
Copyright © 2018 by the author(s). Published here under license by the Resilience Alliance.
Allington, G. R. H., M. E. Fernandez-Gimenez, J. Chen, and D. G. Brown. 2018. Combining participatory scenario planning and
systems modeling to identify drivers of future sustainability on the Mongolian Plateau. Ecology and Society 23(2):9. https://doi.
org/10.5751/ES-10034-230209

Insight

Combining participatory scenario planning and systems modeling to identify
drivers of future sustainability on the Mongolian Plateau
Ginger R. H. Allington 1, Maria E. Fernandez-Gimenez 2, Jiquan Chen 3 and Daniel G. Brown 4

ABSTRACT. The study of social-ecological systems (SES) is an inherently interdisciplinary endeavor that necessitates collaboration
among multiple researchers and stakeholders. These collaborations often result in novel insights into the dynamics and feedbacks that
occur within these systems. Achieving these insights requires methods and tools that integrate diverse knowledge from multiple
disciplines and sectors of society to inform actionable research on complex systems. Past research has demonstrated the contributions
that stakeholders can make to defining scenarios that are subsequently applied to quantitative modeling. Here, we focus on the feedback
from quantitative modeling to refinement and interpretation of scenarios, and demonstrate how quantitative modeling can reveal
aspects of system dynamics that were not considered during scenario development. We present a case study in which we use qualitative
scenario planning as a tool to engender systems thinking by a diverse set of stakeholders in a complex transboundary SES: the Mongolian
Plateau. This exercise demonstrated the value of participatory scenario planning as a tool for facilitating interdisciplinary and cross-
sectoral dialog and knowledge generation. It also ensured the integration of place-based knowledge into scenario development for
subsequent quantitative modeling. In addition to incorporating stakeholder knowledge in simulation of complex human-environment
dynamics, the quantitative modeling revealed how the dynamics of rural out-migration contribute to the decoupling of rural herder
populations and livestock numbers. The emergent knowledge gained from this process underscores the utility of pairing the qualitative
scenarios with quantitative simulations to reveal unanticipated system behavior and key drivers not identified or overlooked by
stakeholders.
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INTRODUCTION
Understanding and addressing the complexity and “wickedness”
(Rittel and Webber 1973) of socio-environmental problems
requires the expertise of researchers from multiple disciplines, and
participation of stakeholders from multiple societal sectors, to
generate new transdisciplinary knowledge and solutions (Brown
et al. 2010). Further, to address complex and spatially extensive
challenges in a way that results in tractable policy
recommendations requires transdisciplinary approaches that
incorporate nonscientist stakeholders from diverse social sectors
together with researchers, in joint problem-framing and solution-
seeking as part of the research process (Lang et al. 2012).
Challenges to this type of collaboration and transdisciplinary
dialogue include differing epistemologies, methodologies,
vocabularies, values, and cultures among different disciplines, the
assumptions researchers make about other fields and about
nonresearchers (Lélé and Norgaard 2005, Stokols et al. 2008),
and differential power within and between different disciplines
(Cobb and Thompson 2012). These collaborations often face
challenges with knowledge integration across disciplines
(Pennington 2008), but have the potential to result in novel
insights on the dynamics and feedbacks that occur within these
systems (Chen et al. 2015a, Hull et al. 2105). Achieving these
insights requires methods and tools that integrate diverse
knowledge across disciplines and sectors (Lang et al. 2012, Chen
and Liu 2014).  

Although the need for greater interdisciplinary collaboration is
gaining attention and momentum (Ledford 2015), best practices
for achieving effective transdisciplinary science and problem

solving are still needed to address inherent challenges (Heemskerk
et al. 2003, Pennington et al. 2013), including building
communication competence within and among interdisciplinary
teams (Thompson 2009, Palmer et al. 2016). This
transdisciplinary dialogue can be challenging because of
differences in terminology and epistemology (Stokols et al. 2008).
An important foundation for a successful interdisciplinary
collaboration is joint problem definition and integrated
conceptual framing of the phenomenon by participating team
members (Pennington 2008, Knapp et al. 2011, Lang et al. 2012).
Structured dialogue (Pennington 2008), participatory conceptual
modeling (Heemskerk et al. 2003, Knapp et al. 2011), and
facilitated scenario planning workshops (Winowiecki et al. 2011,
Voinov et al. 2014) have been used to promote communication
across disciplines and develop a shared understanding of a
complex system so that problems can be studied more effectively.
Two complementary approaches have been shown to help
facilitate dialogue: the use of material artifacts, such as mental
models and schematics as boundary objects for cocreation of
research questions and articulating problems (Pennington 2010);
and participatory modeling to integrate stakeholder knowledge
into quantitative assessments (Van den Belt 2004, Voinov and
Bousquet 2010, Voinov et al. 2016, Basco-Carrera et al. 2017).  

We used participatory scenario planning and system dynamics
modeling (SDM) to assist an interdisciplinary research group,
together with other nonscientist stakeholders, in identifying key
drivers and interactions in a complex transboundary social-
ecological system (SES): the Mongolian Plateau. The overarching
research question for the exercise asked the following: What
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factors will affect the future sustainability of the SES on the
Mongolia Plateau? We implemented the scenario development
and model projections as independent, equally important steps
in a process of investigating potential impacts of future policy
decisions and climate changes on a system (Kok et al. 2015,
Withycombe Keeler et al. 2015). A key aspect of the socio-
environmental context on the Mongolian Plateau derives from
the striking differences between the country of Mongolia and the
adjacent province of Inner Mongolia, China (Fig. 1). Although
the two regions share a similar cultural and ecological history,
they have experienced very different population growth rates,
levels of market access, and land-tenure reforms (Chen et al.
2015a). At the same time, they are also facing similar sustainability
challenges, including grassland degradation and desertification,
drought and water scarcity, and increased frequency of dzud, a
winter weather disaster that results in catastrophic loss of
livestock (Chen et al. 2015a). The broader motivation for this
work came from the need to articulate plateau-wide and region-
specific knowledge about potential future issues and drivers of
change, in order to build consensus on important research
directions and to inform ongoing policy discussions within China
and Mongolia.

Fig. 1. Location of the Mongolian Plateau, which includes the
country of Mongolia and the Inner Mongolia Autonomous
Region of China. The two case study regions from the systems
dynamic modeling highlighted in dark grey (a) Sukhbaatar
Aimag, Mongolia and (b) Xilingol League, Inner Mongolia;
and (c) photo of participants from the 2014 Scenario Planning
Workshop in Ulaanbaatar.

