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1. Introduction 

The aim of TRANSMANGO is the analysis of the effects of global drivers of change on European and global 

food demand and production. In Deliverable 4.1, explorative scenarios as quantified by stakeholders were 

simulated with the global agricultural sector model GLOBIOM. This exercise was undertaken to quantify 

global drivers of change with respect to impacts on the European food system. The quantification of the 

TRANSAMNGO scenarios was based on global scenario storylines elaborated primarily in support of the 

IPCC assessment work (SSPs and RCPs). However, these scenarios do not explicitly provide information 

about all the drivers of the EU food security which were identified as important for the TRANSMANGO 

project. 

Relevant drivers are identified in WP2 and presented in condensed form in a vulnerability matrix (D.2.5, 

Grando et al., 2016). The matrix is a synthesis of a media analysis and a stakeholder survey, both aimed 

at identifying the drivers of change for the European food system. Furthermore, a scenario driver analysis 

and causal maps created by scenario process participants, both developed in WP3, are taken into 

consideration for the selection of drivers. 

The paper at hand provides an overview of the potential applicability of different economic modelling 

approaches to cover relevant drivers, as identified by the vulnerability matrix and the causal maps. For 

this purpose, recent studies conducted with global economic models capturing these drivers are reviewed. 

More specifically, the focus is on quantitative, economic ex-ante models, covering supply and demand of 

food at the global scale. 

The objective of the study is to give an overview of state of the art modelling of food systems and to 

explore the general ability of global market models and model chains (including so-called integrated 

assessment models, IAM) to analyze food systems. 

In a first step, the drivers which are identified as important by the vulnerability matrix and the cause maps 

are presented and discussed. Subsequently, a framework for a structured analysis of relevant models and 

studies is developed. Since a review of all existing papers and models is beyond the scope of this paper, 

several state of the art models and studies are presented in detail in a next step. Based on the presented 

studies, the general capability of models and modelling systems to represent the identified food system 

drivers is discussed. 
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2. Drivers of vulnerabilities of the European food system  

We draw on several TRANSMANGO research sources to develop a stakeholder-informed view of key 

drivers of food system vulnerabilities in Europe. We mainly draw on a vulnerability matrix developed by 

WP2 (Grando et al., 2016), which is supplemented by a scenario driver analysis, and causal maps created 

by scenario process participants, both developed in WP3 (TRANSMANGO Workshop Report, 2015). 

The vulnerability matrix of the European food system is a synthesis of a media analysis and a stakeholder 

survey, and identifies relevant drivers of change for the European food system as well as vulnerability 

areas (Figure 1). In the matrix, drivers are called factors, to be consistent with the terminology used in the 

TRANSMANGO Media Analysis Comparative Report (Grando et al., 2016). 

 

 

Figure 1: N x M matrix on the multidimensionality of vulnerabilities and their drivers (Grando et al., 2016, p.2). 

 

The group of environmental and technical drivers (in yellow at the matrix ordinate) refers to the 

production of food in first place, while of course having second round effects on food consumption, as 

well. Changes in the status of soil fertility degradation, the prevalence of plant and animal diseases, the 

frequency of extreme weather events and the occurrence of water shortages are often discussed in 
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combination with climate change impacts on the agricultural sector. In fact, according to Grando et al. 

(2016) they are presented as single drivers because of diversified impacts on vulnerable groups and 

because of the fat that single drivers could potentially be connected to other underlying processes but 

climate change.  

The group of socio-economic drivers in the matrix are directly impacting consumers’ access to food 

(prices, impoverishment, volatility) as well as the utilization of food (commercials). Nevertheless, food 

prices for example are determined by an interplay of demand and supply and market concentration in the 

retail sector can theoretically affect both, consumer prices as well as producer prices. The third group 

refers to policy drivers and reflects developments in the general market environment and its rules and 

regulations (for example, geopolitical tensions may lead to changing trade regulations), but also involves 

social policy. The fourth group of drivers (‘other’ in the matrix) covers food safety matters. 

At the abscissa of the matrix, five vulnerability areas are presented. Moving from the left to the right, “a 

gradual transition from food vulnerable social groups to more system-related vulnerabilities” is presented 

(Grando et al., 2016). The vulnerability areas represent groups, sectors and system elements, where the 

impact of food system drivers potentially constitute the greatest threats. Thus, these groups, sectors and 

system elements should be in the focus of food system analysis and in turn, be represented in detail in 

the model to allow for a meaningful and relevant analysis. 

