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Abstract 

 

 

The advent of the United Nations Sustainable Development Goals (SDGs) provided a 

framework that explicitly embedded the conservation of natural ecosystems among 

other development objectives. Fundamental to the SDGs is the notion that interactions 

can occur between their constituent goals and targets in the form of synergies and trade-

offs, and that, wherever possible, the former should be promoted and the latter 

mitigated. Using the conservation of forests (relevant to several SDG targets) as a case 

study, this thesis seeks to better understand how progress in non-environmental aspects 

of the development agenda could facilitate or hinder this cause. Through a systematic 

review, I identify 63 SDG targets associated with potentially beneficial, damaging or 

mixed impacts on forests, and highlight how potentially damaging targets are often 

better researched and understood. Using open access data for 122 countries, I explore 

the empirical relationships between achievement of the SDGs and changes in net forest 

cover between 2017 and 2020. These analyses suggest that higher achievements in goals 

on health, education, energy, economy and industry are associated with lower net forest 

loss, while the processes of improving in goals on economy and climate change 

mitigation are associated with higher net forest loss. I present a novel framework that 

combines document analysis and indicator data for 24 SDG targets, to assess the 

possible implications of a countryôs anticipated development trajectory for forests. 

Applying this to framework to 48 tropical countries, I highlight key areas of each 

countryôs national development agenda that should be monitored or prioritised in order 

to avoid risks, seize opportunities, and provide enabling conditions for effective forest 

conservation. The thesis concludes with a summary of the major findings, a discussion 

the novel contributions and limitations of the work, and suggestions for further work 

that could help progress the topic further. 
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Chapter 1 Introduction  
 

 

ñWhat we are doing to the forests of the world is but a mirror reflection of what we are 

doing to ourselves and to one anotherò 

 

- Mohandas Karamchand Gandhi 

 

 

Which aspects of human progress can be most damaging to the natural environment, 

and which can facilitate its conservation and overall betterment? What level of progress 

can we expect to see in these areas over the coming years? Answering these questions 

will enable governments and development agencies to address the worldôs societal 

needs without jeopardizing natural ecosystems and the essential services that they 

provide, and to achieve both environmental and non-environmental development 

objectives harmoniously. However, despite a growing recognition in recent decades that 

matters of human progress and well-being are linked with matters of the environment in 

myriad ways, understanding of these relationships is often lacking. Motivated by this, 

this thesis seeks to contribute to the growing efforts fill this knowledge-gap by 

exploring past and possible future relationships between the modern sustainable 

development agenda and one specific (yet critically important) type of ecosystem ï 

forests.  

  

Despite being essential for the survival and well-being of human societies, forest 

ecosystems face numerous threats. Between 2010 and 2020 the global forest area 

declined by an estimated 1.2% (UN DESA and UNFF Secretariat, 2021). While 

undoubtedly cause for alarm, this figure disguises the fact that some countries and 

regions have experienced forest gains, while in others the overall rate of decline has 

been gradually slowing. Concerted research efforts have made great progress in 

understanding the processes that drive losses and gains of forests around the world, and 

increasingly acknowledge that many of these are intrinsically linked with matters of 

human development. Also in recent decades, the global community has made efforts to 

standardise the ways in which sustainable development is targeted and monitored, most 
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recently through the development of the United Nations (UN) Sustainable Development 

Goals (SDGs1). These two aspects combined provide an opportunity through which to 

assess, monitor, and ultimately influence the ways that sustainable development affects 

forests. This thesis examines how achievement of the modern sustainable development 

agenda can, and potentially could, interact with forest conservation around the world. 

 

In this introductory chapter, I first provide background information on forests, including 

their importance to humans, their global conservation status, and the major factors that 

are affecting their integrity (section 1.1). In section 1.2, I provide a brief timeline of key 

milestones in the evolution of sustainable development from the perspective of the UN, 

culminating in the adoption of the 17 SDGs by all member states. Section 1.3 describes 

how interactions between SDGs can shape development outcomes in both desirable and 

undesirable ways, and provides a summary of the most common ways in which this is 

studied. Section 1.4 moves beyond the topic of mapping interactions among the SDGs, 

and describes work that has attempted to forecast the ways that interactions may 

manifest in the future. In section 1.5, I consolidate the topics of the previous four 

sections by providing a summary of the past work on SDG-forest interactions, including 

the research gaps that this thesis hopes to fill. The chapter concludes with a summary 

(section 1.6), followed by a breakdown of the major aims and objectives of this thesis 

(section 1.7). 

 

 

1.1. Forests: their conservation and importance for  human well-being 

 

This thesis is about the conservation, sustainable management, and overall betterment of 

natural forest ecosystems. The definitions of óforestô used in this thesis are explained in 

each chapter, as per the nature of the research and data presented. Ultimately, this work 

concerns itself with natural forests only, and follows the definition used by the UN Food 

and Agriculture Organisation (FAO) and the UN Forum on Forests (UNFF): ñLand 

spanning more than 0.5 hectares with trees higher than 5 meters and a canopy cover of 

more than 10 percent, or trees able to reach these thresholds in situ. It does not include 

 
1 The SDGs are collectively known by several names, including the 2030 Agenda, the Global Goals, and 

the Sustainable Development Agenda, and these are used interchangeably throughout this thesis. 

Similarly, when referring to specific goals, the terms goal(s) and SDG(s) are used interchangeably. For 

example, the terms ógoal 1ô and óSDG 1ô refer to the same thing.  
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land that is predominantly under agricultural or urban land useò (FAO, 2022; UN DESA 

and UNFF Secretariat, 2021). Importantly, this definition excludes tree stands in 

agricultural production systems, including timber and oil palm plantations, orchards and 

agroforestry systems. While I recognise that such habitats can provide benefits relative 

to other human-made systems (Paquette and Messier, 2010), this thesis is, in large part, 

motivated by the conservation of biodiversity, which these systems typically lack, at 

least relative to their natural counterparts (Barlow et al., 2007; Hua et al., 2022; 

Onyekwelu and Olabiwonnu, 2016). 

 

Studies examining the ways that humans and forests interact can be broadly classified 

into one of two types; those considering the roles that forests play in supporting humans 

and their needs, and those considering how the actions of humans affect forests. Though 

this thesis is chiefly concerned with the second of these two topics, in the following 

section I introduce the former in order to contextualise the importance of the latter. 

 

 

1.1.1. Ecosystem services derived from forests 

 

Although a reliable estimate of the exact number of people considered ódependentô on 

forests and forest products does not exist, it is estimated to include around one third of 

the human population (FAO and UNEP, 2020). To describe the numerous ways in 

which people use and/or depend on forests, it is helpful to think in terms of ecosystem 

services ï benefits obtained by people from ecosystems. The Millennium Ecosystem 

Assessment (2005) identified four main types of ecosystems services: supporting 

services (processes that underpin the production of all other ecosystem services)2; 

regulating services (beneficial moderation of natural phenomena); provisioning services 

(benefits based on resources extracted from nature); and cultural services (non-material 

benefits provided to people by nature). 

 

Among the most widely discussed services provided by forests is their role in climate 

regulation. Forest biomass and soils store around 45% of terrestrial organic carbon 

(Waring et al., 2020), thereby playing a key role in influencing the global climate 

 
2 Supporting ecosystem services provide benefits to humans indirectly through the provision of other 

ecosystem service types, and so are not discussed further here.  
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system. Forests also regulate climates at a local level, for example through the provision 

of shade and the distribution of atmospheric water (Ellison et al., 2017). Other 

important regulating services provided by forests include water and pollution regulation, 

and the moderation of potential shocks and disasters from floods, erosion, and pests and 

diseases, among others (Brockerhoff et al., 2017). 

 

Provisioning services provided by forests include food (for both humans and livestock), 

water (both for drinking and irrigation), fibre, medicines, and a variety of wood 

products, ranging from timber to fuel (Brockerhoff et al., 2017; FAO and UNEP, 2020; 

UN DESA and UNFF Secretariat, 2021). These products may be used directly for 

subsistence purposes, or sold locally or further afield, thereby generating income and 

supporting livelihoods and economies (FAO and UNEP, 2020; Rasmussen et al., 2017; 

Shackleton et al., 2011). The formal production of wood and non-wood forest products 

(NWFPs) is estimated to provide around 45 million jobs globally and to generate a 

labour income of more than US$ 580 billion per year (FAO and UNEP, 2020). 

Commercial charcoal and wood fuel production alone provides employment for more 

than 40 million people, and generated an estimated revenue of around US$ 33 billion in 

2011 (FAO and UNEP, 2020). These estimates are, however, highly uncertain, and also 

do not take into account the informal sectors, which estimates suggest provided 41 

million jobs and generated a revenue of US$ 124 billion in 2011 (FAO and UNEP, 

2020). Importantly, these estimates do not reflect the multitude of benefits derived from 

forest products at a subsistence level. By definition, benefits of this kind do not 

necessarily have employment or monetary values, or at least do not enter the system of 

national accounts, making it challenging to summarise their importance. Nevertheless, a 

number of investigations, typically at (sub-)national levels, have highlighted the huge 

importance of subsistence-level use of forest products (typically non-timber forest 

products, or NTFPs), which include fuelwood, edible/medicinal plants, game, honey, 

resins, essential oils and fibres, among others (Shackleton et al., 2011; Timko et al., 

2010). The utility of forest products destined for subsistence use is often thought to 

exceed the cash income that residents derive from the commercial sale of NTFPs 

(Lacuna-Richman, 2002). Moreover, these products can play important roles in poverty 

mitigation and avoidance, and can act as ósafety-netsô or ógap-fillersô to help overcome 

times of emergency and seasons with lower agricultural productivity, respectively 

(Ofoegbu et al., 2017; Shackleton et al., 2011; Timko et al., 2010). Crucially, 
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subsistence use of forest products is often disproportionately more common among 

people or households with a lower socio-economic standing, including the landless 

poor, the unemployed, women, and indigenous groups (Ajaz-Ul-Islam et al., 2013; 

Lacuna-Richman, 2002; Mallik, 2000; Timko et al., 2010; Wickramasinghe et al., 

1996). 

 

Examination of historical art, folklore and religions from around the world shows that 

cultural values associated with forests have often featured prominently (Boada et al., 

2018; Crews, 2003). Despite significant changes in the human cultural landscape, this 

persists today, including in many works of contemporary art (Piñón, 2017; Scott, 2011) 

and several religions (for example, ósacredô forests can still be found in many countries 

of the world (Govigli, 2020)). The basis for this likely lies, at least in part, in the unique 

aesthetic and other sensory experiences that can be gained from being inside forests, and 

which have likely inspired people in a range of ways, perhaps by invoking a sense of 

calm or óconnectednessô, or by providing a source of spiritual enlightenment. Similarly, 

forests can be used for a range of recreation activities, including walking, cycling, 

camping and birdwatching, among various others (Bell et al., 2009; Douglass, 2016; 

Peyron et al., 2002). Work has shown that many people will preferentially choose areas 

with trees for their recreation needs (Peyron et al., 2002), and are even willing to pay a 

premium for the experience (Dwyer et al., 1989). Use and enjoyment of forests in the 

ways described above has been shown to significantly improve both physical and 

mental health (Iwata et al., 2016; Karjalainen et al., 2009). Cultural ecosystem services, 

including those provided by forests, have often been considered óintangibleô compared 

with other service types (Atkinson and OôBrien, 2019) and are consequently relatively 

less well defined and quantified (Daniel et al., 2012). Nevertheless, acknowledgement 

of their importance is steadily becoming more widespread, and indicators are being 

developed so that cultural services can be more readily quantified along with other 

ecosystem service types (Atkinson and OôBrien, 2019). 

 

 

1.1.2. Deforestation and forest degradation 

 

Despite such exceptional importance, the total area of forest across the world is thought 

to have shrunk by around half during the last three centuries (Laurance, 2014), although 
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declines began long before this (Bhagwat, 2014). Historic rates of decline have been 

uneven across time and space; broadly speaking, prior to the 1950s, most significant 

deforestation occurred in the temperate regions of the world, largely as a result of 

expanding agriculture, after which forest loss began to slow in these areas, only to 

increase in the worldôs tropical regions (Houghton, 2015). Table 1.1 shows that between 

2010 and 2020, the global forest area shrunk by an estimated 4.74 million hectares (or 

an average of 0.12%) per year, but that the overall rate of decline in global forest area 

has slowed over recent decades. A closer look at these values (Figure 1.1) uncovers 

stark differences in the changes in net forest area between regions of the world; while 

Asia, Oceania and Europe have all shown net increases in forest cover in the last 

decade, North and Central America, South America and Africa have all shown net 

losses. In South America, the rate of forest loss has slowed between the periods 2000-

2010 and 2010-2020, whereas in Africa the rate has increased over the same timeframe. 

 

 

Table 1.1. Annual rates of global forest area change. Source: FAO and UNEP 

(2020), licensed under CC BY-SA 3.0 (https://creativecommons.org/licenses/by-nc-

sa/3.0/). 

 
 

Period 

Mean annual net 

change (million 

ha/year) 

Mean annual 

net change 

(%/year) 

1990ï2000 ï7.84 ï0.19 

2000ï2010 ï5.17 ï0.13 

2010ï2020 ï4.74 ï0.12 

 

 

 

https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
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Figure 1.1. Net forest area change (million hectares per year) by region and decade 

Source: FAO and UNEP (2020), licensed under CC BY-SA 3.0 

(https://creativecommons.org/licenses/by-nc-sa/3.0/). 

 

 

The 2020 Global Forest Resources Assessment (FAO and UNEP, 2020) broadly defines 

forest degradation as ña reduction or loss of the biological or economic productivity and 

complexity of forest ecosystems resulting in the long-term reduction of the overall 

supply of benefits from forest, which includes wood, biodiversity and other products or 

servicesò. However, this same report (as well as others, e.g. Ghazoul et al., 2015; 

Vásquez-Grandón et al., 2018) notes that this definition is not broadly agreed upon, and 

a review by Simula (2009) identified more than 50 different definitions used in the 

literature. Among the main challenges of defining forest degradation is the fact that it 

can take many forms, including various changes in structure, composition and/or ability 

to regenerate (Dupuis et al., 2020), and so combining these into a single definition is not 

straightforward. Moreover, given that forests are naturally dynamic, identification of a 

reference state from which compare and determine degradation is also challenging, and 

even if some reference state can be defined, then determining how far from this a forest 

should be to qualify as degraded is not clear (Vásquez-Grandón et al., 2018). In many 

instances, scholars attempting to apply working definitions of forest degradation have 

used predefined timeframes during which a forest may (or may not) return to some 
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reference state in order to indicate degradation. However, the timeframes used in such 

works can vary widely, and may range from a few years (e.g. Vancutsem et al., 2021) to 

multiple decades (e.g. Dantas de Paula et al., 2015), again highlighting a general lack of 

consistency around the topic. 

 

In a comprehensive review of this topic, Ghazoul et al. (2015) proposed a definition that 

focuses more on a forestôs ability to return to a state that is structurally and functionally 

comparable to surrouding undisturbed areas without human intervention, irrespective of 

time. Where intervention of any kind is required then the authors suggest that a forest 

should be considered degraded. A more recent review of the same topic by Vásquez-

Grandón et al. (2018) suggested that it may in fact be preferable to use locally-derived 

definitions of degradation, which can be tailored to specific management objectives 

and/or key attributes or ecosystem services of interest. Despite extensive discussion on 

the topic, at the time of writing there remains no widely accepted defintion of forest 

degradation. 

 

As well as being difficult to define, forest degradation can also be challenging to 

measure. In contrast to deforestation, which can be readily quantified over wide areas 

through use of satellite imagery, measuring forest degradation can require on-the-

ground surveys to detect more subtle disturbances (Murdiyarso et al., 2008). Metrics 

used to assess forest degradation using on-the-ground surveys have included species 

richness (Devi and Behera, 2003), aboveground biomass (Eckert et al., 2011), levels of 

human disturbance (Ahrends et al., 2021), and edaphic factors such as soil water content 

(Reddy et al., 2021), among various others. In recent times, however, there has been 

some progress in quantifying and monitoring forest degradation using remote sensing 

technologies, including satellites, LiDAR and unmanned aerial vehicles. Work utilising 

such technologies to assess forest degradation has typically done so through 

quantification of forest characteristics such as canopy cover, forest density, forest 

connectivity and aboveground biomass, among others (Dupuis et al., 2020; Gao et al., 

2020; Mitchell et al., 2017), often also including a measure of regeneration times 

following an observed change (e.g. Rappaport et al., 2018; Vancutsem et al., 2021; 

Yesuf et al., 2019). Nevertheless, despite the valuable insights that remote sensing 

technologies can provide into certain aspects of forest degradation, these are generally 

still limited to macro-scale metrics such as those listed above, while their application to 
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more subtle types of degradation (e.g. changes in species composition) remains 

challenging, meaning that such studies are relatively few (Dupuis et al., 2020). 

 

Notwithstanding the challenges surrounding its definition and measurement, forest 

degradation is now widely acknowledged as a critical global issue. Forest degradation 

can produce significant carbon emissions (Asner et al., 2005; Pandey et al., 2020; 

Pearson et al., 2017), and compromise a forestôs capacity to provide reliable 

provisioning and regulating services (Banerjee and Madhurima, 2013; Foley et al., 

2014; Kyaw et al., 2020; Shanley and Luz, 2003), among other issues. Recent work in 

the Brazilian Amazon has shown that forest degradation is now a greater source of 

forest disturbance and greater contributor to the loss of aboveground biomass than 

deforestation (Matricardi et al., 2020; Qin et al., 2021). In Africaôs Congo Basin, 

approximately 70% of the remaining forest is thought to be affected by forest 

degradation (Shapiro et al., 2021). Other studies report similarly concerning findings for 

other parts of the world, especially in the tropics, and recent work by Vancutsem et al. 

(2021) concluded that forest degradation was responsible for around one third of all 

changes in tropical moist forest cover during the period of 1990 to 2019, and also 

highlighted the importance of forest degradation as precursor to deforestation.  

 

 

1.1.3. Understanding the drivers of forest change 

 

To try to address the loss and degradation of forests in many parts of the world, the 

scientific community has made great efforts to understand the drivers (i.e. the causal or 

contributing factors) of these changes. Geist and Lambin (2001) classified drivers of 

deforestation as either ódirectô (or óproximateô), meaning those that directly result in 

change (e.g. agriculture, fuelwood extraction etc.), or óindirectô (or óunderlyingô), 

meaning the social, political and demographic factors (e.g. corruption, insecure land 

tenure etc.) that underpin the direct drivers. Based on this, the authors identified 42 

direct drivers (grouped broadly into three categories: agricultural expansion, wood 

extraction, and infrastructure extension) and 57 indirect drivers (grouped broadly into 

five categories: economic factors, policy/institutional factors, technological factors, 

cultural (or socio-political) factors and demographic factors). Based on 152 case studies 

of tropical deforestation, they note that no single direct or indirect drivers dominated the 
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findings, but rather that combinations of causative factors were more common. These 

included combinations of agriculture, wood extraction and road development (mainly 

driven by economic, policy, institutional and cultural factors), agriculture and wood 

extraction (mainly driven by technological factors), and population-driven agricultural 

expansion (Geist and Lambin, 2001). 

 

More recent assessments of drivers of forest change at an international level include the 

work of Hosonuma et al. (2012), who used a literature review to assess direct drivers of 

deforestation and forest degradation in 46 countries. Although this work did not include 

an assessment of indirect drivers, the authorsô inclusion of drivers of forest degradation 

in their work marks an important improvement on the Geist and Lambin report cited 

above. This work showed that agriculture (including commercial, local and subsistence) 

was the dominant driver of deforestation, while timber extraction, logging, fuelwood 

collection and charcoal production were the dominant drivers of forest degradation, but 

that the relative importance of these factors varied regionally (Figure 1.2) (Hosonuma et 

al., 2012). A still more recent effort to quantify the drivers of global forest loss (but 

again, not including forest degradation, nor indirect drivers) is the work of Curtis et al. 

(2018), who, based on examination of satellite imagery, concluded that the most 

important drivers between 2001 and 2015 were, in descending order, commodity-driven 

agriculture, forestry, shifting agriculture and wildfires. 

 

Evident from a brief review of work aiming to assess drivers of deforestation and forest 

degradation at a global (or at least multi-continental) scale, is that (a) forest degradation 

receives notably less attention than deforestation, and (b) indirect drivers receive less 

attention than direct ones. As was noted earlier, the techniques and metrics required to 

identify deforestation are much more well established than those for forest degradation 

(Murdiyarso et al., 2008), which explains in large part the first of these two 

shortcomings. In a similar way, the identification of direct drivers is more 

straightforward than indirect ones, owing to the typically more conspicuous nature of 

the former, and the often complex mechanisms through which the latter operate 

(Hosonuma et al., 2012; Indarto and Mutaqin, 2016; Kissinger et al., 2012). 

Nevertheless, a great deal of information on each of these topics is available from 

literature examining drivers at (sub-)national scales, and in Chapter 4 of this thesis, as 
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part of a wider assessment (described later), I review and synthesise this information for 

48 tropical countries. 

 

 

 

Figure 1.2. Relative contributions of direct drivers of deforestation (above) and 

forest degradation (below) based on an assessment of 46 countries. Source: 

Hosonuma et al. (2012), licensed under CC BY-SA 3.0 (https:// 

creativecommons.org /licenses/by-nc-sa/3.0/). 

 

 

Also apparent from the literature on drivers of deforestation and forest degradation is 

that many (but not all3) of the commonly recorded direct and indirect drivers can be 

explicitly linked to one or more topics or themes that commonly feature in the literature 

 
3 For example, fire (both natural and human-caused) is a commonly cited driver of forest change (Curtis 

et al., 2018; Geist and Lambin, 2001; Ghazoul et al., 2015; Hosonuma et al., 2012; Zhao et al., 2021), but 

is not a topic typically covered in the sustainable development literature. 
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on sustainable development. Such linkages can be broadly thought of as cases where 

some form of societal or economic progress results in a driver being either (a) created or 

worsened, or (b) mitigated. Examples of the former can occur alongside the 

development of infrastructure, a key feature of modern sustainable development agenda 

(Inter-Agency and Expert Group in Sustainable Development Goal Indicators, 2016), 

but also a commonly cited driver of forest loss (Laurance et al., 2015; Seiler, 2003; 

Sloan et al., 2018). An example of the latter is the reduction of corruption, another 

feature of the sustainable development agenda (Inter-Agency and Expert Group in 

Sustainable Development Goal Indicators, 2016), but in this case one whose 

achievement can be expected to have positive implications for forests (Koyuncu and 

Yilmaz, 2009; Laurance, 2004; Sommer, 2017). 

 

The idea that human progress in matters not typically associated with the natural 

environment can influence drivers of forest change forms part of the overarching basis 

for this entire thesis, and will be duly explored in more detail in upcoming sections and 

chapters. Before doing so, however, it is important to provide some background on the 

sustainable development movement, including how it integrates environmental and non-

environmental issues, as well as on current thinking around how different aspects of 

sustainable development can interact. These are the topics presented in the next two 

sections, respectively. 

 

 

1.2. Integrating environment and development: From Stockholm to the SDGs 

 

In 1987, the World Commission on Environment and Development defined ósustainable 

developmentô as ñdevelopment that meets the needs of the current generation without 

compromising the ability of future generations to meet their own needsò (World 

Commission on Environment and Development, 1987). Implicit in this definition is the 

notion that consideration must be given to the natural environment to ensure the long-

term survival of humankind, and that this should be considered in combination with 

other aspects of human development. Although this idea may be somewhat 

commonplace among modern thinkers, its explicit acknowledgement among global 

governance agencies can be traced back only as far as the early 1970s, which saw the 
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beginning of a series of processes led by the UN to explicitly link matters of 

environment and development at an international level. 

 

The first of these processes was the UN Conference on the Human Environment, held in 

Stockholm, Sweden in June 1972. This conference culminated in the signing of the 

Stockholm Declaration (and its associated action plan) by 114 countries, formally 

marking the beginnings of dialogue between developed and developing nations on 

environmental issues, and on the links with economic growth, social development and 

human well-being (Handl, 2012). By the early 1980s, however, it was clear that 

environmental issues required greater attention on the global stage. In 1983 the UN 

responded by forming an independent organisation, the World Commission on 

Environment and Development (known informally as the óBrundtland Commissionô), 

which was tasked with identifying long-term solutions to environmental issues based on 

co-operation among developing countries and between countries at different stages of 

economic and social development (World Commission on Environment and 

Development, 1987). The primary output from the Brundtland Commissionôs analyses 

was a report titled óOur Common Futureô (World Commission on Environment and 

Development, 1987), also known óthe Brundtland Reportô. As well as providing the first 

working definition of ósustainable developmentô (given above), the Brundtland Report 

proposed policy solutions that integrated matters of social equity, economic growth, and 

the environment. 

 

The Brundtland Report laid much of the groundwork for the UN Conference on 

Environment and Development (often referred to as the ñEarth Summitò), which took 

place in Rio de Janeiro, Brazil in 1992, and which made more explicit links between 

matters of environment and development than the Stockholm conference had done 20 

years earlier (Handl, 2012). The Earth Summit brought together world leaders, NGOs, 

scientists and other influential groups from 179 countries, with the overarching 

objective to ñproduce a broad agenda and a new blueprint for international action on 

environmental and development issues that would help guide international cooperation 

and development policy in the twenty-first centuryò (United Nations, n.d.). The action 

plan that emerged from this conference, known as Agenda 21, was accompanied by a 

set of 27 guiding principles, known as the ñRio Declarationò. Principle 4 of this 

declaration states that ñenvironmental protection shall constitute an integral part of the 
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development process and cannot be considered in isolation from itò, while Principle 25 

states that ñpeace, development and environmental protection are interdependent and 

indivisibleò (United Nations, 1992). 

 

In 2000, the UN and its 191 (at the time) member states further committed to integrating 

matters of development and environment with the release of the Millennium 

Development Goals (MDGs), which all UN members agreed to help achieve. The 

MDGs comprised eight broad goals, made up of 18 targets, spanning matters of poverty, 

health, gender equality, education and the environment. Importantly, not only did the 

MDGs mark a greater coherence among the various UN agencies to deliver on a united 

vision (Kumar et al., 2016), but they also marked the first time that the UN adopted a 

target-driven approach to its development agenda (Kumar, 2013). The MDGs attracted 

criticism, however, for a number of reasons, including insufficient stakeholder 

involvement at the development stage, an absence of some important development 

topics previously agreed under other UN frameworks (e.g. matters of family planning), 

a bias towards developing countries over developed ones, a lack of measurability for 

many of the targets, and a general lack of attention to the interconnectedness of the 

goals (Attaran, 2005; Fehling et al., 2013; Waage et al., 2010). 

 

Despite a generally poor performance of many countries to attain the MDGs (Waage et 

al., 2010), the conclusion of the timeframe covered by the goals in 2015 allowed an 

opportunity to revisit the overarching suitability and utility of such target-driven, multi-

sectoral development frameworks in light of the criticisms given above. Consequently, 

the MDGs were succeeded by the SDGs, a more comprehensive list of 17 goals (Figure 

1.3), developed through a much wider consultation of stakeholders than their 

predecessors, and with greater emphasis on the well-being of all countries, rather than 

just developing ones. 

 

A further advancement of the SDGs was that they were purposefully created to integrate 

the wide range of themes and objectives embodied in the 17 goals through targets that 

overlap between goals (Le Blanc, 2015). The intention behind this is that the SDGs 

should be treated as an indivisible, unified whole (United Nations, 2015), which is an 

intentional response to a perceived lack of sectoral integration in previous development 

frameworks in terms of their strategies, policies and means of implementation (Le 
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Blanc, 2015). The implication of treating the global development agenda in this way, 

and one underpinning this whole thesis, is that interactions between the SDGs and their 

targets can and do occur, and that these should be purposefully identified, monitored 

and manipulated. The following section explores this idea in detail.  

 

 

 

 

Figure 1.3. The 17 UN Sustainable Development Goals. Image is in the public 

domain and made freely available for use at: https://www.un.org/ 

sustainabledevelopment/news/communications-material/. 

 

 

1.3. Interactions within and among the SDGs 

 

The 2015 UN resolution on the SDGs makes clear that interactions between and within 

the 17 goals is fundamental to their design and achievement (United Nations, 2015). 

Underpinning this is the idea that achieving some aspects of the development agenda 

can actively facilitate the achievement of others, but in other cases, achievement of 

some aspects can constrain the achievement of others. For example, providing energy 

(SDG 7) can facilitate education (SDG 4) by providing light by which to study, power 

for computers, and so on, but limiting climate change (SDG 13) could also limit options 
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to provide universal energy access (SDG 7) (Nilsson et al., 2016). Such interactions can 

be respectively termed ósynergiesô and ótrade-offsô, as is now common throughout much 

of the related literature. By identifying and better understanding the nature of synergies 

and trade-offs in the development agenda, it will be possible to develop cross-sectoral 

policies, strategies and interventions that promote the former and minimise the latter 

(Langou et al., 2019; Mainali et al., 2018; Nilsson et al., 2016). 

 

Despite acknowledging the importance of SDG interactions, the original documentation 

associated with the SDGs does not provide guidance on the nature of these interactions. 

This leaves those tasked with helping to realise the goals at a potential disadvantage, as 

promoting synergies and avoiding trade-offs is not possible without first understanding 

them. Acknowledgement of this shortcoming soon prompted researchers to consider the 

topic in detail, with some of the earliest works being primarily theoretical in nature. For 

example, Waage et al. (2015) hypothesized interactions between three concentric 

ólayersô each containing sets of goals with similar attributes (Figure 1.4), and suggested 

that achieving infrastructure goals can help to facilitate the achievement of well-being 

goals, but may come at the expense of success in achieving natural environment goals. 

 

In the subsequent years, and especially following a call to action by Nilsson et al. 

(2016) urging researchers to study SDG interactions, a productive area of research has 

emerged, seeking to identify, map, quantify and model SDG interactions. Such studies 

have varied widely in their level of focus (e.g. focusing on all SDGs or on specific pairs 

of components), their data sources, and/or their analytical approaches (Bennich et al., 

2020), and in this section I aim to characterise and provide examples of each. Although 

the descriptions that follow are not exhaustive, they cover many of the methods most 

commonly encountered in the literature, and so provide a good primer on the subject. 

