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Abstract

Understanding how countries’ future development pathways could affect forests can help to

avoid negative impacts and instead promote positive ones. Exploring this topic requires

knowledge of which areas of the development agenda are likely to show the greatest prog-

ress, and how these expected changes relate to the drivers of deforestation and forest deg-

radation that are currently affecting forests, or which may emerge as result of development-

related changes. Based on this information, researchers, stakeholders and decisionmakers

can engage in discussions to inform further research and interventions. We present an

assessment framework that draws upon a range of data types to identify specific compo-

nents of the development agenda that are likely to be of greatest relevance to forest conser-

vation at the national level. We then assess the potential magnitude and likelihood of

imminent changes in these areas over the short- to medium-term. We use this framework to

assess 48 tropical countries, providing insights into the areas of sustainable development

that are most likely to provide risks, opportunities or enabling conditions for forest conserva-

tion across much of the tropics. Our findings suggest that, across much of the tropics, ongo-

ing risks to forests associated with agriculture, transport infrastructure and urban

infrastructure could worsen, and that new risks from energy infrastructure could emerge.

Opportunities relating to poverty reduction, tourism, and industry, among others, will require

care to ensure that associated progress results in positive rather than negative forest

impacts. Enabling conditions associated with, inter alia, improved education, inclusive deci-

sion-making, and effective governance, still have much room for improvement, and the

anticipated likelihood of imminent progress in these areas varies between countries and

regions. We discuss the implications of our findings for policymakers and development

agencies, and consider potential future applications of our assessment protocol.
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Author summary

Forest conservation is a global priority that is affected by interactions with other areas of

human progress. Some aspects of human development can hinder forest conservation,

others can help to facilitate it, and yet others can have mixed (i.e. positive and/or negative)

implications. For 48 tropical countries, we consider 24 Sustainable Development Goal

(SDG) targets with previously documented implications for forest conservation. For each,

we assess the amount of remaining progress to be made (a proxy for magnitude of poten-

tial impacts), and the likelihood that imminent progress will actually occur. We highlight

agriculture and infrastructure as areas likely to exacerbate ongoing (or cause emerging)

risks; poverty reduction, tourism and industry as areas that could provide mixed out-

comes; and clean fuels, agricultural employment, migration management and settlement

planning as areas that require greater efforts to ensure that forest conservation efforts are

as effective as possible. However, as our findings vary between countries, we encourage

national-level interpretation of our results to develop context-specific policies. This work

is among the first efforts to assess potential SDG-forest interactions in an easy-to-interpret

manner, and can aid policymakers to consider the forest-specific implications of antici-

pated national development trajectories, and to act accordingly.

Introduction

The 169 targets that comprise the UN Sustainable Development Goals, and which provide a

framework for a universally prosperous and sustainable future, are acknowledged as having

numerous synergies and trade-offs, which can respectively help or hinder the achievement of

the targets in question [1–3]. Understanding synergies and trade-offs among the SDGs, and

identifying where (and to what extent) they are (un)likely to emerge, can help identify key

areas where increased intersectoral and interdisciplinary dialogue, research and action would

help to mitigate against anticipated negative outcomes and facilitate positive ones [1,4].

In response to this, a growing number of studies are seeking to identify, map and forecast

potential synergies and trade-offs between various components of the SDGs [5,6]. These stud-

ies have ranged from literature reviews and expert-driven approaches that produce qualitative

or semi-quantitative outputs [e.g. 7–9], to more statistical and model-based approaches that

can produce quantitative estimates of the likelihood that two or more goals or targets can or

will be achieved simultaneously [e.g. 2,10–12]. Although studies seeking to anticipate potential

future interactions are currently less numerous than those looking at past interactions, their

outputs are likely to be of high utility to those seeking to develop appropriate polices and inter-

ventions, and so it is reasonable to assume that they will become more common over time.

Presently, such studies are largely conducted by way of integrated bioeconomic models that

simulate one or more scenarios [e.g. 13,14], yet research has shown that literature-based and

expert-led methods have advantages over such approaches relating to interpretability, ease of

application, supporting interdisciplinarity and collaboration, a reduced need for technical

expertise, and a better ability to include socio-political and equality-related targets [5,15].

Moreover, recent work has shown that decisionmakers show a preference for simpler and

more flexible methods over those with greater accuracy, precision, completeness or quantita-

tive nature of the knowledge [16], suggesting an important role for literature- and expert-

driven approaches in this field.

In many cases, forward looking assessments can be informed by data conveying the extent

and likelihood of anticipated change in indicators thought to be relevant to the outcome(s) of
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interest. Such data can be used at the earliest stages to identify key experts and stakeholders to

include in the assessment process, and/or at later stages, for example to facilitate expert-led

assessments or discussions to develop appropriate scenarios for use in quantitative model sim-

ulations. At the current time, and despite a wealth of available indicator data, there is no stan-

dardised way to consolidate this information in a way that can help facilitate the above

outcomes. In this paper we demonstrate a straightforward assessment framework that can be

used to derive readily interpretable data of this nature. While our intention is that our method

should be used to precede or complement other existing methods in the ways described above,

as we show here, the approach can also provide informative insights in its own right.

To demonstrate our framework, we focus on synergies and trade-offs affecting the conser-

vation of forest ecosystems. Forest conservation receives notable attention in the SDGs, partic-

ularly under SDG 15 (life on land), where the topic features in three of its twelve targets [17].

Forests are also key to achieving several other SDG targets, including those relating to climate,

water, health and economic growth, among others [18]. At many locations around the world,

and especially in tropical regions (which form the focus of this study), forests are being

depleted, often through processes associated with sustainable development (e.g. expansion of

transport and energy infrastructure [19–21] or the production of food [22], among others).

Given that a high proportion of tropical countries are considered ‘underdeveloped’ [23], the

magnitude of potential impacts on forests as they pursue progress towards achieving the SDGs

could be significant. Concurrently, however, these countries also have the potential to develop

in areas that are associated with reduced damage to forests, including matters of governance

[24] and education [25], among others.

By examining indicators from SDG targets with previously recorded implications for forests

(e.g. from works such as [26] and [27]), and by linking these to known drivers of forest loss/

degradation, we suggest that it is possible to identify aspects of the development agenda that

may require attention in order to maximise forest conservation efforts. Our approach does not

rest on any assumptions that a change in a given aspect of the development agenda will be

guaranteed to result in a specific outcome, but instead highlights areas for which anticipated

development progress could potentially result in risks, opportunities or enabling conditions

for the conservation of forests, based on knowledge from past research. Based on this,

researchers, stakeholders and other experts will be better able to consider the possible implica-

tions of anticipated changes for forests, and to subsequently advise policymakers and develop-

ment agencies on the best ways to minimise trade-offs and maximise synergies.

In the context of forest impacts, SDG targets can be thought of as being either ‘benign’, or

resulting in possible ‘risks’, ‘enabling’ conditions or ‘opportunities’ [26]. ‘Benign’ targets are

those not expected to affect forests in any way. ‘Risk’ targets are potentially associated with

negative forest impacts, which includes agriculture (e.g. target 2.3, double agricultural produc-

tivity (if it involves expansion into new areas)) and infrastructure (e.g. for energy (target 7.b),

transport (target 9.1), or housing (target 11.1)). ‘Enabling’ targets are associated with condi-

tions that enable forest conservation, which can include education (e.g. target 4.1), inclusive

decision-making (e.g. targets 5.5 and 11.3), and sound governance (e.g. targets 16.5 and 16.6).

‘Opportunity’ targets are those for which forest outcomes can be either positive or negative,

depending on context and/or the specifics of how the target is achieved. Examples include tar-

get 8.9 (increased tourism), which can both encourage forest conservation to attract visitors,

but also deplete forests to make way for necessary infrastructure and to meet increased

demands for forest resources [28]). Similarly, target 9.2 (increased industry and manufactur-

ing), can cause damage through associated infrastructure, pollution and influxes of workers

[29], but can also be beneficial if it promotes a shift away from expanding agriculture [30], or if
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the added value from manufactured products means that less forest products are required to

meet harvesters’ financial needs [31].

Risk, enabling and opportunity targets manifest as forest impacts via drivers of deforesta-

tion and forest degradation (hereafter ‘drivers’), which can be thought of as either direct

(sometimes referred to as proximate) or underlying [32]. Direct drivers are activities or occur-

rences at the local level, such as illegal logging or agricultural expansion, which directly affect

forests. Underlying drivers are fundamental social processes, such as political matters or

demographic factors that underpin the direct causes. Direct drivers typically operate at the

local level, while underlying drivers can operate from local to national levels, and may even

involve multiple countries. Disentangling and exploring the ways in which future development

trajectories may affect forests requires understanding of how a focal country (or some other

geographic area) will pursue its development objectives. By linking this information to the

direct or underlying drivers that are playing a role in ongoing forest change, it is possible to

assess how existing drivers could be exacerbated or mitigated, or how new drivers could poten-

tially emerge.

