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Abstract

Pastoral people in rangelands worldwide are experiencing uncertainty due to a combination of climatic, economic, and politi-
cal stressors. Our study seeks to create a full view of the drivers, impacts, and adaptations to change for livestock herders in
rural Mongolia, making use of herder traditional knowledge and select instrumental data. Interview respondents described
undesirable trends in livestock herds, pasture, wildlife, and their livelihoods in three sites in northern, central, and eastern
Mongolia from 1995 to 2015, including decreased lake levels. There was more agreement for precipitation trends than for
temperature. We developed a systems model based on herder descriptions of the sequence and prominence of interacting
drivers of change. Finally, we describe measures herders are taking to adapt to these changes, such as more frequent livestock
movement. We present a transdisciplinary view of social-ecological change and applications for more regionally focused

governance in an era of climate uncertainty.

Keywords Social-Ecological Systems - Rangelands - Adaptation - Traditional Ecological Knowledge - Herders - Mongolia

< Indiana Reid-Shaw
ireidshaw @ gmail.com

Azjargal Jargalsaihan
j-azjargal @ gmail.com

Robin S. Reid
robin.reid @colostate.edu

Chantsallkham Jamsranjav
jchantsaa@gmail.com

Maria E. Ferndndez-Giménez
maria.fernandez-gimenez @colostate.edu

Santa Cruz, CA 95060, USA
Nutag Action Research Institute, Ulaanbaatar, Mongolia

Department of Ecosystem Science and Sustainability,
Fort Collins, CO, USA

Department of Forest and Rangeland Stewardship,
Fort Collins, CO, USA

Center for Collaborative Conservation, Colorado State
University, Fort Collins, CO 80523, USA

Environmental Studies, University of California Santa Cruz,

Introduction

The extensive rangelands of the world support pastoral
peoples, livestock, and wildlife in often harsh and variable
climates, physically remote from human population and
market centers. Recently, pasture users are experiencing
greater environmental unpredictability in concert with eco-
nomic and political change. Multi-faceted drivers of change
threaten the future sustainability and resilience of rangeland
ecosystems and their pastoral cultures (Galvin 2009; Reid
et al. 2014). Climate change will alter ecosystem functioning
in rangelands worldwide (Joyce et al. 2013). In most range-
lands, precipitation will become more variable, in some lati-
tudes increasing and others decreasing (Reid et al. 2014).
Increasingly, there is demand for alternative uses of range-
land landscapes, such as for housing, cropland, and extrac-
tive industry development; these uses all restrict herding
and wildlife movements (Galvin et al. 2008; Herrick et al.
2012). Broad-scale changes play out in different landscapes
in unique ways, which means that localized understandings
of change will be important to support place-based pastoral
adaptations to change.

Climate change is affecting the temperate grasslands of
Eurasia, known as the “steppe,” that encompass 80% of the
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nation of Mongolia (Carbutt et al. 2017). In Mongolia,
increased temperature and decreased precipitation have
reduced water supply and forage yield, and shifted ecologi-
cal zone boundaries, as drier zones take over wetter ones
(Angerer et al. 2008; Jamsranjav et al. 2018). In conjunction
with environmental shifts, dramatic sociopolitical changes
have occurred in Mongolia. Following the collapse of com-
munism in 1990, herder collectives were dismantled and
livestock privatized (Ojima and Chuluun 2008). After two
generations of steady income and social services from the
Mongolian state during communism, herders assumed the
role of individual business managers and took on the associ-
ated risks, leading many into poverty (Bruun and Odgaard
1996; Upton 2008). This decentralization led to greater
influence from non-state actors, such as NGOs and the pri-
vate sector (Upton 2008; Galvin 2009).

Resilient responses to change in Mongolia and elsewhere
require in-depth understanding of the drivers and impacts of,
and adaptations to, change at relatively local scales. Here,
resilience is the capacity of a system, or an interconnected,
organized set of components (Meadows and Wright 2008),
to recover from and adapt to disturbances without losing
functionality (Hruska et al. 2017). We construct a complex
understanding of a rangeland social-ecological system by
not only monitoring environmental change from different
knowledge sources, but also considering livestock herders’
descriptions of how they are responding to change (Kassam
2009; Goulden et al. 2016). We also consult herders’
observations to help build a systems model linking the local
to national scales that shows the system parts (e.g., rain-
fall, livestock), how those parts interact (e.g., one increas-
ing the other) and what political, climatic, and ecological
forces drive change in the system. It was only through Tra-
ditional Ecological Knowledge (TEK) that we could build
this model, based on herder observations of their pastoral
system over time.

TEK is “a system of experiential knowledge gained by
continual observation transmitted among members of a com-
munity” (Huntington 1998:1). TEK, similar to Local Eco-
logical Knowledge (LEK) or Indigenous Knowledge (IK),
often includes a long-term perspective of change passed
down through generations and can therefore detect early
warnings of major disturbances (Agrawal 1995; Dumbe
et al. 2018). In addition, combining TEK with scientific
data in “hybrid knowledge” can produce a more comprehen-
sive view of environmental change (Alexander et al. 2011;
Goémez-Baggethun et al. 2013). Discrepancies between TEK
and scientific findings provide new insights by highlighting
what is still debated about ecological change (Davis and
Wagner 2003; Klein et al. 2014). Hybrid knowledge and
methodologies “may be equally valid” given the complexity
of human—environment interactions in climate change adap-
tation research (Nightingale 2016). Here, we explore ways of
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combining hybrid knowledges and triangulating their find-
ings. This helps counterbalance the epistemic power that sci-
entific knowledge typically holds in climate change research
with non-expert, everyday observations (ibid.).

In Mongolia, livestock herder knowledge (TEK) has
been integrated and compared with scientific environmen-
tal knowledge since the 2000s (Fernandez-Giménez 2000;
Bruegger et al. 2014; Jamsranjav et al. 2019). For instance,
both herder categorizations and scientific carrying capacity
models identified the same indicators of best pasture con-
ditions in Northern Mongolia (Kakinuma and Takatsuki,
2012). There is, however, still uncertainty as to how well
the predictions of climate models align with herder obser-
vations of climate changes in rangelands across the vary-
ing natural zones of the Mongolian Plateau (e.g., Fernindez-
Giménez et al. 2015). Few studies connect trend compari-
sons with local peoples’ interpretations of why their environ-
ment is changing or what they are already doing to adapt to
these environmental shifts (e.g., Wu et al. 2015). In Mongo-
lia, few studies also ask herders what adaptation help they
would need from outside actors, such as non-profit and gov-
ernment entities (Hahn 2018). It is important to understand
herder perception because localized experience helps better
identify the implications of change for livestock, wildlife,
and people. Furthermore, community members often imple-
ment better practical solutions when they feel they have a
stake in resource management and outcomes (Roba and Oba
2008; Danielson et al. 2010). A comprehensive understand-
ing of the causes and dynamics of environmental change, as
told by resource users, may improve local rangeland policy
development (Lewison et al. 2016).

