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From participatory engagement to co-production:
modelling climate-sensitive processes in
the Arctic

Katy Davis, James D. Ford, Claire Quinn, IHACC Research Team, and
Sherilee L. Harper

Abstract: Participation is increasingly being used in the modelling of climate-sensitive
systems to improve usability. Bottom-up, place-based approaches to modelling can chal-
lenge the dominantly positivist approaches used until recently. We examined how partici-
pation is reported within modelling research that uses participatory approaches, focusing
on the Arctic. Our systematic scoping review identified 26 articles that used participatory
approaches in modelling research to explore a climate-sensitive process in an Arctic setting
and analysed the degree of participation at each stage of the process for each article. A diver-
sity of topics, modelling approaches, and participant groups were identified. Most studies
(71%) occurred in Arctic North America, and all studies engaged with non-Western
knowledge types to some degree. Participation was most commonly reported at the model
generation and participant identification stages, and least commonly reported in the choice
of modelling type. Participatory scores — based on the number and degree of participatory
stages of a study — were higher where authors gave instrumental or transformative ration-
ales for the use of participation, and among studies that described prioritising non-Western
knowledge types. Detailed reporting of participatory processes was frequently absent, sug-
gesting a need for clearer discussions of these issues in the descriptions of the process.

Key words: Arctic, climate change, participatory modelling, participation, community-based
participatory research, non-Western knowledge systems.

Résumé : La participation est de plus en plus utilisée dans la modélisation des systèmes sen-
sibles au climat afin d’en améliorer la convivialité. Les approches de modélisation ascen-
dantes, basées sur le lieu, peuvent remettre en question les approches positivistes
dominantes utilisées jusqu’à récemment. Les auteurs ont examiné comment la participa-
tion est rapportée dans la recherche en modélisation qui utilise des approches participa-
tives, en se concentrant sur l’Arctique. Leur synthèse systématique a identifié 26 articles
qui ont utilisé des approches participatives dans la recherche enmodélisation pour explorer
un processus sensible au climat dans un cadre arctique et analysé le degré de participation à
chaque étape du processus pour chaque article. Une diversité de sujets, d’approches de
modélisation et de groupes de participants a été identifiée. La plupart des études (71%) se
sont déroulées dans l’Arctique nord-américain, et toutes les études faisaient appel à des
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types de connaissances non occidentales dans une certaine mesure. La participation était le
plus souvent signalée aux étapes de génération du modèle et d’identification des partici-
pants, et le moins souvent au moment du choix du type de modélisation. Les scores de par-
ticipation — basés sur le nombre et le degré d’étapes participatives d’une étude — étaient
plus élevés lorsque les auteurs donnaient des justifications instrumentales ou transforma-
tives à l’utilisation de la participation, et parmi les études qui décrivaient la priorité
accordée aux types de connaissances non occidentales. La description détaillée des proces-
sus participatifs étaient souvent absente, ce qui suggère un besoin de discussions plus
claires sur ces questions dans les descriptions du processus. [Traduit par la Rédaction]

Mots-clés : Arctique, changements climatiques, modélisation participative, participation,
recherche participative communautaire, systèmes de connaissances non occidentaux.

Introduction

The interaction of climate-related hazards with multiple socioeconomic inequities poses
a profound challenge to society at multiple scales (Gaillard 2010; Tschakert 2012; Watts et al.
2019). The experience of climate change will differ among groups in diverse and unequal
ways, the root causes of which are embedded in development issues (Hewitt 1983; Kelman
et al. 2016). Attempts at understanding and adapting to climate change in the context of
these multiple hazard drivers will need to be sensitive to complexity and context, integrate
diverse local perspectives, and involve deliberate and transformative change to existing
power structures underlying these inequities (O’Brien 2012; Tschakert et al. 2013; van
Bruggen et al. 2019; Ford et al. 2020).

It is increasingly understood that the knowledge required for this must include diverse
perspectives and modes of production (Dilling and Lemos 2011). In climate research, positiv-
ist forms of knowledge have previously been prioritised at the expense of experiential
knowledge, which can result in the creation of knowledge both detached from its local con-
text and embedded in Western scientific epistemologies that are shaped by histories of col-
onisation (Conway et al. 2019). Engaging citizens and rightsholders in research and
decision-making is one way to challenge these in-grained hierarchies of knowledge and
their problematic manifestations in the creation of knowledge relevant to climate change
(Sawatzky et al. 2018; Kipp et al. 2019; van Bavel et al. 2020). Participatory processes, includ-
ing collaborative, co-productive, and cross-cultural methods for knowledge production, can
provide more place-based and contextual nuance to previously positivist climate and envi-
ronmental modelling processes (Lynam et al. 2007; Nakashima et al. 2012; Alshaikh 2013;
Crate et al. 2019; Gotts et al. 2019; Mach et al. 2020).

The term “model” refers to any abstract representation of reality (van den Belt 2004). For
the purposes of this paper, however, in which we are examining participation in the model-
ling of climate-sensitive processes, we are focusing on models used or created as part of a
participatory research process, including conceptual models, fuzzy cognitive maps,
Bayesian belief networks, and statistical modelling (Voinov and Bousquet 2010). Within this
field, various structured approaches have evolved to guide those seeking to engage partici-
pants in natural resource management, often brought together under the name of
“Participatory Modelling” (Voinov et al. 2016). These tend to refer to a number of flexible
tools or approaches including Group Model Building and Mediated Modelling (Andersen
and Richardson 1997; van den Belt 2004) that involve a number of iterative and adaptive
stages including scoping, planning, model choice, model building, simulation, evaluation,
and monitoring (Videira et al. 2010; Dreyer and Renn 2011; Duboz et al. 2018). The funda-
mental goals of these approaches are to foster social learning, shared commitment and
buy-in, successful policy implementation, and conflict resolution for decision-making
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(Voinov and Bousquet 2010), and frameworks have been developed for evaluation of these
processes (Jones et al. 2009).