The first two columns of the matrix (‘vulnerable social groups’ and ‘food needs and preferences’) refer to 

specific characteristics of individuals, which are subject of stratification of individuals or households in a 

model analysis. Also, some elements of the third vulnerability column (‘territories’) follow this lines (e.g. 

people living in suburbs or on islands). Here, a detailed depiction of the consumer side would increase the 

significance of an analysis.  

For other elements, such as mountainous areas or desertification-prone areas, clearly the production 

structure and the environmental impacts are in the focus and a detailed representation of production 

factors is required. 

The fourth and fifth vulnerability columns refer to the detailedness in the representation of commodities, 

sectors and systems elements (such as trade). 

The vulnerability matrix developed by WP2 was used to inform European scenarios developed by WP3, 

but the scenario analysis was further informed by direct stakeholder inputs on key drivers of change. The 

following top eight drivers (Figure 2) were selected by process participants as being at once ‘most 

important’ to the future of the European food system, and simultaneously ‘most uncertain’. Climate 

change was not used to structure the scenario drivers because it is integrated through the GLOBIOM 

modelling. Each of the eight drivers was defined by stakeholders in terms of a set of potential future 

states. For more information on this driver development, see TRANSMANGO deliverable 3.1. 
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Figure 2. TRANSMANGO European scenario drivers, with chosen states associated with each driver (TRANSMANGO 

Workshop Report, 2015). 

The scenario drivers overlap with the vulnerability matrix, but also complement it in a number of ways – 

mainly because the matrix investigated vulnerabilities only, while the scenario drivers examined driving 

forces for the future of the European food system in general without the specific vulnerability focus. 

Finally, as part of the first European scenario workshop, stakeholders created causal maps for each 

scenario that allowed each scenario group to conceptualize key food system elements and their 

connections. Being driven by the scenario drivers (figure 2), these elements were naturally included. Some 

elements which are not included in the vulnerability matrix or the original driver set were:  

• Resource and environmental legislation 

• Employment and employment costs 

• Demographic changes (age groups) 

• Quality of education and its prerequisites  

• Connectedness/level of integration across the food system  

For the full causal maps, see the TRANSMANGO scenarios workshop report. 
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3. Food system modelling – terms and concepts 

In this section, terms and concepts of (food system) modelling are briefly discussed and specified, to foster 

a structured discussion of current literature on food system modelling in the subsequent review. 

In Figure 3, an intuitive understanding of an impact analysis of the food system is presented. A driver has 

an impact on a system, which in turn creates an outcome as a subject of analysis. The system is assumed 

to be in an equilibrium state prior to the application of the driver and has to find a new equilibrium after 

the driver was applied. The changes occurring within the system, caused by the impulse of the driver are 

reflected by the outcome. 

 

 

Figure 3: Schematic representation of food system analysis. 

 

Drivers 

The above presented realization of an impact analysis refers to the analysis of an exogenous driver. A 

driver in the sense of the vulnerability matrix (Figure 1), however, can be exogenous as well as 

endogenous. The difference between endogenous and exogenous drivers is revealed in Figure 4. 

An exogenous driver (Figure 4, part A) would be applied to shock the model system. This shock would lead 

to an adjustment of the model system and subsequently to a new market equilibrium. The outcomes 

would reflect the impact of the driver. 

Exogenous drivers can either be directly implemented in the model system (if the driver is quantified and 

in the right format) or indirectly via an additional tool that translates the exogenous drivers into data 

which are processible by the model. The range of the translation tool can widely vary – from a simple 

spreadsheet calculation to a sophisticated model – and is dependent on the applied model system. 
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Figure 4: Exogenous and endogenous drivers in food system analysis. 

 

Endogenous drivers (Figure 4, part B), however, are integrated within the model system via a feedback 

loop between the endogenous driver and other elements of the model system. This allows for an 

identification of the impacts of exogenous drivers on endogenously modelled drivers. 

Income effects for example, can be analyzed via an exogenous shock on the demand side. In this case 

changes in income would be analyzed as an exogenous driver. If the model system, however, accounts for 

income generation of consumers, feedbacks between income and other drivers can be taken into account. 

Thus, for example biofuel policy could be analyzed (as an exogenous driver), while taking biofuel policy 

induced income effects (as an endogenous driver) into account. Another example is the price mechanism, 

which is endogenous in all of the reviewed model systems and which impacts the status of food and 

nutrition security on the one side, but is impacted by many other exogenous and endogenous drivers 

itself. 