Despite the growing number of examples of participatory
modeling in the environmental sciences, a few authors have
recently noted a lack of adequate reflection on the process (Seidl
2015, Elsawah et al. 2017). Here, we report on a project where we
combined participatory scenario planning and system dynamic
modeling to produce transdisciplinary knowledge about the
Mongolian Plateau system and build a shared understanding of
this complex system. We involved participants from different
academic disciplines (ecology, physical science, economics, social
science), nationalities/cultures, positions in the academic
hierarchy (Masters and doctoral students, junior and senior
researchers and faculty), and different social sectors (e.g., herder,
local government, business, and NGO, as well as academia). We
anticipated that the primary value of the scenario planning in this
context would be to stretch participants’ thinking about system

drivers and dynamics, i.e., to foster systems thinking, and to help
synthesize the diverse knowledge of participants about the
system. We predicted that the process would foster increased
engagement and discussion by diverse members of the group. We
also aimed at gaining insights on how to structure our quantitative
and computational models of system dynamics, based on outputs
from this engaged scenario planning activity and follow-up input
from participants as we developed the models. We expected that
these inputs would take the form of descriptions of system drivers,
consideration of the most uncertain drivers, and possible
alternative scenarios under which we could subsequently use
model simulations to evaluate ecological and social outcomes of
the scenarios.  

Literature on participatory scenario development and modeling
has largely emphasized the benefits of including stakeholder
knowledge for framing research questions and conceptual models
to foster model outputs that are tractable for knowledge users and
policy makers (Kok 2009). Quantitative modeling or the iterative
model development process can also point to system drivers that
were overlooked in the original conceptual framing, but are
important potential contributors to future dynamics.  

Our objectives in this paper are the following: (a) to explicitly
report and reflect on our iterative process of participatory
scenario development and quantitative modelling, and (b) to
highlight the knowledge gains that arose from our approach.
Specifically, we trace the insights gained at four stages in the
process. First, we demonstrate the value of participatory scenario
development for fostering transdisciplinary knowledge
production and eliciting system drivers and interactions to inform
quantitative modeling. Second, we draw attention to the
differences in the scenario details generated by the two groups,
emphasizing the importance of soliciting expert knowledge in
developing modeling scenarios. Third, we highlight some
similarities in the system drivers identified in these scenarios,
despite the different ways the scenarios were articulated and the
utility of iterating between model development and narrative
scenarios in order to refine quantitative projections (Mallampalli
et al. 2016). Finally, we also demonstrate an underappreciated
benefit of this iterative approach. In addition to the qualitative
scenarios leading to refinement of the systems models, the
quantitative modeling process also revealed aspects of the system
that were overlooked by the participants during scenario
development.  

We use the terms “interdisciplinary” and “transdisciplinary”
throughout this paper to refer to different aspects of the work,
drawing from the discussion in Max-Neef (2005) and Pennington
(2016). We refer to the team of researchers leading this project
(ourselves) as interdisciplinary, in that we come from different
disciplinary groundings, but are coordinating research across our
specialties to answer higher level questions about system behavior.
We use “transdisciplinary” to indicate that the process we are
describing here has engaged specialists and stakeholders to
interrogate potential futures in a systematic way and produce a
new understanding of the system that incorporates both
pragmatic and values-centered perspectives (Max-Neef 2005).
For instance, the generation of scenario stories requires the
participants to harness empirical and technological knowledge
and insights, while also making claims and predictions that are
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rooted in value judgments. In summary, we use interdisciplinary
to refer to the people involved in the work and transdisciplinary
to refer to the process and outcomes.  

After briefly introducing the concepts of system dynamics
modeling and participatory scenario planning, we describe how
we implemented them and report on the outputs of the scenario
development and iteration of the models with the scenarios and
participants. We then present reflections from the workshop
participants on the process of developing the scenarios as well as
our own reflections on the process of conducting the workshop
and working through model iteration. Throughout this paper we
return to our initial objectives of highlighting four avenues of
knowledge gained in this process: participant knowledge
integration, scenario differences, system driver similarities, and
emergent insights on drivers.

BACKGROUND

Systems dynamics modeling
System dynamics models (SDMs) can be used to understand
emergent, system-level behaviors that result from the interaction
of variables in different subsets of complex systems. The approach
was developed for addressing issues in industrial manufacturing
(Forrester 1961, 1994), but is now increasingly applied to model
economic and ecological dynamics, particularly for social-
ecological systems that exhibit complex feedbacks among
variables (Holmberg 2000, Rasmussen et al. 2012). SDM can be
used to synthesize diverse data types to understand how feedbacks
produce nonlinearities in complex systems (Forrester 1961, 1994).
They are particularly useful for SESs such as rangelands, where
changes in climatic and socioeconomic forces interact to influence
human decision making regarding land use and resource
management (Shen et al. 2009, Rasmussen et al. 2012). Once
parameterized with empirical data and relationships among the
variables, SDMs can be used to evaluate the ecological and
socioeconomic outcomes of different potential futures such as
those outlined by participants in our workshop (Allington et al.
2017). Simulations based on model scenarios can then reveal
counterintuitive behavior of key system variables over time, which
might not have been anticipated by the original workshop
participants. Thus, one can learn about the systems themselves
from the simulations of different scenarios, the trajectories of the
key variables over time, and the interactions among the variables
in different parts of the system.

Scenario planning
Scenario planning is a method of thinking strategically about the
future in situations of high complexity and uncertainty and low
controllability (Peterson et al. 2003a). The approach has its origins
in business and the military (Shoemaker 1995), but has been
applied across a range of sectors, including recently to
conservation and natural resource management. In these
contexts, scenario planning has been used to explore future
ecosystem services in the Millenium Ecosystem Assessment
(Peterson et al. 2003b, Bohensky et al. 2006), for climate change
adaptation planning in national parks (Ernst and van Riemsdijk
2013) and arctic communities (Picketts et al. 2012), and to
consider the future of natural resource-based livelihood systems
such as mobile pastoralism in Spain (Oteros-Rozas et al. 2013),
and livestock ranching in Australia (Puig et al. 2011). A hallmark
of scenario planning in these cases is that it brings together diverse

stakeholders from different disciplines, social sectors or roles, and
with different expertise and ways of knowing, to think together
about a question of mutual interest. Participants collaborate to
produce charts of relevant drivers that act as negotiated boundary
objects to describe the system in question, a process which, in and
of itself, has been shown to improve group dynamics (Pennington
2010). We expected that, when used in the context of
interdisciplinary research, participatory scenario planning would
serve a valuable function by facilitating dialogue and knowledge
integration across disciplines and sectors (Harris and Lyon 2013,
Palmer et al. 2016), and the development of transdisciplinary
framing for quantitative systems modeling (Tress et al. 2005). The
collaborative scenario development process forces participants
from different backgrounds and experiences to make their
assumptions and tacit knowledge of the system explicit (Seidl and
Le 2012), and to explain the rationale and logic behind their
ranking of system factors based on importance and uncertainty.
In an organizational context, scenario planning has been
evaluated through various theoretical lenses, including
organizational learning (Haeffner et al. 2012) and organizational
resilience and system innovation (Cobb and Thompson 2012),
among others. Here, we report on the application of participatory
scenario planning and the associated scenario development as a
tool to facilitate interdisciplinary and cross-sectoral communication
and collaboration, and demonstrate its value in fostering
transdisciplinary knowledge production and eliciting system
drivers and interactions to inform systems dynamic modeling. We
use the resulting scenario stories as a basis for setting the
parameters for future scenarios in the model and also as a
framework to interpreting model projections.