Although we recognise the value of these structured processes, particularly for problems
that require collaborative decision-making, we see these “Participatory Modelling”
approaches as a subset of a wider body of literature that engages participants and stake-
holders in some form of modelling process as part of a participatory analysis. This more
diverse body of research has its roots in participatory action research, and although it
may not use the specific language of “Participatory Modelling” it encompasses research
that uses modelling processes for knowledge co-production more broadly and is not limited
to decision-making (Cooke and Kothari 2001; Leal 2007; Cornwall et al. 2011). We refer
descriptively to this as “participation in modelling research.”An example would be model-
ling as a research collaboration between academic researchers and an Indigenous organisa-
tion, in which the meeting of two knowledge types (scientific and Indigenous) is key to the
process (Ford et al. 2019). We therefore distinguish between this broader conceptualisation
of “participation in modelling research,” and the more formal approaches referred to by
some as “Participatory Modelling” (capitalised to demonstrate the difference), which is a
sub-group of the former, as illustrated in Fig. 1 (Voinov et al. 2016).

Participation in modelling research in the Arctic
The Arctic is undergoing rapid environmental changes, including significant reductions

in sea ice extent and thickness, permafrost thawing, changes to species distributions, and
air temperature increases three times the global average over the past 30 years (Nickels et al.
2005; Hoegh-Guldberg et al. 2018; Meredith et al. 2019). This is taking place in the context of
ongoing social, economic, and political processes including colonisation, marginalisation,
histories of forced relocations, sedentarisation, residential schooling, and cultural
assimilation (Furgal and Seguin 2006; AMAP 2017, 2018). The Arctic is, thus, understandably
the site of a significant amount of climate modelling research (Hua et al. 2012; Ford
et al. 2014).

Fig. 1. Illustration of the scope of this review.
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There is a diversity of Arctic stakeholders, rightsholders, and knowledge types that can
and must contribute to the building of knowledge and understanding around climate-
sensitive processes (Duyck 2011; Ernst and van Riemsdijk 2013; Flynn et al. 2018). Arctic
residents possess a multiplicity of experiential and place-based knowledge types that are
not grounded in Western scientific paradigms, including Indigenous Knowledge (IK),
locally-held or community-based knowledge (LK), land-based knowledge, and practitioner
knowledge (Cunsolo Willox et al. 2012; Tengö et al. 2014; Crate et al. 2019). We refer broadly
to these as non-Western knowledge types. IK, for example, is grounded in long histories of a
people’s interaction with their surroundings, and flexibility to drivers such as climate
change is present in relationships with the land (Wenzel 2009; Ford et al. 2015; Abram et al.
2019). Participatory approaches to modelling complex, climate-sensitive processes are, thus,
highly applicable to an Arctic context.

Increased calls for engagement of IK and LK in climate research cites both the value of
non-Western knowledge types for broadening and enriching perspectives on complex
climate-related problems, and the importance of ethically engaging Indigenous Peoples
and community groups as rightsholders in decision-making (Nakashima et al. 2012;
Maynard 2014; Meredith et al. 2019). This may include research in which only academic
researchers and Indigenous communities or researchers are engaged, and although there
may not be more than these two stakeholder groups, there are still conflicts of interest in
many of these studies, that exist as conflicts of perspectives between scientific/Western
knowledge and Indigenous Knowledge, such that the academic researchers are a stake-
holder group also participating in the knowledge creation (Barber and Jackson 2015).

However, shifts towards participatory methodologies in the Arctic have been limited,
fragmented, and at times tokenistic (Ford et al. 2016; Jones et al. 2018; Carter et al. 2019),
and although Indigenous Peoples are increasingly involved in research, the degree to which
they are involved varies hugely (Brunet et al. 2014; Flynn and Ford 2020; Mosurska and Ford
2020). There are concerns that “participation” has become a buzzword in research and pol-
icy discourse more broadly, that lacks true attempts to engage with transformative proc-
esses (Leal 2007; Castleden et al. 2012), and can in fact lead to further marginalisation and
reinforcement of existing power relations (Cornwall and Jewkes 1995; Guta et al. 2013;
Janes 2016; Berrang-Ford et al. 2018). It is, therefore, essential that attempts at participation
do not end up taking a superficial or “extractive” approach to engaging non-Western
knowledge types, in which IK is compartmentalised, distorted, and decontextualised
(McDowell et al. 2016; David-Chavez and Gavin 2018; Dentzau 2019).

It is important to take a critical approach to any effort at participatory research, to
understand the goals and achievements, and this includes participatory research involving
modelling processes (Arnstein 1969; Cooke and Kothari 2001; David-Chavez and Gavin 2018).
Examining the nature and structure of participation power dynamics can reveal the degree
to which participants had autonomy over the process (White 1996) or the “depth” of partici-
pation (Király and Miskolczi 2019). What’s more, some have argued that we need to move
away from taking a “tool-kit” approach, which focuses on appropriate tools for the job,
and towards approaches that re-centre the process of participation itself, and the associated
empowerment, equity, trust, and learning (Reed 2008; Ford et al. 2016). Attempts to charac-
terise differing degrees of participatory research include Arnstein’s (1969) “Ladder of
Participation”, Pretty’s (1995) classification based on the purpose of the process, and
Lynam et al.’s (2007) summary of “extractive use, co-learning, and co-management”. Some
further suggest breaking studies down into stages to look at the role of participation in
each (Jonsson et al. 2007; David-Chavez and Gavin 2018).
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Objectives
Given the importance of participation in climate change modelling and research for

achieving transformative change, we set out to review how it is being implemented in the
Arctic. We are not just interested in studies that carry out the idealised, participatory-inten-
sive process encouraged in “Participatory Modelling” studies, but also in the broader body
of studies that are seeking to use participation in research, regardless of the extent to which
they are achieving the higher degrees of participation or the ideals of a structured
“Participatory Modelling” process. In doing so we aim to capture a wider diversity of
approaches to participation in modelling research and their lessons for processes of partici-
pation in an Arctic context and related to modelling research. We look at the extent to
which key elements of participation have been employed and reported within published
research applying participation to a modelling process, drawing from existing frameworks
for analysing the degree of participation in research. We specifically focus on the Arctic, as
a region undergoing significant climatic change (Nickels et al. 2005; Hoegh-Guldberg et al.
2018; Meredith et al. 2019), and due to the current drive among researchers and funding
bodies for enhanced participation in Arctic research (Nakashima et al. 2012; Maynard
2014; Meredith et al. 2019).

