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Abstract This review explores the role of microsimulation modelling in addressing the multidimen-
sional nature of food security, focusing on affordability, nutrition, and environmental sustainability.
Using a hybrid approach that combines qualitative textual synthesis with bibliometric analysis, the
study offers both depth and breadth in reviewing current literature. Findings reveal that while afford-
ability and nutrition are frequently examined, environmental aspects remain notably underrepre-
sented in microsimulation-based food security analyses. This gap limits the development of integrated
policy responses that address both human and planetary health. The review underscores the need for
more interdisciplinary, systems-based modelling approaches that align with global sustainability goals.
Bridging these methodological and thematic gaps is important for designing effective, equitable, and
environmentally responsible food policies.
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1. Introduction

Food security remains a critical global issue, shaped by rising populations, climate uncertainty, biodi-
versity loss, and widening socio-economic inequalities (Aborisade and Bach, 2014; Godfray et al.,
2010; Lindgren et al., 2018). Ensuring access to affordable, nutritious, and sustainable diets requires
a systems-based perspective that considers economic, nutritional, and environmental dimensions
together (Abu and Oldewage-Theron, 2019). Microsimulation models are increasingly recognized for
their ability to navigate this complexity. These models simulate household and individual responses to
interventions, such as taxes, subsidies, dietary shifts, and climate impacts producing detailed insights
into distributional impacts and policy trade-offs (Boulanger et al., 2022; Breisinger and Ecker, 2014,
Clapp et al., 2022; Diao et al., 2022). This paper reviews microsimulation approaches used in the
food security-nutrition-environmental nexus.

Traditional food security models have relied heavily on macro-level frameworks and static indicators,
offering high-level insights into dietary patterns and environmental footprints but often failing to account
for household-level heterogeneity and dynamic feedbacks (Behrens et al., 2017, Green et al., 2015;
Heller et al., 2018). These aggregate approaches obscure how interventions affect diverse socio-economic
groups, limiting their value for designing equitable, context-specific policies (Béné, 2020; Leeuwis et al.,
2021). Microsimulation modelling offers a breakthrough by simulating individual and household responses
to policy interventions, such as taxes, subsidies, dietary shifts, and climate shocks, while accounting for
demographic diversity, behavioural variability, and spatial differentiation (Boulanger et al., 2022; Diao
et al., 2022; O’Donoghue, 2014). Unlike aggregate models, it enables granular analysis of distributional
impacts and policy trade-offs within interconnected food systems.
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Despite their growing use in food policy research, most microsimulation models remain frag-
mented, addressing nutrition, affordability, or environmental sustainability in isolation. Many studies
simulate the health and economic impacts of interventions such as sugar-sweetened beverage taxes,
nutrient reformulation, or food labeling, showing improvements in diet quality and reductions in
chronic disease risk (Lee et al., 2020; Pearson-Stuttard et al., 2018; Shangguan et al., 2021). Others
assess food assistance programs like SNAP or produce prescriptions, demonstrating gains in nutri-
tional adequacy and reduced disparities for low-income households (Choi et al., 2021, Mozaffarian
et al., 2018; Wang et al., 2023). However, these models often pursue a single policy objective such as
improving health or reducing costs without linking outcomes to environmental or equity dimensions.

More recent efforts have extended microsimulation to broader domains, including fiscal and agri-
cultural policy. Simulations of VAT reforms, fertilizer subsidies, and market interventions have exam-
ined their effects on poverty, prices, and household welfare (Boulanger et al., 2022, O’'Donoghue,
2014; Ramos et al., 2022), while others have explored food system shocks such as COVID-19 and
the Ukraine war (Ayaz et al., 2022, Headey et al., 2020; Nechifor et al., 2021). A smaller body of
work models carbon and sin taxes on food, highlighting their potential for emissions reduction and
dietary improvements (Caillavet et al., 2019; Kehlbacher et al., 2016; Klenert et al., 2023). Yet,
even the most advanced models typically evaluate outcomes in parallel rather than as interconnected
elements. Building on this, recent reviews have explored how different modelling approaches address
these interconnected challenges, offering insights into current strengths and limitations.

Recent reviews underline the growing consensus that microsimulation modelling is essential for
advancing food security research amid its inherent complexity and multidimensionality. Mertens
et al. (2022) position microsimulation as a methodological breakthrough, offering the ability to
capture individual-level heterogeneity and dynamic feedback within food systems. Building on
this, Dave et al. (2023) argue that incorporating nutrient bioavailability and food biodiversity into
microsimulation models would further enhance their realism, enabling more accurate simulation
of real-world dietary choices and constraints. Mui et al. (2025) also point to the utility of micro-
simulation within broader systems science simulation modelling (SSSM) frameworks, especially for
analysing equity in the retail food environment. However, they critique current models for often
overlooking social and political contexts and failing to meaningfully engage stakeholders. Comple-
mentary reviews stress that fragmented or oversimplified indicators (Jones et al., 2013; Manikas
et al., 2023) and the proliferation of disparate metrics (Teeuwen et al., 2022) obscure crucial
systemic trade-offs and dimensions such as nutrition, equity, and environmental sustainability. Li
et al. (2023) and McKay et al. (2019) further call for holistic, multidimensional approaches that
integrate both objective and subjective measures. Collectively, this literature highlights the urgent
need for microsimulation-driven frameworks capable of unifying diverse dimensions of food secu-
rity, capturing distributional and equity impacts, and ultimately guiding more effective and nuanced
policy design.

This review is intentionally broad, reflecting the diversity of microsimulation modelling approaches in
food policy, and aims to guide the design of microsimulation models across complex and interdisciplinary
domains. It specifically asks:

® How have microsimulation models been used to assess food security outcomes at household
and individual levels?

e To what extent do these models incorporate multidimensional drivers, including nutritional
adequacy, economic affordability, and environmental impacts?

e What methodological innovations and limitations emerge from the literature, and what are the
priorities for advancing microsimulation in food security research?

By mapping existing applications and identifying critical gaps, the review offers a roadmap for
using microsimulation to support equitable, adaptive, and integrated food policy design.

The paper is structured to comprehensively address the topic. Section 2, Theoretical Framework,
introduces fundamental concepts and microsimulation models. Section 3, Methodology, outlines the
hybrid review process. Section 4, Results, presents key findings on food security dimensions and
the use of microsimulation models. Section 5, Discussion, highlights key takeaways, research gaps,
and future research implications. Finally, Section 6, Conclusion, summarizes the analysis and overall
conclusions.
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2. Theoretical framework

In this section we develop, a theoretical framework for analysing complex aspects like affordability,
nutrition, and environmental sustainability aspects of food security research (Simelane and Worth,
2020). Ravitch and Riggan (2016) emphasize the framework’s role in explaining and forecasting the
interrelations among different concepts and variables. It helps classify numerous concepts found in
the literature, showing their interconnectedness in achieving household food and nutrition security
(Kivunja, 2018).

Given the complexities of food security, we have developed a theoretical framework for our review.
This framework explores how factors like food access, affordability, environment, nutrition, human
behaviour, and health are interconnected. Our aim is to offer practical suggestions for building afford-
able, healthy, and sustainable food systems worldwide, ultimately improving global food security and
well-being.