As it can be common practice to combine multiple methods and/or data sources when 

investigating SDG interactions, it is not always possible to describe the full 

complexities of each paper cited in the following summaries. However, I do aim to link 

some papers between sections in order to illustrate how different approaches can 

complement each other.  
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Figure 1.4. Waage et al. (2015) organised the SDGs into three ólayersô and 

described interactions within and between each. Source: Waage et al. (2015), 

licensed under CC BY-SA 4.0 (https://creativecommons.org/licenses/by/4.0/). 

 

 

1.3.1. Establishing the level of focus when considering SDG interactions 

 

A substantive literature review on the topic of SDG interactions by Bennich et al. 

(2020) applied a typology to studies based on the nature of the interactions being 

investigated. These can essentially be interactions between any combination of goal(s), 

target(s)/indicator(s), related policies, or external entities (i.e. themes or processes not 

covered by the SDGs). Throughout this thesis, the óoutcomeô of interest (the 

conservation and restoration of forests) can be best aligned with the SDGs at the target 
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level, and specifically, the following three targets (each of which overlap to some 

degree): 

 

¶ Target 15.1: ñBy 2020, ensure the conservation, restoration and sustainable use 

of terrestrial and inland freshwater ecosystems and their services, in particular 

forests, wetlands, mountains and drylandsò. 

 

¶ Target15.2: ñBy 2020, promote the implementation of sustainable management 

of all types of forests, halt deforestation, restore degraded forests and 

substantially increase afforestation and reforestation globallyò. 

 

¶ Target 6.6: ñBy 2020, protect and restore water-related ecosystems, including 

mountains, forests, wetlands, rivers, aquifers and lakesò. 

 

This thesis is concerned with how the targets listed above are affected by changes in 

other areas of the development agenda, including at the target level (Chapters 2 and 4) 

and at the goal level (Chapter 3). As such, the following paragraphs predominantly cite 

examples of studies seeking to identify interactions at these levels, although readers 

should keep in mind that interactions can occur (and be studied) at other levels.  

 

Interactions involving targets occur where progress towards achievement of one of the 

169 SDG targets results in either a synergy or a trade-off with another aspect (i.e. a goal 

or another target etc.), or vice versa. In this thesis, I extend this definition to include 

cases where target-related indicators are used as a basis to explore interactions, although 

I note that some scholars (e.g. Bennich et al., 2020) make a distinction between target- 

and indicator-level interactions. Interactions involving goals occur where progress in a 

whole suite of targets pertaining to a single SDG results in either a synergy or a trade-

off with another aspect (i.e. a target or another goal etc.) or vice versa. Although some 

investigations may choose to present their target-level findings grouped by goal (e.g. 

McCollum et al., 2018), I distinguish goal-level studies as those that combine target-

level findings quantitatively in order to assess a goalôs status, or changes therein. 
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Studies considering target-level interactions are more common than those considering 

goal-level interactions, and this is likely for three main reasons. Firstly, the 169 targets 

compared with 17 goals means that there is a greater variety of potential interactions to 

be explored to begin with. Second, because each SDG target has one or more associated 

indicators, they typically have a readily available data source and are inherently more 

quantifiable than whole goals. The third reason is that although the SDGs were 

developed around 2015, many of the indicators that support the SDG targets pre-date 

the SDGs, and so many target-level investigations had been conducted even before the 

data underpinning the research was actually placed into the context of the SDGs. One 

example of this (of countless possible) is the work of Kirigia et al. (2006), which 

investigated the influence of maternal mortality on gross domestic product (GDP). 

Although this work was published almost a decade before the advent of the SDGs, the 

data used correspond with SDG targets 3.1 (reduce maternal mortality) and 8.1 (sustain 

per capita economic growth), making the research and its findings still highly relevant 

in the context of modern sustainable development. SDG targets are more specific in 

nature than the composite goals that they are each a part of, which makes discerning 

interactions (including cause and effect) at this level, and subsequently prescribing 

specific interventions, conceptually more straightforward (Lusseau and Mancini, 2019; 

Weitz et al., 2018). 

 

Goal-level investigations are inherently more methodologically challenging than those 

at the target level, mainly because the widely varying targets and indicators that 

comprise a given goal are not readily combined, and so consideration is required over 

how to characterise the goal(s) of interest. Also arising from the varied nature of each 

goalôs composite targets and indicators, a further challenge for goal-level studies is that 

they are typically unable to specify the mechanisms underlying (and therefore attribute 

cause and effect to) any relationships identified. Despite these challenges, identification 

of goal-level interactions can provide insights that can inform broader governance of 

whole thematic areas (Lusseau and Mancini, 2019). Furthermore, as interactions at the 

target-level do not necessarily scale up to reflect those at the goal level (Lusseau and 

Mancini, 2019), and vice versa, important relationships could be overlooked when only 

considering a single level of interaction. This point is pertinent to this thesis, which 

considers both target- and goal-level interactions with forests, as well as a comparison 

and a critical discussion of the similarities and differences in Chapter 5. 
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While some studies aim to consider all possible interactions between all goals or targets 

that comprise the SDGs (e.g. Hegre et al., 2020; Lusseau and Mancini, 2019), it is more 

common for studies to focus on a reduced set of components and/or a specific single 

component or theme. For example, Engström et al. (2019) considered interactions 

between goals on energy, climate, water and land, while Fader et al. (2018) considered 

interactions between targets relating to water, energy and food. Studies focusing on 

specific topics include Fuso Nerini et al. (2018), Cook et al. (2019) and Parikh et al. 

(2021), who respectively looked at interactions between energy, tourism and sanitation, 

and all 169 SDG targets. 

 

Research into SDG interactions can be further distinguished as being either systemic or 

non-systemic (Langou et al., 2019). Systemic analyses attempt to capture interactions 

relating to the whole system (or at least a part of it), often including feedback loops 

and/or second-order interactions, whereas non-systemic analyses typically consider 

interactions between individual pairs of components only (Langou et al., 2019). 

Systemic techniques such as quantitative modelling or scenario analysis are more 

commonly used to project or forecast potential future outcomes than to actually identify 

interactions, and this topic receives specific attention in section 1.4. The exception to 

this is the use of network analysis, which is described shortly. One point to note is that 

systemic studies commonly use similar data and methods to non-systemic ones for the 

initial identification of interactions, before later considering them at the ósystemô level, 

and so much of the information in the remainder of this section is relevant to both cases. 

 

Lastly, studies of SDG interactions can be distinguished by their geographical scope, 

which may range from local (e.g. Engström et al. (2019) studied interactions at the level 

of Swedish municipality) to global (e.g. Hegre et al. (2020) studied interactions across 

all 193 UN member states). Intermediate levels of investigation can include national 

(e.g. Bisaga et al. (2021) studied interactions in Rwanda only) or regional (e.g. Allen et 

al. (2017) studied interactions within the Arab region). Geographical scope is an 

important consideration when interpreting the findings of a given investigation because 

interactions identified at one level may not necessarily scale up or down to another (De 

Neve and Sachs, 2020). Studies at smaller and greater geographical scales are analogous 

to target-and goal-level assessments, in the sense that the former are more typically able 

to provide highly context-specific insights and recommendations, and the latter more 
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usually relevant to matters of high-level (e.g. international) governance and 

policymaking. 

 

 

1.3.2. Sources of data for assessing SDG interactions 

 

Bennich et al. (2020) noted that the most common data sources for studies of SDG 

interactions are direct observation, expert/stakeholder knowledge, official databases, 

and scientific literature, and the following sections discuss each of these. 

 

 

(i) Direct observation 

 

In some cases, SDG interactions are reported following direct observations, including 

by researchers or other actors that are witness to some kind of development-related 

change. At the simplest level, case studies (usually at a local scale) can report on 

observed interactions without use of complex analytical techniques, typically once some 

kind of intervention or change has resulted in a knock-on effect, be it intentional or 

otherwise. In other cases, observations can be made by individuals or groups of 

researchers specifically seeking to investigate one or more interactions.  

 

Aiken and Leigh (2015) presented case studies of the impacts of large dams on 

indigenous communities in Malaysia. The dams were developed primarily to provide 

domestic energy and/or water, linking them to SDG targets 6.1 (access to water), 7.1 

(access to energy) and 7.2 (renewable energies). Despite being ostensibly successful in 

achieving these aims, the authors describe a number of trade-offs with other key areas 

of development, mainly resulting from the resettlement of people and changes in land 

use. The forced relocation of indigenous communities represented an erosion of their 

ownership and control over land, property and natural resources (target 1.4), and 

presented issues surrounding food security (target 2.1: relocation sites were often not 

suitable to support the same levels of agriculture as the former sites) and unemployment 

(target 8.5: employment opportunities at the relocation sites were limited). Moreover, 

the loss and degradation of ecosystems (target 15.1) arising from the construction of the 
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dams led to declining fish stocks that further jeopardized food security downstream 

from the actual sites. 

 

Cluver et al. (2016) specifically sought to investigate whether improved social 

protection systems (target 1.3) facilitate improvements in a range of other targets (17 in 

total, spanning five goals) relating to adolescent health and well-being. To do so, they 

conducted research-specific surveys in two rural districts of South Africa, collecting 

data on 3,515 individuals. The authors concluded that improved social protection 

systems have synergistically positive relationships with most of the other targets 

included in their work. 

 

Observational studies of this kind are useful insomuch as they can highlight specific 

interactions, often including the complex mechanisms through which they occur. 

However, because they are typically based on local-scale observations, their findings 

may not necessarily be reflective of the ways that interactions occur in different 

contexts and locations. 

 

 

(ii)  Expert and stakeholder elicitation 

 

Elicitation of expert and stakeholder knowledge to identify SDG interactions is a 

relatively common approach (Bennich et al., 2020), typically involving focus groups, 

workshops, interviews or questionnaires. A report by the International Council for 

Science and the International Social Science Council (ICSU and ISSC, 2015), which 

was among the first efforts to identify linkages between the SDGs, was based on inputs 

from more than 40 selected experts. Subsequent assessments using expert elicitation 

have included Singh et al. (2018), who ran a series of expert workshops to evaluate the 

links between targets from SDG 14 (oceans) and those from 15 other goals (all except 

goal 17). Fuso Nerini et al. (2018) used a combination of expert elicitation and literature 

reviews to map synergies and trade-offs between energy targets (SDG 7) and all 169 

SDG targets. The methods applied in this last study have since been repeated in other 

contexts, including urban ecosystems (Maes et al., 2019), off-grid solar energy in 

Rwanda (Bisaga et al., 2021) and sanitation (Parikh et al., 2021).  
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Expert elicitation has been used to apply semi-quantitative scales to known or expected 

interactions, the most commonly encountered of which is the framework proposed by 

Nilsson et al. (2016). This framework applies a seven-point scale ranging from 

ócancellingô (i.e. achievement of both targets simultaneously is impossible), with an 

associated score of -3, through óconsistentô (i.e. no interactions, scored 0) to 

óindivisibleô (i.e. one target cannot be achieved without the other, scored +3), and takes 

into account matters of reversibility, directionality, strength and certainty (albeit based 

on the opinions of contributing experts). Perhaps the most comprehensive application of 

this framework to date was published by the International Council for Science (ICSU, 

2017), which assessed interactions between targets from four SDGs (goals 2 (food 

security), 3 (health), 7 (energy), and 14 (oceans)) and those from all other goals, 

identifying 238 positive and 66 negative interactions overall. 

 

One further use of expert elicitation is as a means to confirm the relevance or likelihood 

of suspected or anticipated interactions in a given context. For example, Allen et al. 

(2017) consulted experts and stakeholders from the Arab region to assess whether pre-

identified interactions are relevant to that region. 

 

Expert elicitation is considered useful when existing evidence or data is lacking, when 

underlying causal mechanisms are complex or poorly understood, and/or when apparent 

randomness in trends renders more quantitative techniques less appropriate (Dion et al., 

2020; Knol et al., 2010). These advantages make the approach particularly appropriate 

for identifying SDG interactions, which can be highly context-specific and often poorly 

understood in many cases (ICSU, 2017; Nilsson et al., 2016; Weitz et al., 2019), and so 

can benefit from being considered by experts with a variety of backgrounds and 

expertise. It should be noted, however, that gathering information via expert 

consultations is not without some limitations, which can include a general lack of ability 

to consistently apply quantitative measures, and the potential for bias within 

assessments, especially if the composition of the experts consulted is not adequately 

representative (Morgan, 2014).  
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(iii)  Indicator databases 

 

For decades, multi-lateral agencies, national governments, and numerous NGOs have 

collected data to assess and support matters of development, and these can provide a 

rich source of data for studies of SDG interactions. Among the most suitable for such 

purposes, and especially for studies that concern themselves with multiple countries, are 

the UNôs Global SDG Indicators Database (United Nations Statistics Division, 2022) 

and the World Bankôs World Development Indicators Database (World Bank, 2022). 

Both databases are openly available to the public, and contain information that directly 

relates to the official SDG indicators, although it has been noted (Lusseau and Mancini, 

2019) that the latter contains information for more countries and years, as well as data 

on additional indicators not used by the SDGs. These data have been used in a multitude 

of studies seeking to identify interactions between one more indicators (e.g. Anderson et 

al., 2021; Bali Swain and Ranganathan, 2021; Barbier and Burgess, 2019; Hegre et al., 

2020; Lusseau and Mancini, 2019), and these studies almost always apply correlational 

approaches, which are described in the next section.  

 

As well as data directly pertaining to the official SDG indicators, a wide range of other 

datasets providing national-level indicators for multiple countries are available, and can 

be used as proxies in cases where official indicator data are missing or incomplete. 

Among the most comprehensive and useful of these data sources is that provided by the 

United States Agency for International Development in the form of their Demographic 

and Health Surveys (DHS) (USAID, 2022), which collects and disseminates household-

level data on population, health, and nutrition from more than 90 countries. Doku et al. 

(2020) used DHS data from 59 low- and middle-income countries to assess whether 

improving womenôs empowerment (SDG 5) is associated with reduced neonatal, infant 

and under-five mortality (target 3.2), and concluded that there are multiple synergies to 

be gained in this area.  

 

In some cases, researchers mix official indicator data with proxy data sourced 

elsewhere. For example, the online óSDG Interlinkages Analysis and Visualisation 

Toolô (Zhou et al., 2021), which maps and monitors target-level interactions for 27 

countries, uses proxy data on the proportion of the eligible population receiving a 

pension to consider target 1.3, which relates to social protection floors/systems, as 
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official indicator data are incomplete. Similarly, when investigating the impacts of 

corruption (target 16.5) on uptake of renewable energy (target 7.2), Amoah et al. (2022) 

sourced all data from the World Bankôs Development Indicators Database apart from 

their measure of corruption, which was deemed too data poor in the official source, and 

instead used Transparency Internationalôs Corruption Perception Index (Transparency 

International, 2021). Although examples of potential data sources of this nature are too 

numerous to list here, the above examples illustrate the fact that it is common practice 

to employ proxy variables in some cases. 

 

For researchers wishing to study SDG interactions at a (sub-)national scale, there are 

again a range of resources available, often deriving from national-level surveys and 

databases (including the DHS data mentioned above). The huge variety of such 

resources means that, again here, it is not possible to list them all, and so I instead 

provide illustrative examples only. Focusing on India, Jung et al. (2019) investigated 

whether the risk of cardiovascular disease (target 3.4) in India is linked to 

socioeconomic status (e.g. primary school completion rate (target 4.1), female literacy 

rate (target 4.6), and GDP per capita (target 8.1), among others). To do so, they used 

data from two government-led, nationally representative household surveys, which 

allowed them to draw conclusions at levels of both individual participant and district. 

Perhaps surprisingly, the authors found negative associations in many cases. Focusing 

on Ghana, Adamba (2018) used data from the Ghana Statistical Service (a government 

agency that collects and disseminates national data) to assess the links between access 

to electricity (target 7.1) and a range of learning outcomes (SDG 4), finding positive 

associations in most cases. 

 

 

(iv)  Scientific and grey literature 

 

The wealth of existing studies and reports relevant to the topic of SDG interactions can 

provide a valuable source of information. Literature reviews are particularly useful 

where the aim is to synthesise and map interactions pertaining to multiple goals or 

targets. Doing so is considerably more practical than collecting first-hand data on such a 

broad range of subjects, and allows the researcher(s) to gain insights from studies 

conducted in a variety of contexts and locations. 
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Examples of studies using literature reviews to collate information on SDG interactions 

include the work of Vladimirova and Le Blanc (2016), who reviewed 37 UN flagship 

reports to assess links between education and all other goals, finding links with all goals 

except goal 14 (oceans). A further example is the work of Alcamo (2019), who used a 

series of key phrase searches to review the links between water quality (target 6.3) and 

targets from all other goals. The authorsô findings suggest that the linkages that can be 

inferred from the wider literature significantly outweigh those that receive explicit 

mention in the supporting text of the SDG targets. 

 

Literature reviews are often used in combination with other methods, most commonly 

expert/stakeholder elicitation, as a means to map interactions. Indeed, most of the 

studies cited in the section above on expert elicitation used these two approaches in 

combination. This includes all cited applications of the Nilsson et al. (2016) framework, 

and all cited applications of the methods developed by Fuso Nerini et al. (2018), which 

are two of the more common approaches to mapping SDG interactions. 

 

Data gathered from published literature can also be used to assess SDG interactions in 

more quantitative ways. For example, after conducting a literature review of the links 

between energy technologies and land- and water-use impacts, Engström et al. (2019) 

used the findings as part of a systemic model (defined in section 1.4) to assess the 

possible impacts of different emissions reductions strategies in a Swedish municipality.  

 

In this thesis, I make considerable use of the available literature to inform my work. In 

Chapter 2, I present a comprehensive systematic review of the links between non-

environmental SDG targets and forests, and in Chapter 4, I review selected publications 

as a means to establish the development priorities and drivers of forest change for 48 

countries, which I use as a basis to assess the possible impacts of the former on the 

latter. 

 

 

1.3.3. Analytical techniques for assessing SDG interactions 

 

Having established the scope and identified data sources for an investigation into SDG 

interactions, the remaining step is to determine an appropriate analytical approach. 
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Naturally, this will be guided by the specific aims of the study, which in most cases is 

either to verify/quantify the existence of an interaction and/or to synthesise information 

on a range of interactions in order to characterise an entire (or part of a) system. There 

are a range of analytical techniques at the disposal of researchers in this field, and in this 

section I describe the three most commonly encountered; namely (i) developing basic 

syntheses or maps; (ii) using correlational approaches; or (iii ) performing network 

analysis. More complex systemic approaches have, in some cases, also been used to 

quantify SDG interactions (e.g. Scherer et al., 2018), but these are more commonly used 

to project anticipated or possible future interactions, and so I reserve this topic for 

section 1.4. Again, readers should keep in mind that many studies draw upon multiple 

analytical techniques, and so, for ease of presentation, the following examples may not 

convey the full complexities of the each study cited. 

 

 

(i) Basic synthesis/mapping 

 

Where the primary aim of a study is to determine the presence or absence of interactions 

in one aspect of the SDGs (e.g. selected themes, goals or targets) relative to others, and 

if data are collected via expert elicitation and/or literature review, it is often sufficient to 

simply present the results in a synthesized form, with few additional steps. The review 

of links between energy and all SDG targets by Fuso Nerini et al. (2018), and the 

subsequent publications that applied the same methodology (Bisaga et al., 2021; Maes 

et al., 2019; Parikh et al., 2021), all presented their findings graphically (Figure 1.5), 

grouping target-level findings by goal, and distinguishing between synergies and trade-

offs, but with no further analysis. Both McCollum et al. (2018) and (Cook et al., 2019) 

used the framework devised by Nilsson et al. (2016) (see above), the former to assess 

interactions between energy (SDG 7) and non-energy SDG targets, and the latter to 

assess the links between the Icelandic tourism sector (relevant to SDG target 8.9) and all 

other SDG targets. In both cases, the authors present their results graphically with little 

additional analysis. 
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Figure 1.5. A simple way to map interactions was used by Fuso Nerini et al. (2018), 

here showing synergies (left) and trade-offs (right) between energy (SDG 7) targets 

and all other SDG targets. Source: Fuso Nerini et al. (2018). Image copyright: 

Springer Nature, used with permission. 

 

 

The International Council for Science (2017) recommends application of the framework 

developed by Nilsson et al. (2016), followed by construction of a cross-impact matrix. 

A cross-impact matrix conveys the interactions between all possible pairs of targets (or 

goals, indicators etc.) considered in the assessment. By summing the row and column 

values is possible to gauge the extent to which each target influences, and is influenced 

by, all others included. Cross-impact analysis was used by Barquet et al. (2021) to 

summarise interactions between 36 selected targets in the context of Sri Lanka, by 

Weitz et al. (2018) to summarise interactions between 34 selected target (two from each 

goal) in the context of Sweden, and by Fader et al. (2018) to summarise interactions 

between all targets from goals on food, water and energy. 

 

 

(ii)  Correlational methods 

 

Correlational methods mathematically identify/quantify relationships between two or 

more variables, and have been used on many occasions to explore SDG interactions. 

Being quantitative in nature, all correlational approaches require numerical data of some 

kind, and so, in the context of SDG interactions, they are most commonly used to 
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analyse indicator (including proxy) data, including cases where indicators are merged to 

represent one or more goals. 

 

Correlational methods used to assess SDG interactions have ranged from basic linear 

techniques (e.g. Pearsonôs correlation or ordinary least squares (OLS) regression) to 

more complex methods, including non-linear (e.g. polynomial regression) and 

dimensionality reduction (e.g. principal component regression) techniques. The choice 

of method for use is largely determined by the underlying research question(s) and by 

the nature of the data being analysed.  

 

Correlational approaches can be used to explore specific hypotheses involving only a 

small number of predictors; for example the aforementioned work of Doku et al. (2020) 

used logistic regression to examine relationships between womenôs empowerment child 

mortality. Alternatively, they can be used in a more exploratory fashion to examine 

relationships between whole suites of variables. For example, Pradhan et al. (2017) used 

Spearmanôs rank correlation to assess relationships between all possible pairs of 122 

different indicators spanning all 17 SDGs. They then calculated the proportions of 

significant positive (synergies), significant negative (trade-offs), and non-significant 

relationships identified for each goal. Their results suggest that indicators from SDGs 1 

(poverty) and 3 (health) have proportionally more synergies with indicators from other 

goals than other SDGs, while indicators from SDGs 8 (economy), 9 (industry and 

infrastructure), 12 (responsible consumption and production), and 15 (life on land) have 

a greater proportion of trade-offs. Similarly, focusing on Spain, Ramos and Laurenti 

(2020) also used Spearmanôs rank correlation, in this case to assess relationships 

between all combinations of 34 indicators, and found that SDGs 4 (education), 5 

(gender) and 7 (energy) provided the largest numbers of positive interactions.  

 

Correlational approaches are commonly used to study goal-level interactions, including 

to derive useable goal-level metrics (i.e. from target/indicator data), as well as to assess 

their relationships. For example, Lusseau and Mancini (2019) ran linear mixed-effects 

models for each possible pair of 331 indicator variables, and then summarised the 

outcomes at the goal level by averaging the directions and strengths of any significant 

relationships identified for each of the respective goals involved. The resulting outputs 

were then used to perform network analysis (see next section). 
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In a novel approach to deriving goal-level data, Hegre et al. (2020) characterised each 

SDG by applying principal component analysis (PCA) to groups of indicators from each 

SDG. This provided óprincipal componentsô for each SDG that were uncorrelated and 

captured known amounts of the variance present in all included indicators for each goal. 

By examining the strength and direction of the correlations between principal 

components for each goal, the authors were able to identify synergies and trade-offs at 

the goal-level. The authors found that SDGs 1 to 8, 11 and 17 (or at least the principal 

components that best characterise them) showed consistently strong and positive 

correlations (indicating synergies) with each other, while SDG 10 showed negative 

correlations (indicating trade-offs) with most other goals.  

 

De Neve and Sachs (2020) examined relationships between each of the 17 SDGs and a 

single variable of interest - subjective well-being4. In this case, the authors made use of 

a freely available index, the Sustainable Development Goal Index (SDGI), which 

combines a range of relevant indicators to provide country-level scores from 0 (worst 

possible) to 100 (best possible) for each SDG for 193 countries (Sachs et al., 2019). 

Using standard univariate correlations, this analysis found significant positive 

relationships (indicating synergies) between subjective well-being and all goals apart 

from goals 12 (consumption and production) and 13 (climate), which both had 

significant negative relationships, and goals 14 (oceans) and 15 (life on land), neither of 

which were significant. The authors followed this up by performing dominance 

analysis, a technique to assess the relative importance of each of a set of predictors in 

explaining an outcome, on the same dataset. Their finding suggested that SDGs on 

health, economy, industry/infrastructure and sustainable consumption are most 

important in in explaining subjective well-being. In Chapter 3 of this thesis, I draw upon 

the methods used in this study, and use both the SDGI and dominance analysis to 

examine goal-level interactions with forests. 

 

Because correlational studies are typically based on standardised indicators, they are 

more easily reproduced and are less subject to bias than methods based on expert-

derived assessments (unless some bias exists in the underlying data). Furthermore, their 

 
4 Subjective well-being is not an explicit component of the SDGs, but rather an overarching indicator that 

can be considered relevant to multiple goals. Nevertheless, I make reference to this work here as its 

methodological approach directly informed parts of this thesis. 
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quantitative nature makes them better suited to drawing inferences about a given 

relationship (e.g. strength, probability etc.), as well as for the development of predictive 

models. Nevertheless, correlational approaches can be limited by data availability, and 

may require specialised knowledge on the part of the researcher if highly advanced 

techniques are required. Ultimately, such methods can only reflect mathematical 

relationships insofar as they exist within the underlying data, and as such, may be 

unable to identify a given interaction if the relationship is inconsistent and/or varies in 

specific contexts or circumstances. In such cases, qualitative assessments may be more 

appropriate. 

 

 

(iii)  Network analysis 

 

Network analysis refers to a group of methods that seek to map the overall structure of 

complex inter-relationships between a group of variables (Hevey, 2018). In the context 

of SDG interactions, network analysis is the only systemic approach encountered in this 

review that was used in an exploratory, rather than a ópredictiveô or scenario modelling 

sense (these are described in section 1.4). The types of data used in network analysis 

can vary, and I explore this shortly, but first I introduce a few basic concepts.  

 

A network is comprised of nodes (the entities that make up the network) and edges 

(links between the nodes that convey some relationship). Edges can be characterised in 

terms of their direction (indicating whether the relationship is mutual or one-directional) 

and/or weight (the strength or size of the relationship) (Weitz et al., 2018). Nodes can be 

assigned values from the underlying data, and can be further characterised by measures 

of ócentralityô, which are values describing the position of each node in the network 

relative to all others. Commonly used measures of centrality include ódegreeô (the 

number of links going into and/or out of the node), óstrengthô (similar to degree, but also 

includes the degree values of all other connected nodes), óclosenessô (a measure of all 

direct and indirect connections with all other nodes; note that more connected nodes are 

usually placed more centrally in the overall network), and óbetweennessô (a measure of 

a nodeôs importance in the average pathway between all other pairs of nodes) (Hevey, 

2018; McGowan et al., 2019). Depending on the data used to construct a network, each 

of the above have different implications, and it is beyond the scope of this thesis to 
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discuss these in detail. As a general rule, however, high strength and degree values 

suggest a greater tendency to affect or be affected by other individual components, and 

high closeness and betweenness values suggest a higher capacity to exert (or receive) 

influence over (or from) the entire network (Hevey, 2018; Yan and Ding, 2009). 

 

Le Blanc (2015) made what was likely the first attempt at mapping of the SDGs as a 

network of related targets, based on similarities in the wording of the supporting 

documentation for each target. From 107 targets considered, Le Blanc found that 60 

contained wording that linked them to at least one other goal. Although informative, this 

approach has limitations; as noted by the author himself, use of the wording alone to 

infer links is likely to miss some important relationships, such as between energy and 

climate change. A later paper by Lim et al. (2018) also used a keyword approach to 

infer target-target relationships, but in this case the authors developed five separate 

networks pertaining to different shared aspects (challenges, topics, stakeholders 

involved, enabling/constraining characteristics, and actions required for achievement) of 

each target. Comparing centrality measures across each of these networks, the authors 

concluded that goals on peace, climate, economic growth and energy have 

proportionally more targets that can exert significant influence on the wider network. 

 

Earlier, I described how Weitz et al. (2018) used the framework devised by Nilsson et 

al. (2016) to develop a cross-impact matrix for 34 selected targets in the context of 

Sweden. This matrix was then translated into an overall network, as well as several sub-

networks, for example conveying only the strongest synergies or trade-offs, allowing 

easy identification of the targets that most influence, and are most influenced by, other 

targets in both positive and negative ways (Figure 1.6). The authors further proceeded to 

factor in second-order interactions (i.e. subsequent effects on a third target) before 

recalculating the relative degrees of influence for each target. The authors conclude that, 

among the 34 targets considered, those on climate change adaptation, energy efficiency, 

effective institutions, womanôs participation, and unpaid/domestic work can exert the 

greatest positive influences, while those on exports from developing countries and 

renewable energies can exert the greatest negative influences.  
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Figure 1.6. Cross-impact matrix (above image) showing synergies (green), trade-

offs (red) and no interactions (yellow) between 34 SDG target pairs in Sweden, 

based on the scoring system of Nilsson et al. (2016). Row and column values show 

net influence over and from all other targets, respectively. Lower images show 

network analysis performed using these values, including the highest-scoring 

synergies (lower left) and trade-offs (lower right ). In these images, numbers are 

SDG target numbers, arrows show direction of relationships, larger circles 

indicate more influence over other targets, and darker colours indicate more 

influence from other targets. Adapted from: Weitz et al. (2018) licensed under CC 

BY-SA 4.0 (https://creativecommons.org/licenses/by/4.0/). 
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McGowan et al. (2019) also used data collected through expert elicitation on target-

level relationships to perform network analysis, this time at the goal level. Using the 

target-level interactions identif ied by ICSU and ISSC (2015), the authors considered 

each goal as a node in the network and determined edge weights by counting the 

number of targets that link any two goals. Based on this, they next assessed all four of 

the centrality metrics listed at the start of this section, and ranked the 17 goals. Their 

results showed that SDG 4 (education) occurred in the top three goals for three of the 

four metrics, SDGs 2 (hunger) and 7 (energy) occurred in the top three goals for two 

metrics; and SDGs 6 (water and sanitation), 9 (industry and infrastructure) and 15 (life 

on land) occurred in the top three goals in one metric.  

