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Abstract

The advent of the kited Natiors Sustainable Development Goals (SDGs) provided a
framework that explicitly embedded the conservation of natecabystems among
other developmenbjectives Fundamental to the SDGs is the notibat interactions

can occur between thetonstituent goal and targets the form of synergies and trade

offs, and that, wherever possible, the former should be promoted and the latter
mitigated.Using the conservatioof forests (relevant tgeveralSDG targets) as a case
study, this thesis seeks to better unders how progress inorrenvironmentabspects

of the development agenda coulttifitate or hinder this caus&@hrough a systematic
review, |identify 63 SDG targets associated with potentially beneficial, damaging or
mixed impactson forests and highlight how potentially damaging targets avéen
betterresearched and understoddking open access data for 122 countries, | explor
the empirical relationships between achievement of the SDGs and changes in net forest
cover between 2017 and 202these angsessuggesthathigher achievemestin goals

on health, education, energy, economy and indastgssociated witlower netforest

loss, while the processes of improving in goals on economy and climate change
mitigation are associadewith higher net forest los$ present a novel framework that
combires document analysis and indicator data % SDG targets, toassess the
possible implicatiors o f a countryds anti cifprafarestd dev
Applying this to framework b 48 tropical countries, | highlight key areas edich
count r y odevelapanéent agendalthat shoblelmonitored or prioritisedn order

to avoid risks, seize opportunitjeand provide enabling conditions for effectiverest
conservationThe thesis concludes with a summary of the major findings, a discussion
the novel contributiongnd limitations of the work, and suggestions for further work

that could help progress the tofucther.
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Chapter 1 Introduction

fWhat we are doing tthe forests of the world is but a mirror reflection of what we are

doing to ourselves and to one another

- Mohandas Karamchar@andhi

Which aspects of human progress can be most damagitigetoatual environment

and which can facilitate itsonservation andverall bettermer2 Whatlevel of progress

can we expect to see these areasver the coming years®nsweing thesequestions

will enablegovernments and development ageado addresst h e  w eocidtadl 6 s
needs without jeopardizing natural ecosystems and the essential services that they
providg and to achieve both environmental ral nonenvironmental development
objectives harmoniouslyHowever, @spite a growing recognition in recetgcadeshat
matters of humaprogress anavell-beingare linked with matters of thenvironment in
myriad ways understandin@f these relationsps is often lacking.Motivated bythis,

this thesisseeks to cotribute to the growingefforts fill this knowledgegap by
exploring past and possible futureelationships between the modesustainable
development agenda amhe specific(yet critically important)type of ecosysteni

forests.

Despite beingessentialfor the survival and welbeing of human societiedprest
ecosystemdace numerous threat&etween 2010 and 2020 thgdobal forest area
declined by an estimated 1.2%N DESA and UNFF Secretariat, 2021\Vhile
undoubtedly cause for alarnhis figure disguises the fact that some countries and
regions have experienced forest gawhjle in othersthe overall rate of declinbas

been graduallyslowing. Concerted research efforts have made great progress in
understanding thprocesses that drilesses and gains of forests around the weanhdi
increasingly acknowledgthat many of these are intrinsically linked with matters of
human development. Also in recatgcadesthe global community hasade efforts to
standardise the ways in whishistanable developmens targeted and monitorechost



2 Chapter 1. Introduction

recently through the development of the United Natiti¥) Sustainable Development
Goals(SDGS). These two aspects combined provide an opportunity through which to
assess, monitor, and ultimately infleenthe wayghat sustainable development affects
forests.This thesis examindsow achievement of the modemastainabledevelopment

agendacan, ancpotentially couldjnteract with forest conservation around the world

In this introductorychapter | first providebackground information oforests, including

thar importance to humans, their global conservation status, anddjoe factors that

are affectingheir integrity (section 1.1)In section 1.2| provide a brief timeline of key
milestones in the evolution of sustainable development from the perspective of the UN,
culminating in theadoption of the 17 SDGs by all member staBetion 1.3descrbes

how interactions between SB@an shapdevelopmenbutcomesn both desirable and
undesirable waysand providesa summary othe most common ways in which this is
studied.Section 1.4 moves beyond the topicnmdippinginteractions among the SDGs,

and describes work that has attempted to forecast the ways that interactions may
manifest in the future. In section 1.5cbnsolidatethe topics of the previous four
sections by providing a summary of the past work on $&@€st interactions, including

the resarch gaps that this thesis hopes to filhe chapterconcludes with a summary
(section 16), followed bya breakdown of the major aims and objectives of this thesis

(section 17).

1.1.Forests: their conservationand importance for human well-being

This thesis imboutthe conservation, sustainable managementpaadall bettermenof

natural foresecosystemsThe definitiorso f 0 fused ia this thesiare explained in

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

concerns itselvith natural forest®nly, andfollows the definition used by theN Food

and Agriculture Organisation (FAO) and theNJFor um on Forests (UNFF):
spanning mee 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 goa(s) SDG(s) are used interchangeably. For

example, the terms 6goal 186 and 6SDG 186 refer to the s
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l and that is predominant | y(FAOnR202rUNDEIAI c ul |
and WNFF Secretariat, 2021)importantly, this dinition excludestree stands in
agricultural production systemscluding timber anail palm plantations, orchards and
agroforestry system&Vhile | recognise that such habitats can provide benefits relative

to other humammade system@aquette and Messier, 2010)is thesisis, in large part,
motivated by the conservation of biodiversity, whithese systems typically lacht

least relative to their natural counterpar(Barlow et al., 2007; Hua et al2022;
Onyekwelu and Olabiwonnu, 2016)

Studies examining the ways tHaimars and forests interactin bebroady classified
into one of two typeshose consideng the roles thatorests play in supporting humans
and their needs, andabeconsideing how the actions of humans affect forests. Though
this thesis is chiefly concerned with the second of thesetopics,in the following

section lintroducethe former in order to contextualitee importance athe latter.

1.1.1. Ecosystem servicederived from forests

Al t hough a reliable estimate of the exac
forests and forest products does not exist, it is estimated to include around one third of
the human populatiofFAO and UNEP, 2020)To describe thewumerous ways in

which people use and/or depend on forests, it is helpful to think in terms of ecosystem
servicesi benefits obtained by people from ecosysteiige Millennium Ecosystem
Assessment (2005identified four main typesof ecosystems servicesupporting
services (processes that underpin the production of all other ecosystem <services)
regulating services (beneficialaderation of natural phenomengjpvisioning services
(benefits based oresources extracted from net); andcultural servicegnon-material

benefitsprovided to people by nature).

Among the most widely discussesdrvices provided by forests is theate in climate
regulaton. Forest biomass and soils store around 45% of terrestrial organic carbon

(Waring et al., 202Q)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 diedussther here.
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system. Forests also rdgte climats atalocal leve| for example through the provision
of shade and the distribution of atmospheric wdtellison et al., 2017) Other
important regulating services provilby forests include watemd pollutionregulation
and the moderation of potential shocks and disafbm floods, erosion, and pests and

diseases, among othéBrockerhoff et al., 2017)

Provisioningservices provided bforestsincludefood (for both humans and livestock)
water (both for drinking and irrigation), fibre, medicines, and variety of wood
products, ranging frortimberto fuel (Brockerhoff et al., 2017; FAO and UNEP, 2020;
UN DESA and UNFF Secretariat, 2020hese products may be used directly for
subsistence purposes, or sold locally or further afield, thereby generatorge and
supporting livelihoods and economi@AO and UNEP, 2020; Rasmussen et al., 2017;
Shackleton et al., 2011)he formal production of wood and nevood forest products
(NWFPs) is estimated to provide around 45 million jobs globally and to denara
labour income of more than US80 billion per year(FAO and UNEP, 2020)
Commercialcharcoal andvood fuelproductionalone 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 thaformal sectorswhich estimates suggeptovided 41
million jobs and generated a revenue of U34 billion in 2011(FAO and UNEP,
2020) Importartly, these estimatedo notreflect the multitude obenefis derivedfrom

forest products at a subsistence lev&y definition, benefits of this kinddo not
necessariljhaveemployment or monetary values, at least do not enter the system of
national accounisnaking it challengig to summarise their importandéeverthelessa
numberof investigations, typically afsub)national levetd, have highlighted the lge
importanceof subsistencdevel use of forest productéypically nontimber forest
products,or NTFP9, which include fuelwod, edible/medicinal plants, game, honey
resins, essential oils and fibremmong othergShackleton et al., 2011; Timko et al.,
2010) The utility of forest products destined for subsistence igseften thought to
exceed the cash income that residents derive from the commercial sHIEFBS
(LacunaRichman, 2002)Moreover these produstcanplay important roles ipoverty
mitigation and avoi dnetce§ -filens d6 gam hadtp dvedsaf
times of emergency and seasons with lower agricultural productivity, respectively
(Ofoegbu et al.,, 2017; Shackleton et al.,, 2011; Timko et al., 20Qf)cially,
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subsistence use dbrest productds often disproportionately more commomaeng
people or households with lower socieeconomic standingincluding the landless
poor, the unemployed, womeand indigenous group@jaz-Ul-Islam et al., 2013;
LacunaRichman, 2002; Mallik, 2000; Timko et.al2010; Wickramasinghe et al.,
1996)

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

cultural values associated witbrestshave often featured prominentlyfBoada et al.,

2018; Crews, 2003)Despitesignificant changes in the human cultural landsc#ps

persists today, including in many works of contemporaryRifton, 2017; Scott, 2011)

and sever al religions (sfillde fourdkinranmapylcauntrie®d s a c
of the world(Govigli, 2020). The basis for this likely lies, at least in part, in the unique
aesthetic and other sensory experiences thabegained from being sideforests,and

which have likely inspired people in a range of wayerhaps bynvoking a sense of
camor6connectednessb, or by provi 8milaty, a so
forests can be used for a range of recreation activities, includatking, cycling,
camping and birdwatching, among various oth@sll et al., 2009; Douglass, 2016;
Peyra et al., 2002)Work has shown that many people will preferentially choose areas
with trees for their recreation neef®eyron et al., 2002and are even willing to pay
premiumfor the experiencéDwyer et al., 1989)Use andenjoyment of forests in the

ways described above has been shown to significantly improve both physical and
mental healt{lwata et al., 2016; Karjalainen et al., 200Q)ltural ecosystenservices
including thoseprovided by forestshave often been comkie r iatda ndbgi bl e 6 ¢ on
with otherservicetypes( At ki ns on an dandar@@mseqaentlyelagivélyi 9 )
less welldefinedand quantified (Daniel et al., 2012)Neverthelessacknowledgement

of their importance is steadily becoming mavelespread, andndicators are being
developedso that cultural services can beore readily quantified along with other
ecosystem servidggpes( At ki nson and OO6Brien, 2019)

1.1.2. Deforestation and forest degradation

Despite such exceptional important®s total area of foresacress the worldis thought

to haveshrunk by around half during the last three centytiasirance, 2014)although
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declines began long before t{iBhagwat, 2014)Historic rates of decline ka 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 andadp o
increase i n the (Moughtod @&E5)Tabled.pshawsthat betveegni o n s
2010and 2020, the global forest area shrunk by an estimated 4.74 million hectares (or
an average 00.12%) per yearbut that the overall rate of decline in global forest area
has slowed over recent decadAscloser look at these valugBigure 1.1) uncovers

stak differences irthe changes in net forest afeetweenregions of the worldwhile

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. INSouth America, the rate of forest loss has slowed between the periods 2000

2010 and 201£2020,whereas in Africa the rate hagreasedver the same timeframe

Table 1.1. Annual rates of global forest area changeSource: FAO and UNEP
(2020) licensed under CC BY-SA 3.0 fttps://creativecommons.org/licenses/byc-
sa/3.0).

Mean annual nret | Mean annual

Period change (million net change
halyear) (Ylyear)
1990 2000 i7.84 710.19
2000 2010 i5.17 710.13

20102020 14.74 10.12
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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 B¥SA 3.0
(https://creativecommons.org/licenses/byc-sa/3.0/).

The 2020 Global Forest Resources Assess(éx®d and UNEP, 202Mroadly defines
forest degradation as fAa reduction or | o
complexity of forest ecosystems resulting in the kemn reduction of the overall
supply of benefits from forest, which includes wood, biodiversity and other products or
serviceso. However, t hi s e @maul etaalp @01%, ( a
VéasquezGranddn et al., 2018)otesthat this definition is not broadly agreed upand

a review bySimula (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 regeneratéDupuis et al., 2020)and so combining #se into a single definition is not
straightforward. Moreover, given that forests are naturally dynamic, identification of a
reference state from which compare and determine degradattsochallenging and

even if some reference state can be defitteah) determining how far from this a forest
should be to qualify as degraded is not cldgasguezGrandon et al., 2018)n many
instances, scholars attempting to apply working definitions of forest degradation have

used predefined timeframes during whighforest 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 yéaug Vancutsem et al., 20219
multiple decadege.g.Dantas de Paula et al., 20;1&yain highlighting a general lack of
consistency around the topic.

In a comprehensive review of this top&hazoul et al(2015 proposed a definition that

focuses more on a forestods ability to return
comparable to surrouding undisturbed areas without human intervention, irrespective of

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

should be considered degradédmore recent review of the same topic Bgsquez

Grandodn et al(2018 suggested that it may in fact be preferable to use ledeliyed

definitions of degradation, which can be ta#ldrto 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 todefine, forest degradation can also be challenging to
measureln contrast tadeforestationwhich canbe readily quantifiedver wide areas
through use of satellite imagery, measuring forest degradatorrequire onthe
ground surveys to detect morebtle disturbance¢Murdiyarso et al., 2008)Metrics

used to assess forest degradation usingheground surveys have included species
richnesg[Devi and Behera, 2003aboveground biomaggckert et al., 2011)evels of
human disturbanc@hrends 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 qo#fying and monitoring forest degradation using remote sensing
technologies, including satellitelsiDAR and unmanned aerial vehicléd/ork utilising

such technologies to assess forest degradation has typically done so through
guantification of forest chacteristics such as canopy cover, forest density, forest
connectivity and aboveground biomass, among otfizupuis et al., 2020; Gao et al.,
2020; Mitchell et al., 2017)often also including a measure of regeneration times
following an observed change.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 certaspects of forest degradation, these are generally

still limited to macrescale 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 sudidies are relatively feyDupuis et al, 2020)

Notwithstanding the challenges surrounding its definition and measurefoess
degradationis now widely acknowledgedas a critical global issue. Forest degradation

can producesignificant carbon emission@sner et al., 2005; Pandey at, 2020;
Pearson et al., 2017)and compromisea f o rcapacitydot® providereliable
provisioning andregulating servicegBanerjee and Madhurima, 2013; Foley et al.,
2014 Kyaw et al., 2020; Shanley and Luz, 2008nong other issueRecent 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., 202l) n Afri cads Con
approximately 70% of the remaining forest is thought to be affected by forest
degradatior{Shapiro et al., 2021ther studies report similarly concerning findings for
other parts of the world, especially in the tropics, and recent wokkabgutsen 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 defanestati

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 gresdforts tounderstandhe drivers (i.e. the causal or
contributing factors) ofthesechangesGeist and Lambin (20019lassified drivers of
deforestation as eitheard i r ect 6 ( ,omeanidgthosetkait diractlyerésglt in
change (e.g. agriculture, fuelwood extraction eto.)r O0i nNdoirr ecurdder | vy
meaningthe social, political and demographic factors (e.g. corruption, insecure land
tenureetc) that underpinthe direct driversBased on this, the authors identified 42
direct drivers (grouped broadly into three categories: agrigalt expansion, wood
extraction, and infrastructure extension) and 57 indirect drivers (grouped broadly into
five categories: economic factors, policy/institutional factors, technological factors,
cultural (or sociepolitical) factors and demographic facth Based on 152 case studies

of tropical deforestation, they noteat no single direct or indirect drivers dominated the



10 Chapter 1. Introduction

findings, but rather thatombinations of causative factors were more common. These
included combinationsof agriculture wood extraction andoad developmenimainly
driven by economic, policy, institutional and twhl factors), agriculture andiood
extraction (mainly driven byechnologcal factors), and populatiedriven agricultural

expansion{Geist and Lambin, 2001)

More recentissessients ofdrivers of forest changat an internationalevel include the

work of Hosonuma et al. (2012)vho used a literature review to assaissct drivers of
deforestation and forest degradation in 46 countries. Although this work did not include
an assessment of indirect drivers, the author
in their work marks an important improvement on the Gamgt 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 drieéforest degradation, but

that the relative importance of these factors varied regionally (FigdréHosonuma et

al., 2012) A still more recent efforto quantify thedrivers of global forest loss (but
again, not including forest degradation, nor indirect drivers) is the woGudfs et al.
(2018) who, based on examination of satellite imagery, conclutiet the most
important driverdetween 2001 and 2015 wene descending ordecommaoditydriven
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 muatintinental) scale, is that (a) forest degradation
receives notably less attention than deforestation, and (b) indireetdrieceive 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 therdi 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 eoperat
(Hosonuma et al., 2012; Indarto and Mutaqgin, 2016; Kissinger et al., .2012)
Nevertheless, a great deal of information on each of these topics is available from

literature examining drivers at (sgbational scales, and @hapter4 of this thesis, as
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part of a wider assessment (described later), | review and synthesise tmmatido for

48 tropical countries.
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Figure 1.2. Relative contributions of direct drivers of deforestation (above) and
forest degradation (below) based on an assessment of 46 countri€&ource:
Hosonuma et al. (2012) licensed under CC BY¥SA 3.0 (https:/
creativecommons.orglicenses/bync-sa/3.0/)

