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SUMMARY

Achieving food and nutrition security for the world’s population while at the same time reversing and mini-
mizing damage to the natural environment is a grand societal challenge. A growing body of evidence has
shown that access to forests can support food security in some settings, but the linkages between forests
and people’s diets are not well understood. The goal of this review is to provide an overview of the explana-
tions behind observed associations between forests and food and nutrition security. We found that 77% of
publications show that forests contribute positively to food and nutrition security. The twomain explanations
are (1) the direct provision of forest foods and (2) indirect effects from forest-based ecosystem services on
surrounding agriculture. Our findings suggest that it is pertinent to rethink the dichotomy between agriculture
and nature and move toward more integrated nutrition-sensitive landscapes.
INTRODUCTION

Within the last few years, the total number of people suffering

from food and nutrition insecurity has increased globally.1 While

undernourishment is a key focus of policymakers and interna-

tional institutions, less focus is given to the estimated two billion

people who suffer from ‘‘hidden hunger’’ due to micronutrient

deficiencies.2 The dominant discourse within the global agenda

on food security has historically been characterized by the notion

that undernourishment should be addressed by increased food

production through agricultural intensification.3–5 Feeding a

future population of approximately nine billion people in 2050 still

appears to be approached by a ‘‘production-at-all-costs’’ narra-

tive, in which croplands need to expand at the cost of forests and

pasture lands.6 Today, agriculture is the leading driver of defor-

estation, accounting for 27% of global forest loss.7 Agricultural

intensification has not only proved to be damaging environmen-

tally, but also has socio-economic downsides, and has failed to

achieve adequate nutrition for millions of people around the

world, particularly the rural poor.8,9 For example, recent studies

show how expansion of market-oriented agriculture tends to

worsen local food security if it happens at the cost of wild food

resources.10–12 Meanwhile, forests are increasingly acknowl-

edged as essential to poverty alleviation and improved human

well-being, as well as important contributors to global food secu-

rity and nutrition.13–17 Over the last decade, a growing body of

scientific literature has found a positive relationship between

living in (and having access to) forest landscapes and improved

food and nutrition security.18–22 These publications are often

based on large-scale analyses of international datasets, such

as the Demographic and Health Survey or the World Bank’s

Living Standards Measurement Study. While such studies can
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provide statistical evidence on the relationship between peo-

ple’s food consumption and forests, they tend to be limited in

terms of explaining the mechanisms that drive this relationship.

Other studies have used finer-scale data to examine the linkages

between local people’s food security and their surrounding land-

scapes.23–27 Such studies tend to provide detailed explanations

on the various ways that forests can contribute to local food and

nutrition security. However, the results from these local case

studies are often highly site-specific and less useful for large-

scale extrapolation. Consequently, there is a need to strengthen

the evidence base behind the assumed explanatory linkages

between forests and food and nutrition security.

The main goal of this review is to synthesize evidence on how

forests affect food and nutrition security in low- and middle-in-

come countries. Although the topic has received increased sci-

entific attention over the past few years (Figure 1), it is still a

comparatively small body of literature. It is nonetheless impor-

tant and timely to synthesize and learn from its emerging find-

ings. We analyzed the results of 65 scientific publications that

examine the linkages between proximity to or use of forests

and different types of food and nutrition security measures in

low- and middle-income countries (see Tables S1–S3 for more

information on each article included). Because the reviewed

publications span from local case-studies to large-scale ana-

lyses, we synthesized across spatial scales to provide a compre-

hensive overview of existing literature. We grouped the food se-

curity and nutrition metrics into four categories: (1) dietary

diversity scores, (2) health metrics (e.g., prevalence of stunting

and wasting), (3) dietary adequacy (e.g., macro- and micro-

nutrient intake and adequacy), and (4) food security measures

(e.g., Household Food Insecurity Access Scale, Days Without

Food), excluding measures of dietary diversity and adequacy
ed by Elsevier Inc.
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Figure 1. Overview of publications included in the review (n = 65)
Note that 16 of the 65 publications included multiple countries/regions, resulting in 194 different study areas across 62 different countries. Percentages are given
for key study characteristics (urban versus rural location, methods used, study design, and unit of analysis).
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(see Table S6 for more information on the four outcome cate-

gories). Following Gergel et al.,28 we grouped the potential path-

ways linking forests and diets into four broad categories: (1) a

‘‘direct contribution pathway,’’ (2) an ‘‘agroecological pathway,’’

(3) a ‘‘fuelwood-energy pathway,’’ and (4) an ‘‘income pathway.’’

This categorization is not new,28,29 but to our knowledge the ev-

idence base behind each explanatory pathway has not yet been

analyzed quantitatively.

We used the term ‘‘food and nutrition security’’ as an umbrella

term tocoverall of the variousmeasuresof foodsecurity andnutri-

tion used in the literature, such as dietary diversity, dietary ade-

quacy (e.g., micronutrient intake and adequacy), and health

(e.g., prevalence of stunting) (see experimental procedures for

more details). It should be noted that we do not make any claims

about whether the assessed households are food secure or inse-

cure. For example, high vitamin A intake or low presence of stunt-

ing are not interpreted as food security. Instead, we examined

whether people’s proximity to or use of forests affects the various

indicators of foodand nutrition security in a positive or negativedi-

rection. The results of this review illustrate how forests contribute

positively to food and nutrition security in multiple direct and indi-

rect ways. Yet, the results also showhowmore scientific attention
needs to be given to how agriculturemight benefit from surround-

ing forests and how that in turn affects dietary quality outcomes.

Based on our findings, we suggest integrating the role of forests

into food and nutrition security policies and upscaling co-benefits

between agriculture and forest-based ecosystem services

beyond the forest edge and across larger landscapes.

STUDIES ON FORESTS AND FOOD AND NUTRITION
SECURITY

The first article on the linkages between forests and food and

nutrition security was published in 1991 (Figure 1), but more

than half of the articles within the field have been published since

2015, indicating a renewed scientific interest in the topic.

The 65 articles included in the review covered 62 different

countries (Figure 1), although some of the articles covering mul-

tiple countries did not present results disaggregated by coun-

try.20,22,30,31 Seventy-four percent of the articles were based

on single-country studies, while the remaining included data

from multiple countries. We found that most studies were based

on data from Sub-Saharan countries, with Cameroon, Demo-

cratic Republic of the Congo, Ethiopia, and Nigeria having ten
One Earth 5, December 16, 2022 1343
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or more studies each. Eighty-nine percent of the articles focused

on rural areas, while only 2% focused on urban areas, and the

remainder looked at both rural and urban areas. Fifty-eight

percent of the articles were based on quantitative methods,

26% on mixed methods, and 15% on qualitative methods.

Most of the studies (71%) used a cross-sectional design, while

only 9% applied a longitudinal design. The remainder used other

types of research designs. More than half of the articles (60%)

used data at the household level, while 34% focused on individ-

uals, and the remainder did not specify unit of analysis (Figure 1).

No relationship was found between the methodological features

of the reviewed studies and the likelihood of observed outcomes

(see Table S5).

FOUR WAYS FORESTS IMPROVE FOOD SECURITY

The majority of publications (77%) found positive relationships

between forests and food and nutrition security. These positive

relationships were predominantly explained by (1) a direct contri-

bution pathway, which describes the direct provision of forest

foods, such as the collection of fruits and vegetables in and

around forests; (2) an agroecological pathway, which describes

the indirect effects from forest-based ecosystem services on

surrounding agriculture, such as water provision and improved

soil fertility; (3) an income pathway, which describes improved

income opportunities from the forest, such as the sale of timber

and non-timber forest products (NTFP); and (4) a fuelwood-en-

ergy pathway, where improved food and nutrition security is

explained by better access to fuelwood for cooking (Figure 2).

