,676 (56%)
	7,247 (79%)
	10,787,185 (90%)

	82 (70%)
	6,710
	3,658
	3,049 (33%)
	6,926,886 (58%)
	7,413 (81%)
	10,930,236 (92%)

	94 (80%)
	6,461
	3,557
	3,248 (36%)
	7,123,221 (60%)
	7,618 (83%)
	11,059,362 (93%)

	105 (90%)
	6,321
	3,534
	3,379 (37%)
	7,341,564 (61%)
	7,729 (85%)
	11,144,647 (93%)

	117 (100%)
	6,153
	3,493
	3,548 (39%)
	7,473,014 (63%)
	7,825 (86%)
	11,219,285 (94%)

	234 (200%)
	5,142
	3,239
	4,799 (53%)
	8,423,267 (71%)
	8,300 (91%)
	11,437,379 (96%)





The addition of potential primary health clinics in optimal locations by the minimised impedance solution increases in the population and settlement areas within the acceptable distance of 5,000 metres (Table 6.6). For instance, the addition of 10% of the existing primary health clinics in optimal locations shows a less than 1% rise in the population that is within an acceptable distance. However, the addition of 20% of the existing primary health clinics shows a 3% rise in the population of Kano State that is within the acceptable distance. There is an average of 2% rise in the population within acceptable distance per 10% increase in the number of existing primary health clinics (Table 6.6).  The minimise impedance solution for primary health clinics also shows that Kano State is far from achieving access for all regarding health clinics because even with the addition of 200% of existing facilities only 71% of the population is within the acceptable distance. However, it is evident that the increase in the number of facilities that are in optimal locations improves access regarding distance to primary health clinics in Kano State.
The farther the distance from settlement areas to healthcare facilities the more of the population that is covered, even though that means poor access. For instance, the minimise impedance location-allocation for primary health clinics in Kano State show a significant difference in the estimated population covered between  5,000 metres distance and 10,000 metres. The estimated population covered within 10,000 metres from settlement areas to the primary is about is about 25% higher than within 5,000 metres (Table 6.6). The additional potential primary health clinics also show this difference regarding the population covered with an increase in distance. For example, the addition of 100% of the existing shows a 31% difference regarding the population that is between the two distances (Table 6.6). The significant differences regarding the population covered with the same number of facilities but different threshold distance is an indication of the influence the standard distance set by policymakers could make in achieving access to healthcare.
The addition of extra potential primary health clinics in optimal locations minimise the travel impedance from settlement areas to the facilities. The minimise impedance location-allocation solution locates facilities such that the total of all weighted distance between settlement areas and solution primary health clinics is minimised. The minimise impedance location for primary health clinics shows that the mean and standard deviation of the total distance from the settlement areas to the existing facilities indicates that most of the areas in Kano are not within the defined acceptable distance to primary clinics. However, the addition of potential primary clinics in optimal location by the minimise impedance solution shows a decrease in both the mean distance and the standard deviation of the total distance to primary clinics in the State. 
It was one of the targets of the Kano State Government in Strategic Health Development Plan to increase access to healthcare services through ensuring that 50% of the population is within 5 kilometres of health services by 2011 (now 8 years past this). The existing primary health clinics currently cover only 43% of the population of Kano State within the acceptable distance of 5,000 metres. The population within acceptable distance shows failure regarding the provision of primary health clinics by Kano State. This failure shows the need for modelling improved access to primary health clinics with at least 50% of the population within an acceptable distance. To achieve this, minimise impedance location-allocation solution chooses 47 potential facilities from the candidate facilities which are the addition of 40% of the existing primary health clinics. The addition of the 40% of the current primary clinics rises the population of Kano State that within the acceptable distance to 52%.

[image: ]Figure 6.2: Potential Primary Health Clinics in Kano State

Figure 6.2 shows the spatial distribution of the 47 potential primary health clinics and the 117 existing primary health clinics in Kano State. These potential primary health clinics increase the population within an acceptable distance from 43% to 52%.
The spatial distribution of the 47 potential primary health clinics in  Kano State shows that only 4 of them are allocated to 3 Local Government Areas in the metropolis (Kumbotso, Kano Municipal and Nassarawa), and the other 43 potential clinics are allocated to 25 Local Government Areas in the rural part of Kano State (Figure 6.2). The spatial distribution also shows that for 50% of the population to be within an acceptable distance; more attention is needs to be given to the rural parts of Kano State 
The number potential primary health clinics allocated to the Local Government Areas vary, ranging from 1 to 4 each. The variation is because the minimise impedance location-allocation solution chooses 47 potential primary health clinics as the optimal locations that reduce the total weighted distance from settlement areas to primary health clinics in Kano State. For instance, Table 16 shows the distribution of the potential primary health clinics by number in the Local Government Areas. There are 16 out of the 44 Local Government Areas in the State that are not allocated any potential primary health clinics whereas 28 of them are allocated at least one. However, the number of potential primary health clinics assigned to these 28 Local Government Areas varies. For instance, about half of them are allocated only 1 potential clinic each. 8 Local Government Areas are assigned 2 each, and among these areas, only Kumbotso is in the metropolis. Gabasawa, Garko, Rano and Takai Local Government Areas all in the rural part Kano State are allocated 3 potential health clinics each. Kiru Local Government Area in the Eastern part of Kano State is allocated the highest number of potential primary health clinic, which is 4 (Table 6.7).
[bookmark: _Toc4753048]Table ‎6.7: Number of Potential Primary Health Clinics in Local Government Areas
	Number of Local Government Areas
	Potential Primary Health Clinics for Each Local Government Area

	16
	0

	15
	1

	8
	2

	4
	3

	1
	4



Kumbotso Local Government Area is allocated 2 potential primary health clinics which is the highest in the metropolis in comparison to Kano Municipal and Nassarawa metropolis which are assigned 1 each (Figure 6.2). However, Kumbotso having more potential primary health clinics than the other Local Government Areas in the metropolis is unsurprising, considering the number of existing primary health clinics, their spatial distribution and that of the settlement areas (Figure 6.2). The 2 existing primary health clinics in Kumbotso are in the Eastern part, which leaves over 80% of its dispersed settlement areas farther away from the clinics and not within an acceptable distance (Figure 6.2). For instance, Challawa Basic Health Clinic which is one of the existing primary health clinics is in the extreme eastern part of Kumbotso, which means it is only within acceptable distance from the small settlement areas and hamlet areas in Challawa Ward such as Walawa, Kusaba-Kwari and Kusuba Tudu that are neighbouring Rimin-Gado Local Government Area. Thus, built-up areas in the centre of Kumbosto such as Sangalawa, Gasau, Gidan-Tsamiya Dagaci, Layin-Kansila have poor access regarding distance to primary health clinics. However, the addition of the 2 potential primary health clinics in optimal locations in Kumbosto by the minimise impedance solution reduces the distances from the settlement areas to the facilities. Table 6.8 shows the travel distance reduced from some of the settlement areas in Kumbotso Local Government Area because of the addition of the 2 potential primary health clinics. For example, settlement areas such as Bakin Dogo, Gasau, Wadakar, Dotsa and others currently have poor access regarding distance to the primary health clinics, but with the addition of the potential health clinics, they have acceptable access (Figure 6.6 and Table 6.8). There are also settlement areas with very poor access regarding distance to primary health clinics (more than 10,000 metres) such as Hausawa. However, the addition of the 2 potential primary health clinics improves their access from very poor to poor (Figure 6.6 and Table 6.8). This means that even with the addition of the potential primary clinics in Kumbotso, there are still areas with poor and very poor access, although their distance to the nearest facility is minimised (Table 6.8).
[bookmark: _Toc4753049]Table ‎6.8 Distance reduced from Settlement Areas in Kumbotso to Primary Health Clinics
	Settlement Area
	Distance to the Nearest Existing Primary Health Clinic
(Metres)
	Distance to Potential Primary Health Clinic
(Metres)
	Distance Reduced
(Metres)