Figure 1 presents an overview of the theoretical framework for examining food security using value
chain and microsimulation modelling, inspired by Pingault et al. (2017). This framework provides a
foundation for understanding the holistic processes within food security. While Sam et al. (2019)
highlighted the interplay between household adaptive capacity, drought risk, and food security,
and Ogundari (2017) expanded on socio-economic and demographic factors influencing rural food
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Figure 1 Theoretical framework for examining food security using a value chain and microsimulation modelling
approach.
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security, these frameworks lack the depth provided by microsimulation or CGE-micro models. Our
review addresses this gap by using microsimulation modelling to dissect the complex interplay within
food security dimensions, informing targeted policy development.

2.1. Insights from microsimulation models

Microsimulation models are computer-based tools used to model real-world systems and populations
at the unit level, such as individuals, households, or businesses (O’Donoghue, 2014). While they are
applied across various sectors like firms (Buslei et al., 2014; Eliasson, 1991) and farms (Odonoghue
et al., 2016), their primary use is in individual or household (Sutherland and Figari, 2013), making
them vital for policy and decision-making.

Microsimulation models stand out from other approaches by offering detailed, individual-level anal-
yses that capture population diversity, enabling nuanced examinations of policy impacts on different
demographic groups (Brown, 2011). Unlike broader economic models like Computable General Equi-
librium (CGE) models, which aggregate the economy'’s response to policy changes (Debowicz, 2016;
Zhang, 2017), or Bio-Economic Models, which merge biological and economic aspects (Antle and
Capalbo, 2017), microsimulation models focus on the specific responses of individuals and house-
holds. This detailed approach makes them particularly suited for analysing the distributional effects
of policies in areas such as taxation, social welfare, and health interventions. The granularity of these
models empowers policymakers to design interventions tailored to the diverse needs and circum-
stances of different population segments, enhancing policy effectiveness and equity.

2.2. Value chains and food security dimensions

In our review, we adopt a theoretical framework that combines value chain analysis with microsimu-
lation modelling, shedding light on the journey of food from production to plate, as conceptualized
by Cucagna and Goldsmith (2018). This framework intricately maps out the path of food through its
lifecycle, emphasizing the influence of environmental factors on availability and access.

We incorporate Computable General Equilibrium (CGE) models to provide a macro-level view of
economic impacts, integrating them with microsimulation models to connect broad policies with indi-
vidual effects. This dual approach offers a comprehensive perspective on food security, linking macro-
economic policies with micro-level implications across the supply and value chains, ensuring a deep
understanding of the interplay between economic forces and individual outcomes.

2.3. Human behaviour

At the core of our analysis is the human behaviour dimension, which is closely linked to consumption
and influences food security (Deaton, 2005). This dimension shapes what, how, and why people
eat, directly impacting household food security and sustainability factors like climate change and
water scarcity (Timmer, 2012). Microsimulation models are important for explaining the interplay
between individual and household characteristics, consumption patterns, and environmental implica-
tions (Ballas et al., 2013).

Behavioural economics provides insights into food security by examining how psychological factors
influence food-related decisions (Timmer, 2010). Concepts such as loss aversion, time inconsistency,
and herd behaviour significantly affect responses to food price changes and availability. For instance,
loss aversion can cause households to overreact to price increases, leading to behaviours like panic
buying and hoarding, which exacerbate market volatility and food insecurity (Kahneman and Tversky,
1979).

Historical events, such as the 2007-2008 rice price crisis, illustrate these behavioural impacts. During
the crisis, speculative bubbles and hoarding driven by fear of shortages led to sharp price spikes, high-
lighting the need for policy interventions that address such behaviours (Timmer, 2010). Additionally,
studies by Barrett and Lentz (2015) emphasize the role of trust in food systems, showing that lack
of trust can lead to increased food insecurity due to reduced market participation and reliance on
informal food sources.

Moreover, psychological and cultural factors, as explored by Minten and Barrett (2008), demon-
strate how cultural preferences and social norms can influence dietary choices and nutritional
outcomes. For example, in some cultures, there is a strong preference for staple grains over more
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nutritious but less culturally significant foods, which can impact nutritional security Briones Alonso
et al. (2018). Further, the work of Braun et al. (1999) on the impact of food aid and subsidies high-
lights how different forms of aid can alter consumer behaviour, sometimes leading to unintended
negative consequences such as dependency or market distortions. Understanding these nuances is
vital for designing policies that promote sustainable food security.

In the following paragraphs, we will delve deeper into how human behaviour influences the nutri-
tional, affordability, and environmental aspects of food security, highlighting the critical role of micro-
simulation models in interpreting these connections. By incorporating detailed behavioural data,
these models can predict how policy changes, economic conditions, and environmental factors might
alter consumption patterns and food security outcomes.

2.4. Nutrition dimension

The nutritional dimension is vital in food impact analysis, with microsimulation models playing a key
role in unravelling its complexity within food security. These models play an important role in exam-
ining nutritional aspects of food security, offering nuanced perspectives on how policy shifts and
economic dynamics influence dietary behaviours and nutrient intake at an individual level (Abdul
Hakim, 2018). By simulating real-life scenarios, such as the impact of food subsidies or taxes, these
models provide actionable insights for enhancing nutritional health, particularly among vulnerable
groups. Their ability to pinpoint micronutrient deficiencies and inform targeted interventions under-
scores their value in crafting strategies for comprehensive nutritional security, making them essential
for informed policymaking in the realm of food security (Darmon and Drewnowski, 2015).

This dimension is central to our analysis, where we explore dietary adequacy, intake, and diversity,
emphasizing the critical role of nutrition in determining health outcomes. By analysing consumption
patterns, we uncover how choices around the types and quantities of food consumed directly influ-
ence the nutritional status of individuals and communities. Nutrition is not only about meeting energy
needs but also ensuring access to a diverse range of nutrients essential for good health, underscoring
the importance of a balanced diet in securing food security.

However, nutrient adequacy alone does not guarantee improved health outcomes. Factors such
as nutrient bioavailability (Hurrell and Egli, 2010), food preparation methods (Gibson et al., 2006),
cultural dietary norms, and broader social determinants of health including sanitation, education,
and gender dynamics (Hawkes et al., 2020) significantly affect how nutrients are absorbed, distrib-
uted, and utilized. For instance, non-heme iron absorption varies widely based on the presence of
enhancers like vitamin C or inhibitors such as phytates and polyphenols (Hurrell and Egli, 2010).
Cultural taboos or intra-household food allocation may further restrict access to nutrient-rich foods
despite apparent adequacy in diets. These dimensions are increasingly recognized as important for
accurately modelling and interpreting the real-world impact of dietary interventions, particularly in
contexts of vulnerability and inequality.

2.5. Environment dimension

The environmental dimension of food security can be interconnected with microsimulation modelling,
enabling a comprehensive analysis of sustainable practices within the food value chain. For instance
microsimulation models assess practices like crop rotation and their wider environmental impacts,
such as carbon footprint reduction, and analyse food waste policies for food security enhancement
(Jones et al., 2013; Quested et al., 2013). By incorporating detailed environmental data and sustain-
ability metrics, microsimulation models can provide insights into the complex relationship between
food security and environmental sustainability. They can allow policymakers to visualize the potential
consequences of specific environmental interventions on food systems and identify strategies that
harmonize food security objectives with environmental goals.