Forests can contribute directly to food security
Among those publications that documented positive associa-

tions between forests and food and nutrition security, we found

that the most frequently observed explanatory pathway was the

direct contribution pathway. Forty-eight (74%) of the publica-

tions attended to this pathway. These articles differed in terms

of their research scope and applied methods, but they all found

evidence to suggest that people living in close proximity to for-

ests (or with higher levels of forest use) had improved food and

nutrition security through consumption of forest foods. Some ar-

ticles emphasized the importance of wild animal products from

the forest as a key source of protein and certain micronu-

trients,32,33 while other studies focused on the role of nutrient-

rich plant foods, particularly dark green leafy vegetables.25,34

Some studies highlighted that people were using wild foods

from landscapes surrounding forests such as agricultural fields,

fallows, wetlands, and rivers,25,35 rather than from the forest

directly. This could be in part due to changes in the regulation

of global forest estates, which increasingly restrict local commu-

nities’ access to wild forest foods.36

A repeated notion in the literature was that wild forest foods

rarely make up the majority of the diet. Instead, wild foods sup-

plement what is available from agricultural production and mar-

kets.31,37 Their consumption can increase overall dietary quality

because forest foods tend to be micronutrient dense.31 While

most studies alluded to this argument, only nine studies actu-

ally quantified nutrient intake34,38–43 (Figure 2). While forest

foods did not appear to be a major source of calories, several

studies emphasized the role of forest foods as a safety net dur-
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ing times of food shortage.65 The consumption of forest foods

was often found to be highest in cases of crop failures, eco-

nomic shocks, and during preharvest seasons.44 Moreover,

studies that included socially differentiated factors of the re-

spondents (e.g., wealth level and education) generally found

that the poorest households were the most frequent users of

forest foods.45,46

Forests can contribute indirectly to food security
Another frequently observed explanatory pathway between for-

ests and food and nutrition security was the beneficial effects of

forests on local agricultural production. These benefits include

forest-based ecosystem services (e.g., pest control, nutrient

cycling, biomass, fodder, and water regulation), which all sup-

port agricultural production leading to better and/or more

diverse agricultural systems in surrounding landscapes,23 which

in turn can improve food and nutrition security. Thirty-four (52%)

out of our 65 articles attended to this pathway. The studies with

direct assessment of forest-food linkages (inner circle of the tree

crown) were significantly (p < 0.001) more likely to attend to the

agroecological pathway (Table S4). This signifies the importance

of such indirect benefits from forests.

For example, a study from the Yunnan Province in China found

that forests were highly valued and protected by local farmers in

order to hold and secure water provision over the year—a quality

essential to the local terrace rice production.26 Another study

from Cameroon found a negative association between forest

depletion and food security, due to a reduction in precipitation.46

A study from southern Ethiopia described how farmers sourced

fodder from the forest, allowing them to keep larger livestock

herds compared with farms further away from the forest. The

larger herds increased the availability of manure leading to better

and more diverse agricultural production in home gardens and

surrounding fields, which in turn was associated with higher di-

etary diversity scores (6.58 ± 1.21 in near-forest zone compared

with 4.41 ± 0.77 in distal zone).23 Another publication described

how extensive forest restoration initiatives along the inner Niger

Delta in Mali proved to (1) increase visits by migratory birds lead-

ing to larger fish stocks due to more fish feed from bird drop-

pings, (2) increase dairy milk consumption among children due

to improved access to tree fodder, (3) improve agricultural yields

due to better soil fertility (also from bird droppings), and (4)

improve people’s diets due to higher diversity of crop produc-

tion.47 Finally, restricted access to forest resources might also

have negative effects on local food and nutrition security. A study

from Nepal found that stricter enforcement of protective policies

in four mountainous districts contributed to reductions in house-

hold livestock holdings by 34% for goats, 30% for cattle, and

27% for buffalo, leading to negative impacts on local food and

nutrition security.48

Forests can contribute to food security through income
The income pathway was less apparent in the literature, with 23

(35%) of the articles attending to this pathway. For those studies

that did examine the income pathway, the positive relationship

between forests and food and nutrition security was explained

by better income opportunities through (1) collection and sale

of forest products49,50 and (2) labor income (e.g., from planta-

tions, timber industries, or tourism).24



Figure 2. Explanatory pathways between forests and food and nutrition security
Each leaf represents a scientific publication that examined linkages between forests and food and nutrition security. The four green leaflets represent the four
positive pathways between forests and food and nutrition security, while the three red leaflets represent the negative pathways. Some leaves have both green and
red leaflets, meaning that these publications found positive and negative pathways between forests and food and nutrition security. The patterns inside the leaves
represent the four different outcome categories of food and nutrition security. The three layers in the crown represent the type of assessment carried out in each
publication. The publications in the inner circle of the crown assessed linkages between forests and food and nutrition security directly, the publications in the
middle circle assessed the linkages indirectly (e.g., by examining associations between distance to forests and dietary diversity but without directly examining the
explanatory pathways), and the publications in the outer part of the tree crown did not make any explicit assessments of forests but examined the relations
between other factors (e.g., consumption of forest foods, use of NTFP) and food and nutrition security.
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Yet, some studies found a negative association between in-

come levels and distance to and/or use of forests. A case-study

from Lao PDR found that income levels among villagers located

further away from the forest were higher compared with those
living in close proximity to the forest. The villages further away

from the forest were characterized by better market access

and a higher degree of commercialization of agriculture with

widespread monocultures of maize exported to China and
One Earth 5, December 16, 2022 1345
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Vietnam for feed.35 This is in line with Baudron et al.,29 who

tested and quantified the relative contribution of the three path-

ways (direct contribution, agroecological, and income) to local

diets in seven different countries. The study found no evidence

of the income pathway in any of the countries. Instead, they

found that higher forest cover was associated with less integra-

tion to the cash economy among the households in three land-

scapes in Cameroon, Ethiopia, and Nicaragua.

In general, higher incomes did not appear to improve food and

nutrition security in cases where the higher income was associ-

ated with a decrease in wild resources and crop diversity. For

example, households in the Peruvian Amazon consumed fewer

food groups when commercialization of agricultural production

happened in tandem with deforestation and higher reliance on

purchased market products.11,51 The same tendency has been

found in multiple other countries,52 thus questioning the role of

purchased (and often processed) foods as sufficient replace-

ments of forest foods.

Forests can provide access to fuelwood energy
Research on the fuelwood-energy pathway was limited, with

only 16 studies (25%) describing this pathway. This is surpris-

ing, since the Food and Agricultural Organization of United Na-

tions estimates that, globally, 2.4 billion people depend on fuel-

wood for cooking, and access to forests is expected to affect

people’s ability to prepare foods.53 Also, the fuelwood-energy

pathway is not a new concept within the scientific literature. A

case study from the 1980s in Nepal found a direct negative rela-

tionship between deforestation and the time spent (especially

among women) on agricultural production, cooking, and

breastfeeding, due to the increased time spent on collecting

fuelwood.54 More recently, another case study from Nepal

compared and analyzed the four explanatory pathways be-

tween forests and food security and found that the fuelwood-

energy pathwaywas a key factor in securing local food security,

as up to 88% of households relied on fuelwood as their primary

source of energy. The study also highlighted that this pathway

is often overlooked by policy makers.24 The limited attention

given to both the income and fuelwood-energy pathways

does not necessarily mean that these explanations are less

valid. It could instead be that they have been subject to less sci-

entific focus.

Negative associations between forests and food
security
It is important to note that forests are not always beneficial for

food and nutrition security. For example, we found that 15 pub-

lications (23%) showed mixed or negative relationships. Within

this group of publications, we identified three overarching

explanatory pathways; (1) less food access, as some remote for-

est communities had less physical access to external food prod-

ucts and/or had less purchasing power to buy food products

from the market; (2) less food availability, whereby the local

food production close to forest landscapes was characterized

by lower yields and/or less diverse outputs; and (3) less stability,

whereby forest-dependent communities experienced a higher

degree of food volatility between seasons.

In terms of the ‘‘less food access’’ pathway, this group of pub-

lications provided examples of non-linear relationships between
1346 One Earth 5, December 16, 2022
forests and food and nutrition security. For example, a compar-

ison of dietary differences during intermediate stages of defores-

tation and market integration in the agriculture-forest frontier of

Cross River State, Nigeria, showed how forest edge commu-

nities were more food secure, even though they were less

engaged in foraging activities compared with communities in

the interior part of the forest.55 The authors suggest that better

market access enables communities to capitalize on their forest

resources, which results in higher income and better diets. The

authors also suggest that forest proximity is more valuable

when combined with market access and lower forest density.

In other words, forests should not be perceived to have a contin-

uously positive linear effect on food and nutrition security. Com-

munities living in isolated and dense forest landscapes are not

necessarily better off in terms of food and nutrition security

compared with those communities that experience a higher de-

gree of market integration, or what the authors term ‘‘the best of

both worlds.’’55

The ‘‘less food availability’’ pathway includes articles demon-

strating how agricultural production in or around forests was not

always more productive compared with other landscapes. One

article found negative associations between forest cover and

crop and livestock production in three countries (Cameroon,

Indonesia, and Zambia),29 and another article suggested that

deforestation was associated with expansion of farmlands, lead-

ing to a positive effect on nutrient intake among children, and ul-

timately decreased child mortality.56

Finally, a number of articles showed how populations living in

close proximity to forests were more vulnerable to food fluctua-

tions over the year. A study from Cameroon showed how wild

forest foods were more uncertain food sources compared with

staples like cassava and maize. The study concluded that the

studied populations were expected to move toward a higher reli-

ance on staples in the future due to the volatility of wild forest

foods.57

MAJOR GAPS OF KNOWLEDGE AND FUTURE
RESEARCH

Our review of the existing literature on forests and food and nutri-

tion security has highlighted a number of knowledge gaps.

Firstly, there is a need to explore the multiple indirect effects

from forests on food and nutrition security. Secondly, there is lit-

tle scientific evidence on how forests contribute to dietary quality

in terms of nutrient adequacy of diets. Thirdly, more emphasis

should be placed on the spatiotemporal scales of studies

(Figure 3).