	Bakin Dogo
	6,695
	4,508
	2,187

	Gidan Tsamiya Dagaci
	4,868
	3,489
	1,379

	Gasau
	5478
	3,291
	2,187

	Gidan Dagaci
	6,455
	4,268
	2,187

	Wadakar
	8,376
	6,998
	1,378

	Dotsa
	7,397
	1,639
	5,758

	Waratalla
	8,915
	3,156
	5,759

	Agalawa
	7,265
	5,887
	1378

	Gidan Kwari
	13,637
	11,450
	2,187

	Gidan Laila
	12,448
	10,261
	2,187

	Gundawa
	9,929
	7,747
	2,182

	Unguwar Gabas
	13,829
	11,642
	2,187

	Umguwar Yamma
	9,708
	7,024
	2,684

	Hausawa
	11,864
	8,355
	3,509



The access to primary health clinics in Kumbosto is improved not only by the potential clinics in Kumbotso but also by those added in its border with Kano Municipal (Figure 6.2). The potential clinic at the border improves the access regarding the travel distance of about 7 built-up areas in Kumbotso such as Sabuwar Gandu, Dan Maliki and others. These are all new settlement areas in the fringes of the metropolis mostly formed after the year 2000 because of urban expansion due to the high density and congestion in other areas of the metropolis, particularly the centre in Kano Municipal which has no adjacent land for expansion and grows at the rate of 1.3%. Since 2006, most growth has occurred in the edges of urban areas which are Ungoggo and Kumbotso Local Government Areas (Bill and Melinda Foundation Gates, 2013). These peripheral urban areas grew at the rates of 8.4% and 9.7% per year from 2006 to 2014 (Bill and Melinda Foundation, 2013). It is evident that these peripheral urban areas particularly Kumbotso are the vulnerable areas regarding access measured by distance to primary clinics due to their rate of growth, number and spatial distribution of settlement areas which are dispersed and semi-urban. This shows the need for more attention from policymakers regarding improving access to primary clinics because of the growing population and number of settlements as a result of urban expansion.
The Local Government Area that is allocated the highest number of potential primary clinics from the 47 assigned to Kano State is Kiru in the eastern part bordering Rogo to the east and Bebeji to the west. Kiru is assigned 4 potential primary health clinics by the minimise impedance solution to improve access to primary health clinics through reducing the travel impedance of from its settlement areas. Kiru is allocated the highest number of potential health clinics because of its existing primary health clinics, their location, its area and the number and distribution of the settlement areas. For instance, there are only two existing primary health clinics in Kiru, Dangora Basic Health Clinic in Dangora ward and Baawa Basic Health Clinic in Baawa ward with the former in the eastern part and the latter in the centre. The locations of these 2 existing clinics mean the settlement areas in the northern and southern parts have very poor access to access in terms of distance to the clinics. The lack of any facility compounds the poor access of these settlement areas based on the location of the existing clinics even in neighbouring Local Government Areas that are within an acceptable distance. People in these areas must travel to either Dangora or Baawa in Kumbotso or to nearby Local Government Areas such as Bebeji or Garun Malam. Kiru being one of the biggest Local Government Areas regarding area in Kano State means that people in the northern part must travel at least 20 kilometres to reach the nearest health clinics or those in Dangora and Baawa. This shows the need for the improvement of access regarding distance to primary health clinics in these areas.
The addition of the 4 potential primary health clinics in Kiru by the minimise impedance solution with 3 in the northern part and 1 in the southwestern part significantly improves access regarding distance to a primary health clinic in these areas (Figure 6.3 and Table 6.9). For instance, Table 6.9 shows the distance reduced from some built-up areas to primary health clinics in the northern and southern part of Kiru Local Government Area (Figure 6.3).  Built-up areas such Rangas, Kiru and Makera all in the north part of Kiru have extremely poor access regarding distance to primary health clinics (Table 6.9). These built-up areas have at least 10 small settlement areas and hamlets areas surrounding them and with a similar level of access. Other examples of built-up areas with extremely poor access are Maraku and Gajale in the southern part of Kiru. However, the addition of the 4 potential primary clinics in optimal locations by the minimise impedance location allocation shows a significant improvement in their access. For example, Rangas, Kiru and Gajaje all have extremely poor access, but the potential clinics improve their access to an acceptable distance (Table 6.9). There is still the need for more potential health clinics in Kiru because despite the significant improvement in areas such as Zuwo that have poor or very poor access (Table 6.9).
[bookmark: _Toc4753050]Table ‎6.9 Distance Reduced from some Settlement Areas in Kiru to Primary Health Clinics

	Settlement Area
	Distance to Existing Primary Health Clinics (Metres)
	Distance to Potential Primary Health Clinics (Metres)
	Distance Reduced (Metres)

	Zuwo
	26,215
	10,995
	15,220

	Rangas
	26,761
	2,315
	24,446

	Kiru
	22,071
	4,639
	17432

	Makera
	21,090
	6,535
	14,555

	Maraku
	24,081
	6,762
	17,319

	Sabuwar Abuja
	10666
	9,872
	794

	Gajale
	15,247
	4,647
	10,600



The GIS-based solution for minimising travel impedance shows that it could be used to guide decision-makers in improving access regarding distance to healthcare through allocating potential primary health clinics in optimal locations, especially in vulnerable areas such as the urban fringes and the rural areas. It also further proves Anderson’s model explained in Chapter 2, that the addition of more healthcare facilities in optimal locations increases the level of access regarding distance from communities to healthcare facilities. Making decisions based on theoretical considerations helps in improving policies and guidelines which are the overall determinants of the healthcare system and its effect on the communities.








[image: ]Figure 6.3: Potential Primary health Clinics in Kiru Local Government Area

Minimise Impedance Location-Allocation for Primary Health Centres in Kano State
This section explains the findings from the minimise impedance location-allocation analysis of primary health centres in Kano State. The existing primary health centres are analysed to produce a model of improved access by reducing the travel impedance from settlement areas through allocating additional potential primary health centres in optimal locations. 
Table 6.10 shows the outcome of the minimise impedance analysis of primary health centres. It shows how the increase in the number of potential primary health centres in optimal locations by the minimise impedance solution reduces the total travel distance from settlement areas and increase the population that are with the acceptable distance of 5,000 metres.
The minimise impedance location-allocation on the existing 159 primary health centres in Kano State show that about 54% of the population is within the acceptable distance and 80% are within 10,000metres from the health centres (Table 6.10). The percentage of the population within the acceptable distance to the primary health centres shows it is better than that by primary health clinics and that Kano State has achieved its target of the Strategic Health Development Plan that 50% of the population is within 5 kilometres of a health facility by 2011. However, the percentage population within the acceptable distance means that about half of the people of the state have either poor, very poor, or extremely poor access. This population coverage and the average of the total distance from all the settlement areas show the need for an increase in access regarding travel distance to primary health centres (Table 6.10) 
The addition of more primary health centres in optimal locations improves access in terms distance. The aim of the minimise impedance solution is to improve access through reducing total travel impedance. This is achieved by the addition of potential primary health centres in optimal locations such as the analysis of health posts and primary health clinics. The potential primary health centres are added based on a percentage increase of the 159 existing primary health centres. The increase in the number of potential primary health centres shows a significant increase in the percentage population within acceptable distance (Table 6.10). For instance, the addition of the 10% of the existing primary health centres increases the population covered within the acceptable distance by 2%. The addition of 40% (64) of the current primary health centres increases the population within the acceptable distance by 10%. Addition of every 10% of the current health centres shows an average 2% rise in the number of people within the acceptable distance. However, the increase in the percentage of the population that is within an acceptable distance decreases with a higher number of potential health centres required to make a significant increase regarding the population within an acceptable distance. This is explained in detail later in this section.
The farther the distance from settlement areas to primary health centres the more population that is covered. There is a significant difference between the population covered within 5,000 metres and that within 10,000 metres of primary health centres in Kano State. For example, the population covered within 10,000 metres of the existing primary health centres is higher by 26% compared to that covered within 5000 metres.  The addition of 30% of the current primary health centres makes 92% of the population within 10,000 metres travel distance. However this percentage population coverage is not achieved within 5000 metres even with the addition of 200% of the existing primary health centres. The variation in the population covered based on the travel distance shows the difference a standard or acceptable distance could make in realising optimum access to healthcare facilities. 