Our framework identifies specific components of the development agenda likely to be of

relevance to forest conservation at the national level over the short- to medium-term, and sub-

sequently assesses the possible magnitude and likelihood of imminent changes in these areas.

The approach is based on the understanding that all changes to forests (whether positive or

negative) manifest via drivers. It therefore follows that any external forces affecting forests

(including those arising from progress towards development objectives) must be operating

through the mitigation, exacerbation or creation of one or more drivers. It is important to

keep in mind that not all drivers are affected/initiated by the same aspects of the development

agenda, and also that multiple different components can bear influence on one or more drivers

at any one time. There exists a large body of literature documenting how various aspects of

development can affect forests, as well as on drivers and the factors thought to influence them,

and it is based upon such information that we draw links between drivers and specific SDG

targets in this work (see Materials and methods). A summary of the information on links

between drivers and SDG targets is provided in S1–S3 Tables.

Where target-driver links exist, progress towards achieving the target in question can result

in one of several outcomes (Fig 1). Where an enabling target is linked to an ongoing driver,

then any progress towards achieving the target could help to mitigate the driver. However, if

no ongoing drivers have links with a given enabling target, then progress towards achieving

this target will (despite being highly desirable for other reasons) likely have minimal relevance

for forest conservation. Where a risk target is linked to an ongoing driver, then any progress

towards achieving the target could exacerbate the existing threats associated with the driver. If

no ongoing drivers are linked to a given risk target, then progress towards achieving this target

may result in emerging risks through one or more novel drivers. In the case of opportunity tar-

gets, which can present either risks or enabling conditions depending on contextual factors

(including the specifics of how the target is addressed [26]), either of the four aforementioned

outcomes could result. Where an opportunity target is linked with an ongoing driver, then

progress towards its achievement could result in either mitigation or exacerbation of the

driver. Where the same target is not associated with any ongoing drivers, any progress made

may either result in an emerging risk from a novel driver, or in no forest-related outcome at

all.

Having established the key driver-target links for a given focal area, two further questions

are of interest: (1) ‘what is the potential extent of impacts on associated drivers of achieving a

given target?’ and (2) ‘what is the likelihood that progress in targets deemed to be of impor-

tance will occur in the imminent future?’. To investigate the first of these questions, it is
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appropriate to use data pertaining directly to the SDG targets themselves (e.g. official SDG

indicator data, or similar) to quantify the remaining progress required until the target is con-

sidered ‘achieved’. A greater level of required progress is indicative of greater potential for sig-

nificant 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 coun-

tries and SDG targets in order to classify their current status as either ‘poor’, ‘medium’ or

‘good’, and the likelihood of imminent change as either ‘unlikely’, ‘possible’ or ‘likely’ (see

Materials and methods).

By combining outcomes from the two questions 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 frame-

work combines these various information types to derive a final assessment is illustrated in

Fig 2. Our approach yields one of nine possible combinations, which, depending on the nature

of the target itself (i.e. risk, opportunity or enabling) can inform target-specific policy recom-

mendations that governments or other agencies could enact in order to minimize risks or facil-

itate benefits to forests (Fig 3).

Using this framework, we assessed the potential impacts of 24 selected SDG targets (five

‘risk’, nine ‘opportunity’ and ten ‘enabling’ targets) on existing and possibly emerging drivers

Fig 1. Illustration of how enabling, risk and opportunity SDG targets can either mitigate, worsen or create drivers

of deforestation and forest degradation.

https://doi.org/10.1371/journal.pstr.0000060.g001
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for 48 tropical countries spanning three major world regions (Africa, Asia/Pacific and Latin

American/Caribbean (LAC)). Data for 25 SDG indicators (or appropriate proxy data) were

used to assess the current status and recent trends of each country with respect to 24 forest-rel-

evant SDG targets (one opportunity target (target 7.1 on energy access) was split into two).

National development plans were reviewed in order to gauge the level of government priority

assigned to each target, and these two elements combined to provide an overall assessment of

each target for each country. Target assessments were linked with information on the ongoing

drivers in each country, gathered through literature reviews, in order to assess if/how antici-

pated development progress in each country might be expected to interact with ongoing (or

potentially emerging) issues surrounding forest conservation.

This paper targets those engaged in sustainable development and/or forest conservation in

the tropics, and hopes to provide an early indication of the aspects of national-level develop-

ment that may require attention in order to help minimise damage to forests, and instead

Fig 2. Illustration of our assessment framework. For each SDG target, data on recent trend and assigned priority are

combined to assess the likelihood of progress. This is combined with an assessment of the current status (indicative of

the scale of potential progress) to derive an overall target assessment, which is further cross-referenced with

information on national-level drivers to determine whether the anticipated target changes identified are expected to

interact with existing (or create novel) drivers of forest change, as shown in Fig 1.

https://doi.org/10.1371/journal.pstr.0000060.g002
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facilitate their conservation. The work is not intended as a definitive forecast of how the SDGs

will affect tropical forests, but rather as a means for researchers, stakeholders, policymakers

and development agencies to easily identify how anticipated changes may (or may not) poten-

tially affect forests, for better or for worse. Based on this information they should engage in fol-

low-up discussions, with the aim of informing more robust forecasts, and ultimately making

development trajectories more environmentally sustainable.

Results

For 48 tropical countries, we characterised 24 SDG targets in terms of their (i) relevance to

ongoing or potentially emerging drivers of deforestation and forest degradation (see S4 Table

and S1 Fig for a country-level summary of recorded drivers); (ii) magnitude of progress that

can feasibly be made (indicative of the potential scale of any associated impacts); and (iii) the

likelihood that progress will actually be made. In doing so, we generated 1,167 separate assess-

ments (data were unavailable for 81 cases, or 6.5% of a possible 1,248).

Fig 3. Policy responses that can promote synergies and avoid trade-offs for forest conservation vary for risk (red), opportunity (blue) and enabling

(green) targets, and according to current status and likelihood of imminent change. Following individual target-level assessments, this guide can be used to

help identify an appropriate response.

https://doi.org/10.1371/journal.pstr.0000060.g003
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Had universal target-driver relationships been assumed (i.e. if drivers were not used to

select targets of relevance), then a total of 99 additional cases (8.5% of those with data), which

were assessed as ‘no concern’ using the current approach, would have been flagged as relevant.

Notable targets in this regard include 7.2 (renewable energies), 10.7 (migration management),

and 16.1 (no conflict). Cases where target 7.2 would otherwise have been deemed relevant are

most frequent among African countries, while for 10.7 they only include countries from Asia-

Pacific and LAC, and for 16.1 they span all three regions. In a similar way, had universal tar-

get-driver relationships been assumed, then a total of 41 cases currently assessed as ‘emerging

risks’, would have been deemed potentially ongoing risks. These cases mostly relate to energy

targets (SDG 7) and are more common among African countries than elsewhere. These rela-

tively low proportions are indicative of the fact that many countries considered in this work

are currently subject to wide range of drivers of deforestation and forest degradation, such that

numerous SDG targets have potential relevance. We also acknowledge that these findings are

subject to some key choices made during the development of our approach (e.g. to not assign

weights to the drivers from each country), and we discuss the implications of these choices

later in our Discussion section.

To provide a visual overview of our data we present a bivariate heat map (Fig 4) which

depicts the current status of each country for each target (ranging from ‘poor’ (blue) to ‘good’

(green)) in combination with the likelihood of progress (ranging from ‘unlikely’ (light shade)

to ‘likely’ (dark shade)). Also shown in these figures are cases where targets are not linked to

an ongoing driver and either present a potential future risk or opportunity (orange cells) or

are not expected to have an imminent impact (beige cells). Our intention is that the assess-

ments presented in this figure can be easily cross-referenced with the policy implications given

in Fig 3. We also present our results in the form of maps that combine results from all targets

of the same type (‘risk’ (Fig 5), ‘opportunity’ (Fig 6) or ‘enabling’ (Fig 7)) to derive metrics of

‘cumulative impact’. While these maps do not imply that different components of the develop-

ment agenda act additively in terms of their risks or benefits to forests, they do convey additive

complexities from a wider range of socio-economic factors, all of which should be considered

by conservation and policy-making agencies.