Better understanding of indirect linkages
Given that most existing studies focused on the direct contribu-

tion pathway, there is a need to better understand the multiple

indirect ways that forests can improve food and nutrition secu-

rity. Some studies highlighted the critical importance of access

to fuelwood for cooking and howwomen’s time spent on collect-

ing fuelwood negatively affects their time for childcare, including

breastfeeding.24,58,59 Despite the potential importance of the

fuelwood-energy pathway for nutrition (particularly for children),

the linkages between forests, fuelwood, and food security are

not fully explored. Similarly, despite a relatively large number
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Figure 3. Knowledge gaps and ways for future research
Three knowledge gaps identified from the review of 65 publications on linkages between forests and food and nutrition security—and suggestions for future
directions of research to fill these gaps.

ll
OPEN ACCESSReview
of studies attending to the agroecological pathway, the mecha-

nisms are not yet fully understood. As previously mentioned, the

agroecological linkages are numerous (e.g., pest control,

nutrient cycling, biomass, fodder, and water regulation), and

include multiple explanatory pathways, as they are largely

dependent on the local agroecological conditions that charac-

terize the specific study area. Future research should place

greater emphasis on the co-benefits that can be achieved

when different types of agriculture are mixed with different types

of forest-based ecosystems.

Better understanding of forests-diet linkages
Our review found that the majority of studies used dietary diver-

sity scores and/or broad measures, such as ‘‘days without

food,’’ in order to measure food and nutrition security. A small

number of studies used anthropometrics such as prevalence of

stunting and wasting, and fewer still looked at people’s nutrient

intake/adequacy. Given that micronutrient deficiencies are

widespread in low-income countries (particularly in poor, rural

households), it is essential to understand how forests can

contribute to dietary quality in terms of nutrient intake. Wild for-

est foods tend to be rich in micronutrients, particularly those

that are commonly deficient in low-income countries. For

example, wild animal foods (such as bushmeat and insects)

are generally high in bioavailable iron, vitamin B12, and zinc,
while wild fruits and vegetables tend to be good sources of

vitamin A.37,60

While there is clearly a need to better understand the role of

forests in improving people’s dietary quality, future studies

face considerable challenges in doing so. Assessing dietary

quality (e.g., in terms of nutrient adequacy) requires detailed

food consumption data, ideally collected at the individual level.

The most accurate and comprehensive method of collecting

data on people’s food consumption is via individual dietary recall

surveys over a 24-h period, carried out by highly trained enumer-

ators.61 However, these are time- and cost-intensive and, as a

result, are normally carried out at small spatial scales and are

often not nationally representative. Likewise, these surveys

rarely include questions about the sources of the foods

consumed, which is critical to accurately quantify the contribu-

tion of forest foods. Alternatively, household consumption and

expenditure surveys often collect data on food consumption at

the household level, usually over large geographical areas and

sometimes over several years (i.e., panel surveys). While useful,

food consumption data in these large-scale surveys are often

crude and subject to several forms of bias.61 Ultimately, what

is missing are detailed food consumption data collected at broad

geographical and temporal scales that also specify whether the

food consumed comes from the forest. Compilation efforts to

combine disparate datasets will be particularly useful to
One Earth 5, December 16, 2022 1347
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understand the relative effects of various factors (such as

changes in food availability in the market).

A greater emphasis on geographical and temporal
scales
Our synthesis shows that 71% of the studies applied a cross-

sectional study design, where data from different study sites

were compared at a single point in time. Only 9% applied a lon-

gitudinal study design, where changes were measured over

different time periods spanning from 6 months37 to 21 years.24

Moreover, variations in food consumption patterns between sea-

sons were mostly left unexamined. This is critical, since access

to and availability of most food and agricultural products in

many rural areas in low- and middle-income countries exhibit

significant seasonality and are prone to yearly fluctuations. For

example, case studies among rural communities in Amazonia,

Tanzania, and Ethiopia found that food access would crash

seasonally.62–64

Our synthesis found a skewed global representation of studies

toward rural areas in Sub-Saharan Africa. This signifies an inter-

est in how forests can potentially alleviate the high rates of un-

dernourishment in this part of the world. In 2019, the prevalence

of undernourishment in Sub-Saharan Africa was 22% compared

with 7.4% in South America and 8.3% in Asia.1 While it is clear

that understanding the role of forests for food and nutrition secu-

rity in Africa is important, other regions should not be overlooked.

For example, the prevalence of severe food insecurity was nearly

as high in Southern Asia in 2019 (17.8%) as it was in Sub-

Saharan Africa (21.3%) and included a higher total number of

people (343 and 228 million people, respectively). Within South-

ern Asia, we observed an overrepresentation of studies from

Nepal. It would be useful to have more studies from other highly

populous countries in the region, such as Bangladesh, India, and

Pakistan, as these three countries host 94% of the 255 million

people suffering from undernourishment in Southern Asia.1 At

the same time, 122 million rural people lived within 5 km of a for-

est in 2012 in these three countries.65

Seventy-two percent of the publications were based on local

case studies, with a high degree of site-specific findings (e.g.,

identification and analysis of available wild resources). While

local case studies have advanced our knowledge on how forests

are connected to food and nutrition security, they often provide

limited options for extrapolation. Larger sample sizes or coun-

try-level studies might provide additional insights to local case

study analyses. In addition, the spatial organization of the forest

might be as or perhaps even more important for people’s dietary

quality than the total amount of forest.21 In other words, we need

to move beyond the linear thinking that more forest leads to

greater benefits for dietary quality. Ultimately, it is important

that future studies test whether the observed relationships be-

tween forests and food security hold across other regions and

landscape types.

POLICY IMPLICATIONS

Our synthesis has two key findings that have implications for pol-

icy makers. Firstly, we call for increased attention toward the

positive contributions that forests can provide to food and nutri-

tion security. Secondly, we suggest that the observed co-bene-
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fits between agriculture and forest-based ecosystem services

are upscaled beyond forest edges and intomulti-functional land-

scapes.
The role of forests in food security policies
We found that 77% of the articles described a positive associa-

tion between forests and food and nutrition security, thereby

contributing to the increased call for integrating perspectives

on conservation of wild landscapes into the global food and

nutrition security agenda. This notion was also addressed in

the High Level Panel of Experts (HLPE) report on ‘‘sustainable

forestry for food security and nutrition,’’ in which the authors

emphasized the need to acknowledge forest systems as key to

achieving more balanced, healthy, and sustainable diets for the

future. The report recommends to move beyond discussions of

land sparing versus land sharing and instead focus on how for-

ests and trees can support nutrition-sensitive landscapes14—

that is, landscapes that provide a diverse range of nutritious

foods instead of the traditional focus on producing calorie-dense

staple crops. Our review provides further support of this argu-

ment by showing that the majority (77%) of studies find that for-

ests contribute positively to food and nutrition security. In other

words, forests need to be acknowledged as a key component

in healthy landscapes that can sustain local access to nutritious

foods.

Given that the EAT-Lancet commission recently stated that

the global consumption of fruits, nuts, and vegetables will have

to double by 2050 to achieve health and environmental bene-

fits,66 it is concerning that very few forestry policies mention

nutrition, and very few nutrition policies mention forests. For

example, the most recent 2020 report from the Committee on

World Food Security discussed forests in the context of sustain-

ability but did not attend to the role of forests in improving peo-

ple’s livelihoods and nutrition.67 Similarly, in the Committee’s

report from 2019 on ‘‘agroecological and other innovative ap-

proaches for sustainable agriculture and food systems,’’ forests

were only mentioned in the context of agroforestry but no

mention was made of their importance for food security.68

Furthermore, when the EAT-Lancet commission called for a

‘‘Great Food Transformation’’ in 2019—which seeks to achieve

an environmentally sustainable and healthy diet for the world’s

people by 2050—no attention was given to the role of forests.

Reliance on direct monetary measures of land use tends to

favor commodity production over wild resources.69 We argue

that when indirect benefits are taken into account, the final valu-

ation will, in many cases, tip toward conservation and integration

of forests in coherence with other types of land uses70–72 (e.g.,

agriculture73 and urban settlements74). This is in line with a

recent report from the International Union of Forest Research Or-

ganizations (IUFRO) that stresses the need to actively use forests

and tree-based systems as means to alleviate poverty and

improve human well-being.75 The report also highlights how

higher incomes often fail to improve dietary diversity in rural

areas in low- and middle-income countries if they happen at

the cost of wild resources. Likewise, our study results question

the notion that improved market access, higher incomes, and

increased reliance on purchased food items can replace tradi-

tional forest-based food systems sufficiently.
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Upscale co-benefits between agriculture and forests
This review highlights the multiple positive agroecological link-

ages, thereby emphasizing the need to rethink the dichotomy

between agriculture and nature and move toward more inte-

grated agriculture-forest landscapes.76–78 For example, a recent

comparison of different types of agricultural zones in Ethiopia

demonstrated how zones with high tree cover were more

productive in terms of crops, feed, and fuel, and that

agricultural productivity decreased when distance to the forest

increased.79,80 While our review demonstrates how forests can

benefit food and nutrition security (i.e., through provision of fod-

der for livestock, protecting the soil from erosion, fixing nitrogen,

storing water, and improving pollination), these benefits only ap-

peared within a certain distance to the forest edge.20,23 A first

step for policy makers could be to focus on those (smaller) land-

scapes where the benefits from forest ecosystem services to

agricultural production are more obvious. In the longer term,

the focus could be extended to how co-benefits from forests,

biodiversity, and agriculture can be upscaled beyond the forest

edge across larger landscapes, either through promotion of

more small forest blocks or by supporting agroforestry systems.

