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Abstract In semi-arid regions, air temperatures have
increased in the last decades more than in many other parts
of the world. Mongolia has an arid/semi-arid climate and
much of the population are herders whose livelihoods
depend upon limited water resources that fluctuate with a
variable climate. Herders were surveyed to identify their
observations of changes in climate extremes for two soums
of central Mongolia, Ikh-Tamir in the forest steppe north of
the Khangai Mountains and Jinst in the desert steppe south
of the mountains. The herders’ indigenous knowledge of
changes in climate extremes mostly aligned with the
station-based analyses of change. Temperatures were
warming with more warm days and nights at all stations.
There were fewer cool days and nights observed at the
mountain stations both in the summer and winter, yet more
cool days and nights were observed in the winter at the
desert steppe station. The number of summer days is
increasing while the number of frost days is decreasing at
all stations. The results of this study support further use of
local knowledge and meteorological observations to
provide more holistic analysis of climate change in
different regions of the world.
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1 Introduction

Mongolia is a country of extreme and variable climate.
General gradients of temperature and precipitation are
found from north to south, east to west, and with changes
in elevation, which influence the location of different
ecozones across the country (Fig. 1). Currently, 120 hydro-
meteorological stations are operating in Mongolia accord-
ing to World Meteorological Organization guidelines and
procedures (Dagvadorj et al., 2009). Records from these
stations and additional information from the Mongolian
Institute of Meteorology, Hydrology, and Environment,
form the basis of climate information for Mongolia. They
supply data used in climate change studies, such as this
one, examining changes in climate extremes from station-
based analysis and herder observations of change.

Over the period of 1940-2000, the extreme maximum
temperature recorded in Mongolia was 43.1°C, with the
coldest temperature of —52.9°C occurring in January (Ma
et al., 2003; Batima, 2006). Annual mean precipitation is
low, ranging between 50 and 100 mm in the southern
desert steppe (Gobi/semi desert), 300400 mm in the
northern mountainous regions, and 250-300 mm in the
forest steppe regions (Batima and Dagvadorj, 2000;
Venable et al., 2015). Rainfall can be intense as noted by
herders (e.g., Marin, 2010), with most of the precipitation
falling between April to September, of which about 50%—
60% falls in July and August. These summer rains are
related to atmospheric disturbance from the East Asian
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Fig. 1 Location map with associated ecozones for Ikh-Tamir and Jinst soums, with the four nearest long-term meteorological stations

(Erdenemandal, Tseterleg, Bayankhongor, and Khoriult).

monsoon, though true monsoonal influence does not reach
as far north as the Khangai Mountain region in the central
part of Mongolia (Dagvadorj et al., 2009; Wen et al., 2010;
Nagashima et al., 2013).

According to the National Statistics Office of Mongolia
(2019), in 2018 about 73% of the land area was composed
of agricultural land, which included pastures and mea-
dows. Earlier estimates of rangeland area were higher, with
Angerer et al. (2008) reporting up to 83% of the country
dominated by rangelands. Nearly 40% of the population of
this arid/semi-arid nation are considered transhumant
herders (nomadic pastoralists) (Peart, 1977), who are
continuously exposed to the climatic elements as the
livestock herds they rely on survive by grazing off natural
vegetation (Angerer et al., 2008). Their livelihood also
depends upon availability of limited water resources and
the effects of a highly variable climate on both forage
quantity and accessibility. Harsh weather directly affects
animal health and livestock body condition, affecting
herder well-being and income.

As a consequence, herders have developed a critical
understanding of local climate, i.e., indigenous knowledge
(IK) (e.g., Marin, 2010; Fassnacht et al., 2011; Sukh, 2012;
Venable et al., 2012; Fernandez-Giménez et al., 2015a).
Indigenous knowledge (IK) refers to knowledge of a
specific place acquired through interaction with the
environment over a long period of time (Speranza, et al.,
2010). Intimate knowledge of location, place, climate, and
other cultural and physical elements needed to sustain a
specific way of life (Indigenous Knowledge Systems
(IKS)) can prove a valuable source of information different
than that obtained through accepted scientific study of the
planet (Inglis, 1993; Fernandez-Giménez, 2000; Hunting-
ton, 2000; Barnhardt and Kawagley, 2005; Bohensky and
Maru, 2011; Brooke, 2017). This is particularly true

