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Abstract A gap between the potential and practical realisation of adaptation exists: adaptation
strategies need to be both climate-informed and locally relevant to be viable. Place-based
approaches study local and contemporary dynamics of the agricultural system, whereas climate
impact modelling simulates climate-crop interactions across temporal and spatial scales. Crop-
climate modelling and place-based research on adaptation were strategically reviewed and
analysed to identify areas of commonality, differences, and potential learning opportunities to
enhance the relevance of both disciplines through interdisciplinary approaches. Crop-
modelling studies have projected a 7–15% mean yield change with adaptation compared to
a non-adaptation baseline (Nature Climate Change 4:1–5, 2014). Of the 17 types of adaptation
strategy identified in this study as place-based adaptations occurring within Central America,
only five were represented in crop-climate modelling literature, and these were as follows:
fertiliser, irrigation, change in planting date, change in cultivar and area cultivated. The
breath and agency of real-life adaptation compared to its representation in modelling studies is
a source of error in climate impact simulations. Conversely, adaptation research that omits
assessment of future climate variability and impact does not enable to provide sustainable
adaptation strategies to local communities so risk maladaptation. Integrated and participatory
methods can identify and reduce these sources of uncertainty, for example, stakeholder’s
engagement can identify locally relevant adaptation pathways. We propose a research agenda
that uses methodological approaches from both the modelling and place-based approaches to
work towards climate-informed locally relevant adaptation.
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1 Introduction

Effective adaptation of agricultural systems to climate change requires cross-scale and cross-
disciplinary understanding. In order for agricultural technologies or livelihood changes to be
accepted and maintained, they should be appropriate to local socio-cultural and agro-
ecological conditions. In order to be resilient to future climates, agricultural and rural devel-
opment must be informed and designed around an understanding of longer term climatic
change, which often requires wider scale, longer term and proactive planning. Thus, adaptation
strategies need to be climate-informed and locally relevant. Major complexities exist in both
the study of agricultural livelihoods and the study of future climate change and its potential
impact. Each research community has a unique set of challenges, assumptions and an
associated epistemology. These differences are potential barriers to cross-disciplinary research
and knowledge exchange, so it is important to ask where are the shared goals and common-
alities that can be exploited to further the field of adaptation science.

There is a recognised need to develop an adaptation science that is not limited by discipline
(Klein et al. 2014; Smit and Wandel 2006; Bhaskar et al. 2010) and is able to produce ‘salient,
credible and legitimate’ knowledge that is relevant and responsive to the multiple temporal and
spatial scales and the social, economic, political and environmental processes of agricultural
systems (Keating and McCown 2001; Patt and Gwata 2002; Meinke et al. 2009). This is
evident for example in the Future Earth strategic research agenda (Future Earth 2014), and in a
growing variety of ‘climate service’ initiatives that seek to combine knowledge and disciplin-
ary insights in contributing towards climate-informed locally relevant adaptation planning
(WMO 2014). However, there are many barriers and challenges associated with cross-
disciplinary research across individual, community and institutional levels (National
Academy of Sciences 2005; Naess 2013; Shaman et al. 2013). For example, the socio-
economic complexities of agricultural and non-agricultural pathways of decision-making and
change can be difficult to represent within the limitations of physical simulation models. At the
same time, the complexity of the physical science that underpins modelling approaches can be
difficult to communicate to those without specific technical expertise (Whitfield 2013). These
challenges can be compounded by the epistemological and cultural differences between
physical science disciplines and the societal research and action.

In this paper, we specifically focus on the challenge of integrating place-based and crop-
climate modelling research. Place-based research focuses on the local and contemporary
dynamics of the agricultural system and in doing so can represent local and experiential
knowledge. Complimentarily, climate-crop modelling has the capacity to project scenarios of
future climatic variability and extend understandings of farming systems across spatial and
temporal scales. For modellers, the process of working with stakeholders and place-based
researchers can enable to identify a set of wider contributing factors that engage with and affect
agricultural livelihood decisions and food security, such as food storage capacity, political
security, policy incentives, capital, cultural identity, access to inputs and markets and sustain-
ability goals. This breadth of system boundary and system thinking makes apparent the
challenge of a robust predictive tool for the assessment of future food security (Whitfield
et al. 2015a, b).

