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A B S T R A C T

Current changes in food systems in low- and middle-income countries are not only associated with increasing
demand for food driven by population growth. Shifts in diets with different production and processing structures
likely have a more considerable impact in future: higher land requirements (e.g., more animal-based proteins) or
changing production regions and structures (e.g., higher share of (imported) processed food). Whether the ex-
pected transition in low- and middle-income countries that is considerably larger than in high income countries
is resilient, is questionable. Beyond, the resilience of food systems is not consistently assessed and hardly syn-
thesized for low- and middle-income countries. A systematic review based on a keyword search was therefore
conducted to identify research gaps on food system resilience for low- and middle-income countries.

This review identified three clusters of studies: studies in cluster 1 (global models and primary production)
mainly model global (change) impacts on crop production, mostly disregard the downstream of the value chain
and use globally accessible crop data (e.g., for cereals). Studies in cluster 2 (farmers' behavior under global
change) mainly analyze with surveys and workshop formats the resilience of farmers and farming households
under global change phenomena such as climate change and equally explore especially farmers’ adaptative
capacity. Studies in cluster 3 (food systems and value chains) take a more holistic perspective and mostly
qualitatively analyze the resilience of food systems based on existing studies. Quantitatively, most studies model
the robustness of food systems and not their transformability.

Future research should quantitatively assess the adaptiveness and transformability of food systems and study
the resilience of food systems beyond primary production. Studies should quantitatively model the impact be-
tween the food system and associated environmental and social systems and along the food value chain to
generate relevant insights for food system governance.

1. Introduction

Increasing and reliable food supply is needed to meet the expected
population growth by 26 percent to 9.7 billion people in 2050. This
increase varies for sub-regions between two percent (Europe and North
America) and 99 percent in Sub-Saharan Africa (UN, 2019). Beyond
population growth, changing diets (especially in low- and middle in-
come countries) will equally affect land requirements (Röös et al.,
2017). Expected shifts in diets to more animal-based proteins combined
with population growth in low- and middle income countries will likely
become a driver of land-use change. Population dynamics will not be
the main driver as in previous periods (Alexander et al., 2015;
Springmann et al., 2018). A transition towards western diets with, e.g.,
more animal-based proteins and processed foods as described in Popkin
(2017) will have a considerable impact on land use and food security.

Röös et al. (2017) show that current cropland is insufficient for protein
production of projected diets in 2050.

Diet shifts in low- and middle-income countries will be unlikely
resilient and sustainable due to, e.g., increasing cropland scarcity.
Resilience as a concept is increasingly used to address food security
challenges and to conceptualize the complexity of interactions between
multiple actors (e.g., value chains) and the impact of random external
shocks (e.g., natural hazards) or changes in food systems (Tendall et al.,
2015). Resilience is also a concept to integrate different disciplines
(Béné et al., 2016) and to link and balance different targets, e.g., food
security and sustainability (Prosperi et al., 2016). Quantifying the re-
silience of food systems is crucial as the expected food system trans-
formation can lead to unsustainable outcomes and food insecurity
(Prosperi et al., 2016). Schipanski et al. (2016) also expect that a better
understanding of resilience can reduce the vulnerability of food
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systems, i.e., improve food security. A better understanding may
equally improve the governance of food system transformation in low-
and middle income countries to prevent instead of remediate food
system failures (Béné et al., 2016). However, resilience is less fre-
quently considered and synthesized when analyzing food systems. Re-
cent reviews in developing countries take a rather overarching per-
spective, e.g., at the interface of food systems, urbanization, and
agriculture (Abu Hatab et al., 2019a, 2019b) and do not investigate the
conceptualization of resilience in food system studies. Beyond, farming
systems and transformation pathways strongly differ between low- and
middle and high-income countries (Reardon et al., 2019). These dif-
ferences may lead to deviating resilience outcomes and may require
additional research and different governance approaches for low- and
middle-income countries.

We define resilience as the ability of a system to maintain its societal
functions through the system's robustness, adaptiveness, and trans-
formability in response to internal and external stress (Folke et al.,
2010; Meuwissen et al., 2019). The resilience of food systems extends
beyond the resilience of farms and farmers to the entire value in con-
trast to other studies (Hooks et al., 2017; Meuwissen et al., 2019). We
also see the links of the agriculture-based food system to the social and
environmental systems as crucial (partly in line with Tendall et al.
(2015)) (e.g., drinking water quality, rural demographics). However,
less studies address the resilience of food systems and associated socio-
ecological systems. Prosperi et al. (2016) synthesize research on resi-
lience in social-ecological systems and Behzadi et al. (2018) for supply
chain management. We think that it is necessary to integrate and
analyze the resilience of value chains and associated socio-ecological
systems simultaneously.