 

Lusseau and Mancini (2019) developed a network of SDG interactions (which they refer 

to as the ósustainomeô) based on statistical relationships between pairs of indicators. The 

authors used the outcomes (beta values and standard errors) of linear mixed-effects 

models between 331 indicators pairs spanning all 17 goals to construct their network, 

and investigated a single measure of centrality. Findings suggested that major trade-offs 

are associated with goals on climate change, inequalities and responsible consumption, 

while synergies are associated with goals on poverty reduction and inequalities. This 

process was repeated for subsets of countries based on their level of income, 

demonstrating that this alters the structure of the sustainome. The authors also found 

that the target-level sustainome does not scale up to the goal level, which, as noted 

elsewhere, is relevant to this thesis, which considers SDG interactions with forests at 

both of these levels.  

 

Network analysis is a powerful tool for assessing and visualising SDG interactions in a 

systemic manner, however, as noted by Weitz et al. (2018), being a óbottom upô process, 

its findings can only be as reliable as the information that it is based upon. This is 

especially true for analyses that consider higher-order interactions, as confidence 

surrounding the strength or likelihood of an interaction is likely to decline with each 

additional step across the network. This underscores the importance of developing 

robust techniques to identify individual (i.e. non-systemic) interactions, so that 

subsequent systemic investigations can be conducted with confidence and provide 

maximum utility. Because network analysis requires assessment of linkages between all 

possible pairs of a chosen set of features (e.g. SDG targets), its applicability in the 



Chapter 1. Introduction                                                                                                                                35 
 

context of this thesis (which focuses on a single outcome ï forests) is limited. 

Nevertheless, in Chapter 5, under section 5.4 (Future work), I make a case for 

employment of network analysis in this context, and suggest steps for doing so.  

 

 

1.4.  Beyond mapping interactions ï what next?  

 

So far, this introduction has described the importance of understanding synergies and 

trade-offs within the development agenda, and has provided examples of studies aiming 

to do so. However, from the perspective of those tasked with realising the SDGs (e.g. 

politicians, development agencies etc.), it is desirable to know which interactions are of 

greatest relevance to their specific context, including the likelihood that a given 

interaction will (or will not) occur, and the potential magnitude of any associated 

impact(s). With such knowledge, responsible parties will be better equipped to adjust 

their development policies and interventions so as to avoid undesirable trade-offs and to 

facilitate desirable synergies.  

 

The most commonly encountered group of methods used for such purposes is what I 

refer to collectively as ósystemic modelsô, including integrated assessment models, 

system dynamics models, agent-based models, computable general equilibrium models, 

and input-output models, among others. Fundamentally, each of these methods works 

by linking multiple features from a whole system (or at least part of it) in a quantitative 

and dynamic way, so as to reflect how changes in one part of the system will manifest 

as changes in another, including through both direct and indirect effects. These models 

can contain elements pertaining to economics and trade, societal progress, populations 

and demographics, technology, land/resource use, and natural processes, among others 

(e.g. see Hughes, 2001). Systems modelling techniques can be applied at most scales, 

from very local to global, though the challenges of scaling models up or down are well 

acknowledged, and are in large part due to issues of data availability and the inherent 

variability of between-variable relationships at increasingly large scales (Creutzig et al., 

2012; Rounsevell et al., 2012; van Wijk, 2014). 

 

Underpinning any systems model is a conceptual model, which is essentially a flow 

diagram that links together the various system components via observed or 
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hypothesized relationships, including causal feedback loops. Researchers typically aim 

to quantify individual relationships present in the conceptual model mathematically 

before consolidating them all into a single unified model, and this itself is usually an 

iterative process requiring fine-tuning of the equations linking system components (or 

revision of the links themselves) following testing and validation based on observed 

changes (Zhang et al., 2016). Once the final model is developed, researchers can use 

scenario analysis to explore how different components of the model react following 

changes in others. 

 

A relatively simple example of systems modelling in the context of the SDGs is the 

work of Engström et al. (2019), who explored how efforts to achieve SDGs 7 (energy) 

and 13 (climate change) could affect goals 6 (water) and 15 (life on land) in a specific 

Swedish municipality. The authors used specialised planning software to assess future 

options for supplying energy to the municipality, including associated carbon emissions. 

Using information derived from a literature review on how different energy 

sources/technologies impact upon land resources, the authors modelled a series of 

scenarios in which the municipality aimed to achieve zero carbon emissions by 2030, 

and quantified the predicted direct and indirect water and land impacts associated with 

each. 

 

Focusing on coastal Bangladesh, Hutton et al. (2018) made use of an established 

integrated assessment model (the Delta Dynamic Integrated Emulator Model, or 

ȹDIEM (Lazar et al., 2019)) to assess future interactions between economic growth 

(goal 8), poverty (goal 1), environmental degradation (goals 14 and 15), inequality (goal 

10) and food production (goal 2). Data and functions for the underlying model were 

gathered from a range of sources, including analyses of demographic and economic 

trends, census-derived poverty indicators, and household surveys (Nicholls et al., 2016), 

and the scenarios used in the model were developed through stakeholder consultations. 

Among other conclusions, the authors reported high potential for trade-offs between 

economic growth and natural resources. 

 

Arguably the most sophisticated and ambitious systems modelling tool from an SDG 

perspective, and one that is endorsed by the UN Development Programme (UNDP, 

2020), is the International Futures (IFs) integrated model (Hughes, 2001). IFs contains 
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12 sub-models relating to agriculture, demographics, economics, education, energy, 

environment, government finance, governance, health, infrastructure, international 

politics and technology (Figure 1.7), and provides readily available data for 186 

countries. There have been a number of efforts to use IFs to explore possible SDG 

interactions, including that of Moyer and Bohl (2019), who modelled three alternative 

pathways (characterised by consumption change, decentralised solutions and 

technological change) to achieving nine targets (spanning six goals), and considered the 

synergies and trade-offs likely to emerge from each. Among the numerous findings 

from this work, was the authorsô conclusion that achieving maximally in all considered 

targets will require a combination of aspects from all three scenarios.  

 

Systems modelling, whether in the context of SDG interactions or otherwise, has a 

number of important limitations. By their very nature, systems models are complex, 

which not only limits their overall reproducibility (specialised knowledge is usually 

required to do so), but also their interpretability by end-users such as policymakers and 

stakeholders (Alcamo and Henrichs, 2008). Reproducibility of systems models may be 

further limited by data availability, as, by design, they require data pertaining to a range 

of different topics and sectors, which increases the likelihood that one or more sources 

may be unavailable for those wishing to apply an established model in a different 

setting. Lastly, but of no less importance, one must question the overall capability of 

these models to realistically capture the often subtle dynamics of highly complex 

systems (Niet et al., 2022; Price and Keppo, 2017; van der Zwaan and Seebregts, 2004). 

As with network analysis, any missing elements or wrong assumptions about the nature 

of the linkages between two or more model components will be amplified throughout 

the model, including in any feedback loops, ultimately producing erroneous outputs 

(Niet et al., 2022; van der Zwaan and Seebregts, 2004). Scenario models are 

undoubtedly useful, but, as with network analysis, they require sound understanding of 

the underlying relationships in order to function well. Once again, this highlights the 

importance of first applying non-systemic methods before attempting more complex 

analyses.  
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Figure 1.7. Conceptual model showing sub-models and their linkages, as used in 

the International Futures (IFs) integrated model, a sophisticated modelling tool 

used to explore possible future SDG interactions by Moyer and Bohl (2019), among 

others. Source: Moyer and Bohl (2019). Image copyright: Elsevier, used with 

permission. 
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1.5.  SDG-forest interactions: Research gaps addressed in this thesis 

 

The burgeoning body of literature on SDG interactions has naturally covered matters of 

the environment since the field of enquiry began, and examples have been provided 

throughout this introduction. In some cases, work on the topic has been comprehensive 

(e.g. Scharlemann et al., 2016), providing syntheses of evidence of environment-human 

interactions that apply across the SDGs. Such work makes it clear that impacts on the 

environment arising from sustainable development are highly complex, involving both 

synergies and trade-offs, and may vary according to context, location and a range of 

other factors (ICSU, 2017; ICSU and ISSC, 2015; Scharlemann et al., 2016). In order to 

distil such complexity, and to help make it more readily interpretable by stakeholders, 

policymakers and other relevant parties, it can be helpful to consider specific aspects of 

the environment individually. To this end, and for reasons explained in section 1.1, the 

focus of this thesis is forests. 

 

As already alluded to in this chapter, researching how matters of sustainable 

development can affect forests is not a new line of enquiry, and various studies, many of 

which pre-date the advent of the SDGs, have considered the topic. Particularly well-

covered topics in this area include food production and infrastructure expansion 

(especially roads), which are commonly associated with damaging impacts (Benhin, 

2006; Laurance et al., 2015, 2014), and energy provision and economic growth, which 

can have mixed impacts depending on the context and other specifics (Crespo Cuaresma 

et al., 2017; Gibson et al., 2017; Tanner and Johnston, 2017). Despite such a wealth of 

available information on development and forests, much of this remains poorly 

consolidated, and there have been fewer efforts to analyse and present this in the 

specific context of the SDGs. Given the significant importance of the SDGs in shaping 

the development objectives and trajectories of much of the world (all 193 UN member 

states), work to help fill this gap is likely to be of great utility in helping to ensure that 

the topic of forest conservation is adequately and appropriately considered by parties 

seeking to achieve the SDGs. 

 

This is not to imply that there has been no effort in this area at all, however, and some 

publications have explicitly considered how achieving the SDGs could affect forests. 

For example, Swamy et al. (2018) provided a rapid overview and qualitative assessment 
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of the literature on SDG-forest interactions, giving examples of potential synergies and 

trade-offs in the process. Although informative, the brevity and qualitative nature of this 

work means that it could not cover the subject from all possible angles. Moreover, 

although the paper does link impacts to specific targets in some cases, this is non-

systematic in nature, meaning that the relative implications for forests of each target, as 

well as the goals under which they sit, remain unclear, and the authors themselves note 

the requirement for a more comprehensive and systematic consideration of the topic. 

The book by Katila et al. (2019) also considers, on a chapter-by-chapter basis, the 

implications of achieving each SDG on forests and the people they support. Although 

comprehensive, the book does not systematically consider all targets for each SDG, nor 

does it provide an overall synthesis of the impacts described to allow a comparison of 

impacts within and between goals. 

 

To complement and build upon the work of Swamy et al. (2018) and Katila et al. 

(2019), Chapter 2 of this thesis presents a systematic review that considers, on a target-

by-target basis, the observed and anticipated impacts on forests of achieving the SDGs. 

The intention is that this work should provide a more structured and methodical review 

of the topic than the works that have preceded it, including by emphasising the variation 

in potential impacts that exists between and within the individual goals. Additionally, 

beyond indicating areas where existing knowledge and confidence about target-level 

impacts is good, which appears to have been the focus of earlier reviews of the topic, 

this study makes a point of highlighting targets for which possible impacts are less well 

understood, indicating where further research is required. I see this as an important step 

towards developing a more holistic picture of how progress towards achieving the 

SDGs could affect forests, which will  ultimately help to promote more fully integrated 

development planning that considers the consequences for forests from all possible 

angles. 

 

At the goal level, there appears to have been no efforts to date to quantitatively assess 

the links between achievement of the SDGs and matters of forest change, yet past work 

linking high-level metrics of sustainable development to changes in forests provide 

good reasons to expect that this would be a useful line of enquiry. For example, higher 

scoring countries on the UNôs Human Development Index (HDI), which combines 

measures of life expectancy, education and gross national income per capita into a 
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single metric (UNDP Human Development Report Office, 2022), have been shown as 

more likely to have lower levels of deforestation or net forest gains (Jha and Bawa, 

2006; Kauppi et al., 2018). Given this finding, it is relevant to ask whether similar 

relationships apply when examined through the lens of the SDGs, and if so, to ask 

which goals are most responsible for this. 

 

In Chapter 3 of this thesis, I address this research gap by conducting a quantitative, 

exploratory analysis to examine goal-level relationships between the SDGs and changes 

in forest cover. Looking at 122 countries, I follow De Neve and Sachs (2020) by using 

country-level SDGI scores (as well as calculated changes in these scores) as predictors 

of forest change between 2017 and 2020, and use appropriate methods (given high 

multicollinearity between the goals) to determine the relative importance of each. I also 

group the SDGs thematically, and compare the relative importance of these themes in 

shaping changes in forest cover between regions of the world. This work represents the 

first high-level, quantitative analysis of the relative importance of the SDGs in terms of 

their influence on forest cover, The intention behind this work is that it should stimulate 

thinking, dialogue and further research across the major sectors and thematic areas 

represented within the SDGs, in order to better integrate matters of forest conservation. 

 

Examples of systemic models that have included a component on forests are numerous, 

including as a means to predict changes in a system component other than forests (e.g. 

climate or the economy (e.g. Eriksson, 2015; Rogelj et al., 2018)), or where the specific 

purpose is to predict changes in the forest itself (e.g. see den Herder et al. (2014) for a 

review). In the case of the latter, which is most relevant to this thesis, a number of 

reviews, critiques and model comparisons have been published, providing useful 

insights into the general utility and limitations of these methods for usefully informing 

forest-relevant policy decisions. While most sources generally agree that these 

approaches have broad utility, and that their robustness continues to improve with time, 

they invariably all also describe important limitations, which largely align with those for 

systems model applications in other contexts. 

 

Acknowledged limitations of systemic models as a tool to inform forest policy and 

decision-making include an inherent trade-off between model complexity and 

robustness of the results obtained (Castro et al., 2018). Models with reduced complexity 
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may fail to integrate all relevant sectors (often instead focusing on a specific one, e.g. 

energy), which will limit robustness (Aggestam and Wolfslehner, 2018). Conversely, 

with increasing complexity comes reduced interpretability, which has been noted as a 

common concern among stakeholders wishing to make decisions based on model 

outputs (Castro and Lechthaler, 2022; den Herder et al., 2014). All forest modelling 

tools inherently rest on assumptions of one form or another, for example about the ways 

that humans will  behave at a future time (Trubins et al., 2019), and these assumptions, if 

incorrect, will inevitably lead to errors in the wider model (Aggestam and Wolfslehner, 

2018; den Herder et al., 2014). Work comparing models that differ in their assumptions 

and/or composition has shown that small changes can notably alter the model outputs 

(Blujdea et al., 2021; Schmitz et al., 2014), which again raises question over the level of 

faith that should be placed into such models for informing decision-making around 

important subjects.  

 

Collectively, these viewpoints highlight a need (especially among non-specialist 

stakeholders) for an easy-to-interpret method of evaluating the potential impacts on 

forests of anticipated development changes, which rests on as few assumptions as 

possible. In Chapter 4 of this thesis, I present a novel framework for assessing how the 

anticipated development trajectory of a given country could interact with matters of 

forest conservation, and demonstrate its application using data relating to 24 SDG 

targets across 48 tropical countries. This assessment framework is straightforward to 

apply and interpret, and uses data that is readily available for most countries, meaning 

that it can be replicated in a standard manner. Importantly, the method does not rest on 

assumptions that a change in a given aspect of the development agenda will  be 

guaranteed to result in a specific outcome, but instead highlights areas for which 

anticipated development could provide risks, opportunities or enabling conditions for 

the conservation of forests. My hope is that this framework will help overcome some of 

the shortcomings of systemic approaches to anticipating changes in forests, and will 

help users to confidently consider how imminent progress towards achieving the SDGs 

could affect forests, and to act accordingly.  
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1.6.  Summary and Motivation  

 

The ongoing global crisis of deforestation and forest degradation has been 

acknowledged now for well over half a century, and has motivated a dedicated research 

community, along with numerous governmental and non-governmental agencies, to 

seek solutions to the problem. Research on the topic has been successful in identifying 

the direct and underlying drivers that are resulting in the decline of forests, including at 

scales ranging from local to international, yet in many cases this knowledge alone has 

proved insufficient to result in meaningful change. 

 

At the root of this problem is the fact that conserving forests (along with other natural 

ecosystems) is only one of a great many desirable outcomes that human societies seek 

to achieve, not all of which are mutually compatible (commonly termed ótrade-offsô). 

However, in some cases two desirable outcomes may actively support or facilitate each 

other (commonly termed ósynergiesô). Identifying desirable outcomes that present trade-

offs and synergies with the conservation of forests, and subsequently mitigating against 

the former while promoting the latter, is now acknowledged as an important part of the 

process to help better conserve forests while simultaneously improving in a range of 

other areas.  

 

The advent of the UNôs SDGs provided a framework that explicitly embedded the 

conservation of natural systems among other development goals and targets. 

Fundamental to the SDGs is the notion that their constituent goals and targets should be 

treated as unified whole, taking into account the fact that interactions (synergies and 

trade-offs) can occur between the SDGs and their targets, which can either help or 

hinder the mutual achievement of goals/targets in question. While the theory behind 

these interactions is relatively straightforward, in practice the SDGs provide no 

guidance on their nature, nor on how to identify them (Bennich et al., 2020). 

Acknowledgement of this shortcoming soon prompted efforts to identify and map 

interactions between the SDGs and their targets. 

 

Work seeking to identify interactions has been conducted at multiple levels, ranging 

from assessments of thematically-grouped sets of goals (e.g. social and environmental 

goals (Scherer et al., 2018)), through assessments at the goal level (e.g. De Neve and 



44                                                                                                                           Chapter 1. Introduction 

 

Sachs, 2020), to assessments at the target/indicator level. Assessments have applied a 

range of techniques and covered a variety of focal themes (e.g. subjective well-being, 

energy, sanitation and so on), yet assessments focusing specifically on environmental 

outcomes (including forests) have been relatively few in number. Concerning forests 

specifically, past assessments of impacts associated with achievement of the SDGs 

include Swamy et al. (2018) and Katila et al. (2019), both of whom provide qualitative 

assessments of the ways in which achievement of the SDGs could potentially affect 

forests. However, neither of these works attempted to summarise impacts at the target 

level, nor to assess relationships statistically, and in Chapters 2 and 3 of this thesis I 

explicitly address these research gaps. 

 

Having identified potential synergies and trade-offs among the SDGs and their targets, a 

logical next step is to assess where and to what extent these are likely to manifest, 

which can allow governments and planning agencies to act accordingly. To date, most 

work of this nature has involved the use of complex systemic models, which, although 

informative, have drawbacks that limit their ability to effectively inform policy. In 

Chapter 4 of this thesis, I present a conceptual framework that provides a simple metric 

designed to convey the potential risks, opportunities and enabling conditions that could 

affect forests as a result of a countryôs anticipated development trajectory, and 

demonstrate its application using data for 48 tropical countries. 

 

This thesis is motivated by an urgent need to assess, synthesize and better communicate 

the nature of interactions between the SDGs and matters of forest conservation, in order 

to facilitate the successful achievement of both. The work presented in the following 

chapters builds upon an extensive body of research on the topics of sustainable 

development and forest conservation, but provides novelty by investigating the nexus of 

both topics through the application of appropriate methods and techniques never before 

used in this context. It is my aspiration that this body of work will stimulate discussion, 

further research and, ultimately, action to ensure that both the environmental and non-

environmental aspects of the development agenda are achieved efficiently and 

harmoniously.  
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1.7.  Aims and Objectives 

 

The aim of this research is to provide a comprehensive assessment of the roles that the 

SDGs and their constituent targets play in shaping the dynamics of deforestation and 

forest degradation, including an assessment of where these interactions could be most 

impactful across the tropics. To achieve this, Chapters 1, 2 and 3 of this thesis each 

investigate one overarching research question (1 to 3 below) through the achievement of 

associated objectives (a to i below), as follows:  

 

1. Which non-environmental SDG targets are associated with impacts on forests, 

whether damaging, beneficial, or both, and how do these vary between and 

within the individual Goals? 

 

a. Systematically review the scientific literature to collate published evidence 

of impacts on forests arising from achievement of (or progress towards) 

individual SDG targets not directly related to matters of the environment.  

 

b. Synthesize the information collected through the above process to assess (i) 

the nature (i.e. damaging, beneficial or mixed) and (ii) levels of confidence 

associated with each impact identified. 

 

c. Compare and contrast the findings from the above two steps between each of 

the SDGs. 

 

2. How does achievement of the SDGs relate to changes in forest cover globally, 

and which goals are most important in shaping this relationship? 

 

d. Regress national-level measures of forest cover change against measures of 

(i) levels of achievement in all SDGs, and (ii) recent progress towards 

achieving all SDGs, to assess the relationships, including the significance of 

the interaction between both predictors. 

 

e. Apply novel techniques to determine the relative contributions of each 

individual SDG in shaping the relationships identified in objective d. 
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f. Group the SDGs thematically and use the same methods applied in 

objective e to assess whether the relative importance of each group (i.e. 

theme) in shaping changes in forest cover varies between major regions of 

the world. 

  

3. Based on findings from research question 1 (objectives a to c) above, which 

SDG targets might we expect to result in risks, opportunities or enabling 

conditions for the conservation of tropical forests in the short- to medium term? 

 

g. Collate evidence on national-level drivers of deforestation and forest 

degradation for selected tropical countries, and use these data to identify 

the SDG targets that are most relevant to ongoing or emerging threats to 

forests.  

 

h. For those SDG targets identified through objective g, use appropriate 

indicator data and other resources to assess (i) the potential magnitude of 

any impacts on forests that may arise through progress towards their 

achievement, and (ii) the likelihood that progress will occur.  

 

i. Use findings from objectives g and h to compare (between countries and 

regions) the relative risks, opportunities and enabling conditions for 

forests that are likely to emerge as a result of progress towards the SDGs. 
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Abstract 

 

Successful sustainable development will require knowledge of trade-offs and synergies 

between environmental and non-environmental goals and targets. Understanding the 

ways in which positive progress in matters of development not directly concerned with 

the environment can affect the natural environment, whether for better or for worse, can 

allow policymakers and development agencies to avoid the negative impacts of their 

actions, while capitalising on mutually beneficial opportunities. Through a systematic 

review of the literature, we consider the impacts of UN Sustainable Development Goal 

(SDG) targets on forest ecosystems, and identify 63 targets associated with potentially 

beneficial, damaging or mixed (i.e. damaging and/or beneficial depending on context or 

location) impacts. Types of impact are not uniform within SDGs, nor necessarily within 

individual targets. Targets relating to energy and infrastructure are among the most 

damaging and best studied, while targets expected to potentially result in beneficial 

outcomes, typically associated with social progress and well-being, have been 

investigated to a much lesser degree, especially in the context of external interventions. 

Thirty-eight targets have some variation in the direction of their impacts (i.e. at least one 

record with mixed impacts, or two or more records with different directions), suggesting 

the potential to achieve beneficial over damaging impacts in many cases. We provide 

illustrative examples of a range of impacts and use our findings to provide 

recommendations for researchers, development agencies and policymakers.  

 

 

2.1.  Introduction  

 

Achieving universal well-being and prosperity whilst conserving the natural 

environment is the central tenet of sustainable development. To best achieve this, 

policymakers and development agencies must understand how certain aspects of 

development present trade-offs that can undermine efforts to conserve biodiversity and 

ecosystem services, while conversely, other aspects can result in synergies that benefit 

the environment or facilitate its conservation. The 17 United Nationôs (UN) Sustainable 

Development Goals (SDGs) (Figure 2.1) and their 169 constituent targets, which 

comprise a detailed, sector-specific breakdown of the current development agenda, 
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provide a policy-relevant framework through which to explore such complexities. 

Indeed, shortly after publication of the SDGs, Nilsson et al. (2016) called for 

researchers and practitioners to identify and quantify the relationships between SDGs, 

recognising this as an important first step towards maximizing positive interactions and 

minimizing negative ones. A number of research efforts have since responded to this 

call, including Pradhan et al. (2017), who assessed synergies and trade-offs between 

SDGs at the level of goal, and Scherer et al. (2018), who analysed interactions between 

selected social and environmental goals. In the following review, we aim to contribute 

to this growing field of research by assessing the impacts of meeting non-environmental 

SDG targets on forest ecosystems. This work responds to research question 1 of this 

thesis, which asks "which non-environmental SDG targets are associated with impacts 

on forests, whether damaging, beneficial, or both, and how do these vary between and 

within the individual Goals?". 

 

Forests are of particular interest in this regard, as they support a significant proportion 

of global terrestrial biodiversity and provide important climatic and hydrological 

regulating services. Globally, around 1.6 billion people live in close proximity to forests 

(Newton et al., 2020), and hundreds of millions of these depend on forest products, in 

the form of fuel, food and timber, to help meet their needs (FAO, 2018). Although the 

roles that forests can play in helping to achieve non-environmental targets are relatively 

well understood (FAO, 2018; Scharlemann et al., 2016), this is often less so for 

interactions occurring in the opposite direction. Katila et al. (2019) describe impacts of 

the SDGs on both forests and people and how these impacts may, in turn, enhance or 

undermine the contributions of forests to climate and development, but a systematic 

review of the literature on SDG targets is missing. 

 

To address this, our approach focused on two main questions: (i) is there published 

literature that suggests or demonstrates that achieving a given target can have 

implications for forests?; and (ii) what is the strength of this evidence? We use our 

findings to characterize identified impacts, making comparisons both between and 

within individual goals and targets. We consider a subset of our data that focuses on 

external development interventions (i.e. governments, development agencies or NGOs 

seeking to achieve one or more SDG targets), which represent intentional (and therefore 

indicative) efforts to achieve development objectives. We also describe impacts on 
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forests that arise via interactions between two or more targets, providing illustrative 

examples of these and discussing their importance in future research efforts. Finally, we 

summarise the key implications of our findings. 

 

 

 

 

 

Figure 2.1. The 17 UN Sustainable Development Goals (SDGs). Numbers following 

goal names indicate numbers of targets for each. 
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2.2. Methods: Identifying the impacts of SDG targets on forests  

 

We conducted a systematic search of three literature databases (Web of Science, CAB 

Abstracts and Google Scholar) to identify peer-reviewed and grey literature relevant to 

our questions (details of our search protocol and other methods are provided in the 

Appendix A). Searches were based on 489 key words and phrases taken from the SDG 

targets and indicators developed by the Inter-Agency and Expert Group in Sustainable 

Development Goal Indicators (2016). Searches did not include terms from SDGs 

considered environmental (Goals 12, 13, 14 and 15) (Bengtsson et al., 2018; Waage et 

al., 2015), nor from targets from the remaining goals that have an environmental focus 

(Figure 2.2a). We also did not include terms from Goal 17, which is considered ócross-

cuttingô in nature (i.e. containing elements pertaining to all other goals (Waage et al., 

2015)). Consequently, our investigation focused on a total of 104 of the 169 SDG 

targets. 

 

We focused on natural forests only, and did not include any work focusing on forest 

plantations, agroforestry plots or altered habitats. We otherwise used a broad definition 

of forest, which extends to include woodlands and mangroves. While we endeavoured 

to follow the established definition of a forest developed and used by the Food and 

Agriculture Organization of the United Nations (i.e. a tree canopy cover of >10%, an 

area >0.5 ha and a minimum height of Ó5 m, but noting that their definition includes 

plantations (MacDicken, 2013)), in practice few papers give such specific details, and 

so a certain degree of subjectivity was required. Nevertheless, literature for which the 

term forest was ambiguous and did not suggest that the habitat under investigation was 

both natural and an appropriate structure were excluded. The definition of impacts on 

forests (hereafter óimpactsô) was left intentionally broad, so as to capture a wide range 

of interactions. Types of impact included any changes in forest size, structure or 

composition (including changes in non-plant taxa), including changes in the rate of 

change of any of the above, as well as changes in policy, protection status or human 

behaviours with implications for forests. Based on the above, the ódirectionô of each 

impact recorded was classified as either ódamagingô, óbeneficialô or ómixedô (i.e. 

damaging and/or beneficial depending on context or location).  
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Impacts were also scored according to their associated confidence as follows: Impacts 

based on speculative theories or notable assumptions (e.g. that an acknowledged driver 

of forest loss would result in forest gains if reversed), as well as changes in policy or 

human behaviour that were expected (but had not been demonstrated) to affect forests, 

were considered low confidence; impacts based on first-hand evidence, but with notable 

confounding factors, and impacts based on qualitative reports or proxy measures of 

forest change (e.g. quantity of fuelwood extracted) were considered fair confidence; and 

impacts based on direct observation of forest change arising from progress made 

towards a given target were considered high confidence.  

 

For comparative and graphical purposes, each impact was assigned a score based on its 

confidence rating, with low, fair and high confidence impacts scoring 0.01, 0.1 or 1, 

respectively. For each target, confidence scores for each of beneficial, mixed or 

damaging impacts were summed, and the direction of those impact(s) with the highest 

level of confidence (within at least one order of magnitude) used as the final impact 

category. In cases where the best evidence comprised two or more impacts with 

different directions and the same level of confidence, the category of ómixedô was 

given.  

 

While conducting our searches we earmarked papers that made reference to impacts 

associated with external interventions, allowing these records to be analysed as a 

standalone subset and compared with the full dataset. We also kept notes of any impacts 

encountered that involved interactions between two or more SDG targets, although this 

last component cannot be considered exhaustive.  

 

 

2.3.  Results and discussion 

 

From a total of 466 sources, we collected 963 records of impacts spanning 63 SDG 

targets. Summarising these findings at the target level, we identified 29, 15 and 19 

targets with potentially beneficial, damaging and mixed impacts, respectively, of which 

36 have a high level of associated confidence and 27 a low level (Figure 2.2). No 

impacts were identified for 41 targets, and although these receive little attention in the 
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remainder of this article, we do not dismiss the possibility that some forest impacts may 

exist, despite these not being evident in the literature encountered in our searches.  