regarding natural resources and their interaction with
environmental change (Nakashima and Roué, 2002),
changes to climate (Huntington et al., 2004; Gearheard
et al., 2010; Speranza et al., 2010; Alexander et al., 2011;
Fosu-Mensah et al., 2012; Hou et al., 2012; Simelton et al.,
2013; Bruegger et al., 2014; Jiri et al., 2015; Ayanlade
et al., 2017) and changes to water resources (Flanagan and
Laituri, 2004; Nichols et al., 2004; Fassnacht et al., 2011;
Sukh, 2012). There are many IKS studies in Mongolia
related to pasture, but fewer are related to regional climate
change (Sternberg, 2008; Fernandez-Giménez et al.,
2015a; Fassnacht et al., 2018a). To understand the climate
extremes that herders are exposed to and how those are
observed through the lens of indigenous knowledge, we
address the following questions for selected areas of the
Khangai Mountain region of central Mongolia: a) How
have climate extremes changed based on analyses of
meteorological station data? and b) What can we learn
from IK regarding change of climate extremes in the study
area, to provide a more holistic picture of possible impacts
of change on herders?

2 Study area

The areas under study here comprise the Ikh-Tamir and
Jinst soums (smaller administrative units of Government in
Mongolia) selected to examine the variability of precipita-
tion and temperature extremes in two different ecological
zones (Fig. 1). Ikh-Tamir covers 4877 km? and is located in
the forest steppe ecological zone, with some of the high
mountain zone found in the southern part of the soum. It is
within Arkhangai aimag (administrative province of
Government in Mongolia), a region encompassing high
mountain, forest steppe, and steppe ecozones covering
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55313 km? (Dorligsuren et al., 2011, National Statistics
Office of Mongolia, 2019). About 70% of the aimag area is
considered agricultural, including pasture and meadow
lands (from 2010 data to correspond to the end of the
meteorological record used in these analyses, National
Statistics Office of Mongolia, 2019). Ikh-Tamir has mean
maximum and minimum temperatures of about +7°C and
—7°C (Table 1) at the Erdenemandal and Tsetserleg
meteorological stations (Fig. 1) and average annual
precipitation between 284 and 338 mm (Table 1). Jinst is
5158 km? in size and is primarily in the desert steppe
(Gobi/semi desert) ecological zone, with a very small
portion of the mountainous south-eastern area considered
part of the steppe zone (Fig. 1). Jinst is within
Bayankhongor aimag, with a size of 45705 km*. Some
sources suggest that 95% of it is rangeland (e.g Baival
et al., 2011), but the National Statistics Office of Mongolia
(2019) considers 79% of the aimag area to be agricultural
land, including pasture and meadow lands (2010 data).
Average annual precipitation ranges from 196 mm at the
Bayankhongor station to 75 mm at the Khoriult meteor-
ological station to the south (Fig. 1), with more variation in
temperature in this soum than that of Ikh-Tamir (Table 1).
Data from the Bayankhongor meteorological station is
used to illustrate variability in the climate record of the
region (Figs. 2 and 3). From the early 1960s until 2010,
January minimum temperatures averaged —25°C and July
maximum temperatures averaged + 25°C (Fig. 2(a)), with
a consistent average of 15°C between the daily maximum
and minimum temperature (Fig. 2(a)). In the winter
(October through March), the coolest maximum and
minimum temperatures are as low as —28°C and —40°C,
respectively, and the warmest summer (April through
September) maximum and minimum temperatures are as
high as +35°C and 4+20°C, respectively (Fig. 2(b)). Annual
precipitation can vary by half an order of magnitude with
totals ranging from 107 mm in 2001 to 340 mm in 1976.
Large inter-annual variability is common in the record (e.
g., 314 mm in 1999 and 114 mm in the following year)
(Fig. 3(c)). Summer rains can start as early as April (e.g.,
1965) and as late as August (e.g., 1974) (Fig. 3(b)).
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3 Methods

Extreme indices were calculated using maximum (TX) and
minimum (TN) temperature and precipitation data
obtained from the Mongolian Institute of Meteorology,
Hydrology, and Environment. Ten indices of temperature
and precipitation extremes (Table 2) were selected from the
list of indices for surface data recommended by the Expert
Team for Climate change Monitoring and Detection
Indices (Karl et al., 1996; Nicholls et al., 1996; Folland
et al., 1999; Groisman et al., 1999; Nicholls and Murray,
1999; Peterson et al., 2001). These indices were used to
characterize the region’s warm season from April through
September and the cool season from October through
March. They are named: summer days (SU25), frost days
(FD-5), warm days for the two seasons (TX90p), warm
nights for the two seasons (TN90p), cool days for the two
seasons (TX10p), cool nights for the two seasons (TN10p),
indicator of hot days (IHD), indicator of cold days (ICD),
the simple daily intensity index (SDII) for precipitation and
number of heavy precipitation days (RO5mm) (Table 2).