[bookmark: _Toc4753051]Table ‎6.10: Minimise Impedance Location-Allocation (P-median) for Primary Health Centres in Kano State


	Number of Candidate Facilities
	Mean Distance (Metres)
	Standard Deviation (Metres)
	Settlement Areas within 5,000 Metres
	Estimated Population within 5,000 Metres
	Settlement Areas within 10,000 Metres
	Estimated Population within 10,000 Metres

	0
	8,936
	6,618
	2,488 (27%)
	6,469410 (54%)
	5,868 (64%)
	9,530,619 (80%)

	16 (10%)
	7,974
	4,973
	2,681 (29%)
	6,679215 (56%)
	6,380 (70%)
	10,013,394 (84%)

	32 (20%)
	7,174
	4,286
	2,954 (32%)
	7,055063 (59%)
	6,983 (76%)
	10,642,432 (89%)

	48 (30%)
	6,726
	3,965
	3,222 (35%)
	7,414750 (62%)
	7,350 (81%)
	10,952,229 (92%)

	64 (40%)
	6,356
	3,728
	3,463 (38%)
	7,657385 (64%)
	7,644 (84%)
	11,162,392 (93%)

	80 (50%)
	6,115
	3,654
	3,706 (41%)
	7,912018 (66%)
	7,814 (86%)
	11,273,968 (94%)

	96 (60%)
	5,861
	3,531
	3,924 (43%)
	8,087,911 (68%)
	8,000 (88%)
	11,394,117 (95%)

	112 (70%)
	5,698
	3,491
	4,132 (45%)
	8,294,786 (69%)
	8,078 (88%)
	11,432,502 (96%)

	127 (80%)
	5,573
	3,478
	4,275 (47%)
	8,441,270 (71%)
	8,133 (89%)
	11,450,236 (96%)

	143 (90%)
	5,447
	3,447
	4,455 (49%)
	8,572,019 (72%)
	8,172 (90%)
	11,484,842 (96%)

	159 (100%)
	5,319
	3,439
	4,655 (51%)
	8,701,872 (73%)
	8,203 (90%)
	11,496,304 (96%)

	477 (200%)
	4,768
	3,444
	5,460 (60%)
	9,191,948 (77%)
	8,292 (91%)
	11,547,782 (97%)



Figure 6.4: Potential Primary Healthcare Centres in Kano State
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The percentage population of Kano State that is within an acceptable distance of the existing primary health centres shows that State has achieved its target of having 50% of the people within 5 kilometres of health facilities by 2011. However, there is a need to improve the access of regarding distance to primary health centres to an acceptable one. Improving the access of the overall population and settlement areas of Kano State to an acceptable distance is unrealistic for now considering the number of facilities required to make even 77% of the people within the acceptable distance (Table 6.10). Kano State does not have the funds to achieve that within a short period considering its budget for healthcare. The human resources required to staff these facilities are also not available and will take many years to train. 
The unrealistic nature of achieving 100% acceptable access within a short period shows the need for GIS models such as that used here that can guide policy in making realistic plans that could be achieved yearly by gradually adding new primary health centres in optimal locations based on the percentage increase of the existing (Table 6.10). Thus, this research shows and explains the spatial distribution the 32 potential primary health centres which are 20% addition of the existing ones allocated in optimal location by the minimise impedance solution to increasing the population of Kano State that is within an acceptable distance of primary health centres by 5% (Figure 6.4).
Figure 6.4 shows the spatial distribution of the 32 potential primary health centres and the 159 existing primary health centres in wards and Local Government Areas of Kano State. The ward boundary is used because it is expected by the minimum standard for primary healthcare in Nigeria that there should be one primary health centre per ward as explained in section 3.5 of Chapter 3. The aim of the minimise impedance solution is not to allocate the primary health centres to the individual wards, but to improve access through reducing the travelling distance from the settlement areas to the facilities. The potential primary health centres are therefore in the wards as the optimal locations to reduce the overall travel impedance of the settlement areas in Kano State.
The spatial distribution of the 32 potential primary health centres shows that they are in 32 different wards of 19 Local Government Areas. The distribution indicates that the allocation of the potential primary health centres by the minimise impedance solution not only reduces the overall travel distance from settlement areas but also puts new potential facilities in 30 wards that are underserved based on the minimum standard for primary healthcare in Nigeria.
The size in terms of areas of a place, the number and distribution of settlement areas and the number distribution of the existing primary health centres determine the level of access of a place and the number of facilities required to improve it. There is a significant difference regarding the distribution of the potential primary health centres between the rural and urban areas of Kano State. All the 32 potential primary health centres are allocated to 19 Local Government Areas in the rural part of the State with none assigned to the metropolis. The metropolis is not allocated any potential primary health centre because of the number of existing primary health centres, their distribution, the distribution of the settlement areas and the size regarding the area of the metropolis.
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	Local Government Area
	Type
	Number of Existing Primary Health Centres
	Area (Km2)

