Climatic Change (2018) 147:327-341 @ CrossMark
https://doi.org/10.1007/310584-018-2137-y

Food security outcomes under a changing climate: impacts
of mitigation and adaptation on vulnerability to food
insecurity

Katy J. Richardson'@® - Kirsty H. Lewis' -
P. Krishna Krishnamurthy2 - Chris Kent' -
Andrew J. Wiltshire' - Helen M. Hanlon"

Received: 27 January 2017 / Accepted: 3 January 2018 /Published online: 3 February 2018
© The Author(s) 2018. This article is an open access publication

Abstract Climate change is a potential threat to achieving food security, particularly in the
most food insecure regions. However, interpreting climate change projections to better under-
stand the potential impacts of a changing climate on food security outcomes is challenging.
This paper addresses this challenge through presenting a framework that enables rapid
country-level assessment of vulnerability to food insecurity under a range of climate change
and adaptation investment scenarios. The results show that vulnerability to food insecurity is
projected to increase under all emissions scenarios, and the geographic distribution of vulner-
ability is similar to that of the present-day; parts of sub-Saharan Africa and South Asia are
most severely affected. High levels of adaptation act to off-set these increases; however, only
the scenario with the highest level of mitigation combined with high levels of adaptation
shows improvements in vulnerability compared to the present-day. The results highlight the
dual requirement for mitigation and adaptation to avoid the worst impacts of climate change
and to make gains in tackling food insecurity. The approach is an update to the existing Hunger
and Climate Vulnerability Index methodology to enable future projections, and the framework
presented allows rapid updates to the results as and when new information becomes available,
such as updated country-level yield data or climate model output. This approach provides a
framework for assessing policy-relevant human food security outcomes for use in long-term
climate change and food security planning; the results have been made available on an
interactive website for policymakers (www.metoffice.gov.uk/food-insecurity-index).
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1 Introduction

Around 815 million people worldwide are chronically undernourished (FAO et al. 2017). The
2030 Agenda for Sustainable Development aims to end hunger and achieve food security
(Sustainable Development Goal 2; UNDP 2015); however, achieving this in the face of a
changing climate will require increased investments and planning. Therefore, there is an urgent
requirement for easily accessible, policy-relevant information about the impacts of climate
change on food security, to ensure decision makers are equipped with useful and practical
advice to inform long-term planning (Lobell et al. 2008; Brown and Funk 2008; Gornall et al.
2010; Foresight 2011; Wheeler and von Braun 2013; Porter et al. 2014; Vermeulen 2014).
Such information needs to address questions on the direction and scale of change, and the
timing and location of the worst impacts, in order to support prioritisation of mitigation and
adaptation solutions.

Most studies investigating the relationship between climate change and food secu-
rity have been limited to specific aspects which include impacts on food availability
focusing on crop production (Parry et al. 2004; Lobell et al. 2008; Liu et al. 2013;
Kurukulasuriya and Rosenthal 2013; Porter et al. 2014), impacts on access focusing
on food prices (Nelson et al. 2010; Lobell et al. 2011) and impacts on utilisation
focusing on nutrition outcomes (Thompson and Cohen 2012). However, few studies
take a more holistic view and translate this information into policy-relevant human
food security outcomes.

The Hunger and Climate Vulnerability Index (HCVI; Krishnamurthy et al. 2014) was
developed as a novel approach to address this knowledge gap. The index provides a
country-level assessment of vulnerability to food insecurity as a result of climate events by
combining information about exposure to present-day climate hazards (such as floods,
droughts and storms) and food security relevant measures of sensitivity and adaptive capacity
(more detail is provided in Section 2). However, the HCVI does not assess how vulnerability
could change under future climate change. This paper builds on the HCVI and adapts the
method to enable incorporation of climate model projections under different emissions
scenarios. In addition, the paper highlights an approach to incorporate scenarios of food
system investment. Food system investment means improvements to all aspects of food
security, which includes improvements to agricultural production, market function and national
infrastructure, for example. This could be considered an outcome of economic growth, and this
is reflected in the elements of the index. For brevity, these scenarios of food system investment
are referred to as the general term ‘adaptation’ throughout this paper.