This distinction indicates that several drivers can be addressed at the same time, not only by application 

of several different exogenous drivers, but also by exogenous drivers affecting a system that 

endogenously takes other drivers into account. In fact, model systems in general contain several (often 

interdependent) endogenous drivers. Furthermore, the output of one model can be an exogenous driver 

of another model. 

System 

A schematic representation of a model system is depicted in Figure 5. Two criteria are important for the 

evaluation of the suitability of model systems for the analysis of different drivers: the elements of the 

system and the aggregation level of the system. 

The elements of a system define the scope of an analysis (also referred to as system boundaries, e.g. Krey, 

2014). In our paper, we put the agricultural and food markets to the center of the system in Figure 5, since 

only models with this component are reviewed. Nevertheless, the model system may contain many 

additional components such as bio-physical elements (e.g. crop models), energy system models, non-

agricultural economic sectors, emission or nutrient accounting models, or even health models, only to 

mention a few examples. 
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The aggregation level defines the detailedness of the model system. The outcome of several drivers can 

only be interpreted in a meaningful way if feedback loops and model outputs are presented at an 

adequate scale. 

An analysis of impoverishment, for example, requires the specific representation of the most vulnerable 

groups of a society in the model, while the analysis of several environmental or policy drivers requires  

disaggregated information on production structures (e.g. detailed spatially explicit land use change 

modeling, farm level modeling). 

Different model components can be represented in the model system at different aggregation levels. For 

example, a model system can represent production structures at the grid cell level but at the same time 

assume a representative consumer at the national level. The level of aggregation also is crucial for the 

modelling of supply chains (raw products, processing, distribution), sectors (commodity aggregation) or 

time periods. 

Together, the system elements and the aggregation level define which feedback loops are covered 

endogenously by the model system and thus, which drivers can be endogenously taken into consideration 

and which drivers can only be analyzed exogenously. 

 

 

Figure 5: The model system in food system analysis. 

 

Outcome 

Model results can either directly be interpreted and used to analyze impacts of certain drivers on the food 

system or alternatively, they can be post-processed. I.e., model results are combined with other data (for 

example to calculate the share of undernourished people from aggregated results on food consumption). 

However, it could also be argued that a post processing of model results is part of the model system itself. 
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Finally, the terms ‘baseyear’, ‘baseline’, and ‘scenario’ shall be discussed. In a forward-looking analysis, at 

first the model system is calibrated to a specific point in time. I.e., for this point in time, all model variables 

are known and the model structure is forced to reproduce this data as a model solution. This point in time 

is the so-called baseyear of the analysis. 

Starting with the baseyear, a so-called baseline is created by solving the model system for future points in 

time under the assumption of a likely development of the world. In many modelling systems this exercise 

requires an implementation of different exogenous drivers, such as population growth rates, economic 

growth or technical progress rates. The baseline is a specific scenario, which often is used as a benchmark 

in a comparison with other scenarios to identify the impacts of different exogenous drivers. 
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4. Modelling capacities – state of the art 

In this section, state of the art modelling practices are presented. Different relevant studies are reviewed 

in accordance with the driver groups as presented in the vulnerability matrix above. I.e., environmental 

and technological drivers, socio-economic drivers, policy drivers and food safety. The drivers identified by 

the causal maps in WP3 are integrated in this classification. 

In a first step, the requirements to address specific drivers from the groups with a model system are 

defined and model types corresponding to these requirements are presented. In a second step, studies 

analyzing the concrete drivers as specified in chapter 2 are reviewed. 

Since many drivers can be combined within one model system for an analysis (compare the discussion 

about exogenous and endogenous drivers), it is not always straightforward to differentiate and to group 

studies to the sections without any overlap. Also, it should be kept in mind that a model system in general 

depicts many different feedback loops of different endogenous drivers, which are not always explicitly 

mentioned when a study is conducted. 

Environmental and technological drivers 

Model requirements and capability 

According to the vulnerability matrix presented in Figure 1, the focal point of vulnerabilities arising from 

environmental and/or technological drivers lies on the agricultural production system including its 

sectors, supply chains, territories and the farmers themselves. Thus, model systems should incorporate a 

detailed representation of agricultural production to adequately assess impacts of environmental and/or 

technical drivers. Two main characteristics of model systems are important with this regard: first, the 

aggregation level of agricultural production and second, the incorporation of bio-physical information. 