METHODS AND RESULTS

Scenario planning workshop participants
The Scenario planning workshop was held in Ulaanbaatar,
Mongolia in June 2014. Participants were attendees at a larger
scientific synthesis meeting to which they were invited because of
their involvement with one of a number of ongoing research
projects in the region, or because of their knowledge of the region.
The projects all address some aspect of social-ecological dynamics
in the region and involve international collaborations that include
researchers and stakeholders in the region. Project leaders,
collaborators, and participating students were invited. Funding
was available to support travel, thereby increasing the ability of
invitees to participate. Twenty-six people participated in the
workshop, 19 men and seven women. The majority were of
Chinese (11) and Mongolian (9) ethnicity, followed by researchers
native to the U.S. (3), Russia (1), Germany (1), and India (1).
Twenty-two participants were researchers representing the life
sciences (8), geography/planning/remote sensing (6), economics
(5), and physical sciences (2). One researcher was not identified
by discipline. Four participants (all Mongolian) were from social
sectors outside of academia, including local and provincial
government and agriculture, i.e., herding.  

Participants were assigned to one of four groups, each composed
of six to eight people (Fig. 2). Assignments were made based on
the primary language of the participants (monolingual
Mongolian, Chinese, English, or bilingual speakers), and
disciplinary background, with an attempt to have representatives
of biological, physical, and social sciences in every group. Each
group had at least one female participant. The monolingual
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Fig. 2. Work flow to articulate scenario stories for use in model simulation, example from Inner Mongolia group. In Stage 2,
participants ranked drivers along axes of uncertainty and impact. The High Uncertainty/High Impact quadrant represents the
“critical uncertainties,” which are then used to formulate the axes for generating future scenarios in Stage 3. We utilized the scenario
stories from Stage 3 to identify parameters for model projections in Stage 4. In Stage 5, initial model projections based on
interpreted scenario stories were presented back to workshop participants for feedback.
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Mongolian speakers, who included all of the nonscientists, were
placed into one group and instructed to focus their scenarios on
Mongolia. One non-Mongolian speaker was also in this group,
but this individual has extensive past experience in Mongolia.
Thus, although the workshop overall was dominated by
researchers, half  of the members of the Mongolia group, which
produced one of two scenarios used in the SDM, were not
scientists. A second group composed of native Chinese speakers
was directed to focus their scenarios on the Inner Mongolian
Autonomous Region (IMAR) of China. The remaining two
groups included a mix of national/linguistic backgrounds (U.S.,
German, Russian, Chinese, Mongolian) and both focused on the
entire Mongolian Plateau region, including both the Republic of
Mongolia and IMAR, and spoke in English. The facilitator was
a member of the research group with experience facilitating
scenario planning. The facilitator maintained the role of process
guide throughout but did not participate directly in any of the
groups except to clarify instructions, answer questions and
redirect as necessary. Tables in the room were arranged into four
large rectangular clusters, each group working together around
its own table.

Scenario planning workshop
We used a shortened version of the scenario planning process
outlined by Chermack (2011), which has been applied widely to
business and organizational change, as well as more recently to
natural resource management planning, especially related to
climate change (Cobb and Thompson 2012). The facilitator was
experienced using this process to teach system thinking and
natural resource management planning to advanced undergraduate
students, but had not facilitated it with researchers or other
stakeholders. However, she was experienced in facilitating
multistakeholder workshops for participatory modeling,
knowledge integration, and adaptive management planning.  

The scenario planning workshop session consisted of the
following steps, which are abbreviated as Stages 1 through 3 (Fig
2):

Stage 1:
1. An initial brief  presentation on the purpose and process of

scenario planning; 

2. Identification of the focal question. The workshop leaders
determined the following focal question in advance for all
groups to guide their planning: What policies would support
long-term sustainability of the social-ecological systems on
the Mongolian Plateau? 

Stage 2:
1. Brainstorm of potential factors that affect the focal

question. Participants were instructed to think broadly and
to come up with as many different factors as possible,
making sure that each group member contributed at least
three factors to the discussion; 

2. Ranking of factors by impact on the focal question.
Participants ranked factors from most to least important in
their influence on the focal question; 

3. Ranking of factors by uncertainty. Participants ranked each
factor from highly uncertain to highly certain; 

Stage 3:
1. Identification of “critical uncertainties”: those factors in the

impact-by-uncertainty matrix that are in the high impact-
high uncertainty quadrant (Appendix 1); 

2. Exploration of potential scenarios by combining pairs of
unrelated critical uncertainties to think about possible
alternative futures for the system. Participants were
instructed to define the extremes of the axis for each
uncertainty and to select the two critical uncertainties that
result in a set of divergent but plausible set of scenarios that
are substantially different from the conventional wisdom.
The aim was to identify scenarios that are “good to think
with”; and 

3. Description of what the future would look like under each
of the four resulting combinations. Participants were asked
to avoid identifying “best case,” “worst case,” and “status
quo” scenarios and rather to try to describe both the positive
and negative aspects of each possible future (Fig. 2). 

These steps loosely approximate the first three steps of Alcamo’s
approach to scenario development (Alcamo 2008). In an
interactive and participatory process using many index cards and
large pieces of paper, each subgroup generated a list of critical
uncertainties. From this list they selected and used two of these
uncertainties to identify four contrasting plausible future
scenarios. Each group then described the key features of each of
their scenarios on a chart where the vertical and horizontal axes
represented two extremes of each selected critical uncertainty, and
each resulting quadrant represented a different alternative future
(Fig. 2, Stage 3, Appendix 1). For example, one axis might
represent climate variability and the other potentially divergent
policy options for rural development. After the subgroups drafted
their scenario outlines, they presented them to the entire group,
followed by a short Q&A and comment period on each outline.  