However, this requires site-specific knowledge on how to inte-

grate trees and forests into agricultural landscapes to optimize

benefits, such as fodder provision, water regulation, or polli-

nation.

The literature on pathways between agriculture and local food

and nutrition security often emphasizes the dichotomy between

subsistence production and market-oriented cash crop produc-

tion. Some studies find that bettermarket access is the strongest

predictor of improved diets,81,82 while other studies argue that

diversity of subsistence crops is more important.12,51 These

diverging results have led to conceptual frameworks on linkages

between agriculture and nutrition that either show a ‘‘market-

based pathway’’ or an ‘‘own production pathway.’’83 We find ev-

idence to suggest a more nuanced picture than that of food and

nutrition security being solely linked to agricultural production.

Specifically, we suggest that food and nutrition security strate-

gies should attend to better access to forests and tree-based

ecosystem services (beyond the individual farm level) and place

more emphasis on agroecological synergies in larger integrated

landscapes. These are important lessons that policymakers can

respond to in terms of moderating expectations of agricultural

expansion outcomes and striving for improved and alternative

practices.

Forests are not a panacea to food security
Our findings are, in combination with other studies, suggesting

that conservation of forests and trees within and around agricul-

tural production may play a key role in achieving increased food

and nutrition security. However, our results should not be inter-

preted as a definitive endorsement of integrated agriculture-for-

est landscapes as a panacea to food and nutrition security.

Firstly, the limited number of studies included in the synthesis re-

stricts the inferences that can be made. Secondly, our synthesis

also exposed how forests in some cases are associated with

lower degrees of food and nutrition security. While the majority

of the reviewed articles found positive impacts from forests,

we also need to acknowledge that households living in close

proximity to forests are not always better off compared with
households with a higher degree of market integration. For

example, studies from Malawi showed how dietary diversity de-

pended more on market access compared with farm diversity or

wild food access,81,84 and a global study showed how less than

10% of the included households would use forest resources as a

coping strategy during times of hardships, thus questioning the

‘‘safety-net’’ argument.85 If we dismiss these difficulties that

shape and characterize the daily life of people living in close

proximity to forests, we will most likely fail to discover suitable

solutions to local food and nutrition security.86,87 The challenge

is to find appropriate balances in multi-functional landscapes

to ensure co-benefits between diversified food systems, biodi-

versity, and income opportunities.

In conclusion, this review highlights the multiple ways that for-

ests contribute to food and nutrition security in low- and middle-

income countries. To uncover the full potential of forest-diet

linkages, future scientific attention needs to be given to (1) co-

benefits between having forests, trees, and agricultural systems

within a relatively limited geographical area and how that, in turn,

affects dietary outcomes; (2) more detailed nutrition outcomes of

living near to forests and/or using forest products; and (3) coun-

tries with high forest cover that have received comparatively

limited attention in the past (e.g., India and Bangladesh, both

countries with more than 15% forest cover).

EXPERIMENTAL PROCEDURES

Resource availability
Lead contact
Further information and requests for resources should be directed to and will
be fulfilled by the corresponding author, Rasmus SkovOlesen (rso@ign.ku.dk).
Materials availability
This work did not generate new unique materials.
Data availability
The dataset generated from the literature review is deposited in the FAIR
aligned ZENODO repository: https://doi.org/10.5281/zenodo.7330085.

Categorization of publications
We synthesized existing scientific knowledge on the linkages between forests
and food and nutrition security. We examined (1) the extent to which forests
contribute to food and nutrition security in low- and middle-income countries,
(2) the different explanatory pathways linking forests to food and nutrition se-
curity, and (3) the potential knowledge gaps in the existing literature.
Due to the diversity of methods and approaches used in the existing litera-

ture, quantitative comparison of the same food and nutrition security outcome
or explanatory pathway linking forests and food consumption within and
across cases was not possible. We therefore coded food and nutrition security
outcomes as positive, negative, or mixed through the knowledge and best
available expert judgment by the coder. We included publications that linked
forests and food and nutrition security either through spatial proximity indica-
tors (e.g., km) or indicators related to forest use (e.g., collection of NTFP). We
grouped the publications into three categories according to how they as-
sessed the linkages between forests and food and nutrition security:

1. Direct assessment of linkages between forests and food and nutrition
security: papers that explicitly examined the relationship between for-
ests and a food and nutrition security indicator, where proximity to for-
est was at least one of the predictor variables. This group is depicted by
the inner part of tree crown in Figure 2.

2. Indirect assessment of forest-food linkages: papers that included for-
ests in the description of the predictor variable(s), but the actual path-
ways linking forests to food and nutrition security were not assessed.
This group is depicted by the middle part of the tree crown in Figure 2.

3. No explicit assessment of forest-food linkages: papers in which food
and nutrition security was measured for a population that used the for-
est (products) in some ways rather than being described as living in a
given distance from forest areas. This group is depicted by the outer
part of tree crown in Figure 2.
One Earth 5, December 16, 2022 1349

mailto:rso@ign.ku.dk
https://doi.org/10.5281/zenodo.7330085


Table 1. Search string

Main terms Expanded terms

Forest: *forest* OR *tree* OR *wood* OR *jungle* OR "wildlife consumption" OR "bushmeat" OR ‘‘wild meat’’ OR "wild food*" OR

‘‘wild fruit*’’ OR ‘‘wild vegetable*’’

AND

Food security and

nutrition security:

"food security" OR "food insecurity" OR "food consumption" OR "diet* intake" OR "nutrition* transition" OR

‘‘nutrition* security’’ OR ‘‘malnutrition’’ OR "diet* quality" OR "diet* diversity" OR "food dependence" OR "human* health"

OR "child* health" OR "child* diet*" OR "human* diet*" OR "human* nutrition*" OR "child* nutrition*"

The table shows how terms related to forest and food and nutrition security were combined to create the search string.
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Review protocol
The pool of research that assesses linkages between forests and food and
nutrition security is quite recent andmodest in size. For this reason, we applied
a scoping review protocol, where we adopted a pragmatic sampling strategy,
combining different targeted searches to secure a sufficient and robust
coverage of the core literature. The applied sampling strategy was based on
a modified version of the review protocol by Foli et al.88 to examine how trees
and forests contribute to food production. The final searches took place in
December 2021 and January 2022 using Web of Science, Scopus, and
CAB. We combined terms related to forests and food and nutrition security
to create the search string (Table 1).
The Boolean separator ANDwas used to capture articles that assessed both

forests and food and nutrition security. Yet, to account for the fact that forests
could be referred to as, e.g., tree cover or deforestation (and food security like-
wise could be assessed with, e.g., diet quality or children’s diets), we used the
OR separator to ensure that the search string captured as many papers as
possible. Moreover, we used the * function to increase the coverage. For
example, *forest* would cover words such as deforestation, afforestation, for-
est cover, humid forests, and dry forests.
We ran the search string on titles, keywords, and abstracts. This resulted in a

total of 28,560 hits from the three databases. The majority of the publications
were related to other research topics, such as food safety hazards, biology,
and psychology. To obtain a manageable pool of papers, we applied the
search string to titles. This resulted in 785 publications (Web of Science:
231, CAB: 215, SCOPUS: 339), or 435 after removing all duplicates. We also
removed four non-English publications, leaving a pool of 431 papers. We
then conducted a two-phase screening process based on the following three
inclusion criteria. Publications should:

d Examine linkages between proximity to/use of forests and food and
nutrition security

o For example, some studies examined relations between forests and

agriculture89 or forests, and income.90 Such studies were excluded
from the analysis since they did not apply measures of dietary diver-
sity, health measures related to food consumption (e.g., height for
age or weight for length), nutrition measures, or food security mea-
sures (see Table S6 for list of food and nutrition security indicators
included). Moreover, several studies on linkages between forests
and mental health were excluded

d Be based on a scientific study including primary or secondary data
o We only included scientific studies that used primary or secondary

data. Althoughwe acknowledge the importance of synthesis reports
on the topic, such as HLPE’s Sustainable forestry for food security
and nutrition and IUFRO’s Forests, Trees and the Eradication of
Poverty: Potential and Limitations, we did not include policy reports,
as these summarized findings were from the literature and would
thus have resulted in double counting

d Focus on low- or middle-income countries
o Studies that focused on high-income countries were excluded