The indices were computed from daily data when fewer
than 15 days of record were deemed missing or of poor
quality. No further discrimination was needed since
periods of missing data were continuous and a month or
more in length. The statistical significance of the annual or
seasonal trend for each extreme index, given in days per
decade except in the case of SDII where it is in mm/day/
decade, was computed using the Mann-Kendall test
(Mann, 1945; Kendall and Gibbons, 1990) with the rate
of change was determined from the Theil (1950) Sen
(1968) slope (Gilbert, 1987) method (Table 3).

A questionnaire was administered to Mongolia herders
to record their observations of climate change (Fassnacht
et al., 2011; Sukh, 2012; Fassnacht et al., 2018a). Herder
households were randomly selected in each study location.
Each herder had at least 15 years of herding experience,
and the discussion focused on comparing when the herders
were in their 20s to their current age. The average age of
the 20 Ikh-Tamir herders was 53 years while the average
age of the 17 Jinst herders was 48. Unlike the point data
obtained from meteorological stations, information from

Table 1 Meteorological stations used in this study. The Ikh-Tamir soum is represented by the Erdenemandal and Tseterleg meteorological stations.
Jinst soum is represented by the Bayankhongor and Khoriult meteorological stations. All station records started in the early 1960s and have between
46 and 50 years of complete record ( < 5% of the days missing), except the Khoriult station that started in 1971 which had 2633 years of complete

record (differing for each of the three meteorological variables)

Station name Station Latitude  Longitude  Elevation Average maximum Average minimum Average annual Coefficient of
number °N °E /m temperature temperature precipitation Variation

/°C /°C /mm /%

Erdenemandal 48501400 48.32 101.23 1510 +7.1 -72 284 19

(OpmpHAIMaHQ)

Tsetserleg (Llpuspmar) 47401500 47.27 101.28 1693 +7.6 -53 338 17

Bayankhongor 46100700 46.08 100.41 1859 +75 -6.1 196 32

(bassaxoHrop)

Khoriult (Xopuyar) 46100700 45.17 100.73 1280 +11.9 -23 75 32
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Fig. 2 Temperature summary for the period from 1964 to 2010 at the Bayankhongor meteorological station illustrating (a) the average
daily maximum and minimum air temperature, and (b) the winter (October through March) and summer (April through September)
seasonal maximum (red) and minimum (blue) temperature summaries. The box and whisker plots illustrate the warmest and coldest
observed temperatures (circles), 90th and 10th percentiles (whiskers), one standard deviation (box), and the mean (center).

herders is a composite of experience and association with a
particular part of the landscape. The spatial extent of these
observations varies depending on length of herder
experience, seasonality of observations, and interactions
with other herders under customary and formal institutions
defining and allocating pasture use (e.g., Fernandez-
Giménez, 2000).

In the quantitative portions of the climate change
questionnaires closed-ended questions (Likert, 1932) to
determine herder observations of changes in climate
extremes were not specifically asked. However, the
questionnaires were followed by an open-ended discussion
to document qualitative narratives of observations of
change. The narratives of the surveys were analyzed using
a technique similar to that of Auerbach and Silverstein
(2003). The qualitative responses were analyzed by
thematic coding and then sorted. When initial coding
was completed, quotations related to each theme were
reviewed. The frequency of specific themes across the
interviews was calculated by recording the number of
passages coded for each theme.