In the following three sections we provide summaries of our findings for each of the risk,

opportunity and enabling targets considered. We also provide country-level assessment sum-

maries for individual risk, opportunity and enabling targets in S5, S6 and S7 Tables, respec-

tively, as well as summaries of key assessment outcomes for individual risk, opportunity and

enabling targets in S8, S9 and S10 Tables, respectively. Although the following sections typi-

cally summarise our findings either by region or by all countries combined, we note here that

greater utility may in fact be gained by considering assessments on a country-by-country basis,

and we provide an illustrative example of this in our Discussion.

Risk targets

Africa emerges as the region with a greater variety of emerging risks to forests from anticipated

development. One major contributor to this is that energy infrastructure across much of

Africa, while not recorded as posing a current risk, is expected to undergo significant progress

in the coming years. In other regions, energy infrastructure is a more common existing threat,

but our data suggest comparatively less significant latent threats from some energy-related

SDG targets in these regions compared with Africa. For risk targets 7.1 and 7.b (electricity

access and energy infrastructure, respectively) 70% and 100% of African countries were

assessed as having ‘poor’ status (compared with 0% and 69% in Asia/Pacific and 0% and 40%

in LAC). Notable improvements in these two targets were recorded for 95% and 60% of
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Fig 4. Country assessment summaries for all 25 development indicators included in this work. Legend axis

showing current target status (ranging from blue to green) is based on indicator data for the most recent years

available. Legend axis showing likelihood of imminent change (ranging from light to dark) is based on a combination

of recent trend in each indicator over a 10-year period and level of priority assigned to each target by countries in their

national development strategies. Emerging risks/opportunities are cases where targets are not linked to existing

drivers, but where a target’s status was assessed as ‘poor’ or ‘medium’, and likelihood of imminent change was assessed

as ‘possible’ or ‘likely’. Cases marked as ‘no concern’ show enabling targets that are not linked to existing drivers, or

risk/opportunity targets not linked to existing drivers and with current status assessed as ‘good’ and/or imminent

change assessed as ‘unlikely’. White dots show cases where assessments of either status or trend are based on

information gathered from the literature review, rather than from the primary source data used in other cases.

https://doi.org/10.1371/journal.pstr.0000060.g004
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African countries, compared with 92% and 85% in Asia/Pacific and 47% and 93% in LAC.

Among African countries, 100% and 90% are prioritising these targets, compared with 85%

and 77% in Asia/Pacific and 20% and 47% in LAC. This picture differs slightly for matters of

renewable energy (risk target 7.2), which is neither a current threat nor expected to show

imminent progress across much of Africa, but is already posing risks in the other two regions,

and is expected to progress further in many cases.

Risks from infrastructure associated with transport (risk target 9.1) appear to be high across

all three regions, although scope for potential progress is notably higher in Africa (where 95%

of countries have ‘poor’ status) than in Asia/Pacific (46%) and LAC (73%). Recent improve-

ments in this target have been achieved in around 50% of countries in each region, and further

improvements are being treated as a priority in 95%, 100% and 80% of countries in Africa,

Asia/Pacific and LAC, respectively.

Risks associated with and improving access to housing (risk target 11.1) appear more severe

in Africa than in the other two regions. Although levels of recent progress in this target have

been similar across all regions (observed in 50%, 46% and 53% of countries in Africa, Asia/

Pacific and LAC, respectively), proportions of governments prioritising this target are margin-

ally higher in Africa (90%), compared with Asia/Pacific (69%) and LAC (80%). Most signifi-

cantly, however, the extent of potential improvements to be made in this target are

significantly higher in Africa (where 95% of countries were assessed as having ‘poor’ status)

Fig 5. Cumulative risk scores for each country. Maximum possible score per country is six. See Materials and methods for details of how these scores were

derived. Grey colour shows countries not included.

https://doi.org/10.1371/journal.pstr.0000060.g005

Fig 6. Cumulative opportunity scores for each country. Maximum possible score per country is six. See Materials and methods for details of how these scores

were derived. Grey colour shows countries not included.

https://doi.org/10.1371/journal.pstr.0000060.g006
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than in Asia/Pacific and LAC (where 0% and 7% of countries have ‘poor’ status, respectively).

In two African countries (Central African Republic and Liberia), housing infrastructure was

not recorded as a current driver, but in both cases our assessment identified this as a potential

emerging risk.

Our findings on increased agricultural productivity (risk target 2.3) convey a complex pic-

ture, with few clear patterns emerging within or between regions. As has been widely noted

elsewhere [33,34] risks to forests from agriculture are of high immediate relevance across the

tropics. Accordingly, we recorded at least one of the two drivers associated with target 2.3

(small-scale agriculture and commercial agriculture) in all countries in this assessment.

Although relatively low proportions of countries were assessed having ‘poor’ status for this tar-

get (55%, 31% and 27% of countries in Africa, Asia/Pacific and LAC, respectively), we note

that this target is unbounded, having no defined endpoint to indicate ‘success’, and so high

current productivity is, in this case, less indicative of reduced likelihood of further increases.

Approximately 50% of countries from each region were recorded as having made notable

progress in this target in recent years, and 80%, 92% and 73% of countries from Africa, Asia/

Pacific and LAC were respectively assessed as prioritising increases in agricultural outputs.

The four countries with the greatest potential and highest likelihood of progress in this target

are India, Senegal, Sri Lanka and Zambia, but our findings suggest that risks to forests from

agriculture could continue across much of the tropics.

In combining all of the risks described above (Fig 5), we find that seven of the nine coun-

tries with the highest cumulative risk scores are in Africa. These countries (in decreasing order

of risk) are Zambia, Senegal, Burkina Faso, Madagascar, Sierra Leone, Congo, Ghana, Sri

Lanka and the Solomon Islands. Countries with the lowest cumulative risk scores are predomi-

nantly located in mainland Latin America. These countries (in increasing order of risk) are

Costa Rica, Ecuador, Paraguay, Peru, Brazil, Lao and Venezuela. We anticipated that cumula-

tive risk scores based on status and trend data (see Materials and methods) would show a posi-

tive relationship with past changes in forest cover. Regression analysis verified this positive

relationship (β = 2.026), although the model was not statistically significant (R2 = .10, F(1, 46)

= 5.04, p = .254), and we consider reasons for this in our Discussion section.

Opportunity targets

Our assessments of eight opportunity targets, which could either aggravate or help to mitigate

drivers, showed fewer clear patterns than the two other target types (risk and enabling). Two

exceptions to this are matters of poverty reduction (targets 1.1 and 1.2) and matters of

Fig 7. Cumulative enabling scores for each country. Maximum possible score per country is six. See Materials and methods for details of how these scores

were derived. Grey colour shows countries not included.

https://doi.org/10.1371/journal.pstr.0000060.g007
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improving rights of ownership of property and land (target 1.4). Poverty reduction, which can

encourage beneficiaries to reduce forest-damaging activities such as illegal logging, but also to

increase consumption of forest products or expand practices such as agriculture [35], is being

treated with high priority among a large share of the countries assessed (85%, 77% and 87% of

countries in Africa, Asia/Pacific and LAC, respectively). Differences between regions emerge,

however, when considering recent progress, which has been observed more commonly in

Asia/Pacific (92% of countries) and LAC (77%) than in Africa (50%), but still has much greater

potential to make significant impacts in Africa (where 90% of assessed countries have ‘poor’

status) than in Asia/Pacific (31%) and LAC (7%).

Improving property and land rights can induce landowners to either clear forests (or sell

land to a third-party who may clear them) or to aid their protection [36–38]. Proxy data used

to assess this target [39] were incomplete for 11 countries (five each in Africa and Asia/Pacific,

and one in LAC). Notwithstanding these data gaps, among countries with sufficient data, high

proportions of countries still have significant room for improvement in this area (100%, 75%

and 100% of Africa, Asia/Pacific and LAC countries were assessed as ‘poor’, respectively), and

reasonably large proportions have made notable recent progress (47%, 67% and 93% of Africa,

Asia/Pacific and LAC countries, respectively). However, assessments concluding that (further)

progress in this target is ‘likely’ were relatively less common, owing to the fact that few govern-

ments are prioritising this target in their national strategies (assessed as high priority in 40%,

31% and 27% of Africa, Asia/Pacific and LAC countries, respectively).

Investments into agricultural technologies and research (target 2.a), which we assess based

on funds provided by the UN’s International Fund for Agricultural Development, may result

in risks to forests due to further agricultural expansion, but can also benefit forests, for exam-

ple if agricultural intensification means that less land is required to produce the same yields

[40]. We found that investments into agricultural technologies and research are already high

in many countries, and especially so in Africa and Asia/Pacific compared with LAC. Although

this target still appears to be a priority among many governments (81% of countries assessed),

only 17 (35%) countries have seen recent improvements in this area, while 27 (56%) countries

have seen declines. This means that our assessments of this target are largely uncertain as to

whether investments will increase in the coming years (28 countries (58%) were assessed as

‘possible’, compared with 14 countries (29%) assessed as ‘likely’).

