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The fast-ongoing changes in the Earth’s climate are today widely scrutinized and well documented
(IPCC, 2018). Similarly, evidence now accumulates that agricultural systems and practices have
started to cope and adapt in response to the human activities impact on climate (IPCC, 2019).
Future climate scenarios let anticipate even more drastic changes in the future, the severity of
which will depend on the trajectory chosen by our societies to limit their greenhouse gas emissions
(Gidden et al., 2019). The implications of these choices in terms of global warming are relatively
clear, and raise serious concerns on food security impacts. However, the regional consequences
for food systems are more difficult to predict (IPCC, 2019). For this reason, we would like to
highlight in this paper what current approaches are used to answer this question, and the
methodological challenges associated to these. We will base this analysis in particular on the
experience of the Agricultural Model Inter-comparison and Improvement Project (AgMIP), which
was launched ten years ago with the purpose of consolidating the analysis of climate change
through better model comparison and integration (Rosenzweig et al., 2013).

The agroeconomic modelling chain of climate impact

Modelling the consequences of climate change on food supply and food security requires several
key components. First, we need to know what future climate will look like. This sole question
already mobilizes a large scientific community, developing more and more sophisticated models
of atmospheric and oceanic circulation (general circulation models, GCMs) to predict future
weather patterns (Eyring et al. 2016). These models provide the boundary conditions to simulate
typical temperature and precipitation conditions on a day-to-day basis in a given location. The
second element of the modelling chain are the crop models (Mueller and Robertson, 2014;
Rosenzweig et al. 2014). These models represent the main biological responses of crop growth to
climate, environmental and management conditions. Using the predictions of daily temperature
and precipitation from GCMs, but also future CO2 atmospheric concentration, they can estimate
what final yield crops will have reached at harvesting time, which allows to project the overall
gains or losses of production on planted areas for a given year. Finally, to understand the resulting
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net impact of climate change on food supply, it is necessary to use a third class of models,
economic models, that represent how agents respond to the yield shocks and adapt to the shock
through management and market responses (von Lampe et al., 2014). These models can in
particular be used to infer change in market prices, and study the food security impacts mostly
through change in food availability and food accessibility (Nelson et al., 2014a; Valin et al. 2014).

Within AgMIP, such frameworks have been integrated from the climate to the economic
component, which allowed to provide some first estimates on the typical magnitude of the changes
that the agricultural system could face. Such assessment, broadened in the context of the Inter-
Sectoral Impact Model Intercomparison Project (ISIMIP) fast-track modelling exercise
(Warszawski et al., 2014), helped to highlight the channels of propagation of the shock, their
compounding or mitigating factors, and provide insights into the different sources of uncertainty.
In Nelson et al. (2014b), scenarios produced through the integration of two climate models, five
crop models, and nine economic models, provided estimate of the impact of the highest degree of
warming at the time horizon 2050 (RCP 8.5), based on temperature and precipitation changes (no
COz effects). The assessment concluded that an average 17% average yield loss would impact the
agricultural systems, but also lead to a number of adjustments to the biophysical shock, in
particular final yield losses reduced at -11% following management and intraregional relocation,
and a global production and consumption decrease of only 3% following area increases and
adaptation responses through trade.

Adaptation responses to climate change

The adaptation channels highlighted in the ISIMIP fast track assessment are key to the
understanding of the final severity of climate change for food security. All economic models
displayed adjustment through market responses and agents’ behavior in reaction to price signals
(Nelson et al., 2014b). A strong climate shock stress would indeed variously affect producers and
consumers depending on their adapting capacity. Farmers can shift planting date, adapt their level
of inputs, select new crop varieties, alter their crop rotations, or switch to new products. Price
increases can accelerate the conversion of land use to produce more food, sometimes at a high cost
for the environment, but also in some other areas slow down the pace of farm abandonment and
revive rural economies. Well-functioning markets can drive reallocation of food from surplus areas
to other regions suffering more important losses, and where markets fail, more targeted policy
interventions can help redistribute food where it is most needed. Finally, consumers can also adapt
their consumption choices towards food products more abundant on the markets, as more
vulnerable supply chains have difficulties to maintain affordable product prices. All these factors
together contribute to significantly mitigate and redistribute the impact of climate change for a
given pattern of climate shock.