We set out to (1) to identify and characterise participatory climate modelling processes
used in climate and environmental change research in the Arctic, and (2) assess the struc-
ture and degree of reported participation in these modelling processes. We do not examine
the “success” of the project in terms of the outcome, due to the diversity of contexts and
desired outcomes among modelling processes. Rather, we focus on the extent to which
the conception, design, management, process, and use of outcomes are participatory in
nature, using a set of criteria to assess the degree of participation. These criteria are
described in the next section and were compiled through an iterative and emergent proc-
ess, based on a number of frameworks and theories that identify the key components of
effective, ethical, and sustainable participatory engagement.

Methods

Systematic review methodology
We employed a systematic scoping review of the published literature to identify and

evaluate how participation in modelling of climate-sensitive processes is being reported
in research in the Arctic, and to what extent these reported processes are participatory.
Countries with Arctic boundaries include the United States (Alaska); northern Canada;
Greenland; the Faroe Islands; Iceland; and the northern parts of Norway, Sweden,
Finland, and Russia (Einarsson et al. 2004). The search is reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses’ reporting guidelines
for scoping reviews (Tricco et al. 2018, Fig. 2).

Identifying modelling studies
We intentionally kept our definition of participation in modelling research broad to

include the diversity of modelling approaches that we have described, including qualitative
and conceptual models, and enabling us to capture studies that may use participation with
a modelling process, but that do not necessarily explicitly refer to it as “Participatory
Modelling”. We also considered a range of methods and tools being applied to the process;
we included studies using participatory mapping, for example, as the use of this tool can
enable participants to visualise and model their problems spatially (Voinov et al. 2018).
Nuance was, thus, required in identifying studies that met our criteria.
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Search procedures
A search string was developed to locate published articles (Table 1) and was designed to

be broad to capture all potentially relevant articles discussing modelling processes engag-
ing with participants, which may or may not have explicitly specified “Participatory
Modelling”. Search terms consisted of three conceptual parts: the climate or weather con-
cept, the participation in modelling concept, and the Arctic concept, combined with the
operator “AND”. Regarding climate and weather, terms referred directly to the climate or
to climate-sensitive socio-environmental systems. These terms were identified based on
the Intergovernmental Panel on Climate Change (Masson-Delmotte et al. 2018) and the
2015 Lancet Commission on Climate Change and Health (Watts et al. 2015). The literature
was also searched for common ways the climate or environment was discussed in the con-
text of modelling with stakeholders. Thus, the participation in modelling search terms
included commonly used keywords, terms, and phrases that describe participation, involve-
ment, and stakeholder knowledge in modelling processes.

The search string was used to perform a title, key word and abstract search in Scopus and
Web of Science CORE Collection, providing a robust search of the literature. The search was
limited to academic published literature and we applied no language or date restrictions.
The search was conducted in June 2019 and updated in April 2020. Search results were
exported to Mendeley reference management software and duplicate articles were elimi-
nated. Citations were then uploaded from Mendeley into Rayyan QCRI (Ouzzani et al.
2016) to facilitate relevance screening.

Fig. 2. Flow chart illustrating the number of articles identified through initial searches, then screened for
relevance and eligibility. PM, Participatory Modelling.
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Table 1. Search strings used in Scopus and Web of Science.

Component Search terms in Scopus Search terms in Web of Science

Climate/environment
context

TITLE-ABS-KEY (climat* OR weather OR “Natural resource” OR
“Global warming” OR “Water management” OR “Land
management” OR “Land-use” OR “Coastal management” OR
“Forest management” OR “Trail use” OR “Sea ice” OR
“Sustainability assessment” OR “Rural appraisal” OR
watershed OR “Biodiversity management” OR “Ecological
planning” OR dryland OR precipitation OR rainfall OR drought
OR “temperature” OR flood OR “Sea level rise” OR “Ecological
systems” OR “Coastal areas” OR “Delta management” OR “Ice
sheet” OR “Saltwater intrusion” OR “Biodiversity loss” OR
“species loss” OR extinction OR “Forest fires” OR “Invasive
species” OR “ocean acidity” OR “ocean oxygen” OR “Marine
Biodiversity” OR fisheries OR ecosystem OR “Coastal
resources” OR aquaculture OR heatwave OR “Water resource”
OR “water stress” OR “Air pollution” OR agricultur* OR storm*
OR hurricane OR cyclone OR blizzard OR disaster OR wildfire
OR “environmental model*” OR wetland OR monsoon)

TS = (climat* OR weather OR “Natural resource” OR “Global
warming” OR “Water management” OR “Land management” OR
“Land-use” OR “Coastal management” OR “Forest management”
OR “Trail use” OR “Sea ice” OR “Sustainability assessment” OR
“Rural appraisal” OR watershed OR “Biodiversity management”
OR “Ecological planning” OR dryland OR precipitation OR
rainfall OR drought OR “temperature” OR flood OR “Sea level
rise” OR “Ecological systems” OR “Coastal areas” OR “Delta
management” OR “Ice sheet” OR “Saltwater intrusion” OR
“Biodiversity loss” OR “species loss” OR extinction OR “Forest
fires” OR “Invasive species” OR “ocean acidity” OR “ocean
oxygen” OR “Marine Biodiversity” OR fisheries OR ecosystem OR
“Coastal resources” OR aquaculture OR heatwave OR “Water
resource” OR “water stress” OR “Air pollution” OR agricultur* OR
storm* OR hurricane OR cyclone OR blizzard OR disaster OR
wildfire OR “environmental model*” OR wetland OR monsoon)

AND AND

Participation in modelling
research

TITLE-ABS-KEY ((participat* PRE/2 model*) OR “group model*”
OR (companion PRE/2 model*) OR “participatory system
dynamics” OR “community model*” OR (collaborative PRE/2
model*) OR (cooperative PRE/2 model*) OR “mediated model*”
OR (model* AND ((indigenous W/1 knowledge) OR (traditional
W/1 knowledge) OR (local W/1 knowledge) OR “community
knowledge” OR “popular epidemiology” OR “participatory
map*” OR “participatory GIS” OR “participatory workshop” OR
“community workshop” OR agroecolog* OR ethnobotany OR
ethnoecology OR ethnoclimat* OR “citizen science”)))