For the IMAR group, the first axis concerned precipitation trends
under future climate, ranging from more wet to more dry. The
second axis described policy decisions that focused on short-term
versus long-term development outcomes. The former set of
policies focused on short-term economic growth, rather than on
a development strategy that had long-term capacity development
as a key goal.  

For the Mongolia group, the axes focused on defining directions
of future economic development and capital investment (Fig. 2,
Stage 3). The first axis concerned current debates over developing
the industrial and mining sectors of the economy versus
prioritizing agricultural livelihoods and pastoralism. The second
axis divided futures focused on private markets and continued
integration into global capital markets from those on sustainable
resource development via investment in communal pastoral
systems and rural institutions.  

The quadrants defined by each pair of axes resulted in four
distinct scenarios for each group (Fig. 2, Stage 3). The IMAR
group, comprising entirely researchers from social science and
environmental fields, labeled their scenarios with nicknames:
Grassland Paradise, Grassland Pendulum, Desertification, and
Proactive Adaptation. Grassland Paradise described a future
where plentiful rainfall and long-term policy lead to improved
ecological conditions, optimal livestock numbers, increased
prosperity and social harmony, attracting migrants that may
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eventually lead to overpopulation and social instability. In
Proactive Adaptation, farsighted policy in the face of declining
moisture leads to conservative stocking policies and a strong
social safety net, providing social stability in the face of frequent
natural disasters. Grassland Pendulum plays out when high
rainfall is coupled with short-term policy perspectives, leading to
cyclical overexploitation of the environment, and a volatile and
unpredictable economic situation. In Desertification, environmental
degradation makes continued livestock husbandry infeasible,
leading to poverty, social instability and emigration. Over the
longer term, the change in the economic structure could lead to
technological innovation—a focus on education and economic
diversification.  

The Mongolia group, comprising a mixed group of researchers
and local government and business representatives, also described
four contrasting scenarios. These ranged from a future where
mining dominates the economy under a socially oriented green
development policy leading to prosperity, ecological restoration,
and waste management, but absent a strong livestock sector, to a
future where agriculture dominates the economy under capitalist
market-driven conditions leading to more specialized livestock
enterprises, conflicts between crop agriculture and livestock
production, soil loss, dust storms, pollution, and increased
greenhouse gas emissions. In the scenario characterized by an
agricultural economy under a green development policy, small-
scale pastoralism persists with improved rural living conditions
and rangeland management. In the scenario where market-driven
policies dominate in a mining-oriented economy, the group
foresaw a future of increased degradation, pollution, and rural-
urban migration, fueled by a higher gross domestic production
(GDP). Across all scenarios, the group focused on the
consequences for living conditions and environmental health.

Ranking of drivers and scenario development
One of the main objectives of the scenario planning activity was
to identify a “short-list” of key socio-environmental drivers on
the Plateau in general, to serve as a basis for further quantitative
modeling activities by the research team. The scenario planning
process generated a long list of drivers with eight de facto priority
drivers, the two critical uncertainties selected by each group as
the axes for their scenarios. However, the group expressed that
these selections may have overlooked other critical drivers in the
region, including those that have high certainty and high impact.
Therefore, we used a full group discussion to solicit additional
major drivers that were omitted from the list of eight. The groups
began by returning to the master list of factors to recommend the
key drivers. This process led to a list of 23 drivers (Appendix 2).
To rank these drivers, we used a modified nominal group
technique and asked each participant to allocate five votes in any
fashion they chose among the 23 drivers. They could cast one vote
for each of five different drivers, or multiple votes (but no more
than five total) for fewer drivers. Through this process we
identified those drivers that were perceived as the most important
overall by members of the group, as well as those that were seen
as least important.  

The drivers identified by the participants fall into six themes:
climate, environmental condition, economic development at the
country or regional scale, social and economic mobility at the
household scale, infrastructure, and technology. The division of
individual drivers among those categories varied by stakeholder

group. For those representing Mongolia, the most common
drivers were environmental and social conditions, which
accounted for 60% of the list. For IMAR, social and policy drivers
were identified as the most important for the future, followed by
the economy (Appendix 2, Fig 2).

System dynamics models
After the scenario planning exercise, several participating
researchers (including two authors of this paper) used outputs
from the workshop to formulate a SDM for the Mongolian
Plateau (Table 1). The conversations at the workshop informed
the initial model structure and the outcomes of the scenario
development were the grounding for the future scenarios applied
to the model. We based the work on a conceptual model for the
entire plateau, based on three interacting subsectors (Fig. 3):
human, environment, and land use. Based on this conceptual
model, we built separate system dynamics models using data from
two different case study areas on the Mongolian Plateau: Xilingol
League in Inner Mongolia, PR China; and Suhkbaatar Aimag in
Mongolia (Fig. 1). The SDMs represent the system as a set of
stocks (e.g., human population or total grassland area) and flows
(e.g., movement of units in and out of the stock). Independent
exogenous variables, such as precipitation or policy, represent
inputs to the model, while dependent endogenous variables
connect the various subsystems and produce the feedback loops.
Models were fit with a series of differential equations, which
remain the same across all subsequent scenario simulations;
parameters such as constants and coefficients were modified
based on assumptions of the individual scenarios (Table 1,
Appendix 3). Thus, we were able to compare the projections for
key system variables, e.g., grassland area, livestock population,
between the alternate future scenarios in the next stage. We
estimated parameters using data synthesized from several
researchers who were present at the workshop, from primary
sources, available literature, and functions that we derived
ourselves from the empirical data (Allington et al. 2017).

Fig. 3. Conceptual diagram of the system dynamics models
(SDMs). We did not include cropland as a land cover type in
the Mongolia model because it represents such a small fraction
of cover in the modeled region. Agriculture as a land use was
not modeled explicitly in either model except as a cropland land
cover type.

Application of scenarios in SDM
We translated the participant-generated storylines into discrete
future scenarios that could be represented as sets of model
parameters and inputs to explore the potential outcomes of the
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Table 1. Description of the individual future scenarios applied to the system dynamics model for each case study area (from Allington
et al. 2017).
 
Inner Mongolia: Xilingol League
 Scenario 1 In contrast to the baseline and other scenarios, which assumed declining precipitation rates regionally, Scenario 1 simulated the

effect of increasing precipitation rates over the course of the simulation. We explored this scenario to understand how
variation in future precipitation trends impacts system dynamics, compared to the changes in policy explored in the subsequent
scenarios.