2.6. Affordability dimension

In our framework, the examination of the affordability dimension utilizes economic variables such as
food prices and household incomes to assess their impact on access to nutritious food, highlighting
the interplay between the cost of food and household purchasing power (Powell et al., 2013). Data
on these variables allow us to consider how affordability influences food security. This exploration is
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Figure 2 Framework for integrated policy analysis using microsimulation models.

further deepened by the integration of insights from Computable General Equilibrium (CGE) models,
which provide a macroeconomic perspective on the repercussions of economic policies within the
food sector. Combined with the individual-level impacts, they offer a comprehensive view of afford-
ability’s role in food security (Cockburn et al., 2010). This multifaceted approach facilitates a nuanced
understanding of the economic underpinnings of food security, guiding the development of targeted
interventions aimed at improving access to nutritious food for all population segments.

2.7. Policy instruments

Figure 2 in our review showcases the role of microsimulation models in analysing the impacts of
diverse policies on key food security aspects like affordability, nutrition, and environmental sustain-
ability. By leveraging models such as EUROMOD (Immervoll and O’'Donoghue, 2009), we explore the
efficacy of social welfare initiatives in improving household food affordability, which in turn enhances
overall food security (Penne and Goedemé 2021). Similarly, models like CVD PREDICT highlight
the significance of dietary interventions in mitigating nutrition-related health risks (Liu et al., 2020).
Additionally, household microsimulation approaches provide a broader perspective on the interplay
between agricultural policies, economic factors, and nutritional programs, offering comprehensive
insights into their collective influence on food security (Viera, 2023).

The diagram further expands our understanding by delineating various policy approaches,
including market-based mechanisms, support-focused measures, and dietary guidelines, each contrib-
uting uniquely to food security. From carbon pricing strategies and agricultural subsidies to nutri-
tional guidelines and food assistance programs, these interventions illustrate the spectrum of policy
tools available to tackle food security challenges. This layered analysis, underpinned by the detailed
insights from microsimulation models and the holistic view presented in Figure 2, underscores the
complexity of formulating policies that effectively address the multifaceted nature of food security.
Through this integrative approach, our review aims to guide the formulation of informed, sustainable,
and equitable policies that pave the way for a global food-secure future.
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3. Methodology

The review's methodology focuses on the interplay between food security aspects affordability, nutri-
tion, and environmental sustainability using microsimulation models to inform sustainable food poli-
cies. Different literature review approaches, ranging from qualitative textual analysis to quantitative
bibliometric analysis, have their own benefits and drawbacks (Snyder, 2019). Bibliometric studies offer
broad overviews but lack depth in understanding model details (Ellegaard and Wallin, 2015), while
traditional reviews provide detailed insights but struggle with extensive literature coverage (Boell
and Cecez-Kecmanovic, 2014). SLRs, which utilize content analysis, offer a thorough and detailed
examination of the subject matter but can be time-consuming and limited in the number of papers
reviewed (Bartolucci and Hillegass, 2010; Petticrew and Roberts, 2008). Given the complexity
and interdisciplinary nature of microsimulation in food policy, a hybrid approach was adopted one
that combines the breadth of bibliometric mapping with the analytical depth of SLRs (Turnbull et al.,
2023).

Although this paper is not a systematic review in the strict sense, we adopted elements of the
PRISMA framework (Page et al., 2021) to ensure a transparent, structured, and replicable review
process. PRISMA's guidelines provided a strong foundation for documenting search strategies,
screening procedures, and inclusion criteria, thereby enhancing methodological clarity (Moher et al.,
2015). However, due to the interdisciplinary and evolving nature of microsimulation modelling in
the food system domain, we applied a hybrid approach that balances structure with flexibility. To
expand coverage beyond standard database searches, we integrated a citation-based snowballing
strategy (Greenhalgh and Peacock, 2005), allowing us to identify additional influential studies and
policy-relevant work not captured through initial keyword searches. This combined method enabled a
comprehensive yet focused review of the literature.

The review began by defining a clear research question, followed by creating a theoretical frame-
work to structure the study on microsimulation models for food security. Google Scholar was used for
its broad coverage of both academic and grey literature, including reports and conference papers,
to capture the full spectrum of existing knowledge and innovations in the field (Adams et al., 2016).
This strategy provided a comprehensive view of the field, incorporating insights from diverse sources.

3.1. Search Strategy

The literature search targeted peer-reviewed articles and grey literature published between 2013 and
2023, a period marked by significant advancements in microsimulation techniques and heightened
focus on food security driven by the Sustainable Development Goals (SDGs), climate action, and
improvements in data and computational methods.

Searches were conducted using Google Scholar for its broad coverage of academic and grey litera-
ture, complemented by manual screening of references from key articles to identify additional studies
(Adams et al., 2016). The search string combined relevant terms to capture the intersection of micro-
simulation and food security:

("Food security" OR "Food insecurity" OR “Food Consumption”) AND (“Household” OR “Indi-
viduals”) AND ("Microsimulation models" OR “Microsimulations” OR “Microsimulation” OR "Micro-
simulation”) AND ("Affordability" OR "Economic access" OR "Income" OR "Environment" OR
"Sustainability” OR "Climate change" OR "Nutrition" OR "Dietary patterns" OR "Diet" OR "Health")

This search retrieved 2,810 records from Google Scholar and an additional 30 studies through
citation tracking, resulting in a total of 2,840 records. Following the removal of 58 duplicates (43
duplicates and 15 irrelevant records), 2,752 records proceeded to screening. Titles and abstracts were
screened to exclude studies that clearly did not meet the eligibility criteria, resulting in the exclusion
of 2,658 records. Of the remaining 94 studies, three could not be retrieved in full, leaving 91 articles
for detailed eligibility assessment. An additional 30 articles identified through citation searches were
also assessed.

Eligibility screening applied the following inclusion criteria: studies published in English between
2013 and 2023 that employed microsimulation modelling (including standalone and CGE-linked
approaches) to assess food security dimensions, namely affordability, nutrition, and environmental
sustainability at the individual or household level. Studies were excluded if they were reviews or
reports, lacked household-level heterogeneity, focused solely on farm-level modelling, or were quali-
tative or non-modelling based.
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After full-text assessment, 38 studies from the database search were excluded for reasons such as
lacking household-level heterogeneity (n=15), insufficient focus on food systems or insufficient meth-
odological detail (n=10), farm-level modelling only (n=7), or being review articles (n=6). From the cita-
tion search, 22 studies were excluded due to qualitative approaches (n=11), lack of household-level
heterogeneity (n=9), or being reviews (n=2). Ultimately, 60 studies were included in the final synthesis,
as illustrated in Figure 3 (PRISMA flow diagram).

Data from these studies were extracted, focusing on the type of microsimulation model, the scope
of food security dimensions addressed, geographic and population coverage, and the policy interven-
tions simulated (taxes, subsidies, dietary shifts, etc.). The synthesis combined quantitative mapping
of study characteristics with qualitative analysis to identify methodological advances, limitations, and
future opportunities for leveraging microsimulation in food security research.

4. Results

Our results distil key patterns in the food security literature, covering environmental, nutritional, health,
and economic dimensions. We examine carbon modelling and emissions across the food system,
along with how nutrient types and volumes are assessed. The review also highlights health-nutrition
links, behavioural responses, and policy impacts. Definitions of food insecurity and intra-household
dynamics are discussed, as well as the integration of microsimulation with macroeconomic models.
Together, these findings offer a clear picture of how food security is currently modelled.