TS = ((participat* NEAR/2 model*) OR “group model*” OR
(companion NEAR/2 model*) OR “participatory system dynamics”
OR “community model*” OR (collaborative NEAR/2 model*) OR
(cooperative NEAR/2 model*) OR “mediated model*” OR (model*
AND ((indigenous NEAR/1 knowledge) OR (traditional NEAR/1
knowledge) OR (local NEAR/1 knowledge) OR “community
knowledge”OR “popular epidemiology”OR “participatory map*”
OR “participatory GIS” OR “participatory workshop” OR
“community workshop” OR agroecolog* OR ethnobotany OR
ethnoecology OR ethnoclimat* OR “citizen science”)))

AND AND

Arctic focus TITLE-ABS-KEY (circumpolar OR polar OR nunavut* OR nunavik*
OR nunatsiavut* OR inuvialuit* OR yukon* OR
“northwestterritories” OR norw* OR greenland* OR alaska* OR
russia* OR swed* OR finland OR iceland* OR arctic OR
indigenous* OR “first nation*” OR inuit* OR saami OR nenets
OR Khanty OR evenk OR chukchi OR aleut OR yupik OR iñupiat
OR kalaallit OR “NorthernCanada” OR alberta OR
“Newfoundland and Labrador” OR Ontario OR Quebec OR
Svalbard OR “Nordic countr*”)

TS = (circumpolar OR polar OR nunavut* OR nunavik* OR
nunatsiavut* OR inuvialuit* OR yukon* OR “northwest
territories” OR norw* OR greenland* OR alaska* OR russia* OR
swed* OR finland OR iceland* OR arctic OR indigenous* OR “first
nation*” OR inuit* OR saami OR nenets OR khanty OR evenk OR
chukchi OR aleut OR yupik OR iñupiat OR kalaallit OR “Northern
Canada” OR alberta OR “Newfoundland and Labrador” OR
ontario OR quebec OR svalbard OR “Nordic countr*”)
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Relevance screening
Relevance screening took place in two stages, in which studies captured by the search

terms, but not involving a modelling process, were screened out. All screening was carried
out by KD. In stage 1, we screened the title and abstract of each citation using the inclusion
and exclusion criteria outlined in Table 2. Potentially relevant articles proceeded to stage 2.
In stage 2, we reviewed the full text of each article for relevance using the criteria outlined
in Table 2. If an article did not meet all criteria at stage 2, it was excluded. To ensure that rel-
evant articles had been captured, snowball sampling of references and citations of included
articles was conducted. Where supplementary materials were available, these were also
screened for information.

Data extraction and analysis
Descriptive analysis

Google Forms was used to create an extraction sheet to facilitate the systematic extrac-
tion of qualitative data. Information was extracted for analysis based on four themes:
(1) study information including title, authorship, location, and discipline of the lead author;
(2) focus of study, including the phenomenon modelled and the scale of the focus;
(3) reported participatory structure, including participants, the reported reasons for use of
participation and how participation was used in the research process; and (4) descriptive
data on nature of engagement with non-Western knowledge types. These data were
exported into Microsoft Excel for descriptive analysis.

Evaluation framework
We created an evaluation framework that enabled the analysis of participatory structure

by appraising each study for the degree of participation reported at each stage of its
modelling process. To do so, we adapted David-Chavez and Gavin’s (2018) “Scale for assess-
ing levels of Indigenous community participation based on who has authority over the
research process”. Their scale was selected due to their inclusion of the “Indigenous” degree
of participation, in which community members have full control over the process.
Although their review focused specifically on work with Indigenous Peoples, we were inter-
ested in research engaging participants who may not identify as Indigenous. Therefore, we
added to their “Indigenous” degree of participation a “community” degree of participation,
although we recognise that these are distinct categories. To examine participation reported
at different study stages, we added to this framework a conceptualisation of the common
stages of participation in modelling approaches, drawing in particular from literature on
specific “Participatory Modelling” methods, such as Jonsson et al. (2007) and Voinov et al.
(2016), as these have formalised some of the ideal structures of participation that can be
used in modelling with participants more broadly. These stages are flexible and any one

Table 2. Inclusion and exclusion criteria for first round of screening.

Inclusion criteria Exclusion criteria

Studies that have implemented or evaluated modelling
research that includes participants or describes a method
or framework for doing so

Studies that do not discuss participatory
modelling with stakeholders

The modelled process is climate- or weather-sensitive, or is
likely to be influenced by climate in the future

The modelled process is not climate-sensitive

Process takes place entirely or partially within the Arctic (as
per the definition of the Arctic defined by the Arctic
Human Development Report (Arctic Human Development
Report: Regional Processes and Global Linkages 2015))

Study takes place in a non-Arctic region

Peer-reviewed journal articles Literature not subject to peer review
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process might use repetitive loops of these stages, or might break one of more of these
steps down. Specifically, we adapted Jonsson et al.’s (2007) “six key dimensions of participa-
tory modelling”, and added aspects of Voinov et al.’s (2016) “components of the participa-
tory modelling process”, including validation and evaluation (Fig. 3) (Jakeman et al. 2006;
Refsgaard et al. 2007; Voinov and Bousquet 2010; Voinov et al. 2016).

To quantify the structure and degree of reported participation for analysis, each study was
scored based on the number of stages of the process that were participatory and the degree of
participation in these stages. For each stage that was consultative, a study was awarded one
point, each that was “collaborative” was awarded two points, each that was “collegial” was
awarded three points, and each that took an “Indigenous” or “community” approach to par-
ticipation was awarded four points. As the “contractual” degree does not describe a process
where participants had autonomy over the research process, this was awarded 0 points.