We seek to create a fuller view of the drivers, responses,
and adaptations to environmental change in Mongolia, using
both TEK and selected quantitative scientific data with four
objectives: 1) to understand what environmental changes
herders have experienced over the last 20 years across mul-
tiple ecological zones, 2) to compare meteorological data
to herder observations of climatic changes, 3) to develop a
comprehensive systems model of the drivers and impacts of
environmental change according to herders, and 4) to docu-
ment what strategies herders are already implementing and
what assistance they seek to better adapt to environmental
change in Mongolia.

Methods
Study Sites

Landlocked Mongolia (1000-1500 m.a.s.1.) spans several
ecological zones from the Gobi Desert, which straddles the
Mongolian border with China, to the forest taiga, which
borders the Siberian part of Russia (Fig. 1; Ulziikhutag
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Fig. 1 Map of ecological zones and study sites in Mongolia (adapted by Michael Heiner from Akira Hirano, unpublished dataset: Natural Zones
of Mongolia. Japan International Research Center for Agricultural Sciences. Tsukuba, Japan)

1989). Temperatures fluctuate from highs of 30° C in July to
lows of -40° C in January. Annual precipitation tends to be
low, ranging from 50 mm in the desert and desert steppe to
500 mm in the mountain and forest steppe (Dagvadorj et al.
2009), with a growing season from May—August (Batjargal
1997). The political administration in Mongolia is divided
into 21 aimags, or provinces, which are sub-divided into
331 soums, or counties, and then further into many baghs,
or sub-county territories. About one quarter of the human
population continues a semi-nomadic lifestyle moving sea-
sonally (Fernandez-Giménez 2000). In 2019, Mongolia sup-
ported 30 million sheep, 27 million goats, 4 million cattle, 3
million horses, and 0.4 million camels (National Statistical
Office of Mongolia 2019).

To obtain a broad picture of herder experiences with cli-
mate change, we purposely selected study sites in ecological
zones with contrasting climate histories, as measured by the
instrumental record over the last two decades. We used the
global meteorological dataset from the Climatic Research
Unit (CRU) to identify three study soums in three zones
(steppe, eastern steppe, and taiga/forest steppe) in central, east-
ern, and northern Mongolia (Harris et al. 2014). CRU Timeseries
3.21 data files were acquired for monthly maximum and
minimum temperature (Tmax and Tmin) and precipitation
(P) from the British Atmospheric Data Centre (Harris et al.
2014). Monthly grid values were derived from the 0.5x0.5°
grid cells interpolated from anomalies of data and com-
bined with existing climatologies sourced via CRU from the
Mongolian Institute for Meteorology, Hydrology, and the

Environment (Venable et al. 2015; N. B. H. Venable pers.
comm. 2016). Generally, 20-30 stations contributed nation-
ally from 1993-2012. Station trends were analyzed using the
non-parametric Mann-Kendall test, not biased by outliers
or missing data, to determine the direction and significance
of climate variable changes between 1993 and 2012 (Mann
1945; Venable et al. 2015; Fassnacht et al. 2018).

The three study soums principally differ by climate, veg-
etation, and livestock forage consumption. As measured
by the CRU data, Undurshireet soum, in the steppe is the
driest, and has become drier, not warmer or cooler
over time. Sergelen soum, in the eastern steppe, has become
both warmer (in the winter) and drier, and Yeroo soum, in
the taiga, mountain and forest steppe, has become warmer
(in the winter) but not drier over time. Livestock in Undur-
shireet consumed much more forage than in the other soums
in 2014 (2x the % forage consumed compared to Sergelen
and 10 X the forage consumed in Yeroo) (Gao et al. 2015).
The steppe is dominated by grasses, such as Stipa krylovii,
and shrubs, such as Kochia prostrata (Bruegger et al. 2014).
Sergelen, in the eastern steppe, has slightly higher mean
annual rainfall than Undurshireet. The eastern steppe is
known for its tall grasses, such as Stipa grandis, and large
populations of white-tailed gazelle, or Procapra gutturosa.
Yeroo, in the taiga, mountain and forest steppe has simi-
lar rainfall to Sergelen. The topography of Yeroo varies from
flat grassland near the Selenge riverbed to a mountain pass
with shrubs and trees, such as Larix siberica (Bruegger et al.
2014).
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Taiga, Mountain and Forest Steppe

1,213 m
8°Cand5°C

Yeroo
252 mm
8303.51
5831/0.70
6578/0.79
26-50%
51-75%

Sergelen
Eastern steppe
794 m

225 mm
5°Cto5°C
4169
2249/0.54
1947/0.47
26-50%
26-50%

Undurshireet
Steppe

1,221 m

187 mm
-4°Cto8°C
2130/0.76
1921/0.69
26-50%
76-100%

Table 1 Mean annual rainfall and temperature range (Chen et al. 2008; Fan and Van Den Dool 2008; CPC Global Daily Temperature 2017), elevation, (Ramirez 2014), land area, total and den-
2800

sity of human population (Mongolia General Statistical Database 2021), and percent livestock forage use (Gao et al. 2015) in focal soums. Percent livestock forage use is the estimated amount of

forage removed by livestock annually based on vegetation production and livestock numbers. Baghs are administrative sub-divisions within soums

Mean annual temperature range (1995-2015)
Human population 2003 (total/density)
Human population 2014 (total/density)

Characteristics
Ecological zone
Elevation

Mean annual precipitation
Number of baghs

Size of soum (km?)
Percent forage use 2003
Percent forage use 2014

(5

Herder Observation Interviews

Our goal was to record herders’ observations of the drivers,
impacts, and adaptations to broad environmental change.
We thus developed a herder interview modified from a
previous 2011 interview from the Mongolian Rangelands
and Resilience (MOR2) project (Bruegger et al. 2014) to
document direct personal observations of these changes. We
used mixed methods, collecting both closed and open-ended
responses. The 24 quantitative questions (e.g,. “kinds of
plants,” “lake levels”) used a Likert scale ranging from least
to most change observed. We asked herders to compare how
weather patterns, water levels, and pastures changed over
the last 20 years. We chose a 20-year period (1995-2015)
because 1995 was a relatively memorable year for herders
during the transition from socialism to capitalism (Sankey
et al. 2009) and most herders we encountered had been herd-
ing over this entire time period. Our following 15 qualitative
questions addressed why the observed rangeland changes
they described occurred, how they adapted to them, and what
kind of assistance they would need from the government or
Community Based Rangeland Management (CBRM) pro-
grams. Community-Based Natural Resource Management
(CBNRM), including CBRM, is an approach, varying in
scope, where local users agree on rules and norms to man-
age natural resources (Agrawal and Gibson 2001; Ulambayar
et al. 2017). Donor-supported, formally organized CBRMs
emerged in Mongolia in the 1990s over pasture degradation
concerns and under a global backdrop of community-level
development and conservation (Fernandez-Giménez et al.
2014). An oversight of our study design is that we did not
explicitly include questions about local government, which
has historically played a key role in Mongolian rangeland
governance.