Assessments of economic growth (target 8.1) found that high proportions of countries are

prioritising this target (Africa 95%, Asia/Pacific 100%, LAC 67%). Approximately half of all

countries (46%) have improved in recent years, and existing rates of growth are relatively high

across most countries (only 10% were assessed as having ‘poor’ status for this target). Alto-

gether, this suggests that further economic growth is ‘possible’ across a large swathe of the

tropics, but that existing rates of growth may be approaching their maxima. Past work on the

links between economic growth and forests provides a complex picture, largely suggesting that

initial growth in economically weaker countries typically results in loss or degradation of for-

ests, but once higher economic status is achieved, rates of loss/degradation can (but are not

guaranteed to) decline [41]. One of the most important factors influencing this outcome is the

specific way(s) in which a country seeks to achieve growth, and two further opportunity targets

are known to play key roles, namely growth of the tourism (target 8.9) and industry/

manufacturing (target 9.2) sectors. Tourism, which can both encourage forest conservation to

attract visitors, but also deplete forests to make way for necessary infrastructure and to meet

increased demand on forest resources [28], is being widely prioritised (Africa 75%, Asia/

Pacific 85%, LAC 73%), but has shown more notable recent improvements in Asia/Pacific

(77% of countries) compared with Africa (45%) or LAC (53%). Countries with the greatest

potential for growth in tourism are more numerous in Africa (55% of countries) than Asia/
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Pacific (23%) or LAC (40%). Growth in industry and manufacturing can be damaging due to

associated infrastructure, pollution and influxes or workers, but can also produce beneficial

impacts if it allows a shift away from employment in agriculture or other damaging activities.

This target is a notably higher priority among African (90%) and Asia/Pacific (77%) countries

than among LAC countries (40%), but across all three regions, the potential for future progress

was assessed as ‘high’ in only 17% of countries. Similarly, recent progress was recorded in only

17% of countries, suggesting that imminent risks and benefits from this target may be lower

than for other areas of development.

Risks and benefits associated with reducing income inequalities (target 10.1) operate largely in

the same way as for reducing poverty (see above). This target was the most data deficient of all tar-

gets considered, with one or more data elements missing for 14 (29%) countries. Using available

data, we found that large proportions of countries have high potential for progress in this area

(64%, 75% and 100% of countries in Africa, Asia/Pacific and LAC, respectively). However, rela-

tively fewer have made significant progress in recent years (43%, 40% and 67% of countries in

Africa, Asia/Pacific and LAC, respectively), and fewer still are prioritising this target (25%, 38%

and 20% of countries in Africa, Asia/Pacific and LAC, respectively). Overall, despite high poten-

tial for progress in this area across the tropics, only four countries (11% of those with available

data) were assessed as ‘likely’ to make imminent progress, suggesting that the associated risks and

benefits are less likely to manifest in the near-term than for other areas of development.

Mechanisms through which reducing violence and conflict (target 16.1) can impact forests

are complex, often involving a multitude of factors. For example, while ending a conflict may

alleviate forest pressures relating to displaced peoples, armed groups residing in forests and/or

the breakdown of the rule of law, it may concurrently allow other damaging activities to begin

or resume, including agricultural expansion or increased exploitation of forest resources from

formerly hostile environments [42–45]. This target is only considered relevant in four coun-

tries where ongoing violence or conflict was recorded as a current driver (Central African

Republic, Democratic Republic of Congo, El Salvador and Venezuela). In both of the African

cases, the current status of this target was assessed as ‘poor’, and in the two South American

cases the status was recorded as ‘good’. In all four cases, the likelihood of progress in this target

was assessed as ‘possible’. Six additional countries were assessed as either ‘poor’ or ‘medium’

with regards to this target, and as either ‘possible’ or ‘likely’ to make imminent progress, and

in these cases a final assessment of ‘possible emerging opportunity’ was made. These six coun-

tries include four in Africa (Burkina Faso, Republic of Congo, Mozambique and Nigeria) and

two in Asia/Pacific (Papua New Guinea and Thailand).

In combining data for all opportunity targets described above (Fig 6), we find that the coun-

tries with the highest cumulative opportunity scores (in decreasing order of opportunity) are

Congo, Nigeria, PNG, India, the Philippines, Fiji, Jamaica, Tanzania, and the Solomon Islands.

Countries with the lowest cumulative opportunity scores (in increasing order) are Costa Rica,

Lao, Sri Lanka, Peru, Guinea, Vietnam, Colombia, Dominican Republic, and Mexico. Regres-

sion analysis comparing cumulative opportunity scores based on status and trend data (see

Materials and methods) against recent changes in forest cover found a very slight positive rela-

tionship (β = 0.693), although the model was not statistically significant (R2 = .002, F(1, 46) =

0.11, p = .737), which is perhaps unsurprising, given the varied nature of impacts associated

with opportunity targets.

Enabling targets

Similar to our assessment of risk targets, Africa again emerges as the region with the greatest

potential and the greatest likelihood of making impactful progress in targets that can help
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enable forest conservation (Fig 4). Enabling targets that differ most notably between Africa

and the other two regions relate to family planning (target 3.7), access to education (target

4.1), female representation in decision-making (target 5.5), and clean fuels (target 7.1), which

all typically have greater potential for progress in Africa than elsewhere, and in many cases

were assessed as more likely to actually improve.

Access to family planning is beneficial for forests in cases where population growth is an

underlying driver of forest change [46], which we recorded in all but seven countries (Brazil,

Colombia, Costa Rica, Guyana, Honduras, Liberia and Senegal). Although one or more data

elements for this target were missing for eight countries, based on those with available data,

and excluding countries where population growth is not an implicated driver, access to family

planning was assessed as currently ‘poor’ in 92% of countries in Africa, compared with 17% in

Asia/Pacific and 33% in LAC. Recent trends in this target are encouraging (assessed as improv-

ing in 67% of countries in both Africa and Asia/Pacific, and 78% in LAC). However, the level

of priority awarded to this target varies between region, with 56%, 38% and 20% of countries

from Africa, Asia/Pacific and LAC assigning high priority, respectively.

A well-educated population is increasingly recognised as an enabling condition for success-

ful conservation, particularly as it can facilitate alternative livelihood options that are less dam-

aging to forests, and can promote general awareness of the benefits of conservation [25,47,48].

Our assessments of target 4.1 (increase access to primary and secondary education) found

that, irrespective of their current status, 42 countries (91% of those with available data) were

assessed as ‘likely’ to make additional progress. Scope for potential progress is much greater in

Africa (17 of the 18 countries with available data were assessed as ‘poor’) compared with Asia/

Pacific and LAC where, barring a few exceptions, countries’ statuses were more typically

assessed as ‘medium’.

Increasing women’s representation in decision-making positions (target 5.5) has been

shown to have positive implications for forests in its own right [49], and is also indicative of a

socio-political setting with inclusive and participatory decision-making processes, which is

generally thought to be beneficial for forests [50,51]. Our findings identified relatively high

numbers of countries with currently ‘poor’ performances in this target, especially in Africa

(75%) compared with Asia/Pacific (69%) and LAC (53%). Recent progress in this target has

been encouraging, with 37 countries (77% of all assessed) making recent improvements. How-

ever, only 24 (50%) countries are prioritising this target, and only 18 (38%) countries were

assessed as ‘likely’ to make further progress, including nine in Africa (45% of all assessed), four

in Asia/Pacific (31%) and five in LAC (33%).

Target 7.1 calls, in part, for better access to clean fuels (but note that this target was split

and also considered as a risk target), which we link to countries where domestic fuel produc-

tion (typically wood and charcoal) is an acknowledged driver of forest change. This driver was

recorded in all but nine countries (five in Asia/Pacific: Indonesia, Lao, Malaysia, Sri Lanka and

Thailand, and four in LAC: Belize, Brazil, Colombia and Costa Rica). Among the 39 countries

where this target is relevant to forests, we find conspicuous differences between regions in

terms of current status. In Africa, 17 countries (85% of those assessed) were assessed as ‘poor’),

compared with four in Asia/Pacific (50% of countries where this target is relevant) and zero in

LAC. Across all three regions, imminent progress was assessed as ‘likely’ in only two countries

(Togo and Timor-Leste), compared with assessments of ‘possible’ in 21 countries (54% of

those where the target is relevant) and ‘unlikely’ in 16 countries (41%).