The revised index presented here provides quantification, at a global level, of the scale and
direction of impact of climate change on food insecurity in developing and least-developed
countries (through projected changes in metrics of flood and drought events). As such, it aims
to provide information to help policymakers understand the level of challenge to global food
security that climate change presents, provide information on the geography of the impacts,
and help to evaluate the relative benefits of mitigation and adaptation responses. The index is
not a detailed planning tool, but aims to support prioritisation of effort and to help planners
evaluate the nature of the top-level threat to food insecurity that climate change presents.
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The challenge in developing this index was to take climate model output and to translate it
into food security outcomes of most relevance to high-level decision makers. Although the
index is driven by climate data, it does not present these data directly. This is important
because it means that policymakers are not required to try to interpret the climate science
themselves. The index was developed through collaboration between climate science and food
security expertise, and so expert judgement was available to be applied to the interpretation, in
order to minimise misuse of either types of information. Interdisciplinary research between
natural and social science disciplines faces a number of challenges (Lewis and Lenton 2015);
this index is an example where these disciplinary boundaries have been bridged, to provide
integrated evidence on the human outcomes of climate change.

2 Method

This paper presents a method for calculating future projections of the experimental Hunger and
Climate Vulnerability Index (HCVI), originally presented in Krishnamurthy et al. (2014). The
HCVI is a scaled country-level index which provides a relative measure of vulnerability to
food insecurity (referred to as VFI from here on) as a result of climate-related hazards.

Vulnerability, as measured by the HCVI, is the result of the interaction between three
components:

*  Exposure to climate-related hazards,
» Sensitivity of national agricultural production to climate-related hazards,
*  Adaptive capacity—a measure of capacity to cope with climate-related food shocks.

Each of these components comprises a number of country-level indicators which were
selected based on availability of the data at the national level, their relevance to food security
and their correlation with undernutrition (FAO 2014; indicators are listed in Fig. 1a; also see
Krishnamurthy et al. (2014) for rationale for the selected indicators). Calculation of the HCVI
assumes that each component contributes equally to vulnerability, regardless of the number of
indicators within each component (c.f. Sullivan 2002; Harn et al. 2009).

Even though the existing HCVI contains measures of climate hazards, these
indicators are not derived from meteorological data; they come from self-reported
disaster information (EM-DAT"). Therefore, in order to calculate future projections of
the HCVI with climate model projections, the HCVI methodology had to first be
updated to enable the use of gridded climate data to provide a baseline measure with
which to compare the future changes.

2.1 Present-day vulnerability to food insecurity: updates to the HCVI

Two main updates to the HCVI methodology were made; firstly, OECD and EU countries
were excluded from this iteration of the index, and secondly, the exposure component was
replaced with an indicator derived from gridded climate data. All other methods and indicators
utilised in the HCVI remain unchanged to those presented in Krishnamurthy et al. (2014). A
schematic of the revised index calculation is provided in Fig. 1b.

! EM-DAT - The International Disaster Database (http://emdat.be/).
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Fig. 1 Schematic of the original and updated HCVI calculation. a Indicators used in the original HCVI from
Krishnamurthy et al. (2014); data sources are provided in Section SM1. b Calculation of present-day VFI as
measured with the updated HCVI which uses climate data over the 1981-2010 baseline period to derive the
exposure component (method described in Section 2.1). ¢ Process of computing the ensemble mean of future VFI
under the 18 future scenarios considered (two time periods, three emissions scenarios and three adaptation
scenarios)