In the summer of 2015, the first two authors conducted
20 face-to-face interviews in each of the three study soums
for a total of 60 interviews. We selected respondents with
the help of local contacts, such as soum governors, who
steered us to knowledgeable herders who had lived in the
soum for at least 20 years. We then used peer referrals to
guide us to other herders (Knapp and Ferndndez-Giménez
2009). We spatially distributed our interviews in each soum
by conducting interviews with the same number of herders
from each bagh. Interviewees ranged from 36 to 81 years old
(average 51). We hoped to have the same number of male
and female respondents, but in practice, males frequently
assumed responsibility and the women stepped back (cf.
Hopping et al. 2016). We therefore interviewed 18 female
and 42 male-identifying herders. Interviews ranged from
30 min to one hour, and were conducted in Mongolian and
translated into English by an interpreter. Audio-recorders
were used to fill in gaps in interview notes.
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Table 2 Mongolian herders’ responses (n=60) to interview ques-
tions about climate conditions in 2015 in three soums compared to
20 years earlier. Count (and percentage) of Likert scale responses fol-
lowed by mean (and standard error) of responses. Means in bold are

significantly different for that soum compared with 20 years earlier
at p<.0025. Means with no shared letters are significantly different
from each other when comparing among soums at p <.0025

Undurshireet Sergelen Yeroo
Steppe Central Eastern Forest-Mountain
Question Response (n=20) (n=20) n=20)
Average spring tempera- 1=Much cooler 11 (55%) 3 (15%) 9 (45%)
tures: 2 =Cooler 7(35) 11 (55) 9 (45)
3=No change 1(5) 4 (20) 0(0)
4 =Warmer 0(0) 2 (10) 1(5)
5 =Much warmer 0 (0) 0(0) 0(0)
Not applicable 1(5) 0(0) 1(5)
Mean (Standard Error) 1.47 (0.27)* 2.25(0.27)* 1.63 (0.28)*
Average summer tem- 1 =Much cooler 8 (40) 2 (10) 4 (20)
peratures: 2=Cooler 5(25) 9 (45) 9 (45)
3=No change 0(0) 5 (60) 4 (20)
4 =Warmer 4(20) 4(20) 0(0)
5 =Much warmer 3(15) 0(0) 3(15)
Not applicable 0 (0) 0(0) 0 (0)
Mean (SE) 2.45 (0.35)* 2.55(0.21)* 2.45 (0.29)*
Average fall tempera- 1 =Much cooler 2 (10) 0(0) 5(25)
lures: 2 =Cooler 6(5) 1(5) 5(25)
3=No change 4 (20) 14 (70) 8 (40)
4 =Warmer 5 (60) 5(25) 1(5)
5 =Much warmer 1(5) 0(0) 1(5)
Not applicable 2 (10) 0(0) 0@
Mean (SE) 2.83 (0.34)* 3.20 (0.12)* 2.40 (0.24)*
Average winter tempera- 1 =Much cooler 0 (0) 1(5) 6 (30)
tures: 2=Cooler 2 (10) 1(5) 6 (30)
3=No change 2 (10) 7(35) 3(15)
4 =Warmer 12 (60) 10 (50) 3(15)
5 =Much warmer 1(5) 1(5) 0 (0)
Not applicable 3(15) 0(0) 2 (10)
Mean (SE) 3.71 (0.27)* 3.45 (0.20)* 2.21 (0.37)°
Amount of rainfall: 1=Decreased a lot 14 (70) 4 (20) 18 (90)
2 =Decreased a little 3(15) 5(25) 1(5)
3 = About the same 0 (0) 6 (30) 1(5)
4 =Increased a little 2 (10) 4 (20) 0(0)
5 =Increased a lot 0 (0) 1(5) 0(0)
Not applicable 1(5) 0(0) 0(0)
Mean (SE) 1.74 (0.32)* 3.05 (0.26)° 1.15 (0.11)*
Duration of rainfall 1 =Much shorter 14 (70) 3 (15) 18 (90)
events: 2 =Shorter 3(15) 9 (45) 2 (10)
3=No change 1(5) 6 (30) 0
4=Longer 0 (0) 2 (10) 0(0)
5=Much longer 1(5) 0(0) 0 (0)
Not applicable 1(5) 0(0) 0
Mean (SE) 1.47 (0.33)? 2.35 (0.20)° 1.10 (0.69)*
Rainfall intensity: 1 =Much less intense 00 2 (10) 0@
2=Less intense 1(5) 3(15) 1(5)
3=No change 3(15) 4 (20) 2 (10)
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Table 2 (continued)

Undurshireet Sergelen Yeroo
Steppe Central Eastern Forest-Mountain
Question Response (n=20) (n=20) (n=20)
4 =More intense 3(15) 7 (35) 2 (10)
5=Much more intense 13 (65) 3 (15) 15 (75)
Not applicable 0 (0) 1(5) 0(0)
Mean (SE) 4.40 (0.21)* 3.32 (0.29)° 4.85 (0.20)*
Number of days 1=Many fewer 00 0(0) 1(5)
between rains: 2 = Fewer 1(5) 1(5) 0 (0)
3=No change 1(5) 3 (15) 1(5)
4=More 2 (10) 12 (60) 1(5)
5=Many more 15 (75) 4 (20) 17 (85)
Not applicable 1(5) 0(0) (X(0)]
Mean (SE) 4.63 (0.20)* 3.95 (0.17)° 4.65 (0.22)*
Speed of wind: 1=Declined 00 0(0) 0 (0)
2=No change 2 (10) 5(25) 1(5)
3 =Increased 18 (90) 11 (55) 19 (95)
Not applicable 0(0) 4(20) 0(0)
Mean (SE) 2.90 (0.07)* 2.69 (0.12)* 2.95 (0.05)

Statistical Data Analysis

We compared the degree of change herders perceived in the
present compared with 20 years ago within each soum for
each variable with a non-parametric Wilcoxen Rank Sum
test in R-Studio (Wickham 2016). Due to multiple testing,
we adjusted our threshold of significant change (compared
to no change) to p <0.0025 with the Bonferroni test. We
excluded the ‘not applicable’ responses (“I have no knowl-
edge” in Mongolian) before running the statistical tests
to avoid skewing the mean values. We then qualitatively
compared the direction and significance of these reported
changes in climate with the gridded monthly meteorologi-
cal data, both over a 20-year period. We used the non-para-
metric Kruskal-Wallis test in R to analyze the quantitative,
ranked interview responses to see if differences in perceived
level and direction of change were detected between any of
the soums for each variable (Wickham 2016). Lastly, the
Dunn post-hoc test with a Bonferroni adjustment informed
which soums differed significantly from each other through
pairwise comparisons for each variable (Pohlert 2016).

Qualitative Data Analysis

Two researchers independently identified initial codes from
qualitative interview responses in Atlas TI and Microsoft
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Excel (Bryman 2012). We then conducted open coding
iteratively to generate themes and sub-codes (Auerbach and
Silverstein 2003; Yehl 2009). Further axial coding allowed
us to create a conceptual model showing the main environ-
mental changes herders described and their connections
(Corbin and Strauss 1990; Charmaz 2006; Bryman 2012).
The systems model is not a comprehensive set of variables
and their connections, it contains only strong connections
between different social and ecological variables that herders
mentioned as important and volunteered during the inter-
views. In the systems model we only included connections
between system variables if at least three herders (15% of
each soum sample) mentioned the connection.