To capture the domains dealing with food systems, three major re-
search strands need to be considered (Bolwig et al., 2010;
Vroegindewey and Hodbod, 2018): value-chain analyses with a social
and an economic emphasis, social-ecological systems' research with a
strong emphasis on resilience, and supply-chain analyses originating
from operations research considering mainly the economic network's
resilience. In this context, Vroegindewey and Hodbod (2018) provide a
conceptual framework for supply chains with a focus on developing
countries. Beyond, governance research on food security and food
systems equally requires attention regarding the resilience of food
systems as postulated by O'Connor et al. (2017).

This review aims (i) to identify major applications, literature
strands, and conceptualizations of resilience for food systems in low-
and middle-income countries. (ii) We review how different studies
jointly analyze the resilience of the agriculture-based food system and
associated social-ecological systems. (iii) We identify the current use
and the suitability of resilience in the context of food system and food
security research as well as research gaps and future applications.

2. Methods

2.1. Systematic literature search

We conducted a systematic literature review based on a ISI Web of
Science (WoS) keyword search (TOPIC) (September 04, 2019) for
journal articles for the following search terms (((agricultur* AND (value
chain* OR supply chain*) OR ((value chain* OR supply chain*) OR
(value-chain* OR supply-chain*))) OR “food system"*) AND resilien*).
It resulted in 367 publications. For the systematic review, we only used
journal articles and screened them following the scheme in Fig. 1. We
used the review and opinion papers if applicable to relate their findings
to this study and to identify the added value of this review.

2.2. Categories and criteria of the systematic review

Regarding resilience, we reviewed existing studies for the addressed
resilience issue (i.e., the definition and conceptualization of resilience in

the reviewed studies), the resilience focus (i.e., the focus or challenge of
the resilience assessment), the resilience item (i.e., the element assessed
within the food or the associated system), which is partly in line with
Meuwissen et al. (2019), but who focus on the farming system. In that
respect, we analyzed, whether resilience was qualitatively or quanti-
tatively analyzed and which properties of resilience were assessed: ro-
bustness, adaptiveness or transformability. However, we did not only
include studies emphasizing on the resilience of farming systems as
Meuwissen et al. (2019) or the food system as a whole with food se-
curity as resilience item or overall target (Tendall et al., 2015). We
rather expected that the resilience of embedding or related systems
(e.g., the environment or society) were equally crucial and may provide
relevant resilience items with respect to food and farming systems. This
review aimed to explore not only the conceptualization of resilience for
food or farming systems but also their impact on the resilience of re-
lated systems. We followed Tendall et al. (2015) and Meuwissen et al.
(2019) and defined robustness as a systems' ability to withstand shocks
and to move to the previous state. We deviate from Meuwissen et al.
(2019) regarding our definition of adaptiveness, who define it as a
system's carrying capacity to withstand shock due to changing inputs
and external parameters. We rather see this as part of the robustness of
a system. We see adaptiveness as a system's ability to provide a desired
level of a resilience item (e.g., food, farm income) under changing input
levels and external parameters (e.g., precipitation, market prices)
which is in line with Folke et al. (2010) and Walker et al. (2004). Our
definition is more comparable to Tendall et al. (2015), who define re-
sourcefulness and adaptability as resilience properties that explain
them as the recovered amount of food security after a shock. In contrast
to Meuwissen et al. (2019) and Tendall et al. (2015), we do not narrow
it to the farming and food system but look at the food and associated
environmental and social systems. We also define transformability,
originally defined by Folke et al. (2010), not as a system's carrying
capacity (Meuwissen et al., 2019) but as a system's ability to provide a
desired level or outcome of a resilience item under changed system
structures and functioning. The term carrying capacity provides a
strong notion from socio-ecological system's research as in Folke et al.
(2010) which considers how much disturbance a system can stand. We

Fig. 1. Search strategy used to identify relevant papers for the scope of this
review.
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emphasize more on the outcome in line with Tendall et al. (2015), who
see food security as an outcome dimension.