Through a systematic literature review, we identify the contribution that these distinct
communities make to agricultural adaptation research. Through this analysis, we identify
key areas where the two communities can learn from and inform each other, focussing on
practical objectives for better integration of research, such as, how can crop models simulate
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more realistic adaptation? We first identify the epistemologies of adaptation research
(Section 2.1), before going on to describe the two main approaches that we identify (-
Section 2.2, modelling; and Section 2.3, place-based). Using the methods outlined in
Section 3, we then employ this typology to analyse adaptation research in Central America
and to identify the commonalities and differences between the two fields (Sections 4 and 5).
The paper concludes with a suggested research agenda for tackling some of these asymmetries
and building an interdisciplinary evidence base to inform agricultural climate change adapta-
tion (Sections 5 and 6).

2 Background

2.1 Epistemologies

BTo understand the world it has seemed necessary to analyse it by breaking it into many
pieces. But to act in the world, to try to address the issues for which highly specialized
knowledge was presumably sought, we need somehow to reassemble all the pieces^.
Easton et al. 1991—BDivided Knowledge: Across Disciplines, Across Cultures^

As academic disciplines have evolved, they have inevitably developed their own theoretical
bases, norms of investigation and accepted epistemologies. The characteristic positivism of the
physical sciences underpins the systematic hypothesis testing and controlled experimentation
that have become synonymous with these disciplines. This contrasts markedly with a con-
structivist epistemology that suggests that our knowledge of the world is not objective but
subject to human constructs, which has become the basis of branches of sociological study and
participatory forms of knowledge co-production (Berger and Luckmann 1966; Giddens 1976).
Fundamental differences in philosophies of knowledge are manifest in diverse disciplinary
cultures, approaches, methods and languages (Biglan 1973).

Developments in general systems theory (Von Bertalanffy 1968) are associated with
attempts to reintegrate or work across disciplines as a means to understanding the complexities
of the real world. It has broad applications in farming systems (Collinson 2000; Darnhofer
et al. 2012), socio-ecological systems (Folke 2006; Young et al. 2006; Lambin and Meyfroidt
2010) and climate systems (Franzke et al. 2015). Real-world systems are inextricably physical,
natural, social, economic, cultural and political in nature, resulting in system behaviours that
individual disciplines lack the tools to understand and predict. The physical processes of
climatic change, for example, are not independent of the underlying social, economic, political
causes of anthropogenic emissions, which are themselves not independent of the agricultural
and land management choices or market properties that shape vulnerabilities to different
climate regimes. One of the important contributions of general systems research has been
recognition of valuing local and contextual knowledge. Farming systems research, in partic-
ular, has been synonymous with innovations in participation and the ‘farmer first’ movement
in research in developing country contexts (Chambers 1990; Scoones et al. 2009). Tools of
participatory rural appraisal and participatory crop breeding engage stakeholders within the
research process, recognise the relevance and value of local knowledge and thus have sought
to make it central to intervention planning within farming systems. But the integration of these
place-based knowledge with those of physical and modelling science has continued to
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represent a challenge which is arguably an epistemological one (a challenge of different
understandings of knowledge) as much as it is a methodological and practical one.

2.2 Modelling approaches

The modelling community that is addressing agricultural adaptation generally subscribes to top-
down approaches described in Intergovernmental Panel on Climate Change (IPCC) Assessments
(Mimura et al. 2014), as depicted in Fig. 1a, using simulations to project a future impact as a starting
point. The term ‘Crop modelling’ refers here to studies that use process-based crop models to
simulate the impact ofweather, climate andmanagement decisions on yield. Crop-climatemodelling
is further distinct in its use of general circulation models (GCMs) with crop models to project the
impact of future climate change scenarios on yield or production. This approach has been applied
from field to global scales (e.g. Jones et al. 2003; Challinor et al. 2004, 2014). Research to date has
highlighted where significant changes in productivity are expected in response to climate change
across the world, as well as modelling changes in crop suitability (Lane and Jarvis 2007;
Rosenzweig et al. 2014; Rippke et al. 2016). Vermeulen et al. (2013) illustrate how crop-climate
modelling and analyses can pre-emptively inform the magnitude of adaptation required across a
range of time scales. Process-based crop models have also been applied to direct future research and
crop breeding (Heslot et al. 2014; Falloon et al. 2015; Challinor et al. 2016). The benefits of different
adaptation strategies have often been compared by their relative impact on yield (e.g. Meza et al.
2008; Lobell et al. 2008; Challinor et al. 2009).