4 Results

4.1 Station-based changes in extreme climate

The time series trends for the four meteorological stations
show significant annual and monthly warming over the
period of analysis from 1961 to 2010, with the greatest
warming occurring at all stations in February (0.8 to 1.1°C/
decade), April (0.7 to 1.0°C/decade), July (0.5 to 1.0°C/
decade) and August (0.4 to 0.5°C/decade) (Fig. 4).
Warming was not significant at any station in January
and November and was only significant at Erdenemandal

in March and December with this station illustrating the
greatest annual warming (0.39 and 0.64°C/decade for
maximum and minimum temperatures, respectively).
Statistically significant warming of annual maximum
temperatures was not observed at Khoriult (Fig. 4),
possibly due to the shorter period of record starting in
1971 (Venable et al., 2012).

A decrease in precipitation was observed from July
through September, yet it was only significant for the
annual totals at Erdenemandal and in August at Tsetserleg
(Fig. 4(b)). Year to year variability in precipitation is quite
high (e.g., Fig. 3(c)). Autocorrelation of the annual
precipitation amounts was low overall; it was 0.21 at
Erdenemandal, 0.19 at Tsetserleg, 0.10 at Bayankhongor,
and 0.03 at Khoriult. Autocorrelation refers to relation
between one data point and the next, meaning that when
autocorrelation is high the data are correlated, which
reduces the effective size of the data set biasing trend
analysis results toward statistical significance. In this case,
the result of low autocorrelation in the annual values
strengthens confidence in the trend results at that timestep.
The precipitation time series was detrended with the Sen’s
slope to compute the coefficient of variation. It was higher
in Bayankhongor aimag (32% at both stations) than
Arkhangai aimag (19% at Erdenemandal and 17% at
Tsetserleg) since precipitation was much less in the south
(Table 1). The standard deviation was between 60 and 70
mm for all stations except Khoriult where it was 33 mm.

Many of the various extreme indices selected to match
the herder observations illustrated that significant change
has occurred (Table 3). The number of summer days has
increased by 4.8 to 5.8 days per decade for the three
northerly stations (Erdenemandal, Tsetserleg, Bayankhon-
gor) and at a lesser rate of 2.9 days per decade at Khoriult
(Table 3). Conversely, the number of frost days decreased
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Fig. 3 Precipitation summary for the period from 1964 to 2010 at the Bayankhongor meteorological station illustrating (a) cumulative
precipitation showing the maximum (blue circles), minimum (red circles), one standard deviation (gray shading), and the mean (blue line),
(b) year-by-year cumulative precipitation for each year (in 7-day periods), and (c) total annual precipitation for each year.

Table 2 The name, abbreviation (ID) and definition for temperature and precipitation indices

Indicator Name 1D Definitions

summer days SuU25 frequency of days when TX (daily maximum) >+ 25°C
frost days FD-5 frequency of days when TN (daily minimum) < —5°C
warm days for the two seasons TX90p percentage of days when TX > 90th percentile

warm nights for the two seasons TN9Op percentage of days when TN > 90th percentile

cool days for the two seasons TX10p percentage of days when TX < 10th percentile

cool nights for the two seasons TN10p percentage of days when TN < 10th percentile
indicator of hot days IHD days with at least 6 consecutive days when TX > 90 percentile
indicator of cold days ICD days with at least 6 consecutive days when TN < 10 percentile
simple daily intensity index* SDII annual total precipitation divided by the number of wet days

(defined as precipitation = 1.0mm in the year)

number of heavy precipitation days** RO5Smm annual count of days when precipitation = Smm

Note: The units are days, except the (*) simple daily intensity index which has units of mm/day. The warm season is April through September and the cool season is
October through March. The daily minimum temperature is denoted as TN and the daily maximum temperature is denoted as TX. Often a threshold of 10 mm is used to
define heavy precipitation, but due to the arid nature of Mongolia, a threshold of 5 mm per day was used
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by about 4.0 days per decade at all stations, except
Erdenemandal that saw 5.0 fewer frost days per decade
(Table 3). This station also saw the greatest warming (Fig.
4(a)).

Warm season warm days increased significantly by 4.3
to 5.6 days per decade (Table 3) primarily since the mid-
1990s (Fig. 5(a)), warm season cool nights decreased
significantly from 1.9 to 3.7 days per decade (Table 3,
Fig. 5(b)), cool season warm days only increased
significantly by 1.4 days per decade at Bayankhongor
(Table 3, Fig. 5(c)), and cool season cool nights decreased
significantly by 2.5 days at Erdenemandal and 2.1 days at
Bayankhongor, respectively (Table 3, Fig. 5(d)). Con-
versely to the latter trend, the number of cool days and
nights increased during the cool season at Khoriult, though
this result was not significant.

