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Approaches to participation and knowledge equity in agricultural 
climate impacts modelling: a systematic literature review
R. Sarku, S. Whitfield, S. Jennings and A. J. Challinor

School of Earth and Environment, University of Leeds, Leeds, UK

ABSTRACT  
The importance of participation and co-development in the study of climate change 
impacts and adaptations, and in the production of climate services is widely 
acknowledged. There is a lot to be learnt from current attempts to achieve 
participatory modelling in climate impacts science. In this systematic review of 
climate impacts in agriculture research, we map out how participation is typically 
achieved, with whom and at what stages of the modelling process. We also look at 
the extent to which challenges and issues around inclusion and marginalisation are 
encountered and critically reflected on within this literature. We reflect on 
conventional and best practices and reveal areas in which there is currently 
insufficient attention given in order to encourage a more critical reflection on the 
design and implementation of participatory modelling. We argue that there is a 
current pre-occupation within participatory climate impacts modelling literature on 
instrumental reasons for including stakeholders and on technical barriers to this 
inclusion. Limited attention is currently paid to the potential transformative and 
emancipatory nature of participation in climate impacts modelling and there is a 
need for more critical reflection on the knowledge politics and power dynamics 
that act to limit equitable participation in such research.
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1. Introduction

The importance of participation and co-development 
in the study of climate change impacts and adap
tations, and in the production of climate services – 
that translate climate research into customized 
decision-making products – is widely acknowledged. 
The research and innovation roadmap set out by the 
European Commission’s ad hoc Expert group on 
Climate Services’, for example, highlights the need 
to prioritise co-design and co-delivery of climate ser
vices with users in order to: improve on the interpret
ation of climate information, better tailor this to 
decision-making, and build capacities of those that 
contribute (Street, 2016). Reed (2008) argues that par
ticipation and co-design can bring both pragmatic and 
normative benefits. Pragmatic claims focus on the 
quality and durability of decisions made through 

participatory process, pointing to the value of local 
and contextual knowledges in addressing knowledge 
gaps, the increased likelihood that local needs and pri
orities are met by research, and the potential for this to 
lead to more fully informed evidence-based decisions. 
Normative claims focus on benefits for democratic 
society, citizenship and equity and suggest, for 
example, that participation can contribute to increased 
public trust in science and empower stakeholders.

In the context of medium and long-term climatic 
change, in which impacts are associated with signifi
cant uncertainty, the participatory involvement of a 
variety of stakeholders can be vital for setting plaus
ible parameters for alternative futures and interpret
ing the risks associated with them (Challinor et al., 
2018). In recognition of this, we have seen over the 
past decade a proliferation of innovations in 
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participatory climate impacts modelling, which are 
collectively advancing the methods and approaches 
in this field. The Consultative Group on International 
Agricultural Research (CGIAR) has been one of the 
drivers of participatory research in agriculture 
(through pioneering methods in participatory breed
ing, for example). CGIAR is spearheading innovation 
in participatory modelling of climate impacts in agri
culture and food systems through initiatives such as 
the ClimBeR programme, which is implementing a 
participatory integrated modelling approach to 
explore pathways of food system change (Jennings 
et al., 2022).

In this paper, we systematically review studies that 
have applied a participatory approach to modelling 
climate impacts in agriculture in order to address our 
overarching research question: what are the approaches 
for and barriers to improving participation in climate 
impacts modelling? In doing so, we seek to identify: 
(1) the methods and approaches that are currently 
employed for engaging stakeholders in climate 
impacts modelling research; (2) what challenges and 
issues around inclusion and marginalisation are encoun
tered and critically reflected on within this literature; and 
(3) gaps in current practice for supporting inclusivity and 
the transformative potential of participation in climate 
impacts modelling.

There is a long history of critical literature on parti
cipatory research and governance (Brock & Mcgee, 
2002; Cooke & Kothari, 2001), which highlights the 
potential for participation to be a purely instrumental 
exercise and one that inadvertently privileges certain 
knowledges over others, or in which the process and 
benefits are captured by powerful elites. Some of this 
critique has been centred on CGIAR research itself in 
recognition of the western donor-driven nature of 
agricultural research for development agendas and 
the instrumental way in which participation is used 
to legitimise these agendas (Sumberg & Thompson, 
2012). The potential for power dynamics to 
influence whose voices and knowledge are heard, 
and whose are not, is an important consideration in 
participatory modelling exercises. Because of the 
complex, resource-intensive and technical nature of 
climate impacts science, modelling can be character
ized a ‘black-box’ exercise in which the assumptions 
and uncertainties that underpin models become 
difficult to trace even for those that are directly contri
buting to this techno-scientific field (Whitfield, 2013). 
Coupled Model Intercomparison Project (CMIP) and 
efforts to synthesise across climate impacts literature 

(such as through the IPCC) have helped with creating 
conventions for highlighting and transparently com
municating model uncertainty, but this remains 
difficult to navigate for those less directly involved 
in conventional climate science. Given this complex
ity, there is a danger that the scope to challenge or 
fundamentally shape the knowledge-generating 
process within this black box is limited, and partici
pation becomes relegated to the margins of the 
process (i.e. it is about validating or passively receiv
ing information). As Latulippe and Klenk (2020) and 
Vukomanovic et al. (2019) point out, in some 
examples of participatory climate modelling, stake
holders merely provide data to feed into and 
support technical modelling efforts.

As is often the case in participatory climate 
research, this dynamic in which local and lay knowl
edges are secondary to scientific-technical modelling 
outputs, might be particularly exacerbated and pro
blematic in cases in which this technical modelling 
knowledge is rooted in institutions in the Global 
North, and the ‘participants’ in the modelling 
process are in the Global South. We therefore need 
to be cognisant of multiple and reinforcing levels of 
power dynamics (characterized by expert/lay; techni
cal/tacit knowledge, and Global North/South binaries) 
within participatory modelling research.

There is a lot to be learnt from current attempts to 
achieve participatory modelling in climate impacts 
science. In this systematic review, we focus specifically 
on climate impacts in the context of agriculture and 
food systems, both from within and beyond the 
CGIAR. We map out, within existing efforts, how partici
pation is achieved, with whom and at what stages of 
the modelling process. We also look at the extent to 
which challenges and issues around inclusion and mar
ginalisation are encountered and critically reflected on 
within this literature. We do so with the intention of not 
only sharing best practice and learning from that, but 
also revealing areas in which there is currently insuffi
cient attention given and encouraging a more critical 
reflection within the design and implementation of 
participatory modelling.

This systematic review is guided by a framework 
that brings together critical work on power and typol
ogies of participation (White, 1996) and a participa
tory modelling process framework (outlined by 
Voinov et al., 2016). This combined framework is illus
trated in Table 1, which briefly describes what 
different forms of participation (based on White 
(1996)) might look at different stages of participatory 
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modelling (based on Voinov et al., 2016) and this 
framework is further elaborated on below.

A number of typologies, underpinned by norma
tive judgements about what ‘good’ or ‘bad’ partici
pation looks like, are widely used and referenced 
in conceptual and methodological literature (e.g. 
Arnstein, 1969; Pretty, 1995; White, 1996). These 
share similar sentiments in distinguishing the 

extent to which influence and agenda setting lies 
with the participants themselves as opposed to pro
cesses in which participation may simply be a form 
of placating or informing stakeholders. However, the 
envisioned utopia for participation in these typolo
gies differs. For example, we might compare Arn
stein’s vision for participation as one of citizen 
control and power, with Pretty’s more individualistic 

Table 1. Analytical framework for participatory modelling based on White (1996) and Voinov et al. (2016).