Also apparent from the literature on drivers of deforestation and forest degradation is
that many(but not alf) of the commonly recordedlirect and indirecdrivers can be

explicitly linked to one or morepics or themethatcommonlyfeaturein the literature

3 For example, fire (both natural and hur@aused) is a commonly cited driver of forest chaf@ertis
et al., 2018; Geist and Lambin, 2001; Ghazoul et al., 2015; Hosonuma et al., 2012; Zhao et abu2021)
is not a topic typically ceered in the sustainable development literature.
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on sustainable developmei8uch linkages cabe broadly thought of as cases where
some form of societal or econonpoogresgesults ina driverbeingeither (a) createdr
worsened, or (b) mitigatedExamples of the former can occur alongsiddghe
development of infrastructura,key feature of modemsustainabledevelopmenegenda
(Inter-Agency and Expert Group in Sustainable Development Guitators, 2016)
but alsoa commonly cited driver of forest log&aurance et al., 2015; Seiler, 2003;
Sloan et al., 2018)An example of the latter is the reduction of corruption, another
feature of thesustainabledevelopmentagenda (Inter-Agency and Kpert Group in
Sustainable Development Goal Indicators, 201B)t in this caseone whose
achievementan be expected to havesttove implications for forest¢Koyuncu and
Yilmaz, 2009; Laurance, 2004; Sommer, 2017)

The idea thathuman progress in matters not typically associated with the natural
environmentcan influencarivers of forest chang®rms part ofthe overarching basis

for this entire thesis, andill be duly explored inmoredetailin upcomingsections and
chaptes. Before doing so, however, it is important to provide some background on the
sustainable development movementluding how it integrates environmental and hon
environmental issues, as well as on current thinking around how different aspects of
sustanable development can interactheseare the topics presentd in the next two

sectionsgrespectively

1.2.Integrating environment and development From Stockholmto the SDGs

Il n 1987, the World Commi ssi on osustdinablei r onment
developmerias fAdevel opment that meets the needs of
compromising the ability of fut Woeld gener at i c
Commission on Environment and Development, 198iplicit in this definition isthe

notion that consideration must be givio the natural environmeti ensure the lonrg

term survival of humankindand that this should be considered in combination with

other aspects of human developmertthough this ideamay be somewhat

commonplace among modern thinkeits explicit acknowledgement among global

governance agenci€ain be traced baabnly as far ashe early 1970s, which saw the
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beginning of a series of processes led by th& to explicitly link matters of

environment ad development at an international level

The first of these processes was th¢ Conference on the Human Environment, held in
Stockholm, Sweden idune 1972. This conference culminated in the signing of the
Stockholm Declaration (and its associated acipden) 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 welbeing (Handl, 2012) By the early 1980s, dwever, it was clear that
environmental issierequired greater attentioon the global stagen 1983 he UN
responded by forming an independent organisation, the World Commission on
Environment and Devel opment (knowinon&)f,or
which was tasked witldentifying longterm solutions to environmental issues based on
co-operation among developing countries and between countries at different stages of
economic and social developmer{fiVorld Commission on Environment and
Developnent, 1987) The primary output from the Brundtland Commiséich anal y s
was ar eport titl ed O@brkd Ca&noission on ERvirdnmenteaéd
Development, 1987) al so known 06t hAswdl asiprowding therfidt R e p
working definition of 6 s ust ai rgwvenlabovidhe BrindiapdnReport 6
proposed policy solutions that integrated matters of seqiaty,economic growth, and

the environment.

The Brundtland Reportaid much of thegroundwork for theUN Conference on
Environment and Developmentflen referredtoas he fAEart h Summi t 0]
place in Rio de Janeiro, Brazil in 199%nd which made more explicit links between
matters of environment and development than the Stockholm conferencere@do

years earlie(Handl, 2012) The Earth Summit brought together world leaders, NGOs,
scientists and other influential groups from 179 countries, with the overarching
objective to fiproduce a broad agenda anc
environmental and development issues that would help guide international cooperation
and development policy in the twertyi r s t (Ureted tNationg, d.d.)The action

plan that emerged from this conference, known as Agended&sl accompanied by a

seto f 27 guiding principles, known as th

declaration states thd&te nvi r onment al protection shall
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devel opment process and cannot be considered
states that ifpeace, devel opment and environm
i ndi v (UsiteddNatiers, 1992)

In 2000, the UNandits 191 (at the timenemberstatedurther commitedto integrating
matters of development and vemmnment with the release of th#lillennium
Development Goals (MDGswhich all UN membersagreedto help achieveThe

MDGs comprised eight broad goamade up of 18 targetspanning matters of poverty,
health, gender equality, education and the enwemt Importantly,not only didthe

MDGs marka greater coherence among the various UN agencies to deliver on a united
vision (Kumar et al., 2016)but they also madd the first time that the UNwdopted a
targetdriven approach to its development age(ilamar, 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 fammiyindg,

a biastowardsdeveloping 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 gnerally poor performance of many countries to attain the MWzmge 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 tadyeten, multi
sectorhdevelopment frameworks in light of the criticisms given above. Consequently,
the MDGs were succeeded by BBGs a more comprehensive list of 17 goals (Figure
1.3), developed through a much wider consultation of stakeholders than their
predecessors, andith greater emphasis on the wb#ing of all courries, rather than

just developing ones.

A further advancement of the SD@ss that they were purposefully created to integrate

the wide range of themes and objectives embodied in the 17 goals through targets that
overlap between goald e Blanc, 2015) The intention behind this is that the SDGs
should be treated as an indivisibimified 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 implemenfagon
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Blanc, 2015) The implication of freating the global development agenda in this way,
and one underpimng 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 followingection explores this idea detail

SUSTAINABLE ™ &
DEVELOPMENT ’%‘ALS

NO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY AND WELL-BEING EDUCATION EQUALITY AND SANITATION

e

DECENT WORK AND INDUSTRY, INNOVATION 10 REDUCED 11 BLE CITIES 12 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUGTURE INEQUALITIES CONSUMPTION
AND PRODUCTION

d1&1 S

13 CLIMATE 16 PEACE, JUSTICE PARTNERSHIPS

AND STRONG FOR THE GOALS
INSTITUTIONS

ACTION

Figure 1.3. The 17 UN Sustainable Development Goalsnageis in the public
domain and made freely available for use athttps://www.un.org/
sustainabledevelopment/news/communicatiormaterial/.

1.3.Interactions within and among the SDGs

The 2015UN resolution on the SDGs makes cléaat interactions betweend within
the 17 goalsis fundamental to their design and achieven{émited Nations, 2015)
Underpinning ths is the ideahat achievingsomeaspects of the development agenda
can activelyfacilitate the achievement of othemsut in other cases, achievement of
some aspects can constrain the achievement of offmre&xampleproviding energy
(SDG 7) can facilitate educatiof5DG 4)by providing light by viich to study power
for computersand so onbut limiting climate change (SDG 13) couddsolimit options
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to provideuniversalenergyaccesgSDG 7)(Nilsson et al., 2016)5uch interactions can

be respectively t eronédasidémevycomempotigdughsubmuehnd o6t r ade
of the related literaturéBy identifying andbetter understandiniipe nature of synergies

andtradeoffs in the development agenda, it will be possible to develop-sexgsral

policies strategiesand 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 ordpcaimerdtion

associated with the SD@®es not prvide guidancen the néure of these interactions.

This leaveghose tasked with helping to realise thelgaat a potential disadvantage, as
promotingsynergies and avaitg tradeoffs is not possible whout first understanding
them.Acknowledgement otis shortcomingsoon promptedesearchers to consider the

topic in detailwith some otthe eaiilest worls being primarily theoretical in nature. For

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

0l aeeadsch containing sets ofl4yandsuggestedt h si mi |
that achieving infrastructure goals can help to facilitate the achievement dieigd|

goals, but may come at the expense of success in achieving natural environngent goal

In the subsequent years, and especially following a call to abgioNilsson et al.
(2016)urging researchers to study SDG interactions, a productive area of research has
emerged, seeking to identify, map, quantify and model 8i&actions. 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, /antheir analytical approachg€8ennich et al.,

2020) and in this section | aim tharacteris@nd provide examples @&ach. 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 combimeiltiple methodsand/or data sourcashen
investigating SDG interactionsit is not always possible to describe the full
complexities of each paper cited in the following summaries. However, | do aim to link
some papers between sections in order to illustrate dtiéferent approaches can

complement each other.
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NATURAL ENVIRONMENT
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Figure 1.4. Waage et al . (2015) organi sed th
described interactions within and between each.Source: Waage et al. (2015)
licensed under CC B¥-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 interactiondégnich 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(sjindicator(s), related policie®r external entities (i.e. themes or processes not
covered by the SDGs)Throughoutt hi s thestsomadheofd6 i nt
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):

1 Target15.1 ABy 2020, e n s vestaratian hnel sustanaldeeusev at i o n,

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

forests, wetlands, mountains and drylandso

1 Targetl5.2 ABy 2020, promote the i mplementatio

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

substantially increase afforestation

1 Target6.6 fABy 2020, p r o t-related ecasgstemst inctuding r e

mountains, forests, wetlands, rivers, aquiferslaradk e s 0 .

This thesisis concerned with how the targets listed above are affected by chianges
other areas of the development agenda, includirte target levglChaptes 2 and 4

and & the goal level (Chapter 3As such,the following paragraphs predhinantly cite
examples of studies seeking to identify interactions at these laltisugh readers

should keep in mind that interactions can occur (arstumied at other levels

Interactions involving targets occur where progress towacti;evement obne of the

169 SDG targets results in either a synergy or a toffdeith another aspect (i.e. a goal

or another target et¢.pr vice versa.n thisthesis,| extend this definition tanclude

cases where targetlated indicators are us@s a basis to explore interactions, although

| note that some schola¢s.g. Bennich et al., 202@ake a distinctiorbetween target

and indicatotlevel interactionsinteractions involving goals occur where progress in a
whole suite of targets pertang to a single SDG results in either a synergy or a{rade
off with another aspect (i.e. a target or another goal etc.) or vice versa. Although some
investigations may choose to present their taetl findings grouped by godé.g.

McCollum et al., 2018 | distinguish goalevel studies as those thadmbine target

and r

water

level findings quantitativelyinmd er t o as s e@schangesthemeanl 6 s st at us,
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Studies consideringargetlevel interactions ee more commorthan thoseconsidering
goatlevel interactionsand thisis likely for three main reasons. Firstihhe 169 targets
compared with 17 goals means tlfare isa greater variety of potential interactions to

be explorel to begin with Second, because each SDG target has one @raseociated
indicators, theytypically have a readily available data source andirdrerently more
guantifiable than whole goalsThe tird reasonis that although the SDGs were
developed around 2015, many of the indicators that suppoSDitgtargetspre-date

the SDGs, ando many targetevel investigations had be@onducted even before the
data underpinning the research veasually placed into the context of the SDGs. One
example of this (ofcountlesspossible) is the work oKirigia 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(Bt#luce maternal mortality) and 8dugtain

per capita economic growth), making the research and its findings still highly relevant
in the context of modern sustainable developm8MG targets are more specific in
nature than the composite goals that they are each a part of, which makesirdisc
interactions (including cause and effect) at this leagld subsequently prescribing
specific interventionsgonceptually more straightforwaflusseau and Mancini, 2019;
Weitz et al., 2018)

Goaltlevel investigations are inherently more methodalally challenging than those

at the target level, mainly because thalely varying targes and indicators that
comprise a given goalre not readily combined, and so consideration is reqoved

how to characterise the gda) of interestAlso arisirg from the varied nature of each
goal 6s composi t e fuherghaltemydomagoalievel stutliesdsathato r s
they are typically unable to specify the mechanisms underlying (and therefore attribute
cause and effect Y@any relationships identifiedespitethesechallengesidentification

of goatlevel interactions can provide insights that can inform broader governance of
whole thematic aregd.usseau and Mancini, 2019 urthermore, as interactions at the
targetlevel do not necessarily scale up to reflect those at the goal (eusteau and
Mancini, 2019) and vice versamportant relationships could be overlooked when only
considering a single level of interaction. Thueint is pertinent to this thesis, which
consders both targetand goallevel interactions with forestas well as aomparison

and a critical discussion of the similarities and differencé&hiapters.
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While some studies aim to considgl possible interactions betweaft goals or targets
that comprise the SDGg.g.Hegre et al., 2020; Lusseau and Mancini, 20t9 more
commonfor studiesto focus ona reduced set of components and/or a specific single
componentor theme For example Engstrom et al. (2019%onsideredinteractions
between goals on energy, climate, water and, larnile Fader et al(2018)considered
interactions between targets relating to water, energyf@odl Studies focusing on
specific topis include Fuso Nerini et al(2018) Cook et al.(2019) and Parikh et al.
(2021) whorespectivelylooked at interactions between energy, tourism amidagion,

and all 169 SDG targets.

Research int®&DG interactiongan be further distinguished as being either systemic or
nonsystemic(Langou et al.2019) Systemic analyses attempt to capture interactions
relating to the whole system (or at least a part ofoifen including feedback loops
and/or secondrder interactions, whereas negstemic analyses typically consider
interactions between individual pairs ebmponentsonly (Langou et al., 2019)
Systemic techniques such as quantiatmodelling or scenario analgsare more
commonly used to project or forecast potential futureates than to actually identify
interactions and this topic receivespecific attentionin section 1.4 The exception to
this is the use of network analysis, which is descrddeattly. One point to note is that
systemicstudiescommonlyusesimilar dataand methodsto nonsystemic onesor the
initial identification ofinteractionsbeforelaterconsidengthemat t he O0syst emb

andso much of the information in the remainder of this section is relevant tcastk

Lastly, studies of SDG interactiosn be distinguished byheir geographical scope
which may range from local (e.gngstrom et al(2019)studiedinteractions at the level
of Swedish municipality) to globdk.g. Hegre et al2020) studiedinteractionsacross

all 193 UN member statds Intermediate levelsf investigationcan include national
(e.g.Bisaga et al(2021)studiedinteractions in Rwandanly) or regional(e.g.Allen et

al. (2017) studied interactionswithin the Arab region).Geographical scopés an
important consideration when interpreting the findings given investigatiobecause
interactions identified at one level may matcessarilyscale up or down to anoth@de
Neve and Sachs, 202@tudies asmallerandgreatergeographical scales are analogous
to targetandgoatlevel assessments, the sense thahe formeraremoretypically able

to provide highlycontextspecific insights andrecommendations, and the latteore
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usually relevant to matter of highlevel (e.g. international) governance and

policymaking.

1.3.2. Sourcesof data for assessing SDG interactions

Bennch etal. (2020) noted that the most noumon data sources for studies DG
interactions are direct observation, expert/stakeholder knowledge, official databases,

and scientific literatureand the following sections discuss each of these.

(i) Direct observation

In some cases, SDG interactioau® reported following direct observationsicluding
by researchers or other actdlmt are witness tsome kind of developmemelated
change.At the simplest level, case studiass(ally at a local scale) careport on
observed interactions without uskecomplex analytical techniquetypically oncesome
kind of intervention or changkas resulted ira knockon effect, be it intentionabr
otherwise In other casespbservationscan be made by individuals or groups of
researchers specifically seeking to investigate one or more interactions.

Aiken and Leigh (2015ypresentd case studies of the impacts of large dams on
indigenous communities in Malaysia. The dams were developed pyirt@aprovide
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 ofdffsdeith 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 resourceget(th.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 sitee lWaited). Moreover,

the loss and degradation of ecosystems (target 15.1) arising from the construttten of
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dams led to declining fish stocks that further jeopardized food secuniysti@am

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 {aigets

total, spanning five goalsklating to adolescent health and wa#ing To do so, they
conducted resednespecific surveys in two ruralistricts of South Africa, collecting
data on 3,515 indiduals. The authors concludethat 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 higspetitic
interactions, often including the complarechanisms through whicthey occur.
However, because they atgpically based on locascale observations, their findings
may not necessarily be reflective of the ways that interactions occur in different

contextsandlocations.

(i) Expert and stakeholder elicitation

Elicitation of expert and stakeholder knowledge to iden8fyG interactionsis a
relatively common approac{Bennich et al., 2020)}typically involving focus groups,
workshops, interviews or questionnairés.report by the International Council for
Sciene and the International Social Science Coufi€iSU and ISSC, 2015)which
was among thérst efforts to identify linkagesbetween the SDGs, was based on inputs
from more than 40 selected experBubsequent assessments using expert elicitation
have incudedSingh et al. (2018 who ran aseries of expert workshops evaluatehe
links between targetfrom SDG 14 (oceans) artdosefrom 15 other goal(all except
goal 17) Fuso Nerini et al(2018)used a combination of expert elicitation and literature
reviews to map synergies an@deoffs between energtargets (SDG 7and all 169
SDG targetsThe methods applied in thiast studyhave since been repeated in other
contexts, includingurban ecogstems (Maes et al., 2019)off-grid solar energy in
Rwanda(Bisaga et al., 2028ndsanitation(Parikh et al., 2021)
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Expert elicitation has been ustdapply semiquantitative scale known or expected
interactions the most commonlyencountered ofvhich is the framework proposed by

Nilsson et al. (2016)This framework applies a severpoint scale ranging from

6cancellingdé (i.ce. achievement pWith dnot h t
associated score of3, through6consi stent 6 (,iscoeed D 0O i n
0indivisibled (i.e. one t argsgawdd +jaadtakest b e

into account matters of reversibility, directionality, strength and certainty (albeit based
on the opinions of contruting experts)Perhaps the most comprehensive application of
this frameworkto datewas published by thénternational Council for Sciendq¢CSU,
2017) which assessed interactions between targets from &Gs (goals 2 (food
security), 3 (health), 7 énergy), and 14 (oceapsand those from all other goals,
identifying 238 positive and 66 negativeeractions overall.