	Dala
	Urban
	3
	14

	Kano Municipal
	Urban
	6
	15

	Tarauni
	Urban
	4
	23

	Fagge
	Urban
	3
	35

	Gwale
	Urban
	9
	37

	Nassarawa
	Urban
	8
	49

	Kumbotso
	Urban
	5
	185

	Ungoggo
	Urban
	4
	214

	Bunkure
	Rural
	2
	489

	Bebeji
	Rural
	1
	722

	Rogo
	Rural
	3
	801

	Sumaila
	Rural
	1
	1485

	Dambatta
	Rural
	1
	784

	Doguwa
	Rural
	1
	1402



Table 6.11 shows the size area of Local Government Areas in the metropolis and some in the rural parts of Kano. State. It also shows the number of existing primary health centres in relation to the size area of the Local Government Areas. The 8 Local Government Areas in the metropolis are smaller in the area compared to those in the rural part of the State. Ungoggo at the Northern fringe of the metropolis is bigger than 3 out of the 36 rural Government Areas (Tofa, Kura and Garun Mallam). The area of the metropolis is smaller than that of many rural Local Government Areas such as Sumaila, Rogo and Doguwa (Table 6.11). Despite these differences regarding area yet the metropolis contains about 28 % of the existing primary health centres in the State. This relationship between the number of existing primary health centres means that people, particularly in rural areas must travel longer distances to reach primary health centres as shown in Chapter 4. The aim of the minimise impedance location-allocation solution is to improve access by reducing the travel distance from settlement areas to the primary health centres. Thus, all 32 potential primary health centres are allocated to the rural Local Government Areas.
The location of the existing primary health centres in a Local Government Areas, and that of those bordering it determines how far the people must travel to access healthcare facilities and what is required to improve the access regarding distance. The spatial distribution of the existing primary health centres in the rural Local Government Areas especially those with only one existing primary health centre have them in areas that are farther away from other settlement areas that include built-up areas which leaves them with poor or very poor access (Figure 6.4). For instance, the only existing primary health centre in Rano Local Government is in its Southern part and within an acceptable distance to only 3 built-up areas (Sakkwatawa, Tsigi and Sabuwar Kaura), 6 small settlement areas and 6 hamlet areas. The location of Rurum Tsohon Gari primary health centre and being the only primary health centre in Rano means that people in built-up areas in the Northern part of Rano such as Unguwar Findi, Dimi and Rano Dawaki must travel for about 20 kilometres to reach it. However, even one of the four potential primary health centres allocated in an optimal location by the minimise impedance location allocation in Rano ward improves access based on distance of about 20 settlement areas distributed in 5 different wards. There are 3 built-up areas among these settlement areas which include Unguwar Findi, Dimi and Rano Dawaki. These 3 built-up areas have a combined total population of about 32,000 which shows how GIS-based location allocation can significantly improve access regarding distance to healthcare facilities of many people through choosing an optimal location for healthcare facilities.
 The Local Government Area that is the joint highest with Rano regarding the number of potential primary health centres is Rogo.  Rogo is allocated 4 potential primary health centres from the 32 added by the minimise solution which are 20% addition of the existing ones by the minimise impedance solution. The reasons for having 4 potential primary health centres are because of the large area of Rogo, the number and location of existing primary health centres and the location of the Local Government Area (Figure 6.4). Regarding area, Rogo is bigger than the metropolis (Table 6.11) but has only 3 existing primary health centres. These existing primary health centres are in the western edge of Rogo which means the rest of the settlement areas especially in the eastern and southern parts with poor access regarding distance. The situation of the eastern part of Rogo is compounded by the lack of any primary health centre in some of the wards of Kiru and Karaye Local Government Area that it shares border with by the east and northeast (Figure 6.4). Additionally, Rogo being at the western boundary of Kano State, shares a border with Kaduna and Katsina State. As explained in Chapter 6 based on the analysis on border (edge) effects on access to healthcare facilities of border areas such as Rogo, it is evident that the existing primary health centre in these neighbouring states are within acceptable distance to only the settlement areas in the western part of Rogo which already have acceptable access to the existing facilities in Rogo.
The addition of the potential primary health centres in optimal locations improves the poor access regarding distance of settlement areas caused as a result of the maldistribution of the existing primary health centres. Table 6.12 shows the travel distance from some settlement areas in Rogo to the nearest existing primary health centres and the improvement in the distance after the addition of 4 potential primary health centres in optimal locations by the minimise impedance location-allocation. For instance, the allocation of 1 potential primary health centre in the northern part of Rogo in Zozo ward improves the access of about 25 hamlet areas, 8 small settlement areas and 4 built-up areas (Figure 6.4). For example, the 4 built-up areas in Zoza ward (Kaleku, Zoza, Unguwar Sarki and Gargarbin Tudu) with a total population of 9039 have extremely poor access regarding distance to primary health centres (Table 6.12). However, allocation of the potential primary health centre in Zoza ward significantly improves the access of these settlement areas from extremely poor to acceptable (Table 6.12). The other potential primary health centres in Rogo also improve the access of areas such as Arewaci, Kofar Fada and Barbaji (Table 6.12). The significant improvement in terms of the access of these settlement areas in Rogo shows the GIS-based minimise impedance solution addresses the problems regarding access caused by the maldistribution of existing healthcare facilities.



[bookmark: _Toc4753053]Table ‎6.12: Distance Reduced from some Settlement Areas in Rogo to Primary Health Centre
	Settlement Area
	Distance to Existing Primary Health Clinics (Metres)
	Distance to Potential Primary Health Clinics (Metres)
	Distance Reduced (Metres)

	Kaleku
	20,589
	3,382
	17,207

	Unguwar Sarki
	20,607
	3,943
	16,664

	Zora
	19,652
	2,988
	16,664

	Arewaci
	20,180
	3517
	16,663

	Kofar Fada
	28,105
	6,056
	22,049

	Barbaji
	32,257
	9,427
	22,830

	Gangarbin Tudu
	15,712
	4,971
	10,741



Figure 6.5: Percentage of Population Covered by Increase in Potential Healthcare Facilities



Figure 6.13 shows the relationship between the percentage of population covered based on the increase of potential primary health clinics and potential primary health centres. The relationship in both types of facilities shows a rise in the population that is within acceptable distance with an increase in the number of potential facilities in optimal locations. There is an average of 2% rise of the population within an acceptable distance per 10% increase of the existing facilities in both facilities types up to 100% increase (Figure 6.13). For instance, the addition of 100% of the current primary health clinics rises the population within acceptable distance by 20% and the same addition for primary health centres rises the population by 19%. However, doubling the number of potential facilities by 200% only raises the population within acceptable distance to primary clinics by 8% and primary health centres by 8%. The low rise in population with an increase in the number of facilities is due to the large area of Kano State particularly the rural areas and the dispersed distribution of settlement areas. This shows how difficult it will be to achieve a 100% coverage regarding the population within acceptable distance to the different types of healthcare facilities.

[bookmark: _Toc19824791]Maximise Capacitated Coverage Location-Allocation Models for Primary Healthcare Facilities in Kano State.

This section explains the findings from the maximise capacitated location-allocation model on the health posts, primary health clinics and primary healthcare centres in Kano State. The minimise impedance location-allocation models improved access to the healthcare facilities by reducing the travel impedance from the settlement areas to the facilities. This means that minimise impedance only solves problems related to accessibility (the relationship between the location of the facilities and that of the population) which is among the 4 As (dimensions) of access. Accessibility and availability are the two among this dimension that are spatial and their fusion is referred to as “spatial accessibility” in this research (Guagliardo et al., 2004). Considering the two separately could be useful, however, for example in the context of the metropolis where the distance to the healthcare facilities is not seen as an issue compared to the rural areas. Thus, there is the need to consider them together to improve the access. 
There seems to be inconsideration in creating synergy between the standards and guidelines for travel impedance to the healthcare facilities (accessibility) and the relationship between the demand and the supply of the facilities. For instance, it is one of the targets of Kano State in its Health Development Plan that 50% its population should be within 5 kilometres of healthcare facilities. However, the Minimum Standards for Primary Healthcare in Nigeria only states guidelines regarding the capacity and coverage of healthcare. The coverage in some cases is beyond the WHO guideline of 5-kilometre distance to healthcare facilities. For example, the expected coverage area for primary health centres based on the Nigerian standards is a ward. However, some wards have a length of more than 15 kilometres. Thus, there is a need for guidelines that are set based on theoretical consideration. 
The maximise capacitated coverage location allocation is used to improve spatial accessibility in Kano State through locating the different types of primary healthcare facilities such that as many populations in settlement areas are allocated the solution facilities within an acceptable travel impedance cut-off. The weighted population allocated to each of the facilities does not exceed the facility’s capacity. 
Section 6.3.1 explains the findings from the maximise capacitated coverage location allocation on health posts in Kano State.