 Scenario 2 Removal of grassland protection policies. This scenario simulated potential future dynamics if  the current regional government
policies concerning restriction of grazing lands are removed, which would potentially allow for increased grazing pressure and
accelerated land conversion to agriculture or other land cover types.

 Scenario 3 Removal of cropland expansion restrictions. Similar to Scenario 2, this scenario simulates the future trajectory in the absence
of regional policies that restrict the expansion of cropland.

 Scenario 4 Removal of environmental policies and slowed urbanization. This scenario combines the reduction of environmental policies
from Scenarios 2 and 3, and also slows the rate of urbanization, thereby maintaining rural population at a higher rate.
 

Mongolia: Suhkbaatar Aimag
 Scenario 1 Increased industrialization and urbanization. This scenario assumes that current developments in mining, industrialization and

urbanization will continue, and there will be less governmental investment in formal and informal institutions for managing
communal rangelands.

 Scenario 2 Enhanced mobility, communal cooperation, and rural infrastructure development. This scenario assumes the strengthening of
governmental policies and NGO investment in formal and informal institutions for coordinating access to and management of
rangelands, and negotiating tenure regimes to support this access. This scenario also presumes investment in improving market
access in rural rangelands to allow for easier sale of livestock and movement of products, which could support the ability to
moderate herd sizes in response to climate variability. Under this scenario, rural population loss is slowed because of increased
capacity for livelihood maintenance in rural regions of the country.

 Scenario 3 Increased privatization of natural resources and services. This scenario assumes a continued and expanded investment in
mining and other forms of resource extraction, and increased privatization of land tenure.

policy and climate drivers identified by the groups (Table 1). We
isolated distinct trajectories along the four axes that we could
approximate by making changes to the model parameters (Fig.
2; Stage 4). For details on how specific parameters were modified
within each model to project each scenario into the future, see
Appendix 3 and Allington et al. (2017). For each scenario, we
projected the models out to 2050 to examine differences in both
temporal dynamics and final model projections for key system
variables, e.g., grassland area, livestock population. Model
simulations are not intended to be empirical predictions; rather,
they serve as a way to compare how the rangeland system might
behave under different modifications of policy, climate, or the
economy. Because our objective was to compare directly the
dynamics in Mongolia vs Inner Mongolia for this first round of
modeling, we only used the storylines from those groups; we did
not use the stories developed by the groups that focused on the
Plateau as a whole. The simulated future scenarios we applied to
the models are described in Figure 2. The specific parameters that
were modified based on each scenario are detailed in Appendix
3. Details of the initial system dynamics model were presented at
a meeting in Ulaanbaatar in the summer of 2015, which was
attended by many of the participants of the original participatory
scenario planning workshop, as well as additional researchers,
stakeholders, and NGOs. Input gleaned from feedback at the
meeting was used to further refine the model structure (Fig. 2;
Stage 5), which was discussed with a subset of workshop
participants at subsequent smaller meetings throughout 2015 and
2016. The final model outputs based on simulations for each
scenario were then used as a starting point for a discussion at a
final project meeting in May 2016. This final meeting aimed at
synthesis understanding of the dynamics of social-ecological
systems on the Mongolian Plateau, and was attended primarily

by researchers with backgrounds in rangeland ecology, remote
sensing, economics, ecosystem modeling, and rural sociology, as
well as a staff  member of the Mongolian Academy of Science
Institute of Geography and Geoecology.

Model projections and insights
We used the final models to examine differences in both temporal
changes and final model projections for key system variables, such
as grassland area and livestock population under each scenario,
through 2050. The most important drivers of change over time
and variability among individual scenario projections were
consistent with those identified by workshop participants. In
IMAR the continuance of environmental protection policies
regarding land use and restoration had the most significant
impacts on long-term stability of the system. For Mongolia, the
relative amount of investment in rural infrastructure versus
prioritization of the industrial sector structured the long-term
dynamics of the grasslands. These correspond to some of the main
axes identified in storyline development (Fig. 2). Interestingly,
climate trends (e.g., precipitation) were not a significant
determinant of long-term grassland sustainability in IMAR,
compared to the impacts of policies; this is in contrast to the
predicted key uncertainties identified by the scenario planning
process.  

In both IMAR and Mongolia, the results of the model projections
revealed insights about factors of the system that had not been
the focus of the scenario descriptions of either region. These
largely overlooked aspects included uncertainty about future
urbanization trends and the relationship between rural out-
migration and livestock population dynamics. For IMAR, some
scenarios projected increases in available biomass, despite
continued loss of grassland, which was initially counterintuitive.

https://www.ecologyandsociety.org/vol23/iss2/art9/


Ecology and Society 23(2): 9
https://www.ecologyandsociety.org/vol23/iss2/art9/

Fig. 4. Example of how model projections changed for some variables and/or scenarios between the first
and the final version of the modeling projections for 2050 for grassland area and livestock population for
Xilingol, Inner Mongolian Autonomous Region (a, b) and Sukhbaatar, Mongolia (c, d) under each model
scenario compared to the quantity at the start of simulations.

This was caused by the loss of herders from rural areas and
associated declines in livestock population. Initial projected
trends in biomass and livestock in Mongolia also revealed the
importance of rural out-migration on future grazing intensity.
However, these trends in Mongolia were based on historic
relationships between herder population and stocking rates,
which have more recently been decoupled as nationwide livestock
population is reaching record highs despite high rates of
urbanization. Conversations with conference participants in 2015
prompted us to make refinements to the model specifications to
more accurately represent contemporary livestock population
dynamics (Figs. 2 and 4).  

A full presentation of the projections derived from the model
simulations is beyond the scope of this particular article; a few
summaries are presented in Fig. 4 and details are available in
Allington et al. (2017). Our focus here is not on the specific
outcomes of each simulation but rather on the interplay between
the qualitative storylines and the quantitative model projections,
and the way in which the outcomes of the simulations reflect back
on the storylines themselves.

Evaluation and reflection
After presenting and discussing the draft scenario outlines, the
participants in the June 2014 participatory scenario planning
workshop were asked to answer five evaluation questions about
the scenario planning process that probed what they learned from
the process. Evaluation questions focused on the most interesting
and valuable parts of the process; how they might apply the
process or scenarios in their future work; the biggest challenge;
the biggest frustration; and how the process could be improved.
The written evaluation was followed by a short reflective
discussion by the group.  

In workshop evaluations, the participants noted two aspects of
the process that they found the most interesting or informative.
The first was the experience itself; participants found the process
of going through the scenario planning exercise to be valuable
and interesting. Second, several participants noted that their
perspectives on the system were expanded by being exposed to
ideas raised by other group members with different experiences.
They noted that seeing the specific factors or number of factors
identified as influencing the focal question by other members of
the group was informative (Table 2). Participants also mentioned
gaining appreciation for system complexity and dynamics such
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Table 2. Summary of workshop participant evaluations of their experience with the scenario planning exercise.
 