During the 2010 cool season, there were many more
cool nights than all previous years, with the exception of
1969 (Fig. 5(d)). This is due to the extreme cold in the
winter of 2009-2010. An extreme winter weather disaster,
called dzud, occurred that winter in Arkhangai and
Bayankhongor (Fernandez-Giménez et al., 2012; Venable
et al., 2012; Fernandez-Giménez et al., 2015b). The annual
timestep indicator of hot days at all stations showed the
same significant trends as warm days over the warm season
with 1.4 to 2.5 more days per decade (Table 3). The
indicator of cold days only showed Bayankhongor to be
significantly decreasing at a rate of 1.5 days per decade
(Table 3).

Of the two extreme indices used for assessing rain
intensity (simple daily intensity index-SDII and number of
heavy precipitation days-R0O5mm), there were significant
decreases in the number of heavy precipitation days at

Tsetserleg and Bayankhongor of 1.1 and 0.9 to days per
decade, respectively (Table 3). A decrease in the simple
daily intensity index (SDII) of 0.38 mm per day per decade
was seen at the Bayankhongor station (Table 3). The three
northern stations saw a decrease (Bayankhongor’s increase
was significant) in the simple daily intensity index, while
Khoriult saw a non-significant increase in SDII (Table 3).

4.2 Herder observations of changes in extreme climate

Local herders in both Ikh-Tamir and Jinst soums described
the basic processes of climate changes based on their
experiences and observations with nomadic herding
practices. The herders stated that their environment has
become more challenging due to frequent extreme or harsh
weather events. All herders in both soums stated that
drought and windstorms were occurring more often with
droughts lasting longer. Almost all (80% to 95%) herders
also stated that extreme winter storms (dzud) and sand-
storms were occurring more often, with dzud lasting
longer. In conversation, herders commented that extreme
hot and cold days were occurring more often, with the
narratives suggesting an increase in the number of hot
summer days, cold summer nights, and warm winter days
and nights.

Many herders reported that the average temperature had
increased in recent years. This warming temperature was
observed to be greater in the cool season with February and
April warming the most, followed by July (Similar results
to Fig. 4(a)). Herders have been adapting to this warmer
weather during the last 10 to 20 years. One herder in Jinst
said that “in the 1970s, I never observed snowmelt in
winter. But in the past few decades, I have observed

Table 3 Annual or seasonal trends for indices of temperature and precipitation extremes, as defined in Table 2

Index Figure Season Erdenemandal Tsetserleg Bayankhongor Khoriult
su2s - annual +58¢ +48¢ +55¢ +29¢
FD-5 - annual ~5.0¢ —4.0° ~3.8¢ -38¢
warm days 4a warm +56¢ +50¢ +43“ +50¢
TX90p 4c cool + 0.87 + 0.79 + 1.4 + 1.0
warm nights - warm +50¢ +41¢ +4.7¢ +67¢°
TNOOp - cool +23¢° +19¢ +18¢ +29¢
cool days - warm —20° —2.1° ~1.0 ~1.0
TX10p - cool ~0.67 ~1.1 ~1.1 +29
cool nights 4b warm —29¢ -19¢ —24¢ ~37¢
TNIOp 4d cool ~25¢ ~1.6 -21¢ +0.92
HD-TX90p - annual +18¢ +1.7¢ +14¢ +25¢
ICD-TN10p - annual -1.6 0 ~-15¢ -15
SDIT - annual ~0.15 ~0.059 -038¢ +0.074
ROSmm** - warm ~0.59 ~11¢ ~0.91¢ 0

Note: All trends are in days per decade, except SDII which is in mm/day/decade. Statistical significance is given as  for p < 0.05. The plus ( + ) sign has been added
into increasing trends to differentiate from decreasing (-) trends. i) the trends in consecutive dry days (CDD) were not significant (negative for all stations except
Erdenemandal) and the trends in consecutive wet days (CWD) were zero for all stations, ii) ** the trends were not significant using a threshold of 10mm to define heavy

precipitation, but were significant using a threshold of 5 mm per day.
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snowmelt earlier in winter occasionally due to higher
temperatures; this is an unusual and unseasonal phenom-
enon.” An Ikh-Tamir respondent also reported that “in the
1970s, the winters were very cold with lower temperatures
reached minus 40 degree Celsius and we used fur coats,
felt boots and sheep skin hat at that time. Due to rising
temperature we had not used any of these warm clothes
since the 1990s.” One female elder added that they kept
their warm clothes in small house at the soum center or in
winter shelters and did not need to use them. However,
herders in the Ikh-Tamir soum and to a lesser extent in Jinst
experienced an extremely cold winter in 2009-2010 with
lower temperatures, resulting in needing warm clothes
again (Sukh, 2012). The lower temperatures started in
December with both animals and herders getting frostbite
on their noses and ears.