Forms of participation (based on White, 1996)

Nominal Instrumental Representative Transformative

Stages of 
participatory 
modelling 
(based on 
Voinov et al., 
2016)

1. Conception of 
research

e.g. Participants (possibly 
unrepresentative 
sample) informed 
about the research 
objectives.

e.g. Data about/from 
participants used to 
justify the research 
objectives.

e.g. Research 
objectives developed 
in workshop led by 
researchers but with 
participant 
representation.

e.g. Research 
objectives 
(associated with 
reducing inequality) 
proposed by 
participants.

2. Construction, 
calibration, and 
verification of 
models

e.g. Pre-existing 
household survey data 
used to calibrate or 
verify models.

e.g. Participants asked 
for specific data to 
calibrate models.

e.g. Choice and 
verification of 
models is iterative 
and takes place 
through working 
groups.

e.g. Models are 
conceptualized by 
participants and 
modelling tools built 
around these 
conceptual models.

3. Parameterisation 
of scenarios or 
pathways

e.g. Pre-determined 
scenarios are presented 
to stakeholders 
(possibly 
unrepresentative 
sample).

e.g. Participants are 
consulted on their 
opinions about the 
plausible parameters 
of a scenario (e.g. 
likely extent of land 
use change by 2050).

e.g. Scenarios are 
established through 
a participatory 
workshop that 
entails brainstorming 
and prioritising 
critical uncertainties 
in future systems.

e.g. Desirable futures 
are articulated by 
participants and 
modelling 
approaches 
structured around 
pathways to these 
futures.

4. Determining 
appropriate 
complexity/ 
uncertainty in 
models

e.g. Participants (possibly 
unrepresentative 
sample) are informed 
about the uncertainty 
in model output and 
the scales and 
resolutions that 
existing models can 
achieve.

e.g. Participants are 
consulted on a range 
of options about 
potential temporal 
and spatial scales and 
resolutions for 
analysis.

e.g. A two-directional 
and iterative process 
with participants of 
matching modelling 
capabilities with 
articulated 
knowledge gaps and 
evidence needs.

e.g. Participants lead a 
process of explaining 
their decision- 
making processes 
and contexts and 
work back from that 
with modellers to 
determine evidence 
needs and 
appropriate scales 
and levels of 
certainty.

5. Interpretation of 
data and 
implications of 
model outputs

e.g. Participants (possibly 
unrepresentative 
sample) review and 
verify model outputs,

e.g. Participants review, 
edit, refine and add 
qualifying detail to 
model outputs.

e.g. Model outputs are 
presented and 
implications 
statements from 
these are prepared in 
a forum with 
participants.

e.g. Participants own 
the model output 
data and are 
supported in 
continuing to use this 
in ways in which they 
choose.

6. Communication 
and dissemination

e.g. Participants (possibly 
unrepresentative 
sample) review and 
verify communications 
outputs.

e.g. Participants help to 
identify audiences 
and channels for 
communication and 
are used as a means 
for disseminating.

e.g. Participants co- 
produce research 
outputs and 
knowledge products 
with researchers.

e.g. Participants have 
autonomy to share 
and use the data as 
they wish.

7. Training and 
capacity building

e.g. Participants (possibly 
unrepresentative 
sample) attend training 
aimed at the 
understanding model 
outputs.

e.g. Participants are 
involved in capacity 
building that supports 
engagement in 
modelling.

e.g. Participants co- 
design a training 
programme 
associated with 
models.

e.g. Participants co- 
design a training 
programme orienting 
towards enabling 
them to generate 
further evidence.
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focus on self-mobilization and autonomy. Such typol
ogies can be a useful tool for identifying where 
different ideas about the purpose of participation 
might exist, even amongst and between those 
involved in the same initiative (Cornwall, 2008). 
White (1996) distinguishes between: 1. Nominal par
ticipation, which may be used to give legitimacy to 
pre-determined development plans or evidence 
bases; 2. Instrumental participation, which aims to 
access and use the specific skills and knowledge of 
participants to improve outcomes and further a par
ticular agenda; 3. Representative participation, which 
aims to give participants a voice in the decision- 
making and research, and 4. Transformative partici
pation, which results in the empowerment of those 
involved and ultimately alters the structures and insti
tutions that lead to marginalisation and exclusion. 
Cornwall (2008) points out that these categories of 
participants may be less distinct in reality, not least 
because the expectations and objectives of those 
participating may be different from those who are 
initiating a participatory process.

Following Voinov et al. (2016), we explore seven 
stages in participatory modelling and use this as a 
framework particularly for thinking about where in 
the modelling process participation happens and 
how participation might look different at different 
stages. Firstly, the initial conception of research 
might involve scoping, selecting stakeholders, choos
ing modelling tools, and defining project goals. Sta
keholders actively participate in choosing the 
research model, and formulating project goals. Sec
ondly, the provision of data for calibrating/verifying 
models to ensure accuracy, reliability, and effective
ness of models might involve activities such as data 
collection, pre-processing, model calibration, verifica
tion, and iteration with stakeholders. Thirdly, the 
parameterisation of scenarios or pathways in model
ling involves outlining potential drivers of change 
that will act as model inputs as well as making 
decisions about output variables, time horizons and 
temporal and spatial scales of analysis. Fourthly, dis
cerning appropriate complexity/uncertainty in 
models, which may involve iterative experimentation, 
gradually adjusting the model’s complexity, and eval
uating its performance against various metrics and 
validation techniques such as Bayesian inference, 
Monte Carlo simulations, sensitivity analyses, and 
robust optimization. Fifthly, interpreting data and 
implications of model outputs as well as technical 
measures of model performance. Sixthly, 

communication and dissemination of results based 
on the previous interpretation step, this might 
involve the identification of audiences and the tailor
ing of messages to specific audiences or for specific 
purposes, through reports, presentations, visualiza
tions, interactive tools and other media. Finally, train
ing and capacity building is a phase, not necessarily 
sequential with the other six phases, but through 
which stakeholders are educated and empowered 
to effectively use model tools and outcomes. For 
the purpose of this review, we conceive of potential 
participants in climate impacts modelling broadly 
and inclusive of policy and decision-makers; local 
experts and advocacy groups; and individuals and 
communities. Although we recognise that different 
modelling initiatives will conceive and categorize 
participants according to different terminology, as 
we discuss further below.

2. Methodology

We take a systematic review approach to collating and 
analysing existing literature, following the PRISMA 
protocol for systematic reviews (Moher et al., 2009).

2.1. Data collection

To identify eligible studies, we conducted a search in 
Scopus and Web of Science, the two largest electronic 
scientific databases for the social sciences (Falagas 
et al., 2008). We selected keyword, title and abstract 
information as sources for electronic searching. The 
literature on participatory modelling of climate 
change impacts on agricultural systems includes 
studies at a wide range of spatial and temporal 
scales and of different scopes, inclusive of purely agri
cultural systems, but also of wider landscape or food 
system impacts. We chose search terms and screening 
criteria that would allow for this full breadth of work 
to be captured. The initial search string applied to 
select documents was: ‘model* AND climate AND agri
culture AND (participat* OR co-design OR collaborat* 
OR consultat*)’. The Boolean search of literature from 
Scopus and Web of Science revealed a total of 4262 
for full review. Only English papers were considered 
for language proficiency reasons.

2.2. Eligibility criteria and exclusion of studies

We assessed the abstracts of 4262 papers on the basis 
of the following criteria or search filter:
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By abstract: 

(1) Does the paper model a climate impact or adap
tation to climate in agriculture?