Regarding the emphasis on the value chain, we followed Tendall
et al. (2015) and reviewed, which elements of the value chain were
assessed (producer, processor, logistics, sales, consumer). Equally, we re-
viewed the environmental, social, economic, and institutional challenges.
We thereby followed the elaboration by Meuwissen et al. (2019) on
dimensions that cover the impacts of food systems on public and private
goods. We included these sustainability challenges as in other reviews
(Meyer and Leckert, 2018) since we aimed at investigating how resi-
lience and sustainability are linked or overlap as done with a different
perspective in Prosperi et al. (2016). The value-chain products were
structured following the groups of the FAO commodity list (FAO, 2016).
This categorization was extended if applicable. We also reviewed major
contextual factors (“context”) and literature strands (i.e., classified the
research domains targeted in the reviewed studies such as agricultural
economics or rural development) and assessed the spatial scale and the
countries, where a study was conducted.

2.3. Data analysis

To identify major groups of studies on the resilience of food systems,
we followed three steps. First, we condensed the descriptions of qua-
litative review criteria. The criteria resilience issue, focus, and item, as
well as the context, and the literature strand were reduced to the main
keywords with the package tm in R (R Development Core Team, 2018).
We automatically cleaned the data for stop words, removed sparse
terms (threshold: 0.9), and condensed the terms to the word stem. We
calculated the term frequency – inverse document frequency for the
remaining major terms. This indicator combines the term frequency for
each paper and the relative importance in the entire set of reviewed
studies per criterion (Ferreira et al., 2013). The list of studies with the
cleaned input data is available in the supporting information.

Second, we followed Meyer and Leckert (2018) and conducted a
multiple factor analysis to reduce dimensionality in the data with the
package FactorMineR in R (R Development Core Team, 2018). We

defined for the different analysis criteria and categories the following
groups: scale, value-chain element (producer, processor, logistics, sales,
consumer), sustainability challenges (environmental, social, economic,
institutional), product, and the results from the text mining: resilience
issue, focus, and item, the context, and the literature strand. Based on the
factor analysis, we conducted a hierarchical cluster analysis (Sébastien
et al., 2008). To identify the optimal number of clusters, we cut the tree
where the branches were visually longest and the relative gain of within
cluster inertia highest. To interpret the clusters, we calculated the ar-
ithmetic mean per cluster for all criteria.

3. Results

3.1. Overview

The main literature strands of the identified studies are agricultural
economics and agribusiness (32), as well as rural (14) and sustainable
development (12). Most studies only assessed one value-chain step (25
studies). Only few studies assessed all value-chain steps (7).
Qualitatively, primary production was assessed most (65) and logistics
(17) were assessed least. Most studies assessed all sustainability di-
mensions and challenges. Economics were most prominent (61) and
institutions least frequent (40). The spatial scale of most studies is re-
gional (30) and rarely global and supra-national (9).

The mainly analyzed resilience items were the food system in-
cluding supply and production (22), farmers and farming households
(22), as well as crop production and varieties (9). Value-chain actors
beyond farmers, if not covered within the term food system, are hardly
in focus. The methods used were mostly qualitative (23) and quanti-
tative surveys (22), document analysis and other desk research (13), as
well as focus group discussions (12). For the product, most studies as-
sessed either the food system without clear focus crops (23) or dealt
with cereals (18). Less frequently, studies focused on oil-bearing crops
(8), or fruits and vegetables (6 each). Fig. 2 shows the spatial hot spots
of the reviewed studies, which are especially Brazil and India for the
given focus on low- and middle-income countries, but also Southeast

Fig. 2. Number of studies on food systems and value chains per country (low- and middle-income countries).
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Asian as well as South and Central American countries.

3.2. Conceptualizing resilience

In 52 of the reviewed studies resilience was explicitly qualitatively
and quantitatively analyzed. The 28 qualitative studies address ro-
bustness (21), adaptiveness (18), and transformability (13). The 24
quantitative studies include robustness (23), adaptiveness (7), and
transformability (1). This reveals a major gap in quantifying adaptive-
ness and especially transformability of food systems and value chains in
low- and middle-income countries.