Variable precipitation patterns, changing rainfall inten-
sities, and rising temperatures are key factors of increasing
climate unpredictability, with extreme events identified as
affecting herders (Davi et al., 2009). Herders in the forest
steppe, steppe, and desert steppe (Gobi/semi desert)
ecological zones commented on their concerns about

changes in the amount of precipitation, patterns, timing,
and magnitude over the past decade. Seventy-one percent
of herders surveyed in Jinst and one hundred percent of
those in Ikh-Tamir noted that there has been a large
decrease in rainfall, with the remaining Jinst herders
perceiving a small decrease in rainfall (Sukh, 2012).

In recent years, observations suggest that the duration of
rainfall has become shorter and has been seen to last only a
few hours with high intensity and low infiltration into the
soil which adversely affects the recharge and availability of
water sources such as shallow wells and springs. From the
quantitative survey, 80% of Ikh-Tamir herders and 65% of
Jinst herders observed more intense rain, which was
observed with low infiltration. For example, Ikh-Tamir
herders stated that, “In the past few years, short and intense
rainfall has occurred which produced high runoff and did
not saturate the soil moisture. Previously, rainfall duration
was longer with soft rain and it’s enough to saturate soil
moisture and affect good quality grass growing.” Herders
in Ikh-Tamir also reported that “20 years ago, we had a
long duration of rain which lasted 3 or 4 days and we did
not have any dry clothes (deel traditional clothing) to wear
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Fig. 5 Time series for the indices of (a) warm season (April through September) warm days (TX90), (b) warm season cool nights
(TN10), (c) cool season (October through March) warm days (TX90), and (d) cool season cool nights (TN10).

and hardly found dry trees to make fire for cooking at that
time.” One herder in Jinst said that “in the summer of 2009,
rainfall occurred only in May and less rain than previous
which caused prolonged drought during the summer and
animal did not gain enough weight.” Many of herders said
that “generally, summers were very dry here (with) hardly
any rain in recent years.”

5 Discussion

Due to its location, fragile natural ecosystems, lifestyle of
the people, and the economic situation, Mongolia is
extremely sensitive to climate changes (Sternberg, 2008).
Over 66 million head of livestock are herded across
Mongolia, supporting one third of the country’s population
and about 14% of the national economy (National
Statistical Office of Mongolia, 2019). As such, the
livelihood of Mongolian pastoralists depends to a great
extent on the effects of extreme weather elements and
forces them to observe and record quantitative and
qualitative characteristics of a large number of climate
variables (Marin, 2010). The most significant impacts of
climate change to herders are likely to arise from shifts in
the intensity, frequency, and duration of extreme weather
events (Beniston and Stephenson, 2004, Goulden et al.,
2016). As an example, due to the warm winters, herders
and many in Ikh-Tamir felt extremely cold in the winter of

2009-2010 when temperatures were among the lowest on
record (Venable et al., 2012). Indeed, herders affected by
climate extremes state that the changes have influenced
pasture quality, livestock production and thus their
livelihoods (Fernandez-Giménez et al., 2015a and 2017).
Though it has also been shown that pastoralist knowledge
of climate variables and extremes can influence their
strategies to reduce vulnerability to weather events and, in
a broader sense, to adverse climate change (Speranza et al.,
2010).
5.1 Temperature
Understanding the complex and dynamic nature of the
climate system is a serious challenge (Nichols et al., 2004),
especially in Mongolia, a country that has seen some of the
strongest warming trends in the world, with the greatest
warming occurring during the past 60 years (Batima,
2006). Nandintsetseg et al. (2007) further illustrated that
warming is most pronounced in the cool season (February
and April in Fig. 4(a)), which corresponds to herders’
observations in this work (Sukh, 2012; Fernandez-
Giménez et al., 2015a). Batima (2006), concluded that
air temperature increases were much higher in mountai-
nous regions than in the Gobi Desert (Batima, 2006), but in
the study areas here, these differences were limited
(Venable et al., 2015; Fig. 4).