4.1. Application

Understanding the analytical focus of microsimulation studies is critical for informing policy design
that balances environmental sustainability, nutritional adequacy, and affordability. Table 1 shows that
all 60 reviewed studies applied microsimulation modelling (100%) and addressed at least one core
dimension environment, affordability, or nutrition. Affordability was the most frequently examined
dimension (95%), followed by nutrition (68%), and environment (20%). Only 46% of studies considered
both affordability and nutrition jointly, while just 8% assessed both environment and nutrition. A mere
16% of papers integrated all three dimensions, highlighting a persistent gap in multidimensional policy
evaluation. Existing literature underscores that environmental concerns remain underrepresented in
affordability-focused models (Drew et al., 2020), and most current frameworks lack the integration
necessary for assessing cross-dimensional trade-offs. These findings point to the urgent need for more
holistic modelling approaches that can support the design of coherent, cross-sectoral food policies.
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Food security is a global issue, requiring comprehensive research across different regions. Figure 4
shows that Africa was the most researched region with 26 studies. Asia followed with 9 studies,
covering nations like Bangladesh, Pakistan, and Myanmar. Europe and North America had 7 and 14
studies respectively, often focusing on policy impacts and health outcomes associated with dietary
patterns. Additionally, 1 study was in Australia/Oceania, one in South America and two multiple where
developing countries included (Asia/Africa).

Table 2 shows the distribution of applications across geographical regions, highlighting distinct
focus areas between developed and developing contexts. In Africa, the majority of applications
focused on agricultural development (Aragie et al., 2023), social protection and food security (6),
and economic policies (5), reflecting priorities to strengthen rural systems and poverty alleviation. Asia
similarly emphasized social protection (4) and climate change and food production (2). In contrast,
North America focused primarily on food assistance programs (5) and health and diet quality (6),
targeting nutrition and vulnerable populations. Europe’s studies focused on environmental sustain-
ability (2) and taxation and health economics (3), while Australia/Oceania had only one study, which
addressed health and diet quality. South America also showed minimal representation, with one study
on social protection and food security. These patterns indicate that developing regions prioritize
foundational issues such as agricultural policy and food security, while developed regions focus more
on targeted themes like nutrition, health, and sustainability.

4.2. Characteristics of included studies

Microsimulation modelling in food security has gained significant traction over the past decade,
reflecting its growing relevance in addressing complex, multidimensional policy challenges. Figure 5
illustrates this trajectory across three dimensions: unit of analysis, publication trends, and types of
populations studied. This analysis not only maps the evolution of the field but also highlights meth-
odological patterns and gaps that have implications for the design and interpretation of food security
policies.

Panel (a) defines the unit of analysis as the level at which data is modelled either households or indi-
viduals. Among the reviewed studies, 73% (n=43) employed households as their unit of analysis, while
only 27% (n=17) focused on individuals. This dominance of household-level analysis likely reflects the
widespread availability and practicality of household surveys in capturing consumption and expen-
diture data. However, it also reveals a gap in modelling intra-household dynamics and individual-
level nutritional adequacy, which are critical for understanding disparities in food access and dietary
outcomes (Naska et al., 2001).

Panel (b) shows the distribution of studies over time, revealing a marked increase in publications
in recent years. Between 2013 and 2016, 12 studies were published, increasing slightly to 16 from
2017-2019. Notably, there was a dramatic surge to 32 studies between 2020-2023. This acceleration
coincides with global crises such as the COVID-19 pandemic, which exposed vulnerabilities in food
systems and spurred interest in using microsimulation to model shocks and policy responses (Ecker

Table 1. Food security dimensions.

Analytical Focus Number of Papers Probability
Microsimulation Models 60 100%
At Least One Dimension 60 100%
Environment 12 20%
Affordability 57 95%
Nutrition 41 68%
Environment affordability 3 5%
Environment Nutrition 5 8%
Affordability Nutrition 27 45%
All Dimensions Discussed 10 16%
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et al., 2023; Nechifor et al., 2021). The trend underscores the field's growing responsiveness to real-
world disruptions and its potential for informing adaptive policymaking under uncertainty.

Panel (c) categorizes the populations modelled in these studies. The majority target the general
population (n=45), followed by low-income households (n=38), rural farm households (n=32), and
urban non-farm households (n=18). While the focus on vulnerable groups such as rural and low-
income populations is commendable, the relative underrepresentation of urban households is note-
worthy given rapid urbanization and its implications for food security dynamics (Cohen and Garrett,
2010). This suggests a need for more urban-focused microsimulation research to capture the specific
challenges of food access in densely populated settings.

4.3. Type of survey

Understanding population nutrition requires integrating data from both Household Budget Surveys
(HBS) and Individual Dietary Surveys (IDS), as these approaches offer complementary insights (Naska
et al., 2001). HBS collects household-level data on food purchases and expenditures over a defined
period, typically seven days, enabling analysis of food spending, income, and consumption patterns
(Trichopoulou et al., 2002; Zintzaras et al., 1997). In contrast, IDS uses methods such as food diaries
or 24-hour recall interviews to capture individual-level dietary intake across all ages and genders,
often over several months to a year, providing detailed information on nutrient intakes and dietary
patterns (de Oliveira et al., 2019; Serra-Majem et al., 2003).

This review integrates both types of surveys to provide a comprehensive perspective on food
systems and nutrition. As summarized in Table 3, 42 studies used HBS approaches (including vari-
ants such as Household Income, Consumption & Expenditure Surveys), while 17 studies employed
Food and Nutrition or DHS surveys, consistent with IDS methodologies. Together, these datasets
offer robust insights into household food purchasing behaviours and individual dietary intakes. Addi-
tionally, one study combined both Household Budget and Nutrition Survey data to provide a more
comprehensive assessment of food consumption and nutrition.

4.4. Impact analysis

A robust impact analysis that integrates economic, nutritional, and environmental dimensions is essen-
tial for informing effective food security policy. As shown in Figure 6, economic indicators are the
most extensively covered: income distribution (52 studies), expenditure levels (57 studies), and food
prices (49 studies) are foundational to modelling affordability and access. Nutrition-related impacts,
including dietary diversity, nutrient adequacy, and health outcomes, were addressed in 43 studies,
reflecting growing interest in linking food policies to human wellbeing.

Geographical Areas
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Powered by Bing
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Figure 4 Geographical scope.
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Table 2. Application by geographical spread.

Application North Australia/ South Cross Continent
Category Africa Asia America Europe Oceania America (Asia/ Africa)
Food Assistance
Programs/Food
Stamps 0 1 5 0 0 0 0
Environmental
Sustainability 1 0 1 2 0 0 0
Social Protection
and Food
Security 6 4 1 1 0 1 1
Economic
Policies and
Fiscal Studies 5 2 0 1 0 0 0
Agricultural
Development
and Policies 10 0 0 0 0 0 0
Health Impact
and Diet Quality 1 0 6 0 1 0 1
Climate Change
and Food
Production 2 2 0 0 0 0 0
Taxation
and Health
Economics 1 0 1 3 0 0 0
Total 26 9 14 7 1 1 2
(a) Unit of Analysis (b) Studies by
Publication Period
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Figure 5 Publication trends, unit of analysis, and sample size.
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Table 3. Type of survey.

Household Budget survey

Type of Survey Number of Papers
Household Budget Survey (HBS) / Household Income,

Consumption & Expenditure Survey (HICE) 39

Rural Household Survey 2

Individual Household Method (IHM) Survey 1

Total 42

Food and Nutrition/Nutrition/ DHS Surveys

Food and Nutrition Survey or DHS 12
Nutrition Survey — Medical Expenditure Panel Survey 2
Mapping Food Environment Survey 2
UN Data & Demographics 1
Total 17
Both 1
Total 60

In contrast, environmental outcomes remain underexplored. Only 10 studies considered climate-
related factors, and a mere 5 examined carbon emissions. These gaps are consistent with broader
critiques in the literature that emphasize the lack of environmental integration in food affordability
and nutrition studies. Overall, this analysis underscores the need for a more holistic approach that
balances social equity, dietary quality, and ecological sustainability within microsimulation frameworks.