The 23 quantitative robustness studies were split into four major
conceptual groups. Eight studies used time-series analysis and tried to
identify patterns between target indicators (e.g., crop yield, food supply
or prices) and stressors (mostly climate variability, but also other fac-
tors such as population dynamics). Six studies assessed the robustness
through composite indices and expert judgment at country level and
four surveyed farmers' and other value-chain actors on factors affecting
their robustness. Five studies empirically assessed the robustness before
and after or with and without shocks such as extreme weather events,
disease outbreaks, or political crises and implemented robustness
through multiple model runs or surveys before and after the shock. Four
studies modeled the abstract or theoretical robustness towards external
(e.g., market prices) and internal shocks (mostly supply chain config-
urations) through simulation models. Major resilience items were crop
yield (seven studies) and food availability (four studies). Five studies
put the country including the food sector as resilience item. The re-
maining studies used farm-related resilience items (livestock produc-
tion and farm income), social factors (value-chain actors’ or population
health), and market parameters (food demand and market prices) as
resilience items.

The eight quantitative adaptiveness studies took different perspec-
tives. Four studies modeled the behavior of food-system-related resi-
lience items (e.g., crop yield, market prices, demand, caloric intake)
under external stressors and modeled the response of adapted systems
with environmental (e.g., GHG emissions), social (e.g., caloric intake)
or economic (e.g., farm income) indicators. Two studies used surveys to
determine value-chain actors' adaptive capacity to external stresses
through surveying demographic or economic factors. Two studies used
ratings of countries’ readiness for climate change (Notre Dame Global
Adaptation Initiative: assessment of economic, social and governance
factors).

The two quantitative transformability studies modeled scenario-
based impacts of food and related waste systems under future system
configurations (scenarios). They quantified the impact of future sys-
temic changes such as diet shifts or major policy changes such GHG
taxes on the environment and society. They hardly quantified the
transformation process.

3.3. Main groups of studies

We obtained three clusters for the reviewed studies from a hier-
archical cluster analysis: cluster 1 (n: 5), cluster 2 (n:35), and cluster 3
(n: 30). For the resilience issue, item and focus, the clusters aligned
comparably well and had three different foci: crop production (cluster
1), farm households and farmers (cluster 2), and food systems (cluster
3). Cluster 2 more strongly included major resilience issues and ex-
plicitly included resilience as central study focus in contrast to the other
clusters. Cluster 3 saw not only the food system but also climate change
as major resilience issue (Fig. 3).

Value-chain steps beyond the producer were mostly under-
represented. Cluster 1 was stronger for logistics, cluster 2 for sales, and
clusters 2 and 3 for consumers. Studies in all clusters consistently ad-
dressed economic challenges. Cluster 1 mostly emphasized on en-
vironmental challenges, and disregarded institutions and social aspects.
Cluster 3 addressed the challenges in a balanced manner and

Fig. 3. Resilience issue, focus, and item (arithmetic mean of the term frequency
per cluster; scale (0–1)); terms with high ratings per cluster (similar colors)
should be jointly interpreted. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)
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Fig. 4. Value-chain elements, sustainability challenges, and products (arithmetic mean of the term frequency per cluster; scale (0–1)); terms with high ratings per
cluster (similar colors) should be jointly interpreted. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this
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emphasized social aspects. Regarding the assessed products, cluster 1
mostly emphasized cereals and cereal products, and oil bearing crops.
Cluster 2 equally focused on cereals, but also on stimulant crops and
fruits. Cluster 3 focused on food in general and not on specific crops
(Fig. 4).

Regarding the chosen methods, cluster 1 strongly focused on mod-
eling, whereas cluster 2 mostly used quantitative and qualitative sur-
veys, focus group discussions, and workshops, as well as models. Cluster
3 considerably relied on document analysis compared with the other
clusters. Regarding the literature strand, cluster 1 focused on global
change research. Cluster 2 on agricultural economics and rural devel-
opment, and cluster 3 on sustainable development research. With re-
spect to the context, cluster 1 considered global impacts, and cluster 2
climate change and market-related parameters. Cluster 3 considered
major context factors mostly equally. Regarding the spatial scale, most
studies in cluster 1 were at the global scale and in clusters 2 and 3 at the
regional scale (Fig. 5).