2.1.1 Excluding OECD and EU countries

A review of the HCVI methodology resulted in exclusion of OECD and EU countries in this
revised version of the index. This is because access to markets and economic interconnected-
ness in the most developed countries means their food systems operate differently from those
in developing countries. Further updates to the HCVI to account for agricultural trade are
required to be able to include these countries.
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As a result of this exclusion, the normalisation process applied to the country-level
indicators used to calculate the sensitivity and adaptive capacity components was updated.
In this revised iteration, the indicator values are normalised with respect to physically plausible
maximum and minimum values as opposed to the maximum and minimum across the
available data. This resulted in sensitivity and adaptive capacity components which are both
measured on a normalised zero-to-one scale, relative to physically plausible limits. For
adaptive capacity, zero represents the highest value of adaptive capacity the individual
indicators could give, and the value of one represents the lowest. Conversely, for sensitivity,
zero represents the lowest value and one represents the highest. This ensured that when the
scenarios of adaptation investment were applied to the future projections of VFI the results
were constrained by feasible limits (see Section 2.2.2 and Section SM1 for further detail).

2.1.2 Updating the exposure component to use gridded climate data

Updating the HCVI to use gridded climate data required replacement of the climate relevant
indicators, where possible, with indicators assessed with gridded climate data. The aim was to
replicate the original HCVI as best as possible to ensure qualitative comparison of the results.

All five indicators in the exposure component of the original HCVI were related to climate
(Fig. 1a); however, not all of them could be reproduced from climate model output. The
indicators representing economic losses and mortality due to meteorological hazards are also
partially driven by socio-economic factors and are therefore not possible to recreate from
analysis of climate data. As it would be inconsistent to keep these indicators constant while
considering the projected changes in climate hazards, both were excluded from this revised
HCVL

Constructing the remaining exposure indicators with gridded climate data was challenging;
only variables available from global climate models (GCMs) and at the temporal and spatial
scales of GCMs could be used so that similar measures could be calculated with the climate
model projections. In addition, indictors were required to correlate with undernutrition (FAO
2014) at the national level to meet the criteria for inclusion in the HCVL

Data from the WFDEI meteorological forcing dataset (Weedon et al. 2014) for the baseline
period of 1981-2010 were used to construct baseline measures of exposure to climate hazards.
Only indicators of flood and drought events were considered as it was not possible to construct
a meaningful indicator of storm events due to resolution restrictions.’

Since GCMs do not output flood and drought information, suitable proxies for flood and
drought events that best reflect the potential changes in flooding and drought were developed
using daily precipitation data. These were measures of excess precipitation and precipitation
deficit respectively, relative to the climatology, using adaptations of the Moving Average
Precipitation Variable Threshold (MAPVT) indicator (Wanders et al. 2010; further detail is
provided in Section SM2).

Country-level indicators of flood and drought events were constructed by selecting the
median value within a country’s border. After excluding OECD and EU countries, and also
countries less than 500 km? as they are not adequately resolved within the low resolution grids
of GCMs, correlations with undernutrition were not found. This is not surprising given that the

2 Indicators of extreme temperature were also tested; however, similarly to Krishnamurthy et al. (2014), they did
not correlate with undernutrition.
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indicators constructed with objective information from climate reanalysis do not exactly
replicate the subjective self-reported information used in the original HCVI.

To account for ‘exposure’ to the hazards (as opposed to instances of the hazards), the flood
and drought proxies were masked to only include regions where a significant proportion of
people live®, and with more than 1% of the grid cell given over to crop production.* Countries
with no grid cells after applying the mask, such as Libya and Saudi Arabia (see Fig. SM2.1),
have no exposure component and were therefore excluded from the index calculation. This is
justified as the index assumes in-country production and consumption of food and the food
systems in these countries where the mask criteria are not met are mostly dependent on
imported food. The food security of these countries is therefore dependent on climate-
related hazards in the regions where their imported food is produced; however, this consider-
ation is out of scope of the index calculation.

Application of the mask improved the correlation scores. An indicator that combined the
average length metrics of the flood and drought events proxies scored the best correlation with
undernutrition and was therefore used to replace the exposure component in the HCVI
calculation (Fig. 1b). The exposure values or reasons for exclusion for each country are
provided in Section SM3.