It is important when deciding how to employ a participatory process that researchers
consider their reasons for and intentions in engaging participants, as these are key to decid-
ing which tools or processes are chosen for use (Voinov et al. 2016, 2018). To understand
these objectives, we sought to identify for each study: (1) stated reasons why participation
was used as an approach to modelling, and (2) stated reasons for the specific use of partici-
pation throughout the study. We further analysed each study’s use of participation in terms
of whether normative, instrumental, substantive, and (or) transformative functions were
stated (see Table 3 for examples). These represent different rationales for the use of partici-
pation in deliberative processes based on the value of the process (Fiorino 1990). Normative
rationales for participation are based on the concept that inclusion of citizens in decision-
making processes is democratic and a successful end in and of itself, i.e., self-evidently pos-
itive, and, thus, increases the legitimacy of the process (Fiorino 1990; Cass 2006;

Fig. 3. Matrix of degree of participation throughout the process of modelling with participants, adapted from
David-Chavez and Gavin (2018), Jonsson et al. (2007) and Voinov et al. (2016).
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The Nuffield Council on Bioethics 2012; Mere et al. 2019). Substantive rationales are based
on the premise that this democratic participation will, through incorporating multiple
and diverse perspectives, produce benefits of better quality and more useful policies,
management plans or, in this case, models (Fiorino 1990; Cass 2006; Király and Miskolczi
2019). Instrumental rationales prioritise the relationship building between participants
that gives the resulting decisions or policy more chance of success, particularly in terms
of participant buy-in (Fiorino 1990; Cass 2006; Stave 2010; Mere et al. 2019). Others have
proposed a fourth rationale, this being a transformative one, in which the participatory
process can be educational and empowering, and, thus, a transformative experience, in
terms of power relations, for all participants (Voinov and Bousquet 2010; Voinov et al.
2018; Király and Miskolczi 2019; Mere et al. 2019).

Finally, we aimed to identify the nature of engagement with non-Western knowledge
types for each study. We examined if and how the article described the overall process of
engaging with non-Western Knowledge. We categorised the approaches as: no engagement
with non-Western knowledge types (e.g., where only policy or governmental stakeholders
were participating); an “add-on” approach where non-Western knowledge types provide
additional information to modelling approaches prioritising Western or scientific knowl-
edge; “bridging” or connecting non-Western knowledge types and science with an even
emphasis; and an approach in which non-Western knowledge types are prioritised in the
modelling process, that is they are privileged over Western knowledge.

Results

Searches of the two databases identified 833 citations once duplicates had been removed
(Fig. 2); we screened articles written in English, Spanish, French, Russian, Italian,
Portuguese, Arabic, Chinese, Croatian, Czech, Korean and German. After screening,
21 articles, relating to 19 studies that carried out modelling with participants, met the full
inclusion criteria. Five articles were identified through reference checking, which related
to two new studies. In total, 26 articles, relating to 21 studies, underwent data extraction
and analysis. As some articles referred to the same study, the subject of analysis was individ-
ual studies. All included articles were written in English.

Publication trends over time and place
The greatest number of studies were identified in the North American Arctic, with

fifteen studies in Arctic Canada and (or) Alaska. The European Arctic was the location of
six studies, including three in Norway, one in Finland, one in Sweden, and one in Russia
(Fig. 4). Most studies focused on a regional scale (n = 14). Of all studies, five were locally
focused and two were nationally focused. Only regionally focused studies were carried out
in Europe, whereas studies in North America varied from local to regional to national
(Fig. 5A).

The number of studies that engage participants in modelling research in the Arctic has
increased in the last decade. There was little difference between the number of studies tak-
ing an approach in which the phenomenon of interest was modelling a broader socio-
environmental system (n = 11) and those that focused on a single issue (n = 10) (Fig. 5B).
Topics modelled included marine and land ecosystems (n= 10), environmental and weather
conditions (n = 3), transport (n = 3), natural resource management (including subsistence
and land-use, n = 2), integrated sustainability assessments (n = 2), and health (n = 1)
(Fig. 5C). There were no clear geographic trends in the modelling topics.

We considered researchers, academics, and scientists to be participants in the research,
particularly where the emphasis in a study was on collaboration between researchers and
community members. Researchers were, therefore, understandably the most common
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participant group reported across studies (n = 21). This was followed by community mem-
bers or partners (n= 17) and Indigenous Peoples (n= 14) (that were not mutually exclusive),
community organisations (n = 11), and government bodies (n = 7). Some studies also
engaged with non-governmental organisations (n = 2), natural resource managers (n = 3),
and the private sector and tourism industry (n= 3) (Fig. 5D). The number of different partici-
pant groups engaged with in each study ranged from 2 to 7, with an average of 4.

Participatory structure
Modelling approaches

The diversity of topics modelled was reflected in the diversity of modelling approaches
reported (Table 4). These ranged from conceptual modelling (n= 6), modelling based on sys-
tems dynamics and fuzzy logic (n = 4), and participatory mapping processes (n = 2), to
increasingly quantitative modelling approaches including species habitat models (n = 2),
agent-based modelling (n = 1), computer-based climate modelling (n = 4), and threshold
models (n = 2). Reported methods most commonly included participatory workshops and
(or) interviews, and some studies incorporated one or more of mapping, photovoice,
role-play, and local observations (Fig. 5E).

Use of participation
All studies reported engagement with participants in two or more research stages: prob-

lem identification; planning and design; participant identification; choice of model; data
generation; model validation; model output generation; and (or) evaluation of the process,

Fig. 4. Geographic distribution of the location of identified studies. Map created using QGIS (https://qgis.org/en/
site/) software and Natural Earth (https://www.naturalearthdata.com/) boundary basemap.
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Fig. 5. Graphs displaying publication trends over time and place. (A) Geographic scale at which research was
conducted for each country of study. (B) Number of participatory modelling (PM) studies by year and scope; *note
that 2020 was not a full year as the literature search took place in April 2020. (C) Topics of participatory
modelling studies. (D) Number of studies reporting engagement with different participant groups. (E) Number of
studies using different methods as part of the participatory process. (F) Number of stages in studies reported to
employ participation.
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with an average of three participatory stages reported per study. Four studies reported to be
participatory in five of their stages (Fig. 5F). Across studies, the stages that were most fre-
quently reported to be participatory were the data and model generation process and the
participant identification process (Fig. 6). Participation was least commonly reported at
the research planning stage and in the process of choosing the modelling type. Reported
participation was also low in model output generation and evaluation of the process, but
a number of studies did not report including these stages as part of their research process.
Lack of clarity in reporting across studies and stages meant that the degree of autonomy
that participants had over a stage in the process could not always be determined.

