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The need for evidence-based climate risk and adaptation assessments: Lessons learned
from the AGRICA project
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Introduction

Climate change poses a threat to the agricultural sector, increasing the risk of crop failures, food
insecurity and poverty. Given the need for an efficient allocation of scarce adaptation finance, scientific
evidencercan help to guide the prioritization of adaptation options. This article offers reflections on
lessons learned from the AGRICA project, a collaboration between the Potsdam Institute for Climate
Impact Research (PIK) and Deutsche Gesellschaft fur Internationale Zusammenarbeit (GIZ) on behalf of
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the German Federal Ministry for Economic Cooperation and Development (BMZ). Running from 2018
to 2024, AGRICA aimed to provide scientific evidence on climate risks, related impacts and suitable
adaptation strategies for the agricultural sector in sub-Saharan Africa. Bringing together insights from
science, development cooperation and policy, we argue for the need to produce and use rigorous
scientific evidence for adaptation policy and planning, including for the formulation and implementation
of ambitious National Adaptation Plans (NAPs) and Nationally Determined Contributions (NDCs). This,is
motivated by assessments such as from the IPCC (2022), which deems current NDC éfforts in the
agricultural sector insufficient for achieving the Paris Agreement. We discuss lessons, learned with a
focus on trade-offs between in-depth and standardized assessments, data availabilitynand spatial
resolution, modelling uncertainty and methodological pluralism to bridge the science-policy gap.

Trends and perspectives in analysing climate risks in the agricultural sector

Within the field of climate risk and adaptation assessments, a bulk of work focuses on biophysical
impacts. Such studies model e.g. temperature and precipitation changes (Almazroui et al., 2020), and
related impacts on water resources (Schewe et al., 2014) and agriculture (Muller'et al., 2021). Among
the existing body of climate risk literature, only few studies also consider adaptation. Recently, climate
risk analyses have increasingly come to integrate socio-economic aspects, particularly when applying a
vulnerability framework and analysing the susceptibility of systemsier communities to climate-related
hazards and their capacity to adapt. For example, the Climate Risk Seurcebook (Zebisch et al., 2023)
provides a detailed guide for such assessments. With a fecus enseconomic sustainability, the decision
support tool Economics of Climate Adaptation (ECA) combines vulnerability assessments with economic
impact studies to determine the best adaptation strategies/(ECA,12020). Examples of more standardized
formats include the Climate Risk Country Profilessby the World Bank (2021) and the Climate-Smart
Agriculture Country Profiles by CIAT (2021). While the former profiles focus on climatic changes and
related impacts, the latter emphasize adaptation through different climate-smart practices. These series
reflect the growing interest among different. actorspincluding policymakers, international organizations
and development agencies, in using climate risk assessments to shape national climate policies and
plans.

Climate risk analyses and profiles in the AGRICA project

In many places, particularly in sub—Sa\haran Africa, there is a lack of data on climate impacts and suitable
and economically viable adaptation strategies. Against this background, the Ghanaian Ministry of Food
and Agriculture (MOFApapproached-GlZ and PIK in 2018, highlighting the need for such data in the
agricultural sector. Together,MOFA, GIZ, BMZ and PIK developed the concept for a scientific report that
considers both climate impacts and adaptation. This stakeholder-driven effort played a key role in
initiating AGRICA. As part of this project, PIK researchers developed in-depth climate risk analyses for
Burkina Faso, Cameroon;. Ethiopia, Ghana, Madagascar, Niger, Uganda and Zambia. Each analysis was
developed in response te a strong interest by local political institutions, and in close collaboration with
researchers and\stakeholders from the partner countries. Stakeholders contributed to the studies by
co-defining thematic priorities, sharing data, validating the results and jointly deriving policy
recommendations from the findings. This stakeholder engagement process not only created a space for
science-policyslearning and knowledge co-production, it also facilitated the identification of challenges
and needs faced by farmers, ensuring the relevance and applicability of the results and policy
recommendations in a given context. The overall study approach puts an emphasis on biophysical
modelling of climate impacts and adaptation strategies, while also integrating socio-economic factors,
e.g. by:eonducting cost-benefit analyses of selected adaptation strategies or by considering aspects like
the risk of maladaptation, the contribution to climate mitigation and other co-benefits, and the
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upscaling potential in a multi-criteria analysis (see Figure 1). This in-depth format is complemented by
climate risk profiles, a standardized and brief format focusing on climate projections and related impacts
in five sectors: agriculture, water, ecosystems, infrastructure and human health. Climate risk profiles
have so far been developed for 15 countries and two regions in sub-Saharan Africa,! based on bias-
adjusted climate data from the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP)? (Lange &
Blchner, 2021).
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Figure 1: Overview of the study approacfiproducts and metheds in the AGRICA project.