(2) Does the paper describe an example or method of 
participatory modelling?

If yes, proceed to assess the following questions eval
uating the methods used: 

(1) Does the paper model a climate impact or adap
tation to climate in agriculture?

(2) Does the paper describe an example or method of 
participatory modelling?

(3) Does the paper explain WHO participates in the 
modelling process and HOW they participate?

The exclusion criteria is not applied here as a jud
gement on the quality of the participatory process 
described within the papers, given that our intention 
is to capture the full breadth of ways in which partici
patory modelling is self-defined within literature. 
However, we do require that the claim to be conduct
ing participatory modelling is qualified within the 
papers through a clear and explicit description of 
the method used and of who participates and how. 
As such, these final two evaluation questions serve 
as a quality assurance for mechanism, by testing the 
quality of the methodological detail in the papers 
that were screened.

To determine the level of screening precision a co- 
author conducted a verification search on every tenth 
result from an electronic data base (i.e. sampled 10% 
of the literature) and estimated the amount of falsely 
excluded studies by screening the abstracts. The 
exclusion criteria resulted in 1% of falsely excluded 
studies, which we found to be an acceptable percen
tage. We downloaded papers that scored yes to all 5 
questions, thereby excluding 3875 studies that did 
not focus on a combination of the above 5 key ques
tions and also deleted duplicate documents.

We screened the full text of the 387 selected 
studies again on the basis of the focus on participa
tory modelling and climate impacts on agricultural 
systems. In this round, we excluded 301 studies. We 
also selected on the basis of study design (only 
empirical papers) that used primary data were 
included. This resulted in a list of 94 studies suitable 
for full-text reading and analysis (Figure 1). We con
ducted a full-text exploration on the selection of 94 
studies to select the required papers.

Because participatory climate impact modelling is 
a field of research that has developed within the 
past two decades, it was not necessary to use 
publication dates as exclusion criteria. The earliest 
paper that met the eligibility criteria was published 
in 2005.

2.3. Data Synthesis and Analysis

The analytical framework outlined above was used as 
a basis for categorizing the methodological 
approaches taken in each of the reviewed papers. 
We deployed an interpretive approach to organise 
the themes identified in the studies. We conducted 
a thematic analysis of the evidence to identify promi
nent or recurring (sub)themes following our analytical 
framework (Table 1). We inductively coded for the 
‘how’ and ‘who’ aspects of engagement within the 
papers, eventually categorizing these on the basis of 
the most commonly used key words for participants 
and research methods. During the coding of docu
ments, we deleted 8 documents due to the fact that 
the method applied focused mainly on secondary 
data derived from third-party organisations with 
limited empirical focus. Hence, we analysed 84 
papers for the study. To safeguard the quality of our 
analysis, we discussed interpretations of categories 
and (sub)themes among co-authors, ascribing partici
pation types (i.e. nominal, instrumental, represen
tation and transformational) to the methods 
detailed in each paper was done on the basis of jud
gement, by comparing content with example descrip
tors, as illustrated in Table 1.

3. Results

3.1. Motivations for participatory modelling

Thirty-one of the reviewed studies explicitly articulated 
why a participatory approach was taken to modelling, 
and these revealed a relatively narrow range of motiv
ations that were largely instrumental in nature. In par
ticular, contextualized, local knowledge was viewed as 
valuable for improving the parameterisation and 
framing of modelled futures, and participation seen 
as bringing about improved uptake and use of model 
outputs, in some cases playing an explicit role in the 
development of down-the-line decision support tools 
or communication products.

In several studies (26% of those reviewed), stake
holder engagement focused on the articulation of 
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future pathways or scenarios of agricultural change, 
to be subsequently explored through modelling 
approaches. The iFEED approach, described by Jen
nings et al. (2022), begins with a participatory scen
arios workshop in which critical uncertainties that 
are expected to shape agricultural and food system 
futures are collectively outlined. In other cases, partici
pation focused on better understanding existing 
adaptation strategies or drivers of vulnerability that 

might in turn help with interpreting the implications 
of modelled pathways of change. Li and Ford (2019) 
involved stakeholders in identifying and categorizing 
the drivers of vulnerability to climate change of a 
community of swidden forest farmers in Panama 
and Bezner Kerr et al. (2019) used stakeholder experi
ences of practicing agroecology to contribute to an 
exploration of the cultural and social equity impli
cations of agricultural change in Malawi.

Figure 1. Flow diagram representing systematic approach used for data collection and analysis.
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Participation is also commonly seen as instrumen
tal in improving the uptake and usability of climate 
impact evidence, and 55% of reviewed studies refer 
to the role of stakeholders in developing tailored 
decision support tools, advisories and communication 
products. Gonçalves et al. (2022) adopted an 
approach that integrated scientific and local stake
holder knowledge into designing a support tool for 
climate change adaptation decision-making in north
ern Portugal. Similarly, Cabrera et al. (2008) and Alex
ander and Block (2022) applied agent-based 
modelling to integrate forecast information into 
local-level decision-making for smallholder farming 
communities.

In many cases, affecting and informing decision- 
making and behaviours, either at a local and individ
ual level or at a policy level were key to the underlying 
motive of taking a participatory approach. There is a 
clear recognition, across studies that participation in 
understanding local systems goes hand-in-hand 
with the development of appropriate and tailored 
outputs and communications. A number of studies 
(15%) sought to maintain stakeholder participation 
across the initial input and end-use aspects of 
research (Egerer et al., 2021; Ho, 2022; Jennings 
et al., 2022; Laureta et al., 2021; Natalini et al., 2019; 
Olabisi et al., 2018; Olabisi et al., 2021; Salvini et al., 
2016; Stigter et al., 2017).

Less evident in the explicit motivations of the 
reviewed studies were having input into the initial 
problem framing or objectives of the research itself, 
although depending on the approach taken this 
may be an implicit or even explicit component of a 
scenarios exercise (e.g. Jennings et al., 2022). Similarly, 
there is limited evidence of participation in more tech
nical aspects of knowledge creation, modelling and 
validation. It is also striking that in no cases were 
more normative or ontological priorities, such as edu
cation, empowerment or reflecting under-rep
resented or marginalized worldviews, evident in the 
rationales of studies of participatory modelling of 
climate impacts on agriculture.

3.2. Stages of participatory modelling

Participation of stakeholders in the studies took place 
at various points, across the seven stages of modelling 
that we derive from Voinov et al. (2016). Although 
most studies mentioned iterative/cyclical processes 
in involving stakeholders, the implementation often 
reflects a more one-direction and linear process 

(Delmotte et al., 2017; Gonçalves et al., 2022; Henly- 
Shepard et al., 2015; Mason-D’Croz et al., 2016; Naul
leau, Gary, Prévot, Berteloot, et al., 2022; Selbonne 
et al., 2022). For example, Egerer et al. (2021) men
tioned that: ‘Our framework consists of the following 
stages: problem formulation, system conceptualiz
ation, model formulation, analysis of model behav
iour, policy analysis, and model use’ Jagustović et al. 
(2021) also mentioned in their study that: 

The iterative modelling process implemented in this 
paper has four steps: (i) identification of system drivers 
and processes, (ii) qualitative modelling of the causal 
processes operating in the system, leading to a basic 
model structure, (iii) development of stock-and-flow dia
grams (SFD) and a simulation model, and (iv) model vali
dation and simulation to analyse the dynamics of the 
entire food system.