In the first phase of the screening process, we read the abstracts and
applied the three inclusion criteria outlined above. This reduced the number
of publications from 431 to 145. In the second phase, we read the full articles
and, by applying the three inclusion criteria again, we reduced the number of
relevant papers to 63. We note that we did not apply any inclusion criteria
related to the methodology or the robustness of results.
To reach a point of diminishing returns at which we were satisfied we had

captured much of the core literature, we searched the reference sections of
all recent publications (published after 2019). This final snowballingmethod re-
sulted only in two additional publications, thereby confirming the strength of
our search string. We thus ended with a total of 65 publications (see
Table S1 for a full list of these publications)
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Data extraction
Each of the 65 articles were coded using a pre-determined coding scheme
(Tables S2 and S3). The articles were coded and the following information
was recorded for each article:

d Main results on the effect of forests on food and nutrition security: i.e.,
positive, negative, or mixed

d Type of pathway described:

o Positive explanatory pathways: direct contribution, agroecological,

income, fuelwood energy
o Negative explanatory pathways: less food access, less food avail-

ability, less food stability
d Food security and nutrition metrics used in the article (i.e., dietary diver-

sity scores, health measures, measures of nutrient intake)
d Rural or urban focus (or both)
d Single or multiple countries
d Study scale (local, national, regional, or international)
d Sample size
d Data type (quantitative, qualitative, or mixed)
d Data source (primary or secondary)
d Unit of analysis (household or individual)
d Study design
d Country
d Continent
Unit of analysis
The literature synthesis was based on the aggregate findings from each of the
selected articles, rather than the individual cases described within articles
(28% of articles included study sites spanning multiple countries). This means
that we could lose out on some of the internal nuances as some articles might
find a positive relationship between forests and food and nutrition security in
one country and a negative relationship in another. To avoid this over-simpli-
fication, we recorded both groups of positive and negative relationships within
a case (article) when aggregate findings pointed in both directions.

Statistical tests
We used chi-square analysis and t tests to examine possible associations be-
tween our outcome variables (positive or negative relationships reported in
publications between forests and food and nutrition security) and the method-
ological features of the publications (e.g., sample size, study design, year of
publication) (Table S5). No significant relationships were found. We used
chi-square analysis and Fisher’s exact test to test for associations between
outcome variables and explanatory pathways. We only found a negative asso-
ciation between studies using health indicators and describing the income
pathway (p < 0.05) (Table S7). In other words, whether the studies applied gen-
eral health measures, dietary diversity scores, measures of nutrient intake, or
food security indices did not appear to be related to the type of explanatory
pathways they provided. Likewise, the study design, methodological
approach (quantitative, qualitative, or mixed methods), geographic region,
and year of publication were not significantly associated with the type of
food and nutrition security outcome described. We also used chi-square anal-
ysis to test for associations between whether an article reported a positive or a
negative outcome for food and nutrition security and (1) the type of assess-
ment provided in the article (direct assessment, indirect assessment, no
explicit assessment of forest-food linkages), and (2) the explanatory pathways
in focus to describe forest-food linkages (Table S4). Finally, we tested for as-
sociations between the geographical location (Asia, Africa, or Central and
South America) and (1) the type of food and nutrition security metrics used
and (2) the type of explanatory pathway in focus to describe forest-food link-
ages (Table S8).
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The role of wild foods
The aim of this review is to contribute with new insights on the linkages be-
tween forests and food and nutrition security. A substantial body of literature
explores relationships between wild food consumption and food and nutrition
security. For example, a recent study found that consumption of wildmeat was
associated with higher hemoglobin concentration among rural Amazonian
children most vulnerable to poverty.91 Despite the importance of such studies,
we focus on the literature measuring both wild food consumption and some in-
dicator of forest proximity or forest use. In other words, studies focused on, for
example, wild food consumption in urban areas, were excluded. Reasons
include: (1) many wild foods tend to be found outside of the forest37 and can
therefore not be used to examine the role of forests in relations to food and
nutrition security, and (2) a fairly recent comprehensive review of the linkages
between wild foods and nutrition exists92 that assessed the current state of ev-
idence on howwild and cultivated biodiversity in all forms is related to people’s
diets and nutrition.

Assessment of forest proximity versus forest use
We distinguished between (1) effects on food and nutrition security due to
households’ proximity to forest and (2) effects on food and nutrition security
due to changes in households’ use of forest resources. Studies that examine
proximity to forests tend to apply a cross-sectional comparison of different
study sites with different levels of forest cover within a certain radius (often
10 km).20,22 Studies that examine changes in forest use tend to examine differ-
ences in use and consumption of wild forest products among local popula-
tions.33,44 Such studies often find that improved forest use is positively asso-
ciated with food security when looking at a specific population over time.45,93

However, these populations might also be more food insecure compared with
populations located far from forests.56 We addressed this by including both
type of studies (proximity and/or forest use).

Definition of food and nutrition security
Food and nutrition security is defined as a state where all people at all times
have physical, social and economic access to food of sufficient quantity and
quality in terms of variety, diversity, nutrient content, and safety to meet their
dietary needs and food preferences for an active and healthy life, coupled
with a sanitary environment, adequate health, education, and care.1

As described previously, we use the term food and nutrition security to cover
various measures of food security, dietary quality, and health indicators
included in the literature. While we acknowledge that food safety (and food
safety hazards) is an important component of food security,94 we made a
deliberate choice not to include studies on food safety hazards as it was
beyond the scope of this study. Measures such as prevalence of stunting,
wasting, anemia, dietary diversity, nutrient adequacy, Household Food Inse-
curity Access Scale, and days without food are considered indicators of
food and nutrition security. We note that this does not provide an exhaustive
list of all food security metrics (e.g., food safety hazards were not included
in the list). Yet, it captures the commonly used metrics.

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j.
oneear.2022.11.005.
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2. Gödecke, T., Stein, A.J., and Qaim, M. (2018). The global burden of
chronic and hidden hunger: trends and determinants. Glob. Food Sec.
17, 21–29. https://doi.org/10.1016/j.gfs.2018.03.004.

3. Godfray, H.C.J., Beddington, J.R., Crute, I.R., Haddad, L., Lawrence, D.,
Muir, J.F., Pretty, J., Robinson, S., Thomas, S.M., and Toulmin, C. (2010).
Food security: the challenge of feeding 9 billion people. Science 327,
812–818. https://doi.org/10.1126/science.1185383.

4. Godfray, H.C.J., and Garnett, T. (2014). Food security and sustainable
intensification. Philos. Trans. R. Soc. Lond. B Biol. Sci. 369, 20120273.
https://doi.org/10.1098/rstb.2012.0273.

5. Rockström, J., Williams, J., Daily, G., Noble, A., Matthews, N., Gordon, L.,
Wetterstrand, H., DeClerck, F., Shah, M., Steduto, P., et al. (2017). Sus-
tainable intensification of agriculture for human prosperity and global sus-
tainability. Ambio 46, 4–17. https://doi.org/10.1007/s13280-016-0793-6.

6. Fouilleux, E., Bricas, N., and Alpha, A. (2017). ‘Feeding 9 billion people’:
global food security debates and the productionist trap. J. Eur. Public Pol-
icy 24, 1658–1677. https://doi.org/10.1080/13501763.2017.1334084.

7. Curtis, P.G., Slay, C.M., Harris, N.L., Tyukavina, A., and Hansen, M.C.
(2018). Classifying drivers of global forest loss. Science 361, 1108–1111.
https://doi.org/10.1126/science.aau3445.

8. Pretty, J., Benton, T.G., Bharucha, Z.P., Dicks, L.V., Flora, C.B., Godfray,
H.C.J., Goulson, D., Hartley, S., Lampkin, N., Morris, C., et al. (2018).
Global assessment of agricultural system redesign for sustainable intensi-
fication. Nat. Sustain. 1, 441–446. https://doi.org/10.1038/s41893-018-
0114-0.

9. Rasmussen, L.V., Coolsaet, B., Martin, A., Mertz, O., Pascual, U., Corbera,
E., Dawson, N., Fisher, J.A., Franks, P., and Ryan, C.M. (2018). Social-
ecological outcomes of agricultural intensification. Nat. Sustain. 1,
275–282. https://doi.org/10.1038/s41893-018-0070-8.

10. Nurhasan,M., Ickowitz, A., Fahim,M., and Aprillyana, N. (2019). Food con-
sumption patterns and changes in Indonesia forested and deforested
areas. Ann. Nutr. Metab. 75, 134.

11. Blundo-Canto, G., Cruz-Garcia, G.S., Talsma, E.F., Francesconi, W., Lab-
arta, R., Sanchez-Choy, J., Perez-Marulanda, L., Paz-Garcia, P., and
Quintero, M. (2020). Changes in food access by mestizo communities
associated with deforestation and agrobiodiversity loss in Ucayali, Peru-
vian Amazon. Food Secur. 12, 637–658. https://doi.org/10.1007/s12571-
020-01022-1.