Question and Possible Answers Frequency Illustrative Comments

What was the most important thing you learned?
Process 8 (38%) How to think to find key/important ideas. (Researcher, China)
Specific factors and relationships 4 (19%) Good to know how environmental degradation might influence our livelihood.

(Herder, Mongolia)
System complexity/dynamics 4 (19%) The most important thing I learned is the challenge of considering the future

without also considering the possible paths. The future is not static. (Researcher,
USA/Europe)

How others see the world 4 (19%) How people think about uncertainty of the future is very variable based on
different angles. (Researcher, China)

Other
 

1 (5%)
 

How will you use what you learned?
Facilitate discussions 2 (10%) In my research I will use this method and invite some people to discuss

comprehensively. (Researcher, China)
Identify critical factors or research
questions

7 (33%) I could keep in mind some aspects of the resulting scenario for my future research:
determining key research questions for future! (Researcher, China)

Model input or validation 4 (19%) As input to modeling based work on the future of human-environmental
interactions on the Mongolian Plateau. (Researcher, USA/Europe)

Stakeholder engagement 3 (14%) This process could be used to get public input. (Researcher, USA/Europe)
Local planning processes 3 (14%) In our livestock policy. (Herder, Mongolia)
Unsure
 

2 (10%)
 

What was the most valuable aspect of the process?
Exposure to muliple viewpoints and ways of
thinking

10 (48%) Combine Inner Mongolia and Mongolia native people’s thinking. Really found
differences in the direction they focused on. (Researcher, China)

Identifying and ranking key factors 6 (28%) Brainstorm to have a complete set of factors yet ranking to extract most valuable
ones. (Researcher, China)

Practical and policy implications 3 (14%) To pay attention on the methods of proper policy and management. (Herder,
Mongolia)

Learning about dynamics and interactions 2 (10%) Overall most valuable aspect was the ability to consider multiple interacting
processes together with colleagues with differing expertise. (Researcher, USA/
Europe)
 

What was the most challenging aspect of the process?
Identify and rank drivers 9 (43%) The most challenging part is to define the most critical factors. We chose the

factors based on our limited expertise. Hard to separate causes and consequences.
(Researcher, China)

Meaning of uncertainty, determining
uncertainty

2 (10%) Not clear about “uncertainty.” Often, we cannot agree where to place each driver
on the coordinates. (Researcher, USA/Europe)

Reconciling or combining diverse
viewpoints

5 (24%) Reconciling the different points of view from different disciplinary and cultural
perspectives. (Researcher, USA/Europe)

Not enough information in advance 1 (5%) For me personally the frustration came from the lack of comprehensive
information prior to be involved in the process. (Researcher, USA/Europe)

Envisioning scenarios 1 (5%) The most challenging aspect was filling in the quadrants in the 2-dimensional
diagram. Envisioning what each scenario would look like and the outcomes was
not easy. (Researcher, USA/Europe)

Other 2 (10%)
Not challenging 1 (5%)

as path dependence, learning about how others see the world and
think about the future.  

Participants overwhelmingly reported that the most valuable
aspect of the scenario planning workshop was the diversity of
ideas and viewpoints expressed and the opportunity to learn
about the views and ways of thinking from other disciplines, e.g.,
cultures and sectors. One respondent focused specifically on the
value of analyzing multiple interacting processes with an
interdisciplinary team, highlighting the value of the process for
bringing diverse disciplinary knowledge to bear on understanding

system complexity (Schoemaker 1991, Schmitt Olabisi et al.
2010). Some specifically mentioned the value of the ranking
portion of the activity.  

Most participants anticipated applying what they learned from
the workshop in their future work. Researchers anticipated
applying this process in diverse ways, including as a way to
facilitate comprehensive discussions across diverse disciplines, to
identify critical factors and issues for future research, and as a
useful way to think about problems. Government and practitioner
participants anticipated using the process with local stakeholders
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as a way to facilitate public involvement in planning and to
develop more realistic management plans.  

The challenges that participants reported were largely the mirror
images of the values: the difficulty in combining or reconciling
diverse disciplinary and cultural perspectives and arranging
factors on the axes of importance and uncertainty. The meaning
of some key terms, especially “uncertainty” created a challenge,
as did envisioning each scenario and its outcomes. The main
suggestions for improvement included the need for more
preworkshop materials and preparation for the participants,
including examples of other scenario plans; involving an even
greater diversity of participants; focusing on a narrower focal
question; and providing more specific definitions of key terms.

DISCUSSION
Engaging a group with diverse scientific and sector expertise in
dialogue about system dynamics is one way to generate the system-
level understanding needed to evaluate current complex systems
and to begin to consider the implications of future changes and
interventions (Schmitt Olabisi et al. 2010, Alberti et al. 2011, An
2012). We used a combination of participatory scenario planning
and system dynamics modeling to generate new knowledge about
a complex system, while also revealing significant knowledge gaps
that should be considered by researchers and policy makers in the
future. Scenario planning as we applied it in this workshop proved
a useful process for synthesizing diverse knowledge systems,
including both disciplinary scientific knowledge and the
embedded cultural and experiential knowledge of individuals
from different national origins and occupations, and stimulating
meaningful discussion grounded in these distinct scientific and
cultural perspectives. These dialogues led to identification of a
wide range of plausible future scenarios for the Mongolian
Plateau, which informed further dynamic systems modeling.
From the perspective of interdisciplinary collaboration and
communication, participants found value in the structured
interactive process of brainstorming, ranking, and exploring
scenarios that enabled them to view a problem in new ways, and
revealed their disciplinary blind spots. A further value of the
process was the opportunity for participants to learn about
different ways of thinking about the focal question around future
sustainability of the Mongolian Plateau system, through
interactions with individuals from different disciplines and
cultures. The engaged, discussion-based, and problem-focused
nature of the scenario planning dialogue differs from traditional
formats of knowledge exchange in interdisciplinary scientific
meetings, such as speaker presentations followed by Q&A. The
scenario planning process provided all participants an
opportunity to share and discuss relevant information, based on
science, previous knowledge, experience, or culture. This made
the process especially effective at integrating nonscientist
knowledge, in addition to scientific knowledge from different
disciplines, because it created opportunities for meaningful
learning that builds upon the authentic experience of participants
(Novak 2010, Baival and Fernández-Giménez 2012). For this
reason, several participants, including the nonresearchers,
grasped its value as a process for stakeholder engagement, and its
salience for local land use and resource management planning.
Indeed, based on the feedback from this exercise, one of the
coauthors subsequently applied the same process in two regional
workshops in Mongolia to facilitate the application of research

results together with local knowledge to community
conversations about the future of Mongolian rangelands, and
policy and management options for community resilience
building.  