We also observed that when the term ‘iterative’ is 
used, it was often referring to the back-and-forth 
engagement of stakeholders at a particular stage of 
the participatory modelling process, rather than cycli
cal overall approach to modelling, in which the con
ceptualisation or construction and calibration of 
models are revisited on the basis of initial model 
outputs.

Participation can vary significantly across specific 
research projects, with some stages exhibiting active 
engagement (representative participation) while 
others show a more passive involvement (nominal 
participation) (Table 2). For example, we identified 
five studies where representative participation was 
actively applied during the research’s conceptualiz
ation phase. In contrast, during the interpretation of 
data and drawing implications from model outputs, 
we found 14 studies demonstrating representative 
participation. Notably, at the research’s conception 
stage, overall participation levels were relatively low, 
particularly concerning instrumental and representa
tive purposes. In contrast, nominal participation, 
which often involved informing participants (poten
tially an unrepresentative sample) about the research 
objectives, was more prevalent.

3.2.1. Conception of research
In 35% of the studies, stakeholders were provided 
an opportunity to express their opinion and also 
ask questions which were incorporated into the 
research design or even resulted in changes in the 
initial research strategy and outline. In Gonçalves 
et al.’s (2022) study, a multidisciplinary team was 
constituted as an initial step, leading to the 
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organisation of initial meetings with the scientific 
team and stakeholders to map stakeholder interests 
and defined the methodologies, objectives, and 
intended outcomes of the work. Other studies men
tioned the involvement of stakeholders early in the 
process (Conde et al., 2006; de Jalón et al., 2014; 
Naulleau, Gary, Prévot, Vinatier, et al., 2022; 
Palosuo et al., 2021; Ruiz-Agudelo et al., 2015).

After introducing research objectives to stake
holders during data collection, Rodriguez et al. 
(2014) described how stakeholders asked questions 
with a request for knowledge on the implications of 
the modelling outcomes for their livelihoods which 
were relevant for the data collection and modelling 
process. 

… .. farmers wanted to know the implications of adjust
ing his cropping intensity, in terms of trade-offs between 
profits, and business risk, in face of present climate varia
bility and expected changes in climate … This farmer 
was interested in determining the optimum cropping 
intensity in terms of trade-offs between profits and 
risks, for climatology and expected changes in climate. 
(Rodriguez et al., 2014)

Across several studies (29% of those reviewed), meet
ings with stakeholders served as a means to construct 
and evaluate research problems (see, Bharwani et al., 
2005; Bhave et al., 2013; Conde et al., 2006; Dockerty 
et al., 2006; Henly-Shepard et al., 2015; Ho, 2022; Naul
leau, Gary, Prévot, Vinatier, et al., 2022; Zimmerer 
et al., 2020). Mitter et al. (2014) organized a peer 
group workshop aimed at specifying perceived chal
lenges in their case study region and suggested that 

‘In th[is] first step, the problem was defined’ (Mitter 
et al., 2014).

More commonly, however, such initial engagements 
served more of a sensitization role, raising awareness 
and seeking validation of pre-determined problem 
framings and research objectives, rather than these 
being co-developed, and in the case of the study by 
Andersson et al. (2013) such consultations were, in 
part, about managing stakeholder expectations: 

Although project objectives had been defined when the 
application was written, activities within the project had 
to be shaped according to participants’ interests and 
needs in order to ensure stakeholder engagement. An 
initial open dialogue of project objectives was perceived 
as important in order to ensure transparency of what to 
expect in order to build confidence and avoid future dis
appointment. (Andersson et al., 2013)

3.2.2. Constructing, calibrating and verifying 
models
Construction, calibration and verification of models in 
the reviewed studies involved varied participatory 
and iterative processes that differently integrated 
local knowledge, expert insights, and empirical data. 
Various types of data were collected, through inter
views and workshops, with 38% of studies relying 
on secondary household survey data. Typically, 
studies aimed to construct conceptual or qualitative 
models based on stakeholder input to inform the 
building of numerical models around this (Gahi 
et al., 2015; Jagustović et al., 2021; Palosuo et al., 
2021; Rodriguez et al., 2014; Selbonne et al., 2022). 

Table 2. Number of studies displaying nominal, instrumental, representative and transformative participation at each stage of the participatory 
modelling process.

Forms of participation (based on White, 1996)

Little evidence of 
participation Nominal Instrumental Representative Transformative

Stages of participatory 
modelling (based on 
Voinov et al., 2016)

1. Conception of research n = 48 n = 23 n = 8 n = 5 n = 0
2. Construction, calibration 

and verification of models
n = 0 n = 16 n = 58 n = 10 n = 0

3. Parameterisation of 
scenarios or pathways

n = 44 n = 16 n = 13 n = 11 n = 0

4. Determining appropriate 
complexity/uncertainty in 
models

n = 49 n = 14 n = 9 n = 12 n = 0

5. Interpretation of data and 
implications of model 
outputs

n = 48 n = 12 n = 10 n = 14 n = 0

6. Communication and 
dissemination

n = 68 n = 13 n = 0 n = 3 n = 0

7. Training and capacity 
building

n = 80 n = 1 n = 3 n = 0 n = 0

Total n = 84. Darker shades of blue indicate a high proportion of studies including that form of participation.
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Using the information about directionality and causality 
of changes discussed by interviewees, the researchers 
constructed diagrams that illustrated the linkages 
between different items of change. … causal-loop dia
grams were then compiled from these diagrams, indicat
ing the influences of different items of change on one 
another. Important current and future stresses and vul
nerabilities in the community were identified through 
causal-loop analysis through the integration of field 
data and projections on the impacts of climate change 
in the area. (Li & Ford, 2019)

Local land use decisions were explored using participa
tory rural appraisal (PRA). We further conducted inter
views in 56 households during a four-week fieldwork 
period in March 2013. The interviews provided 
sufficient information for an initial characterisation of 
the study site and farmers. Various categories of 
farmers (the “agents” in our ABM) were identified, 
based on assets, knowledge and risk aversion. This infor
mation was used to build a conceptual model reflecting 
the local context, and subsequently fed into the role- 
playing game and ABM. (Salvini et al., 2016)

In other cases, socio-economic data or participatory 
input was used to calibrate specific model variables, 
and researchers undertook exercises with the partici
pants to confirm or co-develop indicators which 
were subsequently used for modelling (de Jalón 
et al., 2014; Gonçalves et al., 2022; Mitter et al., 2014; 
Olabisi et al., 2021). 

For this study fifteen participating farmers provided 
technical coefficients for the model such as input quan
tities and costs, market prices for different crops and 
labour requirements for different season types 
(‘deficient’, ‘below normal’, ‘normal’, ‘above normal’ 
and ‘excess’). (Nidumolu et al., 2016)

During this workshop we undertook an exercise with the 
participants to confirm which of the natural climate 
change and agricultural vulnerability hazards (exposure) 
affects each of the respective crops. We used this infor
mation to create exposure specific indexes for each of 
the crops. (Parker et al., 2019)

In some cases, the initial technical coefficients used in 
the models were fine-tuned based on the feedback 
and knowledge obtained during the validation 
process. For instance, yields in different seasons 
were adjusted to better match stakeholders’ regional 
knowledge (Nidumolu et al., 2016). In other studies, 
workshops and discussions were conducted with 
experts to confirm that the model’s behaviour aligns 
with observed patterns and their intuitive under
standings of real-world systems (Andersson et al., 
2013; Garcia de Jalon et al., 2014; Egerer et al., 2021; 
Henly-Shepard et al., 2015). 