4.5. Drivers

Drivers shape the production, distribution, and consumption of food, and are essential for under-
standing food security outcomes (Ingram, 2011). These drivers span socio-economic, political, envi-
ronmental, and technological domains and often interact in complex, context-specific ways. The
review reveals that socio-economic factors were the most prominent, appearing in 97% of studies,
underscoring the critical role of income, inequality, and livelihoods in shaping food access and afford-
ability (Penne and Goedemé, 2021). Policy drivers were also frequently discussed (87%), reflecting
the influence of taxation, subsidies, and social protection systems.

Impact Analysis
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Figure 6. Impact analysis.
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Table 4. Drivers analysed in papers and their coverage.

Demographic

and
Environmental and Production  Agricultural

Drivers Socio-economic and Policy Drivers Drivers Drivers Health

Consumer

behavior Health/

Socio- and food Supply Agricultural Demographic Disease

Drivers  economic Policy preferences Markets Bio-physical Chain productivity and Spatial Factors
Number
Papers 59 53 30 49 13 12 29 23 25
Share 97% 87%  49% 63% 21% 20% 48% 38% 41%

Market mechanisms and agricultural productivity were each covered in nearly half of the studies
(63% and 48%, respectively) as shown in Table 4, emphasizing their role in maintaining stable and
resilient food supplies (Bizimana et al., 2020; Wossen et al., 2018). Health and disease-related
factors were explored in 41% of the papers, often through their link with dietary diversity and nutri-
tional adequacy (Basu et al., 2018). Environmental and biophysical drivers including climate variability
and ecosystem constraints, were less commonly examined (21%), as were supply chain logistics (20%),
despite their known importance in food distribution (Hendrie et al., 2016). Although only 49% of
studies engaged with consumer behaviour, these insights remain critical for explaining dietary choices
and responses to policy interventions. Together, these findings highlight the need for integrated
models that reflect the multi-dimensional nature of food system drivers.

4.6. Methodological choices

The reviewed studies used diverse methodologies to explore food system challenges. Carbon model-
ling focused on emissions from food production to the entire value chain, considering factors like land
use and transportation, with Garnett (2011) providing insights into the environmental impacts. Nutri-
tion modelling, exemplified by Nelson et al. (2016), analysed nutrient intake and modelling methods,
essential for assessing dietary patterns. The health-nutrition linkage was explored by An et al. (2022)
discussing the cost and health implications of diets. Behavioural responses to policies were examined
through models predicting individual and household reactions, as seen in a review by Thow et al.
(2014)'s study on food policy impacts. Policy instruments were analysed for their types and modelling,
with Moubarac et al. (2014) assessing health policy effectiveness. Market dynamics, including food
prices and their variations, were detailed by Marzi (2021) and Smith (2010), highlighting economic
influences on food security.

Furthermore, food poverty and security definitions varied, with Coates et al. (2007) reviewing
different assessment approaches, emphasizing the need for clear criteria in food insecurity model-
ling. The integration of microsimulation with macroeconomic models, such as CGE, was a signifi-
cant approach, allowing for a comprehensive analysis of both individual-level decisions and broader
economic impacts, as demonstrated by Davies (2009). These methodological choices underline
the complexity of food system research, showcasing the diverse tools and approaches employed to
understand and address the multifaceted challenges within food security.

4.7. Nutritional modelling
Nutrient modelling plays a critical role in designing dietary interventions that address deficiencies and
promote public health. As illustrated in Figure 7, research has heavily focused on modelling macro-
nutrients, calories, protein, fat, and carbohydrates given their fundamental role in energy provision
and physiological maintenance. Micronutrients such as iron, vitamin A, calcium, and folate are also
frequently included due to their significance in metabolic function and disease prevention.
Microsimulation models have proven effective in capturing how dietary patterns and policy inter-
ventions influence nutrient intake and health outcomes. They are used to evaluate the nutritional
consequences of various fiscal and regulatory measures, often targeting specific nutrients like sodium,
protein, and iron. For example, Lee et al. (2020) andPearson-Stuttard et al. (2018) simulated the
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impact of U.S. sodium reformulation and calorie labelling laws, respectively, demonstrating how regu-
latory measures shape health risks. Ecker et al. (2023) assessed beverage taxes and subsidies across
multiple micronutrients, while Bizimana et al. (2020) examined nutrient adequacy and food security
in Ethiopia. Other studies, such as Basu et al. (2020) on CSA programs and Viera (2023) on fiscal
policy in Mexico using the GENUS model, further highlight the flexibility of microsimulation to model
nutrient transitions in different contexts. Hybrid approaches, like Louhichi et al. (2020) combine CGE
and microsimulation models to link economic shocks to dietary outcomes.

A key strength of the current literature lies in its emphasis on region-specific and socioeconomic
targeting. For instance, Pauw et al. (2018) in Malawi and Basu et al. (2018) among Palestinian
refugees underscore the value of tailoring microsimulation models to address localized nutritional
vulnerabilities. This contextual precision enhances policy relevance, particularly for populations at risk
of undernutrition.

However, three methodological limitations consistently constrain the nutritional fidelity of existing
models. First, most simulate nutrients in isolation, overlooking well-established biochemical interac-
tions. Pearson-Stuttard et al. (2018), for example, modeled the sodium-blood pressure-cardiovas-
cular disease pathway without accounting for nutrient synergies, such as vitamin C's enhancement of
non-heme iron absorption, or antagonisms like calcium’s inhibition of zinc uptake. Similar omissions
appear in Basu et al. (2018), which assessed iron deficiency absent vitamin C co-consumption, and
Ecker et al. (2023), which neglected the effect of polyphenols on iron bioavailability. Second, many
models assume uniform nutrient absorption, failing to distinguish between total intake and bioavail-
able fractions. Heme iron is absorbed at rates of 15-35%, while non-heme iron ranges from 2-20%,
depending on dietary context. Processing methods such as milling can reduce folate content by up to
80%, while traditional practices like fermentation and nixtamalization enhance micronutrient uptake.
Yet, even advanced frameworks such as GENUS (Dominguez Viera, 2023) apply static absorption rates,
omitting these cultural and biological variations. Third, these technical limitations are compounded
by concerns over the validity of the underlying dietary intake data. Large-scale nutrition surveys like
NHANES and FFQs rely heavily on self-reported consumption, which is prone to underreporting and
measurement error. Archer et al. (2013) found that NHANES caloric intake data often fell outside
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physiologically plausible ranges, raising questions about the reliability of these datasets for accurately
modelling diet-disease relationships.

4.8. Health linked to nutrition

Robust evidence confirms that diet quality is a primary determinant of population health, especially in
the context of non-communicable diseases such as obesity (Kristensen et al., 2014), type 2 diabetes,
and cardiovascular conditions. Nutritional risks are among the leading contributors to global disease
burden, with poor dietary patterns characterized by excess sugar, salt, and saturated fats, and insuf-
ficient fiber, fruits, and micronutrients driving chronic disease progression across all income groups.
Studies by Basu et al. (2020) and Mozaffarian et al. (2018) demonstrate that improvements in diet
quality can substantially reduce the incidence and severity of metabolic and cardiovascular diseases.
Interventions such as sugar taxes Lee et al. (2020) and reformulation policies Shangguan et al. (2021)
have shown measurable effects on population-level consumption patterns and health outcomes.
Equally, targeted nutrition programs for vulnerable groups, such as those evaluated by Ramos et al.
(2022) and Webb et al., 2021 highlight the potential for equity-enhancing dietary policies that reduce
disparities in health access and outcomes.