2.2 Calculating future projections of vulnerability to food insecurity

The revised HCVI methodology results in an updated measure of the present-day VFI, which
utilises gridded climate data in an approach compatible with climate model output. Future
projections of VFI as a result of projected changes in climate are calculated by assessing the
exposure component of the revised HCVI with daily precipitation data from climate model
projections for a range of emissions scenarios and future time periods (see Section 2.2.1 for
detail)’. In addition, scenarios of adaptation investment that change the sensitivity and adaptive
capacity components of the index were developed and applied (see Section 2.2.2 for detail).
Future VFI was assessed using the same method as the present-day by combining the future
measures of exposure, sensitivity and adaptive capacity with equal weighting; however, all
values were normalised to the present-day measures in order to give context to the projected
values (as shown in Fig. 1¢). Future VFI values over one represent VFI levels greater than any
seen in the present-day, and values were capped at 1.5 as values over this threshold were
outliers of the distribution.

2.2.1 Calculating future projections of exposure under different emissions scenarios

Future projections of the exposure component of the index were calculated using daily
precipitation data from a subset of 12 GCMs from the CMIP5 multi-model ensemble
(Taylor et al. 2012), used to inform the Intergovernmental Panel on Climate Change Fifth
Assessment Report (IPCC ARS; IPCC 2013). The future projections were calculated for three

3 Population density greater than 150 people per km? as areas with fewer people per km? are considered to be
rural as per OECD (2011), using an estimate of population density in the year 2000 (van Vuuren et al. 2007)

* Using cropland data representative of the year 2000 from Monfreda et al. (2008)

31t is noted that in this method the projected changes in climate are only considered as part of the exposure
component, and that the impacts of climate on crop yield (in the sensitivity component) are not considered here.
Information on an initial test to consider changes in Net Primary Productivity as a proxy for crop yield is
provided in Section SM4.
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concentration driven emissions scenarios; RCP2.6, RCP4.5 and RCP8.5 (van Vuuren et al.
2011a), for two future time periods; the 2050s (2041-2070) and the 2080s (2071-2100). For
each climate model, the average length of flood and drought events indicator was calculated
following the method in Section 2.1.2 for both the baseline and future time periods. The future
measure was normalised with respect to the relevant baseline values, and the model anomalies
added to the baseline exposure values as calculated with the WFDEI reanalysis data. Further
detail about the climate models and limitations of the future projections of exposure is
provided in Section SM4.

2.2.2 Calculating scenarios of adaptation investment

Whilst it is possible to systematically sample a range of plausible future changes in climate
under different emissions scenarios through the use of GCMs, this only enables understanding
of changes in the climate-related exposure component of the index, without considering the
socio-economic elements of VFI. Understanding the isolated impacts of climate change on
VFI is a useful task; however, it is not reasonable to assume that a country’s sensitivity or
adaptive capacity will not change in the future. Projecting future changes in these aspects is
extremely difficult as they are dependent on many variables.

In order to address this, and to provide a sense of the relative scale of change associated
with changes in the sensitivity and adaptive capacity components of the index, relative to the
climate changes to the exposure component, two scenarios of adaptation were developed.
These were low and high ‘adaptation’, with a third scenario option of no ‘adaptation’. The no
adaptation scenario maintains the sensitivity and adaptive capacity components at the present-
day level, resulting in future projections of VFI as a result of projected changes in climate only.

The low and high adaptation scenarios represent reductions in how sensitive agricultural
production is to climate-related hazards, and increases in capacity to cope with climate-related
food shocks, through changing the sensitivity and adaptive capacity components of the index
accordingly (not the individual indicators that make up these components). Predicting socio-
economic changes, particularly for individual indicators is impossible and would result in
additional uncertainty and conditionality of the index, which would undermine its utility.
Adjusting the components of the index in line with the Shared Socio-economic Pathways
(SSPs; O’Neill et al. 2014) was also unfeasible, mainly because the SSPs do not contain all the
information required on the individual indicators. Developing scenarios which apply a
standardised change to the sensitivity and adaptive capacity components as a whole was
deemed the most useful and practical approach, but determining the appropriate levels of
change to apply for each scenario is critical.