We expected that the novelty of the process and structured
facilitation might engender some resistance among participants.
For example, we anticipated that physical scientists might resist
the qualitative nature of the process. Further, based on previous
discussions with researchers from one of the represented
nationalities, we anticipated that some non-Western participants
might find the process alien to their local context and norms of
interaction, leading to less engagement. As such, this use of
scenario development also represents an example of how it can
be effective as a research and engagement tool in the context of
transdisciplinary, international, collaborative research addressing
complex dynamics of SES.  

It is important to note that we adapted a scenario planning process
that was designed for use in planning for business, government,
or NGOs (Chermack 2011), but in a different context and for a
distinct purpose. As such, our scenario planning process was
necessarily a much-abbreviated version of the full process, and
thus did not fully explore the implications of the scenarios or
develop complete scenario narratives. Rather than testing policies
to determine risk and benefit under various scenarios through a
process of “wind tunneling” (Chermack 2011), we instead used
dynamic systems modeling to explore policy implications.
Further, as conventionally implemented, scenario planning would
engage an entire group in developing a single plan. In order to
facilitate discussion and participation of all workshop attendees,
we broke participants into smaller groups, resulting in a variety
of scenarios. Although this would be less useful in an actual
planning process, it was helpful in our context, both in facilitating
interdisciplinary and cross-cultural dialogue, and in eliciting a
wider range of drivers, critical uncertainties, and potential future
system trajectories.  

Comparing future projections under alternate scenarios can be
very informative, but the specific lessons depended on the
assumptions of the scenarios themselves and the ways they are
implemented in the model. In the absence of the workshop, the
future scenarios explored by the modeling team would have likely
been different, not as a representative of stakeholder experiences,
and likely would have been more similar across the two case study
areas. Indeed, the future scenarios articulated by the two groups
were quite different, despite their ecological and environmental
similarities. The system dynamics model allowed us to evaluate
the outcomes of storylines generated during the workshop. The
model projections are a way to further explore the implications
of stories outlined in the scenarios (Alcamo 2008). At the same
time, they also recursively informed the scenario planning exercise
by further validating that certain factors and policies do indeed
have impacts on system function. By integrating this model
development with stakeholder-generated scenarios, it enabled us
to go beyond simply just reporting technical details of model
outputs and fostered more productive communication (Elsawah
et al. 2017).  

By basing future assumptions on the specific stakeholder-
generated scenarios, we ensured that the pulses or trends that we
applied to the model to simulate the future of the Plateau were
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reflective of (a) likely occurrences, or (b) concerns and questions
currently being articulated/under debate in the society being
modeled, rather than superimposed by us as external researchers.
It is important to note that we do not intend the model projections
to be taken as predictions, per se (Peterson et al. 2003a, Schmitt
Olabisi et al. 2010). Rather, we used the endpoints of model
projections as a useful way to explore relative changes in key
system variables, e.g., grass or livestock, that might result from
alternative conditions in the future. More specifically, the model
is a way to refine and formalize the qualitative conceptualizations
of scenarios outlined by stakeholders, and to explore how
differences between the scenarios can lead to similar or divergent
futures (Voinov et al. 2014).  

Simulations can help to identify areas of a model that may need
additional refinement in order to better represent drivers
identified by participants. For example, one driver of future
change identified by participants from the Inner Mongolia group
is the frequency of natural disasters, such as drought or dzud, a
severe winter following a drought summer that often results in
significant livestock losses, a phenomenon unique to this region.
We modeled this part of the system by introducing a stochastic
element to the baseline livestock death rate based on an
assumption that sporadic natural disasters result in livestock die-
off  (Allington et al. 2017), but future efforts should refine this by
coupling the death rate variable to specific climate variables and
biomass, i.e., functional responses to dzud.  

It is worth noting that although there were some similarities in
how the groups described the Plateau, e.g. highlighted
desertification, and there was some consensus on key drivers, the
ways they described the system and potential futures were quite
different. This could be attributed to the differences in the
disciplinary backgrounds on the group members and actual
differences in current and historical political and economic
factors. Despite these differences, and differences in the direction
of projected trajectories for some key variables, e.g. livestock
populations, the two SDMs highlighted several similar dynamics
in both regions: (1) uncertainty about urbanization dynamics in
the near and distant future, and (2) the evolving relationship
between rural population and the population of livestock, at
national and regional scales. Interestingly, these were not the focus
of the articulated uncertainties for either group. Although
workshop participants considering Inner Mongolia identified
future social and economic policies as important, and those
considering Mongolia specified economic development as
important, neither group specified the effects of those policies on
urbanization rates as being potentially instrumental in structuring
future dynamics. Because the model structure required
consideration of human population size, it required specification
of rural-urban migration rates as a key determinant of the
population in the rural areas. The formalization of qualitative
scenarios that is necessary for their translation into quantitative
model structure is an important link strengthening the
complementarity of these two approaches. The quantitative
modeling process, together with the evaluation results, revealed
unanticipated system behavior and key drivers not identified or
overlooked by stakeholders.  

The modeling process also brought to light key sensitivities and
vulnerabilities in the system, which the participants in the scenario

planning exercise had not identified. Initial model runs indicated
that urbanization was interacting strongly with other variables,
such as biomass availability and livestock population dynamics.
We discussed these interactions with group members from the
original planning workshop during subsequent smaller meetings,
and gathered feedback about social-political dynamics driving
rural out-migration. These discussions revealed that future
empirical efforts need to focus more specifically on better
understanding the evolving relationship between total rural
herder population and livestock populations (Fernández-
Giménez et al. 2017). The baseline models assumed that the
historic strong relationships between rural human population and
livestock populations will continue in the future. However, this
relationship has become decoupled in recent years as livestock
population growth rates are increasingly rapidly, while rural
populations are declining (Chen et al. 2015b). Discrepancies
between model projections and trends on the ground highlight
the need for additional research to understand this phenomenon.
Although this reality limits our ability to make projections about
livestock population into the future, the revelation itself
underscores the utility of this kind of iterative participatory
modeling process to reveal untested assumptions and areas of
rapid change and uncertainty.  