Degree of participation
Where participation was reported in the article, it was most frequently collaborative or

consultative (Fig. 7). Eight articles described a collegial degree of participation in one or
more stages, with one article describing a collegial approach to participation through five
of the research stages. Collegial approaches were most commonly described at the problem

Table 3. Definitions and examples of rationales for participation.

Function Definition Examples

Normative Increases legitimacy through increased
democracy

• Consistency with local priorities and
norms

• Good research practice
• Democratically involve rightsholders
• Increased transparency of process
• Incorporation of non-Western

knowledge types (if there is not a further
reason for this)

Substantive Increase value, quality and effectiveness of
results and information produced,
i.e., better knowledge

• Decision Support
• More robust planning
• Access knowledge base
• More credible research
• More sustainable outcomes
• More effective outcomes
• Add legitimacy to management
decisions

• Improves accuracy
• To be more context-sensitive
• More relevant
• Better at identifying problems

Instrumental Increases social learning, relationships and
public buy-in and investment, i.e., more
chance of success

• Conflict resolution
• Overcome cross-cultural

misunderstandings
• Social/collaborative learning
• Fosters trust between participants and
researchers

• Develop further/promote methodologies
of collaboration in field of study

Transformative Something is tangibly transformed, be it the
participants or the power structure

• Capacity building
• To address power relations
• Better outcomes for the community/

participants
• Leads to more equitable management/
control over resources

• At request of population or to provide
info direct to participants (shift in power
in terms of who defines research
priorities and what types of knowledge
are prioritised)
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identification and participant identification stages of research. Collaborative approaches
were most commonly described for the data or model generation stage, followed by the par-
ticipant identification stage. Only one study described an Indigenous/Community degree of
participation and this was at the problem identification stage. No studies described the use
of a contractual approach to participation at any stage, so where participation was
reported, it was, at the very least, reported to be consultative. As mentioned, however, in
many cases the degree of authority over the process afforded to participants was not clear.

Studies’ participatory scores (based on the number of stages of the process that were
reported to be participatory and the degree of participation described in these stages)
ranged from 2 to 15, with an average score of 6.7. Lower scoring studies tended to describe
a “consultative” approach in two or more stages. Higher scoring studies described engaging
participants in five or more stages of the process, often with a “collegial” or “collaborative”
approach. Most studies described a mix of “degrees” of participation throughout the proc-
ess (Fig. 7). There was a small difference between the average score for Arctic North
America (7.3; n= 15) and Arctic Europe (5.3; n = 6). There was little association between the
affiliation of the authors of a study and its score, except for those that included authors that
were community members or were affiliated with a community organisation, which had an
average score of 9.4 (n= 6). There was no trend in participation score over time.

Reasons for use of participation
The stated reasons for the use of participation were not always explicit, so we included

each paper’s discussion of why participation in modelling research has value, as well as

Fig. 6. Number of studies reporting each degree of participation by stage.
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the reasons given that were specific to the research project in question. Substantive ration-
ales for the use of participation were most commonly given (18 studies), such as the pursuit
of more credible, sustainable, effective, and legitimate research outcomes. This was
followed by instrumental rationales (13 studies), such as conflict resolution, trust-building
and social learning, and normative rationales (nine studies) that include the need to adhere
to good research practice and local norms. Only two studies gave one or more transforma-
tive rationales for participation, which included local capacity-building and power shifting
in resource management. Studies giving instrumental and (or) transformative rationales for
participation, on average, achieved a higher participatory score (8.2) than those providing
normative and (or) substantive rationales alone (4.2). There was little discussion of why
participation was being used at certain stages of the research process and not others.

Nature of engagement with non-Western knowledge types
The majority of studies (62%; n = 13) described “integrating” or “bridging” knowledge

types, placing an even emphasis on Western and non-Western knowledge. Five studies
(24%) described a process that prioritised IK or community-based knowledge over Western
knowledge, including those studies that were requested by a community or initiated by
Indigenous scholars. Three studies (14%) described a superficial form of engagement with
non-Western knowledge types. On average, studies that described prioritising non-
Western knowledge types had a participation score of 11.2, whereas those that described
bridging knowledge types and “adding on” non-Western knowledge types had scores of
5.9 and 2.6, respectively.

Fig. 7. Structure and degree of participation for each study (Sandström et al. 2003; Kruse et al. 2004; Voinov et al.
2004; Laidler 2007; Healey et al. 2011; Henry et al. 2012; Idrobo and Berkes 2012; Jones et al. 2015; Olsen et al. 2015;
Eerkes-Medrano et al. 2017; Iverson et al. 2016; Koenigstein et al. 2016; Deemer et al. 2017; Tiller et al. 2016; Turunen
et al. 2016; Mantyka-Pringle et al. 2017; Carter et al. 2019; Ford et al. 2019; Rosellon-Druker et al. 2019; Steiner et al.
2019; Henden et al. 2020).

S
tu

d
y

P
ro

b
le

m
 

id
e

n
tif

ic
a

tio
n

P
la

n
n

in
g

 a
n

d
 

d
e

si
g

n

P
a

rt
ic

ip
a

n
t 

id
e

n
tif

ic
a

tio
n

C
h

o
ic

e
 o

f 
m

o
d

e
l t

yp
e

D
a

ta
 

g
e

n
e

ra
tio

n
 

a
n

d
 m

o
d

e
lli

n
g

M
o

d
e

l 
va

lid
a

tio
n

M
o

d
e

l o
u

tp
u

t 
g

e
n

e
ra

tio
n

P
ro

ce
ss

 
e

va
lu

a
tio

n

Carter et al. 2019

Deemer et al. 2017

Eerkes-Medrano et al. 2016

Ford et al. 2019

Healey et al. 2011

Henden et al. 2020

Henry et al. 2012

Idrobo and Berkes 2012

Iverson et al. 2016

Jones et al. 2015

Koenigstein et al. 2016

Kruse et al. 2004

Laidler 2007

Mantyka-Pringle et al. 2017

Olsen et al. 2015

Rosellon-Druker et al. 2019

Sandström et al. 2003

Steiner et al. 2019

Tiller et al. 2016

Turunen et al. 2016

Voinov et al. 2004

No participation

Consultative

Collaborative

Collegial

Indigenous/Community

Not clear

Not part of process
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Discussion

This systematic scoping review has identified and characterised published reports of par-
ticipation in modelling research taking place in the Arctic over the last 20 years. In doing
so, it has highlighted and examined the diversity of approaches that can and are taken to
engage participants in climate and environmental modelling processes. This scoping
review reveals key characteristics of participation in modelling research in the Arctic, and
presents an approach to interrogating articles that report the use of participatory methods
that is of value outside of the contexts in which it is used here. The approach creates a
composite score for studies based on the temporal structure of participation throughout a
participatory study and the degree of participation at each stage.