The countries included in the index mostly have low adaptive capacity and high sensitivity
on the normalised zero-to-one scales. The scenario for high adaptation was therefore designed
to be one where the majority of the countries in the index moved to have improved adaptive
capacity and sensitivity values closer to those seen in developed countries, and near the
maximum that could plausibly be achieved. The low adaptation scenario was then set to result
in improvement halfway between no change and high adaptation.

The changes actually applied were scaled using a logarithmic function which was depen-
dent on the present-day measures of sensitivity and adaptive capacity. This allowed countries
that had relatively high measures of sensitivity or poor adaptive capacity in the present-day to
improve more readily than those with lower present-day measures, for the same level of
investment. The rationale for this was that the most sensitive countries with the lowest levels of
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adaptive capacity in the present-day could benefit from investments in adaptation, but it
becomes increasingly difficult to make gains for countries starting from a more advanced
point. The scaled changes result in reductions in sensitivity or improvements in adaptive
capacity that range from around 10 to around 15% in the high adaptation scenario, and similar
changes of around 5 to around 10% in the low adaptation scenario. The change was applied to
the present-day values for the 2050s time period, and the same change was then applied to the
2050s values for the 2080s time period. Any resulting negative values were set to zero as this
was deemed to be the lowest plausible value based on the physically plausible limits used for
the normalisation in the present-day. Further detail on the method applied is given in
Section SM5, including histograms that illustrate the level of change applied (Fig. SM5.1).

The resulting scenarios do not contain any information on how easy it may be to achieve
the levels of improvement shown, but they do give information about what could be achieved
if there were concerted investments to address the higher sensitivity and lower adaptive
capacity in developing and least-developed countries, that brought them closer to the optimal
values and those seen in developed countries. This sense of the scale of change possible in the
non-climate factors is then a useful comparison with the climate change impacts, to give a
much clearer sense of the scale of the challenge climate change presents.

3 Results and discussion
3.1 Present-day vulnerability to food insecurity

VFI for the baseline period (1981-2010) was calculated following the updated and adapted
HCVI methodology presented in Section 2.1 and Fig. 1b and is mapped in Fig. 2a along with a
histogram showing the distribution of the index and individual component values (Fig. 2b).
The highest levels of VFI are found in Sub-Saharan Africa, with medium levels across much of
Asia, and lower levels in South and Central America. This pattern is consistent with the results
from the original HCVI (Krishnamurthy et al. 2014) and measures of undernutrition and food
insecurity (FAO 2014), reiterating that climate vulnerability and food insecurity are closely
interlinked.

Maps and histograms of the exposure, sensitivity and adaptive capacity components of the
present-day index are also shown in Fig. 2. The geographic pattern of each of the components
is similar to that of the overall index with the largest values in Sub-Saharan Africa. A table of
the index and individual component values is provided in Section SM3.

3.2 Future projections of vulnerability to food insecurity

Future VFI was calculated following the methodology presented in Section 2.2 and
Fig. 1c. Maps of the future VFI values for the extreme range of the scenarios
considered are shown in Fig. 3; these are the lowest and highest emissions pathways
(RCP2.6 and RCP8.5) with both no and high adaptation for the 2050s and 2080s.
Anomalies from the present-day of the results shown in Fig. 3 are mapped in Fig. 4,
and the isolated effects of mitigation and adaptation on VFI are mapped in Fig. 5.
The results presented here are the ensemble mean of the VFI results. The model
ensemble exhibits a range of results across the models due to the range of projected
changes in precipitation across the models; however, the ensemble mean is indicative
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f) and adaptive capacity (g, h). Note that the adaptive capacity component plotted here is the inverted measure as
this is the way it contributes to the index

of the spatial pattern across each of the individual models. One key limitation with
the use of the ensemble mean is that known issues with climate model projections in
West Africa result in relatively smaller changes in the ensemble mean value than for
the rest of the region; further detail and other limitations of the results are discussed
in Section SM4. Anomalies for the full set of results, including the spread across the
climate models and ensemble statistics, are shown in Section SM6. A website
visualising the index for all scenario combinations was also created and is available
at: www.metoffice.gov.uk/food-insecurity-index.