A workshop with CCAFS scientists and experts in SD 
and food systems was conducted to review the 
output behaviour for the key variables of interest and 
evaluate whether the model produces the pattern of 
behaviour observed in the site and documented in 
the studies for the right reasons. (Jagustović et al., 
2021)

In almost all cases, participation in these technical 
modelling aspects of research was inevitably done 
on an instrumental basis, to improve, refine or contex
tualise the modelling tools to the identified research 
questions.

3.2.3. Parameterizing scenarios or pathways
In 42% of the studies, scenarios are developed with 
participants to offer a structure within which to 
explore a range of possible future outcomes and 
their associated uncertainties (Andersson et al., 
2013; Cabrera et al., 2008; Hossain et al., 2020; Jen
nings et al., 2022; Karlsson et al., 2018; Laureta et al., 
2021; Mitter et al., 2014). We identified the use of 
specific participatory methods in the development 
of scenarios with stakeholders in some cases. For 
instance, Salvini et al. (2016) describe a Companion 
Modelling (ComMod) process, which involves a role- 
playing exercise with participants: 

The game provided a participatory means to develop 
policy and climate change scenarios … The scenarios 
developed in the game are then fed into an agent- 
based model, which allows inclusion of both spatial 
and temporal considerations in simulations of long- 
term and short-term effects of trade-offs and synergies 
associated with different strategy options. (Salvini et al., 
2016)

In 26% of the studies reviewed, scenarios are used 
to describe plausible and desirable futures, and par
ticipatory input may be used in the making of nor
mative judgements of the relative plausibility and 
desirability of scenarios (e.g. Stigter et al., 2017). In 
other cases, scenarios were chosen to reflect alterna
tive ‘extremes’, and thus set the parameters of the 
total range of possible futures (e.g. Mason-D’Croz 
et al., 2016). In the latter approach, participatory 
input into the plausibility of these extremes may 
still be warranted, but grounding the scenarios in 
reality or in normative preferences is less important, 
and therefore participatory approaches play a less 
instrumental role.

Mitter et al. (2014) drew on expert participation in 
workshops to select climate change scenarios follow
ing on two jointly formulated decision criteria: 
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First, they should provide sufficient information to 
understand a broad range of potential climatic impacts 
for the case study region. Secondly, they should rep
resent those climate parameters that are perceived as 
driving forces of change. The peer group identified pre
cipitation sums and annual distributions as most relevant 
parameters for the case study region.

Engagement of participants with less technical knowl
edge was restricted to a more nominal role of validat
ing expert-derived scenarios that were known to fit 
with model capabilities. Stigter et al. (2017) men
tioned in their study that 

SED scenarios were developed using a combination of 
methods and then presented in workshops to the 
farmers and to other stakeholders, including the Water 
Basin Authority and the Regional Agricultural Adminis
tration, among others, in order to obtain feedback 
regarding which scenarios they found the most probable 
and the most desirable.

3.2.4. Determining appropriate complexity/ 
uncertainty in models
There are limited examples in the surveyed literature 
of how participants have been engaged in determin
ing the appropriate complexity of modelling initiat
ives, identifying the scales and resolutions at which 
modelled information is desirable or in helping to 
weigh up the trade-offs between model complexity, 
uncertainty and the potential use and needs for 
modelling. Understanding appropriate complexity 
requires a bringing together of understandings 
about model skill and sensitivity, which requires 
niche and complex technical knowledge (that may 
be distributed across scientific disciplines and 
domains), worth understanding about how modelled 
outputs would be used and the determinants of 
usability.

Without significant input from the decision- 
making side, complexity is likely to be determined 
or constrained by the technical instruments of model
ling, and there are examples from the reviewed 
studies of how models set the limits around what 
complexity can be captured and incorporated: 

First, the participatory established knowledge base 
would have suggested integrating more aspects into 
the scenario analysis. But, mainly due to modelling 
limitations, the complexity had to be reduced in 
order to produce consistent sets of inputs. (Walz 
et al., 2007)

The decision to exclude information flow dynamics in the 
model within members of the village was explicitly taken 

to reduce the analytical complexity of the model and 
maintain tractability. (Sanga et al., 2021)

There were no explicit examples found where a dis
cussion of appropriate complexity was formative in 
the co-design of research and in the selection of mod
elling tools and methodologies.

3.2.5. Interpreting data and implications of 
model outputs
Engagement of participants towards the end of the 
modelling process often focused on the presenting 
of model outcomes for purposes of validation or 
further interpretation. Walz et al. (2007) closely 
engaged a small advisory group in the interpretation 
of model outputs. In a series of workshops, including 
the presentation of qualitative scenarios and initial 
modelling results, the research team interacted with 
an advisory group. The group played a significant 
role in critiquing and analysing the simulation 
results. This process allowed stakeholders to express 
their agreement or disagreement with the findings 
and suggest improvements to the model. This itera
tive feedback loop resulted in adjustments to model 
inputs and parameters, ensuring that the model 
better represented the complex realities of the agri
cultural landscape.

In the study by Jennings et al. (2022), engagement 
had further instrumental value. In this case, a similar 
advisory group was engaged not only in the vali
dation or refining outcomes but in developing 
‘implication statements’. In essence, these are 
interpretations of modelled outputs, grounded in 
contextual or sector-specific knowledge that seek to 
translate numerical outputs into decision-relevant 
narrative descriptions of the model findings. In other 
cases, these stakeholder interpretations of results 
were used to highlight outcomes that warranted 
further exploration and to iterate the modelling 
cycle to further interrogate these findings: 

The results of the climate projections and simulations 
of each scientific area were used as a basis for discus
sion with local stakeholders through workshops to 
reflect on which ecosystem services and dimensions 
of economic activity will be most affected. The results 
obtained in these workshops allowed some adjust
ments to the outputs of simulation models. Based on 
the results of scientific models and the know-how of 
local stakeholders, several adaptation measures were 
proposed. In the final phase of the study, the impact 
that these measures would have on the other sectors 
were discussed by the multidisciplinary team. (Gon
çalves et al., 2022)
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3.2.6. Communication and dissemination
Many studies (81% of those reviewed) discuss com
munication strategies aimed at disseminating and 
explaining the outcomes of models to key audiences, 
often with associated and targeted advisories that 
had been developed on the basis of modelled evi
dence. The studies adopted diverse media and 
formats for communication. For example, in Olabisi 
et al.’s study of climate change adaptation within 
the poultry sector, pamphlets were developed for 
poultry producers detailing recommended strategies 
for poultry sector adaptation. Similarly in the study 
by Andersson et al. (2013) derived adaptation plans 
disseminated widely, reaching farmers, school chil
dren, and other citizens.

In the study by Walz et al. (2007), an ‘enhanced’ 
storyline approach was used to combined narrative 
language with numerical outcomes, making the 
research results more accessible. It ensured that the 
communication process catered to the specific 
needs and understanding of the local community.

However, few studies discuss how participation 
and stakeholder engagement were used in the devel
opment of communication strategies or in the 
identification of the target audiences or most relevant 
communication tools. There was little evidence of the 
co-production of communications products within 
the studies reviewed.

3.2.7. Training and capacity building
There were very few examples found in the reviewed 
studies of stakeholders being engaged in training and 
capacity building as part of the modelling process. 
Typically training and capacity building may be inte
grated with the dissemination of model outputs, but 
this predominantly focused on training related to 
understanding and implementing the advisories or 
recommendations that are derived from model 
results (e.g. Gonçalves et al., 2022; Olabisi et al., 
2021), rather than building knowledge and capacities 
around the research methodologies and modelling 
tools and techniques.