An illustration of these adaptation mechanisms is also given in Leclere et al. (2014) who looked
at how these effects would differently unfold for a combination of five different climate models
and four different degrees of warming. Some other studies also examined how changing adaptation
possibilities could affect model results. For instance, Wiebe et al., (2015), Havlik et al. (2015) or
van Meijl et al. (2018) all relied on variation in the background Shared Socioeconomic Pathways
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(SSPs, O’Neill et al., 2014) to test the influence of several adaptation factors covered by the SSPs:
economic development, technical change, trade openness, diet composition. They consistently
found higher price impacts for the low adaptation capacity scenarios (SSP3, “Regional Rivalry”
or SSP4, “Poverty””) compared to the high adaptation scenario (SSP1, “Sustainability” or SSP5,
“Fossil-fueled development™), and more severe consumption impacts in the former case.

From supply shock to food security

Transposing results on food prices and consumption into food insecurity estimates has been
achieved in most recent papers, using the FAO methodology to estimate current prevalence of
undernourishment as a core approach to derivate future projection of that indicator (Cafiero et al.
2014). The FAO indicator represents how many persons within a population are falling below a
minimum dietary energy requirement, calculated based on the demographic structure of the
population. Assuming a lognormal profile for food distribution, and projecting the shape of that
curve based on economic growth and inequality changes, it is possible to infer how many
consumers may be at risk of hunger in the future, and how a climate shock would affect the food
security situation. Hasegawa et al. (2018) apply this method on an ensemble of model results for
assessing the impact of a moderate level of warming (RCP6.0), and estimated that the population
at risk of hunger could increase by 2 to 56 million, depending on the economic model used, under
a SSP2 “Middle-of-the-Road” scenario, and by up to 200 million under a SSP3 scenario with
decreased adaptation capacity. Hasegawa and colleagues however did not study the impact of
higher level of warming (RCP8.5), but the comparison of food availability in their scenario gives
an idea of the further implications of stronger warming. For 56 million undernourished, Hasegawa
et al. (2018) reports a magnitude of impact of -68 kcal/cap/day (-2%). In comparison, Havlik et al.
(2015) estimate that, under RCP 8.5, a decrease of -2.8% of global food availability, and -4.3%
without CO: fertilization effects are to be anticipated with high adaptive capacity (SSP5). But if
adaptation capacity is reduced (SSP4), the respective impacts would be -4.4% with CO2 effects,
and -8.7% without these. Because prevalence of undernourishment is non-linear in response (due
to the loglinear profile of the food distribution curve), such magnitude of impact would put several
hundreds of millions at risk of hunger. Other health related indicators have also been examined as
a result of this food insecurity, such as stunting (Lloyd et al., 2018) or other mortality implications
(Hasegawa et al. 2016, Springmann et al., 2016).

Limitations and uncertainties in current assessments

The analyzes above illustrate how integrated frameworks can provide structurally consistent
representation of the propagation of climate change impacts along the food supply chain, down to
food security metrics. However, the accuracy of these assessments also suffers significant
uncertainties and limitation that should be kept in mind and call for future research efforts.