The identified clusters showed three major types of studies mainly
differentiated by the type of external shocks and drivers, the assessment
methods, the resilience focus, and the sustainability challenges (see Fig. 6):
studies in cluster 1 mainly analyzed global (change) impacts on crop or
primary production. Downstream value-chain steps were hardly con-
sidered. Cluster 1 equally used rather easily accessible and globally
relevant crops such as cereals. Thereby, the chosen tools were mainly
related to crop modeling and (spatial) statistical analyses. Studies in
cluster 2 mainly analyzed the resilience of farmers and farming
households under global change phenomena such as climate change
and equally explored farmers’ adaptative capacity with respect to
chosen crops (e.g., produced amount and sales). They mostly relied on
social science methods such as surveys or workshop formats. Studies in
cluster 3 took a more holistic perspective and saw the resilience of the
entire food system as important. They emphasized on social challenges,
but also included environmental and economic challenges. Equally,
these studies covered more often several steps of the value chain. The
chosen methods were mostly document analysis and social science
methods.

4. Future research needs

Generally, we discussed how the reviewed studies conceptualize
food system resilience (section 4.1). Central element in the food system
is the value chain (see also Tendall et al. (2015)) and its relevance in the
reviewed studies is discussed (section 4.2). Then, we investigate how
the food system resilience links to the embedding environmental (sec-
tion 4.3) and social systems (section 4.4) and how the interaction (e.g.,
feedbacks) can be assessed (section 4.5). Beyond the conceptualization,
food system resilience is addressed regarding quantification (section
4.6) and governance (section 4.7).

4.1. Conceptualization of resilience in food system studies

The definition of resilience in the reviewed studies was often very
generic aiming at food system resilience in general without a clear
definition of resilience properties. A clear specification of essential re-
silience properties for food systems and associated environmental and
social systems comparable to the one given for farming systems by
Meuwissen et al. (2019) is needed. We developed such definition in
section 2.2. We reviewed the resilience properties robustness, trans-
formability, and adaptiveness. About one third of the studies quantified
resilience and emphasized robustness. Few quantified transformability
(two studies) and adaptiveness (eight studies). Robustness was assessed
for food availability (especially crop yields) or market prices at country
or global level given available data for time-series analyses. Other re-
silience items such as value-chain actors' health, or farm income were
either assessed before and after a shock or along time series. Others
used composite indices and expert judgment to quantify country-level

Fig. 5. Method, literature strand, and context (arithmetic mean of the term
frequency per cluster; scale (0–1)); terms with high ratings per cluster (similar
colors) should be jointly interpreted. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this
article.)
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robustness. Few studies dynamically quantified adaptiveness by mod-
eling the behavior of resilience items (e.g., crop yield) under changing
climate. Composite indices were used to rate countries' adaptive capa-
city and surveys to determine value-chain actors’ adaptive capacity to
shocks such as extreme weather events. Two reviewed studies only
quantified transformability and investigated the outcome rather than
the transformation process.

In that respect, future research should emphasis especially on
modeling and quantifying the transformability and the adaptiveness of
food systems’ resilience. Beyond, the current focus on rather easily
accessible resilience items (e.g., crop yields) should be broadened and
other relevant resilience items addressed in the following sections.

4.2. Value-chain perspective

The reviewed studies mostly miss a holistic perspective on the re-
silience of food systems and do not consider value-chain steps in a
balanced manner. Tendall et al. (2015) stress the need to take different
perspectives: the food system, the value chain, and individual value-
chain actors. Improved linkages in food systems (e.g., regionally in-
tegrated value chains) may foster resilience (Abu Hatab et al., 2019b).
Nevertheless, existing studies mostly emphasize individual value-chain
actors (mostly farmers) and less frequently consider other steps of the
value chain. This is equally stated for reviews with emphasis on food
security (Reardon et al., 2019) and sustainability transitions and food
security (El Bilali, 2019). One reason for this focus on farmers might be
that farmers are often seen as most vulnerable value chain actor from
an economic point of view (e.g., size-related low bargaining power
compared with processors or retailers) (Trienekens, 2011). A con-
siderable rise of consolidating logistics, processing, and sales entities is
a challenge for smallholders. Farmers in low- and middle-income
countries miss the assets for modernization (Reardon et al., 2009),
which may hinder their transformation and adaptation. In addition,
research on food security most traditionally focusses on agriculture and
rural development (Ericksen et al., 2009). In that respect, the resilience
downstream the value chain is hardly modeled. A small share of studies
from operations research (logistics and processing) (e.g., Aboah et al.