One further use of expert elicitation is as a means to confirm the relevance or likelihood
of suspected or anticipated interactionsairgiven context. For exampléllen et al.
(2017)consulted experts and stakeholders from the Arab region to assess whether pre

identified interactions are relevant to that region.

Expert elicitationis considereduseful when existing evidence or datdasking, when
underlying causal mechanisms are complex or poorly understood, and/or when apparent
randomness in trends renders more quantitative techniques less app(Dpomtet al.,

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

for identifying SDG interactions, which can be highly contgpxécific and often poorly
understood in many casd€SU, 2017; Nilsson et al., 2016; Weitz et al., 20Ed so

can benefit from b&ing 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 quétative measuresand the potential for bias within
assessments, especially if the composition of the experts consulted is not adequately

representativéMorgan, 2014)
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(i) Indicator databases

For decadesmulti-lateral agencies, national governments, anotherousNGOs have
collected data to assess and support matters of developmertheaadan provide a

rich source of data for studies of SDG interactidhimiong the most suitable fosuch
purposesand epeciallyfor studies that concern themselves with multiple countaies

the UNOGs Gl obal S D(Gnitdd mNdtions StatisticssDiviflam,t 2822)a s e
and the World Bankos Wor |l d (WoddvBank,02p22)e n t Il ndi c
Both databases appenly available to the public, and contain information that directly
relates to the official SDG indicators, although it has been r{atesteau and Mancini,
2019)that the latter contains information for more countries and years, as well as data
on additonal indicators not used by the SDG&ese data have been used multitude

of studiesseeking to identify interactions between one more indicéogs Anderson et

al., 2021; Bali Swain and Ranganathan, 2021; Barbier and Burgess, 2019eHalgre
2020; Lusseau and Mancini, 2018hdthese studiealmost always apply correlational
approaches, which adescribed in the next section.

As well as data directly pertaining to the official SDG indicators, a wide range of other
datasetproviding nationalevel indicators for multiple @untries are availabl@ndcan

be used as proxiegs cases wherefficial indicator dataare missing or incomplete.
Amongthe most comprehensive and useful of these data souttespsovided by the
United States Agency for International Development in the form of Beinographic
andHealthSurveys(DHS) (USAID, 2022) whichcollects and disseminates household
level data on population, health, and nutrition from more than 90 courmo&s. et al.
(2020) used DHS data from 59 low- and middleincome countriego assessvhether
improvingwo me n 6 s e m(SDGv® is assatiated with reducedonatal, infant

and undeffive mortality (target 3.2), and concluded that there are multiple synergies to
be ganed in this area.

In some cases, researchers mix official indicator data with proxy data sourced
elsewhere.For example, theonl i ne 6SDG I nterlinkages Analys
T o o(Ehdu et al., 2021)which maps and monitors targketvel interactions for 27

countries uses proxy data on theproportion of the eligible population receiving a

pensionto considertarget 1.3, which relates tosocial protection floors/systemsas
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official indicator data arancomplete. Similarly, Wwen investigahg the impacts of
corruption (target 16.5) on uptake of renewable energy (targetAfri)ah et al(2022)
sourced all data from t he VDatabastapaB domk 6 s [
their measure of corruption, which was deemed too dataipdloe official sourceand

i nstead used Transparency | nt dlranspdrenaynal 0
International, 2021)Although examples of potential data sources of this nature are too
numerous to list herehe aboveexamplesllustrate he fact that it is common practice

to employ proxy variables in some cases.

For researchers wishing to study SDG interactionas @ub)nationalscale thereare

again a range of resources available, often deriving from nalevell surveys and
databass (including the DHS data mentioned abav@he huge variety of such
resources means that, again here, it is not possible to list them all, and so | instead
provide illustrative examples onljzocusing on IndiaJung et al. (2019)nvestigate
whether the risk of cardvascular disease (target 3.4 India is linked to
socioeconomic statu®.g. primary school completion rate (target 4.1), female literacy
rate (target 4.6), and GDP per capita (target 8.1), among otfierslo so, theysed

data from two governmemded, nationally representative household susjeyhich
allowed them to draw conclusions at levels of both individual participant and district.
Perhaps surprisingly, the autsdound negative associations in many cas@using

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), findingveosit

associations in mostses.

(iv) Scientificand greyliterature

The wealth ofexistingstudies andeportsrelevant tathe topic ofSDG interactiongan
provide a valuable source of informationterature reviews arearticularly useful

where theaim is to synthesise and map interactions pertaining to multiple goals or
targets. Doing so is considerably more practical than collectinghfwsti data on such a
broad range of subjects, and allows the researcher(s) to gain insights from studies

conductedn a variety of contexts and locations
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Examples of studies using literature reviews to collate information on SDG interactions
includethe workof Vladimirova and Le Blan¢€2016) who reviewed 37 UN flagship
reports to assess links betwestucation andlbother goals, ihding links with all goaé
except goal 14 (oceand).further example is the work @&flcamo (2019) who used a
series ofkey phrase seareb to review the links between water quality (target 6.3) and
targets from all other goals. Tleithor$findings suggesthatthe linkages that can be
inferred from the wider literature significantly outweigh those that receive explicit
mention in the supporting tegf the SDG targets.

Literature reviewsare often used in combination with other theds, most commonly
expert/stakeholder elicitatipras a means to map interactiomsdeed, most of the
studies cited in the secticboveon expert elicitatiorused these two approachies
combination. This includeall citedapplications of théilssonet al.(2016)framework
andall cited applications athe methods developed Byso Nerini et al(2018) which

are two of the more common approaches to mapping iGe@ctions

Data gathered from published literature can also be used to assess &R@iants in
more quantitative ways. For example, after conducting a literature review of the links
between energy technologies and laadd watemuse impactsEngstrom et al(2019)
usedthe findings as part o systemic modeldgfined insectionl.4) to assess the

possiblempacts of different emissions reductions strategies in a Swedish municipality.

In this thesis, | make considerable use ofdtaailable literature to inform my workn
Chapter 2, | preserss comprehensive systematic review oé tlnks between non
environmental SDG targets and forestys] mm Chapter 4, | revievgelected publicatian
as a meango establishthe development priorities ardtivers of forest change for 48
countries which | use as a basis to assess the possiblecimpéthe former on the
latter.

1.3.3. Analytical techniques forassessing 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, his will be guided by the specific aims of tiséudy, which in most caseis
either to verify/quantify the existence of an interaction and/or to synthesise information
on a range of interactions in order to charactenmserdire(or part of a)system There

are a range of analytical techniques at the disposal of resesarchi@s field, andn this
section | describe the three most enamly encountered; name(y) developng basic
syntheses or mapgii) using correlational approache®r (i) perfornming network
analysis More complex systemic approaches hamesome caseslso been usedo
quantify SDG interactiong.g. Scherer et al., 201&)utthese arenore commonly used

to project anticipated or possible future interactioasd sol reserve this topic for
sectionl.4. Again, readers should keep in mind that many studies draw upon multiple
analytical techniqguesand so for ease of presentatiotie following examplesmay not
convey the full complexities of the each study cited

(i) Basicsynthesis/mapping

Wherethe primary aim of a study is to determihe presence or absence of interactions
in one aspect of the SDGs (e.g. selethemesgoals 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 asynthesized form, witfew additionalsteps The review

of links between energy andl &DG targets byFuso Nerini et al. (2018)and the
subsequent publications that applied the same method{Bisgga et al., 2021; Maes
et al., 2019; Parikh et al., 2028l presented their findings graphicalfirigure 1.5),
grouping targetevel findings by goal, and distinguishing between syiesrgnd trade
offs, but with nofurther analysis. BotiMcCollum et al. (2018and(Cook et al., 2019)
used the framework devised bijilsson et al(2016) (see above)the former to ssess
interactionsbetweenenergy (SDG 7)xand norenergy SDG targets, and the latter to
assess the links betwette Icelandic tourism sectérelevant to SDG target 8.9) aatl
otherSDG targes. In both caseghe authors preseftteir resultsgraphically withlittle

additionalanalysis.
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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 tradeoffs (right) between energy (SDG 7) targets
and all other SDG targets. Source: Fuso Nerini et al. (2018) Image copyright:
Springer Nature, used with permission.

TheInternational Council for Scien¢@017)recommends application of the framework
developed byNilsson et al(2016) followed by construction of a crogmpact matrix.

A crossimpact matrix conveys the interactions betweédmpassible pairs of targets (or
goals indicatorsetc.) considered irhe 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 includedCrossimpact analysisvas used byBarquet et al(2021) to
summarise interactions between 36estdd targets inthe context ofSri Lanka, by

Weitz et al.(2018)to summarise interactions between 34 selected target (two from each
goal) in the context of Swedeand byFader et al(2018)to summarise interactions

between all targets from goals on food, water and energy

(i) Correlational methods

Correlational methds mathematicallyidentify/quantify relationship 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 mosioaoly used to
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analyse indicator (including proxy) data, including cases where indicators are merged to

represent one or more goals.

Correlational methodssed toassess SDG interactions haamged from basic linear
techni ques oerelagonor Bréirmany easnsguares (OLS) regression) to
more complex methods including nonrlinear (e.g. polynomial regressionand
dimensionality reductiorfe.g. principal component regressidgathniques The choice
of method for use ifargely determined by the@nderlying 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 predictoréor examplethe aforementioned work dboku et al.(2020)

used logistic regression to examine relationships betweeme n 6 s e mehiddwe r me
mortality. Alternatively, they can be used a more exploratoryashionto examine
relationships between whole suites of variables. For exafmdhan et a(2017)used
Spear manos r ®asksesselationshgpsbaevweenocah possible pairs of 122
different indicators spanning all 17 SDGs. They themculated the proportions of
significant positive (synergies), significant negative (tratfs), and norsignificant
relationships identified for each goal. Their results sugipes indicators from SDGs 1
(poverty) and 3 (healjthave proportionally morsynergies with indicators from other
goals than other SDGs, while indicators from SDGse&ifomy, 9 (ndustry and
infrastructure), 12résponsible consumption and production), andlit& ¢n land) have

a greater proportiof tradeoffs. Similarly, focusing on SpainRamos and Laurenti
(2020) also usedSpear mano6s r,amthis caseto assdsselatiortsimps
betweenall combinations 0f34 indicators and found thatSDGs 4 (education), 5

(gender) and 7 (energpyovided thdargest numbes of positive nteractions.

Correlational approaches are commonly used to studylgeallinteractions, including

to derive useable go@dvel metrics (i.e. from target/indicator data), as well as to assess
thar relationships. For exampléusseau and Mancini (2018an linear mixeeeffects
models for each possible pair of 331 indicator vadesbandthen summarised the
outcomes at the goal level by averaging the directions and strengths of any significant
relationships identified for each of the respective goals involed.resulting outputs

were then used to perform network analysis (se¢ section).
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In a novel approacto derivinggoatlevel datg Hegre et al(2020) characterised each

SDGby applying principal component analysis (PCA) to groups of indic&tams each

SDG. Thisprovidedo pr i toimpalnent s6 f orre uneorelatedsabdc t h a't
capturel known amounts of the variance present in all included indicédoesach goal

By examining the strength and direction tfe correlations between principal
components for each goal, the autharere able to identify synergies and tradks at

the goallevel. 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 synergiesjith each other, while SDG 10 showed negative

correlations (indicating traeeffs) with most ¢her goals.

De Neve and Sachs (2028jamined relationships between each of the 17 SDGsa and
single variable of interestsubjective weHlbeind. In this case, thauthors made use of

a freely available index, the Sustainable Development Goal Index (SDGI), which
combines a range of relevant indicators to provide codeusi scores from 0 (worst
possible) to 100 (best possible) for each SI9€5193 counties (Sachs et al., 2019)
Using standard univariate correlations, this analysis found signifiqaoditive
relationships (indicating synergiebetweensubjective wellbeing and all goals apart
from goak 12 (consumption and production) an8 {climate), which both had
significant negative relationships, agdak 14 ¢ceanyand 15 (life on land), neither of
which were significant.The authors followed this up bperforming dominance
analysis a technique taassess the relative importanceeaich ofa set of predictors in
explaining an outcome, on the same dataset. Their finding suggeste8DiGat on
health, economy, industry/infrastructure and sustainable consumptionmast
important in in explaining subjective wélking.In Chapter3 of this thesis, | draw upon

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

examine goalevel interactions with forests.

Because correlational studies are typically based on standardised indicatoraethey
more easily reproduced and dess subject to bias than methods based on expert

derived assessments (unless some diatsin the underlying dataFurthermore, their

4 Subjective welbeing is not an explicit component of the SDGs, but rather an overarching indicator that
can be considered relevant to multiple goals. Nevertheless, | make reference to this work tsere as it
methodological approach directly informed parts of this thesis.

W €
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quantitative naturenakes them better suited to drawing inferences about a given

relationship (e.g. strength, probability etc.), as well as fodéwelopment of predictive
models Nevertheless, arrelational approachesan belimited by data availability, and
may require specialised knowledge on the part of the researcher if haydpcad
techniques are required. Ultimatelguch methodscan only reflect mathematical
relationshipsinsdfar asthey existwithin the underlying dataand & such may be
unableto identify agiveninteraction if therelationshipis inconsistent and/ovaries in
specific context®r circumstancedn such casegualitative assessments may be more

appropriate

(i) Network analysis

Network analysis refers to a group of methtitst seeko map the overall structure of
complex intefrelationships between a group of varialldsvey, 2018)In the context
of SDG interactionspetwork analysiss the onlysystemic approacéncountered in this
review that was used in an exploratory, ratheatn a 6 por seetdri@ moideliregd
sense(these are described in sectibd). The types of data used network analysis

canvaty, and | explore this shortlyputfirst | introduce a few basic concepts.

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

(links between the noddkat convey some relationship). Edges be characterised in
terms of their direction (indicating whether the relationship is mutual ediweetional)
and/or weightthe srength or size of the relationshif§y/eitz et al., 2018)Nodes can be
assigned values from the underlying data, and cdaorbeer characterised by measures

o f 6cent r alvalueg describmdn thecgositi@anroeeach node in the network

relative to alll ot her s. Commonly (thsed
number of links going intandbr out of thenode, O0strengt hd (si mil
includesthe degree aluesof all other connected neds ) , 6cl osenesso

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

n

~

C

usually placed more centrally (ameaguteef ov e

anodé s rtangeio the average pathway betwesalh other pairs of nodégHevey,

2018; McGowan et al., 2019epending on theata 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 thes in detail As a general rulehowever, high strength and degree values
suggest a greater tendency to affect or be affected byiatheidual componentsand
high closenesand betweennesslues suggest a higheapacity to exert (or receive)
influence over (or from) the entire netwdievey, 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 targetdased onsimilarities in the wording of the supporting
documenttion for each targetFrom 107 targets considered, Le Blanc found that 60
contained wording that linked them to at least other goalAlthough informative, this
approach has limitations; as noted by the author himself, use of the wording alone to
infer links is likely to miss some importan¢lationships such as between energy and
climate changeA later paper byLim et al. (2018)also usd a keyword approach to

infer targettarget relationships, buh this case the authors developed five separate
networks pertaining to different shared aspeathaljenges topics stakeholdes
involved, enabling/constraining characteristics, and actieqsred forachievenent)of

each targetComparing centrality measures across each of these networks, the authors
concluded that goals on peace, climate, economic growth and -erergy

proportionally more targethat can exersignificantinfluence on tke wider network.

Earlier, | described howVeitz et al. 2018)used the framework devised bisson et

al. (2016)to develop acrossimpact matrix for 34 selectedtargets in the context of
SwedenThis matrixwas then translatddto an overalhetwork, as well as several sub
networks, for example conveying only the stresigsynergiesor tradeoffs, allowing

easy identification othe targets that most influence, and are most influenced by, other
targets in both positive and negative wélygure 16). The authos furtherproceeded to

factor in secondorder interactions (i.esubsequentffects on a third targe) before
recalculating the relative degrees of influefmeeach targefThe authors conclude that,
among the 34 targets considered, those on climate change adaptation, energy efficiency,
effective institutions, womanods participation
greatest positive influences, while those on expbmsn developing countrieand

renewable energies can exert the greatest negative influences.
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Figure 1.6. Crossimpact 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 fom all other targets, respectively.Lower images show
network analysis performed using these values, including théighestscoring
synergies (lowerleft) 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 useddatacollected through expert elicitation darget
level relationshipgo perform network analysis, this time at the goal leUsling the
targetlevel interactions iderfied by ICSU and ISS(Q2015) the authors considered
each goal as a node in timetwork and determined edge weights by counting the
number of targets that link any two gaaBased on this, they next assesakdour of

the centrality metricdisted at the start of this sectioand ranked the 17 goals. Their
resuls showedthat SDG 4 (education occurredin the top three goals for three tbfe
four metrics, SDGs 2h{unge) and 7 (energy occurredin the top three goals for two
metrics andSDGs 6 ater and sanitatign9 (industry and infrastructuyeand 15 (ife

on lang occurredn the top three goals in omeetric.

Lusseau and Manciif2019)developed a networtsf SDG interactions (which they refer

t o as t he bassedws dtatistical oelateidships between pairs of indicdtes.
authorsusedthe outcomegbetavalues and standard errors) lofear mixed-effects
modelsbetween331 indicatorspairs spanning all 17 goal® construct their network,
and investigated singlemeasure of centralityrindings suggested that major traafés

are associated with goals olimate change, inequalities and responsible consumption
while synergies are associated with goals on poverty reductionaqgdalities This
process wasrepeated for subsets of countries based on their level of income,
demonstrating that this altersetlstructure of the sustainome. The authors fdsad
that the targelevel sustainome does not scale up to the goal level, whichotad
elsewhereis relevant to this thesis, whiagdonsidersSDG interactions with forests at

both of these levels.