Challenges facing crop modellers attempting to inform adaptation are detailed in Challinor et al.
(2018), to summarise: there is currently a limited model representation of the true dynamic adaptive
management used by farmers (Quinn et al. 2011); there is an inherent difficulty in the attribution of a
yield change to an adaptation compared to a non-adapted control (Lobell 2014); and there is the
responsibility for research to contribute to knowledge and address societal challenges (Lubchenco
1998). The agricultural model intercomparison project (AgMIP) has explicitly recognised the need

Fig. 1 Diagram of workflow typically used in top-down (a) and bottom-up (b) approaches to studying
adaptation, developed from IPCC SREX Report (IPCC 2012) and Mimura et al. (2014), and a proposed iterative
and interdisciplinary workflow (c)
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for modelling communities to engage with stakeholders throughout the modelling process
(Rosenzweig et al. 2015). However, the black-box nature of process-based crop models can be a
barrier to their use in adaptation research as processes of parameterisation, bias correction, model
stacking, and ensembles can propagate uncertainty, such that setting up of simulations and interpre-
tation of output to determine risk requires a high degree of skill- and discipline-specific knowledge
(Whitfield 2013).

2.3 Place-based approaches

BPlace-based^ is a term used here to describe methodological approaches that encounter context
specific knowledge, as in place-based modelling for natural-disaster response, place-based policy
and place-based teaching in education (Cutter et al. 2008; Barca et al. 2012). In the context of this
research, we use the term place-based to refer to approaches that use context-specific or site-specific
information and knowledge to inform adaptation research, akin to the term bottom-up in IPCC
literature (Mimura et al. 2014), as depicted in Fig. 1b. Such approaches frame adaptation within a
local context, considering factors that are specific to the geographical boundary in which the study
occurs, for example livelihoods, culture, agro-ecology and constraints and opportunities experienced
by stakeholders (e.g. Smit and Piliosova 2003; Claessens et al. 2012; Mimura et al. 2014). Place-
based approachesmay represent the influence of social structures, such as external actors, power and
governance on the adaptation process (e.g. Arora 2012). Multiple framings and theoretical ap-
proaches can be encompassed within place-based research by this definition, including the applica-
tion of adaptive capacity and vulnerability assessments (Olsson et al. 2014), studies of historical
adaptation (Campos et al. 2013) and studies of agricultural decision-making and risk (Orlove et al.
2010).

The term Blocal knowledge^ is used here to describe the knowledge held by a given society
in a specific location. It is used to represent multiple sources of knowledge such as local
ecological knowledge, indigenous knowledge or scientific knowledge, with recognition that
these sources are not always distinct (Agrawal 1995). From an underlying constructivist
epistemology, the drawing on and integration of local knowledge, as a way of interpreting
context-specific realities, is a common trait of place-based research (Dessai et al. 2004). The
World Bank handbook ‘Participatory scenario development approaches for identifying pro-
poor adaptation options’ (The World Bank 2010) serves as an example of an applied
methodology that engages stakeholder to inform adaptation decisions.

A limitation of place-based adaptation research is the capacity to work across scale:
generalising results outside of the study group, study area and across timescales. The dynamic
process of adaptive agricultural decision-making is an outcome of experience, histories (Dixon
et al. 2014) and future perceived risk. In-depth but timeframe-specific studies therefore lack the
temporal scale needed to understand cycles of adaptation, which can often be generational
(Feola et al. 2015). An understanding of how risks may be reinforced or dampened by future
climate change is also missing from place-based adaptation research that does not engage with
climate and impact knowledge.