MSM has been effectively applied in studies like Pearson-Stuttard et al. (2018), which modelled
the effects of sugar taxation in the UK, and Javanbakht et al. (2018), which estimated avoidable
healthcare costs from improved dairy consumption using a combination of review evidence and simu-
lation in the Iranian context. Such applications highlight MSM's unique capacity to simulate equity
impacts and evaluate multisectoral food policies over time (Herman et al., 2022).

Despite its strengths, the reliability of nutrition-health models remains tied to data accuracy and
assumptions about dietary behaviour. National dietary surveillance systems, such as NHANES in the
U.S., have been criticized for underreporting caloric intake especially among overweight individuals
and for socially undesirable foods raising concerns about the precision of health risk estimates (Archer
et al., 2013). Moreover, few models adequately capture long-term behavioural adaptations, such
as food substitution or diet rebound effects following policy changes. These limitations underscore
the need for integrating more dynamic behaviour-response mechanisms into future models, a topic
addressed in the following section. These technical constraints are further compounded by a broader
limitation in scope: nutrient adequacy alone does not guarantee positive health outcomes. Factors
such as bioavailability, cultural food norms, and social determinants play a critical role in shaping the
health effects of dietary interventions, yet they are rarely modelled. This highlights the need for more
interdisciplinary and context-sensitive approaches in future nutrition modelling.

4.9. Human behaviour response

Accurately capturing behavioural responses to fiscal food policies remains a critical methodological
challenge. Predominant reliance on static price elasticities derived from cross-sectional data over-
simplifies the dynamic, non-linear nature of dietary decision-making, neglecting adaptive behaviours
such as cross-category substitution, habit formation, and purchasing channel shifts (An et al., 2022;
Liu et al., 2020; Pauw et al., 2023). While recent microsimulation studies have introduced improve-
ments, (Mozaffarian et al., 2018) incorporated income-stratified substitution patterns, and Liu et al.
(2020) accounted for industry reformulation with behavioural compensation factors, these models
often retain fixed preference structures and lack long-run dynamics. General equilibrium (CGE)
models capture broader system-wide effects but assume representative agents and overlook indi-
vidual heterogeneity and non-economic drivers (Ramos et al., 2022; Viera, 2023). Agent-Based
Models (ABMs) offer promise by simulating social learning and network effects (Koh et al., 2019), yet
face barriers in empirical calibration and policy validation.

Data limitations further constrain behavioural realism. Household Budget Surveys (HBS) often
feature zero expenditures not due to abstention but temporary non-purchase (e.g., due to stockpiling
or seasonal availability), leading to biased elasticity estimates if not properly addressed (Deaton and
Irish, 1984; Peltner and Thiele, 2021). Censored demand models like Tobit or hurdle models, correct
for this by separating participation and intensity decisions(Cragg, 1971; Shonkwiler and Yen, 1999),
although cross-country application remains sensitive to survey structure and cultural norms (Kaminska
and Lynn, 2017). Critically, excessive food-group aggregation further distorts behavioural inference:
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aggregating distinct items like yogurt and milk can mask key substitution effects, while grouping meat
types together may obscure intra-category shifts under carbon pricing. Studies like Benedetti, 2022
and Caillavet et al., 2019 underscore the risks, demonstrating how disaggregated modelling reveals
compensatory carbon-intensive behaviours that would otherwise be hidden. Webb et al. (2021)
further show how behavioural response varies across income groups and food environments, rein-
forcing the need for models that better reflect consumption heterogeneity and real-world complexity.

4.10. Environmental modelling

Recent advances in modelling diet-related carbon emissions have broadened the empirical founda-
tion for food and climate policy. A range of approaches from Environmentally Extended Input-Output
(EEIO) models to Life Cycle Assessments (LCAs) and microsimulations enable emissions estimation
across different stages of the food system. EEIO models, such as those used Kehlbacher et al. (2016)
in a hybrid UK framework, link consumption with upstream emissions through national economic
accounts. LCAs provide higher-resolution data, tracing emissions from agricultural production through
to packaging and retail. Full “farm-to-fork” assessments by Benedetti (2022) reveals variations across
food categories and supply chain stages that aggregate models may overlook.

Methodological diversity continues to enrich the field. Viera (2023) used the GENUS database
to estimate diet-related footprints in Mexico; Anriquez and Toledo (2019) applied climate-oriented
microsimulations to agricultural emissions; and Montaud et al. (2017) modeled climate scenarios to
assess future impacts on productivity. These approaches enhance system understanding, especially
when consumption data are integrated with upstream emissions, as in the hybrid models of Benedetti
(2022) and Kehlbacher et al. (2016).

Yet significant limitations persist. System boundaries remain inconsistently defined: many studies
end at retail or focus only on agriculture omitting stages like processing, cooking, and food waste
that materially affect total emissions. GHG coverage also varies; while some models capture only CO.,
others include methane and nitrous oxide which they are key contributors in livestock and fertilizer
systems (Cororaton et al., 2015). These omissions compromise comparability and accuracy.

Methodological inconsistency further hinders synthesis. Emission factor sources, allocation rules,
functional units (e.g., per kg, per calorie or per monetary unit), and data inputs differ widely from
national accounts (Viera, 2023) to primary farm surveys. EEIO models often aggregate dissimilar
products masking variation in carbon intensity. LCAs, though more precise, often rely on case-specific
data, making it difficult to generalize results across diverse consumption settings or national dietary
patterns.

Going forward, standardized frameworks are essential. These should mandate full life cycle
coverage, consistent GHG accounting, and harmonized data inputs. Hybrid models that integrate
EEIO’s macro scope with LCA's granularity offer a promising path. As shown by Benedetti (2022),
combining dietary behaviour with food system dynamics is crucial for capturing both direct and indi-
rect emissions impacts.

4.11. Food poverty and food security modelling
Understanding the determinants of household food security requires modelling frameworks that
integrate socioeconomic, nutritional, and systemic dimensions. Existing studies employ a range of
methodologies to quantify availability, access, and affordability, yet aggregate-level models often
emphasize macro trends at the expense of household-level vulnerabilities. For instance, Koh et al.
(2019) modelled disparities in food access via household consumption data, while Gasior et al. (2022)
used sectoral economic indicators to assess poverty dynamics in Zambia. By contrast, Harttgen et al.
(2016) applied a micro-based simulation model using household survey data from Malawi to assess
how income and staple food price shocks impact calorie availability and food poverty. While their
approach captures short-term household-level vulnerabilities more effectively than aggregate models,
it still does not account for broader aspects of nutritional adequacy or long-term health risks.
Targeted modelling techniques have emerged to address these limitations by incorporating direct
measures of food insecurity and poverty. operationalized food security through calorie-based thresh-
olds to estimate the “food poor,” while Arndt et al. (2023) linked nutrient deficiencies to poverty
via comparisons between dietary intakes and recommended guidelines. Microsimulation models
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offer critical granularity by embedding household-level data within broader economic structures.
Cororaton et al. (2015), for example, combined computable general equilibrium (CGE) models with
microsimulation to trace income shocks to poverty indicators such as the headcount ratio, thereby
capturing the distributional consequences of policy or crisis scenarios.