By the 2050s (left panels of Figs. 3 and 4), VFI increases compared to the present-
day in all countries under all emissions scenarios in the absence of adaptation
(anomalies from the present-day are all positive; Fig. 4c, g). These increases in VFI
are as a result of projected changes in the average length of the flood and drought
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(e-h) show RCP8.5), and scenarios of adaptation investment (A; panels a, b, e and f show high adaptation and
panels ¢, d, g and h show no adaptation)

event proxies, using daily precipitation from the climate model projections. The
geographic distribution of VFI is similar to the present-day, with some countries more
vulnerable than the present-day (values >1). Increases under RCPS8.5 are larger than
those under RCP2.6 as larger changes in climate are projected in this emission
pathway (Fig. 5a). However, much of this increase in VFI can be off-set by a high
level of adaptation investment (e panels), particularly under RCP2.6 where VFI levels
are similar to the present-day values (a panels).

By the 2080s (right panels of Figs. 3 and 4), the patterns of VFI diverge dramatically
between the two emissions scenarios (Figs. 3d, h; 4d, h). For RCP2.6, there is little change
between levels of VFI in the 2050s and 2080s when no adaptation to climate change is
considered (compare panels ¢ and d of Figs. 3 and 4). This is due to the rapid and sustained
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Fig. 4 Projected change in VFI; anomalies between panels in Fig. 3 and the present-day (Fig. 2a)

reduction in emissions represented by this pathway, resulting in a stabilisation of the climate
after the 2050s. In contrast, considerable increases in emissions in the RCP8.5 scenario result
in larger changes in precipitation, which in turn result in continued increases in VFI in the
absence of adaptation. The largest increases are projected across West and Southern Africa,
parts of South Asia, and Central and northern South America (Fig. 4f; Fig. 5b). This
geographic distribution of VFI is similar to the present-day, with the largest projected increases
occurring in areas that currently experience the greatest VFI (Fig. 2a).

Investment in adaptation acts to reduce the effects of climate change on the VFI values
through reducing sensitivity to climate-related shocks and improving adaptive capacity (Fig.
Sc, d) via the scaled adaptation scenarios (Section 2.2.2). A high level of adaptation investment
limits the increase in VFI in both emission scenarios. However, under the high emissions
scenario, RCP8.5, even high levels of adaptation investment are not sufficient to counteract the
effects of climate change, resulting in increased VFI compared to the 2050s and the present-day in

@ Springer



338 Climatic Change (2018) 147:327-341

a - = b - = -
~ . > (A ® e e}&
A . o
L, .
. * o 2 i g ]
Effect of mitigation in 2050s| Effect of mitigation in 2080s|
[ == 2= d -~ = <
g db & § ° d- &
. ’ ) v | ¢ . Iy
Effect of adaptation in 2050s] Effect of adaptation in 2080s]
e — N N
-1.00 -0.75 -0.50 -0.25 0.00

Fig. 5 Maps of the effect of mitigation and adaptation investment on VFI in the 2050s and 2080s. a, b
Differences between the high and low emissions scenarios with no adaptation in the 2050s (Fig. 3g - Fig. 3c)
and the 2080s (Fig. 3h - Fig. 3d) respectively. ¢, d Differences between the high and no adaptation scenarios with
the low emissions scenario in the 2050s (Fig. 3¢ - Fig. 3a) and the 2080s (Fig. 3d - Fig. 3b). Note that the effect of
adaptation is the same for all emissions scenarios due to the nature of the index

most countries (Fig. 4e, f). This contrasts to the lower emissions scenario, RCP2.6, where the
effects of adaptation investment reduce VFI compared to the 2050s and also compared to the
present-day in most countries (Fig. 4a, b). This scenario, with the most ambitious emissions
scenario® and highest level of adaptation, is the only scenario of all 18 scenarios considered which
shows reduced VFI compared to the present-day in the majority of countries, highlighting the
requirement for both mitigation and adaptation in order to improve current levels of food insecurity.