Our systems model seeks to display an interlinked rela-
tionship between social and environmental factors in a con-
stantly evolving ecosystem (Lewison et al. 2016). In addi-
tion, our systems model shows the scale of drivers and
their impacts through a series of descending rings from
the source drivers in the outer ring to the core of the sys-
tem in the innermost ring. Arrow boldness indicates which
variables influence each other and how strong the connec-
tions are a plus or minus sign next to the variable conveys
either a promoting or inhibiting relationship. This complex
model is completely derived from herders’ responses and
may be used as starting point for deeper quantitative analy-
ses (Lewison et al. 2016).
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Results

Herder Observations of Changes in Three Ecological
Zones

Herders generally saw stronger climate changes for pre-
cipitation than for temperature from 1995 to 2015 in the
three focal soums (Table 2). Across all soums, herders
reported shorter and more spread-out rainfall events. In
Undurshireet and Yeroo (not Sergelen), herders reported
less but more intense rainfall. For all precipitation condi-
tions, Sergelen herders reported milder change than either
Undurshireet and Yeroo. Herders reported cooler springs
in all soums, but especially Sergelen and Yeroo, where
90% of herders reported cooling. While 65% of Undur-
shireet herders reported warmer winter temperature trends
over the last 20 years, 60% of Yeroo herders reported
cooler temperatures.

Herders generally reported moderately strong to strong
changes in pastures and water level conditions over the last
20 years (Table 3). Over 70% of herders in each soum saw
lower water levels in lakes. Herders in both Undurshireet
and Yeroo reported lower water volumes in rivers, less
pasture growth, earlier browning of pastures, more fre-
quent dust storms, and greater amounts of sand movement.
Sergelen herder responses diverged from these two soums,
although Yeroo herders tended to give the most consist-
ent responses (low standard error) for pasture conditions
compared with Undurshireet and Sergelen (Table 3).

Comparing Herder Observations of Trends
in Climate with Meteorological Trends

There was about 56% consistency between herder climate
observations and patterns from the CRU meteorological
dataset for the three study areas over the last 20 years. This
was determined by tallying the number of herder and mete-
orological dataset agreements (in significance and direction
of change) for climate variables (Table 4). We did not detect
differential compatibility between herder perceptions and
meteorological data based on gender or age.

Although meteorological readings singled out Yeroo
(not drier, warmer winters, Table 4) as the only
soum without significant reductions in rainfall, Yeroo
herders observed very large reductions in rainfall. Both
datasets concur that Sergelen (drier, warmer winters) and
Undurshireet (drier, not warmer or cooler) saw decreased
rainfall, though the reduction was not reported as signifi-
cant by herders in Sergelen.

For temperature, the CRU dataset and herders did
not often agree. Herders reported cooler springs for
Undurshireet and Yeroo, while stations measured no

significant trends in spring temperature. For winter, herd-
ers in our study did not report the significant warming
trends suggested meteorologically in Sergelen. In contrast,
the winter warming reported by Undurshireet herders was
absent in the meteorological data. Yeroo diverged most
sharply with herders noting significant cooling in the win-
ter when stations reported significant warming.

Herders’ Explanations for the Changes They Observe

Herders described complex sequences among source drivers
of change (outer ring, Fig. 2), intermediary drivers (middle
ring), and the core of the system (inner ring). They also
recognized a diversity of promoting and inhibiting relation-
ships among environmental variables, including tempera-
ture, water level, and fire. They connect these environmental
variables to social variables, such as herder livelihoods, pol-
lution, and mining. Herders also identified some indirect
cascading effects in the system. We did not ask them about
feedbacks. While this systems model is complicated, it is
clearly not all the possible connections that could occur in
their system, only those herders reported.

Herders described three main source drivers, "global
climate change", "externally driven land use change", and
"local herder practices" (outer ring, Fig. 2) that originate
at different scales. The broad-scale climate change drivers
(warming and decreased rainfall) ultimately reduce livestock
productivity, vegetation quality, and water levels while they
increase dust storms, extreme weather events (dzuds), and
delay pasture greening.

Herders also described regional and global socioeco-
nomic source drivers. For instance, agriculture (commonly
hay and rapeseed grains) occupies and diminishes grazing
lands, instigating land disputes between livestock herders
and farmers. A Yeroo herder reasoned that herders were con-
fined to the river basin because “agriculture is now on the
hillsides, which have the best pasture for the winter.” Lastly,
herders indicated a third grouping of local source drivers
as the pasture users themselves. Herders move in response
to pasture conditions and have recently observed growing
livestock populations as external herders migrate into their
soums from other aimags or soums. Additionally, local hunt-
ing activities reduce the number of wildlife herders observe
in their pastures. An Undurshireet herder noted several spe-
cies that have declined because of illegal hunting, including
ibex (Capra sibirica) and argali sheep (Ovis ammon).

These source drivers affect a set of intermediary drivers
that connect the social and biophysical source drivers to
the central core elements of the system. The intermedi-
ary drivers are most numerous and best mirror the envi-
ronmental conditions herders described, such as water
levels and dust storms (Tables 2 and 3). Several inter-
mediary drivers were reinforced by both the externally
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Table 3 Mongolian herders’ responses (n=60) to interview questions
about pasture and water level conditions in 2015 in three soums
compared to 20 years earlier. Count (and percentage) of Likert

Means in bold are significantly different for that soum compared with
20 years earlier at p <.0025. Means with no shared letters are sig-
nificantly different from each other when comparing among soums at

scale responses followed by mean (and standard error) of responses. p<.0025
Undurshireet Sergelen Yeroo
Steppe Central Eastern Forest-Mountain
Question Response (n=20) (n=20) (n=20)
Amount of pasture growth: 1=Much lower 15 (75%) 1 (5%) 16 (80%)
2 =Somewhat lower 2 (10) 8 (40) 4 (20)
3 =About the same 1(5 5(25) 0(0)
4 =Somewhat higher 2 (10) 6 (30) 0(0)
5=Much higher 0(0) 0(0) 0(0)
Not applicable 0(0) 0 () 0(0)
Mean (Standard Error) 1.50 (0.22)* 2.80 (0.21)° 1.20 (0.09)*
Number of different kinds of plants: 1=Declined 13 (65) 6 (30) 18 (90)
2=No change 3(15) 6 (30) 2 (10)
3 =Increased 3(15) 3(15) 0(0)
Not applicable 1(5) 5(25) 0(0)
Mean (SE) 1.47 (0.21)* 1.80 (0.26) 1.10 (0.09)"
Amount of bare ground: 1=Much less 1(5) 00 1(5)
2 =Somewhat less 1(5) 00 00
3 =No change 3 (15) 11 (55) 1(5)
4 =Somewhat more 4 (20) 6 (30) 2 (10)
5=Much more 11 (55) 3(15) 16 (80)
Not applicable 00 00 0(0)
Mean (SE) 4.15 (0.26)™ 3.60 (0.17)* 4.60 (0.07)
Frequency of dust storms: 1=Decreased a lot 0(0) 0 (0) 0(0)
2=Decreased a little 0 (0) 2 (10) 0(0)
3 =About the same 1(5) 8 (40) 1(5)
4 =Increased a little 3(15) 5(25) 1(5)
5=1Increased a lot 15 (75) 2 (10) 18 (90)
Not applicable 1(5) 3(15) 0(0)
Mean (SE) 4.73 (1.40)* 3.41 (0.76)° 4.85 (0.24)*
Amount of sand movement: 1=Much less 0 (0) 0(5) 0(0)
2=Somewhat less 0 (0) 1(0) 0(0)
3 =About the same 2 (10) 8 (40) 2 (10)
4 =Somewhat more 3(15) 5(25) 3(15)
5=Much more 15 (75) 3(15) 15 (75)
Not applicable 0(0) 3(15) 0(0)
Mean (SE) 4.65 (0.15)* 3.59 (0.24)° 4.65 (0.15)*
River volume: 1 =Decreased a lot 19 (95) 4 (20) 20 (100)
2 =Decreased a little 1(5) 8 (40) 0(0)
3=No change 0 (0) 2 (10) 0(0)
4 =Increased a little 0 (0) 5(25) 0(0)
5=1Increased a lot 0(0) 0(0) 0(0)
Not applicable 0 (0) 1(5) 0(0)
Mean (SE) 1.05 (0.05)* 2.79 (0.31)° 1.00 (0.00)?
Lake levels: 1 =Much lower 13 (65) 11 (55) 14 (70)
2=Lower 2 (10) 4 (20) 0(0)
3 =No change 0 (0) 4 (20) 1(5)
4 =Higher 0(0) 1(5) 0(0)
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Table 3 (continued)