Network analysigs a powerful tool for assessingdvisualising SDG interactions in a
systemic manner, however, as noted\gitz et al(2018) b e i n g updproddsspt t o m
its findings can only be as reliable as théormation that it is based uponThis is
especially true for analyses that consider higirder interactions, as confidence
surroundhg the strength or likelihoo@df an interactions likely to declhe with each
additional stepacross the networkThis underscores the importance of developing
robust techniques to identify individual (i.e. neystemic) interactions, so that
subsequent systemic investigatiocan be conducted with confidence amuovide
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
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context of this thesis (which focuses on a single outcémrests) is limited.
Nevertheless, inChapter5, under sectiorb.4 (Future work) | make a case for

employment of network analysis in this context, and suggest steps for doing so.

1.4. Beyond mapping interactionsi what next?

So far this introductionhasdescribed the importance ahderstandingynergies and
tradeoffs within the development agendand hagprovided examples of studies aiming

to do so However, from the perspective of those tasked with realising the SDGs (e.g.
politicians, development agencies eti.)s desirableo know whichinteractions are of
greatest relevance to their specific context, including the likelihood that a given
interaction will (or will not) occur,and the potential magnitude ofany associated
impact(s). With such knowledge, responsible parties will be betteipped to adjust
their development policies and interventicosas to avoid undesirable traolés and to
facilitate desirable synergies.

The most commdy encounteredyroup of methodsisedfor suchpurposs is what |

refer to collectively a ssystenic model®) including integrated assessment models,
system ginamics model, agentased modelssomputable general equilibrium models,

and inputoutput modelsamong othersFundamentally each of these methodgrks

by linking multiple features from ahole systenfor at least part of ith a quantitative

and dynamic way, so as to reflect how changes in one part of the system will manifest
as changes in another, includittgoughboth direct and indirect effectd.hesemodels

can contain elements pertaininggoconomics and trade, societal progrgsspulatiors

and demographi¢gechnology, land/resource use, and natural processes, among others
(e.g.seeHughes, 2001)Systems modellingechniquescan be applied atmostscales,

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 availabilitheintierent
variability of betweernvariable relationships at increasingly largalss(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 variouws/stem components viaobserved 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 itsei§uallyan
iterative process requmg fine-tuning of the equations linking system components (or
revision ofthe links themselves) following testing and validation basealserved
changeqZhang et al., 2016)0nce the final model is devgded, researchersan use
scenario analysis to explore how differemamponentsof the model reacfollowing
changes in others.

A relatively simple example ofystems modellingn the context othe SDGsis the

work of Engstrom et al(2019) who explored how efforts to achieve SDGs 7 (energy)

and 13 (climate changepuld affect goals 6 (water) and 15 (life on land) ispecific
Swedish municipalityThe authors used specialised planning software to akgass
optionsfor supplyingenergyto the municipality jincluding 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 aiméal achieve zero carbon emissions by 2030,

and quantified the predicted direct and indirect water and land impacts assadiated

each.

Focusing oncoastal Bangladeshlutton et al.(2018) made use of an established
integrated assessment modéhe( Delta Dyamic Integrated Emulator Model, or
D | E(Mazar et al.,, 2019)to assess future interactiobgtweeneconomic growth
(goal 8) poverty(goal 1) environmental degradatiggoals 14 and3), inequality(goal
10) and food productiorfgoal 2) Data andfunctionsfor the underlying model were
gathered from a range of sources, includamply®s of demographi@and economic
trends censusderivedpoverty indicatorsandhousehold surves(Nicholls et al., 2016)
andthe scenarios used in the model were developed through stakeboideitations
Among other conclusions, the authors repottagh potential for tradeoffs between

economic growth and natural resources.

Arguably the most sophisticated and ambitious systems modalahgrom an SDG
perspective and one that is endorsed by the UN Development PrograoiNeP,
2020) is the International Futures (IFs) integrated mdtkelghes, 2001)IFs contains
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12 submodels relating taagriculture, demographics, economics, education, energy,
environment, government finance, governance, health, infrastructure, international
politics and technologyFigure 1.7), and provides readily available data fod86
countries There have been a number of efforts to use IFs to explore possible SDG
interactions,jncluding thatof Moyer and Bohl(2019) who modelled three alternative
pathways (characterised by consumption change, decentralised solutions and
technological change) &chieving nine targets (spanning six goasid considered the
synergies and tradaffs likely to emerge from each. Among th@merous findings
from this work, was t he maximalpinaldonsideredc | us

targets will requireacombiration ofaspectgrom all three scenarios.

Systems modellingwhetherin the context ofSDG interactionsor otherwise,has a
number of important limitationsBy their very nature, systems models are complex,
which not only limits their overall reproducibility (specialised knowledgeissally
required to do so), but also their interpretatyilby endusers such as policymakers and
stakeholdergAlcamo and Henrichs, 2008Repoducibility of systems models mdge
further limited bydata availability, asyy designthey require data pertaining to a range

of different topics and sectorshich increases the likelihood that one or more sources
may be unavailable for those wishing apply an established model in a different
setting. Lastly, but ofio less importance, one must question dverall capability of
these models to realistically capturthe often subtle dynamics of highly complex
systemgNiet et al., 2022; Price and Keppo, 2017; van der Zwaan and Seebregts, 2004)
As with network analysis, anyissing elementsr wrong assumptions about the nature
of the linkages between two or more model components will be amplified throughout
the model, including in any feedback loopstimately produdng erroneous outputs
(Niet et al., 2022; van der Zwaan and Seebregts, 208d¢nario models are
undoubtedly useful, ipas 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 nesystemic methods before attempting more complex

analyses.
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Figure 1.7. Conceptual model showing sumodels 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. Researchgaps addressed in this thesis

The burgeoningoody of literature on SDG interactions hegurallycovered matterof

the environment sincehe field of enquiy began and examples have been provided
throughout this introductiarin some casesvork on the topic has been comprehensive
(e.g. Scharlemann et al., 2016)yoviding syntheses of evidence of environrammnan
interections that apply across the SDGs. Such work makegsat thatimpacts onthe
environmentarising from sustainable development are highly complex, involving both
synergies and tradeffs, and may vary according toontext, location and a range of
other factorgICSU, 2017; ICSU and ISSC, 2015; Scharlemann et al., 201.6)der to
distil suchcomplexty, and tohelp make it morereadily interpretable bgtakeholders,
policymakers and other relevant partigcanbe helpful toconsiderspecific aspcts of

the environmenindividually. To this endand for reasons explained in sectiof, the

focus of thishesisis forests.

As already alluded toin this chapter researchinghow matters of sustainable
development can affect forests is not a new line of enquiryyvamalusstudies, manyf
which pre-date the advent of the SDGs, hasansideredhe topic. Particularly well-
covered topics in this areainclude food production andnfrastructure expansion
(especially roads)which arecommonly associated witHamaging impactg¢Benhin,
2006; Laurance et al., 2015, 2014ndenergy provision andconomic growthwhich

can have mixed impacts depending on the context and other spgeispo Cuaresma
et al., 2017; Gibson et al., 2017; Tanner and Johnston, .2D&3pite such a wealth of
available informationon development and forestsnuch of this remaingpoorly
consolidated and there havebeenfewer efforts toanalyseand present this in the
specific context of the SD& 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 utiiityhelping toensure that
the topicof forest conservatioms adequately an@ppropriately considered by nias

seeking to achieve the SDGs

Thisis not to imply that there hdasen no effortn this areaat all howeverandsome
publications haveexplicitly considerechow achievingthe SDGs ould affect forests.

For exampleSwamy et al(2018)provided a rapid overview and qualitative assessment
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of the literature or8sDG-forest interactionsgiving examples of potential synergies and
tradeoffs in the process. Although informatiwege brevity and qualitative nature of this
work means that icould not cover the subjectfrom 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 relatwglicationsfor forests ofeach target,sa

well asthe goalsunder which they sitiemain unclearand the authors themselves note
the requirement for a more comprehensive and systematic considexftios topic.

The book by Katila et al. (2019) also consides, on a chapterby-chapterbasis, the
implications of achieving each SDG on foreatglthe people they supporilthough
comprehensive, thieook doesnot systematically consider all targets for each Sbas
doesit provide an overall synthesis of the impacts described to allow a comparison of
impacts within and between goals.

To complement and build upotine work of Swamy et al. (2018and Katila et al.

(2019) Chapter 2 of this thesis preseatsystematic reviewhat considers, on a target

by-target basis, the observed and anticipated impacts on forests of achieving the SDGs.

The intentionis thatthis work should provide a mostructured and methodical review

of the topic than the works that have precedgeithétuding byemphasisinghe variation

in potential impacts that exists between and within the individual .gAdttionally,
beyondindicating areas where existing knowledge and confidence atawgetlevel
impacts is goodwhich appears thave been the focus of earlier reviews of the topic,
this study makes a point of highlightitargets for which possible impacige less well
understoodindicaing wherefurther research is required. | see this as an important step
towards developing anore holistic picture of howrogress towardsichieving the
SDGscould affectforests, whichwill ultimately help to promote more fully integrated
development planning that considers the consequences for forests from all possible

angles.

At the goal levelthere appears to have beeneifortsto dateto quantitativelyassess
the links between achievement of the SDGs and matters of forest chiatypgst work
linking high-level metrics of sustainéb development tachanges in forestprovide
good reasasto expect that this would be a useful line of enquikgr examplehigher
scoring countries on thE N6 s Human Devel o,pwhiehncombihes d e x

measures of life expectancy, education and gross national income per icgpita

(HDI
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single metricCUNDP Human Development Report Office, 2028ave been showas
more likely to have lower levels of deforestatiam net forest gaingJha and Bawa,
2006; Kauppi et al., 2018)Given this finding,it is relevant to ask whether similar
relationships apply when examined through the lens ofSB&s andif so, to ask

which goak are most responsible for this.

In Chapter 3of this thesis | address thisesearchgap byconducting a quantitative,
exploratory analysis texaminegoatlevel relationshipbetweerthe SDGsandchanges

in forest cover. Looking at22 countries,| follow De Neve and Sachs (2020 using
countrylevel SDGI scores (as well as calculated chamgélese scores) as predictors

of forest changéetween 2017 and 202@nd use appropriate methods (given high
multicollinearity between the goals) to determine the relative importance aflezlsb

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 th&Sh terms of

their influence on forest coverhe intention behind this work is that it shogkimulate
thinking, dialogue and further research across the major sectors and thematic areas

represented within the SD@E8s order to better integrate mattefdorest conservation.

Examples ofsystemic modelghat have included a componentfonestsare numerouys
includingas ameansto predictchangs in a system componenther than forestge.g.
climateor the economye.g.Eriksson, 2015; Rogelj etl., 2018), or wherethe specific
purpose is tredictchangs in the forest itself (e.gsee den Herder et al. (2014) for a
review) In the case of the latter, which is most relevant to this thasmymber of
reviews, critiques and model comparisonavdr been publishedproviding useful
insights intothe general utility and limitations dfiesemethodsfor usefully informing
forestrelevant policy decisions. While most sources generally agree thieese
approaches havaroadutility, and thattheir robustness contieg toimprove with time
theyinvariablyall also describe important limitationshich largelyalign with those for

systems model applications in other contexts

Acknowledgedlimitations of systenic modelsas a toolto inform forest policy and
decisioamaking include an inherent traew&f between model complexity and

robustness of the results obtain€astro et al., 2018Models with reduced complexity
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may fail to integrate all relevant sectors (often instead focusing on aispeaf e.g.
energy), which will limit robustnesgAggestam and Wolfslehner, 201&8onversely,
with increasing complexity comes reduced interpretability, which has been noted as a
common concern among stakeholders wmighto make decisions based on model
outputs(Castro and Lechthaler, 2022; den Herder et al., 204#)forest modelling
tools inheently rest on assumptions of one form or anotteerexampleaboutthe ways
thathumanswill behave at a future tim{@rubins et al., 2019andtheseassumptios, if
incorrect,will inevitably lead to errors in the wider mod@iggestam and Wolfslehner,
2018; den Herder et al., 201%york comparing models that differ in their assumptions
and/orcompositionhas shown that small changes can notalitigr themodel outputs
(Blujdea et al., 2021; Schmitz et al., 201#hichagain raises questiaver the level of
faith that should be pladeinto such models for informing decisionaking around

important subjects.

Collectively, these viewpoints highlight a need (especially amongspeaialist
stakeholders) for ra easyto-interpretmethod of evaluating the potential impacts on
forests of anticipated development changes, which rests on as few assuraptions
possibleIn Chapter 4 of thishesis,l presenta novelframework forassessing how the
anticipateddevelopment trajectorgf a given county could interact withmatters of
forest conservatignand demonstratés application using dataelating to 24 SDG
targets acrosd8 tropical countriesThis assessment framewoik straightforwardto

apply andinterpret,anduses data that is reaglivailable for most coungs, meaning

thatit can bereplicated in a standard mannknportantly, themethoddoes not rest on
assumptions thata change in a given aspect of the development agevitiabe
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 forestsly hope isthat this framework wilhelp overcome somef

the shortcomings of systemic approaches to anticipating changes in forests, and will
help usersto confidently considerhow imminent progress towards achieving the SDGs

could affectforests and to act accordingly.



Chapter 1. Introduction 43

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 numerosa governmental and nagjovernmental agencigs$o
seeksolutionsto theproblem 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 taternational, yein many casethis knowledg alonehas

provedinsufficient toresult in meaningful change.

At the root of this problenms the fact that conserving forests (along with other natural
ecosystems) is only orad a great many desirable outcomes that human societies seek

to achievenot all of which aremutually compatiblf c o mmon | y t-cdfsgmed 6
However,in somecasea two desirable outcomes may actively support or facilitate each

ot her ( comnsoynn eyr gtieersnbe)d. Ol odteomesith&typresengtradee s i r
offs and synergies with the conservation of forests,saldequentlynitigating against

the former whilepromoting 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 t he UNOGs S [2xXpkcitlypemmeddeddee d a
consevation of natural systems among other development goals and targets.
Fundamental to the SDGs is the notion that their constituent goals and shi@dtsbe
treated as unified whagldgaking into accounthe factthat interactions(synergies and
tradeoffs) can occurbetweenthe SDGs andtheir targets which can either help or
hinder the mutual achievement of goals/targets in questrile the theory behind
these interactions is relatively straightforward, in practice the SDGs provide no
guidane on their nature, nor on how to identify thefBennich 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 conducatdnultiple levels, ranging
from assessments of thematicaisouped sets of goale.§.social andenvironmental

goals(Scherer et al., 2018)through assessments at the goal level (2eggNeve and
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Sachs, 2020Q)to assessments at the tafigelicator level. Assessmentsave applied a
range of techniques and coveradariety of focal themege.g. subjective welbeing,
energy, sanitation and so Qryet assessments fodng specificallyon environmental
outcomes(including forests)have beerrelatively few in numberConcerning forests
specifically, past assessment$ imnpacts associated withchievement othe SDGs
includeSwamy et al. (2018ndKatila et al. (2019)both of whom provide qualitative
assessmentsf the ways in which achievement of the SD@sild potentially affect
forests.However,neither of these works attengptto summarise impacts at the target
level, nor toassess relationships statisticalyndin Chapters 2 and 3 of this thesis

explicitly address these research gaps.

Having identifiedpotential synergies and tradffs among the SDGs and their targets, a
logical next step is tassess where and to what extent these are likelyataifest

which can allowgovernments and planning agencies to act accordifighdate,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 polidg.
Chapter4 of thisthesis,| present a conceptual framework that provides a simmtric
designed to convey thmotentialrisks, opportunities and enabling conditions ttrtld

affect forests as a result & ¢ o u artigipgtédsdevelopment tesgtory, and
demonstrate its applicatiarsing data fod8 tropical countries

This thesis is motivated by an urgent need to assess, synthesize and better communicate
the nature of interactions between 8l@Gsand matters of forest conservatiamorder

to facilitate the successful achievement of botfhe work presented in the fiolwing

chaptes builds upon an extensive body of research the topics of sustainable
development and forest conservation, but provides novelty by investigia¢ingxus of

both topics through the application of appropriate methods and techmienerskefore

used in this camxt. 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 -efficaemtl

harmoniously.
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1.7. Aims and Objectives

The aim of this research is to provide@mprehensivassessment of the roles tliag¢

SDGs and their constituent targets play in shaping the dynamics of deforestation and
forest degradatiorincluding an assessmeaot where these interactiortould be most
impactful across the tropicsTo achieve thisChaptes 1, 2 and 3of this thesiseach
investigateone overarching research quest{trio 3 below}hrough the achievement of

associated objectivéa toi below), as follows:

1. Which nonrenvironmental SDG targets are associated with impatferests,
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, lefitial 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 tl8DGsrelate to changes in forest cover globally,

and whichgoak aremost important irshaping this relationship

d. Regressationatlevel measures of forest cover change against measures of
(i) levels of achievement inall SDGs and (ii) recent progress towards
achievingall SDGs to assess the relationships, includingghymificance of

theinteraction betweehoth predictes.

e. Apply novel techniques to determine the relative contributions of each

individual SDGin 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 relatmpdrtance of each group (i.e.
theme) in shaping changes in forest cover varies between major regions of

the world

3. Based on findings frommesearchquestionl (objectives a to cpabove, which
SDG targets might we expect to result in risks, opportunities or enabling

conditions forthe conservation of tropical forests in the sheotmedium term?

g. Collate evidence on nationkvel drivers of deforestation and forest
degradation foselected tropical countries, ande these data to identify
the SDG targets that are most relevant to ongoing or emerging threats to

forests.

h. For those SDG targets identified throughjective g, use appropriate
indicator data and other resources$sess (i) the potential magnitude of
any impacts on forests that may arise through progress towards their

achievement, and (ii) the likelihood that progress agtiur.

i. Use findings from objectives g andd compare (between countries and
regiong the relative risks, opportunities and enabling conditions for

forests that are likely to emerge as a restiprogress towards the SDGs.
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Abstract

Successful gstainable developmenitill require knowledge of trad®effs and synergies
between environmental and renvironmental goals and targets. Understanding the
ways in which positive progress in matters of development not directly concerned with
the environment can affect the natural environmehether 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 imgacf 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 omoiform 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 sdcigrogress and welbeing, 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 twar 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, develampnagencies and policymakers.