Participants and topics
Most studies reported engaging with Indigenous and non-Indigenous Peoples in their

participatory processes, which involves engaging with both Western and non-Western
knowledge. This is likely to be due to the presence of multiple autonomous Indigenous
Peoples and community groups in the Arctic, who are increasingly carrying out or commis-
sioning their own research and research agendas, alongside expectations of Western
researchers to adhere to protocols such as the duty to consult (Haida Nation v. British
Columbia (Minister of Forests) 2004), research agendas developed by Indigenous organisa-
tions (Inuit Tapiriit Kanatami 2018), and research funding that is specifically allocated to
communities (Peace and Myers 2012). This is not an unexpected finding, considering this
context. However, this does not necessarily mean that these knowledge holders are being

Table 4. Examples of modelling approaches used.

Modelling approach Example

Conceptual modelling (n= 6) Laidler et al. 2008 Conceptual modelling of Inuit knowledge of sea
ice processes, conditions, and features in
Pangnirtung, Cape Dorset and Igloolik,
Nunavut.

Systems dynamics and fuzzy logic
(n= 4)

Tiller et al. 2016 Fuzzy cognitive mapping of Norwegian marine
food system stakeholders’ perspectives of the
risk of climate change to marine environments.

Quantitative climate modelling
(n= 4)

Turunen et al. 2016 Combining Herder knowledge with future snow
condition projections to simulate the impacts of
changing snow conditions on herders in
Finland, and to identify coping strategies.

Participatory Mapping (n= 2) Sandström et al. 2003 The use of participatory geographic information
systems, with reindeer herders in northern
Sweden, to model land-use activities and
patterns among multiple land users.

Agent-based modelling (n= 2) Kruse et al. 2004 Creation of a computational discrete-choice travel-
cost model of subsistence hunting in Old Crow,
Yukon, Canada, relying on research and
Indigenous Knowledge to provide rules and
parameters for individual and collective
decision making.

Species habitat models (n= 2) Olsen et al. 2015 Indigenous-Knowledge-informed use of remotely
sensed environmental data and geospatial
training data to create habitat suitability maps
for marine mammals in Alaska, USA.

Threshold models (n= 2) Ford et al. 2019 Modelling, with Indigenous Knowledge holders, to
create threshold models of access to informal
ice, sea and land trails in Inuit Nunangat.
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engaged in processes that are highly participatory, such as those that achieve an
“Indigenous” or “Community” degree of engagement, and may be the result of tokenistic
solutions to these calls for inclusion. The breadth of topics of study identified in this review
represent the diversity of issues that the Arctic is facing in the context of climate change,
from impacts on species and habitat health, land use, subsistence, employment, and tour-
ism, to the direct impacts of changing environmental and climatic conditions.

The participant identification stage involves both the process of defining the criteria for
participation in the research process, and the process of selecting participants that met
these criteria. Studies did not always distinguish between these two steps, but it was often
clear that participants had been heavily involved in the selection, but not the definition,
of participants. Similarly, there was rarely a discussion on the groups or individuals who
may have been excluded from the process due to practicalities such as the time-consuming
and intensive nature of a highly participatory modelling process. This is yet another part of
the process in which clearer reporting on research design, in general, would be beneficial,
as understanding who has defined the criteria for participation, as well as who may be
actively or inadvertently excluded from the process, helps to identify the perspectives that
are and are not represented in the resulting models (Hitomi and Loring 2018). Others have
similarly called for greater clarity in how participatory research more generally is reported
(Mosurska and Ford 2020).

Structure of studies
The research stages that were most regularly reported as participatory (regardless of the

degree of participation) were the participant identification stage, and data or model gener-
ation. It is understandable that participants would be a valuable source of knowledge for
identifying the scope of relevant stakeholders for a given issue. Utilising this participant
expertise demonstrates a move away from more traditional approaches in which partici-
pants or stake/rightsholders are defined and identified by the subjective assessments of
researchers, and places value on the social relationships and communication networks that
exist among participant groups (Mitchell et al. 1997; Prell et al. 2007). However, it was not
always clear whether the researchers had already imposed restrictions or criteria for partic-
ipants, or whether these criteria were identified collaboratively.

It is also understandable that the data and model generation stage would tend to be
reported as participatory, as this is the focal part of the study in which diverse knowledge
types can be brought together in the process of collaborative learning. Reviews of participa-
tory monitoring research have similarly observed participation most commonly character-
ised as data collection (Thompson et al. 2020). However, although some studies reported
using participatory workshops to combine data and knowledge generation with model
building and synthesis (Healey et al. 2011; Mantyka-Pringle et al. 2017), others reported
using two distinct stages of data elicitation, such as a round of interviews or focus groups
with participants, followed by a subsequent modelling process in which participants may
or may not have been involved (Iverson et al. 2016; Ford et al. 2019). In these cases, it was
challenging to summarise the studies into the stages we had initially identified.

Excluding the model output generation and evaluation stages (as many studies did not
include these stages as part of their modelling process), participation was least commonly
reported at the choice of model stage. We found that unclear reporting was particularly
high at this stage, preventing us from determining whether participatory processes were,
in fact, used. Participants and communities have pointed to the benefits that early research
engagement can bring to the levels of participation and autonomy throughout the rest of
the research process, and for enabling their priorities to define this process (Harper et al.
2012; Carter et al. 2019; Flynn and Ford 2020). This highlights that breaking participation
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down into stages, although useful to evaluate, is somewhat artificial because it is also
important to consider the threads of participation that run throughout the entire process
of a study. It is, therefore, important for articles to clearly report participation at these early
stages of research, as they can reveal nuances about the degree of participation afforded in
subsequent stages, provide accountability to the interests of those involved as participants,
and draw links to where participation was used in the study, to what degree, and why.