Undurshireet Sergelen Yeroo

Steppe Central Eastern Forest-Mountain
Question Response (n=20) (n=20) (n=20)

5=Much higher 0(0) 0(0) 0(0)

Not applicable 5(25) 0(0) 5(25)
Mean (SE) 1.33 (0.56)* 1.75 (0.22)* 1.33 (0.57)*
Peak time of river flow: 1=Much earlier 0 (0) 1(5) 1(5)

2 =Earlier 0(0) 0(0) 1(5)

3=No change 1(5) 9 (45) 2 (10)

4 =Later 6 (30) 5(25) 0(0)

5=Much later 8 (40) 3(15) 7 (35)

Not applicable 5(25) 2 (10) 9 (45)
Mean (SE) 4.47 (0.21)* 3.32 (0.29)* 4.00 (0.20)*
Snow melt: 1 =Much earlier 4 (20) 2 (10) 7 (35)

2 =Earlier 5(25) 5(25) 3(15)

3=No change 6 (30) 5(25) 1(5)

4 =Later 2 (10) 7 (35) 4 (20)

5=DMuch later 1(5) 1(5) 4 (20)

Not applicable 2 (10) 0(0) 1(5)
Mean (SE) 2.50 (0.36)* 3.00 (0.25)* 2.74 (0.41)*
Timing when grass turns green: 1 =Much earlier 0(0) 0(0) 0(0)

2 =Earlier 2 (10) 3(15) 0(0)

3 =No change 2 (10) 10 (50) 2 (10)

4 =Later 10 (50) 6 (30) 3(15)

5=DMuch later 4 (20) 1(5) 14 (70)

Not applicable 2 (10) 0(0) 1(5)
Mean (SE) 3.89 (0.25)* 3.21 (0.18)* 4.63 (0.17)°
Timing when grass turns brown: 1 =Much earlier 6 (30) 1(5) 9 (45)

2 =Earlier 11 (55) 5(25) 3(15)

3 =No change 1(5) 11 (55) 7 (35)

4 =Later 0(0) 2 (10) 1(5)

5 =Much later 1(5) 1(5) 0(0)

Not applicable 1(5) 00 0(0)
Mean (SE) 1.89 (0.30)* 2.85(0.20)° 2.00 (0.23)*

driven land use and global climate change source drivers,
such as an increase in dust storms and a decrease in forest
abundance. Some intermediary drivers were coproduced
by externally driven land use and “local herder practices,”
such as increased livestock numbers and river pollution
(Fig. 2).

The core elements of the herding system are people,
pasture, livestock, and wildlife. To herders, these were the
parts of the system that felt the ultimate impacts of the
source and intermediary drivers. Each core element had at
least two drivers connected to it. We defined “Herder Live-
lihood” based on our interviews as the health, safety, and
prosperity of pastoral families in the three study soums.
“Livestock production” refers to the herd health of sheep,

cattle, horses, etc., and in turn the quality and quantity of
their products for sustenance and sale: milk, meat, cash-
mere, etc. We define “vegetation quality” as the diversity,
health, and endemicity of species of shrubs and grasses on
which livestock and wildlife graze. Lastly, herders referred
to wildlife presence as the abundance of fauna, such as
wolf, marmot, sacred falcon, and fish that they observe in
their rangelands.

Herders also considered some connections more impor-
tant than others. We quantified this with the thickness of
the arrows in the model corresponding to a certain num-
ber of respondents (Fig. 2; Charmaz 2006). For example,
under global climate change, declines in rainfall were men-
tioned more frequently than increases in wind speed. Under
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Table 4 Characteristics and climate trends in focal soums (CRU/
herder data). Significance from 1993-2012 (p <0.05, Mann-Kendall
test) based on the Mongolia-wide 0.5°%0.5° gridded CRU meteoro-
logical station file dataset (Harris et al. 2014; Venable et al. 2015;

Venable 2016). This is followed by significance from 1995-2015
(p<.0025, Wilcoxen Rank Sum test) from herder Likert scale
responses about climate conditions. +=significant increase, —=sig-
nificant decrease, ns =not significant

Undurshireet Sergelen Yeroo

Climatic Trends Meteorological records/Herder perceptions

Spring max temp ns/— ns/ns ns/—

Spring min temp ns/— ns/ns ns/—

Summer max temp ns/ns ns/ns ns/ns

Summer min temp ns/ns ns/ns ns/ns

Fall max temp ns/ns ns/ns ns/ns

Fall min temp ns/ns ns/ns ns/ns

Winter max temp ns/+ +/ns +/—

Winter min temp ns/+ +/ns +/—

Total annual ppt —/— —/ns ns/—

Summary of meteorological Drier, not warmer or cooler Drier, warmer winters Not drier, warmer winters
data

Summary of herder observa-  Drier, cooler springs and warmer  No changes Drier, cooler springs and warmer
tions winters winters

local herding practices, herders considered hunting as more
influential to the system than actions of their herder groups.
Some of the most common connections were: fire impacts
herder livelihoods, such as structure safety; mining reduces
water levels and increases river pollution; and grasshoppers
and rodents decrease vegetation quality.

Finally, not all connections appeared in all soums (color-
coded arrows in Fig. 2). Grassland fires, for example, were
an important source driver only in Yeroo and Sergelen, and
city waste contributed to river pollution only in Undur-
shireet. In general, the climate drivers had the most uni-
versal influence on the system across soums, compared to
externally driven land use and local herder practices, which
were more location specific.