2.1. Introduction

Achieving universal welbeing 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 presemtadeoffs 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 conservatio
DevelopmentGoals (SDGs)(Figure 2.1) and their 169 constituent targets, which

comprise a detailed, sectspecific breakdown of the current development agenda,
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provide a policyrelevant framework through which to explore such complexities.
Indeed, shortly after puldation of the SDGsNilsson 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 sisperréded to this

call, including Pradtan et al. (2017)who assessed synergies and traffe between
SDGs at the level of goal, ai8therer et al. (2018yvho analyseé interactionshetween
selected social and environmental goals. In the following review, we aim to contribute
to this growing field of research by assessingitingacts of meeting neanvironmental

SDG targets on forest ecosystenfifis work responds to research questib of this
thesis, which asks "which neanvironmental 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 thegjard, 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 timbetp help meet their need&AO, 2018) Although the

roles that forests can play in helping to achieve-@avironmental targets are relatively
well understood(FAO, 2018; Scharlemann et al., 201@his is often less so ffo
interactions occurring in the opposite directi&atila et al. (2019pescribe impacts of

the SDGs orboth 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 twan mgaestions: (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, makingmparisons 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 repgnesentional (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 umefuesearch efforts. Finally, we

summarise the key implications of our findings.
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Figure 2.1. The 17 UN Sustainable Development Goals (SDG8)umbers 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 pemriewed 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 ther-Agency and Expert Group in Sustainable
Development Goal Indicators (2016%earches did not include terms frorb@&s
considered environmental (Goals 12, 13, 14 andB&hgtsson et al., 2018; Waage et

al., 2015) nor from targets from the remaining goals thateham environmental focus
(Figure22a) . We also did not include te+ms f
cut ti ng 6 e.containirgtelements pertaining to all other g@élsage 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 O5
plantations(MacDicken, 2013) in practice few ppers 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 structwere excluded. The definition of impacts on
forests (hereafter o6i mpactsdé) was | eft i
of interactions. Types of impact included any changes in forest size, structure or
composition (including changes in nplant 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
impact recorded was classified as eitlted a magi ng 6, Obeneficia
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.gnthaknowledged 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 consideretbw confidencgimpacts based on firsiand 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 consitiresbnfidence and
impacts based on direct observation of forest chamg@ng from progress made

towards a given target were considenégh 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
cakegory. In cases where the best evidence comprised two or more impacts with

di fferent directions and the same | evel of

given.

While conducting our searches we earmarked papers that made reference to impacts
associadd 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 canponent 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 withpotentially beneficial, damaging and mixed impacts, respectively, of which
36 have a high level of associated fadence and 27 a low level (Figuz2). No

impacts were identified for 41 targets, and although these receive little attention in the
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remainde 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, igcludin
how the predominant directions of tardgevel 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 (s8ytion 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 Tdabl@ppendixA), which

provides a breakdown of findings for all targets.
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2.3.1. Variation in impacts within and between SDGs

Almost d 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) ab@l (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 46s ten targets were i dentifi
beneficial. Empirical observation&odoy et al., 1998; Godoy ar@ontreras, 2001)
suggest that improving access to all levels of education, including froqriprary to
university (targets 4,14.2 and 4.3, all high confidence) can result in a reduced tendency
to clear forests. Mechanisms by which this occurs ateatways 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 tecesitpechnologies 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
GutiérrezVélez et al.,, 201)); or i n an i ncreased awal
environmental movemer({Burns et al., 1994; EhrhartMartinez, 1998; Godoy et al.,

1998; Godoy and Contreras, 200Tpargets relating to technical and vocational skills

for employment (4.4), gender disfiges in education (4.5) and literacy and numeracy
(4.6) are also all suggested as having potentially beneficial impacts on {érestsl et

al., 2011; Getahun et al.027; Singh et al., 2017although 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) and8.b (beneficial, low confidence), which are all concerned with
increasing [offfarm] employment, are thought to have important implications for
reducing encroachment into foregngelsen and Kimowitz, 2001; ParéRamos et

al., 2008; Schmook and Radel, 2008)
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Four of SDG 56s nine targets were identified
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, lowconfidence), 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 heedtte services and family planning), and the
overarching sugestion 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 res@Brgast et al., 2009;
Starbird et al., 206; Wan et al., 2011We 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 denisiking) was
evaluated as mixed overdhigh 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 deemigking bodies
related to forests, and henprovides 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 befigal, 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 adprcan 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 rag@animously that progress towards
achieving these targets is potentially highly beneficial for successful forest conservation
(Assa, 2018; Ifrani and Nuayati, 2017; Koyuncu and Yilmaz, 2009; Tegegne et al.,
2016) Although much of this literature on these topics is of a theoretical natureaonly
few empirical records meant both were assessed with dogfidence Targets 16.1
(reduce violence) and theelated 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, neiging consideration of a multitude of factors. For
example, while ending a conflict may alleviate forest pressures relating to displaced
peoples(Ordway, 205), armed groups residing in foresSackoney et al., 2014)
exploitation of resources to supply funds to armed gr@dpsnston, 2004and/or the
breakdown of the rule of law, it may concurrently allfor other damaging activities to
begin or resume, including agricultural expans(Murillo-Sandoval et al., 202@)r
increased exploitation of forest resources from formerly hostile environrf@rdway,

2015) Target 16.4 (reduce organized crime) was assessed as having potentially
damaging impacts (high confidence), with all empirical records pertainieffads to
combat cocassociated 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 gnéwéir
damaging activities elsewhere or switching to agricultural practices that are more
damaging themselvg®radley and Millington, 2008; RincéRuiz 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 deeisaking) and
16.10 (qublic access to information) (all beneficial, low confidence) are all thought to
have mediating effects on other targets, particularly those relating to law enforcement

and corruptior{Ceddia et al., 2014; Jorgenson and Burns, 2007; Suwarno et al., 2015)

SDGs 9 and 11 have five and four targets, respectively, with identified isnpeith

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 areéBoyle and Havlick, 2009) Regarding roads, there is good
evidence to suggest that roads designed to boost access to margets9( high
confidence) are especially damagiierz et al., 2008 Despite this, occasional records
suggest potentially mixed or even beneficial impacts of r@ddszan, 202Q)but such
evidence is relatively weak. Possible exceptions to this include the process of
industrialisation (target 9.2: mixed, high confidence), which, although aefisaciated

with damaging impacts due to infrastructure, industrial pollution and influxes of
workers (De Castro et al.,, 2017xan result in agricultural abandonment leading to

forest expansiofParésRamos et al., 2008Yhe 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 declinélsim et al., 2017; Wheeler et al., 2018)ough

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 us@oteete and Welch, 2004Although 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; Valenegandoval et al., 2010However, few robust empirical
observations to support this suggestion were encountered in this review, and one study
(Feintrenie and Levang, 201%lggests that in some cases locanmunities may

favour development over forest conservation.

Four of SDG 26s (end hunger and increase
having forest impacts. Targets 2.1 (end hunger) and 2.2 (end malnutrition) had largely
overlapping recordsand were both evaluated as beneficial (high confidence). Despite
some (norempirical) suggestions (often pertaining to agricultural expansion) of
potentially damaging or mixed impacts from these targets, final evaluations were based
on a single empiricatecord of a food aid program in Ethiopia which demonstrably
reduced the need for agricultural expans{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 f(ifegis et al., 2016;
Shively and Pagiola, 2004)ecords largely reported damaging impacts associated with
agricultural expansion and irrigation schenfiBglanger and Grenier, 2002; Franks et

al., 2017) Target 2.a (investment into agriculture) was evaluated asdn(ixgh
confidence). Records for this target all relate to agricultural technologies, a topic
comprehensively reviewed b#ngelsen and Kaimowit£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 chages occur away from forested locations and attract workers that

would otherwise engage in foresamaging activities.

f ood
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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 impdcscores were converted to their equivalent negative values)(D4,-

0.1 or-1) and mixed impact scores divided by faod one resulting half converted to

its negative equivalent (e.g. a mixed record with high associated confidence would
result in two values: 0.5 aned.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 reaa®falows.

Firstly, achievement of a particular target may have genuinely mixeakciisidepending

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 ghaswee 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;
NaughtonTreves and Wendland, 2014; Tess 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, draing factors are thought to include: the relative
stage of economic developmé@irespo Cuaresma et al., 201&lthough this remains a
topic of much debat€Choumert et al., 2018)the nature of the economy (closed vs.
widely trading) (Foster and Rosenzweig, 2008nd levels of income inequalifioop

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 mixedpacts contribute equally to
positive and negative values.

Second, a targetdés i mpact may vary in di
to how it might be addressed. We note, for example, that records collected for targets
7.1 (access to affdable, 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 largeale energy generation plants (predominantly
hydroelectric scemes(Jolli, 2012; Urruth et al., 2017)knd to a lesser extent other

renewable energies such as solar, Wiaibson et al., 2017gnd geothermgIShortall et

rect
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al., 2015), which are typically damagin{Gibson et al., 2017)to papers lookingt

clean fuel options, including househd&yel 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 thetipbten
reduce the exploitation of forests for fué@lgarwala et al., 2017; Dresen et al., 2014;
Meeks et al., 2019)Though the example above implies that decisi@kers working

on such targets can simply chedke 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 @pecific 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 méd impacts associated with reducing economic shocks
(Chibwana et al., 2013; Klepeis andnce, 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%imilarly, target 1.2 calls for the
reduction of poverty according to oOnati
beyond this. Our assessment bisttarget, therefore, being unable to explore all
national definitions, included factors spanning wedhlix -Garcia et al., 2013and
household asse(flukpitiya and Yanagida, 2008among others, which in pakplains

the mixed (high confidence) impacts identified.

2.3.3. Knowledge-bias among targetlevel 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 rec@rdagcess

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 ofdtawecords).

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 trat [z@ticularly
poorly researched include matters of health (SDG 3), betwaeth withincountry
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, ats8ol 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. Potentiy 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 resourcéde Jong et al., 2010put we note that this is not well
substantiated, and that otherdings have shown a negative correlation between child
mortality and deforestatiofRedo et al., 2012)Nevertheless, this underscores the
importance of family planning (targets 3.7 and 5.6) in helping to mitigate population
related impactgBryant et al., 2009; Starbird et al., 2016; Wan et al., 200/ also

found damaging impacts amg from vegetation removal used to control tsetse flies
(Nash, 1948)and onchocerciasi¢Baldry et al., 1995) although such impacts are
unlikely to be commonplace. Beficial 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 confidencégarwala et al., 2017; Bensch and
Peters, 2013; Dresen et al., 2Q1the beneficial landise implications associated with
reduced tobacco cultivatiofdew 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) carrong people's perceptions of

conservation activities, where the two are integré@vhpman et al2015)

Records associated with SDG 10 (reduced inequality), all but one of which have low
confidence, include the suggestion that reducing both economic inequAnasrsson

and Agrawal, 2011; Koop and Tole, 20Q1arget 10.1: mixed, high confidence) and
social inequalities (target 10.2: beneficial, low confidence) (in particular, inequalities
between ethnic groupgMatin et al., 2014) are important factors in minimizing
negative effects on forest@Matin et al.,, 2014) We acknowledge, however, that
Andersson and Agrawal (2006)sted the relationship between wealth inequality and

three forest condition variables at the betweeuantry level and found no relationships.
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Urban to rural migration, tluding 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 foréktisgo, 2008) though this
assumption dae 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 al® 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 cor(éssan 2018)

FDI can potentially be damaging when used for primary industries, but may facilitate
forest transitions (i.e. a change from net forest loss togam) when nofLi et al.,
2017)

Concerning SDG 6, ipacts associated with water infrastructure (e.g. dams, treatment
plants, pipelines) can be damagi(@enfield et al., 2005; Doyle and Havlick, 2009;
Perry and Praskievicz, 2017put can often be avoided with appropriate planning
(Maughn and Harris, 2009 ther 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
forestdamaging pollution (to which manmgres are particularly vulnerable)
(Rakotomavo et al., 2018; Yim and Tam, 19980d that improvements in watgse
efficiency (target 6.4: beneficial, low confidence) will help ameliorate impacts to
hydrological systems (which can affect forests) that result fromexteaction 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 qwooViddéecasealkt assessehe impacteahachievingc h
specific development targets. Our review identified 55 sources that specifically

considered the impacts of development interventions (which could be readily linked to



80 Chapter 2. Anticipated impacts of achieving SDG targets on forastsview

SDG targets) on forests. Intervention types were predamtijnlargescale 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'lvoire and Mali) and the paving/complefithe Inter
Oceanic Highway 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 theepseetor) 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@radication 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 Piojetudan); 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; andrtivésion of

food aid in Ethiopia.

From the 55 sourcesve 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 recalculafed 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.

Possiblereasons 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, ¢ingb)
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
interventbns 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)
positiveimpacts, 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 eade comparednformation compiled by AidDatéSethi et

al., 2017)on Official Devdopment 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, dlso see some notable mismatches. For
example, SDG 16 (peace, justice and strong institutievisrhis 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 inghivork, 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&lYorecords 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 relativelydangants 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 bidioh,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 norenvironmental targets may interact to result in forest impacts, and
which highlight an additional layer of complexity in this topic. A rexihaustive lisof

such interactions is provided in Taldd. 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 mediategpdated

impacts of a second) or synergistic (i.e. achievement of two or more targets results in



82 Chapter 2. Anticipated impacts of achieving SDG targets on forastsview

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 facilitatingnediating 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 considerssiljly 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
understod, 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 invastigat
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 6unknownd i nlagimi s wor k n
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 pdtedgalffs

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 studiss acrange 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 intertarget interactions with implications for forests.

Interaction : : Expected direction
Goals or targets involved Impact mechanism )
type of impact
16.10(Ensure public access to Greater access to information, in particular through freedom of the pr
information) helps to expose and reduce corruptiéhrhardtMartinez et al., 2002) Beneficial
. . Corruptionis a key determinant of forests Ig€ommer, 2017)

16.5(Reduce corruption and bribery)
16.1(End violence and related deaths) Cessation of war and conflict is typically required for land rights to be
1.4 (Equal rights to ownership and :iech(;gr;::cr(r(]jiie%rﬁrr]no;cc:,s i(:llé)rr;c;rtzasmg local and individual land Mixed
control over land and property) 9 P '
SDG 4(Access to education and Increasing levels of education allows individuals a more diverse rang
learning opportunities) job options, including noagricultural employment, resulting in less Beneficial

Facilitatin _ i i i eneficia

g 8.3 (Promote job creation and encroachment of agriculture into fore@aland et al., 2006)

entrepreneurship)
11.3(Inclusive and sustainable Evidence suggests that urban households are more likely to use mor
urbanization) modern, and less foredegrading fuel typegDeFries and Pandey, 2010 Beneficial
7.1(Access to modern energy services
9.3 (access to markets and financial | Access to credit provides the capital required for farmers to expand
services, including credit) agricultural operations into new areas, but can also allow investment Mixed

2.3(Double agricultural productivity)

new technadgies that promote intensificati¢Angelsen and Kaimowitz,
2001)
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Table 2.1.(Continued from previous page).

Interaction : : Expected direction
Goals or targets involved Impact mechanism )
type of impact
16.6(effective, accountable and Effective governance can help mitigate the negative impacts that ofte
transparent institutions) arise from foreign direct investmef#ssa, 2018) .
Beneficial
10.b(increase official development
o assistance and foreign direct investme
Mediating
10.1(Achieve incountry wealth Some evidence to suggest that reducing wealth inequalities can have
equality) mediating effect on the damaging aspects of economic gi¢tethp and o
_ ' _ Tole, 2001) Beneficial
8.1 (Sustain per capita economic '
growth)
8.9 (Promote sustainable tourism) Tourism typically requires increased infrastructure, and better
Synergistic infrastructure attracts more tourists. Damaging impacts of both are lik Damaging

9.1 (Develop infrastructure)

to be greater in combination than in isolat{@aughan et al., 2009)
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Gaining a deeper understanding of muiétrget interactions will be especially useful for
developing integrated approaches to achievingermnronmental development without
jeopardising the environment. Numerous multivariate studies Qesgpo Cuaresma et

al., 2017; Koop and Tole, 2001; Wang et al., 20di8)e 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 -lenaadro
analyses that can fail to (a) identify forestgdadation, 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
locatlevel measures of changes in a rangedevelopment indicators with ehe

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 interacticare likely to exist. As such, we
recommend similar targég¢vel reviews to this ont® investigate other ecosystem types.

In particular, work focusing on marine and coastal systems, wetlands, mountains and
drylands, which are all mentioned in the SDG&s(Inter-rAgency and Expert Group

in Sustainable Development Goal Indicators, 204bduld be seen as priorities.

2.5.2. Implications for policymakers and development agencies

Institutions seeking to help achieve one or more-@mvironmental SDG targets must
remain aware of the implications of their actions for natbralogical 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 partifuta SDG 16) are of great
importance in determining the consequential impattdevelopment progress. While

for some forms of development, such as those relating to infrastructure or agriculture,
avoiding negative environmental impacts presents a sggnhinge 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 suppasirenmental awareness and a

diverse job market in the neagricultural 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 \aiN 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 wonmanyvell 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 evidenbere 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 irnitardlly or otherwise) welenforced
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 dacefisideration 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 environmdrdamage.