 

The following sections present and discuss different aspects of our findings, including 

how the predominant directions of target-level impacts vary between individual SDGs 

(section 3.1), how impacts can vary in direction at the individual target level (section 

3.2), the knowledge biases observed between certain targets and goals (section 3.3), 

and, finally, a summary of our findings relating to the impacts of external development 

interventions (section 3.4). We illustrate our findings using examples spanning a range 

of goals and targets, but nevertheless direct readers to Table A.1 (Appendix A), which 

provides a breakdown of findings for all targets. 
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Figure 2.2. Forest impacts associated with each of the 169 SDG targets. In Figure 

2.2A, orange lines are óenvironmental targetsô and yellow lines are ócross-cuttingô. 

Solid and dashed lines indicate impacts with and without a confidence score of 

greater than or equal to one, respectively. Figure 2.2F shows intervention-

associated impacts only, using the same colour schemes for beneficial, damaging 

and mixed impacts as in other diagrams. Targets are ordered clockwise within 

each SDG. 
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2.3.1. Variation in impacts within and between SDGs 

 

Almost all of the SDGs considered .contain a mixture of impacts of different types 

among their targets, though the predominant direction of these varies between goals. 

While some goals have predominantly beneficial potential impacts (e.g. SDGs 4 

(quality education), 5 (gender equality) and 16 (Peace, justice and strong institutions)), 

some have mostly damaging and/or mixed potential impacts (e.g. 9 (industry and 

infrastructure) and 11 (sustainable cities and communities)), and the remainder have 

varying combinations of the three categories.  

 

Six of SDG 4ôs ten targets were identified as having impacts, and all were evaluated as 

beneficial. Empirical observations (Godoy et al., 1998; Godoy and Contreras, 2001) 

suggest that improving access to all levels of education, including from pre-primary to 

university (targets 4.1, 4.2 and 4.3, all high confidence) can result in a reduced tendency 

to clear forests. Mechanisms by which this occurs are not always clear, but are often 

related to one or more of the following associated outcomes: a higher proportion of 

people working in the service sector; an increased tendency to migrate from rural to 

urban areas; increased knowledge of new farming techniques/technologies resulting in 

agricultural intensification over expansion into new areas (although we acknowledge 

that agricultural intensification does not always result in land sparing (e.g. see 

Gutiérrez-Vélez et al., 2011)); or in an increased awareness of the óWesternô 

environmental movement (Burns et al., 1994; Ehrhardt-Martinez, 1998; Godoy et al., 

1998; Godoy and Contreras, 2001). Targets relating to technical and vocational skills 

for employment (4.4), gender disparities in education (4.5) and literacy and numeracy 

(4.6) are also all suggested as having potentially beneficial impacts on forests (Arnold et 

al., 2011; Getahun et al., 2017; Singh et al., 2017), although the available evidence for 

these is less robust, and each was assessed with low confidence. Across this goal more 

broadly, the links with targets 8.3 (beneficial, high confidence), 8.5 (beneficial, high 

confidence) and 8.b (beneficial, low confidence), which are all concerned with 

increasing [off-farm] employment, are thought to have important implications for 

reducing encroachment into forests (Angelsen and Kaimowitz, 2001; Parés-Ramos et 

al., 2008; Schmook and Radel, 2008). 
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Four of SDG 5ôs nine targets were identified as having impacts on forests. Of these, 

three were assessed as potentially beneficial (targets 5.1 (end all forms of gender 

discrimination), 5.6 (increase access to sexual and reproductive health and reproductive 

rights) and 5.a (equal female rights to economic, financial and natural resources, and 

land/property ownership)), although none were supported by robust evidence (all 

beneficial, low confidence), and only 5.6 was supported by more than a single source. 

Records for target 5.6 were identical to those for the overlapping target 3.7 (ensure 

access to sexual and reproductive health-care services and family planning), and the 

overarching suggestion of these records is that increasing [female] access to family 

planning and reproductive health services can help address issues of rapid population 

growth, and hence the demand for land and other natural resources (Bryant et al., 2009; 

Starbird et al., 2016; Wan et al., 2011). We note here, however, that the links between 

human population growth and environmental quality remain unclear, and much 

contested. Target 5.5 (female participation in leadership and decision-making) was 

evaluated as mixed overall (high confidence), supported by four empirical observations 

of beneficial outcomes and one with mixed outcomes. It is worth noting that all 

evidence found for this target was specific to participation in decision-making bodies 

related to forests, and hence provides a somewhat biased insight into how achieving this 

target in a wider, more holistic sense would affect forests, if at all. 

 

Impacts relating to SDG 16 (peace, justice and strong institutions) were identified for 

eight targets, including five beneficial, two mixed and one damaging. When considering 

these impacts, it is important to keep in mind that the political economies and 

legal/regulatory frameworks of the countries in question, including whether these tend 

to favour large or small scale actors, can be of critical influence on the resulting 

outcomes; a point which holds true for many targets under other goals. Records for 

targets 16.3 (promote the rule of law) and 16.5 (reduce corruption), which were the 

most numerous within SDG 16, suggest near-unanimously that progress towards 

achieving these targets is potentially highly beneficial for successful forest conservation 

(Assa, 2018; Ifrani and Nurhayati, 2017; Koyuncu and Yilmaz, 2009; Tegegne et al., 

2016). Although much of this literature on these topics is of a theoretical nature only, a 

few empirical records meant both were assessed with high confidence. Targets 16.1 

(reduce violence) and the related 16.a (strengthen institutions to combat violence, 

combat terrorism and crime) both have mixed impacts (high and low confidence, 
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respectively). The implications for forests of ending civil or international armed 

conflicts can be highly complex, requiring consideration of a multitude of factors. For 

example, while ending a conflict may alleviate forest pressures relating to displaced 

peoples (Ordway, 2015), armed groups residing in forests (Nackoney et al., 2014), 

exploitation of resources to supply funds to armed groups (Johnston, 2004) and/or the 

breakdown of the rule of law, it may concurrently allow for other damaging activities to 

begin or resume, including agricultural expansion (Murillo -Sandoval et al., 2020) or 

increased exploitation of forest resources from formerly hostile environments (Ordway, 

2015). Target 16.4 (reduce organized crime) was assessed as having potentially 

damaging impacts (high confidence), with all empirical records pertaining to efforts to 

combat coca-associated crime in Colombia (which overlaps with target 3.5 (damaging, 

high confidence) on preventing narcotics abuse). Despite having some forest benefits, 

coca crop eradication has been shown to result in cultivators simply moving their 

damaging activities elsewhere or switching to agricultural practices that are more 

damaging themselves (Bradley and Millington, 2008; Rincón-Ruiz et al., 2016). The 

remaining three SDG 16 targets with identified impacts were all assessed as beneficial 

and with low confidence. Targets 16.6 (effective, accountable and transparent 

institutions), 16.7 (inclusive, participatory and representative decision-making) and 

16.10 (public access to information) (all beneficial, low confidence) are all thought to 

have mediating effects on other targets, particularly those relating to law enforcement 

and corruption (Ceddia et al., 2014; Jorgenson and Burns, 2007; Suwarno et al., 2015).  

 

SDGs 9 and 11 have five and four targets, respectively, with identified impacts, with 

two and three targets respectively assessed as damaging. In most cases damaging 

impacts were associated with hard infrastructure (including roads, railways, dams, 

housing and industrial areas (Doyle and Havlick, 2009)). Regarding roads, there is good 

evidence to suggest that roads designed to boost access to markets (target 9.3: high 

confidence) are especially damaging (Perz et al., 2008). Despite this, occasional records 

suggest potentially mixed or even beneficial impacts of roads (Kaczan, 2020), but such 

evidence is relatively weak. Possible exceptions to this include the process of 

industrialisation (target 9.2: mixed, high confidence), which, although often associated 

with damaging impacts due to infrastructure, industrial pollution and influxes of 

workers (De Castro et al., 2017), can result in agricultural abandonment leading to 

forest expansion (Parés-Ramos et al., 2008). The presence of communication networks 
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and infrastructure (linked to target 9.c: mixed, low confidence) has been shown to 

correlate positively with forest declines (Lim et al., 2017; Wheeler et al., 2013), though 

the mechanisms are not well understood and the source materials do not provide 

information on the specific types of infrastructure. Moreover, there are arguments to 

suggest that better access to communication technologies can help develop and enforce 

rules around forest use (Poteete and Welch, 2004). Although some of the impacts 

mentioned here seem almost unavoidable, it is often suggested that a more inclusive and 

participatory approach to planning (target 11.3 and the overlapping 16.7, both 

beneficial, low confidence) shows promise as a way to help minimize the damage 

(Suwarno et al., 2015; Valencia-Sandoval et al., 2010). However, few robust empirical 

observations to support this suggestion were encountered in this review, and one study 

(Feintrenie and Levang, 2011) suggests that in some cases local communities may 

favour development over forest conservation. 

 

Four of SDG 2ôs (end hunger and increase food security) eight targets were identified as 

having forest impacts. Targets 2.1 (end hunger) and 2.2 (end malnutrition) had largely 

overlapping records, and were both evaluated as beneficial (high confidence). Despite 

some (non-empirical) suggestions (often pertaining to agricultural expansion) of 

potentially damaging or mixed impacts from these targets, final evaluations were based 

on a single empirical record of a food aid program in Ethiopia which demonstrably 

reduced the need for agricultural expansion (Belay et al., 2015). Target 2.3 (double 

agricultural productivity and food producer incomes) was assessed as damaging (high 

confidence). While noting that there are arguments suggesting that agricultural 

intensification can in some cases reduce encroachment into forests (Pope et al., 2016; 

Shively and Pagiola, 2004), records largely reported damaging impacts associated with 

agricultural expansion and irrigation schemes (Bélanger and Grenier, 2002; Franks et 

al., 2017). Target 2.a (investment into agriculture) was evaluated as mixed (high 

confidence). Records for this target all relate to agricultural technologies, a topic 

comprehensively reviewed by Angelsen and Kaimowitz (2001), who conclude that 

although damaging impacts are more common than beneficial ones (especially in the 

context of export crops), positive forest outcomes can occur, for example, when 

technological changes occur away from forested locations and attract workers that 

would otherwise engage in forest-damaging activities. 
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2.3.2. Differential impacts within targets 

 

To compare the variation of directions within the evidence collated for each target, 

damaging impact scores were converted to their equivalent negative values (i.e. -0.01, -

0.1 or -1) and mixed impact scores divided by two, and one resulting half converted to 

its negative equivalent (e.g. a mixed record with high associated confidence would 

result in two values: 0.5 and -0.5). This process allows the summed values of for each 

category (damaging, beneficial, mixed positive and mixed negative) to be more easily 

represented visually, as in Figure 2.3. Figure 2.3 shows that 38 targets have some 

variation in the direction of their impacts (i.e. at least one mixed record, or two or more 

records with different directions). This occurs for one of three main reasons, as follows. 

 

Firstly, achievement of a particular target may have genuinely mixed impacts depending 

on context and other factors. Improving ownership and control over land (a component 

of target 1.4: mixed, high confidence), for example, may lead landowners to either 

exploit or conserve their forest resources, depending on, inter alia, exposure to market 

forces and immigration, local governance conditions, and starting forest condition 

(Graziano Ceddia et al., 2015; Hayes, 2007; Katila et al., 2020; Larson and Dahal, 2012; 

Naughton-Treves and Wendland, 2014; Travers et al., 2015). Similarly, forest impacts 

relating to economic growth, as measured by GDP per capita (target 8.1: mixed, high 

confidence), can be mediated by a range of factors to potentially result in beneficial or 

damaging impacts. Among others, mediating factors are thought to include: the relative 

stage of economic development (Crespo Cuaresma et al., 2017) (although this remains a 

topic of much debate (Choumert et al., 2013)), the nature of the economy (closed vs. 

widely trading) (Foster and Rosenzweig, 2003), and levels of income inequality (Koop 

and Tole, 2001). 
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Figure 2.3. SDG targets with identified impacts with high (above) and low (below) 

associated overall confidence. Bars show cumulative scores for all records found 

based on the confidence of each. Scores for mixed impacts contribute equally to 

positive and negative values. 

 

Second, a targetôs impact may vary in direction if there are different options available as 

to how it might be addressed. We note, for example, that records collected for targets 

7.1 (access to affordable, reliable and modern energy), 7.2 (renewable energies) and 7.b 

(energy infrastructure and technology) (all mixed, high confidence) encompass topics 

ranging from the deployment of large-scale energy generation plants (predominantly 

hydroelectric schemes (Jolli, 2012; Urruth et al., 2017), and to a lesser extent other 

renewable energies such as solar, wind (Gibson et al., 2017) and geothermal (Shortall et 
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al., 2015)), which are typically damaging (Gibson et al., 2017), to papers looking at 

clean fuel options, including household-level initiatives relating to biogas or improved 

cookstoves (incidentally, the topic with most records for target 7.3 on energy efficiency 

(beneficial, high confidence)), which are acknowledged as having the potential to 

reduce the exploitation of forests for fuel (Agarwala et al., 2017; Dresen et al., 2014; 

Meeks et al., 2019). Though the example above implies that decision-makers working 

on such targets can simply choose the most environmentally sound option available, we 

acknowledge that, in practice, contextual and practical factors will limit some options. 

 

Lastly, targets whose specifics are highly varied, or are perhaps ambiguous, may show 

mixed impacts depending on specific interpretations. Target 1.5 (reduce exposure and 

vulnerability to shocks) (damaging, high confidence) covers economic, social and 

environmental matters, and, depending on which of these one considers, impacts can 

vary. In this review we found mixed impacts associated with reducing economic shocks 

(Chibwana et al., 2013; Klepeis and Vance, 2003), but damaging impacts relating to the 

use of hard infrastructure to reduce exposure to extreme weather events such as flooding 

(Doyle and Havlick, 2009; Irving et al., 2018). Similarly, target 1.2 calls for the 

reduction of poverty according to ónational definitionsô, and provides little guidance 

beyond this. Our assessment of this target, therefore, being unable to explore all 

national definitions, included factors spanning wealth (Alix -Garcia et al., 2013) and 

household assets (Illukpitiya and Yanagida, 2008), among others, which in part explains 

the mixed (high confidence) impacts identified. 

 

 

2.3.3. Knowledge-bias among target-level impacts 

 

In terms of research effort, we note that more than 50% of all records (486 of 963) were 

associated with just eight targets (all detailed elsewhere in this article): 7.2 (increased 

renewable energy, 83 records); 7.1 (modern and clean energy, 71 records); 1.4 (access 

to basic services, 70 records); 2.3 (double agricultural productivity, 58 records); 16.5 

(reduce corruption, 48 records); 8.1 (per capita economic growth, 46 records); 9.1 

(develop infrastructure, 44 records); and 16.3 (promote the rule of law, 41 records). 

Conversely, 26 targets contained five records or less, and a particularly striking 

observation is that 16 of these were assessed as beneficial overall (albeit mostly with 
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low confidence). As described in the following paragraphs, areas that seem particularly 

poorly researched include matters of health (SDG 3), between- and within-country 

equality (SDG 10), and water and sanitation (SDG 6). Matters of gender equality (SDG 

5), and aspects of education (SDG 4), both discussed earlier in the article, also appear to 

be relatively poorly researched. 

 

Matters of health provide an interesting case, as the links with forests are not necessarily 

obvious, yet, despite relatively few overall records, there is indication of a mixed range 

of impacts. Potentially damaging impacts of improving human health mostly relate to 

the idea that reduced mortality leads to population increases, and hence greater demand 

for land and natural resources (de Jong et al., 2010), but we note that this is not well 

substantiated, and that other findings have shown a negative correlation between child 

mortality and deforestation (Redo et al., 2012). Nevertheless, this underscores the 

importance of family planning (targets 3.7 and 5.6) in helping to mitigate population-

related impacts (Bryant et al., 2009; Starbird et al., 2016; Wan et al., 2011). We also 

found damaging impacts arising from vegetation removal used to control tsetse flies 

(Nash, 1948) and onchocerciasis (Baldry et al., 1995), although such impacts are 

unlikely to be commonplace. Beneficial impacts associated with health targets relate to 

environmental benefits of improved cookstoves (as a means to improve household air 

quality; target 3.9: beneficial, high confidence) (Agarwala et al., 2017; Bensch and 

Peters, 2013; Dresen et al., 2014); the beneficial land-use implications associated with 

reduced tobacco cultivation (Jew et al., 2017) (target 3.a: beneficial, low confidence); 

and the (uncorroborated) suggestion that providing rural communities with access to 

healthcare (target 3.8: beneficial, low confidence) can improve people's perceptions of 

conservation activities, where the two are integrated (Chapman et al., 2015). 

 

Records associated with SDG 10 (reduced inequality), all but one of which have low 

confidence, include the suggestion that reducing both economic inequalities (Andersson 

and Agrawal, 2011; Koop and Tole, 2001) (target 10.1: mixed, high confidence) and 

social inequalities (target 10.2: beneficial, low confidence) (in particular, inequalities 

between ethnic groups (Matin et al., 2014)) are important factors in minimizing 

negative effects on forests (Matin et al., 2014). We acknowledge, however, that 

Andersson and Agrawal (2006) tested the relationship between wealth inequality and 

three forest condition variables at the between-country level and found no relationships. 
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Urban to rural migration, including that concerning refugees or migrants locating in 

rural areas has been implicated in deforestation, suggesting that better planned 

migration (target 10.7) will result in less impacts on forests (Hugo, 2008), though this 

assumption does not appear to have been well tested (low confidence). We 

acknowledge, however, that in some cases deforestation was a problem before refugees 

arrived, and other writers point to positive impacts of refugees in, for example, 

reforestation schemes. 

 

We also note that financial development assistance (including foreign direct investment, 

FDI) (target 10.b) is thought to have potentially mixed impacts on forests (low 

confidence), which are mediated by governance factors such as corruption (Assa, 2018). 

FDI can potentially be damaging when used for primary industries, but may facilitate 

forest transitions (i.e. a change from net forest loss to net gain) when not (Li et al., 

2017). 

 

Concerning SDG 6, impacts associated with water infrastructure (e.g. dams, treatment 

plants, pipelines) can be damaging (Benfield et al., 2005; Doyle and Havlick, 2009; 

Perry and Praskievicz, 2017), but can often be avoided with appropriate planning 

(Maughn and Harris, 2009). Other impacts within this goal include suggestions that 

reducing open defecation (target 6.2: mixed, low confidence) and the release of 

hazardous chemicals and materials (target 6.3: mixed, low confidence) will reduce 

forest-damaging pollution (to which mangroves are particularly vulnerable) 

(Rakotomavo et al., 2018; Yim and Tam, 1999), and that improvements in water-use 

efficiency (target 6.4: beneficial, low confidence) will help ameliorate impacts to 

hydrological systems (which can affect forests) that result from over-extraction of water 

(Pittock and Lankford, 2010). 

 

 

2.3.4. Impacts of development interventions on forests 

 

As noted earlier, the intentionality of external development interventions means that 

they can provide óreal-worldô case studies from which to assess the impacts of achieving 

specific development targets. Our review identified 55 sources that specifically 

considered the impacts of development interventions (which could be readily linked to 
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SDG targets) on forests. Intervention types were predominantly large-scale initiatives 

(i.e. with intended beneficiaries at the regional level or above), including two 

international projects (the Onchocerciasis Control Programme in West Africa (covering 

parts of Burkina Faso, Cote d'Ivoire and Mali) and the paving/completion of the Inter-

Oceanic High- way in Peru and Brazil (two papers). Almost half of the sources (27 of 

55) looked at energy/fuel projects, which ranged from large hydroelectric projects (17 

papers, mostly projects led by national governments and/or the private sector) through 

projects to install biogas plants and disseminate cookstoves, as well as more policy-

focused initiatives, such as the Indonesian Presidential Decree to establish the National 

Energy Policy. Other types of initiatives recorded included coca eradication schemes in 

Colombia and Bolivia (involving national and US governments); efforts to end civil 

conflicts (e.g. in Angola, Colombia and Mozambique, among others); provision of 

credit to small farmers (e.g. the En Nahud Cooperative Credit Project in Sudan); the 

Oportunidades Program, which aims to increase school attendance and health care 

among poor families in Mexico; the formalization of land rights in Brazil and China; 

agricultural development programs in Brazil and the Philippines; and the provision of 

food aid in Ethiopia.  

 

From the 55 sources, we extracted 142 impacts relating to 25 SDG targets (as well as 

nine cases where impacts were deemed negligible, and four cases where findings were 

inconclusive). Impact directions were recalculated for targets based on this subset 

(Figure 2.2f), and seven targets (1.1, 1.2, 1.3, 8.1, 9.2, 9.a and 10.1) differed from the 

full dataset in this regard, all changing from mixed to damaging when considered in the 

specific context of interventions. 

 

Possible reasons for this difference include that either (a) in the context of interventions, 

researchers have tended to focus on negative outcomes, possibly because their aim is to 

highlight damaging forest impacts with a view to reducing these in future, or (b) that 

impacts are simply more damaging when associated with an intervention than when 

changes occur autonomously. Explanation (a) is supported to some degree by the 

observation that only four (16%) of the 25 targets investigated in the context of 

interventions were evaluated as potentially beneficial in the full dataset (compared with 

a possible 29 (or 46%) of the 63 available for consideration). This suggests a research 
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bias towards damaging interventions, implying that many (currently theoretical) 

positive impacts, and lessons that might be learned from these, are being overlooked. 

This subset, similar to the full dataset, showed signs of bias towards only a few targets, 

with 88 (62%) of the 142 records covering just four (16%) of the 25 targets (7.1, 7.2, 

7.b and 2.3). Targets 16.1 and 9.3 also received moderate amounts of attention with 

seven and five records each. We compared information compiled by AidData (Sethi et 

al., 2017) on Official Development Assistance (ODA) Commitments to the SDGs 

between 2000 and 2013 (a rough proxy for interventions) to our own findings and 

observe that some goals are reasonably well aligned in terms of commitments and 

research attention in the context of forests, but also see some notable mismatches. For 

example, SDG 16 (peace, justice and strong institutions), which is by far the most well-

funded of the SDGs, received US$342.5 billion (26%) of the approximately US$1.3 

trillion commitments to goals considered in this work, and was accordingly well-

represented in our data with 10 (7% of the 142 total) records. SDGs 5 (gender equality) 

and 10 (reduced inequality) both received less than 1% of all ODA commitments, and 

accordingly account for zero and three (2% of the total) records in our data, 

respectively. Conversely, SDG 7 was the focus of 83 (58%) our 142 records, yet 

received only US$93.9 (7%) of all commitments. SDGs 4 and 11 accounted for zero 

and one of our 142 records, respectively, yet received relatively large amounts of ODA 

commitments (US$147.4 billion (11%) and US$144.3 billion (11%), respectively). In 

light of the impacts described throughout this article, and given the relatively low 

amount of ODA directed towards terrestrial conservation (US$19.1 billion, or 1.2% of 

the total for all SDGs), this imbalance clearly warrants attention. 

 

 

2.4.  Multi -target impacts 

 

Although not an explicit aim of this review, we identified a number of ways in which 

two or more non-environmental targets may interact to result in forest impacts, and 

which highlight an additional layer of complexity in this topic. A non-exhaustive list of 

such interactions is provided in Table 2.1. Such interactions can be thought of as either 

facilitating (i.e. achievement of one target permits achievement of a second, which has 

subsequent impacts), mediating (i.e. achievement of one target mediates the expected 

impacts of a second) or synergistic (i.e. achievement of two or more targets results in 
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impacts that are greater than those expected from a single target). We note that, of the 

examples given in Table 2.1, the greater proportion are facilitating or mediating in 

nature, and that fewer synergistic examples are given. While this is reflective only of 

our findings, and we do not necessarily expect this to be the case in practice, it does 

highlight the fact that such interactions are less considered, possibly because of the 

practical difficulties of designing counterfactual research that quantifies multiple target 

impacts with and without the influence of each other.  

 

We also acknowledge that such complexities can extend beyond interactions between 

only two targets, and, in practice, diverse ranges of facilitating, mediating and 

synergistic factors likely interact to result in forest impacts. Identification of such 

interactions, even when specific mechanisms or other complexities are not fully 

understood, will provide useful insights that can help achieve multiple targets in the 

most sustainable manner possible. 

 

 

2.5. Implications of our findings 

 

2.5.1. Implications for researchers 

 

This review has highlighted a number of research gaps, which, with some investigation, 

would help facilitate a more integrated approach to sustainable development that avoids 

damage to forests and capitalises upon mutual benefits wherever possible. The 41 

targets evaluated as óunknownô in this work may nevertheless still have roles to play in 

affecting the natural environment, and would be worthy of investigation in this regard. 

The 27 targets identified as having forest impacts, but with low confidence, are 

particularly interesting from a research standpoint as they represent potential trade-offs 

or synergies that may be being overlooked by policymakers and development agencies. 

It is worth noting again here that more than two thirds of low confidence impacts are 

thought to be potentially beneficial. In all cases we encourage studies across a range of 

contexts (especially external interventions), locations and scales, so as to fully elucidate 

the complexities surrounding those impacts identified, including the mechanisms 

through which they arise. 
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Table 2.1. Examples of inter-target interactions with implications for forests. 

 

Interaction 

type 
Goals or targets involved Impact mechanism 

Expected direction 

of impact 

Facilitating 

16.10 (Ensure public access to 

information) 

16.5 (Reduce corruption and bribery) 

Greater access to information, in particular through freedom of the press, 

helps to expose and reduce corruption (Ehrhardt-Martinez et al., 2002). 

Corruption is a key determinant of forests loss (Sommer, 2017). 
Beneficial 

16.1 (End violence and related deaths)  

1.4 (Equal rights to ownership and 

control over land and property) 

Cessation of war and conflict is typically required for land rights to be 

recognised (de Bremond, 2013). Increasing local and individual land 

rights has mixed impacts on forests. 
Mixed 

SDG 4 (Access to education and 

learning opportunities) 

8.3 (Promote job creation and 

entrepreneurship) 

Increasing levels of education allows individuals a more diverse range of 

job options, including non-agricultural employment, resulting in less 

encroachment of agriculture into forests (Baland et al., 2006). Beneficial 

11.3 (Inclusive and sustainable 

urbanization) 

7.1 (Access to modern energy services) 

Evidence suggests that urban households are more likely to use more 

modern, and less forest-degrading fuel types (DeFries and Pandey, 2010). Beneficial 

9.3 (access to markets and financial 

services, including credit) 

2.3 (Double agricultural productivity) 

Access to credit provides the capital required for farmers to expand 

agricultural operations into new areas, but can also allow investment into 

new technologies that promote intensification (Angelsen and Kaimowitz, 

2001). 

Mixed 
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Table 2.1. (Continued from previous page). 

 

Interaction 

type 
Goals or targets involved Impact mechanism 

Expected direction 

of impact 

Mediating 

16.6 (effective, accountable and 

transparent institutions) 

10.b (increase official development 

assistance and foreign direct investment) 

Effective governance can help mitigate the negative impacts that often 

arise from foreign direct investment (Assa, 2018). 
Beneficial 

10.1 (Achieve in-country wealth 

equality) 

8.1 (Sustain per capita economic 

growth) 

Some evidence to suggest that reducing wealth inequalities can have a 

mediating effect on the damaging aspects of economic growth (Koop and 

Tole, 2001). Beneficial 

Synergistic 

8.9 (Promote sustainable tourism) 

9.1 (Develop infrastructure) 

Tourism typically requires increased infrastructure, and better 

infrastructure attracts more tourists. Damaging impacts of both are likely 

to be greater in combination than in isolation (Gaughan et al., 2009). 

Damaging 
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Gaining a deeper understanding of multi-target interactions will be especially useful for 

developing integrated approaches to achieving non-environmental development without 

jeopardising the environment. Numerous multivariate studies (e.g. Crespo Cuaresma et 

al., 2017; Koop and Tole, 2001; Wang et al., 2019) have already made some progress in 

this area, highlighting key factors that can interact to result in forest outcomes (notably 

changes in deforestation rates). However, these are often limited to macro-level 

analyses that can fail to (a) identify forest degradation, or (b) uncover the specific 

mechanisms through which change occurs, especially when it involves subtle changes 

in social contexts, such as those relating to equality or health. Studies that combine 

local-level measures of changes in a range of development indicators with on-the-

ground measures of forest change could be particularly insightful in this regard. 

 

Finally, though many of our findings will apply to natural systems other than forests, 

many will not, and many other important interactions are likely to exist. As such, we 

recommend similar target-level reviews to this one to investigate other ecosystem types. 

In particular, work focusing on marine and coastal systems, wetlands, mountains and 

drylands, which are all mentioned in the SDG targets (Inter-Agency and Expert Group 

in Sustainable Development Goal Indicators, 2016), should be seen as priorities.  

 

 

2.5.2. Implications for policymakers and development agencies 

 

Institutions seeking to help achieve one or more non-environmental SDG targets must 

remain aware of the implications of their actions for natural biological systems and 

resources (illustrated here in the case of forests). Although our findings are broadly 

generalizable across locations, we remind readers that contextual factors (especially 

legal frameworks and political economies, relevant particularly to SDG 16) are of great 

importance in determining the consequential impacts of development progress. While 

for some forms of development, such as those relating to infrastructure or agriculture, 

avoiding negative environmental impacts presents a seemingly huge challenge, damage 

may be minimized by capitalising on some of the potentially beneficial (and perhaps 

less conspicuous) impacts identified in this review. In particular, evidence suggests that 

widespread promotion of quality education to support environmental awareness and a 

diverse job market in the non-agricultural sectors would support forest conservation. 
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Actions to support transparent and effective governance institutions, free from 

corruption and able to effectively implement the rule of law will be particularly useful 

in providing a background for successful achievement of environmental goals. 

Similarly, and although the evidence is less robust, creating a world with significantly 

reduced wealth and resource inequalities (including for women), as well as access to 

medical treatments and family planning services, could yield beneficial outcomes for 

the natural environment.  