The evolution toward integrated modelling reflects the growing need for multidimensional analysis.
Beyene and Engida (2016) linked CGE and household modules to assess the poverty and produc-
tion impacts of economy-wide shocks. Similarly, Mamboundou (2022) introduced a composite index
encompassing availability, access, and vulnerability to evaluate food system resilience. These devel-
opments underscore microsimulation’s unique role in translating macro-level changes into household-
level outcomes, ensuring that policy assessments reflect both structural drivers and individual-level
deprivation.

Nonetheless, many food policy models remain narrowly focused on calorie sufficiency () or minimum
nutrient thresholds (Arndt et al., 2023), often overlooking essential dimensions of food security such
as dietary diversity, food safety, and intra-household distribution. They also neglect feedback loops
linking nutrition, health, and earning capacity. Even when affordability is considered, models like Koh
et al. (2019), which examine the cost of a nutritious basket, typically ignore seasonal variation, price
volatility, and behavioural adaptation. Integrated modelling frameworks that combine Computable
General Equilibrium (CGE) models with microsimulation, as demonstrated byBeyene and Engida
(2016), provide a more nuanced assessment of policy impacts by linking macroeconomic shifts with
household-level outcomes. However, these models are computationally demanding and can be diffi-
cult for non-technical stakeholders to interpret, raising concerns about transparency and replicability.
Additionally, their reliance on assumptions about future variables, such as prices, climate conditions,
and behavioural responses introduces inherent uncertainty. While sensitivity analyses can help test the
robustness of results, this uncertainty cannot be fully eliminated and must be transparently communi-
cated to ensure credible and policy-relevant conclusions.

4.12. Macro-micro analysis

Integrated macro-micro models, which link Computable General Equilibrium (CGE) frameworks with
microsimulation, offer a robust method for evaluating how economy-wide shocks influence household
food security. CGE models simulate the effects of macro-level disturbances such as trade changes or
fertilizer shortages on sectoral prices, wages, and production outputs (Ayaz et al., 2022, Ha et al.,
2015; Nechifor et al., 2021; Yang et al., 2018). These results are then transmitted to microsim-
ulation models, allowing analysts to estimate the household-level impacts on income, consump-
tion, and poverty (Debela and Tamiru, 2016; Viera, 2023). Most applications follow a top-down
structure, where CGE-derived changes in prices and incomes are applied to household survey data,
capturing the distributional consequences across different household types and regions (Beyene and
Engida, 2016; Cororaton et al., 2015, Mamboundou, 2022; Aragie et al., 2023; Mengistu, 2013;
Muhammad et al., 2023; Tekle and Simane, 2014Tekle and Simane, 2014; Wiebelt et al., 2013).

To reflect household heterogeneity, microsimulations adjust expenditures based on commodity-
specific price changes and update incomes using sectoral wage and return shifts. These adjustments
are tailored to each household’s unique consumption and income profile. In more advanced appli-
cations, feedback mechanisms are introduced. For example, Otchia (2019) models labor supply
decisions at the household level and feeds those responses back into the CGE model, allowing for
iterative recalibration. Other refinements include greater spatial detail; Ramos et al. (2022) apply
region-specific CGE outputs in their microsimulations, while Viera (2023) incorporates municipal-level
price variation to improve geographic accuracy.

Despite their strengths, integrated macro-micro models face several limitations. Many remain
static and do not fully capture behavioural adaptations such as crop switching, labor reallocation,
or depletion of savings. Technical challenges also arise in harmonizing household and CGE data,
ensuring mapping consistency, and resolving convergence issues (Savard, 2003). Informal sectors,
often absent from Social Accounting Matrices, are typically excluded, limiting coverage of key live-
lihood channels. Moreover, the results can be sensitive to modelling assumptions such as closure
rules and sectoral classifications (Ahmed and O’Donoghue, 2007). Nevertheless, when these models
incorporate iterative feedback and behavioural realism, they remain among the most effective tools
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for analysing the distributional and nutritional implications of macro-level shocks in food systems
(Nechifor et al., 2021; Otchia, 2019).

4.13. Policy instruments and analysis

Microsimulation has become central to evaluating food policy impacts on household welfare, nutrition,
and equity. It enables detailed modelling of how interventions, such as food subsidies (32 studies),
input support (23), and cash transfers (24) affect consumption and affordability across income groups
as shown in Figure 8. By leveraging household survey data and consumption patterns, microsimulation
reveals distributional impacts that aggregate models often miss. Basu et al. (2013) modelled SNAP
benefit increases to assess calorie adequacy. Bundled policy simulations, like Ecker et al. (2023) work
on fortification with income support, further demonstrate microsimulation’s value in testing realistic,
multi-pronged reforms.

Its strength lies in flexibility. Microsimulation incorporates price elasticities, nutrient needs, and
behavioral responses to project outcomes across nutrition, fiscal costs, and environmental effects.
Studies on dietary guidelines (18), VAT reforms (Harris et al., 2018, O’Donoghue et al., 2018),
and warning labels (An et al., 2022) use behavioral data to simulate policy uptake. Broader reforms
including trade policies (15) are also captured, revealing how market shifts cascade to household
diets. Abuelhaj (2018) applied microsimulation to assess taxation and subsidy policies in the MENA
region, emphasizing nutrition-sensitive outcomes. Caillavet et al. (2019) demonstrated that pairing
taxes with revenue recycling can mitigate but not eliminate equity concerns, highlighting microsimu-
lation’s capacity to quantify persistent trade-offs under real-world constraints.

Yet, major limitations remain. Most models are static, overlooking behavioral adaptation and long-
term effects. Fertilizer policy simulations rarely consider evolving market prices, and transfer programs
often ignore changes in household participation over time. Carbon and sin taxes, though modeled
in a handful of studies, are rarely validated against real-world outcomes. Geographic granularity is
limited, with rural-urban divides and informal food systems often absent. Strengthening microsimula-
tion requires dynamic feedback, finer spatial resolution, and validation against observed responses to
ensure MSM not only informs but also reflect policy reality.
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5. Discussion

Food system MSM faces a pressing imperative: to simultaneously address environmental sustainability,
nutritional adequacy, and economic affordability. While microsimulation (MSM) and integrated macro-
micro (CGE-MSM) models have advanced understanding of each domain, they are often applied
in isolation, limiting their ability to reflect real-world interdependencies. Nutritional MSM tend to
overlook cultural dietary norms and nutrient bioavailability; environmental assessments frequently
omit critical stages like processing and food waste; and economic MSM often reduce complex diets
to calorie-based metrics. Notably, the environmental dimension remains comparatively understudied
in food policy MSM, with limited integration of greenhouse gas emissions, biodiversity impacts, and
land-use trade-offs. This fragmentation risks generating counterproductive policies for instance,
carbon taxes that reduce emissions yet worsen malnutrition by making nutrient-rich foods less afford-
able for low-income households.

Integrating these dimensions reveals both synergies and trade-offs (Al-Masbhi et al., 2026). Well-
designed environmental policies, such as emissions-based subsidies, can support climate-resilient,
nutrient-dense crops like pulses and agroforestry species, simultaneously enhancing soil health and
household nutrition. Conversely, poorly calibrated interventions may undermine health and equity.
Broad-based meat taxes, while effective in reducing emissions, risk exacerbating zinc and iron defi-
ciencies in vulnerable populations. Similarly, efforts to decarbonize supply chains can increase the
cost of perishable vegetables, limiting access to essential micronutrients. The risk of carbon leakage
where production shifts to less-regulated regions further compounds the problem by increasing reli-
ance on imported, ultra-processed foods that are low in nutritional value and high in emissions
(OECD, 2025).