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 taet
provide indirect benefits. A lonrterm 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 abisease
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 capitpbsethe types

of crosstarget interactions described in this wdMilsson 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 obviouseatbeal

dialogues, sth 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
crosssectoral synergies and traadfs, 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 neenvironmental UN Sustainable Development Goals (SDGs) are
associated with changes in forest cover can facilitateipative measures that mitigate
against forestlamaging activities and facilitate mutually beneficial development
pathways. We use open access data for 122 countries to explore the relationships
between achievement of the SDGs a&hdnges in forest cover between 2017 and 2020

at global andegioral 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 goak 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 negativelyand this may bef particularconcernin countries with

lower pre-existing levels ofdevelopmentin this case, goals on economagd climate
change mitigation appear to play the most importantsrdteterogeneity in our
regionatlevel 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 measamd avenues for future

research.

3.1. Introduction

This chapter responds to research question 2 of this thesis, which asks "How does
achievement of thé&Jnited Nations Sustainable Development Go&8BEG9 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, farests
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 evel-ighadla
attempt to explore the empirical relationships between achievement of the SDGs and

changes in forest cover, and to identify
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grouped goals with similar focal topics) are most closely associated witt fosees 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 SDG$§United Nations, 2015)stresses the importance of
interlinkages (now more commonly referred to as interactions) between the goals.
Implicit in this is the notiorthat 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. presenoffadNilsson et al.,

2016) Degpite stressing the importance of these interactions, the supporting
documentation of the SDGs provides no guidance on their n@earmich et al., 2020)

which has since motivated a growifigld of inquiry to explore ananap interactions
between the SDG4dt 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 achievirgggoal or target might hinder progress in anotfiditsson et

al., 2016)

Waage et al. (2015who were among the first to consider SDG interactions, grouped
the SDGs into three broad categories; those relating tebegly, 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 ifrastructure 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 ifsaet¢oral dialogue and
careful planing does not take into account the links between the environmental and
nonenvironmental aspects of the SDGs, but have also highlighted the potential for
synergies that could benefit the natural environnfEleisserli et al., 2019; Schleicher et

al., 2018 Tiba and Frikha, 2019)Numerous studies have highlighted how a healthy

natural environment can facilitate acheevent ofnonenvironmental aspects of the
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SDGs (Omisore, 2018; Scharlemann et al., 2020; Weitz et al., 20E)relatively
fewer have condered this from the reverse perspective, examining the consequences of
attaining norenvironmental SDGs for the natural environment. In this work, we seek to

address this imbalance.

We focus specifically on forests, a critical ecosystem whose conseryaéeents one

of the most pressing of (IPB&ES a0lF)Between 20L0r o n m
and 2020, the worl dobés forests shrunk by
per year(FAO and UNEP, 2020)However, this decline has beggograpfcally

unequal, withrates of forest loss slowing or even reversing in some countries in recent
years, while increasing in othgiiSAO and UNEP, 2020; IPBES, 201%orests receive

notable attention within the SDGs, with targets 6.6, 15.1 and 15.2 afigcédr their
conservation and restoration, and indica
area as a proportion of total | an(hterar e ad
Agency and Expert Group in Sustainable Development Goal lods;a2016) Forest
conservation will be key to achieving a number of SDGs, including those relating to
climate, water, health and economic growth, among oil8ager et al., 2019gand so
understanding the factors that help prevent and reverse fores$ lessential not only

for achieving t he SDGO s environment al
environmental components that they support.

Past research provides support for the idea that matters of human development can
underpin the drivers of both fest losses and gains. The workJba and Bawa (2006)

for example, showed that higher | evels o
Development Index, are associated with lower levels of deforestation. Given the
importance of the SDGs in shaping thevelopment 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 whichesgic 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 anothdCarr et al., 2021; Katila et al., 2019yet
understanding of these relationshipsiisch better in some cases than in otlj€esr 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 obsivimpacts 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 acl@ment of the various SDGs can affect forests are
numerous and often complex, although some commonly described processes can be
identified from past literature. Traddfs for forests can occur, for example, where
forestlands are converted for alternatpugrposes, such as for agriculture (relevant to
SDG 2)(Laurance et al., 2014r the development of new infrastructure (relevant to
several SDGs, including those on energy, industry and houddayle and Havlick,

2009; Laurance et al., 2013) some asect 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 leveldRodrigue and Soumonni, 2014lore subtle tradeffs can occur

if achievement of (or progress towards) some component of the SDGs increases
desire/ability to procure forest resourc@spducts,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 (SD@GALR)

Garcia et al.,, 2013; Wunder, 20p1pr where formerly inamessible areas become
accessible, perhaps following infrastructure improvements (SD(&jrance et al.,
2009)or the cessation of conflict (SDG 1@)urillo-Sandoval et al., 2020)

Synergies for forests may occur where high levels dependence on fatesilaforest
resources are reduced. At the subsistence level, examples could include improvements
in access to energy (SDG 7) leading to a reduced dependence obasmut fuels
(Tanner and Johnston, 2018y reduced poverty (SDG 1) reducing the neeldaiwvest

forest products in times of severe hardskipelacote, 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 foresdamaging activities, such as agriculture, to provide their
livelihoods (Godoy and Contreras, 2001; Kaimowitz and Angelsen, 199)ergies

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; Sundstrom, 200&re 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 decimaking powers become
more inclusive (components of SDGs 5, 10 and 16), beneficiaries may face a choice of
either conserving oexploiting forests, and there is no guarantee that they will choose
the former over the lattefNaughtonTreves and Wendland, 2014; Villamor et al.,
2014)

The above examples are not exhaustive, yet they serve to illustrate two key points.
Firstly, we se 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 outcomeevident A second key feature to notetrsat

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 througbrtivessesfactually
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 corsudier

aspects.

In the context of forest change, most work to date pertaining to developahed
impacts haseenfocused 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/indicatctevel analyses are helpful in identifying highly specific
interactions ad informing possible interventions, gdalel analyses can help to
stimulate thinking, dialogue and further research that promotes sound governance of
whole thematic areg®e Neve and Sachs, 2020; Lusseau and Mancini, 281iely
underlying reasonor the relative dearth of assessments of-ggad| 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 hich 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 (SDG) (Sachs et al., 2021The 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
of goal or above. The nature of the SDGI is such that it can be readily compared

between countries, goals andi@ars In a recent papeDe Neve and Sachs (2020)

used the SDGI to assess how levels of attainment in each of the SDGs is associated with
subjedive well-being (finding positive relationships in most cases). In plaiger,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 affagiten
outcome of interest is the high degree of multicollinearity that exists between many of
the goals (sedlethods andAppendix 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, ¢here ar
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 (€anidandel and
LeBreton, 2011)

In our exploration of the empirical relationships between achievement of the SDGs and
changes in forest coveawre specifically seek to answer the following research questions:

() 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®ur hope is that the work will stimulate thought,

discussion and further research on the focal topic, and ultimately contribute to a

averoc
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widespead 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 questicstatedabove we analysed secondary, quantitative
data fromthreewell-established source$Ve considered a total df22 countriesand
the inclusion criteriausedestablish the list of countries includede providedn the
following paragraphs

To compare changes in forest cover at a national level, several datasets are made freely
available, and each ha 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 compartmderive 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 countgyel data are selieported, 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 definitis 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, 20Nesha et al., 2031

Since 2013, the data hosted on the website GlobasFuvatch (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 raaystusing 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 1Qyear periods; 2000 to 2010, and1P0to 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 valubloreover the 10year 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 dimguish 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 iprovides annual measures of net forest chahgeare consistent in their
underlying methodology, accowfor both deforestation and forest degradation, iand
better able to distinguish between forests and plantations. However, these data pertain

exclusvely to tropical moist forests, and as such, only provides data for 54 countries.

Because our intention was to conduct a global analysis, the Vancetsal. data were
deemedhot suitable for our purposes, and we instead chose to use both the &ERA

the GFW dataas individual response varialde repeating all analysessing both
datasets separatelin the case of th&FRA das, we calcul ateetdd each col
change inforest cover between the years 2017 and 2020, expressed as percentage
changeof its total percentagdorest cover in 2017 In the case of th6&FW data we

cal cul at ed e aashoftreeccaval(tvith a éasopyt density $30%etween

the sameperiod, again expressed apercentagehange inotal cover in 2017In this

case, to derive th2017 valuesagainst which to compare changes subtractedotal

tree cover loss during the preceding years (2010 to 2048) thetotal forest cover
values for the year 2018ecause thsecalculatiors do not account foforest gainspur
estimates of percentage tree cover losses/ be overestimates in some cases.
Moreover, thesgaluesshould not be treated asreeasure of net forest changéhichis
theintention behind our use tiie GFRA dataet.We excluded countries with less than

10% forest cover in 201{based on the GFRA dajas wefeel it is reasonableot
assume thathanges in a giveBDG would have less relevance to forestscountries

with little or noforest to begin with
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As shown in Figure 3.1the differing nature of outwo response variabéds such that
valuesderivedfrom the GFRA daténcludecases of both ndébsses and gaina forest
cover, while those derivefdom the GFW dataontain measures tifee covetossonly.
When interpretingur results, therefore, readers should keep in riatnegativeand
positive coefficients irthe case of the GFW data are iratice of lower and greater
levels of tree cover loss, respigely, but in the case of the GFRA data, negative
coefficientscan be indicative of greater levels fofest lossas well as lower levels of
forest gains, while positive coefficients can be indicativiewer levels of forest loss as

well ashigher levels ofdrest gains.

Forest cover
change (%)

-
0.5

Tree cover
loss (%)

>

Figure 3.1. Percentage net change in forest covéiased on GFRA data(above) and
percentage tree cover losbased on GFW data(below) between 2017 to 202¢or

the 122 countries included in this work. Countries not included are shown in grey.
Sour ce: Aut hords own WwWAO® RO2D and kElahseroet al.d at a
(2013)

All predictors were based on data underlying dffeeial SustainableDevelopment
Reports of 2014Sachs etl., 2017)and 2020(Sachs et al., 2020which track the
performance of all 193 UN Member States on th&D5s. These assessments employ

the Sustainable Development Goal Index (SDGI), which synthesises data from a suite of
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indicators, and summarisesshe i n ter ms of status and recent

trackd to o6decreasing6). To allow direct
years, the SDGI applies a normalisation process which standardises each indicator using
a scale from zero (worgiossible) 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

metricof achieement 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 yeari¢h wie SDGI began to provide
disaggregated assessments to reflect the individual goals) and 2020 (the most recent
year for whichGFRA forest data were available), which were also used as predictors.
Values for all predictors used are shown in FigBufe 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 altigeal analyses, we

did not include data for goal 14 (life below waterhigh 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 crassgting, and contains elements pertaining to

all other goals(Waage et al., 2015)We excluded &lcountries with SDGI values

missing for two or more goals.

com
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Figure 3.2. Maps depicting national values of all predictors used irthis 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.

Goal 4
(Education)
change
2017-2020

. 30
20
10
0

i -10

Goal 5
(Gender)
2017 scores

! 80
70
60
50

40
. 30

Goal 5
(Gender)
change
2017-2020

5

. -10

Goal 6
(Water)
2017 scores

80

60

.40

Goal 6

(Water)

change
2017-2020

. 0
10

-20

- -30




Chapter 3.Synergies and tradeffs between forests and the Sustainable Development Goals

112

Figure 3.2. Continued fromprevious 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 chandesest 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 scoreer@/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 raryrtBast 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. Tiysianalong with

all others, was run in R version 4.¢R Core Team, 2021)

Preliminary analyses indicated high levels of multicollinearity between many of our

goatlevel 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 anehoonal 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 abhnigl 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 covariamgéh a given response variable, rather than on
variance within the predictors alofidubert and Vanden Branden, 2003; Tobias, 1995)
The orthogonal components identified through PLSR, which account for successively
lower proportions of the covariance, che assessed through a process of eross
validation to determine the optimum number that provides the best predictive power
(prediction being the more common application of PLYRubert and Vanden
Branden, 2003; Tobias, 1993)aving identified the optimumumber of components,

the relative contributions of each predictor can then be assessed through examination of
its variable importance in the projection (VIP) sc@@alindoPrieto et al., 2014)The

sum of the squared VIP values will always be equal to the total number of candidate
predictors(GalindoPrieto et al., 2014)making it straightforward to convert these into
more readily interpretable percentage values. Predictors with VIP valuespldin a
greater proportion of the variance in the outcome than would be expected if all

predictors contributed equally.

We ran PLSR usi ng(Lilant et al.R2021)a caknadg ea poppll isedd a
out 6 met haldlatianf Thi€ methedsteulates 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 (sBeehmodal et al. 2012)we report on models

with a given number of components that provides the lowest RMSEP Yragdkctor
coefficients derived from our PLSR modalsng the GFRA dataas the outcome
variablecan be interpreted such that negatwadues 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 lossfffier net forest gain®redictor coefficients derived

ol
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from our PLSR modelasingthe GFW data as the outcome variatd@ be interpreted
such thahegativevalues indicatehat higher predictor values are associated lwitrer

levels of tree coveloss,while positive values indicate that higher predictor values are
associated withhigher levels of tree cover lasAs described above, we convert VIP
scores to percentages, and focus much of our reporting on predibd explain more
variancethanwould be expected if all predictors contributed equally. For example, in
our goallevel 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 individe@ntributions of predictors relative to each other
within a preselected model (typically a multiple regression mo@#&ben and Budescu,
2003) To achieve this, it calculates’ Ralues forsubsetmodek using every possible
combination of the availablgredictors, and, in each case, conducts pairwise
comparisons of the additional contribution t8 Rade by adding a given predictor
(Azen and Budescu, 2003; Budescu, 19%8) averaging these contributions for each
predictor, it is then possible to calc@atand express as a percentage) the relative
contributions of each to the wvariance
example of this is the aforementioned workDE¥ Neve and Sachs (2020yho also
used DA in the context of the SDGI). We ran DAsing the R package

60 domi nan c(BustnsaNawarsete saitdd Coutinho Soares, 20a8ng a standard
multiple linear regression model containing all candidate predictors, with no
interactions, as the basic model from which to assess retatitebutions. By default,

DA does not provide coefficients, and so we determined these using individual OLS
regressionsand these may be interpreted in the same maeescribed for PLSR
above As with PLSR, wevere again interested in predictatsat 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 compositiothg.eelative
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 Aactuch, 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 oveexplain given relationships, as it essentiallycés 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 confidermgr fndings. 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 (seéppendix B, and so the findings from each may be considered

as having reasonable independence. Exceptions to this include goals 2 (food)s&curity
(economic growth) and 11 (cities and communities), for which the 2017 values and the
Ssubsequent changes in these vably-8&sanshow high
.67 for the three goals, respectively). The negative correlation coeffigimets above
suggest that, for these three goals, the better a given country is already perftivening

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 thereirg onc o u foreses may sot

necessarily be uniform at all locations around the world, and it is therefore of interest to

investigate whether relationships varywete n t he wor |l dds maj or regic
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, wsed thdollowing two processs

First, we ran individual OLS regressions for each predictor (Eomdboth response
vari abl es) including an interaction term wit

variable comprised the following four grougdrica (N = 32); the Americas (including
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the Caribbean) (N = 28), Asia (N = 23); and Europe (which includessiR 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 interadgoms, 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 @&i&) compared with

the reference category, while negative coefficients indicate the opposite.

Second, dllowing De Neve and Sachs (2020)e repeated our analyses based on
thematicallylinked groups of goals, including fdiour regional subsstusing the
groupings listed aboveéurthematicgroupings deviattsomewhat from those used by

De Neve and Sachs, and are as follows: Weihg (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). each case, we repeated the above PLSR and DA
processes with few deviations.

There are a number of imgant 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 predars, 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 timefree, 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, largels a result of the Cowtl9 pandemi¢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 asignificant positive relationship between SDGI score (all goals combined)

in 2017 and changes in net forest cofl@FRA datap et ween 2017 and 2020 (|
SE = .004, p < .001, R= .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) anchetchangesnf or e st cover betwe®5Y,SE617 and 2C
.019, p < .01, R=.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 foreégyains).Analyses to investigate whether these relationships vary

between regionfound no significant interactiond) .65) betweeneither 2017 SDGI

scores norscores changes between 2017 and 2020 and any oédlmns, compad

with the reference category (Africd)etailed outputs from these models are provided in

AppendixB. Regression analysis eining 2017 SDGscores and subsequent changes

in thesescores by 202@nd using theGFRA dataas the response variabieund a

significant positive interaction terrbetween the two predictoréTable 3.1). This

suggest thattheimpacs of progressing towardm improvedSDG scorebecane less

negative (i.e. cause less sevéoeest losses, and ultimately gainshere countrie®

initial SDGI scores argreater

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 theinteraction 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
R?=.254
Adj. B =.235

F(3, 118) = 13.38***
We also found a significanbegative relationship between SDGI score (all goals

combined) in 2017 andercentage tree cover loss (GFW ddtajween 2017 and 2020
( b 67, SE 8.@0, p <.01, R=.084), suggesting that higher levels of development
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are associated with lower levetd tree cover lossWe found a significanpositive
relationship between change in SDGI score (all goals combinedpencdntage tree
cover losshetween 2017 and 20206 225, SE = .@5, p < .01, R = .066), suggesting
that progress towards achieving higher SDGI scores is associatednafigased tree
coverloss. These findinglargely align with those using ti&-RA data as a response.
However,in this casewe founda significantpositive interaction betwee2017 SDGI
scores and th&urope category of thRegion variable, suggesting thiaigher SDGI
scores irEurope are associated with a higher rate ofd¢oeer loss tham the reference
category(see AppendiB for full results of these modeldh contrast to analyses using
the GFRA data, we did not firasignificart interaction between 2017 SDGI scores and
changes in these scotestween 201and 2020 Wen using the GFW data as a response
(Table 3.2)

Table 3.2. OLS regression outputs for model regressingercentage 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,** =<.0L

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 0.08
R?=.218
Adj. R =.196

F(3, 118) =5.215*

We were also interested kmow whether these findings are the result of lower existing
forest cover in more highly developeduntries, which could have been depleted during
the process ofleveloping, leaving less forest left to remove. &aminethis, we
regressed percentage forest cover in 2@FRA data)against 2017 SDGI scores (all
goals combined), and found no signifitaelationship between levels of development

and percentage forest cover (b = .203,

an imperfect method of addressing this question, given that different countries would

not have had the same proportionfafest to begin with, but the finding nevertheless

S|
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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 our predictors sggesta greater number of
significant relationshipsetween 2015DGI valuesand changes in forest cover than
subsequent changes in these values bet@8&i and 2020. This applié®th for net
change in forest cover (GFRA data, TaBl8) and percentagdree cover loss (GFW
data, Table.4), althoughthe numbers of significant predictors were fevegrthe GFW
data than for th6&FRA data in both cases.