 

In cases where infrastructural developments seem likely to cause unavoidable negative 

environmental impacts, the evidence here suggests these might be minimized by 

adoption of participatory planning which is inclusive of diverse members of society. 

Roads in particular require careful consideration, and where increased market 

integration results from new roads (whether intentionally or otherwise) well-enforced 

policies, laws and other safeguards should be used to prevent overexploitation of nearby 

natural resources. For practitioners and policymakers working in the energy sector, 

evidence here also suggests the need for careful consideration of the environmental 

impacts that can result from their work (especially from the associated infrastructure) 

and supports the need for development of alternative options that provide clean, reliable 

energy in ways that minimize environmental damage.  

 

Countries or development agencies wishing to invest in forest protection or restoration 

need to look beyond the conservation sector and address other competing and 

potentially conflicting development priorities while capitalising on those that can 

provide indirect benefits. A long-term solution for forests will necessitate a holistic 

approach where, among other factors, health, education, equality, and transparent and 

effective governance are treated as essential enabling conditions. To achieve this, a 

development planning landscape that is not only inclusive, but is, as best possible, free 

from silos that discourage dialogue and planning across sectors (and indeed across 

cultures and geographical boundaries) is important to avoid or capitalise upon the types 

of cross-target interactions described in this work (Nilsson et al., 2016; Timko et al., 

2018). While this review has highlighted some of the most important sectoral silos that 

should be avoided (e.g. urban planning, deployment of energy infrastructure, 

agriculture), it seems reasonable to assume that even less obvious inter-sectoral 

dialogues, such as between matters of health and environment, will yield benefits. The 
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removal of silos will not only facilitate well integrated planning and implementation of 

development interventions, but will also allow for better monitoring and research of 

cross-sectoral synergies and trade-offs, as described in the previous section. Continued 

interdisciplinary dialogue and research will yield an increasingly better understanding of 

ways to achieve the SDGs in a manner that is truly sustainable. 
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Abstract 

 

Understanding how non-environmental UN Sustainable Development Goals (SDGs) are 

associated with changes in forest cover can facilitate pre-emptive measures that mitigate 

against forest-damaging activities and facilitate mutually beneficial development 

pathways. We use open access data for 122 countries to explore the relationships 

between achievement of the SDGs and changes in forest cover between 2017 and 2020 

at global and regional levels. We overcome multicollinearity present in the SDG data by 

using two methods: partial least squares regression and dominance analysis. We find 

that higher levels of achievement for most goals is associated with reduced forest loss, 

with goals on health, education, energy, economy and industry appearing to have the 

most important relationships. Progress towards the achievement of many SDGs appears 

to affect forests negatively, and this may be of particular concern in countries with 

lower pre-existing levels of development. In this case, goals on economy and climate 

change mitigation appear to play the most important roles. Heterogeneity in our 

regional-level results underscores the need for consideration of contextual matters when 

interpreting and acting upon result such as these. We discuss the possible mechanisms 

underlying our findings, and suggest relevant policy measures and avenues for future 

research. 

 

 

3.1. Introduction  

 

This chapter responds to research question 2 of this thesis, which asks "How does 

achievement of the United Nations Sustainable Development Goals (SDGs) relate to 

changes in forest cover globally, and which goals are most important in shaping this 

relationship?". While various studies have examined relationships between specific 

components of the development agenda (e.g. targets or indicators) and forests, a 

knowledge gap remains around the net impacts of achieving goals comprising multiple 

targets, and around the relative importance of these in shaping (un)desirable outcomes 

for forests. In responding to this knowledge gap, we present the first ever global-level 

attempt to explore the empirical relationships between achievement of the SDGs and 

changes in forest cover, and to identify which of the major development óthemesô (i.e. 
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grouped goals with similar focal topics) are most closely associated with forest losses or 

gains. 

 

The SDGs, which comprise 17 goals and 169 associated targets spanning matters of 

well-being, prosperity and the natural environment, were developed with the intention of 

providing the most comprehensive and integrated framework to date through which to 

guide and monitor development around the world. The original supporting 

documentation of the SDGs (United Nations, 2015) stresses the importance of 

interlinkages (now more commonly referred to as interactions) between the goals. 

Implicit in this is the notion that achieving some goals or targets will help to facilitate 

achievement of others (i.e. provide synergies), but in other cases, achieving a given goal 

or target can constrain the achievement of others (i.e. present trade-offs) (Nilsson et al., 

2016). Despite stressing the importance of these interactions, the supporting 

documentation of the SDGs provides no guidance on their nature (Bennich et al., 2020), 

which has since motivated a growing field of inquiry to explore and map interactions 

between the SDGs. It is now widely acknowledged that such studies can help to take 

advantage of mutually reinforcing goals and targets, while targeting mitigating measures 

in cases where achieving a goal or target might hinder progress in another (Nilsson et 

al., 2016). 

 

Waage et al. (2015), who were among the first to consider SDG interactions, grouped 

the SDGs into three broad categories; those relating to well-being, infrastructure and the 

natural environment, and suggested that links between the first two are typically 

conspicuous and often mutually reinforcing, but that the links between natural 

environment and other categories are less well understood. The authors further 

suggested that without careful planning and sound governance, goals relating to well-

being and infrastructure could be treated with greater priority than environmental goals, 

potentially compromising achievement of the latter. A number of subsequent studies 

have suggested that environmental risks could emerge if inter-sectoral dialogue and 

careful planning does not take into account the links between the environmental and 

non-environmental aspects of the SDGs, but have also highlighted the potential for 

synergies that could benefit the natural environment (Messerli et al., 2019; Schleicher et 

al., 2018; Tiba and Frikha, 2019). Numerous studies have highlighted how a healthy 

natural environment can facilitate achievement of non-environmental aspects of the 
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SDGs (Omisore, 2018; Scharlemann et al., 2020; Weitz et al., 2019), yet relatively 

fewer have considered this from the reverse perspective, examining the consequences of 

attaining non-environmental SDGs for the natural environment. In this work, we seek to 

address this imbalance.  

 

We focus specifically on forests, a critical ecosystem whose conservation presents one 

of the most pressing of todayôs environmental challenges (IPBES, 2019). Between 2010 

and 2020, the worldôs forests shrunk by an estimated 4.74 million hectares (or 0.12%) 

per year (FAO and UNEP, 2020). However, this decline has been geographically 

unequal, with rates of forest loss slowing or even reversing in some countries in recent 

years, while increasing in others (FAO and UNEP, 2020; IPBES, 2019). Forests receive 

notable attention within the SDGs, with targets 6.6, 15.1 and 15.2 all calling for their 

conservation and restoration, and indicator 15.1.1 requiring the monitoring of óforest 

area as a proportion of total land areaô as a means to track progress in target 15.1 (Inter-

Agency and Expert Group in Sustainable Development Goal Indicators, 2016). Forest 

conservation will be key to achieving a number of SDGs, including those relating to 

climate, water, health and economic growth, among others (Sayer et al., 2019), and so 

understanding the factors that help prevent and reverse forest loss is essential not only 

for achieving the SDGôs environmental components, but also the myriad non-

environmental components that they support. 

 

Past research provides support for the idea that matters of human development can 

underpin the drivers of both forest losses and gains. The work of Jha and Bawa (2006), 

for example, showed that higher levels of development, as typified by the UNôs Human 

Development Index, are associated with lower levels of deforestation. Given the 

importance of the SDGs in shaping the development objectives and trajectories of much 

of the world (all 193 UN member states), it is relevant to ask whether this same 

relationship applies when examined through the lens of the SDGs. If indeed it does, 

then it is also pertinent to ask which specific aspects of the SDGs are most responsible 

for this. There are reasons to expect that elements from all SDGs can have implications 

for forests in one way or another (Carr et al., 2021; Katila et al., 2019), yet 

understanding of these relationships is much better in some cases than in others (Carr et 

al., 2021). Moreover, for some SDG elements, for example those relating to health or 

education, forest impacts have been most commonly investigated at local scales, and it 
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remains unclear whether the observed impacts apply more widely. Holistic studies that 

investigate the impacts of all elements of modern sustainable development on forests at 

a global scale are, therefore, likely to be of significant interest and utility. 

 

The mechanisms through which achievement of the various SDGs can affect forests are 

numerous and often complex, although some commonly described processes can be 

identified from past literature. Trade-offs for forests can occur, for example, where 

forestlands are converted for alternative purposes, such as for agriculture (relevant to 

SDG 2) (Laurance et al., 2014) or the development of new infrastructure (relevant to 

several SDGs, including those on energy, industry and housing) (Doyle and Havlick, 

2009; Laurance et al., 2015). If some aspect of the SDGs is achieved through the direct 

use and/or sale of forest resources (e.g. for manufacturing (SDG 9) or to achieve 

economic growth (SDG 8)) then increased extraction could potentially reach 

unsustainable levels (Rodrigue and Soumonni, 2014). More subtle trade-offs can occur 

if achievement of (or progress towards) some component of the SDGs increases 

desire/ability to procure forest resources, products, or lands. This could occur, for 

example, if individuals or households have increased access to monetary resources 

(perhaps through reduction of poverty (SDG 1) or improved equality (SDG 10) (Alix -

Garcia et al., 2013; Wunder, 2001)), or where formerly inaccessible areas become 

accessible, perhaps following infrastructure improvements (SDG 9) (Laurance et al., 

2009) or the cessation of conflict (SDG 16) (Murillo -Sandoval et al., 2020). 

 

Synergies for forests may occur where high levels dependence on forestlands or forest 

resources are reduced. At the subsistence level, examples could include improvements 

in access to energy (SDG 7) leading to a reduced dependence of wood-based fuels 

(Tanner and Johnston, 2017), or reduced poverty (SDG 1) reducing the need to harvest 

forest products in times of severe hardship (Delacote, 2012). Beyond matters of 

subsistence, examples could include cases where improved education (SDG 4) and/or 

better employment opportunities (SDG 8) result in a reduced proportion of a population 

being reliant on forest-damaging activities, such as agriculture, to provide their 

livelihoods (Godoy and Contreras, 2001; Kaimowitz and Angelsen, 1998). Synergies 

may also arise if some aspect of the SDGs helps to prevent the illegal or unregulated use 

of land or resources, for example through improved law enforcement of reduced 

corruption (SDG 16) (Brunner et al., 1999; Sommer, 2018; Sundström, 2016). There are 
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also cases where improvements in a given aspect of the SDGs can potentially result in 

positive and/or negative outcomes for forests. For example, in cases where land 

ownership rights are improved (SDG 1), or where decision-making powers become 

more inclusive (components of SDGs 5, 10 and 16), beneficiaries may face a choice of 

either conserving or exploiting forests, and there is no guarantee that they will choose 

the former over the latter (Naughton-Treves and Wendland, 2014; Villamor et al., 

2014).  

 

The above examples are not exhaustive, yet they serve to illustrate two key points. 

Firstly, we see that impacts arising from a given goal can be either positive or negative 

under different circumstances. It is of great interest therefore to know whether, at the 

goal level, a predominant net outcome is evident. A second key feature to note is that 

for some aspects of the SDGs, impacts may arise specifically as a result of higher levels 

having been achieved (e.g. illegal logging reduces once better law enforcement is 

achieved), yet for others, additional impacts may occur through the processes of actually 

attaining higher levels (e.g. as land is converted to improve infrastructure). 

Consequently, when examining matters of development as they relate to forests (or 

indeed other matters of the environment), we feel it is important to consider both 

aspects.  

 

In the context of forest change, most work to date pertaining to development-related 

impacts has been focused at the target/indicator level, and we are not aware of any 

analyses that have so far attempted to relate forest change to the SDGs at the level of 

goal. While target/indicator-level analyses are helpful in identifying highly specific 

interactions and informing possible interventions, goal-level analyses can help to 

stimulate thinking, dialogue and further research that promotes sound governance of 

whole thematic areas (De Neve and Sachs, 2020; Lusseau and Mancini, 2019). A likely 

underlying reason for the relative dearth of assessments of goal-level interactions is that 

characterisation and quantification of the SDGs at any level above that of indicator 

presents methodological challenges. The indicators that underpin the SDGs and their 

targets, and which by definition each have their own associated metrics, can vary widely 

in their nature, and so combining them in a quantitative manner is not straightforward. 

One notable effort to overcome this challenge is the Sustainable Development Goal 

Index (SDGI) (Sachs et al., 2021). The SDGI (details of which are given in our methods 
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section) provides an indicative score from zero to 100 on the performance of countries 

for a suite of indicators, which can be averaged to assess a countryôs status at the level 

of goal or above. The nature of the SDGI is such that it can be readily compared 

between countries, goals and/or years. In a recent paper, De Neve and Sachs (2020) 

used the SDGI to assess how levels of attainment in each of the SDGs is associated with 

subjective well-being (finding positive relationships in most cases). In this paper, we 

draw upon their methodology to examine associations between SDGI scores and 

changes in forest cover. 

 

A further challenge when considering how achievement of the SDGs affects a given 

outcome of interest is the high degree of multicollinearity that exists between many of 

the goals (see Methods and Appendix B). This limits the applicability of many of the 

more commonly applied techniques, such as multiple regression, to identify 

relationships, as the relative roles of each predictor becomes clouded, along with any 

ability to confidently infer causality. In the presence of multicollinearity, it is often 

suggested to exclude one or more predictors. However, as noted above, there are 

reasons to believe that all SDGs are likely to have at least some influence on forest 

cover change, and so we do not feel that this solution is appropriate. Instead, to 

overcome this issue, we employ relative importance analysis, which is a term used to 

describe methods that partition the explained variance among a set of (typically 

collinear) predictors, and assess the relative roles played by each (Tonidandel and 

LeBreton, 2011).  

 

In our exploration of the empirical relationships between achievement of the SDGs and 

changes in forest cover, we specifically seek to answer the following research questions: 

(i) is achievement of the SDGs (as typified by the SDGI for all goals combined) 

associated with higher or lower levels of forest cover change? (ii) Which specific goals 

are most important in explaining the observed variance in forest cover change around 

the world? (iii) Which of the broad themes encompassed by the SDGs (in our case well-

being, social issues, economy, infrastructure or sustainability) are most important in 

explaining changes in forest cover, and does their relative importance vary between 

different regions of the world? Our hope is that the work will stimulate thought, 

discussion and further research on the focal topic, and ultimately contribute to a 
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widespread effort to better integrate matters of environmental conservation into 

development planning around the world. 

 

 

3.2. Methods 

 

3.2.1. Data sources and processing 

 

To explore the research questions stated above, we analysed secondary, quantitative 

data from three well-established sources. We considered a total of 122 countries, and 

the inclusion criteria used establish the list of countries included are provided in the 

following paragraphs. 

 

To compare changes in forest cover at a national level, several datasets are made freely 

available, and each has its own advantages and limitations. The Global Forest 

Resources Assessment (GFRA) dataset (FAO, 2022) has been compiled annually since 

1990, providing measures of both forest losses and forest gains for 234 countries and 

territories, which can be compared to derive a measure of net change (FAO and UNEP, 

2020). These data have received criticism, however, due to inconsistencies in the way 

that they are collected, including between time periods and between countries 

(Grainger, 2008), particularly as country-level data are self-reported, and in some cases 

based on desk studies (conducted by the FAO) rather than direct observation. Although 

these data remain imperfect, their quality is thought to have improved over time; since 

2000, consistency in the definitions use (e.g. of forest) has been improved between 

reporting countries, and since 2015, efforts have been made to ensure greater accuracy 

of the reports submitted (MacDicken, 2015; Nesha et al., 2021).  

 

Since 2013, the data hosted on the website Global Forest Watch (GFW) (Hansen et al., 

2013) have arguably been the most commonly utilised resource for comparing changes 

in forest area between countries. These data are seen as an improvement on the GFRA, 

as they are collected in a more standardised and robust way, using Earth observation 

satellite data at a spatial resolution of 30 metres. Data are provided as separate measures 

of tree cover losses (annually, from the year 2000 to the present) and tree cover gains 

(over two 10-year periods; 2000 to 2010, and 2010 to 2020), as well as measures of 
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total tree cover in the years 2000 and 2010. Limitations to these data arise from the fact 

that, due to methodological differences, tree cover losses and gains cannot be compared 

to derive an overall net value. Moreover, the 10-year time periods over which tree cover 

gains are reported means that these data cannot be used for analyses wishing to consider 

changes over shorter timeframes. Both the GFRA and the GFW data have received 

criticism due to a limited ability to distinguish between natural forests and certain other 

habitats (notably plantations) (Tropek et al., 2014), as well as a poor consideration of 

forest degradation. 

 

The recently released dataset by Vancutsem et al. (2021) overcomes many of these 

issues, as it provides annual measures of net forest change that are consistent in their 

underlying methodology, accounts for both deforestation and forest degradation, and is 

better able to distinguish between forests and plantations. However, these data pertain 

exclusively to tropical moist forests, and as such, only provides data for 54 countries. 

 

Because our intention was to conduct a global analysis, the Vancutsem et al. data were 

deemed not suitable for our purposes, and we instead chose to use both the GFRA and 

the GFW data as individual response variables, repeating all analyses using both 

datasets separately. In the case of the GFRA data, we calculated each countryôs net 

change in forest cover between the years 2017 and 2020, expressed as percentage 

change of its total percentage forest cover in 2017. In the case of the GFW data, we 

calculated each countryôs total loss of tree cover (with a canopy density >30%) between 

the same period, again expressed as a percentage change in total cover in 2017. In this 

case, to derive the 2017 values against which to compare changes we subtracted total 

tree cover loss during the preceding years (2010 to 2016) from the total forest cover 

values for the year 2010. Because these calculations do not account for forest gains, our 

estimates of percentage tree cover losses may be overestimates in some cases. 

Moreover, these values should not be treated as a measure of net forest change, which is 

the intention behind our use of the GFRA dataset. We excluded countries with less than 

10% forest cover in 2017 (based on the GFRA data), as we feel it is reasonable to 

assume that changes in a given SDG would have less relevance to forests in countries 

with little or no forest to begin with. 
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As shown in Figure 3.1, the differing nature of our two response variables is such that 

values derived from the GFRA data include cases of both net losses and gains in forest 

cover, while those derived from the GFW data contain measures of tree cover loss only. 

When interpreting our results, therefore, readers should keep in mind that negative and 

positive coefficients in the case of the GFW data are indicative of lower and greater 

levels of tree cover loss, respectively, but in the case of the GFRA data, negative 

coefficients can be indicative of greater levels of forest loss as well as lower levels of 

forest gains, while positive coefficients can be indicative of lower levels of forest loss as 

well as higher levels of forest gains.  

 

 

 

 

Figure 3.1. Percentage net change in forest cover based on GFRA data (above) and 

percentage tree cover loss based on GFW data (below) between 2017 to 2020 for 

the 122 countries included in this work. Countries not included are shown in grey. 

Source: Authorôs own work based on data from FAO (2022) and Hansen et al. 

(2013). 

 

All predictors were based on data underlying the official Sustainable Development 

Reports of 2017 (Sachs et al., 2017) and 2020 (Sachs et al., 2020), which track the 

performance of all 193 UN Member States on the 17 SDGs. These assessments employ 

the Sustainable Development Goal Index (SDGI), which synthesises data from a suite of 
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indicators, and summarises these in terms of status and recent trends (ranging from óon 

trackô to ódecreasingô). To allow direct comparison between indicators, countries and 

years, the SDGI applies a normalisation process which standardises each indicator using 

a scale from zero (worst possible) to 100 (best possible) (see source for methods). Use 

of this scale also allows the status and trend of each country to be assessed, following a 

process of averaging, at the level of goal. The SDGI also provides a single combined 

metric of achievement across all SDGs. 

 

Predictors in our analyses included the 2017 values for both the overall SDGI scores 

(i.e. for all goals combined) and for the individual goals. We also calculated changes in 

each of the above between the years 2017 (the year in which the SDGI began to provide 

disaggregated assessments to reflect the individual goals) and 2020 (the most recent 

year for which GFRA forest data were available), which were also used as predictors. 

Values for all predictors used are shown in Figure 3.1. Following De Neve and Sachs 

(2020), missing score values were imputed based on average regional scores, including 

three for SDG 1, one for SDG 4, and eight for SDG 10. For all goal-level analyses, we 

did not include data for goal 14 (life below water), which was deemed too data poor, 

goal 15 (life on land), which is not independent from the response variable, or 17 

(partnerships for the goals), which is cross-cutting, and contains elements pertaining to 

all other goals (Waage et al., 2015). We excluded all countries with SDGI values 

missing for two or more goals.  
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Figure 3.2. Maps depicting national values of all predictors used in this work, 

including 2017 values of the overall SDGI score (first image), changes in this score 

between 2017 and 2020 (second image), and 2017 scores and 2017 to 2020 changes 

in the SDGI for goals 1 to 13 and 16. Figure continues over multiple pages. 
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Figure 3.2. Continued from previous page. 
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Figure 3.2. Continued from previous page. 
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Figure 3.2. Continued from previous page. 
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Figure 3.2. Continued from previous page. 
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Figure 3.2. Continued from previous page. 

 

 

 
 

 

 

 

 

Figure 3.2. Continued from previous page. 
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3.2.2. Analytical approach 

 

 

For the first part of our analysis, we were interested to know if changes in forest cover 

are associated with overall levels of development prior to changes occurring (i.e. the 

2017 overall SDGI score) and/or with subsequent changes in that score. We were also 

interested to know whether the former has a moderating effect on the latter (i.e. does the 

effect of change in SDGI on forest cover vary depending on the initial SDGI score of 

the country in question?). To investigate these questions, we ran ordinary least squares 

(OLS) regression models, first with each of the two predictors separately, and second 

with both predictors together, including an interaction term between the two. These 

models satisfied all standard assumptions of OLS regression. This analysis, along with 

all others, was run in R version 4.0.2 (R Core Team, 2021). 

 

Preliminary analyses indicated high levels of multicollinearity between many of our 

goal-level predictors (see Figure B.1 in Appendix B), meaning that OLS regression was 

not appropriate for analysis of these variables. To overcome this issue we employed two 

types of relative importance analysis: partial least squares regression (PLSR) and 

dominance analysis (DA). Both approaches are able to overcome issues of 
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multicollinearity (along with, to some extent, small sample sizes and non-normal data) 

to assess the relative contributions of a set of predictors in explaining a given outcome 

of interest (Carrascal et al., 2009; Goodhue et al., 2012; Tonidandel and LeBreton, 

2011). 

 

PLSR can be thought of as a hybrid between multiple linear regression and principal 

component analysis (PCA). As with PCA, PLSR reduces the predictors to a smaller set 

of orthogonal (or uncorrelated) components, but unlike PCA, the components produced 

using PLSR are based on covariance with a given response variable, rather than on 

variance within the predictors alone (Hubert and Vanden Branden, 2003; Tobias, 1995). 

The orthogonal components identified through PLSR, which account for successively 

lower proportions of the covariance, can be assessed through a process of cross-

validation to determine the optimum number that provides the best predictive power 

(prediction being the more common application of PLSR) (Hubert and Vanden 

Branden, 2003; Tobias, 1995). Having identified the optimum number of components, 

the relative contributions of each predictor can then be assessed through examination of 

its variable importance in the projection (VIP) score (Galindo-Prieto et al., 2014). The 

sum of the squared VIP values will always be equal to the total number of candidate 

predictors (Galindo-Prieto et al., 2014), making it straightforward to convert these into 

more readily interpretable percentage values. Predictors with VIP values >1 explain a 

greater proportion of the variance in the outcome than would be expected if all 

predictors contributed equally. 

 

We ran PLSR using the R package óplsô (Liland et al., 2021), and applied a óleave one 

outô method of cross-validation. This method calculates all potential models excluding 

one observation at a time, and uses these to calculate the root mean squared error of the 

prediction (RMSEP) for each number of components (up to a maximum of 10 in our 

case). Following standard procedure (see Mehmood et al. 2012), we report on models 

with a given number of components that provides the lowest RMSEP value. Predictor 

coefficients derived from our PLSR models using the GFRA data as the outcome 

variable can be interpreted such that negative values indicate a relationship in which 

higher predictor values are associated with higher levels of net forest loss/lower net 

forest gains, while positive values indicate that higher predictor values are associated 

with lower levels of net forest loss/higher net forest gains. Predictor coefficients derived 
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from our PLSR models using the GFW data as the outcome variable can be interpreted 

such that negative values indicate that higher predictor values are associated with lower 

levels of tree cover loss, while positive values indicate that higher predictor values are 

associated with higher levels of tree cover loss. As described above, we convert VIP 

scores to percentages, and focus much of our reporting on predictors that explain more 

variance than would be expected if all predictors contributed equally. For example, in 

our goal-level analyses, we included 14 predictors at any one time, and so were 

particularly interested where percentage values exceeded 7.14%. 

 

DA is designed to assess the individual contributions of predictors relative to each other 

within a pre-selected model (typically a multiple regression model) (Azen and Budescu, 

2003). To achieve this, it calculates R2 values for subset models using every possible 

combination of the available predictors, and, in each case, conducts pairwise 

comparisons of the additional contribution to R2 made by adding a given predictor 

(Azen and Budescu, 2003; Budescu, 1993). By averaging these contributions for each 

predictor, it is then possible to calculate (and express as a percentage) the relative 

contributions of each to the variance explained by original, ófullô model (a good 

example of this is the aforementioned work of De Neve and Sachs (2020), who also 

used DA in the context of the SDGI). We ran DA using the R package 

ódominanceanalysisô (Bustos Navarrete and Coutinho Soares, 2020), using a standard 

multiple linear regression model containing all candidate predictors, with no 

interactions, as the basic model from which to assess relative contributions. By default, 

DA does not provide coefficients, and so we determined these using individual OLS 

regressions, and these may be interpreted in the same manner as described for PLSR 

above. As with PLSR, we were again interested in predictors that explain more variance 

than would be expected if all predictors contributed equally.  

 

While PLSR identifies the subset of a given dataset that best describes the variance of a 

given outcome, which can then be studied in terms of its composition (i.e. the relative 

contribution of each predictor to that subset), DA first assesses the maximum variance 

in the outcome that can be explained by inclusion of all data from all predictors, and 

then decomposes this to explain the relative contributions of each. As such, PLSR may 

inherently overlook some aspects of a given relationship (those present in the data from 

any of any excluded components) in favour of the most parsimonious model, while DA 
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may tend to over-explain given relationships, as it essentially forces the predictors to 

explain all of the variance in the outcome. By applying (and comparing) both of these 

approaches in our examination of the relative contributions of each SDG in explaining 

forest cover change, we hope to achieve higher confidence in our findings. Cases where 

the methods agree that a predictor is (or is not) of high relative importance can be 

interpreted with greater certainty than cases where models disagree, which provide 

subject matter for discussion towards the end of this paper.  

 

Our analyses do not attempt to combine predictors relating to 2017 SDGI scores and 

those relating to changes between 2017 and 2020, as doing so would push our predictor 

to sample size ratio beyond a reasonable limit. Nevertheless, we note that levels of 

collinearity are much lower between these two different predictor groups than within the 

individual groups (see Appendix B), and so the findings from each may be considered 

as having reasonable independence. Exceptions to this include goals 2 (food security), 8 

(economic growth) and 11 (cities and communities), for which the 2017 values and the 

subsequent changes in these values show high collinearity (Pearsonôs r = -.61, -.86 and -

.67 for the three goals, respectively). The negative correlation coefficients given above 

suggest that, for these three goals, the better a given country is already performing, the 

less likely it is to make further positive changes. We discuss the implications of these 

relationships as they become relevant to our findings. 

 

 

3.2.3. Thematic and regional analyses 

 

The effects of a given SDGI score (or change therein) on a countryôs forests may not 

necessarily be uniform at all locations around the world, and it is therefore of interest to 

investigate whether relationships vary between the worldôs major regions. Accounting 

for this in our models is difficult, however, as there currently exists no established 

method through which to include both continuous and categorical variable in either 

PLSR or DA. To overcome this, we used the following two processes. 

 

First, we ran individual OLS regressions for each predictor (and for both response 

variables) including an interaction term with the categorical variable óregionô. This 

variable comprised the following four groups: Africa (N = 32); the Americas (including 
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the Caribbean) (N = 28), Asia (N = 23); and Europe (which includes Russia and New 

Zealand) (N = 39). In these models Africa was used as the reference category, as in the 

majority of cases SDGI scores are typically lower in many African countries than in 

countries elsewhere in the world. We highlight significant interaction terms, including 

the sign of the coefficient, which can be interpreted such that a positive coefficient 

indicates that higher predictor values are associated with reduced forest losses/forest 

gains (for the GFRA data) and higher rates of loss (for the GFW data) compared with 

the reference category, while negative coefficients indicate the opposite. 

 

Second, following De Neve and Sachs (2020), we repeated our analyses based on 

thematically-linked groups of goals, including for four regional subsets using the 

groupings listed above. Our thematic groupings deviated somewhat from those used by 

De Neve and Sachs, and are as follows: Well-being (goals 1, 2 and 3); Economic (goals 

4 and 8); Social (goals 5, 10 and 16); Sustainability (goals 6, 12 and 13); and 

Infrastructure (goals 7, 9 and 11). In each case, we repeated the above PLSR and DA 

processes with few deviations.  

 

There are a number of important limitations to our analyses, which we consider more 

fully in our discussion section. These include a limited numbers of observations, 

particularly in the case of our regional analyses, and a general lack of variance in the 

data for some of our predictors, which can limit the power of the variance 

decomposition analyses used herein. Suffice to say, at this stage, our findings should be 

considered with due caution, keeping in mind that they portray past correlational 

relationships from a specific timeframe, and so do not necessarily have predictive 

utility. This is particularly relevant to certain predictors, including goals pertaining to 

poverty, hunger, health and economy, which underwent notable declines during the 

period of our investigation, largely as a result of the Covid-19 pandemic (Sachs et al., 

2020), and so are not necessarily characteristic of the preceding time periods, nor, one 

hopes, those of the future.  