3.3. Who participates

The studies we reviewed applied various methods for 
data collection and stakeholder engagement at 
different stages of the participatory modelling 
process, inclusive of surveys, interviews, workshops 
and focus group discussions. We also identified 

studies where secondary data (census data or national 
surveys) were integrated into the models in addition 
to stakeholder engagement through workshops. 
Although studies mentioned the methods used for 
stakeholder engagement, they rarely provided justifi
cation for the selection of methods.

Although diverse descriptions and categorisations 
of stakeholders are used across these studies we 
identify three broad groups: Policy makers  – consist
ing of government and civil service officials, local 
authorities, and local councils; Experts – inclusive of 
agronomists and climate scientists, extension service 
agents, supply chain actors, and representatives of 
civil society and non-governmental organisations; 
and Individuals – including farmers and members of 
rural households and communities.

Figure 2 indicates that the group most commonly 
engaged in participatory modelling were individuals, 
particularly in the construction and calibration of 
models and in the communication and dissemination 
of model outputs. The greatest diversity in 
approaches to engaging individuals comes in this 
early stage of model construction and calibration, in 
which we see a variety of individual and collective 
engagement approaches as well as uses of both 
primary and secondary survey data. Workshops and 
interviews are similarly commonly utilized for enga
ging experts and policy makers in the early stages of 
model development, and it is common across 
studies to disseminate findings though workshops 
with high-level audiences at their conclusion.

Few studies (27%) stated how stakeholders were 
identified and sampled. Some studies aimed for rep
resentation among selected stakeholders in terms of 
gender, age, diverse groups (e.g. residents, businesses 
and various local, County and State organizations and 
institutions), study communities and other socio- 
economic characteristics (Andersson et al., 2013; 
Bedeke et al., 2018; Lasco et al., 2016; Mekonnen 
et al., 2021; Mitter et al., 2014; Naulleau, Gary, 
Prévot, Berteloot, et al., 2022; Naulleau, Gary, Prévot, 
Vinatier, et al., 2022; ZHAI et al., 2018). 

For the workshops with farmers two groups were 
created, distinguishing farmers between the eastern 
and western part of the area covering the Querença- 
Silves aquifer. This distinction also reflected differences 
in the type of farming systems (small-scale farms pro
ducing mostly rain-fed market garden and traditional 
dry farming crops in the east, versus medium-scale 
farms specialised in irrigated citrus production in the 
west). The composition of the groups assured 
representativeness, including farmers from different 

INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY 11



geographical areas, age groups, crop types and farm 
size. An additional workshop, carried out with insti
tutional stakeholders, included very experienced 
researchers, public officers and members of associ
ations in the fields of hydrology, agriculture and 
tourism. (Bhave et al., 2013)

Barbeau et al. (2016), Purwanti et al. (2022), Helmi
nen et al. (2018) and Parker et al. (2019) also focused 
mainly on the number and the divisions among par
ticipants in their study to justify their sampling. In 
their study, Olabisi et al. (2021) and Naulleau, Gary, 
Prévot, Berteloot, et al. (2022), Naulleau, Gary, 
Prévot, Vinatier, et al. (2022) also mentioned how 
they divided participants into groups according to 
their position. Some studies (10%) also mentioned 
how stakeholders were engaged following sampling 
strategy such as systematic random procedure 
(Henly-Shepard et al., 2015; Turunen et al., 2016); 
Sok et al., 2021; Ahmed et al., 2022; Alexander & 
Block, 2022; Jennings et al., 2022; Liu et al., 2023; 
Nelson et al., 2022; Kabir et al., 2023).

In some cases, like the Doñana rice fields initiative, 
stakeholders were selected using snowball sampling. 
This technique involves identifying direct benefici
aries and using their input to identify and invite indir
ect beneficiaries. This method helped in expanding 
the network of stakeholders and ensured a compre
hensive representation (Garcia de Jalon et al., 2014; 
Mitter et al., 2014). 

Direct beneficiaries of the Doñana rice fields were ident
ified as rice farmers, environmentalists and policy makers 
among others, and subsequently through a snowball 
sampling technique, indirect beneficiaries were ident
ified and invited to participate in the workshops. These 
beneficiaries included stakeholders representing other 
sectors such as other agricultural activities, aquaculture 
and tourism. (Garcia de Jalon et al., 2014).

Stakeholders were often mapped based on their 
interest, influence, and relevance to the project or 
initiative. Iglesias et al. (2017) purposefully map 
out a power/interest matrix to determine how 
varied forms and levels of influence can be 
reflected in targeted stakeholder engagements. 
Despite a recognition of differing levels of 
decision-making power, however, the intention 
here was not to address power dynamics within par
ticipatory processes, but had a much more instru
mental purpose, focused on ensuring that model 
derived recommendations would translate into 
action. Reflecting this instrumental view of partici
pation, they suggest that: 

People should be involved if they have information that 
cannot be gained otherwise, or if their participation is 
necessary to assure successful implementation of adap
tation strategies Iglesias et al. (2017)

In 50% of cases, peer groups, consisting of extension 
officers, administration, scientists and other relevant 
individuals, were formed to enhance knowledge 
sharing and contributions from a wide range of 
sources (Ho, 2022). In some instances, stakeholders 
who had significant decision-making influence at the 
district or regional level were chosen. For example, agri
cultural extension officers in Ghana were selected 
because of their mediating role between farmers and 
district policymakers, making them key influencers in 
land-use decisions (Koo et al., 2020).

Results show studies (71%) could not explicitly 
state the measures taken to ensure representation/ 
equity amongst the stakeholder groups. Similarly, 
we found that studies did not indicates how 
different opinions were expressed by stakeholders 
during the modelling process. At most, they men
tioned stakeholders’ opinions regarding the model 
outcomes, without stating contestation of power 
or views. Only one study stated how they dealt 
with situations where different opinions were 
expressed. They mentioned how they ensured that 
dominant individuals could not excessively 
influence the results. This was partly remedied by 
focusing on small-group exercises based on 
nominal group techniques.

3.4. Limitations to participation

Some studies (57%) reflected on the barriers to parti
cipatory research. These are summarized in Table 3
and mostly focus on technical and logistical chal
lenges. Integrating different models and methods 
within a participatory approach was a challenge men
tioned in 5% of studies. Salvini et al. (2016) high
lighted that challenges exist in linking different 
methods in an integrated approach, and the ways in 
the modelling tools being used dictated the extent 
to which certain impacts and concerns, particularly 
those of socio-economic nature, could be interro
gated within the study: 

The framework as presented here does not yet consider 
aspects that should be taken into account when evaluat
ing the impact of mitigation/adaptation policies on 
social issues such as income distribution and poverty. 
Hence, we suggest that further research should be 
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done on how to include such aspects, in order to have a 
more complete overview of the expected outcome of the 
policies under analysis. (Salvini et al., 2016)

Similarly, the process of transforming qualitative scen
arios into specific input parameter values for models, 
in most cases was seen as a largely technical that 
remained in the domain of the climate modellers, 
because of the need for these input variables to be 
compatible with modelling tools: 

The participatory process could not contribute to the criti
cal process of scenario parameterisation and quantifi
cation. The transformation of qualitative scenarios into 
sets of coherent input parameter values remained with 
the researchers, mainly because it would have required 
very specific and detailed knowledge of the numerical 
modelling framework (Walz et al., 2007)

Walz et al. (2007) also identified the ‘bottleneck’ 
between the qualitative and quantitative information, 

Figure 2. Stakeholder engagement at various stages with specific methods. Bars indicate the number of studies in which a specified stake
holder group (policy maker, expert, individual) was engaged through a given method (survey interview, group discussion) at each of seven 
participatory modelling stages: 1. Conception of research; 2. Construction, calibration and verification of models; 3. Parameterisation of scen
arios or pathways; 4. Determining appropriate complexity/uncertainty in models; 5. Interpretation of data and implications of model outputs; 
6. Communication and dissemination; 7. Training and capacity building.
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indicating a challenge in identifying a technique to 
‘translate’ qualitative data into quantitative modelling 
input. Sanga et al. (2021) also mentioned their 
inability to explicitly model diffusion of beliefs, 
norms and information within networks in the social 
norms experiment.