Some uncertainties relate to the characteristics of the tool mobilized. In the case of GCMs, current
models provide very different regional predictions for a given level of warming, in particular for
future changes in precipitation (Warszawski et al., 2014). Such variable is key for the
determination of future crop vyields, therefore GCM introduces a first important source of
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uncertainty from the beginning of the modelling chain (Leclére et al., 2014). Second, for a same
climate signal, crop models can also significantly diverge in their prognosis of yield changes. This
may relate to different crop management assumptions, but also more fundamentally to some
varying representations of key biophysical responses, in particular when it comes to CO2 effects
(Rosenzweig et al., 2014). Furthermore, some important mechanisms of impact are not yet
included in global crop models, such as the effect of increased tropospheric ozone, well-known for
their detrimental effects on crop yields. The impact of climate change on crop nutrient composition
is also an increasing source of attention, but not yet explicitly implemented in these assessments.
Finally, economic models also bring their lot of variability (Nelson et al., 2014a,b). Different
families of economic models are typically used (for instance, partial versus general equilibrium,
aggregated or spatially explicit), and these differ by their structural representation and
parameterization. Although these differences have been largely documented, the results variability
related to the economic model choices have not to date been satisfactorily reduced.

Other unknowns are more related to the projection of some key variables and the representation of
the problem at stake. What typically constitutes the most likely pathway without specific climate
action (i.e. the “worst case” scenario) is still debated (Hausfather and Peters, 2020), and the use of
RCP 6.0 for many scenario has been somewhat misleading when looking at the time horizon 2050,
due to the atypical dynamic of the GHG emission trajectory under that scenario (lower GHG
emissions than RCP 2.6 until 2035, and still lower than RCP 4.5 by 2050, see van Vuuren et al.,
2011). Additionally, when it comes to food security estimates, future baseline assumption on the
state of food distribution is key for the results. Limited attention has been given to the role of future
inequality and the potential impacts on such assessment (Rao et al., 2018). Combined assessments
bringing together different scales and socioeconomic heterogeneity across households as well as
differentiated treatments of urban versus rural areas are also too rare in the context of global
analyses (for such applications, see for instance Hallegatte and Rozenberg, 2017; Rozensweig et
al., 2018).

Last, the effects represented in these types of analyzes remain based on average impacts, over long
time period, and compounding effects of successive or simultaneous extreme events are not well
considered (Gaupp et al., 2019), as well as possible biophysical or socioeconomic tipping points
(van Ginkel et al., 2020). The potential impacts anticipated by such approaches are for this reason
likely to overestimate adaptation responses. This does not question the relevance of such structural
integrated modelling, which remains crucial to understand the transmission of climate change
impacts through the food system in a consistent manner, but calls for better representation of
interannual and intra-annual shocks in these frameworks.

Improving integrated assessment of climate change impact

Significant progresses have been achieved over the past decade to structure the research
community on climate change impacts to perform ensemble analyses, bringing together climate,
biophysical and economic modelers. This allowed to build much more consistent assessment
frameworks for the understanding of food security challenges related to climate change, and these
frameworks have continued to be enriched by encompassing more socioeconomic and
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environmental additional impacts. However, the research agenda to be explored remains
considerably vast. Model intercomparison exercises have devoted a lot of energy to broadening
the number and ambition of assessments, but have been less successful at sharpening the
assessments with thorough model comparisons and improvements (Hertel et al., 2016). This
constitutes the first challenge ahead to progress in this research stream.

Second, it is recognized that the role of climate extreme events such as drought, floodings or pests
and diseases, will be part of the main challenges for the food system stability (Trnka, 2019, Cooper
et al., 2019) and the recent pandemic crisis have illustrated the importance of system resilience.
Better representing this dimension in the integrated frameworks described above is key to move
forward the research on climate impacts. In particular, the extent to which the food system could
adopt through a large array of autonomous or planned adaptation options will need to be better
studied.

Last, cross-sectoral impacts also require further attention, in particular when it comes to the link
between water stress and agriculture (Schewe et al., 2013; Pastor et al., 2019), the impact of climate
on farm labor productivity (Day, 2019), the interdependencies with the energy sector (Diffenbaugh
et al., 2012) or international markets (Gouel and Laborde, 2018). Although much topical research
has been performed on these topics, systematic integration to modelling chains is still very rare.
Some important component of the food systems are also undercovered in typical integrated
assessments, such as the impacts on livestock (Rojas-Downing et al., 2017) and fisheries (Barange
et al., 2016), which remain key for farm income and/or for food and nutrition security.
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