Higher levels of employment (target 8.5), especially in non-agricultural sectors (target 8.3)

can, through the provision of alternative livelihoods, reduce forest impacts from agriculture

[52,53], as well as pressures from illegal logging and overharvesting of NTFPs [54,55]. Assess-

ments of the current status of these targets show similar patterns across regions, with 10, 10
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and 28 countries assessed as ‘poor’, ‘medium’ and ‘good’, respectively, for target 8.3, and equiv-

alent values of 11, 9, and 25 (plus three unknown) for target 8.5. Differences emerge, however,

when considering the likelihood of future progress in these two targets. For example, while

future progress in target 8.5 was assessed as ‘likely’ for 20 countries (47% of those with available

data), for target 8.3 this was only the case for two countries (4%), Lao and Vietnam. This is

largely because almost all assessed countries are prioritising employment in their development

strategies, but only the two mentioned above are explicitly aiming to reduce the relative share

of agriculture in overall employment.

In countries where human migration (whether internal or from abroad) is considered a

driver of forest change, well-planned and managed migration policies (target 10.7) can help to

alleviate the associated impacts [56,57]. One or more drivers associated with this target were

recorded in all African countries considered (100%), nine Asia/Pacific countries (69%) and

eight LAC countries (53%). Among the 31 countries with complete data and for which this tar-

get is relevant, the status of this target was assessed as ‘poor’, ‘medium’ and ‘good’ for 11

(35%), 7 (23%) and 13 (42%) countries, respectively. Imminent progress in this target was

assessed as ‘likely’ for only four countries (Colombia, Ghana, Lao and Sri Lanka) and as

‘unlikely’ in 25 countries (81% of those with migration-related driver(s) and complete data).

Despite limited empirical evidence, it is widely asserted that more participatory and inte-

grated approaches to human settlement planning (target 11.3) can reduce forest loss/degrada-

tion from urbanization and other associated infrastructure [58,59]. Assessments of this target

suggest that many countries are already performing well in this target, with 36 (75%) and 12

(25%) countries assessed as having ‘good’ and ‘poor’ statuses, respectively (note that data limi-

tations for this target meant that assessments of ‘medium’ status were not possible; see S2

Table). Only three countries (Jamaica, Thailand and Zimbabwe) were assessed as ‘likely’ to

make additional imminent progress in this target, and a much larger share (36 countries, or

75%) were assessed as ‘unlikely to make progress.

We considered three targets from SDG 16 relating to matters of high-level governance,

including improved law enforcement (target 16.3), reduced corruption (target 16.5) and

increased institutional transparency and accountability (target 16.6). These targets are increas-

ingly recognised as providing the enabling conditions necessary to reduce forest loss/degrada-

tion due to illegal activities or those which circumvent environmental regulations or

safeguards [60–64]. Among all countries considered, current statuses were assessed as ‘poor’

for large proportions of all three of these targets, including 40 countries for target 16.3 of (95%

of those with available data), 44 countries for target 16.5 (96%), and 36 for target 16.6 (86%).

In terms of likelihood of imminent progress in these targets, assessments of ‘possible’ were

most common for all three, followed by assessments of ‘likely’, and assessments of ‘unlikely’

comparatively few. For target 16.3, 17 countries (40% of those with available data) were

assessed as ‘likely’ to make improvements, 24 (56%) as ‘possible’, and two (5%) as ‘unlikely’.

For target 16.5, 16 countries (34% of those with available data) were assessed as ‘likely’ to make

improvements, 29 (62%) as ‘possible’, and two (4%) as ‘unlikely’. For target 16.6, 13 countries

(30% of those with available data) were assessed as ‘likely’ to make improvements, 25 (58%) as

‘possible’, and five (12%) as ‘unlikely’.

In combining data for all enabling targets described above (Fig 7), we find that the countries

with the highest cumulative enabling scores are predominantly in Africa. These are (in

decreasing order): the Gambia, Sierra Leone, Guatemala, Togo, Guinea, Zimbabwe, Burkina

Faso, Zambia, DRC and Central African Republic. Countries with the lowest cumulative

enabling scores are predominantly in mainland Latin America. These are (in increasing

order): Costa Rica, Belize, Sri Lanka, Venezuela, Malaysia, Peru, Brazil, Mexico, Ecuador and

Honduras. We anticipated that cumulative enabling scores based on status and trend data (see
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Materials and methods) would show a negative relationship with past changes in forest cover.

Regression analysis verified this negative relationship (β = 2.026), and the model was statisti-

cally significant (R2 = .03, F(1, 46) = 1.33, p = .029).

Discussion

For 48 tropical countries, our assessments highlight potential risks, opportunities and enabling

conditions for forest conservation that could arise in the short to medium term, based on their

anticipated development trajectories. Individual country assessments show variation in the

make-up of their component target-level assessments, yet some broad patterns are evident. Of

particular note is the observation that for the majority of targets, assessments of ‘unlikely’

imminent progress were less frequent than assessments of ‘possible’ or ‘likely’. Exceptions to

this include targets 10.7 (migration management), 11.3 (participatory settlement planning)

and, for Africa only, the clean fuels aspect of target 7.1. Given that these are all enabling targets,

we urge governments to make greater efforts to address these, both for the forest-specific and

the wider benefits they provide. As has been noted elsewhere [65,66], creating appropriate

enabling conditions is of paramount importance if the risks to forests from progress towards

sustainable development are to be effectively managed.

Assessments of the likelihood of progress for each target assessed are more similar between

regions (at least in terms of the proportions of countries in each category) than assessments of

the magnitude of potential progress. Specifically, we see that, with few exceptions, African

countries currently require greater progress in order to achieve many of the targets assessed in

this work, suggesting that the latent impacts associated with the different target types (risk,

opportunity or enabling) are greater in magnitude there than elsewhere.

Specific risks to forests that could warrant attention over the coming years include ongoing

threats from agricultural production, transport infrastructure and urban infrastructure, which

all look likely to make further progress in many countries across all regions (including coun-

tries that are already performing well in these areas). Energy infrastructure could also pose

risks to forests across many tropical countries, though in many cases such threats are yet to

emerge. We note that in Africa, possible emerging risks are more typically associated with pro-

viding access to electricity and other energy types, while in LAC, possible emerging risks from

renewable energies were identified more frequently. While it would be improper to suggest

that countries should not strive to achieve progress in these areas, appropriate safeguards,

which are often facilitated by sound planning, management and governance frameworks (as

per many of the enabling targets considered herein), will be essential in order to minimize any

environmental damage caused [19,67,68].

Across all countries, assessments of opportunity targets show greater heterogeneity than

those for risk and enabling targets, yet some broad patterns are still evident. For example, pov-

erty reduction and economic growth are clearly high priorities among many countries, and

much progress has been made in both areas in recent times. Conversely, assessments of prop-

erty/land rights and income inequalities showed that much progress remains to be made in

these areas, and that in many countries this is less likely to occur than for other targets. As with

risk targets, the achievement of opportunity targets is unquestionably desirable, but we

encourage those responsible for delivering progress to pursue pathways that support, rather

than inhibit, environmental conservation. Ways to achieve such outcomes are innumerable,

but examples might include the pursuit of target 8.9 (sustainable tourism) through well-man-

aged ecotourism that facilitates poverty reduction and economic growth [69], strengthening of

land and property rights (target 1.4) for individuals and communities in combination with

appropriate conservation incentive programmes [70], or the promotion of agricultural
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technologies (target 2.a) that allow sustainable intensification of otherwise low-yielding, exten-

sive farming practices [71]. Achieving opportunity targets in ways that benefit, rather than

damage the environment will, in many cases, require appropriate enabling conditions to first

be created, so that resulting planning, management and governance frameworks can help to

ensure the most sustainable progress possible.

Assessments of enabling targets show that the majority of countries still have much progress

to make on matters of rule of law, corruption and institutional transparency, but that some

progress can be expected in these areas in many cases. For a number of other enabling targets,

we found that Africa is lagging behind the other two regions considered in many cases. Despite

this, across all regions we expect to see progress in many areas, and especially in matters of

education, female decision-making, and increased employment. Exceptions include matters of

clean fuels (Africa only), reduced agricultural employment, migration management and par-

ticipatory settlement planning, which were all assessed as generally less likely to make immi-

nent progress. As the benefits associated with a number of enabling targets typically manifest

through the mediation of impacts from other target types (e.g. reducing corruption can help

prevent infrastructure projects from bypassing safeguards) we recommend that these targets

be treated with the greatest priority. It is also worth noting here that SDG targets pertaining

directly to matters of the environment are also all enabling in nature, but were not included in

this work as our intention was to focus on matters that can affect forests indirectly. Progress in

environment-related targets will be essential to stem the loss and degradation of forests and

other natural systems, but achieving these additional, less conspicuously relevant targets will

also be highly important to ensure that direct conservation measures are as effective as possible

[72–74].