Herders’ Adaptations and Solutions

In addition to the reasoning behind the changes they had
observed over the last 20 years, herders described the meas-
ures they are currently taking to adapt to these changes
(Table 5). For example, to allow for more pasture recovery,
herders noted the importance of moving their gers (felted
tents) and livestock more frequently and better distributing
their animals across the steppe. In an effort to mitigate rising
inflation in consumer goods and livestock populations, herd-
ers recommended that they export some of their animals.
“We can sell offspring for products, such as meat or wool,”
explained one Undurshireet herder.
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When we asked about government intervention, most
herders interpreted this as the national government of
Mongolia, which could implement wide-reaching policies.
However, some respondents mentioned potential regionally
(aimag) and locally (soum and bag) coordinated improve-
ments. Herders discussed government adaptation strategies,
such as managing increased livestock numbers by initiating
a tax for owning over a certain number of animals (Table 5).
Lastly, herders attributed adaptation strategies to CBRMs,
such as holding meetings and conducting fencing studies.
Some recommendations were shared among all three soums,
such as suggesting that the government curtail mining opera-
tions for human and livestock health. Other recommenda-
tions were more suited to the specifics of a certain soum
location. Only herders in Yeroo recommended stricter agri-
cultural management due to their local conflicts over land
access.

Interviewees allocated some roles to both herders and
the government, such as cleaning rivers, but to differing
degrees. They suggested herders could help with clean ups
at the soum level, but the government regulate pollution
sources upstream, such as those caused by factories in the
capital, Ulaanbaatar. Herders in our study perceived that
they shared adaptation responsibility with communal pas-
ture groups, such as for pasture reservation and rotation.
Some roles herders did not see as their responsibility, such
as planting hay fodder.
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Trends in Herder Observations of Environmental
Change

Overall, herders described how climate, pasture, and water
level conditions have shifted from 1995 to 2015 across
central, eastern, and northern Mongolia. Every Yeroo
herder in our study reported shorter rainfall events com-
pared with 61% of herders who observed this in a simi-
lar study in Lake Hovsgol, Mongolia, to the northwest
of Yeroo (Goulden et al. 2016). One Yeroo herder com-
mented: “Rainfall is much shorter; it rains for 1 to 2 hours
instead of days on end.” Herder observations of short
and often intense rains may correspond with increased
thunderstorm activity in northern Mongolia over the last
60 years (Goulden et. al 2016). Herders in all three soums
also observed more days between rains, echoing Tajik and
Afghan herder observations in the Pamir Mountains
(Kassam 2009).

Herders generally saw stronger changes in climate for
precipitation compared with temperature across the focal
soums from 1995 to 2015 (Table 2). Globally, herders make
similar observations perhaps because temperature change is
more subtle and harder to detect than rainfall or its effects on
livestock and rangeland condition (Strauss and Orlove 2003;

Marin 2010). A study in Tibet found that herders interpreted
‘climate’ in terms of vegetation and livestock observations
rather than in terms related to temperature (Yeh 2016).

Nonetheless, herders in our study observed a strong trend
in cooler spring temperatures (70% in Sergelen and 90% in
both Undurshireet and Yeroo). “March and April are colder.
May is colder and windy,” explained a herder from Serge-
len. A herder from Undurshireet described spring as just
another winter. Herders interviewed in 2011 also observed
cooling spring temperatures in comparison to 20 years ago
in Bayankhongor, a desert-steppe aimag (Venable et al.
2012), as well as a majority of herders in a multiple soum
Mongolian study (Fernandez-Giménez et al. 2015). Local
informants in the Pamir Mountains (Kassam 2009) and in
Nyenrong and Amdo County, Tibet (Klein et al. 2014), also
observed spring cooling. In the Tibetan case, cooler springs
were often observed in conjunction with delayed green-up,
a phenological trend also present in our study, especially in
the forest steppe of Yeroo (Klein et al. 2014).

Increased dust storms were reported by 95% of herd-
ers in Yeroo, 90% in Undurshireet, and 35% in Sergelen.
One herder in Yeroo lamented that she “can’t prepare dairy
products” like she used to when “there is so much dust”
[in the air]. Another Yeroo herder described sandstorms
so large that a sand pile covered his animal shelter. Dust
storms are a natural phenomenon in Asian drylands but are
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exacerbated by changes in climate and land use (Sternberg
and Edwards 2017; Middleton 2018). Such storms were con-
sidered “unusually frequent and intense” by herders in the
desert-steppe region of Mongolia in comparison with the
past (Marin 2010: 173). Herders in our study attributed dust
events to overall drying, increased wind speeds, and mining
activity (Fig. 2). Recent studies confirm the impacts of wind
on dust in Mongolia (Sternberg and Edwards 2017; Mid-
dleton 2018). Research in the southern Gobi region show
mining’s role in spreading dust, especially from unpaved
mining roads (Jackson 2015; Sternberg and Edwards 2017).
Dust can damage both human and livestock health (Orgil
et al. 2011; Lkhasuren 2012).

Regional Variation: Comparing Observations
from the Steppe to the Taiga

For the majority of climate and pasture variables, herders
did not observe the same degree of change across the three
different ecological zones. This indicates that uniform strat-
egies to address environmental change across Mongolia’s
landscape are likely not appropriate. Other herder-informed
studies have further detected within-zone differences
between soums, suggesting that coarse-resolution meteoro-
logical measurements may not be localized enough to inform
best policies on their own (Ferndndez-Giménez et al. 2015).

The greatest regional variation in our study was in the
soum of Sergelen where herders reported significantly
milder environmental change across 45% of variables com-
pared with the other two soums. In contrast to the reports
of decreased rainfall, reduced river volume, and vegetation
loss in the other soums, a Sergelen herder explained that
they had “very good rain in the last few years,” that “water in
wells has flowed a lot,” and that “very soft and watery rain in
the last three years has helped recover the vegetation.” The
eastern steppe soum of Sergelen falls between Undurshireet
and Yeroo in precipitation, temperature range, and elevation
(Table 1). Its eastern-most geography, plant productivity,
and low human population, however, set it apart. Sergelen
is also the only study soum (Table 1) where percent forage
use by livestock has stayed the same and unusually low from
2003-2014. Herders in Undurshireet and Yeroo attributed
vegetation loss to increased livestock numbers, while this
was not mentioned in Sergelen (Fig. 2). Pastures in the east-
ern steppe were found to have some of the lowest levels of
livestock impacts on plant production, bare ground, and soil
erosion as well as the highest levels of plant patch connectiv-
ity compared to other ecological zones in Mongolia in 2011
(Jamsranjav et al. 2018).

Unlike Sergelen, Yeroo herders reported the strongest and
most consistent, negative changes in environmental condi-
tions from 1995 to 2015. The mountain steppe region of
Mongolia, like Yeroo, has seen the most climate change due
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to the region’s high latitude and elevation (Angerer et al.
2008; Fernandez-Giménez et al. 2015; Khishigbayar et al.
2015). Furthermore, Yeroo has the highest human popu-
lation density compared with Undurshireet and Sergelen
(Table 1). Population in addition to proximity to the city
of Darkhan may contribute to substantial competing land
uses in Yeroo.

Comparing Knowledge Sources

We compared how well herder-described climate trends
matched models derived from meteorological stations. There
is difficulty in integrating these knowledge systems because
each brings its own scale of reference and biases (Somerville
et al. 2011; La Frenierre and Mark 2017). Although trend
analyses can be less robust over short time scales, we used a
similar 20-year time scale as a comparison tool between the
two knowledge sources.