In the case of the GFRA datdp17 SDGI values of all goalshowed significant
positive relationships witlmet change in forest cover, with theceptions of Goal 12
(production and consumption), which was not significant, and Goal 13 (climate change)
which had a significant negative relationshfpncerning interaions withthe region
variable, the onlsignificant interactiorfound was that foEDG 16 (peace and justice)
with the Europecategory the negative sign indicating th&iigher2017 values for this
goal are associated with loweet changes in forest covier Europe compared with the
reference category (Africalror changes in SDGI scores between 2017 and, 2a20s

1 (no povety), 9 (industry, innovation and infrastructuraipd 16 each hadsignificart
positive relationships witmet change in forest cover, whilgoals 7 (energy), 8
(economic growth) 11 (cities and communities), 12 and 13 each has significant
negative relationshipsAgain here, only one significant interaction withe region
variable was identified; in this caser goal 7, where a negative interaction between
change in SDGI score and the Asia catggarggests thajreaterimprovements in this
goal are associated witlower net changes in forest cover themmpared with the

reference category.

Using the GFW dataas the responsenve found significant negative relatsimps
(indicating lower levels of tree cover lossyith 2017 SDGI scores forgoals 1, 3
(health) 4 (education) 6 (water and sanitation)/ and 11 These inluded significant

positive interactions with the Europetegory of the region variabker goals 3 and 11
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suggesting thahigher SOG1 scores for these goals associated with higher rates of

tree cover loss in Eurepcompared with the reference categdéigr changes in SDGI
scores between 2017 and 2020, g8asid 13showedsignificantpositive relationships

with percendge treecover loss while goal 16 showed a significant negative
relationship In the case of the godl, a significantnegative interaction with the
Americas category of the Region varialdeggests that progress in this goal is
associated withower levels of tree cover lossm this regioncomparé with the
reference categoryn the case of godl3, a significant positive interaction with the ias
category of the Region variable suggests that progress in this goal is associated with

higherlevels of tree cover loss in this region compared with the reference category.

Despite large numbers of significant predictors in some cases, we note thahyn
cases the explained variance remains low whemgigpredictors individually in this
way. Also, as was noted earlier, the high levelsrafiticollinearity between many of

our predictors means that thessuks should be interpreted with due caution.

PLSRusingthe 2017 SDGI scoret® predict net change in forest cover (GFRA data)
identified a onecomponent model as having the lowest RMSEP value (0.548). This
onecomponent model used 66% of variation in the predictors to explain 30.6% of
change inforest 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. DAIsingthese same datdentified goals 3, 4, 7, 8, 9 and 16 as
making greater contributions to the 40.6% of explainadation in the original model
than would be expected if all goals contributed equally, again with positive coefficients
in all casesPLSR using the2017 SDGI score$o predict percentage tree cover loss
(GFW data) identified awo-component modeéas havng the lowest RMSEP value
(2.47). This two-component model uset.1% of variation in the predictors to explain
29.1% of change intree cover, and identified goal$, 3, 4 and 7 (all with negative
coefficients) as making contributions greater than would be expected if all goals
contributed equallyDA using these same datdentified goalsl, 3 and7 as making
greater contributions to th88.8% of explainedvariation in the original model than
would be expected if all goals contributed equatigain withnegativecoefficients in

all cases.
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PLSRusingthe SDGI score changes between 2@hd2020to predict net change in
forest cover (GFRA dataalso found a oneomponent model to have the lowest
RMSEP value (0.566). This ofmemponent model used 32.9% of variationthe
predictors to explain 27.7% of change in net forest cover, and identifiesilgd 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. DAsing these same datkentified 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 negativeefficients except goal 9, which had a positive coefficient.
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Table 3.3. Outputs from OLS regressions for all gal-level predictors used in this work,with net forest cover change from 2017 to 2020
(based on GFRA data)s a response. The following alpha values apply: * = <.05, ** = <.01, *** = <.00lable alsoindicatesregions that
showed asignificant interaction (alpha = .05) with the predictor in question (based on separate modélsincluding the sign of the

coefficient. Detailed outputs from these models are provided iAppendix B.

SDGI score (2017)

Change in SDGI (2017 2020)

Predictor

Significant regional

Significant regional

Coefficient | SE | R? : , Coefficient | SE | R? : :
interactions 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 (ndustry innovationand 0094+ | 002 .154 0274+ | 007| .104
infrastructure)
Goal 10 (Equality) .0067** | .002]| .068 -.0068 |.004| .024
Goal 11 Cities and communities) .008** .002] .087 -.0089* |.004| .034
Goal 12 (Production and consumptig  -.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, withtotal tree cover lossrom 2017 to 2020
(based on GFW data)s a response. The following alpha values apply: * = <.05, ** = <.01, *** = <.000able also indicates regions that
showed a significant interaction &lpha = .05) with the predictor in question (based on separate models), including the sign of the
coefficient. Detailed outputs from these models are provided iAppendix B.

SDGI score (2017) Sigr_1ificant _regional Change in SDGI (2017 Sigr_lificant _regional
interactions 2020) interactions
Predictor Coefficient| SE | R? Coefficient | SE R?

Goal 1 (Nopoverty) -.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 {ndustry innovationand -0161 | .009|.025 -0332 | .031| .009
infrastructure)
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 0428 | .019] .041 0469 | .026| .026 Europe §
consumption)
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 th&&DGI score changes between 2@hd2020to predict percentage tree
cover loss (GFW data) identifiedome component modeds havinghe lowest RMSEP
value @.554). This onecomponent model use2b.%% of variationin the predictors to
explain17.2% of percentage tree cover lossd identified goal8, 13 and 16s making
greatercontributions than would be expected if all goals contributed equallthis
case goals8 and 13had positive coefficientsyhile goal 16hada negative coeffident

DA using these same dataentified the same fttee goals as making greater
contributions to thel9.8% of explained variation in the original model than would be
expected if all goals contributed equalBnd agin here,goals 8 and 13 had positive

coefficients, while goal 16 had a negative coefficient

Comparisos of the findings from both methodseshown inFigures 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 exceptiofkso, notable similarities and differences
are evident between analyses using the twemifft response variablds. the case of
2017 SDGlscores both methodsusing both response variabletentified goal 7 as
being of greatest relative importan@dso in all casegyoal 3 wasdentified as being of
high relative importance.Goals 1 and 4 werdighlighted as having high relative
importance in three of thiur cases (all buDA for the GFRA and the GFW data,
respectively. Goals 8 and 9 were identified as important predictbth® GFRA data,

but this was not the case for anakygsing the GFW data.

Analyses of SDGI score changes between 2017 and 2020 show agresmina
relatively higher importance of goalsa®d 13 in explainindorest cover change all
casesHowever few othersimilarities are evidenin the case of the GFRA dataoth
methodsidentified goal 9 a having high relative importance, whereas this washweot t
case for the GFW dat&onversely, both methods idemgidl goal 16 as an important
predictor of the GF\Wlata, but this was not the case for the GFRA daisagreements
between the two methods were evident in the analysis of tiRAGHRta includingin

ther 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 20P@sed on GFRA data Upper plot is
based on 2017 SDGI scores, and lower plot slased on changes in SDGI scores
from 2017 to 2020. Direction of bars indicates sign of coefficients (upward =
positive, downward = negative).



Chapter3. Synergies and tradeffs between forests and the Sustain&l#gelopment Goal 129

'|1'r1l Ll T

c

2 10

3

2

=

c

[+]

o

o

= 20
-30- Method
. B rsr

B o

20-

c

el

€ 10-

2

: ! 1l

: meladdM _ L

= IS LR

10-

Figure 3.4. Partial least squares regression (PLSR) and dominance analysis (DA)
assessments of the relative percentage contributions of the SDGs in explaining
percentage treecover lossbetween 2017 and 202Based 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 2087 vales of the five themes in
explainingnet change in forest cover (GFRA dabtajween 2017 and 2026und 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% a&t change inforest cover. This model identified
matters of welbeing (i.e. poverty, food security and health), econerfiie. education

and economic growth) and infrastructure (i.e. energy, industry and cities) as being the
most important predictors, with higher values associated with reduced lotm&/$brest

gains in all cases (Figurég5. DA using this same datasds@ identified thesame
predictors as beinghostimportant in explaining 32% of the variation in net forest cover
change, but also highlighted social issues (i.e. gender equality, eguatity
peace/justice) as aking an importantontribution 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 importéimase economy

and vice versa for DA. Nevertheless, bothtmoels agreed that these are the two most

important groups.

PLSR to assess the relative importance of 2@L7 values of thdive themes in
explaining percentageeecoverloss(GFW data)between 2017 and 2026und aone
component model to have tlevest RMSEP value2(503, using84.7% of variance in
the predictors to explaih8% of treecoverloss This model identified matters of well
being and infrastructure as being the most important predictors, with higher values
associated with reducedee cover lossin both cases (Figuré.6). In contrast to our
assessmenising the GFRA data, thenalysisdid not highlight matters afconomy as
having highimportance.DA using this same dataset also identifiedtters of wel
being andnfrastructure as being the most important predidgtoexplaining23% of the
variation in percentage tree cover loddowever,the two methodslisageed on the
relative importance of the two themesith PLSR assiging greater importance to

infrastructure han weltbeing, and vice versa for DA

PLSR to assess the relative importancevalfie changesf the five themedbetween

2017 and 202 explaining net change in forest cover (GFRA dattwveen 2017 and

2020 found a twecomponent 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 datadentifying matters of economics and sustainability (i.e. water,
prodwction/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.

PLSRto assess theelative importance ofalue changesf the five themes between
2017 and 202(n explaining percentage tree cover loss (GFW dagiveen 2017 and
2020 found aonecomponent model to have the lowest RMSEP valig6g), using
82.8% of variance in the predictors to expldifi.4% of tree coverloss As with the
GFRA data, this model highlightechanges in matters of sustainability and economy as
beingof greatest relative importanoith higher values associated witlgher levels of
tree cover loss in both casd3A using this same datasetso identified matters of
sustainability ashe most importantactor in explaining 19.8% of the variation in
percentage tree cover losklowever, in this casenatters of econoyn 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 explaininget changein
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 explainingercentage
tree cower 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 heterogeneéltyis is shown in Figure8.7 and 3.8, which show
regional results using th@FRA and GFW datasets as outcome variables, respectively.

In terms of 2017 values for the grouped gouls, find that results for Africa are most

closely aligned with our global resultisicluding a relatively balanced contribution of
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grouped goals relating to wddkeing, economics and infrastructure to explainiej
change in forest cover (GFRA data), andtters of weHbeing being most important in
explainingpercentage tree cover loss (GFW dagd$o similar toour global analyses
PLSR and DA disagree on the relative contributiohgertain topics rfotably social
topicsin the case of the GFRA dadad matters of infrastrture in the case of the GFW
datg, but bothmethodsagree that matters of sustainability makeltiveest contribution
in both casesFor other regions, thesamilarities wanan many casedor examplein
the Americas, resultsom both ourGFRA andGFW analysesuggest that matters of
economics have played the most important role, migiters ofinfrastructureand we -
being (GFW analysis onlypossibly having played notable rel¢based on PLSR

analysis, but not DA), and all other groups playing more minos.role

In Asia and Europe the results are somewhat less clear, with some divergence between
resultsusingthe two methoddg-or Asia, results from analyes usingboththe GFRA and

the GFWdataetsfound that matters ofvell-being, social issues ar@tonomics have
played comparately minor roles, yet while PLSBuggests that improved infrastructure

has played the most important role, DA suggests that matters of sustainability is of
greater relative importanck our analysiof GFRA data folEuropan countriesPLSR
suggests that economics and infrastructure have played the most important roles, while
DA suggests that social issues have been of greatest retapeetance angresents

the only instance where higher 2017 values appear to be asdauithtincreaseorest
loss/reduced forest gainB our analysis ofGFW data for European countrjesoth
methods agreed thatatters of economics have the greatest relative importance, while
PLSR (but not DA) suggesthatmatters of infrastructureavealso plagdan important

role. In both cases, these variableve positive coefficients, suggesting that higher

2017 scores are associated wvhiitgher 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 = wellbeing; see methods for variables included in each)
in explaining net changes inforest 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 coeftients (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 = wellbeing; see methods for variables included in each)
in explaining percentage tree cover los§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 ofcoefficients (upward = positive, downward = negative).

Regional analyses of 2017 to 2020 score chaongieg) the GFRA data as tloeitcome
variablealso 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 wellbeing 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 infrastrincture

the Americas, economic progress in Asia, and social progress in Europe.

Regional analyses of 2017 to 2020 score change® the GKV data as the outcome
also differ from the global analysias well as fromanalyses usinghe GFRAdata in
many casesResults for Africa, for examplepfind matters of welbeing to be most
important in explaining theutcome,while matters of economyhighlighted as most
important inthe global analysis of GW daa andthe analysis of Africarcountries
using the GRA data,appear to be of secondary importan€er Asia,both methods
agreed thaftgreaterprogress inmatters of economyetween 2017 and 202@ere
associated with lower levels of tree cover loss. This aligns with fisdirgm our
armalysis of Asian countries using the GFRA data, which also differed from the global
analysis in this regard’LSRand DA analy®s using this subset of the dafiferedin
most other cases, howevaYhile PLSR highlighted matters offrastructure and social
issues as having high relative inmfance, DA did not, and instead higtitgd matters

of sustainability.

For Europeand n contrast with our global analystspth methods highlightechanges

in socialissuesas being most importaitt explaining pecentage tree cover lads the

case of DA, but not for PLSR, matters of infrastructure were also identified as having
high relative importace; a finding that aligns with resultsased on the GFRA data, but
not with the global analysis using the GFW dditathe case of the Americasesults
based on th&FW datawere relatively well aligned with those based on the GFRA
data including suggestedhigh relative importance of mattexs economics (both
methods) and social issues (PLSR only) in both cdseslings 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 thenodelsexplainednotally low proportions of variance itihe outcomevariable

For example, the PLSR anatgsfor Asia explained only 15.5% of the variancehe

GFRA data and 15% of variance in the GFW dathich is the lowest among all our
analyses. The explained variance for all models is givétppendix B (Table B), 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 analysisi using the SDGI scores for all goals combined as a predict@ find that
countries with preexisting 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 associatedhiglier

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 ultinfatdijate forest
conservation, but also highlights a need for caution aneém@ive measures to ensure

that development is achieved through processes that do not place unnecessary risks on
forests and other natural systermi$ie significantposiive interaction beveen SDGI
scores and subsequent changes in these qaoths case of the GFRA data, but not the
GFW datajsuggests thatarticular attention should be paiddountries at the lower end

of the development speaim, asdevelopment progress these countriesould have

more significant impacts on forests.

Concening associations between individual goals and changder@st cover, our
findings indicate that higher achievements in goals relating to haatilenergy in
particular, are associated with mutual-lmnefits in terms of forest conservation.
Results also suggest thaigher achievemestin goals relating tgoverty, education
economy/employmenindustry/infrastructur@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 withatigg forest outcomes. There is also
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some evidence that the process of achieving Isgo@laing to poverty,
industryinfrastructure,and peace/justicare associated with positive forest outcomes,

but again here the evidence is lesdbust. 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 W 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 (& indicators employed by the SDGI) and positive forest outcoksind

Jacobs, 2007; Reetz et al., 2012; Starbird et al., 20d6he case of SDG 4, forest
benefits are thought to arise through mechanisms such as increased employment
opportunities inthe nonRagricultural sector, including an associated-migration from

rural (i.e. forested) areas, improved knowledge of more sustainable farming techniques,
and general greater awareness of the benefits of conserBuons et al., 1994;
EhrhardtMartinez, 1998; Godoy et al., 1998 both cases, it is difficult to conceive
mechanisms through which the processes involved in their achievement could impact
forestsnegativelyin any significant way, and this is evident in our findings. As such,

we encouaige 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.