(2019)) or market research (sales and consumer studies) took the entire
value chain into account, but miss the embedding social and environ-
mental systems as discussed in the following sections.

4.3. The environmental perspective on food system resilience

Future research needs to broaden the perspective and to assess how
(i) food system transformation impacts environmental resilience; (ii)
studies need to determine the impact of environmental drivers (i.e.,
others than climate change) on food systems' resilience.

(i) The reviewed studies mostly emphasize food systems or farmers
and assess their resilience under external shocks which are mostly
economic or environmental. The studies (clusters 2 and 3) often
assess the adaptation of value-chain actors, especially farmers,
under climate change. Studies rather disregard the impact of
transforming food systems and of changes in farmers' behavior on
environmental resilience. Environmental or biophysical capacity
underpins food systems' resilience (e.g., through water or land
availability) (Seekell et al., 2017) and should be considered. For
example, changes from drought adapted crops such as Teff to Maize
in Ethiopia likely affect water availability.

(ii) Regarding environmental drivers, most studies focus on the impact
of climate change on farming households or on farmers and on the
food system. The adaptation of farmers to climate change is in focus
(cluster 2) and also considerably assessed in the field of risk-related
research on farmers' behavior under climate change (Eitzinger
et al., 2018). Beyond climate change and GHG emissions and other
global impacts (cluster 1), the regional scale should be emphasized
(Prosperi et al., 2016) and other relevant environmental impacts
assessed: soil quality, water quality and availability, and biodi-
versity (Meyer and Leckert, 2018).

4.4. The social perspective on food system resilience

Societal changes and demographic trends such as changes in con-
sumption patterns, in income or age are hardly considered in the

Fig. 6. Thematic clusters of existing studies on food system resilience grouped by external shocks, assessment methods, focus and sustainability challenges; the
resilience focus is drawn in color (Cluster 1: global models and primary production; cluster 2: farmers' behavior under global change; cluster 3: food systems and
value chains); icon source: https://icons8.com/. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this
article.)
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reviewed studies. This research gap is equally highlighted for food
system research in general (Ruben et al., 2019) and was also earlier
stated (Ericksen et al., 2009) but not sufficiently addressed in the re-
viewed studies. Springmann et al. (2018) analyze the impact of dietary
changes and waste reduction on planetary boundaries at the global
scale. However, the drawn assumptions on food system transformations
and consumer behavior are hardly suitable for governance and man-
agement at lower spatial levels (e.g., regions). The impacts on food
system configuration and resilience likely differ between regions.
Therefore, studies at the regional level are needed to provide sufficient
spatial resolution and differentiation (e.g., to draw conclusions for land-
use systems and regional or national diet shifts).

4.5. Feedbacks: food system impacts on society and environment and vice
versa

Environmental impacts are not only the outcome of food system
resilience, but also drivers of food system resilience in contrast to
Tendall et al. (2015). This bidirectionality (food system ↔ environ-
ment) is not sufficiently addressed in the reviewed studies. The re-
viewed quantitative studies currently still follow the input-output per-
spective. Environmental parameters are either taken as drivers or
influencing factor of food system resilience (clusters 1 to 3) and in
fewer cases also as outcome (cluster 1: global studies).

Linkages between environmental and social systems should be more
strongly considered. Also feedbacks that may lead to leakage effects
should be considered. A prominent example is indirect land-use change
due to bioenergy production (Searchinger et al., 2008). The narrow
perspective on the bioenergy system allowed to overlook this leakage
effect on food production and the environment (especially higher GHG
emissions instead of savings due to cropland displacing forest driven by
energy crops on previous cropland).

4.6. Quantification of impacts

4.6.1. Spatial and temporal quantification of resilience
Most assessments in the reviewed studies are either qualitative at