Examples for models with a high resolution of agricultural production and a rich description of agricultural 

technology are GLOBIOM (Havlik et al., 2014) and MAgPIE (Dietrich et al., 2014). Both models represent 

land use processes in a spatially explicit manner based on a high resolution (0.5° × 0.5°) grid cell structure. 

These type of models relies on bio-physical models for the parameterization of production functions 

(which are as well specified at the grid cell). This facilitates a detailed depiction of bio-physical information 

and constraints of agricultural production. Both models are partial equilibrium models (PE), which means 

that they represent the agricultural and related sectors and take the rest of the economy as an exogenous 

environment. 

Another approach is represented for example by the IMPACT model (Rosegrant et al., 2012). IMPACT also 

is a partial model with focus on agricultural sectors and is frequently applied in combination with a crop 

model and a detailed water supply-and-demand-module, thus incorporating detailed bio-physical 

information (Rosegrant et al., 2014). IMPACT, however, applies a top-down approach, with behavioral 

functions determining production and land use at the sub-regional level. The model covers the global 

agricultural sector by differentiating among 281 “food-producing units”, which represent the spatial 

intersection of 115 economic regions and 126 water basins. 

Other model systems integrate computable general equilibrium (CGE) models and bio-physical models. In 

contrast to PE models, CGE models cover all sectors of the economy, including factor markets and also 

income generation processes of households endogenously. PE model in turn, often have a more detailed 

description of agricultural technology in terms of land and yields that facilitates links to agronomy. A 



12 

 

comprehensive discussion of the dichotomy between CGE and PE models can be found e.g. in Dumollard 

et al. (2012) and Robinson et al. (2014).  

IMAGE (Kram and Stehfest, 2012) is an integrated assessment model suite combining different system 

elements, among other including a CGE model, a vegetation model, an air quality, a nutrition, a 

biodiversity, and a geographically explicit land cover model. The basic idea of the land use model is to 

allocate agricultural production as provided by the CGE model LEITAP on grid cells within a region. 

Another integrated assessment model is the Asian-Pacific Integrated Model (AIM) that incorporates 

among other system elements a crop model, a CGE model and downscaling model for land use (Kato et 

al., 2011). The crop model provides detailed information on crop yields at the grid cell, which are then 

aggregated and fed into the CGE model (Hasegawa et al. 2014). 

Summing up, we have partial equilibrium models with a high potential to represent detailed descriptions 

of agricultural production and CGE models covering all sectors of the economy, but in general being less 

detailed in the representation of bio-physical information and sectoral disaggregation1. Both model types 

frequently are being coupled to and used in combination with other models, representing other system 

elements to widen the scope of an analysis, or even with each other (e.g. Britz and Hertel, 2011, Calzadilla 

et al., 2013). Further model systems of similar model types are presented and compared in Dumollard et 

al. (2012) and von Lampe et al. (2014). 

The adequacy of a model system for a specific analysis, however, always depends on the intention and 

the specific focus of the analysis. Hertel et al. (2010) for example apply a CGE model without the explicit 

integration of bio-physical or other specific agricultural production models for the analysis of climate-

change induced yield shocks. They specify three scenarios of agricultural impacts of climate change by 

2030, which are based on a synthesis of productivity shocks reported in the literature and, according to 

Hertel et al. (2010), are intended to cover a range of plausible outcomes. The focus of their analysis is on 

the evaluation of resulting changes in global commodity prices, national economic welfare, and the 

incidence of poverty in a set of 15 developing countries. 

Assessment studies 

After having discussed the broad lines of model types available and suited for the analysis of 

environmental and/or technological drivers, we now discuss the drivers presented in chapter 2 more 

specifically and give examples on studies addressing these drivers. The analysis of environmental 

degradation and resource use is, however, closely related to the analysis of mitigation and/or adaptation 

measure and many studies address a combination of drivers. 

Several drivers related to environmental degradation and resource use are addressed for example in the 

Rio + 20 study (PBL, 2012), conducted with the IMAGE model suite. In the study, different global 

development scenarios until 2050 are analyzed by endogenously depicting trends in food production, 

biodiversity loss, greenhouse gas (GHG) emissions, air pollution, water availability and demand, as well as 

                                                           
1 Dumollard et al. (2012) compare different PE and CGE models. A listing of the sectoral disaggregation of land-

based activities in different models (p.14) reveals a clear tendency of PE models depicting a higher degree of 

sectoral disaggregation.  
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poverty and health indicators. These endogenous drivers are analyzed in different exogenously defined 

scenarios, assuming different combinations of policies, social- and technological developments.  