3 Methods

A meta-analysis of simulations of climate change impact on yield (with and without adapta-
tion) was used to evaluate crop impact modelling literature. A database of over 1700
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simulations, from 91 studies, as described in Challinor et al. (2014) and IPCC (2014) was used
as an initial source of studies. Known relevant studies published since 2014 were added. Place-
based literature on adaptation was evaluated through a separate strategic literature review of
adaptation research that focussed within the case study region of Central America. A full
description of the criteria for inclusion, and information recorded from included studies, is
detailed in Table 1 of Supplementary Material.

4 Results

4.1 Adaptation strategies

The findings of the review indicate the limited proportion of on-farm strategies that climate-
crop impact models currently represent in their application to the study of adaptation. Of the
two different approaches, the range and focus of adaptations assessed in crop-modelling
literature are only a sub-section of the range represented in place-based studies; fertiliser,
irrigation change in cultivar, change in planting date and change in area cultivated were
represented in modelling studies. These and 12 others were represented in place-based studies
in Central America with a greater range of adaptation types (Fig. 2 and Table 2 of Supple-
mentary Material).

4.2 Assessing adaptation outcomes in a place-based context

Out of the nine fully reviewed place-based studies, six reported practices for agricultural
adaptation without attributing a change in production to the specific adaptation. Rather,
qualitative evidence for the benefit of a practice was the cumulative result of questionnaires
and focus groups with farmers based on their own perceived experiences of climate impacts on
their crops, livelihoods and adaptation (Campos et al. 2013; Baca et al. 2014; Bacon et al.
2014; Eakin et al. 2014; Milan and Ruano 2014; Rahn et al. 2014). Porch et al. (2007) did
calculate changes in production to assess the relative effect of climate variability as a driver of
migration. They use their analysis to stress that vulnerability will be exacerbated by climate
change, but without use of future climate scenarios or projections. Only four studies used
climate projections to construct a quantitative scenario of future climate impact as a baseline
for adaptation: Baca et al. (2014) and Rahn et al. (2014) both used downscaled GCM
projections from SRES A2a, to drive a climate suitability model (MAXENT) to produce an
indicator of exposure to climate change. This indicator of climate change exposure was then
used as a point of discussion with stakeholders with the aim to identify locally relevant
adaptation strategies based on this information. Ruane et al. (2013) and Schmidt et al.
(2012) used future projections to drive process-based crop models; DSSAT, Ecocrop and
CERES-Maize models were utilised to give a quantitative projection of future yield change.
Ruane et al. (2013) illustrates the importance of household variables as input parameters to
improve impact projections for yield on a regional scale. The study by Schmidt et al. (2012)
uses crop impact models with climate projections (for maize-bean systems) and household
information to calculate a household-specific indicator of exposure to climate change and
adaptive capacity. This has enabled them to produce information that is informed by large-
scale modelled future climate scenarios (A2, business as usual) with quantified uncertainty
(generated by use of GCM ensembles, input in to DSSAT), but that is also locally relevant to
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the specific area using local case studies. Studies by Baca et al. (2014) and Rahn et al. (2014)
and Ruane et al. (2013) all discussed adaptation options post-impact assessment; there were no
examples of studies that used an iterative process between researchers (impacts modeller,
social scientist) and farmers to model the impact of local relevant adaptation strategies on
households.

5 Discussion

Arnell’s (2010) review of adaptation studies illustrated a gap between the potential and
practical realisation of adaptation reported in literature. He suggests that local context might
be a factor missing from existing adaptation studies that has the potential to bridge this
observed gap. Our study has used a strategic review to assess whether place-based research
that typically engages with local knowledge and local conditionality is being integrated with

Fig. 2 Adaptation strategies represented in place-based literature, with a cross to denote those also represented in
crop-modelling literature. Types of adaptation include change to inputs (orange), water management (blue), crop
management (green), crop type (yellow), crop insurance (red) or livelihood (purple)
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conventional physical modelling approaches to studying adaptation. In doing so, we identified
explicitly the differences in approach, scope and aims of the two communities.