the regional scale or quantitative at the global scale. The regional scale
assessments if focusing on food systems rather capture the state of the
regional food system and the adaptation behavior of farmers or con-
sumers, mostly based on surveys or focus groups discussions. The re-
levant quantification of the impact of food system transformation on
the resilience of food systems is mostly missing at the regional scale.
There is mainly quantification, partly spatially explicit, at the global
scale (e.g., impacts on virtual water (Zhao et al., 2019) or the global
production of major crops under different environmental or economic
shocks (Mehrabi and Ramankutty, 2019)). However, most spatially
explicit studies such as Mehrabi and Ramankutty (2019) only model
crop production and the farming system. The spatial modeling of the
impact of food systems and value chains is missing and hardly done at
the regional scale. The current separation of the regional and global
perspective might be due to low data availability and due to the diffi-
culty to align different preferences and priorities for resilience between
world regions (e.g., food security in Sub-Saharan Africa vs. sustainable
production in Western Europe) (Challies et al., 2014). Future studies
should also quantify the impact of changing consumption patterns and
model its pathways through value chains to grasp the impact on the
resilience of land systems and rural societies. Here, agent-based land-
use modeling could be an option. It allows to depict complex decision
making along the value chain, but is hardly done (Utomo et al., 2018).
Equally, it allows to show interactions with land-use systems (e.g., for
cropping or pastoral systems (Schulze et al., 2016; Thober et al., 2018)).

For the temporal dynamics, the reviewed studies mostly assess the
current status of farmers' resilience (especially cluster 2) and in fewer
cases the resilience of food systems (cluster 3) (e.g., Jacobi et al.
(2018)). Current studies rather qualitatively describe spatial dynamics,

e.g., Padulosi et al. (2015). Future research should quantify temporal
dynamics of food systems' resilience to identify more or less resilient
spatial configurations. In addition, the future resilience of food systems,
e.g., could be quantified through modeling approaches such as scenario
techniques to explore and to assess the future development of food
systems (Mason-D'Croz et al., 2016).

4.6.2. Quantification of drivers and internal dynamics within the value
chain

The impact of societal preferences and trends (e.g., consumption)
and environmental impacts (e.g., climate change) on food system resi-
lience is mostly missing as previously noted by Ericksen et al. (2009)
and Vroegindewey and Hodbod (2018). Only approaches from opera-
tions research on optimizing and modeling food system networks exist
(push perspective) and were recently reviewed (Aboah et al., 2019).
Another review focusses on risks in supply chains but not on resilience
or the systemic behavior of associated environmental or social systems
(Behzadi et al., 2018). To close this gap, it is necessary to integrate
different frameworks such as food security and socio-ecological systems
research (Prosperi et al., 2016) and to include the pull perspective on
value chains (e.g., through modeling consumer demand and diet shifts
with agent-based models).

4.7. Governance research and resilience

It is questionable whether governance should foster resilience as it
does not necessarily improve the situation for all individuals in society
or in the environment (Béné et al., 2016). Others see resilience as a tool
to overcome or counteract market asymmetries or weak governance
such as the terms of trade or neoliberal market structures (O'Connor
et al., 2017). However, this requires studies at the appropriate scale and
resolution to see whether more resilient food systems are less prone to
weak governance. The reviewed studies hardly quantify the impact of
governance on resilience. There is a need for indicators on the impact of
governance on the distribution and consumption of food, to quantify
the agency of actors, and to assess scale-overarching impacts of gov-
ernance. The agency of actors is qualitatively assessed in the reviewed
studies. This is partly in line with Delaney et al. (2018). Scale-over-
arching factors such as market failures (e.g., negative environmental
and social externalities) require an integration of global and regional
perspectives. The impact assessment of global governance on regional
resilience is mostly missing as equally stated by Seekell et al. (2017).
Therefore, future research should analyze the impact of policies on food
system resilience in a joint manner: policy issuers and affected regions
(e.g., the Common Agricultural Policy of the European Union on pro-
ducing regions in low- and middle-income countries) as done for the
environmental impacts of EU bioenergy imports (Meyer et al., 2016).

5. Conclusions

Future research needs to emphasize on the link between the food
system and associated environmental and social systems to a larger
extent. The resilience of food systems should not be seen in an isolated
manner and major linkages to the embedding environmental (e.g.,
water quality and availability) and social systems (e.g., labor markets)
require consideration. On this path, future research should quantify
feedbacks between economic entities, society, and the environment.
Within the food system, future research should assess the resilience of
value chains and go upstream the value chain beyond primary pro-
duction and also consider the impact of consumption on food system
resilience (pull perspective (e.g., assessing the impact of diet shifts on
food system resilience)). The quantification of resilience at the sub-
national level was hardly done and requires quantitative modeling (e.g.,
agent-based models) with increased temporal resolution and spatial
explicitness. Conceptually, future studies should not only analyze ro-
bustness but also quantify transformability and adaptiveness as equally
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relevant resilience properties.
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