In remote areas such as much of Mongolia, which also
has a high degree of inter-annual variability, weather stations
are sparse and may not produce comprehensive reporting
(Shiklomanov et al. 2002; Harris et al. 2014). Disproportion-
ate representation can potentially impact our meteorological
data with different numbers of stations contributing to grids.
We also suggest that modelled gridded data like CRU is not
at the same scale as herder observations of changes in their
landscapes over time (Fassnacht et al. 2018).

There are also issues with human observation over time.
Faulty memory as well as cultural values, personal expe-
riences, and extreme events may provide biases in herder
observations over longer time scales (Knapp and Fernandez-
Giménez, 2009; Gantuya et al. 2021).

Despite these caveats, there is rich insight to gain by com-
paring knowledge sources. In this study herder and meteoro-
logical observations of climate at the soum scale quite often
matched each other. In a Mongolian study of six soums, both
herder observations and meteorological station data matched
for 20-year declining rainfall trends in the two steppe and
two desert steppe soums (Fernandez-Giménez et al. 2015),
similar to our steppe results. Additionally, Fassnacht and
colleagues (2018) found that herder and meteorological
sources matched for decreasing precipitation in the Mon-
golian forest-steppe soums of Erdenemandal, and Tsester-
leg, but not for Bayankhongor (steppe) or Khoriult (desert
steppe; Fastnacht et al. 2018). Thus, of the three studies,
ours showed the least match between herder observations
and meteorological data for rainfall. In addition, mismatches
between the two knowledge sources occurred more often
with temperature data, particularly the strong spring cooling
trend reported by herders but not supported by the meteoro-
logical station data (this study, Fernandez-Giménez et al.
2015).
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Table 5 Herders’ adaptations to environmental changes and their recommendations for assistance from government and Community Based

Rangeland Management programs, or CBRMs

Herder Adaptation

Government

CBRM

Increasing River Pollution

Increasing Livestock Numbers

Declining Vegetation Quality

Declining Water Levels

Increasing Fire/Disaster

Declining Wildlife Presence

Other General Ideas

e Clean river

e Pick up litter

e Stop mining

e Sell animal products

e Reduce livestock numbers

e Water pastures

e Move gers and livestock
more

e Reserve and rotate pastures

e Remove harmful plants

e Reduce rodents

e Build wells

e Shoot clouds
e Ovoo worship
e Plant trees

e Humans should be more
careful
e Move near water

e Increase marmot

e Not helpful

e Do not know

o Stop thieves

e Prepare for winter

o Clean water
o Stop leather factories from
polluting

e Manage animal product
sales

e Manage carrying capacity

o Update veterinary services

e Manage livestock quality

e Stop external herders

e Water pastures

e Manage/Stop mining

e Manage agriculture

o Plant hay fodder

e Make new roads to access
pastures

o Stop selling land and sacred
places

e Provide better fencing

e Manage grasshoppers

o Dig wells
e Shoot clouds
e Stop cutting trees

o Stop fires

o Stop hunting

e Not helpful

e Do not know

o Support herder income

e Listen to herders

o Provide less welfare

e Incentivize young herders

o Connect live-
stock products
to markets

e Calculate live-
stock population
and carrying
capacity

e Water pastures

e Move gers and
livestock more

o Plant fodder

e Reserve and
rotate pastures

e Give perennial
plants

e Provide fencing
studies

e Build bird
perches to
reduce rodents

e Build wells

e Collaborate to
stop fire

e Help each other
when dzud
comes

o Protect animals
from hunting

e Not helpful

e Do not know

o Support herders

o Pay for herder
projects

e Collaborate/
communicate

o Host meetings/
trainings

o Gather fallen
trees

e Protect land area

We propose two explanations for the contradictions
between soum-scale meteorological data and herder obser-
vations. First, overall, the resolution in the meteorological
dataset for these soums may be too coarse to detect herder
observations of finer scale variability, as suggested by Klein
et al. (2014) for similar mismatches in Tibet. In our study,
there were 0-1 stations sampled, on average, in each of our
soums, resulting in sparse coverage of fine-scale meteoro-
logical differences within each. Herder observations likely

include fine-scale observations of multiple indicators of
change across habitats in pastures near their homesteads
over time (Gantuya et al. 2021). This means the compari-
son between meteorological data and herder observations
may not cover the same geographic area and definitely not
the same diversity of habitats, and thus could be prone to
mismatch (Marin 2010). In this situation, we would expect
matches between these two knowledge sources to occur
where there is strong consensus among herders on the

@ Springer



644

Human Ecology (2021) 49:631-648

direction and magnitude of change, which should indicate
the change likely applies over wide areas. This may apply
to the strong declines in rainfall seen in desert steppe soums
(Fernandez-Giménez et al. 2015), steppe soums (this study,
Fernandez-Giménez et al. 2015), and forest steppe soums
(this study, Fassnacht et al. 2018).

A second and related explanation for these mismatches
may lie with the level of complexity of the information
inherent in the two knowledge sources. Like other resource-
dependent people, pastoralists integrate several variables and
mark extreme events as they relate to periods of normality
(Berkes and Berkes 2009). Gantuya et al. (2021) found that
Mongolian herders observed long-term directional trends
across multiple decades, shorter term (2—10 year) cyclical
regeneration of vegetation after disturbance, and shorter
term (seasonal or one year) fluctuations caused by weather
over 32 indicators in 14 different habitats at these three dif-
ferent time scales. As in our study, herders are integrating
all this information into complex causal ‘systems models’
that they use to adapt to change. We propose that, despite the
presence of some bias in herder observations, they provide
a sophisticated understanding of change at the soum level
while meteorological data and predictions can be scarce and
uncertain (Marin 2010).

Herder Observations of the Causes
and Consequences of Change

The systems model summarizes associations and flows
of impact between variables and plays a unique, central
role in our results. We expand the scope of other Eastern
Asia models, organized around similar core elements, by
including social-political drivers (Sternberg 2008; Hopping
et al. 2016). Future models should disclose whether
all causal relationships displayed are derived from pasture
users themselves or surmised by researchers. In our model
we attempted to directly reflect herder responses, but would
have benefitted from more herder participation through map-
ping workshops (Knapp et al. 2011).

The systems model highlights how herders attributed
environmental changes to both proximate and ultimate
causes, allowing us to see a more complete picture of their
social-ecological system. For instance, according to herders
in our study and others, a proximate cause for the decline
in pasture quality was increasing livestock numbers
(Sternberg 2008; Fernandez-Giménez et al. 2015). This incom-
plete picture, however, does not address the fact that herders
ascribe the ultimate cause of increased stocking rates to both
external herders from other soums moving into local pas-
tures and the shift towards a new incentive structure through
privatization that rewards livestock quantity over quality
(Bruegger et al. 2014). “After privatization,” an Undurshireet
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herder explained, “everyone increased their livestock. Where
there were green plants is now dust.” Degraded pastures,
in turn, decrease the quality of livestock products (meat,
dairy, wool, etc.) (Fig. 2). Our systems model suggests the
need for multi-scalar approaches to improve grassland health
(Khishigbayar et al. 2015) that tackle both proximate and
ultimate causes of change. Such policies could target live-
stock density and pasture rotation regimes, but also carbon
emissions and the lack of functioning markets for livestock
products (Fig. 2).