Maximise Capacitated Coverage Location-Allocation Models for Health Posts in Kano State
The section explains the findings from the maximise capacitated coverage analysis for health posts in Kano State. This location-allocation model improved access to health posts by choosing the health posts such that a lagrer proportion of the population in the settlement areas are served without exceeding the capacity of any of the facilities. The capacity set for the health post is 500 because it the expected coverage population based on the minimum standards for primary healthcare in Nigeria. This means that the health posts are allocated to only the population that is within the impedance cut-off and does not exceed their capacity.

[bookmark: _Toc4753054]Table ‎6.13 Estimated Population Allocated Health Posts within Threshold Distance by the Maximise Capacitated Coverage 
	Number of Candidate Facilities
	Capacity
	Threshold Distance (Metres)
	Mean Distance (Metres)
	Maximum Distance (Metres)
	Standard Deviation
	Population Covered

	0
	500
	5,000
	1,631
	4,996
	1,547
	418,873 (3.5%)

	42 (5%)
	500
	5,000
	1,606
	4,991
	1,529
	435,253 (3.6%)

	335 (40%)
	500
	5,000
	1,674
	4,991
	1,518
	551,626 (4.6%)





Table 6.13 shows the results from maximise capacitated coverage location-allocation model for health post in Kano State. The table shows how the number of health posts with an impedance cut-off 5000 metres influence their population coverage in Kano State.
The existing health posts without the addition of candidate facilities in the maximise capacitated allocation shows a poor population coverage within the 5,000 metres threshold and the set capacity (Table 6.13). The existing health posts only cover only 3.5% of the population which shows that more than 75% are not allocated the health posts due to either being outside their travel impedance or the health post within their catchment has reached its capacity limit. 
The addition of potential health posts in the maximised capacitated location-allocation shows a minimal increase in the percentage population covered. For example, adding 5% of the existing health posts only increases the percentage covered by 0.1%, whereas adding 40% only increases the percentage covered by only 1% (Table 6.13). The minimal increase in population coverage despite adding about 300 potential health posts in the maximise capacitated coverage location-allocation shows how unrealistic the expected population coverage (capacity) for health posts of the minimum standard for primary healthcare is. The minimal increase also shows the need for the reconsideration of the expected population coverage of health posts by the policymakers.
The ability of the maximise capacitated coverage to use the capacity of the facilities and the threshold distance between them and the settlement areas in modelling improved access to the health posts provides a different dimension. The dimension improves access regarding both accessibility and availability of health facilities. Thus, the maximise capacitated coverage shows a different outcome compared to that of the minimised impedance location-allocation. For instance, health posts have shown the highest population coverage within 5,000 metres threshold distance even based on only the existing health posts in the minimise impedance location-allocation (Table 6.1). The large decrease of about 83% in population coverage caused as a result of the fusion of availability (capacity of health posts) and accessibility (threshold travel distance) in the maximised capacitated coverage shows the importance of combining the two spatial dimensions among the four As of access in achieving a more robust theoretical approach in improving access to healthcare. 
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	Number of Candidate Facilities
	Capacity
	Threshold Distance (metres)
	Mean Distance (metres)
	Maximum Distance (metres)
	Standard Deviation
	Estimated Population Covered

	0
	5,000
	5,000
	1,352
	4,972
	1,299
	233,342 (2%)

	12 (10%)
	5,000
	5,000
	1,396
	4,983
	1,329
	293636 (2.5%)

	23 (20%)
	5,000
	5,000
	1,531
	4,973
	1,327
	348590 (2.9%)

	35 (30%)
	5,000
	5,000
	1,488
	4,993
	1,289
	408562 (3.4%)

	47 (40%)
	5,000
	5,000
	1,536
	4,979
	1,276
	468,526 (3.9%)

	59 (50%)
	5,000
	5,000
	1,624
	4,984
	1,299
	528,392 (4.4%)

	70 (60%)
	5,000
	5,000
	1,614
	4,984
	1,277
	583,227 (4.9%)

	82 (70%)
	5,000
	5,000
	1,788
	4,995
	1,355
	643,156 (5.4%)

	94 (80%)
	5,000
	5,000
	1,700
	4,995
	1,271
	703,080 (5.9%)

	105 (90%)
	5,000
	5,000
	1,742
	4,997
	1,315
	758,068 (6.3%)

	117 (100%)
	5,000
	5,000
	1,724
	4,983
	1,237
	818,089 (6.9%)

	234 (200%)
	5,000
	5,000
	1,972
	4,997
	1,308
	1,401,169 (11.7)

	0
	5,000
	10,000
	2,180
	9,997
	2,710
	233,941 (2%)

	12 (10%)
	5,000
	10,000
	2,081
	9,997
	2,585
	293,950 (2.5)

	23 (20%)
	5,000
	10,000
	2,189
	9,997
	2,548
	348,946 (2.9%)

	35 (30%)
	5,000
	10,000
	2,342
	9,997
	2,533
	408,937 (3.4%)

	47 (40%)
	5,000
	10,000
	2,317
	9,997
	2,554
	468,933 (3.9%)

	59 (50%)
	5,000
	10,000
	2,463
	9,997
	2,506
	528,926 (4.4%)

	70 (60%)
	5,000
	10,000
	2,438
	9,997
	2,433
	583,910 (4.9%)

	82 (70%)
	5,000
	10,000
	2,394
	9,997
	2,453
	643,907 (5.4%)

	94 (80%)
	5,000
	10,000
	2,543
	9,997
	2,453
	703,903 (5.9%)

	105 (90%)
	5,000
	10,000
	2,371
	9,990
	2,367
	758,889 (6.4%)

	117 (100%)
	5,000
	10,000
	2,575
	9,997
	2,483
	818,862 (6.9%)

	234 (200%)
	5,000
	10,000
	2,783
	9,999
	2,429
	1,403,630 (11.8%)



Maximise Capacitated Location-Allocation for Primary Health Clinics in Kano State

The maximise capacitated coverage location allocation is carried out with a similar approach as that of the health posts but with a different capacity value for the facilities. The primary health clinics have an expected population coverage of 5,000 based on the minimum standards for primary healthcare in Nigeria.
Table 6.14 shows the outcome of the maximise capacitated coverage location analysis for primary clinics. It shows the relationship between the number of facilities added, the threshold distance used and the population they cover.
The maximise capacitated coverage location allocation for primary clinics also shows a  poor population coverage. The existing primary health clinics cover only 2% of the population of Kano State. The percentage population covered by the existing primary clinics shows that about 98% of the population are outside the threshold distance of 5000m to the nearest primary clinic is allocated to other settlement areas and has reached its capacity limit.
The increase in the number of primary clinics in optimal locations with the maximised capacitated location allocation shows a small rise in the percentage of populations covered (Table 6.14). For instance, an increase in every 10% of the existing rises the population by covered by 0.5% (Table 6.14). Doubling the number of existing primary clinics only raises the population covered by 5%. This low rise in population coverage per increase in the number of primary clinics in Kano State is because of the number and distribution of the existing primary clinics and the expected capacity in relation to the population of the State. The primary health clinics show the lowest accessibility and population coverage in both the service area analysis (Chapter 4) and the minimised impedance location allocation in this Chapter. Therefore, it is unsurprising that the primary clinics show poor population coverage in an improved model that includes capacity. The expected population coverage is very low in comparison to the population of Kano State. Thus, the number of primary health clinics required to maximise the capacity coverage significantly is a tall mountain to climb. 
The population covered by the primary health clinics is not influenced by the increase in the threshold distance in the maximise capacitated coverage location-allocation analysis (Table 6.14). Doubling the threshold distance to the primary clinics shows the same population coverage as the 5,000metres. This is because primary clinics are allocated to the closest settlement areas with higher population. Therefore the capacity limit of the clinics is reached which leaves farther settlement areas not allocated.