The relationships underpinning this work are typically relevant to the conservation of exist-

ing forests, but consideration of anticipated development trajectories is equally as important

when planning for the restoration of lost or degraded forests [75], which we encourage. We

further encourage similar applications in other development-related contexts. A key starting

point for such assessments is to synthesise knowledge of the direct and underlying factors that

can facilitate or limit success in achieving a given development outcome. Fortunately, such

information exists for a wide range of topics featured among the SDG’s targets, including both

environmental (e.g. wetland conversion [76], illegal fishing [77,78]) and non-environmental

(e.g. poverty reduction [79,80], maternal mortality [81,82], sustainable tourism [83,84]) issues.

In many cases, and as was demonstrated in this work, this knowledge could be readily used to

select key SDG targets to assess how ongoing national development trajectories could affect

the development outcome in question, and to facilitate identification of appropriate policy

responses. For development outcomes where the factors that facilitate or limit success are cur-

rently unknown, we encourage efforts address these knowledge gaps (e.g. through literature

reviews and meta-analyses). By combining the growing understanding of interactions among

development targets with data indicating anticipated progress (or lack of) in key areas, we can

develop a more holistic understanding of likely outcomes across a range of development

themes, and act accordingly to ensure that areas of development operate in harmony rather

than in discord.

When considering interactions among the SDGs, whether pertaining to forests or other-

wise, it is important to keep in mind the different contexts that exist between locations [4,7].

Although the results presented in this paper have largely been summarised either by region or

by all countries combined, important insights can be gained by considering assessments on a

country-by-country basis. The fact that no two countries are identical in their constituent

assessments is indicative that appropriate responses to the findings presented will differ

between countries. To illustrate this we might compare interpretations between two arbitrary

PLOS SUSTAINABILITY AND TRANSFORMATION Risks and opportunities for tropical forests from sustainable development

PLOS Sustainability and Transformation | https://doi.org/10.1371/journal.pstr.0000060 May 2, 2023 17 / 31

https://doi.org/10.1371/journal.pstr.0000060


countries, say Zambia and Malaysia. In Zambia, risks to forests could arise from ongoing

improvements in agricultural production, transport infrastructure and housing, while in

Malaysia, these are less of an issue, and deployment of renewable energies was identified as a

greater potential risk. In Zambia, opportunities will arise from poverty reduction and

improved agricultural technologies, both areas with significant scope and high likelihood of

progress. In Malaysia, these targets are expected to show progress, but with much less scope

for potential gains, and instead, matters of tourism and income equality, both expected to

show significant progress, are more relevant. Concerning enabling targets, both countries are

set to make significant progress in matters of female decision-making, and rule of law, and nei-

ther country is expected to make the desired progress in matters of institutional transparency.

However, few other similarities are evident, mainly as Zambia is lagging behind in many areas

(most notably clean fuels and reducing corruption), while Malaysia is already performing rela-

tively well in most other enabling targets. Such differences will necessitate different responses

on the part of national-level policymakers and development/conservation agencies to guide

national development in a forest-friendly direction, and we therefore encourage interpretation

of our findings at this more in-depth level, including through follow-up discussions with stake-

holders and experts (see below) to verify whether the potential for forest-related outcomes is

relevant in their specific context.

The assessment framework presented in this paper requires very little technical expertise to

apply and interpret, and is readily applicable across different locations and scales, which are all

characteristics considered desirable among decisionmakers [16], and mean that it is likely to

be especially useful in cases where limited time, resources, capacity or system-specific knowl-

edge pose a constraint. Nevertheless, the approach has some limitations that are important to

consider. Despite showing the anticipated relationships in terms of direction, our analyses

regressing forest cover change against the cumulative scores for each of the three target types

generally had low explanatory power. Among other reasons (e.g. the fact that our response var-

iable does not consider forest degradation), this is likely due in large part to several key

assumptions that were made in the absence of knowledge of specific contextual elements. In

this demonstration we assumed that all recorded drivers within a given country are of equal

importance, and that links between drivers and SDG targets are uniform across countries, nei-

ther of which are likely to be true. Although we still feel that our approach can be informative

in its own right (e.g. to identify sectors between which dialogue and collaboration could help

to address the ongoing issue of silos within the sustainable development community [85]),

such assumptions constrain the degree to which policy recommendations can be made directly

from our findings, and again reiterate that inputs from knowledgeable experts and stakehold-

ers on these contextual matters would be of great benefit, as is the case in the majority of

future-oriented approaches [86]. As was stated at the outset of this paper, our approach is

intended as a complement to existing techniques, which in most cases will involve a process of

stakeholder and expert consultation, providing an opportunity to address these and other

assumptions.

The list of drivers used in this work is limited to human-driven, national-level factors (see

Materials and methods), yet we should not underestimate the importance of other factors that

play roles in the loss and degradation of forests, including human-driven factors (e.g. global

commodity prices, foreign policies and resource demands, or levels foreign investment) and

natural factors (e.g. climate change). Although we acknowledge the importance of such factors

[87–91], their inclusion would be challenging, not least because they are typically stochastic

and/or beyond the control of any single government. Similarly, we focused on a subset of SDG

targets with the best-documented links with drivers of forest change (and with sufficient data

availability). Notable omissions from our assessments include matters of access to vocational
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and tertiary education (target 4.3), and access to finance and markets by small-scale enterprises

(target 9.3), for which good evidence exists to suggest beneficial and damaging impacts on for-

ests, respectively [92,93]. Our omission of certain drivers and development targets means that

our assessments are not wholly representative of the myriad ways in which sustainable devel-

opment may affect tropical forests. Nevertheless, we cover many of the major issues surround-

ing the forest impacts of sustainable development, and hence provide an informative and

comprehensive overview of the outlook over the coming years. Moreover, given the simplicity

of our approach, the inclusion of additional indicators (e.g. once useable data become avail-

able) in future applications of this framework would present few challenges.

To a limited extent, our assessments intrinsically cover multi-target interactions (impacts

arising from the interplay between two or more targets). For example our inclusion of target

4.1 (access to education) assumes that benefits to forests from this target will manifest, at least

in part, through changes in poverty levels (targets 1.1 and 1.2) and employment status (targets

8.3 and 8.5) [94]. However, interactions of this nature were not explicitly investigated in this

work. To do so would require a much deeper understanding of how two or more targets can

interact to result in environmental impacts, which is currently lacking, at least compared with

the more straightforward two-target interactions considered in this work. As knowledge of

multi-target interactions continues to grow, the inclusion of such factors in assessments such

as this, which aim to identify emerging risks and opportunities, could well represent a valuable

area of inquiry. In the meantime, however, a limited understanding of these more complex

interactions should not inhibit consideration and appropriate actions to address interactions

that are better understood, which was the underlying motivation for this this paper.

Materials and methods

Selecting focal countries

From an initial list of 96 countries (excluding dependent territories) falling within or largely

within the tropical zone, we excluded those considered ‘high income’ by the World Bank [95],

as such countries are expected to have less scope for imminent development progress and are

therefore of less interest in this regard. We excluded countries with less than 20% total natural

forest cover in 2018, based on data compiled by the Food and Agriculture Organization of the

United Nations (FAO) and made available as part of the World Bank’s Development Indica-

tors [96] (development progress in these countries is less likely to impact upon forests com-

pared to those with higher forest cover). Lastly, we excluded countries that had not published a

Voluntary National Review (VNR) of recent progress towards achieving the SDGs, as these

documents were a key data source for this work. This resulted in a list of 50 remaining coun-

tries for investigation, though we subsequently excluded a further two countries (Saint Lucia

and Vanuatu) due to a lack of useable indicator data. The total estimated forest cover of the ini-

tial 96 countries and for our subset of 48 is 18,067,728 km2 and 15,224,221 km2, respectively,

meaning that, notwithstanding dependent territories, our assessments are relevant to countries

containing around 84.3% of all tropical forests. Our subset of 48 countries comprised 20 coun-

tries from Sub-Saharan Africa, 13 countries from the Asia/Pacific region, and 15 countries

from the LAC region.

Assessing national-level drivers of deforestation and forest degradation

As there is currently no repository for storing or providing data on national-level drivers, our

approach drew upon available literature, including peer-reviewed articles and other high-level

reports. We used a series of four searches (country name, plus each of the terms “deforesta-

tion”, “forest change”, “forest degradation” and “forest drivers”) in both Google and Google
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Scholar, excluding publications prior to 2015 and, in each case, inspected the first 50 results

for relevant information. For each country, we also specifically sought the following docu-

ments, which all typically present summaries of national-level drivers: (i) World Bank ‘Coun-

try Forest Notes’ [e.g. 97]; (ii) CIFOR working papers from their ‘Context of REDD+’ series

[e.g. 98]; and (iii) REDD+ preparation documentation (predominantly, but not exclusively

national ‘Readiness Preparation Proposals’), made available by the Forest Carbon Partnership

Facility [99].