 

 

3.3. Results 

 

3.3.1. Relationship between overall SDGI score and forest change 
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We found a significant positive relationship between SDGI score (all goals combined) 

in 2017 and changes in net forest cover (GFRA data) between 2017 and 2020 (ɓ = .025, 

SE = .004, p < .001, R2 = .213), suggesting that higher levels of development are 

associated with lower levels of forest loss, and ultimately forest gains. Conversely, we 

found a significant negative relationship between change in SDGI score (all goals 

combined) and net changes in forest cover between 2017 and 2020 (ɓ = -.057, SE = 

.019, p < .01, R2 = .065). In contrast to our findings on SDGI scores, this suggests that 

progress towards achieving higher SDGI scores is associated with declines in forest 

cover (or smaller forest gains). Analyses to investigate whether these relationships vary 

between regions found no significant interactions (Ŭ = .05) between either 2017 SDGI 

scores nor scores changes between 2017 and 2020 and any of the regions, compared 

with the reference category (Africa). Detailed outputs from these models are provided in 

Appendix B. Regression analysis combining 2017 SDGI scores and subsequent changes 

in these scores by 2020 and using the GFRA data as the response variable found a 

significant positive interaction term between the two predictors (Table 3.1). This 

suggests that the impacts of progressing towards an improved SDGI score become less 

negative (i.e. cause less severe forest losses, and ultimately gains) where countriesô 

initial SDGI scores are greater.  

 

 

Table 3.1. OLS regression outputs for model regressing net forest cover change 

(GFRA data) against 2017 SDGI scores, changes in SDGI scores between 2017 and 

2020, and the interaction between the two. The following alpha values apply: * = 

<.05, *** = <.001.   

 Coefficient Std. error 

Intercept -1.103* 0.455 

SDGI 0.014* 0.006 

Change in SDGI -0.292* 0.115 

SDGI * Change in SDGI 0.004* 0.002 
   

R2 = .254   

Adj. R2 = .235    

F(3, 118) = 13.38***   

We also found a significant negative relationship between SDGI score (all goals 

combined) in 2017 and percentage tree cover loss (GFW data) between 2017 and 2020 

(ɓ = .067, SE = .020, p < .01, R2 = .084), suggesting that higher levels of development 
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are associated with lower levels of tree cover loss. We found a significant positive 

relationship between change in SDGI score (all goals combined) and percentage tree 

cover loss between 2017 and 2020 (ɓ = .225, SE = .085, p < .01, R2 = .056), suggesting 

that progress towards achieving higher SDGI scores is associated with increased tree 

cover loss. These findings largely align with those using the GFRA data as a response. 

However, in this case we found a significant positive interaction between 2017 SDGI 

scores and the Europe category of the Region variable, suggesting that higher SDGI 

scores in Europe are associated with a higher rate of tree cover loss than in the reference 

category (see Appendix B for full results of these models). In contrast to analyses using 

the GFRA data, we did not find a significant interaction between 2017 SDGI scores and 

changes in these scores between 2017 and 2020 when using the GFW data as a response 

(Table 3.2). 

 

 

Table 3.2. OLS regression outputs for model regressing percentage tree cover loss 

(GFW data) against 2017 SDGI scores, changes in SDGI scores between 2017 and 

2020, and the interaction between the two. The following alpha values apply: * = 

<.05, **  = <.01. 

 
 Coefficient Std. error 

Intercept 3.808* 1.089 

SDGI -0.021*  0.029 

Change in SDGI 1.027* 0.328 

SDGI * Change in SDGI -0.014 0.008 
   

R2 = .218   

Adj. R2 = .196    

F(3, 118) = 5.215**    

 

 

We were also interested to know whether these findings are the result of lower existing 

forest cover in more highly developed countries, which could have been depleted during 

the process of developing, leaving less forest left to remove. To examine this, we 

regressed percentage forest cover in 2017 (GFRA data) against 2017 SDGI scores (all 

goals combined), and found no significant relationship between levels of development 

and percentage forest cover (ɓ = .203, SE = .159, p = .204). We acknowledge that this is 

an imperfect method of addressing this question, given that different countries would 

not have had the same proportion of forest to begin with, but the finding nevertheless 
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refutes the idea that lower rates of forest loss among more developed countries is a 

consequence of having less forests to be exploited.  

 

 

3.3.2. Goal-level analyses 

 

Individual OLS regressions for each of our predictors suggest a greater number of 

significant relationships between 2017 SDGI values and changes in forest cover than 

subsequent changes in these values between 2017 and 2020. This applies both for net 

change in forest cover (GFRA data, Table 3.3) and percentage tree cover loss (GFW 

data, Table 3.4), although the numbers of significant predictors were fewer for the GFW 

data than for the GFRA data in both cases. 

 

In the case of the GFRA data, 2017 SDGI values of all goals showed significant 

positive relationships with net change in forest cover, with the exceptions of Goal 12 

(production and consumption), which was not significant, and Goal 13 (climate change) 

which had a significant negative relationship. Concerning interactions with the region 

variable, the only significant interaction found was that for SDG 16 (peace and justice) 

with the Europe category; the negative sign indicating that higher 2017 values for this 

goal are associated with lower net changes in forest cover in Europe compared with the 

reference category (Africa). For changes in SDGI scores between 2017 and 2020, goals 

1 (no poverty), 9 (industry, innovation and infrastructure) and 16 each had significant 

positive relationships with net change in forest cover, while goals 7 (energy), 8 

(economic growth), 11 (cities and communities), 12 and 13 each has significant 

negative relationships. Again here, only one significant interaction with the region 

variable was identified; in this case for goal 7, where a negative interaction between 

change in SDGI score and the Asia category suggests that greater improvements in this 

goal are associated with lower net changes in forest cover there compared with the 

reference category. 

 

Using the GFW data as the response, we found significant negative relationships 

(indicating lower levels of tree cover loss) with 2017 SDGI scores for goals 1, 3 

(health), 4 (education), 6 (water and sanitation), 7 and 11. These included significant 

positive interactions with the Europe category of the region variable for goals 3 and 11, 
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suggesting that higher SDGI scores for these goals are associated with higher rates of 

tree cover loss in Europe compared with the reference category. For changes in SDGI 

scores between 2017 and 2020, goals 8 and 13 showed significant positive relationships 

with percentage tree cover loss, while goal 16 showed a significant negative 

relationship. In the case of the goal 8, a significant negative interaction with the 

Americas category of the Region variable suggests that progress in this goal is 

associated with lower levels of tree cover loss in this region compared with the 

reference category. In the case of goal 13, a significant positive interaction with the Asia 

category of the Region variable suggests that progress in this goal is associated with 

higher levels of tree cover loss in this region compared with the reference category. 

 

Despite large numbers of significant predictors in some cases, we note that in many 

cases the explained variance remains low when using predictors individually in this 

way. Also, as was noted earlier, the high levels of multicollinearity between many of 

our predictors means that these results should be interpreted with due caution. 

 

PLSR using the 2017 SDGI scores to predict net change in forest cover (GFRA data) 

identified a one-component model as having the lowest RMSEP value (0.548). This 

one-component model used 66% of variation in the predictors to explain 30.6% of 

change in forest cover, and identified goals 1, 3, 4, 7, 8 and 9 (which all had positive 

coefficients) as making contributions greater than would be expected if all goals 

contributed equally. DA using these same data identified goals 3, 4, 7, 8, 9 and 16 as 

making greater contributions to the 40.6% of explained variation in the original model 

than would be expected if all goals contributed equally, again with positive coefficients 

in all cases. PLSR using the 2017 SDGI scores to predict percentage tree cover loss 

(GFW data) identified a two-component model as having the lowest RMSEP value 

(2.47). This two-component model used 74.1% of variation in the predictors to explain 

29.1% of change in tree cover, and identified goals 1, 3, 4 and 7 (all with negative 

coefficients) as making contributions greater than would be expected if all goals 

contributed equally. DA using these same data identified goals 1, 3 and 7 as making 

greater contributions to the 38.8% of explained variation in the original model than 

would be expected if all goals contributed equally, again with negative coefficients in 

all cases. 
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PLSR using the  SDGI score changes between 2017 and 2020 to predict net change in 

forest cover (GFRA data) also found a one-component model to have the lowest 

RMSEP value (0.566). This one-component model used 32.9% of variation in the 

predictors to explain 27.7% of change in net forest cover, and identified goals 1, 8, 9, 11 

and 13 as making contributions greater than would be expected if all goals contributed 

equally. In this case, goals 1 and 9 had positive coefficients, while goals 8, 11 and 13 

had negative coefficients. DA using these same data identified goals 7, 8, 9, 10 and 13 

as making greater contributions to the 34.7% of explained variation in the original 

model than would be expected if all goals contributed equally. In this case, all 

predictors had negative coefficients except goal 9, which had a positive coefficient. 
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Table 3.3. Outputs fr om OLS regressions for all goal-level predictors used in this work, with net forest cover change from 2017 to 2020 

(based on GFRA data) as a response. The following alpha values apply: * = <.05, ** = <.01, *** = <.001. Table also indicates regions that 

showed a significant interaction (alpha = .05) with the predictor in question (based on separate models), including the sign of the 

coefficient. Detailed outputs from these models are provided in Appendix B. 

 

 SDGI score (2017) Change in SDGI (2017 ï 2020) 

Predictor 
Coefficient SE R2 

Significant regional 

interactions 
Coefficient SE R2 

Significant regional 

interactions 

Goal 1 (No poverty) .0087*** .002 .135  .0084* .004 .036  

Goal 2 (Hunger and food security) .0149*** .004 .087  -.0182 .009 .030  

Goal 3 (Health) .0131*** .003 .180  -.015 .019 .005  

Goal 4 (Education) .0114*** .002 .166  -.0002 .006 -.008  

Goal 5 (Gender) .0092* .004 .049  .0188 .016 .011  

Goal 6 (Water) .0157*** .004 .139  -.0021 .008 <.001  

Goal 7 (Energy) .009***  .002 .184  -.0273* .011 .047 Asia (-) 

Goal 8 (Economic growth) .015***  .003 .193  -.0173*** .004 .130  

Goal 9 (Industry, innovation and 

infrastructure) 
.0094*** .002 .154 

 
.0274*** .007 .104 

 

Goal 10 (Equality) .0067** .002 .068  -.0068 .004 .024  

Goal 11 (Cities and communities) .008** .002 .087  -.0089* .004 .034  

Goal 12 (Production and consumption) -.0151 .004 .092  -.0141* .006 .042  

Goal 13 (Climate change) -.0123*** .004 .090  -.0123*** .004 .090  

Goal 16 (Peace and justice) .0168*** .004 .129 Europe (-) .0148* .007 .037  
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Table 3.4. Outputs from OLS regressions for all goal-level predictors used in this work, with total tree cover loss from 2017 to 2020 

(based on GFW data) as a response. The following alpha values apply: * = <.05, ** = <.01, *** = <.001. Table also indicates regions that 

showed a significant interaction (alpha = .05) with the predictor in question (based on separate models), including the sign of the 

coefficient. Detailed outputs from these models are provided in Appendix B. 

 

 SDGI score (2017) 
Significant regional 

interactions 

Change in SDGI (2017 ï 

2020) 

Significant regional 

interactions 

Predictor Coefficient SE R2  Coefficient SE R2  

Goal 1 (No poverty) -.0349*** .001 .125  -.002 .017 <.001  

Goal 2 (Hunger and food security) -.0203 .019 .009  -.0192 .041 .002  

Goal 3 (Health) -.0429*** .011 .109 Europe (+) .0934 .079 .019  

Goal 4 (Education) -.0303** .011 .066  .0185 .027 .004  

Goal 5 (Gender) .0085 .016 .002  .0867 .069 .013 Asia (-) 

Goal 6 (Water) -.0568*** .015 .102  .0331 .018 .027  

Goal 7 (Energy) -.0319*** .008 .126  .0251 .049 .002 Asia (+) 

Goal 8 (Economic growth) -.0235 .013 .027  .1024** .034 .072 Americas (-) 

Goal 9 (Industry, innovation and 

infrastructure) 
-.0161 .009 .025 

 
-.0332 .031 .009 

 

Goal 10 (Equality) -.0062 .01 .003  .0129 .017 .005  

Goal 11 (Cities and communities) -.0242* .011 .041 Europe (+) .0233 .019 .013  

Goal 12 (Production and 

consumption) 
.0428 .019 .041 

 
.0469 .026 .026 

Europe (-) 

Goal 13 (Climate change) .0259 .023 .01 Asia (-) .0221* .016 .056 Asia (+) 

Goal 16 (Peace and justice) -.0265 .018 .018 Europe (+) -.0681* .029 .044  
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PLSR using the SDGI score changes between 2017 and 2020 to predict percentage tree 

cover loss (GFW data) identified a one-component model as having the lowest RMSEP 

value (2.554). This one-component model used 29.9% of variation in the predictors to 

explain 17.2% of percentage tree cover loss, and identified goals 8, 13 and 16 as making 

greater contributions than would be expected if all goals contributed equally. In this 

case, goals 8 and 13 had positive coefficients, while goal 16 had a negative coefficient. 

DA using these same data identified the same three goals as making greater 

contributions to the 19.8% of explained variation in the original model than would be 

expected if all goals contributed equally, and again here, goals 8 and 13 had positive 

coefficients, while goal 16 had a negative coefficient.  

 

Comparisons of the findings from both methods are shown in Figures 3.3 (GFRA data) 

and 3.4 (GFW data). Here we see that the outputs from the two methods are largely well 

aligned, albeit with some notable exceptions. Also, notable similarities and differences 

are evident between analyses using the two different response variables. In the case of 

2017 SDGI scores, both methods using both response variables identified goal 7 as 

being of greatest relative importance. Also in all cases, goal 3 was identified as being of 

high relative importance. Goals 1 and 4 were highlighted as having high relative 

importance in three of the four cases (all but DA for the GFRA and the GFW data, 

respectively). Goals 8 and 9 were identified as important predictors of the GFRA data, 

but this was not the case for analyses using the GFW data. 

 

Analyses of SDGI score changes between 2017 and 2020 show agreement on the 

relatively higher importance of goals 8 and 13 in explaining forest cover change in all 

cases. However, few other similarities are evident. In the case of the GFRA data, both 

methods identified goal 9 as having high relative importance, whereas this was not the 

case for the GFW data. Conversely, both methods identified goal 16 as an important 

predictor of the GFW data, but this was not the case for the GFRA data. Disagreements 

between the two methods were evident in the analysis of the GFRA data, including in 

their assignment of importance to goals 1 and 11 (identified as important in PLSR, but 

not DA) and goals 7 and 10 (identified as important in DA, but not PLSR). 
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Figure 3.3. Partial least squares regression (PLSR) and dominance analysis (DA) 

assessments of the relative percentage contributions of the SDGs in explaining net 

forest cover change between 2017 and 2020 based on GFRA data. Upper plot is 

based on 2017 SDGI scores, and lower plot is based on changes in SDGI scores 

from 2017 to 2020. Direction of bars indicates sign of coefficients (upward = 

positive, downward = negative). 
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Figure 3.4. Partial least squares regression (PLSR) and dominance analysis (DA) 

assessments of the relative percentage contributions of the SDGs in explaining 

percentage tree cover loss between 2017 and 2020 based on GFW data. Upper plot 

is based on 2017 SDGI scores, and lower plot is based on changes in SDGI scores 

from 2017 to 2020. Direction of bars indicates sign of coefficients (upward = 

positive, downward = negative). 

 

 

3.3.3. Thematic analyses 

  

PLSR to assess the relative importance of the 2017 values of the five themes in 

explaining net change in forest cover (GFRA data) between 2017 and 2020 found a one-

component model to have the lowest RMSEP value (0.547), using 84.9% of variance in 
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the predictors to explain 30.2% of net change in forest cover. This model identified 

matters of well-being (i.e. poverty, food security and health), economics (i.e. education 

and economic growth) and infrastructure (i.e. energy, industry and cities) as being the 

most important predictors, with higher values associated with reduced forest loss/forest 

gains in all cases (Figure 3.5). DA using this same dataset also identified the same 

predictors as being most important in explaining 32% of the variation in net forest cover 

change, but also highlighted social issues (i.e. gender equality, equality, and 

peace/justice) as making an important contribution, which PLSR did not. The two 

methods also disagreed on the relative importance of economy and infrastructure, with 

PLSR identifying infrastructure as having greater relative importance than economy, 

and vice versa for DA. Nevertheless, both methods agreed that these are the two most 

important groups. 

 

PLSR to assess the relative importance of the 2017 values of the five themes in 

explaining percentage tree cover loss (GFW data) between 2017 and 2020 found a one-

component model to have the lowest RMSEP value (2.503), using 84.7% of variance in 

the predictors to explain 18% of tree cover loss. This model identified matters of well-

being and infrastructure as being the most important predictors, with higher values 

associated with reduced tree cover loss in both cases (Figure 3.6). In contrast to our 

assessment using the GFRA data, this analysis did not highlight matters of economy as 

having high importance. DA using this same dataset also identified matters of well-

being and infrastructure as being the most important predictors in explaining 23% of the 

variation in percentage tree cover loss. However, the two methods disagreed on the 

relative importance of the two themes with PLSR assigning greater importance to 

infrastructure than well-being, and vice versa for DA.  

 

PLSR to assess the relative importance of value changes of the five themes between 

2017 and 2020 in explaining net change in forest cover (GFRA data) between 2017 and 

2020 found a two-component model to have the lowest RMSEP value (0.586). This 

model used 81.3% of variation the predictors to explain 22.8% of the variation in the 

forest change data, identifying matters of economics and sustainability (i.e. water, 

production/consumption and climate change) as the two most important predictors, with 

higher values associated with increased forest loss/lower forest gains in both cases. DA 

also identified these same two predictors as being most important in explaining 23.8% 
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of the variation in forest cover change; however, the two methods disagreed slightly on 

the relative importance of each, with PLSR identifying economics as having greater 

relative importance than sustainability, and vice versa for DA.  

 

PLSR to assess the relative importance of value changes of the five themes between 

2017 and 2020 in explaining percentage tree cover loss (GFW data) between 2017 and 

2020 found a one-component model to have the lowest RMSEP value (2.563), using 

82.6% of variance in the predictors to explain 16.4% of tree cover loss. As with the 

GFRA data, this model highlighted changes in matters of sustainability and economy as 

being of greatest relative importance, with higher values associated with higher levels of 

tree cover loss in both cases. DA using this same dataset also identified matters of 

sustainability as the most important factor in explaining 19.8% of the variation in 

percentage tree cover loss. However, in this case matters of economy were not 

identified as having high relative importance.  
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Figure 3.5. Partial least squares regression (PLSR) and dominance analysis (DA) 

assessments of the relative percentage contributions of five SDG groups (Econ = 

economic; Infra = infrastructure, Social = social issues, Sust = Sustainability, WB = 

well-being; see methods for variables included in each) in explaining net change in 

forest cover (GFRA data) from 2017 to 2020. Upper plot is based on 2017 SDGI 

scores, and lower plot is based on changes in SDGI scores from 2017 to 2020. 

Direction of bars indicates sign of coefficients (upward = positive, downward = 

negative). 
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Figure 3.6. Partial least squares regression (PLSR) and dominance analysis (DA) 

assessments of the relative percentage contributions of five SDG groups (Econ = 

economic; Infra = infrastructure, Social = social issues, Sust = Sustainability, WB = 

well-being; see methods for variables included in each) in explaining percentage 

tree cover loss (GFW data) from 2017 to 2020. Upper plot is based on 2017 SDGI 

scores, and lower plot is based on changes in SDGI scores from 2017 to 2020. 

Direction of bars indicates sign of coefficients (upward = positive, downward = 

negative). 

 

Repeating the above thematic analyses at the regional level suggests that the global 

analyses mask some heterogeneity. This is shown in Figures 3.7 and 3.8, which show 

regional results using the GFRA and GFW datasets as outcome variables, respectively. 

In terms of 2017 values for the grouped goals, we find that results for Africa are most 

closely aligned with our global results, including a relatively balanced contribution of 
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grouped goals relating to well-being, economics and infrastructure to explaining net 

change in forest cover (GFRA data), and matters of well-being being most important in 

explaining percentage tree cover loss (GFW data). Also similar to our global analyses, 

PLSR and DA disagree on the relative contributions of certain topics (notably social 

topics in the case of the GFRA data and matters of infrastructure in the case of the GFW 

data), but both methods agree that matters of sustainability make the lowest contribution 

in both cases. For other regions, these similarities wane in many cases. For example, in 

the Americas, results from both our GFRA and GFW analyses suggest that matters of 

economics have played the most important role, with matters of infrastructure and well -

being (GFW analysis only) possibly having played notable roles (based on PLSR 

analysis, but not DA), and all other groups playing more minor roles.  

 

In Asia and Europe the results are somewhat less clear, with some divergence between 

results using the two methods. For Asia, results from analyses using both the GFRA and 

the GFW datasets found that matters of well-being, social issues and economics have 

played comparatively minor roles, yet while PLSR suggests that improved infrastructure 

has played the most important role, DA suggests that matters of sustainability is of 

greater relative importance. In our analysis of GFRA data for European countries, PLSR 

suggests that economics and infrastructure have played the most important roles, while 

DA suggests that social issues have been of greatest relative importance and presents 

the only instance where higher 2017 values appear to be associated with increase forest 

loss/reduced forest gains. In our analysis of GFW data for European countries, both 

methods agreed that matters of economics have the greatest relative importance, while 

PLSR (but not DA) suggests that matters of infrastructure have also played an important 

role. In both cases, these variables have positive coefficients, suggesting that higher 

2017 scores are associated with higher levels of tree cover loss. 
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Figure 3.7. Regional comparison of partial least squares regression (PLSR) and 

dominance analysis (DA) assessments of the relative percentage contributions of 

five SDG groups (Econ = economic; Infra = infrastructure, Social = social issues, 

Sust = Sustainability, WB = well-being; see methods for variables included in each) 

in explaining net changes in forest cover (GFRA data) from 2017 to 2020. For each 

region, upper plots show groups based on 2017 SDGI scores, and lower plots show 

groups based on changes in SDGI scores from 2017 to 2020. Direction of bars 

indicates sign of coefficients (upward = positive, downward = negative). 
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Figure 3.8. Regional comparison of partial least squares regression (PLSR) and 

dominance analysis (DA) assessments of the relative percentage contributions of 

five SDG groups (Econ = economic; Infra = infrastructure, Social = social issues, 

Sust = Sustainability, WB = well-being; see methods for variables included in each) 

in explaining percentage tree cover loss (GFW data) from 2017 to 2020. For each 

region, upper plots show groups based on 2017 SDGI scores, and lower plots show 

groups based on changes in SDGI scores from 2017 to 2020. Direction of bars 

indicates sign of coefficients (upward = positive, downward = negative). 

 

 

Regional analyses of 2017 to 2020 score changes using the GFRA data as the outcome 

variable also differ somewhat from the global analysis. For most regions, findings align 

with the global assessment in suggesting that progress in matters of economics has been 

associated with negative forest outcomes. The exception to this is in Asia, where our 

findings suggest an important positive relationship between economic progress and 
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forest change. In most cases, the exception being for Africa, the regional analyses 

disagree with the global analysis on the importance of progress in matters of 

sustainability. While the global analysis attributes relatively low importance to matters 

other than economics and sustainability, this is not always the case at the regional level, 

where we find high relative importance of matters such as social progress (all regions), 

along with well-being in Africa, and infrastructure in the Americas. Curiously, counter 

to the global results, we also find some cases where progress in a given area is 

associated with positive forest outcomes, including matters relating to infrastructure in 

the Americas, economic progress in Asia, and social progress in Europe.  

 

Regional analyses of 2017 to 2020 score changes using the GFW data as the outcome 

also differ from the global analysis, as well as from analyses using the GFRA data, in 

many cases. Results for Africa, for example, found matters of well-being to be most 

important in explaining the outcome, while matters of economy, highlighted as most 

important in the global analysis of GFW data and the analysis of African countries 

using the GFRA data, appear to be of secondary importance. For Asia, both methods 

agreed that greater progress in matters of economy between 2017 and 2020 were 

associated with lower levels of tree cover loss. This aligns with findings from our 

analysis of Asian countries using the GFRA data, which also differed from the global 

analysis in this regard. PLSR and DA analyses using this subset of the data differed in 

most other cases, however. While PLSR highlighted matters of infrastructure and social 

issues as having high relative importance, DA did not, and instead highlighted matters 

of sustainability. 

 

For Europe, and in contrast with our global analysis, both methods highlighted changes 

in social issues as being most important in explaining percentage tree cover loss. In the 

case of DA, but not for PLSR, matters of infrastructure were also identified as having 

high relative importance; a finding that aligns with results based on the GFRA data, but 

not with the global analysis using the GFW data. In the case of the Americas, results 

based on the GFW data were relatively well aligned with those based on the GFRA 

data, including suggested high relative importance of matters of economics (both 

methods) and social issues (PLSR only) in both cases. Findings from DA differed, 

however, by highlighting matters of sustainability as being important in the case of the 

GFW data, which was not the case when using the GFRA data. 
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When considering these regional analyses, it should be borne in mind that in several 

cases the models explained notably low proportions of variance in the outcome variable. 

For example, the PLSR analyses for Asia explained only 15.5% of the variance in the 

GFRA data and 15% of variance in the GFW data, which is the lowest among all our 

analyses. The explained variance for all models is given in Appendix B (Table B.7), and 

the topic is considered further in our discussion. 

 

 

3.4.  Discussion 

 

Our analyses provide important insights with relevance to the global development 

agenda as it relates to the conservation of forests around the world. At our highest level 

of analysis ï using the SDGI scores for all goals combined as a predictor ï we find that 

countries with pre-existing high levels of development are more likely to show lower 

levels of forest loss, or forest gains, in the subsequent years. This is coupled with the 

finding that progress towards attaining higher SDGI scores is associated with higher 

rates of forest loss, or lower rates of forest gain. The implications of this are positive in 

the sense that achieving high levels of development should ultimately facilitate forest 

conservation, but also highlights a need for caution and pre-emptive measures to ensure 

that development is achieved through processes that do not place unnecessary risks on 

forests and other natural systems. The significant positive interaction between SDGI 

scores and subsequent changes in these scores (in the case of the GFRA data, but not the 

GFW data) suggests that particular attention should be paid to countries at the lower end 

of the development spectrum, as development progress in these countries could have 

more significant impacts on forests.   

 

Concerning associations between individual goals and changes in forest cover, our 

findings indicate that higher achievements in goals relating to health and energy, in 

particular, are associated with mutual co-benefits in terms of forest conservation. 

Results also suggest that higher achievements in goals relating to poverty, education, 

economy/employment, industry/infrastructure and improved peace/justice are associated 

with positive outcomes, although the evidence is less robust in these cases. We also 

found that the processes of achieving goals relating to economy/employment and 

climate change mitigation are associated with negative forest outcomes. There is also 
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some evidence that the process of achieving goals relating to poverty, 

industry/infrastructure, and peace/justice are associated with positive forest outcomes, 

but again here the evidence is less robust. The mechanisms underpinning these 

relationships are in some cases more intuitive than in others, and we discuss each of 

these in the following paragraphs. 

 

The reasons that higher achievements in goals 3 (health) and 4 (education) are 

associated with positive forest outcome are arguably less well understood than for other 

goals (Carr et al., 2021). In the case of SDG 3, past work has made links between 

improvements in adolescent fertility rate, universal health coverage, and subjective 

well-being (all indicators employed by the SDGI) and positive forest outcomes (Ali and 

Jacobs, 2007; Reetz et al., 2012; Starbird et al., 2016). In the case of SDG 4, forest 

benefits are thought to arise through mechanisms such as increased employment 

opportunities in the non-agricultural sector, including an associated out-migration from 

rural (i.e. forested) areas, improved knowledge of more sustainable farming techniques, 

and general greater awareness of the benefits of conservation (Burns et al., 1994; 

Ehrhardt-Martinez, 1998; Godoy et al., 1998). In both cases, it is difficult to conceive 

mechanisms through which the processes involved in their achievement could impact 

forests negatively in any significant way, and this is evident in our findings. As such, 

we encourage pursuit of these goals with little need for significant environmental 

safeguards, and further recommend increased research into the ways that these goals 

relate to forests, so that conservation initiatives can actively capitalise on the benefits.  

 

The reasons that higher achievement with respect to goal 7 (sustainable energy) should 

be associated with positive outcomes for forests are perhaps more clear. First, if 

renewable fuel sources become more common, then a reduction in the mining of 

terrestrial fossil fuels such as coal should result in a decline in deforestation associated 

with such extractive processes (Dontala et al., 2015; Ranjan, 2019). Second, an increase 

in the proportion of the population with access to electricity and/or clean cooking fuels 

should correspond with a decrease in the use of wood-based fuels for cooking and other 

energy needs (Agarwala et al., 2017; Brooks et al., 2016; Fall et al., 2008; Tanner and 

Johnston, 2017, but also see Lee et al., 2015; Trac, 2011). Although wood extraction for 

fuel purposes is more commonly linked to forest degradation than to deforestation 

(Hosonuma et al., 2012), numerous studies have recorded this as an important (although 
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often not the leading) contributor to deforestation (Doggart et al., 2020; Geist and 

Lambin, 2001; Rudel et al., 2009). Although our analysis cannot reveal any specific 

mechanisms, our findings support past investigations (e.g. Tanner and Johnston, 2017) 

in suggesting that increased access to sustainable energy can have significant benefits 

for forests. In some cases, the processes of increasing energy provision can cause 

demonstrable negative forest impacts, typically through deployment of infrastructure for 

energy production (Fearnside, 2005; Gibson et al., 2017) and distribution (Gibson et al., 

2017; Li and Lin, 2019). However, in our case this was not identified as an important 

predictor, perhaps because such site-based changes are not sizeable/widespread enough 

to be discernible in a large-scale assessment such as this. Given the apparently notable 

benefits for forests that can be gained through achievement of SDG 7, we encourage 

increased efforts to better understand and capitalise on this interaction. At the same 

time, however, we urge caution to ensure that any environmental impacts associated 

with energy infrastructure are minimised. 