Maximise Capacitated Coverage for Primary Health Centres in Kano State

The section explains the maximise capacitated coverage location-allocation analysis on primary health centres of Kano State. The primary health centres are analysed with a capacity of 20,000 which is the expected coverage population based on the minimum standards for primary healthcare in Nigeria (Table 5.3) in Chapter 5. The threshold distance of 5000 metres and 10,000 metres are used as the impedance cut-off. 
The maximise capacitated coverage location allocation for the existing primary health centres shows a poor coverage with only 23% of the population allocated within the 5,000 metres threshold distance. Despite this poor population coverage, the existing primary health centres still have better coverage based on the maximise capacitated coverage location allocation compared to the health posts and primary clinics. The reason for the better coverage is because primary health centres have higher capacity than the other facilities (Table 6.15) which means that they can be allocated to more demands within the threshold distance. However, the poor coverage of primary health centres shows the need for the addition of more candidate facilities in optimal locations to improve access with the maximise capacitated coverage location allocation. 
The addition of candidate facilities in the maximise capacitated coverage location allocation for primary health centres shows a rise in the percentage of population coverage. For instance, the addition of every 10% of the existing primary health centres shows an average 3% increase in the population coverage. Doubling the number of existing primary health centres shows a doubling in the population covered from 23% to 45%. The population coverage by the doubled number of existing primary health centres is still poor considering the percentage of the population not allocated. 
Figure 6.6 shows the distribution of 48 potential primary health centres which is a 30% increase of the existing ones which are chosen by the maximise capacitated coverage location allocation. These additional primary health centres increase the population coverage by 8% (Table 6.15).
Figure 6.6: Potential Primary Health Centres by Maximise Capacitated Coverage
[image: ]
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	Number of Candidate Facilities
	Capacity
	Threshold Distance (metres)
	Mean Distance (metres)
	Maximum Distance (metres)
	Standard Deviation
	Estimated Population Covered

	0
	20,000
	5,000
	1,902
	4,999
	1,422
	2,799,123 (23%)

	16 (10%)
	20,000
	5,000
	1,887
	4,993
	1,398
	3,099,489 (26%)

	32 (20%)
	20,000
	5,000
	1,934
	4,993
	1,407
	3,399,286 (28%)

	48 (30%)
	20,000
	5,000
	1,980
	4,996
	1,398
	3,719,172 (31%)

	64 (40%)
	20,000
	5,000
	2,039
	4,996
	1,413
	4,033,765 (34%)

	80 (50%)
	20,000
	5,000
	2,094
	4,999
	1,417
	4,334,542 (36%)

	96 (60%)
	20,000
	5,000
	2,145
	4,999
	1,425
	4,608,179 (39%)

	112 (70%)
	20,000
	5,000
	2,196
	4,996
	1,438
	4,837,948 (41%)

	127 (80%)
	20,000
	5,000
	2,231
	4,996
	1,449
	5,025,339 (42%)

	143 (90%)
	20,000
	5,000
	2,255
	4,996
	1,452
	5,233,942 (44%)

	159 (100%)
	20,000
	5,000
	2,261
	4,995
	1,452
	5,375,098 (45%)

	0
	20,000
	10,000
	2,724
	9,997
	2,379
	3,121,512 (26%)

	16 (10%)
	2,0000
	10,000
	2,754
	9,991
	2,373
	3,444,277 (29%)

	32 (20%)
	20,000
	10,000
	2,879
	9,991
	2,372
	3,743,820 (31%)

	48 (30%)
	20,000
	10,000
	2,932
	9,991
	2,390
	4,084,344 (34%)

	64 (40%)
	20,000
	10,000
	2,995
	9,991
	2,385
	4,383,254 (37%)

	80 (50%)
	2,0000
	10,000
	3,080
	9,994
	2,450
	4,707,393 (39%)

	96 (60%)
	20,000
	10,000
	3,044
	9,994
	2,345
	5,024,453 (42%)

	112 (70%)
	20,000
	10,000
	3,257
	9,994
	2,477
	5,342,459 (45%)

	127 (80%)
	20,000
	10,000
	3,289
	9,994
	2,465
	5,661,785 (47%)

	143 (90%)
	20,000
	10,000
	3,374
	9,993
	2,470
	5,979,208 (50%)

	159 (100%)
	20,000
	10,000
	3,396
	9,993
	2,470
	6,293,319 (52%)




The distribution of the 48 potential primary health centres shows that more than half of them are allocated to the metropolis (Figure 6.6). However, in the minimise impedance location allocation none out of 32 potential primary health centres is allocated to the metropolis (Figure 6.7). This shows the difference the addition of capacity makes in modelling an improved access to healthcare facilities. The maximise capacitate coverage chooses the primary health centres such that all or the greatest amount of population can be served without exceeding the capacity of any of the facilities. The metropolis has a larger population within a smaller area compared to the rural areas that have dispersed population. Thus, the allocation of more primary health centres to the metropolis.

[bookmark: _Toc19824792]	Discussion

The increase in the number of healthcare facilities improves the access of settlement areas and the percentage population with acceptable access. Linking this to the integrated model shows that increase in the number of healthcare facilities in optimum locations significantly improves spatial access to healthcare facilities, particularly the disadvantaged communities in rural areas and the fringes of the metropolis. This is in line with the findings of (Smith, 2000) in using  location allocation models to improve access to healthcare facilities.
The findings show that despite the use of the location allocation models, achieving optimal population coverage is a difficult task. This is because of the number of existing healthcare facilities and the dispersed nature of settlement areas, particularly those in the rural areas. Thus, the number of healthcare facilities required to improve access to healthcare facilities rises exponentially (Smith, 2000). This shows the advantage of using spatially disaggregated data so that specific areas that need improvement are located. 
The findings show that with maximise capacitated location allocation, there is minimal improvement with increase in the number of healthcare facilities. This further shows that the expected population coverage (capacity) based on the minimum standards for Nigeria is unrealistic and there is a need for the Nigerian Government to review it.


[bookmark: _Toc19824793]Conclusion

This Chapter has shown how multiple scenario models and GIS-based location-allocation models were used to model improved access to healthcare facilities in Kano State and to identify the optimum distribution of healthcare of existing and additional healthcare facilities in Kano State to realise the state and Nigerian targets. The addition of potential healthcare facilities in optimal location with the minimise impedance location-allocation method significantly increases the proportion of the population experiencing acceptable access and improves the access of other populations experiencing poor access in terms of distance, especially those in the rural. However, the number of potential healthcare facilities required to improve access becomes exponential as a result of the dispersed nature of settlement areas, especially in rural areas. Doubling the acceptable distance to 10 kilometres covers more population, particularly in the case of primary health clinics and primary healthcare centres. The minimise impedance location-allocation modelling shows that Kano State is far from providing acceptable access to all its population because of the number of existing healthcare facilities, urban bias, the size in terms of area of the LGAs and the dispersed nature of settlement areas.
The findings from the maximise capacitated coverage location-allocation modelling show that improving access with the consideration of the expected population coverage of the minimum standard guidelines is unrealistic. This is because there is little or no improvement of access even if a significant number of potential healthcare facilities are added. This means that there is a need for the reconsideration of the guidelines of the minimum standards because they seem impossible to meet. Thus, there is a need for the use of GIS and other theoretical considerations in health policy decision makings in Nigeria.
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This chapter provides an overview of the key findings and contributions of this research and identifies potential areas for future work. Section 7.2 provides a summary of the research findings which answer the research questions raised in Chapter 1. Section 7.3 discusses the limitations of the research. Section 7.4 provides potential areas for future research. Section 7.5 provides policy recommendations based on the key finding of this research. Section 7.6 concludes the thesis.