Other studies focus more directly on specific drivers. Frank et al. (2015) for example apply an EU version 

of the GLOBIOM model (GLOBIOM-EU) to assess the dynamic soil organic carbon mitigation potential of 

European cropland. For the study, three alternative tillage production systems are integrated in the 

model structure and the dynamics of soli organic carbon emissions is explicitly addressed. 

Bodirsky et al. (2014) focus on reactive nitrogen pollution. In their study they apply the MAgPIE model in 

combination with a nitrogen-budget model to estimate reactive nitrogen pollution until 2050 for a 

baseline and several mitigation scenarios. 

Wolf et al. (2015) apply a model chain consisting of a crop-growth model, the agricultural sector model 

CAPRI (Britz and Witzke, 2014), a bio-economic farm model and an environmental agricultural model for 

the quantification of nitrogen and GHG emissions. In their study, they assess climate change impacts 

under different assumptions regarding technological development and policy changes on crop yields, 

commodity prices, farm net income, farm labor demand and nitrogen losses for five European regions. 

Calzadilla et al., (2013) assess economy wide impacts of climate change on agriculture in Sub-Sahara Africa 

with a focus on water availability. In their study they apply the PE model IMPACT which is combined with 

a water simulation model and the CGE model GTAP-W to analyze the adaptation potential of increased 

irrigation and increased agricultural productivity. 

These studies give examples and reflect the potential of different model systems in the analysis of soil 

degradation, water shortages, plant disease and pollution.2 First steps of analyzing drivers originating from 

the livestock sector also were undertaken recently by the incorporation of detailed livestock production 

modules in global models, which are based on bio-physical models of livestock production (for example 

Msangi et al., 2014 for IMPACT, Havlik et al., 2014 in GLOBIOM). In principle, a similar modelling 

infrastructure could be utilized for the implementation of disease-driven shocks at the production side 

(Msangi et al., 2014). 

A study explicitly addressing technological change is presented by Rosegrant et al. (2014). In their study 

they apply a combination of a process-based crop model and the IMPACT model to evaluate the potentials 

of a broad range of agricultural technologies for maize, rice and wheat, under different assumptions on 

future climate change. Eleven alternative technologies (no-till, integrated soil fertility management, 

precision agriculture, organic agriculture, water harvesting, drip irrigation, sprinkler irrigation, heat 

tolerance, drought tolerance, improved nitrogen use efficiency, crop protection) are characterized by the 

crop model. The effects on yields and input requirements are calculated for two different climate change 

scenarios and then implemented in the economic model IMPACT, which in turn estimates effects on 

production, trade, prices, resource use as well as availability of kilocalories and poverty indicators. 

A large amount of studies exist on climate change-induced effects on the agricultural sector. However, 

most studies have focused on impacts due to changes in climate trends (Dumollard et al., 2012). The 

occurrence of extreme weather events was only addressed by very few studies (Thornton et al., 2014). 

One study is presented by Willenbockel (2012). In this study, the CGE model GLOBE is used to simulate 

                                                           
2 However, shortcomings and caveats have to be kept in mind when interpreting the results of model systems. 

Hertel and Lobell (2014) for example describe caveats and shortcomings of integrated assessment models.  
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impacts of idiosyncratic adverse temporary shocks to crop productivity in main exporting regions for rice, 

maize and wheat on prices and consumption in 2030. 

  

 

Socio-economic drivers 

Model requirements and capability 

With regard to the vulnerability matrix presented in Figure 1, main vulnerabilities of socio-economic 

drivers arise at the individual level, for specific consumer groups with specific food preferences or with 

specific backgrounds (age, income). Thus, for an adequate assessment of socio-economic drivers, model 

systems should incorporate a detailed representation of consumers, preferences and income sources, but 

also supply chains and agricultural commodities. 

As already described in chapter 0, CGE models represent all sectors of the economy, factor markets and 

endogenously account for income changes. Traditionally, CGE models incorporate one representative 

household per region. However, several approaches have been applied to differentiate households with 

respects to specific characteristics. Van Ruijven et al., (2015) give a detailed overview on methods for 

including household heterogeneity in global CGE models. In principle, multiple households can either be 

integrated in CGE models (examples range from a few household groups up to the inclusion of full 

household surveys) or aggregated CGE results are passed to a micro-simulation model (potentially even 

with feedbacks effects given back to the macro level) to analyze impacts at the household group or 

individual level. 