12. Hervas, A., and Isakson, S.R. (2020). Commercial agriculture for food se-
curity? The case of oil palm development in northern Guatemala. Food Se-
cur. 12, 517–535. https://doi.org/10.1007/s12571-020-01026-x.

13. Bahar, N.H., Lo, M., Sanjaya, M., Van Vianen, J., Alexander, P., Ickowitz,
A., and Sunderland, T. (2020). Meeting the food security challenge for
nine billion people in 2050: what impact on forests? Glob. Environ. Change
62, 102056. https://doi.org/10.1016/j.gloenvcha.2020.102056.

14. HLPE (2017). Sustainable Forestry for Food Security and Nutrition. A
Report by the High Level Panel of Experts on Food Security and Nutrition
of the Committee on World Food Security.

15. Miller, D.C., Cheek, J.Z., Mansourian, S., and Wildburger, C. (2022). For-
ests, trees and the eradication of poverty. For. Policy Econ. 140,
102753. https://doi.org/10.1016/j.forpol.2022.102753.

16. Vira, B., Wildburger, C., and Mansourian, S. (2015). Forests, trees and
landscapes for food security and nutrition: a global assessment report.
For. Trees Landsc. Food Secur. Nutr. Glob. Assess. Rep. 33, 169.

17. Sunderland, T.C.H. (2011). Food security: why is biodiversity important? int.
forest. rev. 13, 265–274. https://doi.org/10.1505/146554811798293908.

18. Assaf, S., Gomez, A., Juan, C., and Fish, T.D. (2018). The Association of
Deforestation and Other Environmental Factors with Child Health and
Mortality (ICF).

19. Galway, L.P., Acharya, Y., and Jones, A.D. (2018). Deforestation and child
diet diversity: a geospatial analysis of 15 Sub-Saharan African countries.
Health Place 51, 78–88. https://doi.org/10.1016/j.healthplace.2018.
03.002.

20. Ickowitz, A., Powell, B., Salim, M.A., and Sunderland, T.C. (2014). Dietary
quality and tree cover in Africa. Glob. Environ. Change 24, 287–294.
https://doi.org/10.1016/j.gloenvcha.2013.12.001.

21. Rasmussen, L.V., Fagan, M.E., Ickowitz, A., Wood, S.L., Kennedy, G., Po-
well, B., Baudron, F., Gergel, S., Jung, S., Smithwick, E.A., et al. (2020).
Forest pattern, not just amount, influences dietary quality in five African
countries. Glob. Food Sec. 25, 100331. https://doi.org/10.1016/j.gfs.
2019.100331.
One Earth 5, December 16, 2022 1351

https://doi.org/10.1016/j.oneear.2022.11.005
https://doi.org/10.1016/j.oneear.2022.11.005
https://doi.org/10.4060/ca9692en
https://doi.org/10.1016/j.gfs.2018.03.004
https://doi.org/10.1126/science.1185383
https://doi.org/10.1098/rstb.2012.0273
https://doi.org/10.1007/s13280-016-0793-6
https://doi.org/10.1080/13501763.2017.1334084
https://doi.org/10.1126/science.aau3445
https://doi.org/10.1038/s41893-018-0114-0
https://doi.org/10.1038/s41893-018-0114-0
https://doi.org/10.1038/s41893-018-0070-8
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref10
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref10
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref10
https://doi.org/10.1007/s12571-020-01022-1
https://doi.org/10.1007/s12571-020-01022-1
https://doi.org/10.1007/s12571-020-01026-x
https://doi.org/10.1016/j.gloenvcha.2020.102056
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref14
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref14
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref14
https://doi.org/10.1016/j.forpol.2022.102753
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref16
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref16
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref16
https://doi.org/10.1505/146554811798293908
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref18
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref18
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref18
https://doi.org/10.1016/j.healthplace.2018.03.002
https://doi.org/10.1016/j.healthplace.2018.03.002
https://doi.org/10.1016/j.gloenvcha.2013.12.001
https://doi.org/10.1016/j.gfs.2019.100331
https://doi.org/10.1016/j.gfs.2019.100331


ll
OPEN ACCESS Review
22. Rasolofoson, R.A., Hanauer, M.M., Pappinen, A., Fisher, B., and Ricketts,
T.H. (2018). Impacts of forests on children’s diet in rural areas across 27
developing countries. Sci. Adv. 4, eaat2853. https://doi.org/10.1126/
sciadv.aat2853.

23. Baudron, F., Duriaux Chavarrı́a, J.Y., Remans, R., Yang, K., and Sunder-
land, T. (2017). Indirect contributions of forests to dietary diversity in
Southern Ethiopia. Ecol. Soc. 22, art28. https://doi.org/10.5751/ES-
09267-220228.

24. Karki, R., Shrestha, K.K., Ojha, H., Paudel, N., Khatri, D.B., Nuberg, I., and
Adhikary, A. (2018). From forests to food security: pathways in Nepal’s
community forestry. Small-scale Forestry 17, 89–104. https://doi.org/10.
1007/s11842-017-9377-y.

25. Powell, B., Hall, J., and Johns, T. (2011). Forest cover, use and dietary
intake in the East Usambara Mountains, Tanzania. int. forest. rev. 13,
305–317. https://doi.org/10.1505/146554811798293944.

26. Takahashi, S., and Liang, L. (2016). Roles of forests in food security based
on case studies in Yunnan, China. Int. Forest. Rev. 18, 123–132. https://
doi.org/10.1505/146554816818206131.

27. Tata, C.Y., Ickowitz, A., Powell, B., and Colecraft, E.K. (2019). Dietary
intake, forest foods, and anemia in Southwest Cameroon. PLoS One 14,
e0215281. https://doi.org/10.1371/journal.pone.0215281.

28. Gergel, S.E., Powell, B., Baudron, F., Wood, S.L.R., Rhemtulla, J.M., Ken-
nedy, G., Rasmussen, L.V., Ickowitz, A., Fagan, M.E., Smithwick, E.A.H.,
et al. (2020). Conceptual links between landscape diversity and diet diver-
sity: a roadmap for transdisciplinary research. Bioscience 70, 563–575.
https://doi.org/10.1093/biosci/biaa048.

29. Baudron, F., Tomscha, S.A., Powell, B., Groot, J.C.J., Gergel, S.E., and
Sunderland, T. (2019). Testing the various pathways linking forest cover
to dietary diversity in tropical landscapes. Front. Sustain. Food Syst. 3.
https://doi.org/10.3389/fsufs.2019.00097.

30. Acharya, Y., Naz, S., Galway, L.P., and Jones, A.D. (2020). Deforestation
and household- and individual-level double burden of malnutrition in
sub-saharan Africa. Front. Sustain. Food Syst. 4, 33. https://doi.org/10.
3389/fsufs.2020.00033.

31. Rowland, D., Ickowitz, A., Powell, B., Nasi, R., and Sunderland, T. (2017).
Forest foods and healthy diets: quantifying the contributions. Environ.
Conserv. 44, 102–114. https://doi.org/10.1017/S0376892916000151.

32. Fa, J.E., Olivero, J., Real, R., Farfán, M.A., Márquez, A.L., Vargas, J.M.,
Ziegler, S., Wegmann, M., Brown, D., Margetts, B., and Nasi, R. (2015).
Disentangling the relative effects of bushmeat availability on human
nutrition in central Africa. Sci. Rep. 5, 8168. https://doi.org/10.1038/
srep08168.

33. Golden, C.D., Fernald, L.C.H., Brashares, J.S., Rasolofoniaina, B.J.R., and
Kremen, C. (2011). Benefits of wildlife consumption to child nutrition in a
biodiversity hotspot. Proc. Natl. Acad. Sci. USA 108, 19653–19656.
https://doi.org/10.1073/pnas.1112586108.

34. Boedecker, J., Termote, C., Assogbadjo, A.E., Van Damme, P., and La-
chat, C. (2014). Dietary contribution of Wild Edible Plants to women’s diets
in the buffer zone around the Lama forest, Benin – an underutilized poten-
tial. Food Secur. 6, 833–849. https://doi.org/10.1007/s12571-014-0396-7.

35. Broegaard, R.B., Rasmussen, L.V., Dawson, N., Mertz, O., Vongvisouk, T.,
and Grogan, K. (2017). Wild food collection and nutrition under commer-
cial agriculture expansion in agriculture-forest landscapes. For. Policy
Econ. 84, 92–101. https://doi.org/10.1016/j.forpol.2016.12.012.

36. Sunderland, T.C., and Vasquez, W. (2020). Forest conservation, rights,
and diets: untangling the issues. Front. For. Glob. Change 3, 29. https://
doi.org/10.3389/ffgc.2020.00029.

37. Powell, B., Maundu, P., Kuhnlein, H.V., and Johns, T. (2013). Wild foods
from farm and forest in the east usambara mountains, Tanzania. Ecol.
Food Nutr. 52, 451–478. https://doi.org/10.1080/03670244.2013.768122.