To support the use of the generatedsinsights, AGRICA placed a strong emphasis on communicating the
findings to different audiences, such as policymakers and farmers. In addition to peer-reviewed articles,
dissemination activities includedwpolieybriefs, presentations at international climate policy conferences,
infographics, short films, university/lectures, student scholarships and dissemination in local languages
to thousands of smallholder farmers in remote areas via the NGO Farm Radio International. Overall,
AGRICA succeeded in feeding scientific evidence on climate risks and adaptation into various NAPs, NDC
investment plans, and.climate-related national strategies, among others. For example, the results of the
climate risk analysis/for Cameroon were taken up in a regional adaptation plan, while in Ghana, the
study results informed, the Adaptation Communication to the UNFCCC (Government of Ghana, 2021).
The Ethiopian government tsed the climate risk analysis to mainstream climate change into a national
strategy on sustainable land'management. In Madagascar, AGRICA analyses were included in a funding
proposal testhe GreenClimate Fund (GCF). The climate risk profiles were also used in different ways,
including as briefing material for ministers, the UN and by a Dutch investment firm to inform climate-
proof investments.

ISee.an overview of all climate risk analyses and profiles: https://www.pik-
potsdam.de/en/institute/departments/climate-resilience/projects/project-pages/agrica
2See more information on ISIMIP: www.isimip.org
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Lessons learned from the AGRICA project

AGRICA has produced significant scientific evidence on climate impacts and adaptation strategies in the
agricultural sector in sub-Saharan Africa. In the following, we reflect on the application of thesesresults
in climate policy and implementation processes.

To address trade-offs between comprehensive, in-depth climate risk assessments and. concise,
standardized assessments, we developed two products: Climate risk analyses and climate risk profiles
(see Figure 1). Climate risk analyses were tailored to stakeholder preferences, fécusing on'the selection
of crops (e.g. staple crops like maize or cash crops like coffee) and adaptation ‘strategies (e.g.
agroforestry or improved seeds). This stakeholder engagement process efeated trust‘and ownership,
and increased the relevance of the analysis and the likelihood of stakeh\olders adopting its
recommendations. Although this process was perceived as useful by @wide spectrum of stakeholders,
it was also time and resource-intensive. Furthermore, precisely because ofiits in-depth approach, the
climate risk analyses were selective as they focused on some crops and adaptation strategies, while
excluding others. Although this selection was based on local stakeholder interest, it was at times
misinterpreted as an objective prioritization. Yet, other crops or adaptation strategies could have also
been considered, with similar or even higher levels of efficiency:

The development of climate risk profiles did not involve stakeholdéf input and hence was more time-
efficient. However, due to the standardized format, the climate risk profiles would at times include
information that was less relevant to a country. Forexample, the climate risk profile for Zambia includes
two indicators related to humid heatwaves, although this.type of heatwave is not frequent in Zambia.
This example illustrates how standardized.assessments can come at the expense of relevance for a
country or region. Nonetheless, many stakeholdersivalued the concise and standardized overview,
which allowed for an easy comparison across countries.

il

Lack and low quality of data are keyiimpediments to adaptation planning in many sub-Saharan African
countries and beyond (Theokritoff & D’haeri, 2022). Under the AGRICA project, comprehensive datasets
were collected or created, ranging from projected crop yield changes to adaptation behaviour of local
farmers. At the same time)input datadwas needed for many analytical steps, which was often difficult
to obtain. For example, the erop yield and suitability models used in AGRICA require observed yield, soil
and management data for modelcalibration. A recurring challenge was limited availability of this data,
or incomplete or dow-quality \datasets, stemming e.g. from a reluctance to share available data,
underfunded dataseollection entities or lack of digitization (Kephe et al., 2021).

The spatial resolution of inputidata for climate impact models posed another challenge, as it is often
too coarse-toyoffer farm-level advice. Therefore, some stakeholders expressed the need for higher-
resolution data togprovide more specific information, e.g. at the level of smaller administrative units or
landscapesilike river basins. Localized information can provide a more accurate understanding of climate
impacts and helpto tailor adaptation strategies to specific contexts, which is often mandated by local
policies and plans.
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An example from the climate risk analysis for Ethiopia illustrates this: Using the process-based crop
model APSIM, we analysed the potential of agroforestry to mitigate climate impacts on maize yields. As
can be seen in Figure 2, only some administrative zones in Ethiopia are projected to experience maize
yield decreases due to“ climate

1] All zones I 10% shade (all zones) change, whereas, overall,“climate
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Figure 2: Projected effects of agroforestry shading on maize yield changes
in Ethiopia.