One of the key differences between approaches used by the modelling and place-based
communities is the breadth of the systems studied (the system boundary, in modelling
parlance). The crop-modelling studies reviewed simulated the crop, the climate, soil and
sometimes to a limited extent, management practices. Their scale was field, regional or global,
and they tended to focus on the accuracy and precision of yield prediction, uncertainty in
future climate change and mitigation potential. Staple crops, namely wheat, rice or maize, were
the represented crops in the majority of studies. The objective of adaptation was framed in
model studies as to maintain or optimise yield under future climate conditions. The aim of
crop-climate modelling studies was rarely to inform farm-level adaptation decisions, which
may in part explain the limited capacity of crop-climate models to represent the range of
adaptation occurring at that scale. However, these results suggest that given the flexibility and
range of adaptation used by farmers, the comparatively limited range used in crop climate
modelling may systematically bias projections of climate impact at regional to global scales if
the error introduced at a plot scale is propagated through the up-scaling process (Hansen and
Jones 2000). The regional scale of the place-based literature review (Central America) means
that while identifying key limitations in modelling approaches, this study will only have
highlighted a portion of the plethora of adaptation strategies used globally. Although crop-
modelling effort to date has focussed on improving simulations of these five adaptation
strategies, there is potentially greater understanding to be generated by starting to address
the breadth of adaptation used in real-life farm management.

In comparison, place-based studies tended to have a broader scope, in systems terms, than
modelling studies. The researchers or participants often defined the scope during the process
of discussing and identifying relevant adaptations. This area of literature included a much
wider range of adaptations, including crop insurance an economic adaptation, and more
transformational type changes, such as diversification of livelihoods to change crops, intro-
duce livestock or supplement income with off-farm sources. Other crop management-based
adaptations included planting an over-story (agro-forestry), fruit tree planting (as individual
crop or agro-forestry system), intercropping, windbreaks, reduced tillage (conservation agri-
culture) and crop-residue, manure or mulch (conservation agriculture), all of which affect
production through interactions with soil-nutrient balance, soil-water balance, soil-water
structure or wind, pest and disease damage. Finally, direct water management was another
type of adaptation that aimed to reduce the impact of water stress on production by stabilising
water access through water harvesting or changes in irrigation. The potential impact of an
adaptation was more often informed by qualitative information, rather than discreetly
calculated as a yield change. Adaptation recommendations made were therefore the most
relevant at a local scale and at the time of the study. Regarding the use of climate information,
Ruane et al. (2013) provide an example of how a place-based study can incorporate GCMs to
make risk-based projections of possible future climates to inform adaptation decisions.
However, we found that in some other studies, the magnitude or nature of future climate
change was discussed only as a justification, rather than given as a calculated risk based on
current climate science. The focus of place-based studies was often the household or
community, a measure of production, income, wellbeing, climate exposure or resilience. This
reflects the broader set of objectives and drivers of household scale adaptation, which
although are often related to agricultural production and food security are not centrally framed
around maintaining maximum yield.
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Given the corresponding strengths and limitations of each approach discussed so far,
summarised in Table 1, an obvious potential development for adaptation research is to
integrate the capacities of each approach to enable local knowledge and context to inform
modelling research approaches and vice versa. A mechanism for doing this is by integrating
the previously identified top-down and bottom-up approaches from Fig. 1a, b, into the process
represented in Fig. 1c. In this new framework, place-based and crop-climate modelling
methodologies are both equally viable starting points to identify relevant adaptation strategies.
Through a clockwise or counter-clockwise workflow, the local viability and impact of a
strategy, given a future climate scenario, can then be assessed in iterative cycles in a
participatory way. It is in this iterative link between disciplines where asymmetries may
become most apparent as a barrier to progress, especially with respect to the differences in
scale of systems being studied and data availability. But equally, this suggests it is the interface
where productive steps forward in understanding and integration can be made. The following
section sign-posts four pathways to enable better knowledge and information exchange
between communities to work towards this iterative adaptation research process, and these
are as follows: (i) descriptions of practices, (ii) developing adaptation within crop-climate
modelling, (iii) modelling with stakeholder engagement and (iv) understanding the objectives
of adaptation.