 

The topic of economic growth (goal 8) has been well studied in the context of forest 

impacts, including a suite of studies aiming to (dis)prove the existence of an 

environmental Kuznets curve (EKC) for forests (e.g. see Choumert et al., 2013). Our 

findings largely support the existence of an EKC, but we note that other work has 

shown that although per capita income is a good predictor of declining forest cover at 

the earlier stages of economic development, the positive impacts in more advanced 

economies appear much weaker (Crespo Cuaresma et al., 2017). Mechanisms 

underlying the relationships between economic development and forests are complex 

and are shaped in large part by the specific means by which such development is 

achieved (Stoian et al., 2019). Negative impacts may arise where growth is achieved 

through expanded agriculture, or based upon the extraction/use of resources that can 

compromise forests (Asicii, 2013; Kaimowitz and Angelsen, 1998). In other cases, 

however, the improved employment opportunities associated with economic growth 

may facilitate a reduction in forest-damaging activities, including agriculture 

(Kaimowitz and Angelsen, 1998; Schmook and Radel, 2008). Improvements in the 

economic situation of a given country can also increase demand for natural amenities 

and products from a wealthier population, and, depending on various factors (not least 

environmental governance), this may either encourage more sustainable management 

practices or result in unsustainable harvesting (Foster and Rosenzweig, 2003; Kahuthu, 
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2006). We note again here that our two predictors pertaining to economic growth are 

highly negatively collinear, indicating that additional progress in this goal typically 

becomes smaller with increasing pre-existing scores, and that in this case our analysis 

was unable to assess the relative importance of the two effects. Irrespective of this 

uncertainty, the implication remains that realisation of SDG 8 appears highly favourable 

in the context of forest conservation, but that extreme caution should be exercised to 

ensure that the process of achieving this does not jeopardise natural ecosystems. 

 

Our findings that higher achievements in goal 9 (industry, innovation and 

infrastructure), as well as the process of making these achievements, may both be 

associated with positive forest outcomes is somewhat curious. There are reasons to 

expect that increases in infrastructure, and especially roads (which are a feature of target 

9.1) would be associated with forest declines (Doyle and Havlick, 2009; Laurance et al., 

2015). Similarly, increased industrialisation, manufacturing and market integration have 

all been shown to be associated with forest declines, including through deployment of 

necessary infrastructure and land clearance/resource extraction to support industries (De 

Castro et al., 2017; Pendleton and Howe, 2002). Although there are some arguments to 

suggest that industrialisation can promote forest (re)growth (Nagendra and Southworth, 

2010; Parés-Ramos et al., 2008), our findings most likely arise from the fact that the 

indicators employed by the SDGI to characterise goal 9 are focused to a greater extent 

on the óinnovationô aspects than on the óindustryô and óinfrastructureô components. 

Specifically, of the 10 indicators included, only one, the Logistics Performance Index, 

has a direct link to infrastructure, with the remainder focusing on matters of information 

access, research output and similar topics. Though we are not aware of any research that 

directly links such topics to forest change, underlying mechanisms may well lie in the 

associated matters of education (SDG 4) and job creation (SDG 8), both discussed 

above. We give further consideration to the specifics of the indicators employed by the 

SDGI, and the importance of considering indicator choices later in this discussion.  

 

The finding that higher achievements in matters of climate change mitigation (goal 13) 

have no discernible associations with forest change, but that positive progress in this 

area is associated with negative forest outcomes is somewhat surprising. The indicators 

used by the SDGI for this goal include COϜ emissions arising from the consumption of 

energy and COϜ emissions embodied in the exports of coal, gas, and oil. In both of these 
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cases, one might expect positive associations, if any at all, given that extraction of both 

wood- and fossil-based fuels have been linked to deforestation in many cases (Dontala 

et al., 2015; Geist and Lambin, 2001; Kissinger et al., 2012; Ranjan, 2019). Closer 

inspection of the first of these two indicators shows that the source data (compiled by 

Gütschow et al. (2016) and updated annually) does not incorporate emissions from 

deforestation, despite the authors presenting such data elsewhere in their work. Should 

this element have been included as a component of the indicator employed by the SDGI, 

then one would have good reason to expect that our findings would look different. This 

does not explain, however, the negative associations observed between progress in this 

goal and forest cover change. We note that progress in this goal is negatively correlated 

with the 2017 values for a range of other goals (Figure B.1, Appendix B), meaning that 

countries with better pre-existing achievements in other areas are less likely to make 

progress towards goal 13. As such, our finding may in fact be a somewhat misleading 

product of the underlying data, rather than representing a meaningful relationship. 

Considering the well-acknowledged roles that forests can play in climate change 

mitigation (Waring et al., 2020), as well as the fact that climate disruption will itself 

likely impact forests (De Costa, 2011; IPCC, 2022; Khaine and Woo, 2015), we 

ultimately feel that efforts to realise this goal should be encouraged. In doing so, 

however, we also recommend (a) increased action to capitalise on the mitigating 

capacity of forests (e.g. through REDD+ mechanisms or similar); and (b) further 

research to determine if/how progress in this goal is indeed linked with forest declines, 

so that appropriate safeguards can be put in place to avoid any inadvertent 

environmental impacts. 

 

A further notable finding from our goal-level analyses is that goal 2, which calls for 

improved food security and the eradication of hunger, was not identified as an important 

predictor of forest change. The topic of agriculture, which is commonly implicated in 

forest loss around the world (Benhin, 2006; Geist and Lambin, 2002; Laurance et al., 

2014) features heavily throughout this goal, including in target 2.3, which calls for 

agricultural productivity to be doubled, and so one may reasonably expect this goal to 

have negative implication for forests. A closer inspection of the indicators employed by 

the SDGI for this goal reveals that no measure of agricultural productivity is included 

(although the index does include a measure of agricultural yield, which could 

conceivably provide forest benefits (Ewers et al., 2009)). Similar to goal 9, we postulate 
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that were the SDGI to be more comprehensive in its selected indicators for this goal 

then our findings may well have looked different. There is also some basis to expect 

that achievement of targets relating to hunger and nutrition could have beneficial 

outcomes for forests, at least at a local scale (e.g. Belay et al., 2015), although this is not 

evident in our global, goal-level analysis.  

 

Our thematic/regional analyses provide interesting insights, highlighting inter-regional 

variability in the relative importance of the various grouped goals, and underscoring the 

need to consider contextual matters when considering how matters of development and 

forest change interact. At a global level, the thematic analyses found that the 2017 

scores relating to themes of infrastructure and well-being make notable contributions to 

explaining both the GFRA and the GFW outcomes (Figures 3.5 and 3.6). The theme 

relating to economy was also found to be important in explaining the GFRA data, but 

this was not the case for the GFW data. For the 2017-2020 score changes, the global 

thematic analyses highlighted matters of sustainability as being important in explaining 

the both the GFRA and the GFW outcomes. Again here, the theme relating to economy 

was found to be important in explaining the GFRA data, but not the GFW data. 

 

Findings from our regional analyses indicate some key differences between the worldôs 

major regions in terms of the development themes that have been most important in 

explaining forest cover change. These include higher relative importance of matters of 

well-being in Africa, economics in the Americas, infrastructure in Asia, and both social 

and economic issues in Europe. By considering these findings in combination with our 

individual goal-level regression analyses, and particularly the significant interaction 

terms shown in Tables 3.3 and 3.4, it is possible in many cases to discern the specific 

goals that are likely responsible. For example, the significant interactions observed for 

goals 8 (economic growth), 7 (energy), and 16 (peace and justice) in the Americas, Asia 

and Europe, respectively, align with the observations noted above, and likely explain 

these to a large degree. Researchers, policymakers and development agencies working 

in each region may wish to pay particular attention these observed differences, 

including investigations into the mechanisms that underpin them, in order to create 

development strategies that avoid, and ultimately reverse, unnecessary forest loss 

around the world. 
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Regional analyses should be interpreted with due caution, keeping in mind that the 

lower numbers of observations likely affect the associated explanatory power (see 

below), as well as the fact that some variables display large reductions in variability 

when subset in this way. In particular, we note that for the Europe subset both of our 

outcome variables have notably low standard deviations compared with the global data 

and the other regional subsets (in the case of the GFRA data, this is attributable to a 

large proportion of zeros). Similarly, we note that some predictors with relatively low 

underlying variability also correspond with apparently low levels of reported 

importance. For example, among all predictors based on 2017 score values, we see that 

the themes of sustainability in Africa and social issues in Asia have the lowest standard 

deviation, and equally low relative importance in explaining forest change. It is also 

important to keep in mind the fashion in which we chose to group the goals for these 

analyses, which will logically bear influence on our findings. As noted earlier, our 

groupings differ from previous efforts explore grouped SDGI scores using relative 

importance analysis (De Neve and Sachs, 2020), which was purposeful on our part, and 

intended to reflect hypothetical, expected relationships with forests. For example, our 

choice to include a group on óinfrastructureô was largely due to the expectation that 

these goals combined would exhibit negative relationships with forests. However, as we 

saw from the goal-level analyses, in some cases infrastructure-related goals were 

associated with positive forest outcomes, which may bring into question our grouping 

choices, and suggest that, should the goals have been grouped differently, our findings 

would have looked different. Although we do not explore this topic beyond what has 

already been presented, this could provide an interesting line of inquiry in future 

investigations. 

 

When interpreting all of our findings, it is important to keep in mind the associated 

explanatory power, which is summarised for all models in Appendix B (Table B.7). At 

its best, PLSR was able to explain 48.5% of the variance in forest cover change, yet at 

its worst, this value dropped to 15%. Similarly, the baseline models used to perform DA 

explained a maximum of 56% of the variance in forest cover change, and a minimum of 

18%. While these values are comparable with those from other efforts to compare 

economic and social determinants of forest change internationally (e.g. Choumert et al., 

2013; Ehrhardt-Martinez, 1998; Ehrhardt-Martinez et al., 2002; Leblois et al., 2017), it 

does not change the fact that significant proportions of the variance in the forest change 
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data remain unexplained. This is perhaps unsurprising when one considers that the 

SDGI summarises matters of sustainable development at a national level. At a 

subnational scale, past work has shown that neither matters of sustainable development 

nor forest change typically operate uniformly within a country (Clement et al., 2009; 

González-González et al., 2021; Herrera, 2019; Wu et al., 2014), and so investigations 

such as this, which seek to explore interactions between both aspects at a national scale, 

will inherently miss such nuances. At a supranational level, there are further factors that 

influence forest change, for example if one country fuels some aspect of its 

development through depletion of resources sourced from another country (Pendrill et 

al., 2019). Again, such processes would not be identifiable through an analysis such as 

this. Lastly, we note that drivers of forest change such as fire or natural processes, 

which can be significant in some countries (Curtis et al., 2018) will also not be 

detectable in an analysis such as this. Nevertheless, despite these shortcomings, we feel 

that, as a cautious exploration of the links between sustainable development and forest 

cover change, our results remain insightful.  

 

All analyses presented in this work are based on correlational methods, and so a further 

caution needs to be made concerning the attribution of causality. In the case of analyses 

examining 2017 values for a given set of SDGI scores there may be some basis to rule 

out reverse causality, given that the response variable is based on a time period that 

starts from 2017, but for analyses examining SDGI score changes between 2017 and 

2020 this is not the case. We also acknowledge that the sheer complexity underlying 

matters of forest change around the world means that, even in an investigation such as 

this, which aims to explore a diverse range of potentially contributing factors, not all 

factors can be included. Nevertheless, by cautiously exploring large-scale trends, this 

work has been able to highlight important relationships between sustainable 

development and forests at the highest levels. 

 

We also note that our analyses do not consider interactions between different aspects of 

the development agenda. This could represent an important limitation to our work, as a 

number of studies have established that multiple SDGs can interact to influence a given 

outcome (Lim et al., 2018; Lusseau and Mancini, 2019), including forests (Carr et al., 

2021; Swamy et al., 2018). Moreover, studies have shown that the ways that 

development-related variables affect forests can be mediated by additional, external 
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factors. For example, the effects of economic growth are thought to be mediated both by 

a countryôs initial levels of forest cover (Ewers, 2006) and by rural population density 

(Cropper and Griffiths, 1994). Although techniques exist to include interaction terms in 

PLSR (Næs et al., 2011), these methods are not well established, and we are not aware 

of any efforts to examine interactions between predictors using DA. Although our data 

do not have sufficient degrees of freedom explore such interactions, the topic would 

likely provide a useful line of inquiry if the methodological challenges could be 

overcome. 

 

Two final caveats associated with our analyses relate to the timeframes examined and 

the indicators used to develop the SDGI. Concerning timeframes, we assess 

development and forest changes over a three-year period, which was largely a matter of 

convenience based on the input data available to us, and not necessarily an inference on 

our part that this is an optimal timeframe to examine. A three-year window is 

nevertheless likely to be appropriate, given that we do not necessarily expect all impacts 

to manifest immediately following a given development change, but we acknowledge 

that some impacts may be even slower to manifest, and so would not be identified in our 

analysis. Concerning the indicators employed by the SDGI, we have already noted 

above (for SDGs 2 and 9) that the SDGI does not necessarily reflect the full suite of 

targets and indicators contained within the SDGs, and that this is likely to have affected 

the outcomes of our analyses. Other notable gaps in the SDGIôs composite indicators 

include matters of access to economic resources, basic services, and land/property 

(target 1.4), the economic contributions of tourism (target 8.9), and access to housing 

(target 11.1), which are all thought to have implications for forests (Brandt and 

Buckley, 2018; Friesen et al., 1995; Naughton-Treves and Wendland, 2014). There are 

likely other missing components from the SDGI that will have shaped the outcomes of 

our analyses, and ultimately their capacity to convey a holistic picture of how 

achievement of each goal could affect forests. Nevertheless, the SDGI arguably 

provides the most comprehensive assessment of country-level progress towards the 

SDGs (ñTracking progress on the SDGs,ò 2018), and so we remain confident that our 

findings are insightful and will hopefully encourage, inter-sectoral dialogue, research 

and action to help maximise the overall sustainability of the SDGs. 
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3.5.  Conclusions 

 

We have assessed the empirical relationships between achievement of the SDGs and 

changes in forest cover around the world using appropriate methods to overcome 

multicollinearity in our data and low sample size to predictor ratios. Our findings 

highlight in particular that matters of health, education, energy, economy, innovation 

and climate change mitigation are among the most important development-related 

factors that can have implications for forest change around the world. In most cases, 

higher achievements are associated with positive outcomes for forests, but for some 

goals (most notably economic growth and climate change mitigation) the process of 

progressing towards higher achievement is associated with negative forest outcomes, 

and so we urge caution. Our regional analyses highlight heterogeneity in the relative 

importance of different aspects of the SDGs in shaping forest change in different parts 

of the world, and underscore a need to consider contextual factors when examining 

topics such as this. Overall, despite challenges surrounding the underlying data, we feel 

that our analyses provide important insights that will hopefully serve to facilitate greater 

consideration of forest conservation among sectors not directly concerned with matters 

of the environment.  

 

 

References 

 

Agarwala, M., Ghoshal, S., Verchot, L., Martius, C., Ahuja, R., DeFries, R., 2017. 

Impact of biogas interventions on forest biomass and regeneration in southern 

India. Glob. Ecol. Conserv. 11, 213ï223. doi:10.1016/j.gecco.2017.06.005 

Ali, R., Jacobs, S.M., 2007. Saving the rainforest through health care: Medicine as 

conservation in Borneo. Int. J. Occup. Environ. Health 13, 295ï311. 

doi:10.1179/oeh.2007.13.3.295 

Alix -Garcia, J., McIntosh, C., Sims, K.R.E., Welch, J.R., 2013. The ecological footprint 

of poverty alleviation: Evidence from Mexicoôs Oportunidades Program. Rev. 

Econ. Stat. 95, 417ï435. doi:10.1162/REST_a_00349 

Asicii, A.A., 2013. Economic growth and its impact on environment: A panel data 

analysis. Ecol. Indic. 24, 324ï333. doi:doi.org/10.1016/j.ecolind.2012.06.019 

Azen, R., Budescu, D. V, 2003. The dominance analysis approach for comparing 



148               Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals 

predictors in multiple regression. Psychol. Methods 8, 129ï148. 

doi:doi.org/10.1037/1082-989X.8.2.129 

Belay, K.T., Van Rompaey, A., Poesen, J., Van Bruyssel, S., Deckers, J., Amare, K., 

2015. Spatial analysis of land cover changes in Eastern Tigray (Ethiopia) from 

1965 to 2007: Are there signs of a forest transition? L. Degrad. Dev. 26, 680ï689. 

doi:10.1002/ldr.2275 

Benhin, J.K.A., 2006. Agriculture and deforestation in the tropics: A critical theoretical 

and empirical review. Ambio 35, 9ï16. doi:10.1579/0044-7447-35.1.9 

Bennich, T., Weitz, N., Carlsen, H., 2020. Deciphering the scientific literature on SDG 

interactions: A review and reading guide. Sci. Total Environ. 728, 138405. 

doi:10.1016/j.scitotenv.2020.138405 

Brandt, J.S., Buckley, R.C., 2018. A global systematic review of empirical evidence of 

ecotourism impacts on forests in biodiversity hotspots. Curr. Opin. Environ. 

Sustain. 32, 112ï118. doi:10.1016/j.cosust.2018.04.004 

Brooks, N., Bhojvaid, V., Jeuland, M.A., Lewis, J.J., Patange, O., Pattanayak, S.K., 

2016. How much do alternative cookstoves reduce biomass fuel use? Evidence 

from North India. Resour. Energy Econ. 43, 153ï171. 

doi:10.1016/j.reseneeco.2015.12.001 

Brunner, J., Seymour, F., Badenoch, N., Ratner, B., 1999. Forest problems and law 

enforcement In Southeast Asia: The role of local communities. World Resources 

Institute, Washington, DC. 

Budescu, D. V, 1993. Dominance analysis: a new approach to the problem of relative 

importance of predictors in multiple regression. Psychol. Bull. 114, 542ï551. 

doi:doi.org/10.1037/0033-2909.114.3.542 

Burns, T.J., Kick, E.L., Murray, David A., Murray, Dixie A., 1994. Demography, 

development and deforestation in a world-system perspective. Int. J. Comp. Sociol. 

35, 221ï239. doi:10.1163/002071594X00255 

Bustos Navarrete, C., Coutinho Soares, F., 2020. dominanceanalysis: Dominance 

Analysis. R package version 1.3.0. 

Carr, J.A., Petrokofsky, G., Spracklen, D. V, Lewis, S.L., Roe, D., Trull, N., Vidal, A., 

Wicander, S., Worthington-hill, J., Sallu, S.M., 2021. Anticipated impacts of 

achieving SDG targets on forests - a review. For. Policy Econ. 126, 102423. 

doi:10.1016/j.forpol.2021.102423 

Carrascal, L.M., Galván, I., Gordo, O., 2009. Partial least squares regression as an 



Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals               149 

 

alternative to current regression methods used in ecology. Oikos 118, 681ï690. 

doi:10.1111/j.1600-0706.2008.16881.x 

Choumert, J., Combes Motel, P., Dakpo, H.K., 2013. Is the Environmental Kuznets 

Curve for deforestation a threatened theory? A meta-analysis of the literature. Ecol. 

Econ. 90, 19ï28. doi:10.1016/j.ecolecon.2013.02.016 

Clement, F., Orange, D., Williams, M., Mulley, C., Epprecht, M., 2009. Drivers of 

afforestation in Northern Vietnam: Assessing local variations using geographically 

weighted regression. Appl. Geogr. 29, 561ï576. doi:10.1016/j.apgeog.2009.01.003 

Crespo Cuaresma, J., Danylo, O., Fritz, S., McCallum, I., Obersteiner, M., See, L., 

Walsh, B., 2017. Economic development and forest cover: Evidence from satellite 

data. Sci. Rep. 7, 40678. doi:10.1038/srep40678 

Cropper, M., Griffiths, C., 1994. The interaction of population growth and 

environmental quality. Am. Econ. Rev. 84, 250ï254. 

Curtis, P.G., Slay, C.M., Harris, N.L., Tyukavina, A., Hansen, M.C., 2018. Classifying 

drivers of global forest loss. Science (80-. ). 361, 1108ï1111. 

doi:10.1126/science.aau3445 

De Castro, T.C.S., Castro, A.C.L., Soares, L.S., Lopes Silva, M.H., Silva Ferreira, H.R., 

Jesus Azevedo, J.W. de, De Franca, V.L., 2017. Social and environmental impacts 

on rural communities residing near the industrial complex of Sao Luis Island, State 

of Maranhão, Brazil. J. Sustain. Dev. 10, 249ï260. doi:10.5539/jsd.v10n2p249 

De Costa, W.A.J.M., 2011. A review of the possible impacts of climate change on 

forests in the humid tropics. J. Natl. Sci. Found. Sri Lanka 39, 281ï302. 

doi:10.4038/jnsfsr.v39i4.3879 

De Neve, J.E., Sachs, J.D., 2020. The SDGs and human well-being: a global analysis of 

synergies, trade-offs, and regional differences. Sci. Rep. 10, 1ï12. 

doi:10.1038/s41598-020-71916-9 

Delacote, P., 2012. Forest Products as safety net, deforestation and the tragedy of the 

commons. SSRN Electron. J. 33, 0ï25. doi:10.2139/ssrn.1368683 

Doggart, N., Morgan-Brown, T., Lyimo, E., Mbilinyi, B., Meshack, C.K., Sallu, S.M., 

Spracklen, D. V., 2020. Agriculture is the main driver of deforestation in Tanzania. 

Environ. Res. Lett. 15, 034028. doi:10.1088/1748-9326/ab6b35 

Dontala, S.P., Reddy, T.B., Vadde, R., 2015. Environmental aspects and impacts its 

mitigation measures of corporate coal mining. Procedia Earth Planet. Sci. 11, 2ï7. 

doi:10.1016/j.proeps.2015.06.002 



150               Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals 

Doyle, M.W., Havlick, D.G., 2009. Infrastructure and the environment. Annu. Rev. 

Environ. Resour. 34, 349ï373. doi:10.1146/annurev.environ.022108.180216 

Ehrhardt-Martinez, K., 1998. Social determinants of deforestation in developing 

countries: A cross-national study. Soc. Forces 77, 567ï586. doi:10.2307/3005539 

Ehrhardt-Martinez, K., Crenshaw, E.M., Jenkins, J.C., 2002. Deforestation and the 

environmental kuznets curve: A cross-national investigation of intervening 

mechanisms. Soc. Sci. Q. 83, 226ï243. doi:10.1111/1540-6237.00080 

Ewers, R.M., 2006. Interaction effects between economic development and forest cover 

determine deforestation rates. Glob. Environ. Chang. 16, 161ï169. 

doi:https://doi.org/10.1016/j.gloenvcha.2005.12.001 

Ewers, R.M., Scharlemann, J.P.W., Balmford, A., Green, R.E., 2009. Do increases in 

agricultural yield spare land for nature? Glob. Chang. Biol. 15, 1716ï1726. 

doi:10.1111/j.1365-2486.2009.01849.x 

Fagan, M.E., Kim, D.-H., Settle, W., Ferry, L., Drew, J., Carlson, H., Slaughter, J., 

Schaferbien, J., Tyukavina, A., Harris, N.L., Goldman, E., Ordway, E.M., 2022. 

The expansion of tree plantations across tropical biomes. Nat. Sustain. 1ï8. 

doi:10.1038/s41893-022-00904-w 

Fall, A., Sarr, S., Dafrallah, T., Ndour, A., 2008. Modern energy access in peri-urban 

areas of West Africa: the case of Dakar, Senegal. Energy Sustain. Dev. 12, 22ï37. 

doi:10.1016/S0973-0826(09)60005-3 

FAO, 2022. Global Forest Resources Assessment [WWW Document]. URL https://fra-

data.fao.org/ (accessed 2.9.22). 

FAO, UNEP, 2020. The State of the Worldôs Forests 2020. Forests, biodiversity and 

people. FAO and UNEP, Rome, Italy. doi:10.4060/ca8642en 

Fearnside, P.M., 2005. Brazilôs Samuel Dam: Lessons for hydroelectric development 

policy and the environment in Amazonia. Environ. Manage. 35, 1ï19. 

doi:10.1007/s00267-004-0100-3 

Foster, A., Rosenzweig, M., 2003. Economic growth and the rise of forests. Q. J. Econ. 

118, 601ï637. doi:10.1162/003355303321675464 

Friesen, L.E., Eagles, P.F.J., Mackay, R.J., 1995. Effects of residential development on 

forest-dwelling neotropical migrant songbirds. Conserv. Biol. 9, 1408ï1414. 

doi:10.1046/j.1523-1739.1995.09061408.x 

Galindo-Prieto, B., Eriksson, L., Trygg, J., 2014. Variable influence on projection (VIP) 

for orthogonal projections to latent structures (OPLS). J. Chemom. 28, 623ï632. 



Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals               151 

 

doi:10.1002/cem.2627 

Geist, H.J., Lambin, E.F., 2002. Proximate causes and underlying driving forces of 

tropical deforestation. Bioscience 52, 143. doi:10.1641/0006-

3568(2002)052[0143:PCAUDF]2.0.CO;2 

Geist, H.J., Lambin, E.F., 2001. What drives tropical deforestation? A meta-analysis of 

proximate and underlying causes of deforestation based on subnational case study 

evidence, LUCC Report Series No. 4. doi:10.1098/rsbl.2008.0691 

Gibson, L., Wilman, E.N., Laurance, W.F., 2017. How green is ógreenô energy? Trends 

Ecol. Evol. 32, 922ï935. doi:10.1016/j.tree.2017.09.007 

Godoy, R., Contreras, M., 2001. A comparative study of education and tropical 

deforestation among lowland Bolivian Amerindians: Forest values, environmental 

externality, and school subsidies. Econ. Dev. Cult. Change 49, 555ï574. 

doi:10.1086/452515 

Godoy, R., Groff, S., OôNeill, K., 1998. The Role of education in neotropical 

deforestation: Household evidence from Amerindians in Honduras. Hum. Ecol. 26, 

649ï675. doi:10.1023/A:1018753510048 

González-González, A., Villegas, J.C., Clerici, N., Salazar, J.F., 2021. Spatial-temporal 

dynamics of deforestation and its drivers indicate need for locally-adapted 

environmental governance in Colombia. Ecol. Indic. 126. 

doi:10.1016/j.ecolind.2021.107695 

Goodhue, D.L., Lewis, W., Thompson, R., 2012. Does PLS have advantages for small 

sample size or non-normal data? MIS Q. 36, 981ï1001. 

doi:doi.org/10.2307/41703490 

Grainger, A., 2008. Difficulties in tracking the long-term global trend in tropical forest 

area. Proc. Natl. Acad. Sci. 105, 818ï823. doi.org/10.1073/pnas.070301510 

Gütschow, J., Jeffery, M.L., Gieseke, R., Gebel, R., Stevens, D., Krapp, M., Rocha, M., 

2016. The PRIMAP-hist national historical emissions time series. Earth Syst. Sci. 

Data 8, 571ï603. doi:10.5194/essd-8-571-2016 

Hansen, M.C., Potapov, P. V., Moore, R., Hancher, M., Turubanova, S.A., Tyukavina, 

A., Thau, D., Stehman, S. V., Goetz, S.J., Loveland, T.R., Kommareddy, A., 

Egorov, A., Chini, L., Justice, C.O., Townshend, J.R.G., 2013. High-Resolution 

Global Maps of 21st-Century Forest Cover Change. Science (80-. ). 342, 850ï853. 

doi.org/10.1126/science.1244693 

Herrera, V., 2019. Reconciling global aspirations and local realities: Challenges facing 



152               Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals 

the Sustainable Development Goals for water and sanitation. World Dev. 118, 

106ï117. doi:10.1016/j.worlddev.2019.02.009 

Hosonuma, N., Herold, M., De Sy, V., De Fries, R.S., Brockhaus, M., Verchot, L., 

Angelsen, A., Romijn, E., 2012. An assessment of deforestation and forest 

degradation drivers in developing countries. Environ. Res. Lett. 7, 044009. 

doi:10.1088/1748-9326/7/4/044009 

Hubert, M., Vanden Branden, K., 2003. Robust methods for partial least squares 

regression. J. Chemom. 17, 537ï549. doi:10.1002/cem.822 

Inter-Agency and Expert Group in Sustainable Development Goal Indicators, 2016. 

Final list of proposed Sustainable Development Goal indicators. Rep. Inter-Agency 

Expert Gr. Sustain. Dev. Goal Indic. Annex IV. 

IPBES, 2019. Summary for policymakers of the global assessment report on 

biodiversity and ecosystem services, Intergovernmental Science-Policy Platform 

on Biodiversity and Ecosystem Services. doi:10.5281/zenodo.3553579 

IPCC, 2022. Summary for Policymakers, in: Pörtner, H.-O., Roberts, D.C., Tignor, M., 

Poloczanska, E.S., Mintenbeck, K., Alegría, A., Craig, M., Langsdorf, S., Löschke, 

S., Möller, V., Okem, A., Rama, B. (Eds.), Climate Change 2022: Impacts, 

Adaptation, and Vulnerability. Contribution of Working Group II to the Sixth 

Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 

University Press. 

Jha, S., Bawa, K.S., 2006. Population growth, human development, and deforestation in 

biodiversity hotspots. Conserv. Biol. 20, 906ï912. doi:10.1111/j.1523-

1739.2006.00398.x 

Kahuthu, A., 2006. Economic growth and environmental degradation in a global 

context. Environ. Dev. Sustain. 8, 55ï68. doi:10.1007/s10668-005-0785-3 

Kaimowitz, D., Angelsen, A., 1998. Economic models of tropical deforestation: a 

review. CIFOR, Bogor, Indonesia. doi:10.17528/cifor/000341 

Katila, P., Pierce Colfer, C., De Jong, W., Galloway, G., Pacheco, P., Winkel, G. (Eds.), 

2019. Sustainable Development Goals: Their impacts on forests and people. 

Cambridge University Press, Cambridge. 

Khaine, I., Woo, S.Y., 2015. An overview of interrelationship between climate change 

and forests. Forest Sci. Technol. 11, 11ï18. doi:10.1080/21580103.2014.932718 

Kissinger, G., Herold, M., De Sy, V., 2012. Drivers of deforestation and forest 

degradation: A synthesis report for REDD+ policymakers. Vancouver, Canada. 



Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals               153 

 

doi:10.1016/j.rse.2010.01.001 

Laurance, W.F., Goosem, M., Laurance, S.G.W., 2009. Impacts of roads and linear 

clearing on tropical forests. Trends Ecol. Evol. 24, 659ï679. 

doi:10.1016/j.tree.2009.06.009 

Laurance, W.F., Peletier-Jellema, A., Geenen, B., Koster, H., Verweij, P., Van Dijck, 

P., Lovejoy, T.E., Schleicher, J., Van Kuijk, M., 2015. Reducing the global 

environmental impacts of rapid infrastructure expansion. Curr. Biol. 25, R259ï

R262. doi:10.1016/j.cub.2015.02.050 

Laurance, W.F., Sayer, J., Cassman, K.G., 2014. Agricultural expansion and its impacts 

on tropical nature. Trends Ecol. Evol. 29, 107ï116. doi:10.1016/j.tree.2013.12.001 

Leblois, A., Damette, O., Wolfersberger, J., 2017. What has driven deforestation in 

developing countries since the 2000s? Evidence from new remote-sensing data. 

World Dev. 92, 82ï102. doi:10.1016/j.worlddev.2016.11.012 

Lee, S.M., Kim, Y.S., Jaung, W., Latifah, S., Afifi, M., Fisher, L.A., 2015. Forests, 

fuelwood and livelihoods-energy transition patterns in eastern Indonesia. Energy 

Policy 85, 61ï70. doi:10.1016/j.enpol.2015.04.030 

Li, X., Lin, Y., 2019. Do high-voltage power transmission lines affect forest landscape 

and vegetation growth: Evidence from a case for southeastern of China. Forests 10, 

1ï13. doi:10.3390/f10020162 

Liland, K.H., Mevik, B.-H., Wehrens, R., 2021. pls: Partial Least Squares and Principal 

Component Regression. R package version 2.8-0. 

Lim, M.M.L., Søgaard Jørgensen, P., Wyborn, C.A., 2018. Reframing the sustainable 

development goals to achieve sustainable development in the anthropoceneða 

systems approach. Ecol. Soc. 23, 22. doi:10.5751/ES-10182-230322 

Lusseau, D., Mancini, F., 2019. Income-based variation in Sustainable Development 

Goal interaction networks. Nat. Sustain. 2, 242ï247. doi:10.1038/s41893-019-

0231-4 

MacDicken, K.G., 2015. Global Forest Resources Assessment 2015: What, why and 

how? For. Ecol. Manage. 352, 3ï8. doi.org/10.1016/j.foreco.2015.02.006 

Mehmood, T., Liland, K.H., Snipen, L., Sæbø, S., 2012. A review of variable selection 

methods in Partial Least Squares Regression. Chemom. Intell. Lab. Syst. 118, 62ï

69. doi:10.1016/j.chemolab.2012.07.010 

Messerli, P., Kim, E.M., Lutz, W., Moatti, J.P., Richardson, K., Saidam, M., Smith, D., 

Eloundou-Enyegue, P., Foli, E., Glassman, A., Licona, G.H., Murniningtyas, E., 



154               Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals 

Staniġkis, J.K., van Ypersele, J.P., Furman, E., 2019. Expansion of sustainability 

science needed for the SDGs. Nat. Sustain. 2, 892ï894. doi:10.1038/s41893-019-

0394-z 

Murillo -Sandoval, P.J., Van Dexter, K., Van Den Hoek, J., Wrathall, D., Kennedy, R., 

2020. The end of gunpoint conservation: forest disturbance after the Colombian 

peace agreement. Environ. Res. Lett. 15. doi:10.1088/1748-9326/ab6ae3 

Næs, T., Måge, I., Segtnan, V.H., 2011. Incorporating interactions in multi-block 

sequential and orthogonalised partial least squares regression. J. Chemom. 25, 

601ï609. doi:10.1002/cem.1406 

Nagendra, H., Southworth, J. (Eds.), 2010. Reforesting landscapes: Linking pattern and 

process. Springer. doi:10.1017/CBO9781107415324.004 

Naughton-Treves, L., Wendland, K., 2014. Land tenure and tropical forest carbon 

management. World Dev. 55, 1ï6. doi:10.1016/j.worlddev.2013.01.010 

Nesha, M.K., Herold, M., De Sy, V., Duchelle, A.E., Martius, C., Branthomme, A., 

Garzuglia, M., Jonsson, O., Pekkarinen, A., 2021. An assessment of data sources, 

data quality and changes in national forest monitoring capacities in the Global 

Forest Resources Assessment 2005-2020. Environ. Res. Lett. 16, 2000ï2014. 

doi:10.1088/1748-9326/abd81b 

Nilsson, M., Griggs, D., Visbeck, M., 2016. Map the interactions between Sustainable 

Development Goals. Nature 534, 320ï322. doi:10.1038/534320a 

Omisore, A.G., 2018. Attaining Sustainable Development Goals in sub-Saharan Africa; 

The need to address environmental challenges. Environ. Dev. 25, 138ï145. 

doi:10.1016/j.envdev.2017.09.002 

Parés-Ramos, I.K., Gould, W.A., Aide, T.M., 2008. Agricultural abandonment, 

suburban growth, and forest expansion in Puerto Rico between 1991 and 2000. 

Ecol. Soc. 13. doi:10.5751/ES-02479-130201 

Pendleton, L.H., Howe, E.L., 2002. Market integration, development, and smallholder 

forest clearance. Land Econ. 78, 1ï19. doi:10.2307/3146919 

Pendrill, F., Persson, U.M., Godar, J., Kastner, T., 2019. Deforestation displaced: Trade 

in forest-risk commodities and the prospects for a global forest transition. Environ. 

Res. Lett. 14, 055003. doi:10.1088/1748-9326/ab0d41 

R Core Team, 2021. R: A language and environment for statistical computing. 

Ranjan, R., 2019. Assessing the impact of mining on deforestation in India. Resour. 

Policy 60, 23ï35. doi:10.1016/j.resourpol.2018.11.022 



Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals               155 

 

Reetz, S.W.H., Schwarze, S., Brümmer, B., 2012. Poverty and tropical deforestation by 

smallholders in forest margin areas: Evidence from Central Sulawesi, Indonesia., 

Selected Paper prepared for presentation at the International Association of 

Agricultural Economists (IAAE) Triennial Conference, Foz doIguaçu, Brazil, 

18Ȥ24 August, 2012. 

Rodrigue, J., Soumonni, O., 2014. Deforestation, foreign demand and export dynamics 

in Indonesia. J. Int. Econ. 93, 316ï338. doi:10.1016/j.jinteco.2014.03.004 

Rudel, T.K., Defries, R., Asner, G.P., Laurance, W.F., 2009. Changing drivers of 

deforestation and new opportunities for conservation. Conserv. Biol. 23, 1396ï

1405. doi:10.1111/j.1523-1739.2009.01332.x 

Sachs, J., Kroll, C., Lafortune, G., Fuller, G., Woelm, F., 2021. Sustainable 

Development Report 2021. Cambridge University Press, Cambridge. 

doi:10.1017/9781009106559 

Sachs, J., Schmidt-Traub, G., Kroll, C., Durand-Delacre, D., Teksoz, K., 2017. SDG 

Index and Dashboards Report 2017. Bertelsmann Stiftung and Sustainable 

Development Solutions Network (SDSN), New York. 

Sachs, J., Schmidt-Traub, G., Kroll, C., Lafortune, G., Fuller, G., Woelm, F., 2020. The 

Sustainable Development Goals and COVID-19. Sustainable Development Report 

2020. Cambridge University Press, Cambridge. 

Sayer, J., Sheil, D., Galloway, G., Riggs, R.A., Mewett, G., MacDicken, K.G., Arts, B., 

Boedhihartono, A.K., Langston, J., Edwards, D.P., 2019. SDG 15: Life on land ï 

The central role of forests in sustainable development, in: Katila, P., Pierce Colfer, 

C., de Jong, W., Galloway, G., Pacheco, P., Winkel, G. (Eds.), Sustainable 

Development Goals: Their Impacts on Forests and People. Cambridge University 

Press, Cambridge, pp. 482ï509. 

Scharlemann, J.P.W., Brock, R.C., Balfour, N., Brown, C., Burgess, N.D., Guth, M.K., 

Ingram, D.J., Lane, R., Martin, J.G.C., Wicander, S., Kapos, V., 2020. Towards 

understanding interactions between Sustainable Development Goals: the role of 

environmentïhuman linkages. Sustain. Sci. 15, 1573ï1584. doi:10.1007/s11625-

020-00799-6 

Schleicher, J., Schaafsma, M., Vira, B., 2018. Will the Sustainable Development Goals 

address the links between poverty and the natural environment? Curr. Opin. 

Environ. Sustain. 34, 43ï47. doi:10.1016/j.cosust.2018.09.004 

Schmook, B., Radel, C., 2008. International labor migration from a tropical 



156               Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals 

development frontier: Globalizing households and an incipient forest transition: 

The Southern Yucatán case. Hum. Ecol. 36, 891ï908. doi:10.1007/s10745-008-

9207-0 

Sommer, J.M., 2018. Corrupt actions and forest loss: A cross-national analysis. Int. J. 

Soc. Sci. Stud. 6, 23ï34. doi:10.11114/ijsss.v6i10.3534 

Starbird, E., Norton, M., Marcus, R., 2016. Investing in family planning: Key to 

achieving the sustainable development goals. Glob. Heal. Sci. Pract. 4, 191ï210. 

doi:10.9745/GHSP-D-15-00374 

Stoian, D., Monterroso, I., Current, D., 2019. SDG 8: Decent work and economic 

growth-Potential impacts on forests and forest-dependent livelihoods, in: Katila, P., 

Pierce Colfer, C., De Jong, W., Galloway, G., Pacheco, P., Winkel, G. (Eds.), 

Sustainable Development Goals: Their Impacts on Forests and People. Cambridge 

University Press, pp. 237ï278. doi:10.1017/9781108765015.010 

Sundström, A., 2016. Understanding illegality and corruption in forest governance. J. 

Environ. Manage. 181, 779ï790. doi:10.1016/j.jenvman.2016.07.020 

Swamy, L., Drazen, E., Johnson, W.R., Bukoski, J.J., 2018. The future of tropical 

forests under the United Nations Sustainable Development Goals. J. Sustain. For. 

37, 221ï256. doi:10.1080/10549811.2017.1416477 

Tanner, A.M., Johnston, A.L., 2017. The impact of rural electric access on deforestation 

rates. World Dev. 94, 174ï185. doi:10.1016/j.worlddev.2016.12.046 

Tiba, S., Frikha, M., 2019. The controversy of the resource curse and the environment 

in the SDGs background: The African context. Resour. Policy 62, 437ï452. 

doi:10.1016/j.resourpol.2019.04.010 

Tobias, R.D., 1995. An introduction to Partial Least Squares Regression, in: 

Proceedings of the Twentieth Annual SAS Users Group International Conference. 

pp. 1250ï1257. 

Tonidandel, S., LeBreton, J.M., 2011. Relative importance analysis: A useful 

supplement to regression analysis. J. Bus. Psychol. 26, 1ï9. doi:10.1007/s10869-

010-9204-3 

Trac, C.J., 2011. Climbing without the energy ladder: Limitations of rural energy 

development for forest conservation. Rural Soc. 20, 308ï320. 

doi:10.5172/rsj.20.3.308 

Tracking progress on the SDGs, 2018. . Nat. Sustain. 1, 377. doi:10.1038/s41893-018-

0131-z 



Chapter 3. Synergies and trade-offs between forests and the Sustainable Development Goals               157 

 

Tropek, R., Sedl§ļek, O., Beck, J., Keil, P., Musilov§, Z., Ġ²mov§, I., Storch, D., 2014. 

Comment on ñHigh-resolution global maps of 21st-century forest cover change.ò 

Science (80-. ). 344, 981 LP ï 981. 

United Nations, 2015. A/RES/70/1: Resolution adopted by the General Assembly on 25 

September 2015, in: Transforming Our World: The 2030 Agenda for Sustainable 

Development. 

Vancutsem, C., Achard, F., Pekel, J.F., Vieilledent, G., Carboni, S., Simonetti, D., 

Gallego, J., Aragão, L.E.O.C., Nasi, R., 2021. Long-term (1990ï2019) monitoring 

of forest cover changes in the humid tropics. Sci. Adv. 7, 1ï22. 

doi.org/10.1126/sciadv.abe1603 

Villamor, G.B., Desrianti, F., Akiefnawati, R., Amaruzaman, S., van Noordwijk, M., 

2014. Gender influences decisions to change land use practices in the tropical 

forest margins of Jambi, Indonesia. Mitig. Adapt. Strateg. Glob. Chang. 19, 733ï

755. doi:10.1007/s11027-013-9478-7 

Waage, J., Yap, C., Bell, S., Levy, C., Mace, G., Pegram, T., Unterhalter, E., Dasandi, 

N., Hudson, D., Kock, R., Mayhew, S.H., Marx, C., Poole, N., 2015. Governing 

sustainable development goals: interactions, infrastructure and institutions, in: 

Thinking Beyond Sectors for Sustainable Development. Ubiquity Press, London, 

pp. 79ï88. doi:10.1016/S2214-109X(15)70112-9 

Waring, B., Neumann, M., Prentice, I.C., Adams, M., Smith, P., Siegert, M., 2020. 

Forests and decarbonization ï Roles of natural and planted forests. Front. For. 

Glob. Chang. 3, 1ï6. doi:10.3389/ffgc.2020.00058 

Weitz, N., Carlsen, H., Skånberg, K., Dzebo, A., Viaud, V., 2019. SDGs and the 

environment in the EU: A systems view to improve coherence. Stockholm 

Environment Institute. 

Wu, J., Wu, G., Zhou, Q., Li, M., 2014. Spatial variation of regional sustainable 

development and its relationship to the allocation of science and technology 

resources. Sustain. 6, 6400ï6417. doi:10.3390/su6096400 

Wunder, S., 2001. Poverty alleviation and tropical forestsðWhat scope for synergies? 

World Dev. 29, 1817ï1833. doi:https://doi.org/10.1016/S0305-750X(01)00070-5 

 



Chapter 4 Assessing risks and opportunities for tropical 

forests in the face of sustainable development 
 

 

Jamie A. Carra, Dominick V. Spracklenb, Daisy Brasingtonc, Ivan V. Canosad, Luana 

Fagundese, Tainan Messinaf, Susannah M. Sallua 

 

a Sustainability Research Institute, School of Earth and Environment University of 

Leeds, LS2 9JT, UK 

b Institute for Climate and Atmospheric Sciences, School of Earth and Environment, 

University of Leeds, LS2 9JT, UK  

c Independent researcher, UK 

d School of Geography, University of Leeds, LS2 9JT, UK 

e School of Earth and Environment University of Leeds, LS2 9JT, UK 

f Forest Research Centre, School of Agriculture, University of Lisbon, Tapada da Ajuda, 

1349-017 Lisbon, Portugal 

 

 

This chapter is an adaptation of the following publication, currently under review 

(following feedback from reviewers and invited resubmission) by the journal PLOS 

Sustainability and Transformation: 

 

Carr, J.A., Spracklen, D.V., Brasington, D., Canosa, I.V., Fagundes, L., Messina, T. and 

Sallu, S.M. 2021. Assessing risks and opportunities for tropical forests in the face of 

sustainable development. In review.  

 

The reference style and the figure, table and section numbers have been formatted to be 

continuous throughout the thesis. 



Chapter 4. Risks and opportunities for tropical forests in the face of sustainable development              159 
 

Abstract 

 

Understanding how countriesô future development pathways could affect forests can 

help to avoid negative impacts and instead promote positive ones. Exploring this topic 

requires knowledge of which areas of the development agenda are likely to show the 

greatest progress and how these expected changes relate to the drivers of deforestation 

and forest degradation that are currently affecting forests, or which may emerge as 

result of development-related changes. We present an assessment framework that draws 

upon a range of data types to identify specific components of the development agenda 

that are likely to be of greatest relevance to forest conservation at the national level. We 

then assess the potential magnitude and likelihood of imminent changes in these areas 

over the short- to medium-term. We use this framework to assess 48 tropical countries, 

providing insights into the areas of sustainable development that are most likely to 

provide risks, opportunities or enabling conditions for forest conservation across much 

of the tropics. Our findings suggest that in many countries, ongoing risks to forests 

associated with agriculture, transport infrastructure and urban infrastructure are likely to 

worsen, and that new risks from energy infrastructure could emerge. Opportunities 

relating to poverty reduction, tourism and industry, among others, will require care to 

ensure that associated progress results in positive rather than negative forest impacts. 

Enabling conditions associated with improved education, inclusive decision-making and 

effective governance, among others, still have much room for improvement, and the 

anticipated likelihood of imminent progress in these areas varies between countries and 

regions. We discuss the implications of our findings for policymakers and development 

agencies, and consider potential future applications of our assessment protocol to topics 

other than forests. 

 

 

4.1. Introduction  

 

The 169 targets that comprise the UN Sustainable Development Goals, and which 

provide a framework for a universally prosperous and sustainable future, are 

acknowledged as having numerous synergies and trade-offs, which can respectively 

help or hinder the achievement of two or more targets (Anderson et al., 2021; Nilsson et 

al., 2016; Pradhan et al., 2017). Understanding synergies and trade-offs within and 
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among the SDGs, and identifying where (and to what extent) they are (un)likely to 

emerge, can allow governments and planning agencies to adjust their policies and 

interventions to help mitigate against anticipated negative outcomes and facilitate 

positive ones (Nilsson et al., 2018, 2016). In this regard, consideration of human-

environment interactions is particularly important, as numerous synergies and trade-offs 

are known to exist between environmental and non-environmental elements of the 

SDGs (Scharlemann et al., 2020). Countries must carefully consider the order and 

manner in which they choose to address different aspects of the development agenda in 

order to promote, rather than inhibit, effective nature conservation alongside other non-

environmental goals and targets (Waage et al., 2015).  

 

In this work, we consider synergies and trade-offs between the wider development 

agenda and one specific aspect of the environment, forest ecosystems. The work 

responds to research question 3 of this thesis, which asks "which SDG targets might we 

expect to result in risks, opportunities or enabling conditions for the conservation of 

tropical forests in the short- to medium term?". The conservation of forests receives 

notable attention in the SDGs, particularly under SDG 15 (life on land), where the topic 

features in three of its twelve targets (Inter-Agency and Expert Group in Sustainable 

Development Goal Indicators, 2016). Forests are also key to achieving several other 

SDG targets, including those relating to climate, water, health and economic growth, 

among others (Sayer et al., 2019). At many locations around the world, and especially 

in tropical regions (which form the focus of this study), forests are being depleted, often 

through processes associated with sustainable development (e.g. expansion of transport 

and energy infrastructure (Gibson et al., 2017; Laurance et al., 2015, 2009) or the 

production of food (Laurance et al., 2014), among others). Given that a high proportion 

of tropical countries are considered óunderdevelopedô (Permanyer and Smits, 2020), the 

magnitude of potential damage to forests as they pursue progress towards achieving the 

SDGs could be significant. Concurrently, however, these countries also have the 

potential to develop in areas that are associated with reduced damage to forests, 

including matters of governance (Smith et al., 2003) and education (Godoy and 

Contreras, 2001), among others.  
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Past efforts to anticipate how development trajectories could affect forests have 

generally used what can be collectively referred to as ósystemic modelsô, which includes 

integrated assessment models, agent-based models, and a variety of others (see den 

Herder et al., 2014 for a review). Essentially, these methods work by linking multiple 

features from a whole system (or at least part of it) in a quantitative way, based on 

assumed or previously observed relationships. This can include higher-order 

interactions between model components (i.e. relationships between three or more 

variables), as well as causal feedback loops. Models are then used to assess how 

changes in one part of the system will manifest as changes in another, for example, a 

change in a forest indicator of interest, typically comparing two or more hypothetical 

scenarios, and their outputs considered by relevant stakeholders to help inform 

decisions around policies and possible interventions (den Herder et al., 2014).  

 

Systemic models typically necessitate a trade-off between model complexity and 

robustness of the results obtained (Castro et al., 2018). Models with reduced complexity 

may fail to integrate all relevant sectors and variables, which will limit robustness of the 

outputs (Aggestam and Wolfslehner, 2018). Conversely, with increasing complexity 

comes reduced reproducibility (as specialised knowledge is usually required to do so), 

as well as reduced interpretability, which has been noted as a common concern among 

stakeholders wishing to make decisions based on model outputs (Alcamo and Henrichs, 

2008; Castro and Lechthaler, 2022; den Herder et al., 2014). All systemic models, 

including those pertaining to forests, rest on inherent assumptions of one form or 

another. Common assumptions include that previously observed relationships will 

persist in the future and/or in other contexts, and that humans will behave in a particular 

way at a future time (Trubins et al., 2019). Should these assumptions prove incorrect, 

which is invariably the case in many instances, it will lead to erroneous model outputs 

(Aggestam and Wolfslehner, 2018; den Herder et al., 2014). Work comparing systemic 

models that differ in their assumptions and/or composition has shown that small 

changes can notably alter the model outputs (Blujdea et al., 2021; Schmitz et al., 2014), 

which raises questions over the level of faith that should be placed into such models for 

informing decision-making around important subjects. 
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Several notable attempts have been made to use systemic models to assess how changes 

in the wider development agenda could affect the natural environment, including forests 

(Hughes et al., 2021; Randers et al., 2019). However, these are subject to the same 

issues of uncertainty and interpretability described above, and we are not aware of any 

cases where these have directly informed policies relevant to environmental 

conservation. Given the myriad contextual factors that shape if and how forests will be 

affected by changes in the development agenda, relationships observed in one location 

are unlikely to persist elsewhere in many cases, and it is therefore unlikely that a 

universally accurate predictive model will ever be developed. Nevertheless, an urgent 

need remains for those engaged in helping to achieve the SDGs to adequately consider 

the impacts of anticipated changes on forests, and it is our opinion that a lack of 

certainty around certain complexities (e.g. higher-order impacts and feedback loops) 

should not prevent due consideration of the potential impacts for which existing 

knowledge is better established. 

 

By examining development indicators from SDG targets with known potential 

implications for forests (e.g. from works such as (Carr et al., 2021) and (Katila et al., 

2019)), and by linking these to known drivers of forest loss/degradation, we suggest that 

it is possible to identify aspects of the development agenda that may require attention in 

order to maximise forest conservation efforts. Our approach does not rest on any 

assumptions that a change in a given aspect of the development agenda will be 

guaranteed to result in a specific outcome, but instead highlights areas for which 

anticipated development progress could potentially result in risks, opportunities or 

enabling conditions for the conservation of forests, based on knowledge from past 

research. Based on this, policymakers and development agencies will be better able to 

consider the possible implications of their proposed development trajectories for forests, 

and make necessary adjustments in order to minimise trade-offs and maximise 

synergies. 

 

In the context of forest impacts, SDG targets can be thought of as either óbenignô, or 

resulting in possible órisksô, óenablingô conditions or óopportunitiesô (Carr et al., 2021). 

óBenignô targets are those not expected to affect forests in any way. óRiskô targets are 

potentially associated with negative forest impacts, which includes agriculture (e.g. 
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target 2.3, double agricultural productivity) and infrastructure (e.g. for energy (target 

7.b), transport (target 9.1), housing (target 11.1)). óEnablingô targets are associated with 

conditions that enable forest conservation, which can include education (e.g. target 4.1), 

inclusive decision-making (e.g. targets 5.5 and 11.3), and sound governance (e.g. targets 

16.5 and 16.6). óOpportunityô targets are those for which forest outcomes can be either 

positive or negative, depending on context and/or the specifics of how the target is 

achieved. Examples include target 8.9 (increased tourism), which can both encourage 

forest conservation to attract visitors, but also deplete forests to make way for necessary 

infrastructure and to meet increased demand on forest resources (Brandt and Buckley, 

2018)), and target 9.2 (increased industry and manufacturing), which can cause damage 

through associated infrastructure, pollution and influxes of workers, but can also be 

beneficial if it promotes a shift away from employment in agriculture. 

 

Risk, enabling and opportunity targets manifest as forest impacts via drivers of 

deforestation and forest degradation (hereafter ódriversô), which can be thought of as 

either direct (sometimes referred to as proximate) or underlying (Geist and Lambin, 

2002). Direct drivers are activities or occurrences at the local level, such as illegal 

logging or agricultural expansion, that directly affect forests, while underlying drivers 

are fundamental social processes, such as political matters or demographic factors that 

underpin the direct causes. Direct drivers typically operate at the local level, while 

underlying drivers can operate from local to national levels, and may even involve 

multiple countries. Disentangling and exploring the ways in which future development 

trajectories may impact upon forests requires understanding of how a focal country (or 

some other geographic area) will pursue its development objectives, as well as any 

direct or underlying drivers that are either playing a role in ongoing forest change (and 

therefore have the potential to be exacerbated or mitigated) or which may emerge as a 

result of some development-driven change. 

 

Our framework identifies specific components of the development agenda likely to be 

of relevance to forest conservation at the national level over the short- to medium-term, 

and subsequently assesses the possible magnitude and likelihood of imminent changes 

in these areas. Our framework is based on the understanding that all changes to forests 

(whether positive or negative) manifest via drivers. It therefore follows that any external 

forces affecting forests (including those arising from progress towards development 
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objectives) must be operating through the mitigation, exacerbation or creation of one or 

more drivers. It is important to keep in mind that not all drivers are affected/initiated by 

the same aspects of the development agenda, and also that multiple different 

components can bear influence on one or more drivers at any one time. There exists a 

large body of literature documenting how various aspects of development can affect 

forests, as well as on drivers and the factors thought to influence them, and it is based 

upon such information that we draw links between drivers and specific SDG targets in 

this work (see Materials and methods). A summary of the information on links between 

drivers and SDG targets is provided in Appendix C (Tables C.1 to C.3). 

 

Where target-driver links exist, progress towards achieving the target in question can 

result in one of several outcomes (Figure 4.1). Where an enabling target is linked to an 

ongoing driver, then any progress towards achieving the target could help to mitigate 

the driver. However, if no ongoing drivers have links with a given enabling target, then 

progress towards achieving this target will (despite being highly desirable for other 

reasons) likely have minimal relevance for forest conservation. Where a risk target is 

linked to an ongoing driver, then any progress towards achieving the target could 

exacerbate the existing threats associated with the driver. If no ongoing drivers are 

linked to a given risk target, then progress towards achieving this target may result in 

emerging risks through one or more novel drivers. In the case of opportunity targets, 

which can present either risks or enabling conditions depending on contextual factors 

(including the specifics of how the target is addressed (Carr et al., 2021)), either of the 

four aforementioned outcomes could result. Where an opportunity target is linked with 

an ongoing driver, then progress towards its achievement could result in either 

mitigation or exacerbation of the driver, and where the same target is not associated 

with any ongoing drivers, any progress made may either result in an emerging risk from 

a novel driver, or in no forest-related outcome at all. 

 

Having established the key driver-target links for a given focal area, two further 

questions are of interest: (1) ówhat is the potential extent of impacts on associated 

drivers of achieving a given target?ô and (2) ówhat is the likelihood that progress in 

targets deemed to be of importance will occur in the imminent future?ô. To investigate 

the first of these questions, it is appropriate to use data pertaining directly to the SDG 

targets themselves (e.g. official SDG indicator data, or similar) to quantify the 
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remaining progress required until the target is considered óachievedô. A greater level of 

required progress is indicative of greater potential for significant forest impacts. 

Investigating the second question is challenging, not least because many components of 

the development agenda are subject to myriad factors that mean that progress is rarely 

guaranteed. Our framework rests on the expectation that countries that have either 

exhibited recent progress in, or are clearly prioritising actions to address a target are 

more likely to achieve imminent progress than countries for which neither applies, and 

that countries where both aspects are true are more likely still. We apply this logic to 

selected countries and SDG targets in order to classify their current status as either 

ópoorô, ómediumô or ógoodô, and the likelihood of imminent change as either óunlikelyô, 

ópossibleô or ólikelyô (see Materials and methods). 

 

 

 

 

Figure 4.1. Illustration of how enabling, risk and opportunity SDG targets can 

either mitigate, worsen or create drivers of deforestation and forest degradation. 
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By combining outcomes from the two questions posed above, we can characterise the 

key areas of development likely to affect forests in terms of both the potential 

magnitude of their impacts and the likelihood that any progress will actually occur. The 

process through which our framework combines these various information types to 

derive a final assessment is illustrated in Figure 4.2. Our approach yields one of nine 

possible combinations, which, depending on the nature of the target itself (i.e. risk, 

opportunity or enabling) can provide target-specific policy recommendations that 

governments or other agencies could enact in order to minimize risks or facilitate 

benefits to forests (Figure 4.3).  

 

 

Figure 4.2. Illustration of our assessment framework. For each SDG target, data 

on recent trend and assigned priority are combined to assess the likelihood of 

progress. This is combined with an assessment of the current status (indicative of 

the scale of potential progress) to derive an overall target assessment, which is 

further cross-referenced with information on national-level drivers to determine 

whether the anticipated target changes identified are expected to interact with 

existing (or create novel) drivers of forest change, as shown in Figure 4.1. 
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Figure 4.3. Policy responses that can promote synergies and avoid trade-offs for 

forest conservation vary for risk (red), opportunity (blue) and enabling (green) 

targets, and according to current status and likelihood of imminent change. 

Following individual target -level assessments, this guide can be used to help 

identify an appropriate response. 

 

 

Using this framework, we assessed the potential impacts of 24 selected SDG targets 

(five óriskô, nine óopportunityô and ten óenablingô targets) on existing and possibly 

emerging drivers for 48 tropical countries spanning three major world regions (Africa, 

Asia/Pacific and Latin American/Caribbean (LAC)). Data for 25 SDG indicators (or 

appropriate proxy data) were used to assess the current status and recent trends of each 

country with respect to 24 forest-relevant SDG targets (one opportunity target was split 

into one risk target and one enabling target). National development plans were reviewed 

in order to gauge the level of government priority assigned to each target, and these two 

elements combined to provide an overall assessment of each target for each country. 

Target assessments were linked with information on the ongoing drivers in each 

country, gathered through literature reviews, in order to assess if/how anticipated 






















































































































