We reviewed each document for relevant information, recording each direct and underly-

ing driver reported, including those reported as likely to emerge in the near future. We did not

include drivers related to fire events or climate change, nor those that are not typically influ-

enced by the focal country (e.g. timber market prices or levels foreign direct investment),

which are all beyond the scope of this work. We also did not include drivers relating to formal

government policies, as, given that government policies form a key source of information for

this work, we would risk making circular arguments. At this initial review stage, all drivers

were recorded in their raw form, as specified in the source documents. Subsequently, all

recorded drivers were grouped into logical categories (33 in total, see S1 Table) to provide con-

sistency and comparability between countries. With few exceptions, all documentation

reviewed used similar terminology and classification schemes to describe drivers, and so this

process presented few challenges.

We did not attempt to assign relative weights or levels of importance to drivers, as, in most

cases, the complexities surrounding causes of forest change, even at national levels, make this

unfeasible. Though our approach was not exhaustive, it can be considered comprehensive, and

in the majority of cases, individual drivers were reported across multiple documents, suggest-

ing that our searches captured the most important contributing factors.

Selecting SDG targets

Initial selection of SDG targets was based on Carr et al. [26], who identified 63 targets as hav-

ing potentially damaging, beneficial or mixed implications for forests (corresponding with our

categories of ‘risk’, ‘opportunity’ and ‘enabling’ targets, respectively). From these, we excluded

targets for which implications were deemed uncertain (i.e. reported as ‘low confidence’ by the

authors) or where the original findings were based on highly specific contexts, not applicable

to a multi-country assessment such as this (e.g. the authors’ findings on target 16.4 related spe-

cifically to efforts to reduce organised crime in Colombia). To further confirm these target-for-

est relationships, we also consulted Katila et al. [27], who provided a qualitative, expert-driven

assessment of the impacts of achieving the SDGs on forests. Where, for a given target, one

source suggested beneficial or damaging impacts and the other suggested mixed impacts (as

was the case for target 8.9, on tourism), the target was placed in the opportunity category. In

one case (target 6.1, water access) the two sources disagreed entirely, with one suggesting negli-

gible impacts and the other damaging, and so we chose to not include this target. Because

Katila et al.’s assessment was not systematic in nature, not all targets were necessarily consid-

ered in their work. As such, in cases where the Carr et al. study cited impacts for a target that

was not mentioned by Katila et al., the former was taken as the default option.

As targets 4.1 (access to primary and secondary education) and 4.2 (access to pre-primary

education) are expected to be closely related, we only included the former, which had better

data availability. Two targets (4.3 on technical and vocational education and 9.3 on access to

credit and markets) were not included due to a lack of available indicator data to inform

assessments. Targets 1.1 and 1.2 (poverty measured using international and national scales,

respectively) were combined into a single assessment, and two separate assessments were
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made for target 7.1 (access to modern energy services); one on access to electricity and another

on clean fuels (see details in S2 Table). Despite being assessed by Carr et al. [26] as having

impacts with low associated confidence, we included assessments of access to family planning

(target 3.7), responsible migration policies (target 10.7), inclusive and participatory settlement

planning (target 11.3), and accountability/transparency of institutions (target 16.6). These tar-

gets can all be linked with commonly cited underlying drivers of forest change [58,100–102],

and so were deemed informative in our context. Overall, we considered 25 indicators, relevant

to 24 SDG targets (see S2 Table).

Establishing linkages between drivers and SDG targets

In many cases, the links between SDG targets and drivers of forest loss/degradation are

straightforward. For example, plans to increase agricultural output (target 2.3) could result in

the emergence or worsening of drivers relating to agricultural expansion, while efforts to

address corruption (target 16.5) will likely help to address cases where corruption is a known

underlying driver. In many other cases, however, these links are less clear, and so to establish

linkages for the purpose of this assessment, we again drew upon the published literature.

When assessing the national-level drivers for each of the 48 countries considered in this work,

many of the documents reviewed described ways that specific drivers could be mitigated or

aggravated by suggested interventions or anticipated changes. This was especially the case for

documentation associated with REDD+ (e.g. Readiness Preparation Proposals and synthesis

reports), which commonly give detailed breakdowns of identified national-level drivers,

including suggested solutions and/or anticipated changes that could cause them to worsen.

This information was then compared with the official SDG targets and indicators [17] to deter-

mine which of the SDG targets best aligned with the solutions/changes that were identified as

having implications for a given driver.

The documents used to select SDG targets for inclusion in this work also contained useful

information in this regard. The review by Carr et al. [26], which was conducted by several

authors involved in this work, provided a large body of literature containing much informa-

tion on the specific mechanisms through which individual targets can affect forests, which was

often readily linked to specific drivers. The book by Katila et al. [27] also provides detailed

descriptions of how each SDG is expected to interact with forests, often making or (inferring)

explicit links with drivers. Information gathered from these sources was cross-referenced with

our list of drivers, and all linkages recorded.

Information gathered through the above processes were summarised (S1 and S2 Tables) for

consideration by co-authors, and any contentious links were excluded. A matrix showing all

links used to conduct this assessment is provided in S3 Table. We acknowledge that our assess-

ment of the links between SDG targets and drivers in this way may not have captured the full

range of complexities, but nevertheless feel that our approach was thorough, and should have

captured the most important relationships. We also acknowledge that many of our recorded

linkages may not apply in all countries and contexts. However, as our intention is to indicate

possible ways that anticipated development progress could affect forests, which we hope will be

further discussed among experts with more detailed contextual knowledge, we prefer to be

inclusive, allowing exclusion of a particular relationship deemed irrelevant at a later point,

rather than to exclude potentially relevant relationships, which could be later overlooked.

Assessing SDG target indicators

For each target, and for each country, we aimed to assess three features: (i) the current status,

designated into categories of either ‘poor’, ‘medium’ or ‘good’, (ii) the recent trend, using
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categories of either ‘declining’, ‘stable’ or improving’ and (iii) the level of priority assigned by

national governments, using categories of either ‘low’, ‘medium’ or ‘high’.

For elements (i) and (ii) we first sought data directly pertaining to the official SDG indica-

tors [17], made available on the UN’s Global SDG Indicators Database [103] and by the World

Bank [96], the latter often being more data rich, and so used preferentially where data for the

same indicator were available from both sources. In cases where targets or indicators are

multi-faceted in nature, we purposefully chose indicators most closely related to the forest

impacts identified by Carr et al. [26]. For example, for target 1.4 (“By 2030, ensure that all men
and women, in particular the poor and the vulnerable, have equal rights to economic resources,
as well as access to basic services, ownership and control over land and other forms of property,

inheritance, natural resources, appropriate new technology and financial services, including
microfinance”) we were specifically interested in matters relating to “control over land and

other forms of property”, which was identified by the authors as playing a key role in matters

of deforestation and forest degradation. In cases where data from our preferred source were

unavailable or insufficient, we identified alternative data sources thought to adequately reflect

the target in question. Additional sources included: the Physical Property Rights component

of the International Property Rights Index [39] for target 1.4 (control over land and other

forms of property); FAO data on national levels of agricultural production [104] for target 2.3

(increase food production); data from the World Justice Project [105], which includes a range

of indices relating to matters of national-level governance, for targets 16.1 (no conflicts), 16.3

(rule of law) and 16.7 (institutional transparency); and Transparency International’s Corrup-

tion Perceptions Index [106] for target 16.5 (reduce corruption).

For all targets/countries, we collated information for the most recent years available

(excluding cases with no data available for 2015 or after) as well as for 10 years (or as close as

possible) prior to the most recently available value. Information on all targets/indicators con-

sidered in this work, including data sources, is provided in S2 Table.