Thereasons 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
terrestrialfossil fuels such as coal should result in a decline in deforestation associated
with such extractive process@3ontala et al., 2015; Ranjan, 2019econd, an increase

in the proportion of the population with access to electricity and/or clean cooldlsg fu
should correspond with a decrease in the use of vasdd fuels for cooking and other
energy need¢Agarwala et al., 2017; Brooks et al., 2016; Fall et al., 2008; Tanner and
Johnston, 201hut also sekee et al., 2015; Trac, 2011Although wood extaction for

fuel purposes is more commonly linked to forest degradation than to deforestation

(Hosonuma et al., 201.2)umerous studies have recorded this as an important (although
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often not the leading) contributor to deforestati@oggart et al., 2020Geist and
Lambin, 2001; Rudel et al., 2009lthough our analysis cannot reveal any specific
mechanisms, our findings support past investigat{erss Tanner and Johnston, 2017)

in suggesting that increased access to sustainable energy can have sidvefiedits

for forests. In some cases, the processes of increasing energy provision can cause
demonstrable negative forest impacts, typically through deployment of infrastructure for
energy productioifFearnside, 2005; Gibson et al., 20&@Ayd distributio (Gibson et al.,

2017; Li and Lin, 2019)However, in our case this was not identified as an important
predictor, perhaps because such-Bdsed changes are not sizeable/widespread enough
to be discernible in a larggcale assessment such as this. Gihenapparently 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 environmiempalicts associated

with energy infrastructure are minimised.

The topic of economic growth (goal 8) has been well studigtieéncontext of forest
impacts, including a suite of studies aiming to (dis)prove the existence of an
environmental Kuznets curv&KC) for forests(e.g. see Choumert et al., 2018)ur
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 economievglopment, the positive impacts in more advanced
economies appear much weak@Crespo Cuaresma et al., 2017Ylechanisms
underlying the relationships between economic development and forests are complex
and are shaped in large part by the specific megnwHch 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 forest¢Asicii, 2013; Kaimowitz and Angelsen,928) In other cases,
however, the improved employment opportunities associated with economic growth
may facilitate a reduction in foredamaging activities, including agriculture
(Kaimowitz and Angelsen, 1998; Schmook and Radel, 2008provements in &
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 harves{fgster 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 tyypicall
becomes smaller with increasing f@esting 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 higblyrédle

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 achievenmeysdyoth be
associated with positive forest outcomes is somewhat curious. There are reasons to
expect thatncreases in infrastructure, and especially roads (which are a feature of target
9.1) would be associated with forest declifieeyle and Havlick, 2009; Laurance et al.,
2015) Similarly, increased industrialisation, manufacturing and market integratien hav

all been shown to be associated with forest declines, including through deployment of
necessary infrastructure and land clearance/resource extracsiopptortindustries(De

Castro et al., 2017; Pendleton and Howe, 20B&hough there are somegaments to
suggest that industrialisation can promote forest (re)gr@Maigendra and Southworth,

2010; ParéfRamos et al., 2008pur findings most likely arise from the fact that the
indicators employed by the SDGI to characterise goal 9 are focusedréater extent

on the o6édinnovationbé aspects than on the
Specifically, of the 10 indicators included, only one, the Logistics Performance Index,
has a direct link to infrastructure, with the remainder focusingnatters 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 creé8b& 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 cknwdtange 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 E@missiams arising from the consumption of

energy and C®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 fossHbased fuels have beenKked to deforestation in many cag@ontala

et al.,, 2015; Geist and Lambin, 2001; Kissinger et al., 2012; Ranjan,.20&er
inspection of the first of these two indicators shows that the source data (compiled by
Gutschow et al. (2016and 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 gdaeason to expect that our findings would look different. This
does not explairhowever, 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 alues for a range of other goals (FigBr&, Appendix B, meaning that
countries with better prexisting 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 tle underlying data, rather than representing a meaningful relationship.
Considering the welacknowledged 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 Prests(De Costa, 2011; IPCC, 2022; Khaine and Woo, 201
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. tmgh 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 notake finding from our goalevel 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 lss around the worl@enhin, 2006; Geist and Lambin, 2002; Laurance et al.,
2014) features heavily throughout this goal, including in target 2.3, whicls tail
agricultural productivity to be doubled, and so one may reasonably expect this goal to
have ngative 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

conceivaly provide forest benefitEwers 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
tha achievement of targets relating to hunger and nutrition could have beneficial
outcomes for forests, at least at a local scale Belgy et al., 2015)although this is not

evident in our global, godével analysis.

Our thematic/regional analyses piae interesting insights, highlighting intezgional
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 global level, the thematianaly®s found that the 2017
scoregelating tothemes of infrastructure drwell-being make notable contributions to
explaining both the GFRA and the GFWitcomes(Figures 3.5 and 3.5 The theme
relating to economyvasalsofound to be important in explaining the GFRA ddiat

this was not the case for the GFW ddfar the 20172020 score changes, the global
thematicanaly®s highlighted matters ofsustainability adeingimportantin explaining
theboth the GFRA and the GFW outcom@gain here, the theme relating to economy
was found to bemportant in explaining the GFRA dataut not the GFW data

Findings from our regional anal yses indi
major regions in terms of the development themes taaé lbeen 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,baldsocial

and economigssuesin Europe. By considering theseadings in combination with our
individual goatlevel regression analyses, and particularly the significant interaction
terms shown in Table3.3and3.4, it is possible in many cases to discern the specific
goals that are likely responsible. For examfie, significant interactions observed for
goak 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. Researcheigymoakers and development agencies working

in each region may wish to pay particular attention these observed differences,
including nvestigations into the mechanisrtigat underpin them, in order treate
development strategies that avoid, and ultimatelyerse unnecessaryorest loss

aroundthe world
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Regional analyses should be interpreted with due caution, keeping in mind that the
lower numbers of observations likebffect the associated explanatory power (see
below), as well as the fathat some variables display large reductions in variability
when subset in this way. In particular, we note that for the Europe dadibedf our
outcome variabkehave notablylow standard deviatiacompared with the global data

and the other regional subséis the case of the ERA data, this is attributable @

large proportion of zergsSimilarly, 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 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 logally bear influence on our findings. As noted earlier, our
groupings differ from previous efforts explore grouped SDGI scores using relative
importance analysi@e Neve and Sachs, 202@Which was purposeful on our part, and
intended to reflect hypotheal, expected relationships with forests. For example, our
choice to include a group on oOinfrastructure
these goals combined would exhibit negative relationships with forests. However, as we
saw from the godevel analyses, in some cases infrastructelated goals were
associatedvith positive forest outcomes, which may bring into question our grouping
choices, and suggest thahould the goals have been grouped differently, our findings
would have looked diffemt. 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
explanatoy power, which is summarised for all modelsAippendix B Table B7). At

its best, PLSR was able to expl&i@.3% of the variance in forest cover change, yet at
its worst, this value dropped to %5 Similarly, the baseline models used to perform DA
explained a maximum &6% 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 determinanfdarest change internationally (e @houmert et al.,
2013; EhrhardMartinez, 1998; EhrhareWlartinez et al., 2002; Leblois et al., 201&)

does not change the fact that significant proportions of the variance in the forest change



Chapter3. Synergies and tradeffs between forests and the Sustain&l#gelopment Goal 145

data remain unexplaga. 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 opte uniformly within a countryClement et al., 2009;
GonzalezGonzalez et al., 2021; Herrera, 2019; Wu et al., 204dd so investigations

such as this, which seek to explore interactions between both aspects at a national scale,
will inherently miss sah nuances. At a supranational lextekere 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 c{etryrill et

al., 2019) Again, suchprocesses would not be identifiable through an analysis such as
this. Lastly, we note that drivers of forest change such as fire or natural pcess
which can be significant in some countri@Surtis 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 somt bakds

out reverse causality, given that the response variable is based on a time period that
starts from 2017, but for analyses examining SDGI score chaejesen 2017 and
2020this is not the cas&Ve also acknowledge that the sheer complexity uniderly
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-$aede tends,this

work has been ableto highlight important relationships between sustainable

development and forests at the highest levels.

We also note thatur analyseslo not consider interactions betweeifferent aspects of

the development agendaéhis 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, 2Qli@rluding forest{Carr et al.,

2021; Swamy et al., 2018)Moreover, studies have shown that the ways that

developmentelated variables affect forests can be mediated by additional, external
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factors. For examplehe effects of economic growth are thought to be mediated both by

a countryods i nit i(BnMers, RO®6Red by rural populaton demdity c ov er
(Cropper and Griffiths, 1994Although techniques exist to include interaction terms in
PLSR(Nees etal., 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 antbrest changes over a thrgear 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 these window is
nevertheless likg 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
aralysis. Corcerning 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 outcome® f our anal yses. Ot h e compositdinditators g ap s
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 havenplications for forests(Brandt and
Buckley, 2018; Friesen et al., 1995; Naughlforves and Wendland, 2014here are

likely other missing components from the SDGI that will have shaped the outcomes of
our analyses, ral 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 cdemtly progress towards the
SDGs( iTracki ng [Brbdgr, & s a2d0d Me)rentai@ confident that our
findings are insightful and will hopefully encourage, intectoral dialogue, research

and action to help maximise the overall sustainability of the SDGs.
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3.5. Conclusions

We have assessed teenpirical relationships between achievement of the SDGs and
changes in forest cover around the world using appropriate methods to overcome
multicollinearity in our dataand low sample size to predictor ratios. Our findings
highlight in particular thamatters of health, education, energy, economy, innovation
and climate change mitigation are among the most important developstesat
factors that can have implications for forest change around the world. In most cases,
higher achievements are assodatth positive outcomes for forests, but for some
goals (most notably economic growdimd climate change mitigatipthe process of
progressing towards higher achievement is associated with negative forest outcomes,
and so we ge caution. Our regional alyses 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, despitealtenges 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.
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Abstract

Understanding how countriesd6d future deve
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
gredestprogressand 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 developmentelated changes. We present an assessment framework that draws
upan 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 inrdsesse a
over the shortto mediumterm. 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 conservatiossaoruch

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 em@nggortunities
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, inclageesionmaking 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 polidksgraand 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 havingumerous synergies and traolés, which can respectively

help or hinder thechievement of two or more targé&snderson et al., 2021; Nilsson et

al., 2016; Pradhan et al., 201¥)nderstanding synergies and tradfts within and
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among the SDGs, and identifying where (and to what extent) they are (un)likely to
emerge, can allow gernments 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)n this regard, consideration of hurman
environment interactions garticularly important, as numerous synergies and ‘offde

are known to exist between environmental and-exwvironmental elements of the
SDGs (Scharlemann et al., 2020fountries must carefully consider the order and
manner in which they choose to agss different aspects of the development agenda in
order to promote, rather than inhibit, effective nature conservation alongside other non

environmental goals and targ€§aage et al., 2015)

In this work, weconsider synergies and trad#s between tie wider development
agenda andone specific aspect of the environment, forest ecosyst&mms work
responds to research question 3 of this thesis, which asks "which SDG targets might we
expect to result in risks, opportunities or enabling conditionsHercbnservation of
tropical forests in the sherto medium term?"The conservation of forestgceives

notable attention in the SDGs, particularly under SDG 15 (life on land), where the topic
features in three of its twelve targdtater-Agency and Expert Group in Sustainable
Development Goal Indicators, 201@jorests are also key to achievinyesal other

SDG targets, including those relating to climate, water, health and economic growth,
among othergSayer et al., 2019At many locations around the world, and especially

in tropical regions (which form the focus of this study), forests arggl@gpleted, often
through processes associated with sustainable development (e.g. expansion of transport
and energy infrastructuréGibson et al., 2017; Laurance et al., 2015, 20@9}he
production of foodLaurance et al., 2014among others). Givemat a high proportion

of tropical countri es (RermanyeramisSmits,e2028hd oOounder de
magnitude of potentialamage tdorests as they pursue progress towards achieving the
SDGs could be significant. Concurrently, however, these tdesnalso have the
potential to develop in areas that are associated with reduced damage to forests,
including matters of governancémith et al.,, 2003)and education(Godoy and
Contreras, 2001)among others.
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Past efforts to anticipate how developmerdjectories could affect forests have
generally used what can be collectively |
integrated assessment models, adpased models, and a variety of othése den

Herder et al., 2014 for a reviewkssentidy, 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 -oiglesr
interactions between model components (i.e. relaligpps 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 commatino or more hypothetical
scenarios, and their outputs considered by relevant stakeholders to help inform
decisions around policies and possible interventides Herder et al., 2014)

Systemic models typically necessitate a traffebetween model coplexity and
robustness of the results obtair{€astro et al., 2018Models with reduced complexity

may fail to integrate all relevant sectors and variables, which will limit robustness of the
outputs (Aggestam and Wolfslehner, 2018Yonversely, with ineasing 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 o#pcigsno and Henrichs,
2008; Castro and Lechthaler, 2022; den Herder et al., 2@&1Kpystemic models,
including those pertaining to forests, rest on inherent assumptions of one form or
another. Common assumptions include that previously observed relatonsghip
persist in the future and/or in other contexts, and that humans will behave in a particular
way at a future timgTrubins et al., 2019)Should these assumptions prove incorrect,
which is invariably the case in many instances, it will lead to eousenodel outputs
(Aggestam and Wolfslehner, 2018; den Herder et al., 20¥4jk comparing systemic
models that differ in their assumptions and/or composition has shown that small
changes can notably alter the model outfBisjdea et al., 2021; Schmitt al., 2014)

which raises questions over the level of faith that should be placed into such models for

informing decisioAmaking around important subjects.
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Several notable attempts have been made to use systemic models to assess how changes
in the widerdevelopment agenda could affect the natural environment, including forests
(Hughes et al., 2021; Randers et al., 20¥®0wever, these are subject to the same
issues of uncertainty and interpretability described above, and we are not aware of any
cases whre 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 b persist elsewhere in many cases, and it is therefore unlikely that a
universally accurate predictive model will ever be developed. Neverthalessgent

need remains for those engaged in helping to achieve the SDGs to adequately consider
the impacts ofanticipated changes on forests, and it is our opinion that a lack of
certainty around certain complexities (e.g. higbeter impacts and feedback loops)
should not prevent due consideration of the potential impacts for which existing

knowledge is bettezstablished.

By examining development indicators from SDG targets with known potential
implications for forests (e.g. from works such(@arr et al., 2021and (Katila et al.,

2019), and by linking these to known drivers of forest loss/degradationyggest 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 agdnta wi
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 -ofésleand maximise

syrergies.
I n the context of forest i mpact s, SDG target.
resulting in possible 6ri sks(Carrethak,2®bHIl i ngd con

60Benignd targets are those wnwotoBRxpkotedr got = f

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 (targebldntyp, thogetesgac(t
conditions that enable forest conservation, which can include education (e.g. target 4.1),
inclusive decisiormaking (e.g. targets 5.5 and 11.3), and sound governance (e.g. targets
16.5 and 16. 6) . étOgsepfor which foiest guitomesacangoe eitker a r
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 visitplsit also deplete forests to make way for necessary
infrastructure and to meet increased demand on forest res@Breeslt and Buckley,

2018), and target 9.2 (increased industry and manufacturing), which can cause damage
through associated infrastruatyrpollution 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
def orestation and f odreisvte rdsedg)r,a dvahtii cohn c(ahne
either direct (sometimes referred to as proximate) or underly@syst and Lambin,

2002) Direct drivers are activities or occurrences at the local level, such as illegal
logging or agricultural expansion, that didgcaffect 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 frorachl 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 pusiis 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 developmedtiven dange.

Our framework identifies specific components of the development agenda likely to be
of relevance to forest conservation at the national level over the ghanediumterm,

and subsequently assesses the possible magnitude and likelihood of imminens change
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 towandsogenent
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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 thatlemditierent
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 thdnt,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 provideddppendix C TablesC.1to C.3).

Where targetriver links exist, progress towards achieving the target in question can
result in one of several outcomes (Figdr#). 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 desirabletifer
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 dnieers
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 cohtextoas
(including the specifics of how the target is addreg€&dr et al., 202)) either of the

four aforementioned outcomes could result. Where an opportunity target is linked with
an ongoing driver, then progress towards its achievement couldt resdither
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 foreselated outcome at all.

Having estabBhed the key drivetarget links for a given focal area, two further
guestions are of I Nt erest: (1) 6what I's the
drivers of achieving a given target?d6 and (2
targetsdeemed o be of i mportance wil|l occur in the
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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remainingpr ogress required until the target |
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 stagitheas

O0poor 6, 6mediumd or obégoodd, and the 1ike
Opossiblebd or Olikelyd (see Materials ani
Type of SDG target Driver present? Outcome

h 4

Driver mitigated

Driver
Enabling <
No driver > No outcome
Driver Driver worsened
Risk <

No driver

A 4

Emerging risk

h 4

Opportunity

Emerging risk

No driver

Driver mitigated
Driver <
Driver worsened

No outcome

Figure 4.1. lllustration 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 Fighe Our approach yields one of nine
possible combinations, which, depending on the nature of the target itself (i.e. risk,
oppotunity or enabling) can provide targgpecific policy recommendations that
governments or other agencies could enact in order to minimize risks or facilitate

benefits to forests (Figuek3).

TREND
(Declining, stable or PRIORITY
improving) + (Low, medium or high)
w
LIKELIHOOD
(Unlikely, possible or STATUS
likely) <4 | (Poor, medium or good)
A 4
OVERALL TARGET
ASSESSMENT <+ DRIVERS

FINAL ASSESSMENT
(impact on drivers (mitigated/
worsened/ emerging/none) +

magnitude and likelihood of impact)

Figure 4.2. lllustration 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 combind 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 nationallevel drivers to determine
whether the anticipated target chames identified are expected to interact with
existing (or create novel) drivers of forest change, as shown kigure 4.1.
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Figure 4.3. Policy responses that can promote synergies and avoid tradés 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 o6risko, nine O6opportunitydéd and te
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 forestlevant SDG targets (one opportunity target wais spl

into one risk target and one enabling tayglfational 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 fmoeatly.

Target assessments were linked with information on the ongoing drivers in each

country, gathered through literature reviews, in order to assess if/fhow anticipated

































































































































































































