In other model systems, however, household groups or individuals are not explicitly differentiated but 

distributions or probabilities derived from other data sources are used in combination with aggregated 

model results to estimate impacts, e.g. on inequality or the prevalence of diseases.  

An example of such a model system is presented in Ishida et al. (2014), where a crop model, a CGE model 

(AIM/CGE) and two regression models are combined to assess future health burden of childhood 

undernourishment due to climate change. A similar approach is applied in Rosegrant et al., (2012, 2014), 

who use results of the partial equilibrium model IMPACT in combination with other data to estimate 

malnourishment and risk of hunger. 

Summing up, CGE models in principle are able to distinguish households by main income source or other 

attributes. The integration of multiple households ranges from a few household groups to the integration 

of full household datasets directly in the CGE framework. Alternative approaches apply additional micro-

models to analyze impacts at the household level. A third option is the post-processing of model results 

in combination with other statistical data, without explicitly addressing the individual household, but 

analyzing risks, shares or distributions within a population. The latter approach is frequently applied in 

combination with partial as well as general equilibrium models (Van Dijk and Meijerink, 2014). 

Assessment studies 

Poverty and inequality issues have been analyzed in many studies. For example, Hertel et al. (2010) assess 

the impacts of climate change-induced yield shocks on global commodity prices, national economic 

welfare, and the incidence of poverty in a set of 15 developing countries. With the global CGE model GTAP 
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price and income changes for five household groups (based on their primary source of income) are 

estimated and transmitted to a static micro-model to determine the impacts on poverty. An overview of 

different approaches and studies evaluating the impact of macroeconomic policies on poverty and income 

distribution is provided e.g. in Bourguignon et al. (2008). 

A large share of the studies focuses on developing countries, however, approaches can be adapted for the 

analysis of industrialized countries as well. Keeney and Beckman (2009), for example, assess  distributional  

impacts  of  WTO  reforms  in  the  US  agricultural  sector.  To  this  end,  they  apply  the CGE  model  GTAP  

which  is  refined  to  distinguish  between  market  clearing  wages  and capital  rents  for  agriculture  and  

non-agriculture. CGE model results are combined with a large-scale farm household survey to estimate 

welfare changes of individual farm households. 

As specific focus on volatility is presented by Verma and Hertel (2009). They analyze the interplay between 

trade policies and calorie consumption in the presence of commodity price volatility. To this end, a 

stochastic simulation approach is applied to simulate endogenous price reactions on output volatility. 

Furthermore, impacts on the nutrition status of poor people are estimated by accounting for behavioral 

responses of low income households to changing prices and incomes.  

Another study focusing explicitly on nutrition intake and changing dietary behavior is presented by Lock 

et al. (2010). They apply a CGE model to estimate the effects of changes in dietary behavior in the UK and 

Brazil. The model is shocked by different scenarios on reducing livestock products in human food 

consumption. In addition to exogenous changes in domestic consumption, health effects are exogenously 

estimated and implemented by shifted labor supply and productivity parameters. 

Rutten et al. (2014) develop a nutrition module for the CGE model MAGNET which enables to trace the 

nutrient content in primary agricultural commodities (calories, proteins, fats and carbohydrates) from 

production to final consumption by households. The module accounts for consumption of primary 

agricultural commodities, processed foods, and food-related services. It facilitates the analysis of different 

measures (for example taxation, subsidies, information campaigns that influence tastes) on nutrition 

intake. In principle, the module can be used in combination with a MAGNET version including multiple 

households (Rutten et al., 2016). 

The impacts of different global drivers of change (climate change, socio-economic developments) on food 

consumption, undernourishment, the risk of hunger and impacts on human health have been analyzed in 

a couple of articles applying the AIM/CGE model (Ishida et al., 2014; Hasegawa et al., 2014, 2015, 2016). 

In these studies CGE model projections are utilized in combination with other data sources or regression 

models. Ishida et al. (2014), for example, applies CGE projected consumption levels in a function estimated 

from historical data to calculate the proportion of people undernourishment until 2050. Based on this, 

children stunting levels are estimated and subsequently, disability-adjusted life years. 