38. Ahenkan, A., and Boon, E. (2011). Improving nutrition and health through
non-timber forest products in Ghana. J. Health Popul. Nutr. 29,
141–148. https://doi.org/10.3329/jhpn.v29i2.7856.

39. Blaney, S., Beaudry, M., and Latham,M. (2009). Contribution of natural re-
sources to nutritional status in a protected area of Gabon. Food Nutr. Bull.
30, 49–62. https://doi.org/10.1177/156482650903000105.

40. Fungo, R., Muyonga, J., Kabahenda, M., Kaaya, A., Okia, C.A., Donn, P.,
Mathurin, T., Tchingsabe, O., Tiegehungo, J.C., Loo, J., and Snook, L.
(2016). Contribution of forest foods to dietary intake and their association
with household food insecurity: a cross-sectional study in women from ru-
ral Cameroon. Public Health Nutr. 19, 3185–3196. https://doi.org/10.1017/
S1368980016001324.

41. Siren, A., andMachoa, J. (2008). Fish, wildlife, and human nutrition in trop-
ical forests: a fat gap? Interciencia 33, 186–193.
1352 One Earth 5, December 16, 2022
42. Termote, C., BwamaMeyi, M., Dhed’a Djailo, B., Huybregts, L., Lachat, C.,
Kolsteren, P., and Van Damme, P. (2012). A biodiverse rich environment
does not contribute to a better diet: a case study from DR Congo. PLoS
One 7, e30533. https://doi.org/10.1371/journal.pone.0030533.

43. Hall, C., Macdiarmid, J.I., Matthews, R.B., Smith, P., Hubbard, S.F., and
Dawson, T.P. (2019). The relationship between forest cover and diet qual-
ity: a case study of rural southern Malawi. Food Secur. 11, 635–650.
https://doi.org/10.1007/s12571-019-00923-0.

44. Erskine, W., Ximenes, A., Glazebrook, D., da Costa, M., Lopes, M., Spyck-
erelle, L., Williams, R., and Nesbitt, H. (2015). The role of wild foods in food
security: the example of Timor-Leste. Food Secur. 7, 55–65. https://doi.
org/10.1007/s12571-014-0406-9.

45. Cooper, M., Zvoleff, A., Gonzalez-Roglich, M., Tusiime, F., Musumba, M.,
Noon, M., Alele, P., and Nyiratuza, M. (2018). Geographic factors predict
wild food and nonfood NTFP collection by households across four African
countries. For. Policy Econ. 96, 38–53. https://doi.org/10.1016/j.forpol.
2018.08.002.

46. Gbetnkom, D. (2008). Forest depletion and food security of poor rural pop-
ulations in Africa: evidence from Cameroon. J. Afr. Econ. 18, 261–286.
https://doi.org/10.1093/jae/ejn012.

47. Nganje, M. (2014). Linking forests to food security in Africa: lessons and
how to capture forest contributions to semi-urban and urban food security.
Spec. Issue Sustain. Nat. Resour. Manag. Afr. Urban Food Nutr. Equ.
28, 12–16.

48. Dhakal, B., Bigsby, H., and Cullen, R. (2010). Forests for food security and
livelihood sustainability: policy problems and opportunities for small
farmers in Nepal. J. Sustain. Agric. 35, 86–115. https://doi.org/10.1080/
10440046.2011.530903.

49. Abdulla, A.M. (2013). Contribution of non-timber forest products to house-
hold food security: the case of yabelo woreda, borana zone, Ethiopia.
Food Sci. Qual. Manag. 20, 13.

50. (1996). People’s dependency on forests for food security - some lessons
learnt from a Programme of case studies. B. Ogle, ed.

51. Andrieu, N., Blundo-Canto, G., and Cruz-Garcia, G.S. (2019). Trade-offs
between food security and forest exploitation by mestizo households in
Ucayali, Peruvian Amazon. Agric. Syst. 173, 64–77. https://doi.org/10.
1016/j.agsy.2019.02.007.

52. Ickowitz, A., Powell, B., Rowland, D., Jones, A., and Sunderland, T. (2019).
Agricultural intensification, dietary diversity, andmarkets in the global food
security narrative. Glob. Food Sec. 20, 9–16. https://doi.org/10.1016/j.gfs.
2018.11.002.

53. Jin, S.L., Schure, J., Ingram, V., and Yoo, B.I. (2017). Sustainable Wood-
fuel for Food Security: A Smart Choice: Green, Renewable and Affordable
(Food and Agriculture Organization of the United Nations).

54. Kumar, S.K., and Hotchkiss, D. (1988). Consequences of Deforestation for
Women’s Time Allocation, Agricultural Production, and Nutrition in Hill
Areas of Nepal (DC Int. Food Policy Res. Inst).

55. Friant, S., Ayambem, W.A., Alobi, A.O., Ifebueme, N.M., Otukpa, O.M.,
Ogar, D.A., Alawa, C.B.I., Goldberg, T.L., Jacka, J.K., and Rothman,
J.M. (2019). Life on the rainforest edge: food security in the agricultural-
forest frontier of Cross River State, Nigeria. Front. Sustain. Food Syst. 3.
UNSP 113. https://doi.org/10.3389/fsufs.2019.00113.

56. Assaf, S., Gomez, A., Juan, C., and Fish, T.D. (2018). The association of
deforestation and other environmental factors with child health and mor-
tality. DHS Anal. Stud. xi.

57. Koppert, G., Dounias, E., Froment, A., and Pasquet, P. (1993). Food con-
sumption in 3 forest populations of the southern coastal area of Cameroon
yassa - mvae - baklola. In Tropical Forests, People and Food. Biocultural
Interactions and Applications to Development Man and the Biosphere Se-
ries, C.M. Hladik, A. Hladik, O.F. Linares, H. Pagezy, A. Semple, and M.
Hadley, eds. (UNESCO), pp. 295–310.

58. Johnson, K.B., Jacob, A., and Brown, M.E. (2013). Forest cover associ-
ated with improved child health and nutrition: evidence from the Malawi
Demographic and Health Survey and satellite data. Glob. Health Sci.
Pract. 1, 237–248. https://doi.org/10.9745/GHSP-D-13-00055.

59. Fisher, M., and Shively, G. (2005). Can income programs reduce tropical
forest pressure? Income shocks and forest use in Malawi. World Dev.
33, 1115–1128. https://doi.org/10.1016/j.worlddev.2005.04.008.

60. Vinceti, B., Eyzaguirre, P., Johns, T., and Colfer, C.J.P. (2008). Interna-
tional dietary data expansion project. In Human health and forests: a
global overview of issues, practice and policy (Routledge)), pp. 63–96.

61. INDDEX Project (2018). International Dietary Data Expansion Project. Int.
Diet. Data Expans. Proj. https://inddex.nutrition.tufts.edu/.

https://doi.org/10.1126/sciadv.aat2853
https://doi.org/10.1126/sciadv.aat2853
https://doi.org/10.5751/ES-09267-220228
https://doi.org/10.5751/ES-09267-220228
https://doi.org/10.1007/s11842-017-9377-y
https://doi.org/10.1007/s11842-017-9377-y
https://doi.org/10.1505/146554811798293944
https://doi.org/10.1505/146554816818206131
https://doi.org/10.1505/146554816818206131
https://doi.org/10.1371/journal.pone.0215281
https://doi.org/10.1093/biosci/biaa048
https://doi.org/10.3389/fsufs.2019.00097
https://doi.org/10.3389/fsufs.2020.00033
https://doi.org/10.3389/fsufs.2020.00033
https://doi.org/10.1017/S0376892916000151
https://doi.org/10.1038/srep08168
https://doi.org/10.1038/srep08168
https://doi.org/10.1073/pnas.1112586108
https://doi.org/10.1007/s12571-014-0396-7
https://doi.org/10.1016/j.forpol.2016.12.012
https://doi.org/10.3389/ffgc.2020.00029
https://doi.org/10.3389/ffgc.2020.00029
https://doi.org/10.1080/03670244.2013.768122
https://doi.org/10.3329/jhpn.v29i2.7856
https://doi.org/10.1177/156482650903000105
https://doi.org/10.1017/S1368980016001324
https://doi.org/10.1017/S1368980016001324
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref41
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref41
https://doi.org/10.1371/journal.pone.0030533
https://doi.org/10.1007/s12571-019-00923-0
https://doi.org/10.1007/s12571-014-0406-9
https://doi.org/10.1007/s12571-014-0406-9
https://doi.org/10.1016/j.forpol.2018.08.002
https://doi.org/10.1016/j.forpol.2018.08.002
https://doi.org/10.1093/jae/ejn012
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref47
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref47
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref47
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref47
https://doi.org/10.1080/10440046.2011.530903
https://doi.org/10.1080/10440046.2011.530903
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref49
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref49
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref49
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref50
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref50
https://doi.org/10.1016/j.agsy.2019.02.007
https://doi.org/10.1016/j.agsy.2019.02.007
https://doi.org/10.1016/j.gfs.2018.11.002
https://doi.org/10.1016/j.gfs.2018.11.002
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref53
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref53
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref53
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref54
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref54
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref54
https://doi.org/10.3389/fsufs.2019.00113
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref56
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref56
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref56
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref57
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref57
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref57
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref57
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref57
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref57
https://doi.org/10.9745/GHSP-D-13-00055
https://doi.org/10.1016/j.worlddev.2005.04.008
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref60
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref60
http://refhub.elsevier.com/S2590-3322(22)00581-4/sref60
https://inddex.nutrition.tufts.edu/


ll
OPEN ACCESSReview
62. Tregidgo, D., Barlow, J., Pompeu, P.S., and Parry, L. (2020). Tough fishing
and severe seasonal food insecurity in Amazonian flooded forests. People
Nat. (Hoboken). 2, 468–482. https://doi.org/10.1002/pan3.10086.