[bookmark: _Toc19824796]Summary of Findings

The summary of the research findings is based on the specific research questions stated in Chapter 1 as follows
1. What proportion of Kano State’s population experience acceptable or poor access to healthcare facilities and what is the spatial distribution of these populations?
This research question is answered in Chapter 4 to achieve Aim 1 and Aim 2. Different methods of measuring spatial accessibility, namely buffer analysis, service area analysis and E2SFCA were used to calculate the percentage population of Kano State that experience acceptable or poor access to different types of healthcare facilities based on the Kano State target and guidelines of the minimum standard for primary healthcare in Nigeria. The results show that more than 90% of the population of Kano State experience acceptable access in terms of distance to health posts. Less than half the population of Kano State (42%) experience acceptable access to the primary health clinics. Additionally, only about half the population of Kano State (52%) experience acceptable access to primary healthcare centres. The percentage of the population of Kano State that suffer poor, very poor or extremely poor access to the primary health clinics and primary healthcare centres serves as evidence of failure by Kano State in meeting its strategic health target of improving geographical access to healthcare facilities and the provision of healthcare in general.
 The results also show that the failure of Kano State in meeting its targets on achieving geographical access to healthcare facilities which is tailored towards the realisation of the MDGs and SDGs is compounded by a bias towards the urban areas in terms of acceptable access in terms of distance to healthcare facilities in Kano State. The rural population especially those in the Southern part of the State suffer more regarding poor, very poor and extremely poor access to all the healthcare facilities. However, even in the metropolis, there is evidence of significant disparity between the LGAs in the centre and those at the Northern and Southern fringes. Ungoggo and Kumbotso LGAs of the fringes suffer more in terms of access to health care facilities in the metropolis. Furthermore, the population in small settlement areas and hamlet areas suffer more in terms of poor access compared to built-up areas.
The result further shows that the distance (accessibility) to healthcare facilities is not as much of a problem in the metropolis compared to the availability of the facilities, a result of high population density (particularly at the centre of the metropolis).  This is because, despite the high concentration of the healthcare facilities, the metropolis has lower E2SCFCA score compared to the many settlement areas in rural areas that are experiencing acceptable access to healthcare facilities. The results show the difference combining the two spatial As of access (accessibility and availability) could make in measuring spatial accessibility to healthcare facilities.
Concerning the conceptual framework considered in this research, the results show evidence of failure in healthcare provision by the Kano State Government to its populations. This is because of the poor organisation of the healthcare system, failure to meet health policy targets and lack of healthcare facilities to meet the targets. The results show that the number of healthcare facilities in a healthcare system influence access in terms of distance of population (Andersen, 1995). For instance, the number of health posts in Kano State is almost 8 times that of primary health clinics or primary healthcare centres. Thus, there is a significant difference in terms of the percentage population experiencing acceptable access to the different types of healthcare facilities. The result also provides more evidence on how the ineffectiveness of the Kano State healthcare system is more of a problem to the rural communities, especially the dispersed small settlement areas and hamlet areas.


2. What gaps exist in current healthcare facility provision in Kano State in relation to the WHO and Nigerian government health targets?
												
This research question is answered in Chapter 5 to achieve Aim1 and Aim 2. This is achieved through the examination of the current distribution of healthcare facilities in Kano State based on the minimum standard guidelines for primary healthcare in Nigeria. As explained in Chapter 5, the service catchment area for healthcare facilities is not only determined by travel time or distance boundaries (target of Kano State Strategic Health Plan) but could also be determined by politico-administrative boundaries (minimum standards for primary healthcare in Nigeria) such as LGAs and wards (WHO, 1998). The results show that there is an uneven distribution of healthcare facilities in Kano State which is compounded by urban bias. The distribution of the healthcare facilities in relation to the guidelines of minimum standards for primary healthcare in Nigeria shows that Kano State far from achieving the targets. Furthermore, the results show that achieving the targets is unrealistic, considering the existing gap and the lack of resources to meet them. For instance, 23,888 health posts, 2,388 primary health clinics and 597 primary healthcare centres are required to meet the targets. The results also reveal the weakness of the guidelines because of discrepancy between the expected service delivery area and the estimated population coverage set as the minimum standards.

3. What would be the optimum distribution of existing and additional healthcare facilities in Kano State to realise Kano State and Nigerian government healthcare?

This research question is answered in Chapter 6 to achieve Aim 3 of this research. Multiple scenarios with location-allocation models are used to model improved access to healthcare facilities in Kano State. The minimise impedance location-allocation model and the maximise capacitated coverage location-allocation models are used. The results show that the addition of potential healthcare facilities in optimal locations significantly increases the proportion of the population experiencing acceptable access and improves the access of other populations experiencing poorer access in terms of distance. Doubling the acceptable distance to 10 kilometres covers more of the population, particularly in the case of primary health clinics and primary healthcare centres. The results also show the effectiveness of the minimise impedance location-allocation model in providing equity in terms of distance to healthcare facilities because most of the potential healthcare facilities are allocated to the disadvantaged rural LGAs areas and the LGAs at the fringes of the metropolis to improve their travel distance to healthcare facilities. However, despite the use of the minimise impedance location allocation to model and improve access in terms of travel distance to healthcare facilities, it is evident that Kano State is far from providing acceptable access for the majority of its population, particularly regarding primary health clinics and primary healthcare centres. The reason why Kano State is far from providing acceptable access in terms of distance to all its population is associated with the number of existing primary healthcare clinics, urban bias, the size in term of areas of the LGAs particularly those in rural areas and the dispersed nature of the settlement areas. 
The consideration of the expected population coverage of healthcare facilities (capacity) based on the guidelines of the minimum standards for primary healthcare in Nigeria, combined with the acceptable distance based on the Kano State targets further shows how unrealistic the achievement of such targets is for Kano State. For instance, the results from the maximise capacitated location-allocation modelling show that even with an increase of 40% of the existing health posts in optimal locations, only 4.6% of the population are covered based on the policy targets. This shows the need for reconsideration of the health targets in Kano State because they seem impossible to meet particularly looking at the timescale of SDGs. Thus, there is a need for the use of GIS and other theoretical considerations in health policy decision makings in Nigeria.