In a similar attempt, Rosegrant et al. (2014) apply IMPACT model results on per capita kilocalorie 

availability together with other data to estimate the percentage of malnourished children and the share 

of people in a population at risk of hunger. Recently, IMPACT also was coupled to a risk assessment 

framework for the analysis of climate change on dietary and weight-related health risks (Springmann et 

al., 2016). 
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Studies reflecting on market power in the agricultural sector are conducted by Flaig et al. (2013) for a case 

study on Israel and Soregaroli et al. (2010) for a case study on Italy. Both studies apply single country CGE 

models and focus on imperfect competition in the dairy sector. 

Education, demographics, and population dynamics can be assessed within a macro-micro framework, 

consisting of a macro (mostly a CGE model) and a micro-behavioral model. Bussolo et al. (2010) present a 

macro-micro framework for a global ex-ante analysis of income distribution. The long-term focus of the 

model system captures the impacts of aging and other demographic changes, such as the education level 

of different population groups in an exogenous way. Labor supply in the CGE model is adapted in 

accordance to changes in the population structure. In their paper, Bussolo et al. (2010) analyze impacts 

of free trade and climate change on global poverty and income distribution. 

 

Political drivers and food safety 

In contrast to environmental, technological and socio-economic drivers, political drivers are not clearly 

referable to demand or supply, but in fact can affect both sides. Social policy measures would rather refer 

to the demand and consumer side, while environmental legislations rather are connected to agricultural 

production. However, taxes and subsidies can be attributed to both and furthermore, trade is clearly a 

field affected by policies. 

Political drivers in general are implemented into model system as exogenous drivers affecting other 

(underlying) drivers. This in turn requires that relevant underlying drivers are depicted adequately in the 

model system. The analysis of GHG emission mitigation policies, for example, would require a detailed 

depiction of GHG emitting sources in the model system. An analysis of social welfare programs at least 

requires the differentiation between poor and non-poor households. 

An examples of analyzing environmental policies has been presented in chapter 0 by the work of Frank et 

al. (2015), who assess the dynamic soil organic carbon mitigation potential of European cropland by the 

implementation of different carbon prices as a penalty for the emitter. The effect of social welfare cuts 

could be analyzed within the framework presented for poverty and inequality analysis (in chapter Fout! 

Verwijzingsbron niet gevonden.).  

One potential outcome of geopolitical tensions would be changes in trade relations between countries. 

An example of an analysis of geopolitically induced changes of international trade relations is presented 

by Boulanger et al. (2016). In their study, they analyze impact of the 2014 Russian ban on agri-food 

products from countries enforcing Ukraine-related sanctions against Russia. They apply the CGE model 

GTAP, which covers gross bilateral trade flows, trade protection and transport margins between 140 

regions. Another example of an assessment of policies affecting international trade is presented by 

Keeney and Beckman (2009). They assess distributional impacts of WTO reforms (chapter Fout! 

Verwijzingsbron niet gevonden.). 

An example for the analysis of agricultural policy is presented in Pelikan et al. (2015). They analyze a recent 

reform of the European Common Agricultural Policy, which requires a model system with a high degree 

of spatial resolution and farm type details within the EU as well as a representation of global land use. For 

their analysis they couple the PE model CAPRI with the CGE model GTAP-AEZ. 
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Food safety and food quality has not been explicitly considered in many models, so far. If drivers with this 

regard shall be analyzed, it would be done in an exogenous way (Laborde et al., 2013). However, a first 

step in this direction has been done by several models via the explicit accounting for nutrients (compare 

Rutten et al. 2016). 

A related question refers to the effects of sanitary and phytosanitary regulations on international trade. 

This aspect has been analyzed, for example, by Trewin et al. (2016) in a case study for Vietnamese pork 

within a CGE framework. 
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5. Discussion and conclusions 

A diverse set of drivers has been identified as relevant for the future of the European food system within 

the WP2 and WP3 of the TRANSMANGO project. Given the broad range, an all-encompassing review of 

all papers and models analyzing food systems is beyond the scope of one review article alone. Thus, an 

exemplary overview has been given by presenting representative and up-to-date model systems and 

studies analyzing the food system. From there, we can derive the state of the art in ex-ante food system 

modelling capacities and the general capability of model systems regarding the implementation of 

TRANSMANGO food system drivers. 

The range of drivers mainly refers to the sub-groups “environmental and technological”, “socio-

economic”, and “policy and food security” drivers, which have been applied to structure the analysis. This 

categorization facilitates a structured representation of the review, even though, it doesn’t always take 

into account that many drivers are underlying drivers of others and that there are strong interrelations 

between single drivers (for example, policy drivers almost always interfere with drivers of one of the other 

categories). 