To navigate these complexities, hybrid modelling approaches are essential. On the environmental
front, combining detailed Life Cycle Assessment (LCA) with economy-wide Input-Output (I0) anal-
ysis enables both product-level specificity and system-wide coverage, supporting standardized GHG
accounting across the full value chain (Hagenaars et al., 2025). Nutritional MSM should go beyond
static nutrient counts to incorporate bioavailability, dietary diversity, and cultural relevance (Farfan
et al., 2017). On the economic side, fiscal policies such as carbon taxes or VAT reforms must be
accompanied by redistributive mechanisms like targeted food subsidies or cash transfers to shield
vulnerable households from regressive impacts. Empirical evidence from Caillavet et al. (2019) illus-
trates how recycling carbon revenues to subsidize low-emission, protein-rich foods like legumes can
enhance both dietary equity and environmental outcomes.

Model design choices critically influence policy relevance. MSM excels at capturing household-
level heterogeneity, including differences in consumption patterns, poverty exposure, and nutritional
risk. CGE-MSM frameworks extend this by linking micro-outcomes to macroeconomic dynamics such
as price volatility and climate shocks. However, most CGE-MSM models adopt a top-down structure
transmitting aggregate shocks to households while often neglecting bottom-up feedback, including
behavioural responses and informal coping mechanisms that can meaningfully affect macro outcomes.
Consequently, many models continue to rely on static price elasticities and assume average household
behaviour, overlooking behavioural adaptation, informal food economies, and localized vulnerabili-
ties. This limits their capacity to represent the complexity of food system dynamics. A layered model-
ling strategy starting with tractable assumptions and incrementally adding complexitycan help identify
the most influential variables, such as price changes, yield shocks, and consumer substitution, while
enhancing transparency and contextual relevance.

Data quality remains a fundamental constraint. Dietary intake is often derived from food frequency
questionnaires or 24-hour recalls, both of which suffer from recall bias, seasonal variability, and system-
atic underreporting especially among low-income populations (Harrison et al., 2000). These tools
rarely account for food consumed outside the home or shared within households, leading to under-
estimation of true nutrient intake and inequality in access (Shim et al., 2014). Furthermore, national
datasets frequently record food purchases rather than actual consumption, overlooking losses from
spoilage, cooking, and intra-household distribution. Nutrient composition databases further obscure
accuracy by assuming uniformity across food types and preparation methods, disregarding bioavail-
ability differences. Addressing these gaps requires more frequent and disaggregated dietary surveys,
harmonized data systems, and better integration across nutrition, expenditure, and environmental
metrics.
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Ultimately, advancing food system MSM means constructing frameworks that reflect the complex
interplay of health, climate, and inequality. This calls for standardized emissions accounting protocols,
context-sensitive nutrient modelling, and affordability mechanisms embedded into fiscal design. It
also demands modular modelling tools, robust behavioural assumptions, and interdisciplinary collab-
oration across public health, environmental science, and economic policy. Only by confronting these
layers of complexity directly can MSM inform actionable, equitable, and sustainable transformations
in food systems.

5.1. Modelling validation

Validating microsimulation outputs is difficult, especially for ex-ante scenarios where no real-world
outcomes exist. While aggregate data such as national food emissions are available, they rarely align
with household-level consumption. Household Budget Survey (HBS) data also pose challenges due to
limited coverage, underreporting, and definitional mismatches with official statistics. Even for existing
policies, these differences complicate benchmarking.

Model validation in food and nutrition MSM remains uneven, with many studies offering limited
transparency or empirical verification. A few set strong examples, (Basu et al., 2020; Basu et al.,
2013; Basu et al., 2018; )Lee et al. (2020), for instance, combine calibration with real-world datasets
such as NHANES and SNAP trial results, while also conducting sensitivity analyses. Similarly, Wossen
et al. (2018) and James et al. (2019) validate model predictions against household survey data on
poverty and expenditure, showing strong alignment. Yet, such robust validation remains the exception
rather than the norm.

In most cases, validation is either internal or purely theoretical, especially in studies constrained by
data availability. Grieger et al. (2017), for example, calibrated their model to national dietary survey
data and explored energy compensation scenarios. However, others such as Ecker et al. (2023) and
Boulanger et al. (2022) offer no clear validation steps. Even widely cited models like Nechifor et al.
(2021), developed to assess COVID-19 impacts, fall short of comparing projections with real-world
outcomes limiting the confidence that policymakers can place in their results.

Across the literature, baseline calibration and sensitivity testing are common, but few MSM go
further to conduct external validation. Metrics such as RMSE or R? are rarely reported, and when
established models are reused like US IMPACT or CVD-PREDICT, they are not always adapted or
revalidated for new settings (Jardim et al., 2019; Otchia, 2019). Validation protocols are often poorly
documented, buried in supplementary materials or omitted altogether. These challenges are espe-
cially pronounced in resource-limited settings, where studies from Ethiopia (Mengistu, 2013) and
Malawi (Ngoleka, 2013) rely on theoretical calibration due to a lack of empirical data.

The absence of robust and transparent validation can undermine the credibility and usefulness
of MSM for policy design. By contrast, validated models such as Mozaffarian et al. (2018) provide
stronger and more reliable evidence for policy interventions. Going forward, studies should adopt
multi-pronged validation strategies combining calibration, benchmarking with observed data, and
sensitivity testing. In settings where data are scarce, consistency checks with deprivation indices or
input from local stakeholders can help improve contextual accuracy. Clear documentation, supported
by reporting standards like CHEERS (Lee et al., 2020), is essential to enhance trust, comparability,
and policy relevance

6. Conclusion

We argued at the beginning of this article that food security must be understood as a multidimen-
sional challenge shaped by the interplay of affordability, nutrition, environmental sustainability, and
behaviour. This review, based on 60 studies using MSM, reveals that current literature often treats
these dimensions in isolation. This fragmented approach limits the effectiveness of policy design and
fails to reflect the systemic trade-offs inherent in real-world food systems.

The findings underscore three critical gaps: the marginal treatment of environmental impacts, the
underrepresentation of behavioural dynamics, and the persistent separation of policy domains. While
affordability and nutrition dominate research and policy agendas, environmental sustainability and
consumer behaviour are too often sidelined. This is especially problematic in light of climate change
and evolving dietary patterns. By synthesizing studies that integrate simulation and systems-based
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methods, this review identifies opportunities to build models that better capture interdependencies
across domains particularly in contexts of carbon pricing, dietary transition, and environmental metrics.

One notable challenge lies in the quality and harmonization of data. Most studies rely on household-
level data from budget surveys, which offer useful expenditure information but lack granularity on
actual intake and behaviour. Individual dietary surveys provide richer insights but suffer from issues
like recall bias and limited coverage. These limitations highlight the need for improved survey design,
cross-national comparability, and greater access to harmonized microdata to support robust MSM.

This review contributes a novel perspective by tracing the evolution of food security MSM across
economic, environmental, and health dimensions. It calls for greater interdisciplinarity, deeper atten-
tion to behavioural factors, and integrated data infrastructures. If policymakers were to take these
findings seriously, it could support the shift from siloed interventions to system-based strategies that
align hunger reduction, health promotion, and climate goals moving us closer to a sustainable and
equitable food future.
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