4 Conclusions

This paper presents a method for assessing the complex relationship between climate change
and food security through an index measure of comparative vulnerability to food insecurity
(VFI) in developing and least-developed countries. It provides a framework for rapid transla-
tion of climate information into food security outcomes at a national level, to assist with long-
term planning. The index demonstrates the scale and direction of change associated with
climate change on food insecurity, both under mitigation and adaptation scenarios. This allows
policymakers to understand something of the geography of future food insecurity, and
prioritise accordingly, and to evaluate the relative benefits of both adaptation and mitigation

© Note that the RCP2.6 scenario assumes that some proportion of agricultural land is given over to biofuels
(Tilman et al. 2009) to meet bio-energy requirements for climate mitigation (van Vuuren et al. 2011b). This
reduces the land available for food production, which could negatively impact on food security. This is not
accounted for in this index, which only includes the direct impacts of changing weather conditions on VFI. Land
use changes were excluded because the actual distribution of these changes required to meet the biofuel
commitments in this scenario is not specified. This means the projection of the index under RCP2.6 is an
optimistic one, but not necessarily unrealistic, if it is assumed that the highest yielding countries, with higher
baseline food security status, would undertake the majority of the biofuel production.
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action. The index does not provide detail on how VFI may develop at a sub-national level, and
is not predictive, but does provide a view of what climate change projections mean when
interpreted from a food insecurity perspective.

The existing Hunger and Climate Vulnerability Index methodology from Krishnamurthy
et al. (2014) was updated to incorporate the use of gridded climate data, and the revised index
utilised to assess the present-day VFI. Future projections of the revised index for the 2050s and
2080s were calculated using daily precipitation data from climate model outputs under
different emissions pathways to illustrate how a changing climate could exacerbate existing
food insecurity. In addition, standardised scenarios of adaptation investment which represent
improvements to all aspects of the food system were applied to illustrate the benefits
adaptation could bring.

One key benefit of using this vulnerability index approach driven by GCM projections is
that it is a means to translate the GCM data into food security outcomes. Thereby showing the
impact of a changing climate on a measure of VFI, and not just the climate changes
themselves, which may be of less value for a food security planner. Secondly, the index
allows comparison, in terms of outcomes, of the effect of investment in mitigation and in
adaptation.

The results show that climate change increases existing VFI in all countries under all
emissions scenarios. By the end of the twenty-first century, the impacts of mitigating climate
change are apparent: little change in VFI is projected under RCP2.6, whereas the accelerated
change in climate projected under RCP8.5 results in severe levels of VFI, particularly in
countries which are already most vulnerable.

The analysis indicates that investment in adaptation results in lower VFI; however,
adaptation alone is not sufficient to off-set all the impacts of un-mitigated climate change.
The only future projection to show reductions in VFI, by the end of the twenty-first century
compared to the present-day, is the scenario with both the highest level of adaptation
investment and the highest level of climate change mitigation (RCP2.6).

These results suggest that climate drivers will exacerbate food security risks and that, in the
absence of sufficient mitigation and adaptation, we may need to consider a shift in expected
climate-related risks and vulnerability. The results therefore highlight the importance of a twin-
track approach including mitigation and adaptation to ensure future food security and are
available as an interactive web tool to provide evidence for policymakers in long-term
planning.

Here, it is important to recognise that non-climate factors—such as food price volatility,
conflict and market interconnectedness—ultimately also influence how vulnerable a popula-
tion’s food security status is. National development will likely improve countries’ food
security, independently of climate change adaptation activities. Ultimately, the index presented
here should be interpreted in a broader context as one tool to help inform climate change and
food security planning, which can be complemented by other models.
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