For indicators with defined endpoints (i.e. those based on bound indices or where a 0% or

100% outcome is desired) we calculated the global (using all countries with available data)

standard deviation (SD) from this endpoint. We then considered national-level distances from

the defined endpoint, and assessed values less than the global SD as ‘good’, those greater than

one SD but less than two SDs as ‘medium’, and those greater than two SDs as ‘poor’. Where

indicator endpoints are less well defined (e.g. proportion of total GDP derived from tourism

for indicator 8.9.1), we assigned our own success thresholds based on reasonable assumptions

of desirable target values (see S2 Table), and applied this same approach. While this approach

may attract criticism for use of somewhat arbitrary values, other approaches (e.g. comparing

country-level values to global averages [107]) are limited by the fact that reference values may

not be indicative of the levels that countries wish to achieve (i.e. if global performance for a

given target is currently poor), and so our approach is preferred. Assigning categories that

characterise recent change (i.e. ‘declining’, ‘stable’ or improving’) in a given indicator faces

similar challenges, again because there are no pre-established thresholds with which to distin-

guish between stable and either declining or improving (given that some level of change, even

if very small, can be expected in the majority of cases). We calculated the percentage change

between the latest available data value and the corresponding value from 10 years previous

(extrapolating from intermediate values as required), and with few exceptions (see S2 Table)

considered absolute changes of less than five percent as ‘stable’. Although use of ordinal cate-

gories may mask some of the between-country variation present in the raw data, it does allow

straightforward comparison between countries and indicators. Future applications of this

framework could potentially capture a wider extent of the variability by using more than three

categories, but for the sake of interpretability, we opted for a more simple approach.
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Assessments of the priority assigned to each target by governments used official national

development plans as well as the most recent Voluntary National Reviews of the SDGs [108].

Targets explicitly stated in these documents as being a priority and/or with detailed informa-

tion on how the target will be achieved were considered ‘high’ priority. Targets receiving men-

tion, but lacking details on how they will be achieved were considered ‘medium’ priority.

Targets not mentioned at all were considered ‘low’ priority. An improving trend in a given

indicator does not guarantee that improvements will continue, and, similarly, governments

simply stating that a particular target is a high priority does not necessarily mean that they will

honour this. As such, we combined these two components to derive a measure of likelihood of

imminent change using the following logic: for targets exhibiting recent progress and consid-

ered high government priority, imminent change was considered ‘likely’. For targets where

only one of the above was true, imminent change was considered ‘possible’, and for targets

where neither of the above was true, imminent change was considered ‘unlikely’.

In cases where a given target was not linked to an acknowledged country driver, two assess-

ment outcomes were possible: for opportunity and risk targets with current statuses assessed

as either poor or medium and with imminent progress assessed as either possible or likely, the

category or ‘possible imminent opportunity/risk’ was assigned. For enabling targets, and for

opportunity and risk targets not meeting the above criteria, we assigned the category of ‘not

currently relevant’.

Deriving and comparing indicative, combined scores

To derive cumulative scores for each target type, individual targets were scored as follows: for

current status, good = 0, medium = 1, poor = 2; for trend, declining = 0, stable = 1, improv-

ing = 2; and for priority, low = 0, medium = 1, high = 2. Values for all targets in each category

(risk, opportunity or enabling) were summed (with scores of zero given to enabling and

opportunity targets without recorded target-driver links), and final country values for each cat-

egory derived by taking the mean of all values for each target with complete available data.

Minimum and maximum possible scores are zero and six, respectively. The nature of this scor-

ing process means that higher scores can result where countries have significant progress to

make in order to achieve targets, where observed progress has been achieved in the last decade,

or where targets are being treated with high priority by governments, and combinations of all

three of these criteria result in the highest possible scores. As noted earlier, high cumulative

scores are not necessarily indicative of a higher intensity of expected forest outcomes (whether

positive or negative), but rather a greater complexity of factors that governments, conserva-

tionists and development agencies will need to consider in order to achieve development tra-

jectories that are conducive to forest conservation. All maps were produced in R version 4.2.1

[109], using country boundary data sourced from Natural Earth (www.naturalearthdata.com)

[110], which are in the public domain.

We also examined whether cumulative target values from each target category (risk, oppor-

tunity and enabling) were associated with changes in forest cover in the recent past. Given that

our assessment framework is essentially ‘forward looking’, some modifications were required

to apply it in a more historic sense. Scores for each country/target category were derived in a

similar fashion to above, but with scores for the ‘status’ component reversed (i.e. poor = 0,

medium = 1, and good = 2), so that higher scores reflect better current status as opposed to

high potential for significant progress. We also excluded the ‘priority’ component in this case,

as this was not expected to be associated with any past impacts on forests. Resulting values

were regressed (using standard linear regressions) against measures of percentage tree cover

loss between 2010 and 2020 derived from [111], which broadly aligns with the timeframe
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covered by the rest of our study. Our expectation is that risk targets should have a positive rela-

tionship with percentage tree cover loss, enabling targets a negative relationship, while oppor-

tunity targets could have either, if any relationship is evident at all.

Supporting information

S1 Table. Driver categories used in this analysis. Includes the total number of countries

reported as having forests affected by each driver, and explanations of SDG targets associated

with each driver. Drivers are presented from highest to lowest numbers of countries in which

they were recorded in this work. In this work, for all acknowledged drivers in a given country,

all associated targets of relevance are reported upon. In cases where risk or opportunity targets

are not triggered by an existing driver, but are assessed as likely to show imminent progress,

we report these as ‘possible emerging risks’ (see Materials and methods, main report).

(PDF)

S2 Table. SDG targets included in this analysis. Includes links with drivers of forest loss or

degradation (highlighted bold for cross-referencing with S1 Table), indicator data used to per-

form analyses, any notes or caveats associated with indicator data, and values used to assign

categories of current status.

(PDF)

S3 Table. Summary matrix showing all links between drivers (rows, listed alphabetically)

and SDG targets (columns) used in this work.

(PDF)

S4 Table. Drivers recorded for each country. Countries are presented in descending order by

total number of recorded drivers. Y = driver ongoing, F = expected future driver. Values given

in the final column were used to create the map in S1 Fig.

(PDF)

S5 Table. Assessment summaries of risk targets for all countries. For each cell in columns 2

to 7, the first value indicates status (0 = good, 1 = medium, 2 = poor), the second value indi-

cates trend (0 = declining, 1 = stable, 2 = improving) and the third value indicates priority

(0 = low, 1 = medium, 2 = high). Underscores show missing data values. Asterisks show cases

where one or more data elements is lower confidence. Also shown are the mean risk scores,

used to produce Fig 5, and values derived from the status and trend assessments, used to per-

form regression analysis against tree cover change (see Materials and methods in main article).

(PDF)

S6 Table. Assessment summaries of opportunity targets for all countries. For each cell in

columns 2 to 9, the first value indicates status (0 = good, 1 = medium, 2 = poor), the second

value indicates trend (0 = declining, 1 = stable, 2 = improving) and the third value indicates

priority (0 = low, 1 = medium, 2 = high). Underscores show missing data values. Asterisks

show cases where one or more data elements is lower confidence. Also shown are the mean

opportunity scores, used to produce Fig 6, and values derived from the status and trend assess-

ments, used to perform regression analysis against tree cover change (see Materials and meth-

ods in main article).

(PDF)

S7 Table. Assessment summaries of enabling targets for all countries. For each cell in col-

umns 2 to 12, the first value indicates status (0 = good, 1 = medium, 2 = poor), the second

value indicates trend (0 = declining, 1 = stable, 2 = improving) and the third value indicates
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priority (0 = low, 1 = medium, 2 = high). Underscores show missing data values. Asterisks

show cases where one or more data elements is lower confidence. Also shown are the mean

enabling scores, used to produce Fig 7, and values derived from the status and trend assess-

ments, used to perform regression analysis against tree cover change (see Materials and meth-

ods in main article).

(PDF)

S8 Table. Summary of key assessment outcomes for risk targets for all countries by region.

Includes counts and proportions of countries with high potential for change (poor status),

observed improving trend, and high government priority. Combined assessment summaries

show numbers and proportions of countries of all combinations of potential for change

(high = poor or medium status; low = good status) and likelihood of change (high = likely;

low = unlikely or possible). Values in parentheses show total countries with unavailable data.

Bold text shows cases where�50% of countries are within a given category.

(PDF)

S9 Table. Summary of key assessment outcomes for opportunity targets for all countries

by region. Includes counts and proportions of countries with high potential for change (poor

status), observed improving trend, and high government priority. Combined assessment sum-

maries show numbers and proportions of countries of all combinations of potential for change

(high = poor or medium status; low = good status) and likelihood of change (high = likely;

low = unlikely or possible). Values in parentheses show total countries with unavailable data.

Bold text shows cases where�50% of countries are within a given category.

(PDF)

S10 Table. Summary of key assessment outcomes for enabling targets for all countries by

region. Includes counts and proportions of countries with high potential for change (poor sta-

tus), observed improving trend, and high government priority. Combined assessment summa-

ries show numbers and proportions of countries of all combinations of potential for change

(high = poor or medium status; low = good status) and likelihood of change (high = likely;

low = unlikely or possible). Values in parentheses show total countries with unavailable data.

Bold text shows cases where�50% of countries are within a given category.

(PDF)

S1 Fig. Counts of recorded drivers of deforestation and forest degradation per country

(from a possible total of 33). Grey colour shows countries not included. Underlying values

used to create this map are given in S4 Table.

(TIF)
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