These challenges of knowledge translation 
within modelling were largely framed as technical 
issues embedded in the design and infrastructure 
of modelling tools used, but it was rare to see 
this point extended to a questioning of the relative 
privileging or exclusion of certain knowledges by 
nature of the design of the research itself, and par
ticularly the centring of (usually pre-selected) mod
elling tools within a linear process of knowledge 
production.

4. Discussion

Through this study we have systematically reviewed 
approaches for and barriers to improving partici
pation in climate impacts modelling Our review 
reveals a tendency towards nominal and instrumental 
forms of participation within participatory modelling 
studies of climate impacts on agriculture. The 
finding that less than half of reviewed papers expli
citly articulate a motivation for adopting a participa
tory approach to modelling is telling. As 
participatory approaches become increasingly main
stream within modelling studies, there is perhaps an 
inevitable tendency towards less reflection on the 
rationale, purpose or even underlying philosophy 
and ethics or participation. However, there is 

Table 3. Barriers or challenges associated with participation in modelling documented in the papers.

Type of barriers Specific barriers References

Participant 
engagement

Difficulty in reaching or involving certain stakeholder 
groups or achieving representative sample sizes

Ali and Gölgeci (2020), Egerer et al. (2021), He et al. 
(2022), Iglesias et al. (2017), Jagustović et al. (2021), 
Koo et al. (2020), Natalini et al. (2019), Olabisi et al. 
(2021), Truelove et al. (2015).

Difficulty in sustaining active participation over time Andersson et al. (2013), Gonçalves et al. (2022), Sanga 
et al. (2021).

Lack of clear consensus or agreement among stakeholder 
participants

Stigter et al. (2017)

Technical 
limitations

Important variables mentioned by stakeholders that cannot 
be modelled or outside of scope of available modelling 
tools

Bhave et al. (2013), Karlsson et al. (2018), Sapkota et al. 
(2021)

Uncertainties in models (associated with assumptions and 
complexity of processes)

Jennings et al. (2022), Laureta et al. (2021), Natalini et al. 
(2019), Naulleau, Gary, Prévot, Berteloot, et al. (2022), 
Naulleau, Gary, Prévot, Vinatier, et al. (2022), Palosuo 
et al. (2021), Sanga et al. (2021), Sapkota et al. (2021), 
Ugbaje et al. (2019)

Data inaccuracies/ data availability/lack of high-quality 
compatible datasets for model calibration and testing

Delmotte et al. (2017), Gonçalves et al. (2022), Jagustović 
et al. (2021), Liu et al. (2023), Mahmood et al. (2020), 
Natalini et al. (2019), Nidumolu et al. (2016), Palosuo 
et al. (2021), Parker et al. (2019), Rondhi et al. (2019), 
Salvini et al. (2016), Sanga et al. (2021), Selbonne et al. 
(2022), Truelove et al. (2015)

Knowledge 
translation

Incompatibility of, or difficulty in, integrating quantitative 
and qualitative data or approaches

Bedeke et al. (2018), Jagustović et al. (2021), Palosuo 
et al. (2021), Truelove et al. (2015).

Models may be too complex, or processes/assumptions 
may be too hidden with models for stakeholders to be 
able to sufficiently understand and interpret

Andersson et al. (2013), Eitzel et al. (2020), Gonçalves 
et al. (2022), Sanga et al. (2021).

Model assumptions and limitations frame too narrowly 
stakeholder discussions and inputs

Stigter et al. (2017)

Different or competing conceptual understandings of risk 
and vulnerability

Laureta et al. (2021).

Scenarios (particular those significantly different from 
status quo) or model outputs may be an insufficient basis 
for informing decision-making

Koo et al. (2020), Stigter et al. (2017).

Appropriate 
complexity and 
scale

Necessity of over-simplifying complex scenarios for the 
purpose of modelling

Sanga et al. (2021), Selbonne et al., 2022.

Incompatibility between scale of model and scale/location 
of study

Gonçalves et al. (2022), Rodriguez et al. (2014)

Logistical Lack of time and/or financial resources for revisiting and 
iterating modelling

Gonçalves et al. (2022), Nidumolu et al. (2016), Olabisi 
et al. (2021).
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perhaps also an associated tendency for this partici
pation to become somewhat narrow in its scope. 
The involvement of stakeholders in the cases ident
ified often centres around articulating and refining 
future scenarios to be explored in modelling, in 
some cases making normative judgements about 
the plausibility or desirability of these scenarios, as 
well as in improving the accuracy and relevance of 
the models, validating and helping to interpret 
model results or being recipients of disseminated 
model outputs.

In other fields, authors have made distinctions 
between participatory modelling (seeing this as typi
cally more instrumental in nature) and collaborative 
modelling (Basco-Carrera et al., 2017) and companion 
modelling (Mathevet et al., 2014). In each case, with 
the latter terms are used to reflect a more intensive 
and ongoing negotiation, and even confrontation, 
between diverse knowledge holders over the co-pro
duction of modelling for joint decision-making or col
laborative learning. This has a parallel with what 
White (1996) describes as transformative partici
pation, sustained across multiple modelling stages, 
as defined by Voinov et al. (2016).

It is clear that often what limits more representa
tive or transformational forms of participation are 
the extent to which the scope and boundaries of 
modelling studies are determined by the pre-selec
tion of modelling tools, and their associated limit
ations, or in the scientific norms that underpin the 
methodological design of modelling research. This is 
evident in multiple ways.

Firstly, the complex, technical and black-box 
nature of pre-selected modelling tools means that 
there is limited scope for non-technical experts to 
input into discussions about appropriate complexity 
and evaluations of model outputs and judgements 
about uncertainty or the robustness of findings. 
Without having an in-depth understanding of the 
assumptions inherent within models, which itself 
can only be accessed via technical experts, there is a 
limited extent to which participants can challenge 
the legitimacy of model results or propose alterna
tives. This in turn acts to inevitably privilege certain 
knowledges (typically those that are quantitative 
and modellable) over others.

Secondly, pre-selected models and associated 
research design dictate what pathways and inputs 
are ‘modellable’ and therefore within the scope of 
the research, and which are not. In several studies, 
questions or priorities raised within stakeholder 

engagement activities were deemed to be out of 
scope of the study because of the nature of the 
tools, available data, and expertise that were already 
fixed within the research. The complexity, scale and 
resolutions of models, for example, were much more 
frequently discussed as a technical barrier to partici
pation, as opposed to being criteria for selecting 
and designing the most appropriate tools for addres
sing stakeholders’ priorities.