This review identified great diversity in the methods, tools and types of modelling used.
Workshops were frequently used as part of the modelling process, which are known to be
effective in bringing diverse knowledge holders together and promoting social learning,
participatory analysis, and relationship building (Huntington et al. 2002; Knapp et al.
2011). Other participatory methods, such as photovoice, and traditionally non-participatory
methods, such as interviews, were used, sometimes blended or integrated into one research
stage. Although the choice of methods is important, as methods can empower some partic-
ipants over others (Voinov et al. 2018), few studies discussed power dynamics within and
between participant groups.

Degree of participation
Only one study reported an “Indigenous” or “community” degree of participation. This

was a study where the problem identification and initiation of the research was driven by
the community and centred on community priorities (Healey et al. 2011). Nevertheless,
most studies reported incorporating one or more stages of collaborative or collegial partici-
pation into their process, and this occurred most often at the data and model generation
stage, suggesting that these model building stages are regularly being used to create space
for social learning, genuine exchange and the meeting of different knowledge types.
Again, unclear reporting meant that determining the degree of participation was challeng-
ing. As Carter et al. (2019, p. 390) point out, historically “a lack of research reporting has
been a key factor in exploitative research relationships and lack of community trust in
research” (Inuit Tapiriit Kanatami 2018); thus, reporting is important for accountability.

There is often a trade-off between breadth and depth of participation (McCall et al. 2015;
Voinov et al. 2016). The degree of participation afforded to participants as a group, and the
degree of participation that any one individual participant has are not necessarily the same,
although it was most often the former that was reported in the included papers. The more
participants and participant groups that are involved, the less power each individual will
have. Here, we have assessed the degree of power that was possessed by the participant
group in contrast with the power held by the researchers in any one study, but not enough
information was provided to interpret power relations between participants.

Reasons for use of participation
The motivations, from those initiating the research, for using participation in the proc-

ess are important for understanding specific choices of nature of participation and at what
stage in a study. Again, we found lack of clarity in reporting in a number of studies around
their specific reasons for using participation, which is consistent with other literature
reviewing participation inmodelling studies (Voinov et al. 2016). Where reasons were given,
they were most frequently substantive (n= 18), often referring to the value of engaging non-
Western knowledge types for the quality of the research outcomes. Instrumental functions
were stated in 13 studies, highlighting the accepted value, and mutual benefit of, the social
learning that can take place through the modelling process. Only two studies gave trans-
formative rationales for the use of participation, which prioritises the benefits for the par-
ticipants in terms of the power shift and tangible change that can come about through
the research process itself. This included studies that sought to directly address and change
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power relations in research and natural resource management (Rosellon-Druker et al. 2019),
and those that incorporated research capacity building into the process as a key objective
(Healey et al. 2011). Studies stating instrumental and (or) transformative rationales demon-
strate the importance that they are placing on the value of the process itself, particularly
for participants. These studies’ average participation score was 8.2. Studies giving only
normative or substantive rationales for participation demonstrate a greater focus on the
value of the outcomes of the process, and their average participation score was 4.3. This sug-
gests that studies are using more frequent and higher degrees of participation to achieve
more instrumental objectives such as social learning, and potentially transformative
change for participants.

Review limitations
Our approach relies on reporting in the published literature on processes that are often

complex and nuanced. Understanding participatory processes involves understanding the
social relations between participants, autonomy over decision-making, ability to communi-
cate and exchange knowledge, and their skills, tools, and experience that allow them to do
so (Voinov and Bousquet 2010). Although there are examples of how these descriptions of
participation, autonomy, and power relations in research can be reported clearly and suc-
cinctly (Carter et al. 2019), we understand the constraints placed on authors when publish-
ing with limited word counts. Nevertheless, the growth in the use of supplementary
materials reduces such challenges in contemporary scientific publishing. We included sup-
plementary materials in our review, but they were rarely used by their authors to add more
detail to the description of the participatory process. As a result, our evaluation has been
dependent on often incomplete descriptions of participatory processes, in which research-
ers and participants may have engaged in higher degrees of participation and collaboration
that we were unable to credit. In journal articles these descriptions are usually from the
perspective of the researchers and, thus, are sensitive to bias. Furthermore, we were unable
to investigate outcomes of these research processes, including short- and long-term out-
comes and whether there were direct benefits for the participants. Interviews with both
researchers and participants could be one way to address both of these issues.

Jones et al. (2009) have put forward a framework for participatory modellers to self-
evaluate their studies in reference to their original goals. Fundamentally, part of this evalu-
ation is carried out by the participants engaged in the process. This provides insights on the
value of the process from multiple perspectives and holds the research to account over its
goals. Additionally, a further question remains around how this coproduced information
is taken up and used in policy, management, and decision-making, particularly that which
engages with non-Western knowledge types (Thompson et al. 2020).

Conclusion

This review has identified a diversity of approaches being used in the Arctic to engage
participants in modelling climate-sensitive processes. These studies comprise a range of
both degree of participation and ways of engaging with non-Western knowledge types. It
is noteworthy that more participation is not necessarily better participation, nor neces-
sarily favoured by participants. It is challenging to comment on what is best or most effec-
tive in terms of stage and degree of participation, as this depends on the objectives of the
process and there will likely be different participants or stakeholders with different ideas
of what a successful outcome would be. However, we have identified examples of research
in the Arctic that are successfully implementing highly participatory modelling processes,
while working with and for non-Western knowledge holders in the region.
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Considering how few studies in this review reported engaging participants in an evalu-
ation process, this may be a priority area for improvement, and one that needs to be
planned for at the project planning stage to ensure resources and time are allocated to this
task. Equally, it is also important that readers are able to critically appraise the participa-
tory processes in a study, and currently we find that the level of detail available is, in gen-
eral, not enough for this. Reporting criteria may be useful to improve the quality and
clarity of the communication of this important information. To move towards research on
what types of participation work in what contexts and for whom, we need to understand
in greater depth what is happening in these modelling processes in terms of power, partici-
pation, and autonomy, particularly in the context of diverse, non-Western knowledge
types, and this requires clearer discussions of these issues in the descriptions of the process.
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