Although there have been some critiques of this iterative
approach, based on a perceived “methodological imbalance”
between the qualitative and quantitative approaches (e.g., Kosow
and Gaßner 2008), our experience highlights how this can create
a format to bridge the two (Klein 2008). The qualitative scenarios
informed the model testing and simulation, and the future
projections also revealed knowledge gaps that need substantially
more attention (Peterson et al. 2003a), either through additional
dialog and synthesis or new empirical research. In the absence of
this structure and associated process, it is likely that the modeling
team would have simply articulated Plateau-wide future scenarios
that were applied to the models of each country. However, by
explicitly seeking the input of knowledgeable individuals, we
revealed the country-specific drivers of interest and concern
relative to future dynamics. We then adapted the models and
simulations based on those specifics.

CONCLUSIONS
The future sustainability of dynamic social-ecological systems,
such as the Mongolian Plateau, will require cross-disciplinary
dialogue and collaboration between stakeholders and researchers
from the social and natural sciences, but also participation by
stakeholders who are part of these systems, i.e., engagement.
Comparison of system dynamics across ecological gradients and
institutional settings provides an opportunity for learning and
experimentation about possible solutions (Brown et al. 2013).  

We used scenario planning as a way to facilitate dialogue across
disciplines, to provide a platform for individuals to share ideas
across boundary objects and for participants to process their own
ideas about how individual drivers of change may impact the
Plateau in the future, without the imposition of a need for
consensus (Star 2010). The scenario planning exercise helped to
establish a productive dynamic among members of the group,
which has promoted a collaborative process moving forward. This
experience thus demonstrates the value of scenario planning as a
process to facilitate interdisciplinary, cross-cultural, and cross-
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sectoral dialogue if  the aim is to elicit and exchange a diversity of
perspectives on a problem, and to promote increased awareness
of different ways of thinking about it grounded in distinct
disciplinary or cultural experiences. It also ensured the integration
of place-based knowledge into scenario development for
subsequent quantitative modeling exercises. The emergent
knowledge gained from this process underscores the utility of
pairing the qualitative scenarios with quantitative simulations to
reveal unanticipated system behavior or key drivers not identified
or overlooked by stakeholders.

Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/10034
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Group  High-I, High-U Low-I, High-U High-I, Low-U Low-I, Low-U
IMAR Extreme weather Human-induced land-

use change
Herdsman's behavior, 
style of grazing

Transportation (new roads, 
trains)

Precipitation Urbanization Management (fertilizer, 
irrigation)

Young people move out

One/two child policy meat output Technology Outside investment (mining)

Subsidy policies Market (beef, lamb 
price)

Fencing Eco-structure

Education policy Population Vegetation change

Health policy Environmental capital

Other policies Social capital

Mongolia Multi-year drought Livestock disease Land management Population growth

Mining development Cashmere market crash Livestock number Wildlife numbers
Water limitation Precipitation Infrastructure Social utility

Petroleum price Degradation Education
Policy maker Desertification
Political stability China or Russia 

economic condition
Agriculture

Appendix 1. Impact and uncertainty axes generated by workshop participant groups. Each group started by articulating areas of 
uncertainty about the future, and placed each along two axes, related to potential future impacts (low v. high) and level of uncertainty 
about the future trend or impact of that driver.

"CRITICAL UNCERTAINTIES"



Plateau 1 Energy prices Technology 
advancement

Increase in extreme 
weather

Increase in protected areas

Ecosystem degradation Functional multi-scale 
governance

Infrastructure 
investment

Pollution

Foreign geopolitical 
influences

Human and livestock 
disease

Shift to market system Agricultural expansion

Highly developed mining 
industry

Ecosystem disturbance Social mobility Melting glaciers and 
permafrost

World economic growth Population change and 
redistribution

Increasing number of 
livestock
Spatial variability of climate 
impacts

Plateau 2 Stable global market Mining Invasive species Green policy
Extreme weather (drought) Precipitation 

(distribution of drying 
vs wetting trends)

Overgrazing

Controlled migration balance of industrial vs. 
pastoral development

Public awareness

New land ownership law Projections of regional 
hydrological and 
biosphere trends

Improvement of Index based 
livestock insurance

Policies re rural taxation 
and subsidies

Investments in soil and 
water preservation



Full list of potential drivers of change identified in the 
plenary session

Number of 
votes  

Precipitation amount 11
Good planning and governance 11
Land degradation 10
Policy: green vs. market driven 8
Policy: long vs. short term 8
Economy: industry vs. agriculture 7
Mining 7
Technology developments 6
Extreme weather events 5
Ecological investment 5
World economic growth 5
Infrastructure investment 5
Market integration 5
Global warming 4
Educational access 4
Future population and consumption 4
Social welfare policy 3
Multi-year drought 2
Population policy 2
Culture change  2
Investment in science and technology  1
Herder well-being and poverty 0
Energy prices 0

Appendix 2. Summary of drivers of system change for the entire Plateau, as identified 
by workshop participants. After compiling a list the participants voted on the most 
important drivers, based on their perceptions and knowledge of the system.



a) Xilingol

Precipa

Grassland 
Protection 

Policyb 
Cropland 

Policyb
Urbanized 
Fractionc

Baserun -2 1 1 0.75

Scenario 1 + = = =
Scenario 2 = − = =
Scenario 3 = = − =
Scenario 4 = − − −

b) Suhkbaatar

Labor 
Efficiencya

Grazing 
Intensityb 

Market 
Acessc

Urbanized 
Fractiond

Urbanization 
Rate Coefficient

Out- 
Migration 

Ratee

Baserun: 0.02 1 1 0.8 1 Slow decline

Scenario 1 − = = 0.65-0.9 + +
Scenario 2 + − + 0.65-0.9 − =
Scenario 3 − + − 0.65-0.9 = +
 

Appendix 3.  Relative parameter settings for each alternate scenario, compared to the base models for (a) 
Xilingol, Inner Mongolia and (b) Sukhbaatar, Mongolia. Adapted from Allington et al. 2017. 

d. Maximum proportion of the population that will become urbanized, over the long-term
e. All migration out of Suhkbaatar (people/year), largely comprised of migration to Ulanbaatar.
	

a. Coefficient to alter the slope of precipitation over time
b. Model switch to turn on (1) and off (0) protection policies
c. Maximum percentage of the population that is allowed to 
become urban by the model 

a. Rate of adoption of new technologies and innovations to increase efficiencies in herding (resulting in larger hard 
sizes/individual)b. Coefficient. Proxy for mobility. Higher coefficient= greater grazing intensity due to limited mobility in grazing 
strategies. c. Coefficient. Proxy for access to markets for sale of livestock, which can serve as a livelihood adaptation strategy 
for coping with climate change
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