[bookmark: _Toc19824797]Limitations of the Research

In previous chapters, particularly in chapter 3, the limitations experienced in this research were discussed. This section summarises some of these limitations. 
The roads in the road network dataset available for this research are unclassified. Therefore travel impedance could not be calculated based on travel time, and speed limits could not be assigned. As some surfaces are quicker than others, classified roads would give a more accurate impedance result between the settlement areas and the healthcare facilities. Classified roads would also provide more evidence in terms of the disparity between urban and rural areas as rural areas are known with poorer road conditions which seriously affect their accessibility to healthcare facilities.
Another limitation experienced in this research is the lack of data on the distribution of human resources for health in the various healthcare facilities in Kano State. This would enable the calculation of the availability of human resources for healthcare concerning the population of the settlement areas that are within the catchment areas of a specific healthcare facility (Guagliardo, 2004). However, this does not affect the focus of this research as the guidelines of the minimum standard for primary healthcare clearly states the expected population coverage for different types of healthcare facilities. Thus, the expected population coverage is used the supply capacity.
Another limitation experienced in this research is the lack of socio-demographic data, socio-economic and behavioural data, particularly those related to the barriers of potential access to healthcare facilities which could provide more detail in terms of the inequality that exists between the areas experiencing acceptable access and those suffering from poor access. For example, the availability of data on ethnicity, age, household and employment at lower spatial scales would enable the identification the relationship between access to healthcare, the predisposing factors and the different population groups. The availability of data on income and health insurance coverage would enable the identification of affordability in terms of access in the different areas of Kano State. Although data on the utilisation of healthcare facilities and access to transport at individual or community levels  would enable the understanding of how accessibility to healthcare influences the utilisation of healthcare facilities in Kano State, such data are unavailable. The unavailability of these socio-demographic, socio-economic and behavioural data related to the predisposing factors and barriers for the accessing healthcare shows the need for qualitative research that could consider obtaining this information. 
Another limitation of the research is that it focuses on the spatial dimensions of access to healthcare facilities (accessibility and availability). As stated in chapter 2, the conceptual framework used in this research is not a mathematical model. Therefore access to healthcare can be measured with the available variables. However, there is no doubt that the consideration of the non-spatial dimensions of access will give a bigger picture of how dimensions such as affordability and acceptability interact with the policy guidelines towards the realisation of SDGs.

[bookmark: _Toc19824798]Future Research

The findings presented in this thesis provide new insight into how the relationship between accessing healthcare and the policy guidelines in a developing country. As a result of the findings in Chapters 4, 5 and 6 some areas in the literature that require further research are identified. This section aims to suggest the avenue for further research.
Considering Chapter 4 which spatial accessibility to healthcare facilities is measured in relation to Kano State and Nigerian standards, the analysis is limited to the spatial component of access to healthcare facilities. For example, the population and settlement areas that experience acceptable or poor access in terms of spatial access are identified. As other non-spatial dimensions of access are not considered in this research, that raises many questions on the relationship between the population of Kano State and its healthcare system regarding the non-spatial dimensions. There is a need for further research that could integrate spatial access and aspatial access so that a bigger picture of how access to healthcare affects the population of Kano State is identified (Wang and Tormala 2014).
Another area for further research identified in Chapter 4 is the consideration of realised stage of access to healthcare facilities (Guagliardo, 2004). This research only focused on the potential stage of spatial access to healthcare facilities. Since the population experiencing acceptable access to healthcare or suffering poor access are identified, this raises the question of how the spatial access of these populations reflects realised access or utilisation of healthcare facilities. There is a need to investigate how potential access affects the utilisation or realisation of access to healthcare facilities in these settlement areas. Another area to consider is how the potential access influences the health outcome of these areas. This could be useful in identifying how the level of potential access is influential in the realisation of the SDGs and other health targets.
Based  on the findings in Chapter 4, the area for further research on the conceptual framework used in this research is to have more research on how weak health policies and health systems influence the potential spatial access to healthcare facilities of settlement areas and populations at the fringes of urban areas and dispersed small settlement areas in rural areas. Studies on measuring potential access to healthcare facilities focus more on urban and rural areas in generality.
Considering Chapter 6, location-allocation models are used to improve spatial access to healthcare facilities based on the Kano State strategic health plan and Nigerian targets. The findings of this research show the number of healthcare facilities in optimal locations that are required to increase the percentage of the population of Kano State experiencing acceptable access to healthcare. The healthcare facilities are allocated based on the consideration of improving spatial access. These findings raise the need to locate healthcare facilities in Kano State based on contextual or non-spatial factors. This could be based on the need for healthcare or health outcomes of the areas.
Another area for further research identified in Chapter 6, is the need for more focus on the use of location-allocation models to improve spatial access to healthcare of dispersed populations such as those in hamlet areas and small settlement areas of rural areas in developing countries.

[bookmark: _Toc19824799]Recommendations for Policy

The main findings of this research are very relevant to policy, given the intention of governments especially in developing countries to improve healthcare and meet health targets such as those of the SDGs. The findings show the relationship between health targets and the actual provision of healthcare in Kano State and what is required in terms of healthcare facilities to meet the targets. Based on these findings, there is the need for more realistic policy guidelines by the government, because current ones seem unrealistic considering how far Kano State must go in terms of meeting the targets and the actual provision healthcare.
The findings from measuring spatial access to healthcare facilities show the disadvantaged populations suffering from poor access in terms of distance to healthcare facilities are predominantly in the fringes of the metropolis and the rural areas. This shows the need for more focus on the provision of healthcare to the rural populace.
The findings from Chapter 5, examining the current distribution of healthcare facilities based on the minimum standards for primary healthcare in Nigeria show the discrepancy between the expected service delivery area and the estimated population coverage of primary healthcare centres. This discrepancy shows the weakness of the guidelines and the need for the government to provide synergy between the expected number of facilities in a service delivery area the expected coverage population of the facility. The findings also show unequal distribution of the healthcare facilities in relation to the minimum standards guidelines with a bias towards urban areas. This shows the need for policymakers in Nigeria to avoid pragmatic and political considerations when locating healthcare facilities but rather use theoretical considerations and GIS-based location-allocation models.
The findings of Chapter 6 show that GIS-based location-allocation model could be used as a policy tool to identify disadvantaged areas in terms of access to healthcare and to model improved access. Policymakers could use GIS location-allocation models to provide evidence to support optimal healthcare facility location planning and allocation of future resources to form realistic targets that could help in the achievement of health policy goals.
In general, there is huge potential for a better future of geographical analysis in African health studies, particularly with the emergence of new forms of population data, transport data and mobile health (mHealth). For instance, population data through Facebook will provide population estimate for all settlement areas across the continent at lower spatial scales thereby providing opportunities for more in-depth analysis such as the allocation of healthcare resources to vulnerable populations. The emergence of transport data such as that of the Humanitarian OpenStreetMap Team (HOTOSM) which is an international team dedicated to humanitarian action and community development through open mapping will provide more in-depth analysis in terms of connectivity and accessibility in terms of distance and travel time to health services particularly in remote or rural areas where such data are rarely available. Similarly, the emergence of mobile health data (mHealth) which is generated using mobile devices in collecting community and clinic health data will provide data on utilisation of health services and the distribution and behaviour of service users. This means that the mHealth data will provide opportunities for more in-depth analysis on access and utilisation of healthcare services. Overall, the emergence of these data will provide more opportunities for in-depth, robust use of sophisticated methods for the analysis of African health.
[bookmark: _Toc19824800]Thesis Conclusion

This research used data for healthcare facilities locations and disaggregated population data which has not been used for any academic work before this research. As SDGs are policies that are influential on how developing countries such as Nigeria focus their efforts and resources, this research measured spatial accessibility to healthcare facilities in Kano State to assess where the State is in terms of meeting the targets of its strategic health plan which is tailored towards the realisation of the SDGs. Multiple scenarios were created with location-allocation models to identify what is required to reach the targets.  It is concluded that the Kano State and Nigerian targets which are tailored towards the realisation of the SDGs are unrealistic and impossible to meet, within the timescale of the SDGs. There is also evidence that these targets are political ideals, but lack pragmatic or practical evidence. 
The findings of this research also reflect and are in line with  the findings of (Alfaqeeh et al., 2017; Macharia et al., 2017; Blanford et al., 2012; Macha et al., 2012; Hounton et al., 2008) on healthcare provision that the problem of access to healthcare facilities is more severe in rural areas. However, this research adds that different metrics of accessibility might be applicable in urban and in rural areas, with population coverage measures being more appropriate in the urban areas because of high population density and distance travelled measures for rural areas.
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