63. Mtingele, A., andO’Connor, D. (2019). Seasonality, food prices and dietary
choices of vulnerable households: a case study of nutritional resilience in
Tanzania. Afr. J. Agric. Resour. Econ.-Afjare 14, 202–218.

64. Guyu, D.F., and Muluneh, W.-T. (2015). Wild foods (plants and animals) in
the green famine belt of Ethiopia: do they contribute to household resil-
ience to seasonal food insecurity? For. Ecosyst. 2, 34. https://doi.org/
10.1186/s40663-015-0058-z.

65. Newton, P., Kinzer, A.T., Miller, D.C., Oldekop, J.A., and Agrawal, A.
(2020). The number and spatial distribution of forest-proximate people
globally. One Earth 3, 363–370.

66. Willett, W., Rockström, J., Loken, B., Springmann, M., Lang, T., Garnett,
T., Tilman, D., Wood, A., DeClerck, F., Jonell, M., et al. (2019). Food in
the Anthropocene: the EAT-Lancet Commission on healthy diets from sus-
tainable food systems. Lancet), 31788–31794. https://doi.org/10.1016/
S01406736.

67. HLPE (2020). Food Security and Nutrition: Building a Global Narrative to-
wards 2030. A Report by the High Level Panel of Experts on Food Security
and Nutrition of the Committee on World Food Security, 112.

68. HLPE (2019). Agroecological and Other Innovative Approaches for Sus-
tainable Agriculture and Food Systems that Enhance Food Security and
Nutrition. A Report by the High Level Panel of Experts on Food Security
and Nutrition of the Committee on World Food Security, 163.

69. Oldekop, J.A., Rasmussen, L.V., Agrawal, A., Bebbington, A.J., Meyfroidt,
P., Bengston, D.N., Blackman, A., Brooks, S., Davidson-Hunt, I., Davies,
P., et al. (2020). Forest-linked livelihoods in a globalized world. Nat. Plants
6, 1400–1407. https://doi.org/10.1038/s41477-020-00814-9.

70. Tamburini, G., Bommarco, R., Wanger, T.C., Kremen, C., van der Heijden,
M.G.A., Liebman, M., and Hallin, S. (2020). Agricultural diversification pro-
motes multiple ecosystem services without compromising yield. Sci. Adv.
6, eaba1715. https://doi.org/10.1126/sciadv.aba1715.

71. Reed, J., van Vianen, J., Foli, S., Clendenning, J., Yang, K., MacDonald,
M., Petrokofsky, G., Padoch, C., and Sunderland, T. (2017). Trees for
life: the ecosystem service contribution of trees to food production and
livelihoods in the tropics. For. Policy Econ. 84, 62–71. https://doi.org/10.
1016/j.forpol.2017.01.012.

72. Garg, T. (2019). Ecosystems and human health: the local benefits of forest
cover in Indonesia. J. Environ. Econ. Manage. 98, 102271. UNSP 102271.
https://doi.org/10.1016/j.jeem.2019.102271.

73. Duriaux Chavarrı́a, J.Y., Baudron, F., and Sunderland, T. (2018). Retaining
forests within agricultural landscapes as a pathway to sustainable intensi-
fication: evidence from Southern Ethiopia. Agric. Ecosyst. Environ. 263,
41–52. https://doi.org/10.1016/j.agee.2018.04.020.

74. Ashagre, B.B., Platts, P.J., Njana, M., Burgess, N.D., Balmford, A., Turner,
R.K., and Schaafsma, M. (2018). Integrated modelling for economic valu-
ation of the role of forests andwoodlands in drinkingwater provision to two
African cities. Ecosyst. Serv. 32, 50–61. https://doi.org/10.1016/j.ecoser.
2018.05.004.

75. Miller, D.C., Mansourian, S., and Wildburger, C. (2020). Forests, trees and
the eradication of poverty: potential and Limitations. A Global Assessment
Report (International Union of Forest Research Organizations (IUFRO))).

76. Reed, J., Ickowitz, A., Chervier, C., Djoudi, H., Moombe, K., Ros-Tonen,
M., Yanou, M., Yuliani, L., and Sunderland, T. (2020). Integrated landscape
approaches in the tropics: a brief stock-take. Land Use Pol. 99, 104822.
https://doi.org/10.1016/j.landusepol.2020.104822.

77. Baudron, F., and Giller, K.E. (2014). Agriculture and nature: trouble and
strife? Biol. Conserv. 170, 232–245. https://doi.org/10.1016/j.biocon.
2013.12.009.

78. Rosenstock, T.S., Dawson, I.K., Aynekulu, E., Chomba, S., Degrande, A.,
Fornace, K., Jamnadass, R., Kimaro, A., Kindt, R., Lamanna, C., et al.
(2019). A planetary health perspective on agroforestry in sub-saharan Af-
rica. One Earth 1, 330–344. https://doi.org/10.1016/j.oneear.2019.10.017.

79. Yang, K.F., Gergel, S.E., Duriaux-Chavarrı́a, J.Y., and Baudron, F. (2020).
Forest edges near farms enhance wheat productivity measures: a test us-
ing high spatial resolution remote sensing of smallholder farms in southern
Ethiopia. Front. Sustain. Food Syst. 4, 12.

80. Baudron, F., Schultner, J., Duriaux, J.-Y., Gergel, S.E., and Sunderland, T.
(2019). Agriculturally productive yet biodiverse: human benefits and con-
servation values along a forest-agriculture gradient in Southern Ethiopia.
Landsc. Ecol. 34, 341–356. https://doi.org/10.1007/s10980-019-00770-6.

81. Matita, M., Chirwa, E.W., Johnston, D., Mazalale, J., Smith, R., and Walls,
H. (2021). Does household participation in food markets increase dietary
diversity? Evidence from rural Malawi. Glob. Food Sec. 28, 100486.
https://doi.org/10.1016/j.gfs.2020.100486.

82. Pritchard, B., Rammohan, A., and Vicol, M. (2019). The importance of non-
farm livelihoods for household food security and dietary diversity in rural
Myanmar. J. Rural Stud. 67, 89–100. https://doi.org/10.1016/j.jrurstud.
2019.02.017.

83. Kanter, R., Walls, H.L., Tak, M., Roberts, F., and Waage, J. (2015). A con-
ceptual framework for understanding the impacts of agriculture and food
system policies on nutrition and health. Food Secur. 7, 767–777. https://
doi.org/10.1007/s12571-015-0473-6.

84. Koppmair, S., Kassie, M., and Qaim, M. (2017). Farm production, market
access and dietary diversity in Malawi. Public Health Nutr. 20, 325–335.
https://doi.org/10.1017/S1368980016002135.

85. Wunder, S., Börner, J., Shively, G., and Wyman, M. (2014). Safety nets,
gap filling and forests: a global-comparative perspective. World Dev. 64,
S29–S42. https://doi.org/10.1016/j.worlddev.2014.03.005.

86. Levang, P., Dounias, E., and Sitorus, S. (2005). Out of the forest, out of
poverty? For. For. Trees Livelihoods 15, 211–235. https://doi.org/10.
1080/14728028.2005.9752521.

87. De Coster, G., Anaruma Filho, F., and Ferreira dos Santos, R. (2014). Hu-
man health risks of forest conservation. Proc. Natl. Acad. Sci. USA 111,
E1815. https://doi.org/10.1073/pnas.1401544111.

88. Foli, S., Reed, J., Clendenning, J., Petrokofsky, G., Padoch, C., and Sun-
derland, T. (2014). To what extent does the presence of forests and trees
contribute to food production in humid and dry forest landscapes?. . A
Systematic Review Protocol, 8 (CIFOR).

89. Wood, S.A., Tirfessa, D., and Baudron, F. (2018). Soil organic matter un-
derlies crop nutritional quality and productivity in smallholder agriculture.
Agric. Ecosyst. Environ. 266, 100–108. https://doi.org/10.1016/j.agee.
2018.07.025.
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