- 4

Model-based analyses entail uncertainties, 0,0l A 07

arising from factors such as uncertainties in' g g & 40

climate  change scenarios or model £y, g'gﬁ 20

discrepancies (IPCC, 2021). We triédmsto §2.5 gg 0

minimize these uncertainties by using climate gz_o '.?Zj“‘?o

model ensembles and by carefully evaluating %1.5 £ -0

the performance of crop models, before et 2010 2030 2050 2070 %0 510 2030 2050 2070

applying them on a larger spatial scale. Year Year
Nonetheless, uncertainty in model results , o ,

. Figure 3: Projections of air temperature (A) and annual mean
remains and may have been exacerbated by the precipitation (B) for Zambia for RCP2.6 (blue) and RCP6.0
use of model results in further smodél-based (red). The shaded areas illustrate uncertainty through model
analyses, creating a. cascading effect of d\sagregment: The more models disagree, the higher the

i uncertainty and the larger the shaded area.
uncertainty (Vetter et al., 2017). Generally and
as also found in othef climaterimpact analyses, projected changes in air temperature and related
changes, such as sea level rise or heat-related mortality, are more certain than projections of
precipitation changes and related changes like flooding (IPCC, 2021) (see Figure 3).

What does this mean for recipients of climate risk analyses and profiles? Some of the stakeholders
AGRICA worked with perceived high uncertainty in modelling results as irritating and wondered how to
make degisions based on a diversity of possible and, in some instances, co-existing outcomes. Although
this is a fair question, it can be argued that it is exactly this diversity that offers insights into various
possible futures; highlighting the need for a broad portfolio of adaptation strategies. For example,
addressing future precipitation trends, which often show both excess water and drought as two co-
existing,outeomes, will require adaptation strategies like agroforestry that can buffer both phenomena
and investments into strengthening the resilience of entire agroecosystems in a transformative way. It
istherefore important to carefully and transparently communicate uncertainties to enable policymakers
to take informed decisions, while incentivizing investments in uncertain fields of action.
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Through exchanges with policymakers, development actors and farmer groups, amongst others, we
learned that requirements for scientific evidence vary across stakeholder groups. Consequently, a
combination of methods and approaches is required, in particular that of model-based approaches with
empirical assessments, which offers three advantages:

First, through an integration of methods it is possible to provide comprehensive information that
considers the complexity of agricultural and food systems, even if imperfectly. To this end, we followed
a multi-criteria approach, considering not only aspects like improvements in yields opthe profitability.of
an adaptation strategy, but also, for example, potential maladaptive outcomesy» However, to truly
account for the complexity and the context-specificity of adaptation decisions,saiclosenintegration of
model-based approaches with empirical assessments should remain a continuous scientific pursuit. For
example, randomized controlled trials can offer quantifiable data on adaptation effectiveness, which
can be combined with biophysical impact models for more nuanced results. ~

Second, different stakeholders require different types of evidence. While stakeholders like
policymakers, development agencies and private sector representatives were interested in model-
based analyses, stakeholders working closer to the ground (e.g. farmers) were sceptical of advice solely
derived from such analyses and tended to adhere to established farming practices. They wanted to see
actual proof (e.g. increased yields) of the effectiveness of the proposediadaptation strategies on their
own farms or on demonstration plots. A combination of .medel-based and empirical assessments can
satisfy the requirements of different groups and increase the overallrobustness of scientific results.

Third, a combined approach allows for the stddy,of different.time horizons. The analyses in AGRICA
cover different timeframes, including the years 2030, 2050, 2080 and 2090. While a long-term
perspective is needed to analyse climatic trends and thessuitability of adaptation strategies, it often
stands in conflict with short-term policyngeals and short-term economic prospects of farmers.
Projections for the year 2090 may feel toolirrelevant or uncertain to be trusted, although they are
needed in particular to detect potential maladaptive outcomes in the long term. Empirical assessments
of current conditions can also helptoscontextualise model-based results and ground them in present-
day realities.

The case for evidence-based adaptaﬁgn planning

Climate risk and adaptation assessments can guide the allocation and prioritization of scarce adaptation
finance, while helping to.bridge the gap'between scientific evidence and adaptation policy, planning and
implementation. In the AGRICA project, we developed a unique approach for such assessments, with
the following lessonsdearned: i) Trade-offs between different levels of depth and breadth need to be
carefully considered, depending on the target audience, and communicated effectively to ensure that
thematic priorities. remain/comprehensible and that methodological shortcomings are easily
understood; ii)Lack and low:quality of data require advancements in data collection and storage efforts,
data sharing "arrangements “and complexity research; iii) Modelling uncertainty needs to be
communicated transparently and towards different audiences to ensure trust and usability of modelling
results; iv) A combination of model-based and empirical assessments can effectively inform different
stakeholderssand.decisions across various spatial and temporal scales.

We hope that these lessons learned can guide future efforts in the field of climate risk and adaptation
assessments, informing policy processes and interventions on the ground, and raising ambitions for a
transformation of agricultural and food systems towards greater climate resilience.
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