5.1 Descriptions of practices

A shared understanding and definition of an adaptation strategy is a pre-requisite of knowledge
and information transfer between communities. In some cases, general terms and titles are used
in place-based literature, such as conservation agriculture or agro-forestry. While these terms
have general agreed definitions within social literature, they are open to interpretation (to
enable locally appropriate adaptation). This makes forming an evidence base, datasets and
model parameterisation from which to assess their potential impact across temporal or spatial
scales difficult. Explicit descriptions of an adaptation, where discussed, would aid translation
between place-based and modelling research. For example, Rahn et al. (2014) describe their
use of the term ‘soil conservation’ was specifically in reference to planting within contour lines
and using organic fertiliser and pesticide inputs. This could be more easily translated into a
model impact assessment through adjusting soil-water retention, pest-and-disease or nutrition

Table 1 A summary of the strengths (+) or limited capacity (−) of crop-climate modelling and place-based
approaches to studying adaptation

Crop-climate modelling Place-based

+ Calculating risk and uncertainty of climate impacts + Identifying local constraints and opportunities for
adaptation

+ Quantifying the impact of an adaptation on yield
or production

+ Integrating local values and knowledges

+ Representing a range of possible future outcome
through socio-economic scenarios

+ Representing the multiple aspects of food security
and trade-offs between them

+ Providing food availability trends for
regional-global scales

+ Assessing the equability of an impact within
communities and identifying vulnerable groups

+ Spatial and temporal scaling + Engaging with stakeholders
− Representing the breadth and agency of farm scale

adaptation decisions
− Assessing the impact of adaptation under future

climate variability
− Identifying and addressing locally critical factors − Scaling up from local
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stress parameters, depending on the level of process detailed in the crop model, and where
suitable data exists. Other reviewed studies used the same term ‘soil conservation’ more
ambiguously, without a description of which specific practices were being referred to, which
removes the possibility of assessing the potential benefits of the adaptation under future
climate projections.

5.2 Developing adaptation within crop-climate modelling

A logical step forward for the crop-modelling community is the improvement of adaptation
within modelling studies (Challinor et al. 2018). We further highlight the need to include new
types of adaptation into the scope of modelling studies, as well as the existing focus on
improving simulation of the five identified strategies. We have illustrated how strategically
reviewing local place-based literature can identify the most relevant adaptations (geographical,
culturally or socio-economically) to consider. Engagement of stakeholders such as farmers
and agronomists using place-based methods is an alternative methodological approach to
refine almost infinite combinations of potential adaptation strategies into manageable scenar-
ios that are relevant to the study area and scale. Simulating complex, and locally
parameterised, land management, such as conservation agriculture or crop-livestock interac-
tions (particularly so that temporal change in these systems might be analysed) represents an
area for potential development. Windbreak impacts, for example, might be integrated into
crop models through a modification of evapotranspiration values. Where an identified adap-
tation cannot be integrated into crop-climate modelling effort directly, e.g. a livelihood shift
away from agriculture, this process still enables a researcher to highlight an assumption of the
study. Sensitivity analysis of the impact of local and relevant adaptations (e.g. to evaluate
long-term requirements for water harvesting to address crop water deficits) on production may
be a good starting point for the crop-climate modelling community to gain perspective on the
magnitude of change associated with more realistic adaptation. Crop models developed for
small-scale farm decision support have already developed parameter sets for some of these
more refined management-based processes such as tillage, mulching or intercropping, and
their impact on soil-water processes and production (Jones et al. 2017). The main factor
stopping these processes of management and adaptation from being scaled up with crop
climate modelling studies is the perceived lack of, or lack of access to, data on management
strategies at relevant scales for climate impact studies (Rivington and Koo 2010), which
further supports the need for detailed descriptions of practices to enable systematic collection
of management and adaptation data.