Herders report complex, systemic change that combines
physical (pasture, water, etc.) and social (economic, political,
etc.) influences. Our systems model, for example, depicts the
coupled drivers of water loss. Herders in Yeroo view mining
as exacerbating climate-induced drying by diverting publicly
available water sources, as occurred in Lake Ulaan in the
Gobi (Fig. 2; Jackson 2018). Adequate water management
might include stronger enforcement of mining standards as
well as more global climate change mitigation efforts.

Adaptation and Policy Implications

Effective adaptation at the appropriate scale is exceedingly
important due to increased social and ecological unpredict-
ability in rangelands worldwide, including the Mongolian
steppe (Middleton 2018; Mijiddorj et al. 2019). Further-
more, adaptation strategies must be specific to place and
match the heterogeneity of change we have documented
across ecological zones (Tables 2—3; Khishigbayar et al.
2015). Our data show that Mongolian herders are already
adapting their management practices to the changes they
reported according to their location.

Perceptions of ecosystem dynamics play a strong role in
resource management (Fernandez-Giménez 1993). We pri-
oritize livestock herder adaptation recommendations because
local perceptions may differ from regional or national strate-
gies (Wu et al. 2015). Furthermore, many existing researcher
and NGO preparedness proposals lack transparency as to
which herders, if any, were consulted in creating recommen-
dations (Wu et al. 2015; Hahn 2018). One report acknowl-
edged the need for more herder inclusion, but then did not
include herders in the decision-making process due to trans-
portation barriers (FAO 2014). In other cases in Mongolia,
programs implemented or modified policies contrary to the
herder perspectives they elicited (Hahn 2018).

Several rangeland studies have documented adaptation
strategies employed by resource users, yet fewer seek their
perceptions about the governance roles of other actors in the
pastoral system (Liu and Wang 2012; Nzeadibe et al. 2012;
Karimi et al. 2018). Other Mongolian studies have addressed
who should possess or own pastures and who should make
decisions around stocking rates and movements (Fernandez-
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Giménez and Batbuyan 2004; Kamimura 2013). Our
study complements these findings by asking herders about
the role of government and CBRMs in relation to specific
environmental concerns. In our study and in China’s Qinghai
Tibetan Plateau, herders view it as the government’s role to
help support their livelihoods by providing needed technical
and social services (Wu et al. 2015). Chinese herders, how-
ever, adopted adaptation strategies, like fencing and reseed-
ing pastures, that herders in our study saw as the exclusive
purview of government and CBRM actors (Wu et al. 2015).
Western Mongolia herders (Altmann et al. 2018), as in our
study, suggested that herders move campsites more often,
decrease livestock numbers, water pastures, and reduce
insects. Some in each study took a more spiritual approach,
suggesting more religious ceremonies, often called Ovoo
worships, to increase water levels. Other herders in both
studies reported that they did not know how to adapt to the
changes experienced in their pasturelands (Altmann et al.
2018).

Our adaptation table (Table 5) intersects with our sys-
tems model framework (Fig. 2) by providing insight into
which actors may best address different levels of social-
environmental change. For instance, it may be more effec-
tive for the national government to respond to broad-scale,
primary drivers of change in the outer ring of the systems
model, as seen through recommendations for restrictions to
land use or pastoral practices, such as hunted species protec-
tions. CBRM organizations might mitigate more intermedi-
ary drivers of change, such as through recommendations
for dzud response collaboration. Lastly, local herders may
initiate adaptations more appropriate for an inner ring phe-
nomenon in the systems model, such as recommendations
we heard for pasture rotation and rodent control (Fig. 2;
Table 5). While Mongolia’s emergency preparedness efforts
do detail a division of roles, national and foreign-aid reports
tend to discount the level of localized control (Hahn 2018).

Sternberg (2008) hypothesized that herders in west-
central Mongolia still viewed building wells as the govern-
ment’s responsibility because this was the structure during
Soviet times. Herders in our study, however, considered this
responsibility overlapping between all three of the actors
we discussed, signifying a potential shift in their perceived
responsibility as more time has passed since the fall of com-
munism. Recent literature depicts herder agency, not only in
bearing some responsibility for current conditions, but also
in challenging the government and corporations to better
address their environmental and livelihood concerns. When
herders suggest that they themselves can stop mining from
occurring, they may be harkening to past successes of grass-
roots herder organizations (Table 5). Notably, the “River
Movements” garnered broad appeal to leverage the Mon-
golian government to prohibit mining at river headwaters in
2009 (Campbell and Hatcher 2019). Due to rising economic

disparities, herders have asserted their adaptive capacity in
other ways by seeking alternative incomes, like staking their
own claim to small-scale, artisanal mining (Lahiri-Dutt and
Dondov 2017; Mijiddorj et al. 2019).

Internationally financed large-scale mining operations
have formed their own ties with the national government
since the 1990s mineral resource boom, and thus been able to
weaken policies and counteract civil society reform (Byambajav
2015; Jackson 2018). Herders can better account for
government and non-government structures and their inter-
actions to effectively pressure change (Fernandez-Giménez
and Batbuyan 2004; Fernandez-Giménez et al. 2008). It
appears mutually beneficial for government and international
development organizations that support CBRMs to better
document pastoral system interactions to tailor their support
(Hahn 2018).

Policy recommendations must account for the diffuse govern-
ance landscape of post-Soviet Mongolia and competing public
and private interests. Rangeland studies and reports can better
differentiate the scale of their recommendations. Local knowl-
edge is helpful in this determination but is too often used only
to identify herder adaptation instead of also their input for other
stakeholders. Our interview questions helped identify herders’
perceptions of how adaptation policy is structured in Mongolia.
Polycentric governance systems, with nodes of decision mak-
ing and communication between different institutional levels,
can bolster resilient resource governance in social-ecological
systems (Andersson and Ostrom 2008; Ostrom 2010).

Conclusions

To our knowledge, this is one of the first studies to fully link
drivers of change, change trends, impacts of change and local
adaptations to change, based on local knowledge. A more com-
plete picture of the whole system builds resilience and leaves
fewer surprises. We found that combining Mongolian herder
TEK with physical science monitoring enhanced our findings
of the causes and effects of environmental trends across eco-
logical zones. Additionally, TEK offered key insights into cor-
responding and appropriate adaptation strategies (Berkes 2008;
Hopping et al. 2016). Our Mongolia study findings fit within
and contribute to broader conversations around the sustainabil-
ity of temperate grasslands, considered some of the most imper-
iled ecosystems globally (Fernandez-Giménez et al. 2018).
Localized understandings of change can enhance resilience in
pastoral communities facing interacting climate, land use, and
governance shifts. Future studies should facilitate more active
learning in partnership with local resource users and consider
who within herding groups is most vulnerable to the drivers
of change documented (Smith 1999; Yeh 2016; Hruska et al.
2017). Collaborative, co-produced science can counter unpre-
dictability and support local resource management in the face
of complex social-ecological change.
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