Almost all the barriers identified and discussed in 
the cases reviewed pertained to technical challenges 
associated with participatory modelling. These chal
lenges include: the quality and stability of data, inte
gration of different models and methods (Gonçalves 
et al., 2022; Mason-D’Croz et al., 2016; Mitter et al., 
2014), limitations of methodology (Iglesias et al., 
2017), uncertainties in climate models, and the inte
gration qualitative and quantitative data (Laureta 
et al., 2021; Walz et al., 2007). We observed limited 
reflections on social or epistemological barriers 
(beliefs, norms and information within networks in 
the social experiments) (Sanga et al., 2021). There 
are some good examples of, and emergent and 
novel methodologies for, participation happening at 
early stages and being formative in the refining of 
research questions and priorities. In most cases, this 
takes place within the constraints of what models 
can model, but there are also promising cases in 
which technical tools were selected and developed fol
lowing a more participatory and conceptual modelling 
of system dynamics (Andersson et al., 2013; Cabrera 
et al., 2008; Delmotte et al., 2017; Egerer et al., 2021; 
Gonçalves et al., 2022; Hossain et al., 2020; Iglesias 
et al., 2017; Walz et al., 2007), and there were also 
cases in which there was an iterative cycle of revisiting 
research questions and design on the basis of partici
patory evaluations of model outputs (Gonçalves et al., 
2022; Henly-Shepard et al., 2015; Mason-D’Croz et al., 
2016; Mitter et al., 2014; Naulleau, Gary, Prévot, Vinatier, 
et al., 2022; Selbonne et al., 2022). Such cases point to 
the potential for more representative and transforma
tional forms of participation. The difference with 
these approaches, to the more typical and conven
tional participatory modelling efforts, is that there is a 
less explicit privileging of the techno-scientific knowl
edge and tools at the outset.

Space and scope for iteration of research objec
tives and methods  – ideally a cyclically process that 
allows for the revisiting of these following participa
tory evaluation of initial results or data  – might be 
an important determinant of how representative 
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and transformative participation could potentially be. 
Time and funding restrictions often squeeze this 
space and become, in themselves, a significant 
barrier to achieving more fundamental levels of 
participation.

Although the pragmatic benefits of participation – 
namely the improved and contextualized evidence 
that results from the inclusion of local knowledge  – 
were broadly targeted in the design of participatory 
modelling studies, albeit largely limited to the less 
technical aspects of the modelling process, more nor
mative benefits of participation were under-acknowl
edged. There was little focus on the emancipatory or 
educational benefits of participation in the knowl
edge construction process, the extent to which 
different voices and perspectives were represented 
within participatory processes, or the socio-cultural 
or political barriers that might prevent participation 
from marginalized voices. There is much more that 
could be done to design sampling and engagement 
in such a way as to reflect the diverse priorities and 
perspectives that could potentially be held within 
the stakeholders of a study and to systematically 
evaluate the extent to which those perspectives 
have a voice and agency in shaping knowledge pro
duction. Mathevet et al.’s (2014) vision of companion 
modelling is one in which this knowledge politics is 
more explicitly brought to the fore, and is acknowl
edged and negotiated within the collaborative 
process itself.

There was limited evidence on the selection (com
positions and characteristics) and justification for the 
selection of stakeholders. The representation of min
ority groups such as women, landless or resource- 
poor groups were missing. There was little mention 
of representation and diversity within participatory 
processes, or critical reflection on the power dynamics 
within participatory spaces, such as workshops, 
created within research for participatory input (see 
for instance, Alexander & Block, 2022; Andersson 
et al., 2013; Iglesias et al., 2017; Karlsson et al., 2018; 
Koo et al., 2020; Li & Ford, 2019).

The privileging of techno-scientific knowledge 
within a modelling process may be one way in 
which certain perspectives and knowledges become 
marginalized. A co-design process that has embedded 
mechanism for learning, training and capacity build
ing in all directions can help to redress such barriers 
and support more emancipatory outcomes from par
ticipation. This might include training participants in 
understanding and using some of the more technical 

modelling tools and data analysis techniques but 
should equally involve training of modellers or 
climate scientists in local environmental knowledge 
and indicators as well as contextual and social priori
ties and experiences. Under a more transformational 
participatory process, those involved would have 
more agency to contribute to the fundamental 
design, interpretation and iteration of the research, 
more agency to share their expectations and what 
they would seek to gain from participating, and 
more agency to call out and challenge existing 
power asymmetries within the research process 
(Moallemi et al., 2021).

Based on the above review, and drawing reference 
to some examples of good practice, we make the fol
lowing recommendations for achieving more trans
formative participation within climate impacts 
modelling studies: 

. Early inclusion of stakeholders in the modelling 
process, including at the conception of research 
questions and objectives, to ensure that the 
design of modelling studies is guided by the pri
ority questions of stakeholders, as demonstrated 
by Gonçalves et al. (2022) and Conde et al. 
(2006). However, such stakeholder expectations 
within such engagements should be managed 
carefully and trust built through transparent com
munication (Andersson et al., 2013)

. Ensuring that stakeholder participation is guided 
by a clear rationale for who participates, with expli
cit consideration of the sampling strategies (includ
ing considerations of gender and socio-cultural 
characteristics), how participants are invited into 
collaborative spaces, and critical reflection who 
may be excluded from these processes and why.

. Creating opportunities or mechanisms for the vali
dation of modelling assumptions, scales, resol
utions, and appropriate complexity by 
stakeholders in a way that is based on a built 
understanding of the mechanics of models and in 
timely enough way that iteration of the modelling 
design and choices is still possible. As shown by 
Nidumolu et al. (2016) such iteration can enhance 
model credibility and accuracy.

. Parameterizing scenarios or pathways to include a 
range of plausible futures or extremes as done in 
studies such as Mason-D’Croz et al. (2016) can 
help to shift the dynamics of participation, by de- 
emphasizing the notion that the role of the 
model is in authoritative prediction and replacing 
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it with the idea of using models to explore and 
support decision-making for uncertain futures. Sta
keholders themselves should have an important 
role in codeveloping these alternative scenarios, 
as in the study by Stigter et al. (2017).

. To enhance the effectiveness of communication 
strategies in disseminating model outcomes to 
key audiences, researchers should emphasise the 
importance of involving stakeholders in the devel
opment process of communication strategies. 
Engaging stakeholders at the early stages of the 
research could ensure that the communication 
materials are tailored to the specific knowledge 
levels, cultural contexts, and interests of the audi
ences, increasing their relevance and impact.

Fundamentally, achieving transformative and 
emancipatory participation within climate impacts 
modelling requires a rethinking of what and whom 
modelling is for, and a more critical reflection on the 
purposes and value of participation. There is pre
cedent for such a rethinking in fields such as participa
tory crop breeding and participatory soil science, 
which have in turn transformed some of the 
approaches and institutional norms of international 
agricultural research and the CGIAR. There is a need 
for more studies, adequately supported by flexible 
and long-term funding, in which meaningful engage
ment and iterative co-design of research priorities and 
approaches are prioritized over techno-scientific 
norms of pre-selected modelling tools and 
approaches.

5. Conclusion

In this systematic review of participatory approaches 
to modelling climate change impacts on agriculture, 
we have outlined and evaluated current practices 
and revealed areas in which there is currently insuffi
cient attention given. The black-box nature and 
mechanics of climate impact models create barriers 
to participation and knowledge equity that can only 
be overcome by rethinking what and whom climate 
impact modelling is for, and the linear, stepwise 
nature of its knowledge production. We argue that 
there is a current pre-occupation within participatory 
climate impacts modelling literature on instrumental 
reasons for including stakeholders and on technical 
barriers to this inclusion. Limited attention is currently 
paid to the potential transformative, collaborative and 
emancipatory nature of participation in climate 

impact modelling and there is a need for more critical 
reflection on the knowledge politics and power 
dynamics that act to limit equitable participation in 
such researchs’.
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