5.3 Modelling with stakeholder engagement

As well as being predictive, modelling approaches can be utilised as a tool to build a shared
understanding of a concept, and for knowledge exchange as acquired though the process of
model building and assessment. In this way, participatory modelling can be used to aid
communication and integrate stakeholder and scientists held knowledge (Jakku and
Thorburn 2010). This type of participatory approach has also been shown to increase the
uptake and use of resulting climate information, due to the trust gained through the interaction
between stakeholder and researcher (Ziervogel and Opere 2010). Thus, to develop place-based
adaptation strategies that are informed by climate projections and impact models requires
communicable and transparent modelling efforts (Whitfield 2014). This may contradict a
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current trajectory of crop-climate modelling research towards investment in ever-greater model
complexity and increasing computer power (Whitfield 2013).

5.4 Understanding the objectives of adaptation

Modelling approaches commonly represent management with either no adaptation or
optimised decision-making (adaptation for optimal yield) (Easterling et al. 2003). However,
place-based research has provided evidence that challenges the appropriateness of this binary
view, where specific management strategies are being favoured due to drivers other than yield
optimisation. For example, in rural developing conditions, strategies such as keeping fruit trees
and crop diversification contribute significantly to maintaining household nutrition, sometimes
at a cost to optimising yield or income (Fanzo et al. 2013; Pellegrini and Tasciotti 2014).
Similarly, agro-forestry can contribute to both food and sustainability goals through simulta-
neous production and carbon sequestration. Household agricultural decisions are also often
made to reduce or spread risk rather than optimise production, especially in food insecure
households where income diversification is common (Dercon and Krishnan 1996). Risk is
increased in low-income agricultural households when strategies such as borrowing money, or
selling assets and livestock, are used to generate the income needed to purchase inputs
seasonally, which results in a debt or loss of capital that is expected to be repaid on harvest.
But other adaptation strategies such as buying crop insurance, participating in payment for
work programs or sourcing off-farm income can enable farmers to innovate taking a bigger
risk, for example, trying a new variety, investment in cash crops or implementing a new soil
management practice (Eakin 2005). These contextual objectives of agricultural change and
decision-making are overlooked by traditional yield-centric modelling approaches, but could
start to be addressed though an iterative research cycle with input from stakeholders (Fig. 1c).
If crop-climate modelling studies are able assess and communicate the risks associated with
different adaptation strategies in a local context but across future projections, the chance of
unexpected negative outcomes from adaptive intervention can be reduced (Whitfield et al.
2015a, b).

6 Conclusions

The challenge of producing locally relevant and climate-informed adaptation strategies for
agriculture is complex. Adaptive decisions transcend spatial and temporal scales and interact
with social, economic and environmental systems. Cross-disciplinary approaches can build our
capacity to identify and understand critical factors that drive and limit agricultural adaptation at
the local scale. They can also be used to assess the potential impact of an identified adaptive
strategy across spatial and temporal scales, including under future climate change scenarios,
which is of particular relevance to policy decisions. There are practical steps needed for
successful iterative working between crop-climate modelling and place-based communities.
Crop-climate modelling research needs to better address adaptation in climate change studies.
A meta-analysis of modelling studies projected a 7–15% mean yield change with adaptation
compared to a non-adaptation baseline (Challinor et al. 2014). These studies collectively
represent adaptation through five strategies (irrigation, planting date, cultivar, fertilisation,
planted area); however, this approach does not represent the diversity and breadth of adapta-
tion strategies used by farmers. To better represent adaptation, crop-climate modelling
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approaches may need a paradigm expansion to be implemented within more system and place-
based approaches that can represent local context, knowledge and aspects of food security
other than availability (e.g. nutrition, access, utilisation and stability). A collective action
towards building consistent and accessible datasets on management and adaptation is also a
pre-requisite to incorporating more adaptation processes into crop-climate modelling studies.
Building trust between researcher and stakeholder will be essential for successful iterative
research and assessment of locally relevant adaptation. Participatory and iterative modelling, as
commonly used in place-based approaches, is a potential tool to do this, by aiding commu-
nication, developing a shared understanding and set of definitions between researchers from
different backgrounds and stakeholders and improving impact and uptake of adaptation
science.
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