In general, an analysis of environmental and/or technological drivers requires a detailed representation 

of agricultural production to adequately assess their impacts. Two main characteristics of model systems 

were identified as particularly important: first, the aggregation level of agricultural production and 

second, the incorporation of bio-physical information. Regarding socio-economic drivers, model systems 

should incorporate a detailed representation of consumers, preferences and income sources, as well as 

supply chains and agricultural commodities for an adequate impact assessment. Some socio-economic 

drivers (as specified in the vulnerability matrix) potentially also represent secondary drivers. For instance, 

price levels and volatility can be impacted by environmental drivers such as climate change. Policy drivers 

are potentially affecting both, consumers and producers, and often are related to other drivers and rely 

on their representation in the model systems. 

Regarding the representation of environmental and technological drivers, we can conclude that the 

reviewed model systems broadly meet the required criteria as defined in the matrix for an adequate 

analysis.  We can observe a generally good representation of agricultural production technology in many 

model systems, mostly due to combinations of economic and bio-physical models. This is also true for the 

representation of environmental indicators. Thus, the endogenous consideration of many drivers is 

facilitated in the model systems.  

As a conclusion from the reviewed studies and models regarding socio-economic drivers, it can be said 

that many options for their integration exist. Impacts on households or household groups can be assessed 

either by the direct integration in a macro framework or by the coupling with models operating at the 

micro-level. Poverty and inequality often are implemented in an endogenous way in model systems and 

are frequently analyzed. However, many studies analyze impacts on inequality or poverty, while not 

necessarily accounting for feedback effects from these drivers. In addition, many studies focus on income 

distribution and impacts on monetary wealth, however, some of the presented studies go a step further, 

for example analyzing impacts on nutritional intake. Furthermore, a large number of poverty analysis 

studies naturally refers to developing countries, so far. 

Consumer preferences in the reviewed model systems can only be included endogenously as far as they 

reflect reactions to price signals, provided by the model system. All changes caused by other reasons than 
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price changes have to be implemented exogenously. This, however, can involve an indirect 

implementation of preference changes, driven for example by taxes on unhealthy or subsides on healthy 

food (Rutten et al., 2014). 

Furthermore, in the reviewed global state-of-the-art models, it is so far not foreseen to explicitly show 

consumers preferences regarding specific methods of production (for example, organic farming or 

genetically modified crops). This is mainly a question of the aggregation level of the presented 

commodities at the demand side. Most of the economic models refer to the assumption of homogenous 

goods in consumption, which is mostly due to a limited availability of data and behavioral parameters 

(with the exception that CGE models in general differentiate consumer preferences regarding 

domestically produced and imported goods). 

In most of the model systems, trends in urbanization, demography or level of education can be taken into 

consideration as exogenous drivers. So far, this mostly refers to impacts on productivity or labor supply. 

However, impacts on lifestyles could potentially also be taken into consideration in a similar manner. The 

IMAGE model suite for example comprises a demographic model, covering among others trends in 

migration and urbanization (Kram and Stehfest, 2012). 

Policy drivers in general are exogenously implemented in the reviewed model systems. Policies mostly 

refer to endogenous drivers which are presented in the model systems in a sophisticated way. 

Food safety and food quality has not been explicitly considered in many models directly, so far. If drivers 

with this regard shall be analyzed, it would be done in an exogenous way. However, a first step in this 

direction has been done by several models via the explicit accounting for nutrients. Related drivers, such 

as trade implications of sanitary and phytosanitary regulations, also have been analyzed. 

From the reviewed studies in this paper, we can conclude that many relevant drivers can either be 

endogenously or at least exogenously implemented in global ex-ante food system models. This, however 

doesn’t necessarily mean that a combination of all these drivers can be analyzed at the same time. A 

crucial restriction for the integration of drivers in model systems clearly is the unavailability of data and 

behavioral parameters. 

Furthermore, each model system has its strengths and weaknesses and no system can cover all drivers in 

an equally good way. The coupling of models certainly is a way to overcome the weaknesses of single 

models and to build on their relative strengths.  

At the end, it shall be clearly expressed that the given overview only discusses the general capability of 

model systems to represent and/or analyze certain drivers. It does not refer to the quality of the studies 

and their reliability. In fact, several shortcomings and caveats have to be kept in mind when interpreting 

the results of model systems. 
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