The Khangai Mountain region spans several ecological
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zones (forest steppe to steppe and desert steppe (Gobi/semi
desert)), and herders in all of these ecozones have observed
changes to local and regional hydrometerology and climate
which relate to those changes observed in the meterolo-
gical record analyzed here (Table 3, Figs. 4 and 5)
(Fassnacht et al., 2011 and 2018a; Sukh, 2012). Herders
have reported experiencing and adapting to warmer
weather during the last decade, and in recent years have
not used any of their traditional warm clothes made of felt
and fur (Sukh, 2012). This finding is reflected in the long
term station time series for extreme temperature indices
which show that in the two study areas there have been
significant decreases in the frequency of extreme cold days
at some stations and decreases in cool nights in both the
warm and cool seasons at most stations. This change is
accompanied by increases in the frequency of extreme hot
days, with significant increases in warm season warm days
(Table 3, Fig. 5). However, some herders have also
reported more cold nights during the last decade. A
reduction of cold extremes during warming periods for the
winter indicates the opposite (Yan et al., 2002). Given the
spatially indistinct nature of herder’s observations as
compared to point-based meteorological records, it is
possible that the herder observations reflect localized
conditions.

These localized conditions may be reflected in the
finding that the station-based temperature trends for cool
days in the cool season, and cool nights in the cool season
at Khoriult were opposite of those at the other three
stations, though annual frost days were decreasing
significantly, as with the other stations (Figs. 4(a) and 5;
and Table 3). These results may also be due to the trends
being not significant and/or to the station having a length
of record that is shorter than the other stations (Fig. 5)
(Venable et al., 2012). They could also be related to the fact
that Khoriult is located is in a different ecozone than the
other stations (Venable et al., 2012; Fassnacht et al.,
2018a). It is is in the desert steppe ecozone and located in a
topographic basin in proximity to complex terrain, which
could affect local temperatures. Other research has shown
that trends in cooling and warming between stations, even
without complex terrain, can differ significantly (e.g.
Pielke et al., 2002; Fassnacht et al., 2016).

In some regions of the world, increasing temperatures
have been driven not by a changing climate but rather by
changes at or near the recording stations. Large increases in
some locations have been due to instrumentation changes
(e.g., a 2°C warming over 20 years observed in Northern
Colorado by Fassnacht et al., 2017; Ma et al., 2019;
Fassnacht et al., 2018b). This may not be a problem in
Mongolia, however as the same monitoring equipment has
been used since the 1960s. At other locations, populations
have increased dramatically in urban centers and the
associated infrastructure change has created an urban heat
island effect that produces an apparent warming trend at

the recording stations. In Mongolia, population increases
have been dramatic only in the capital of Ulaanbaatar
(National Statistical Office of Mongolia, 2019). There have
been some increases in population at aimag centers
(Tsetserleg and Bayankhongor) but less so at the soum
centers (Erdenemandal and Khoriult). Three of these
stations were visited (all except Erdenemandal); all stations
were located away from the urban center (Bayankhongor
and Khoriult) or had a large buffer zone without
infrastructure around the station (Tsetserleg). Therefore,
infrastructure or urbanization induced warming has likely
been minimal for the stations under study.

5.2 Precipitation

Fluctuations in precipitation, such as the amount, timing
and magnitude, coupled with increasing temperature trends
create an environment where variability and extreme
events affect drought occurrence in Mongolia (Gong and
Wang, 2000). Herders have observed changes in time
scale, spatial distribution, and magnitude of precipitation.
All surveyed herders in Jinst and Ikh-Tamir observed a
general decrease in precipitation (Fassnacht et al., 2018a).
Their statements regarding decreased amounts of rainfall
were quite consistent. They stated that “rainfall has
decreased a lot.” The herder observations match the
overall decrease in summer precipitation observed at the
stations (Venable et al., 2015; Fig. 4(b)). Annual
precipitation decreases were only significant in Ikh-Tamir
(Erdenemandal and Tsetserleg stations, Fig. 4(b)) with
precipitation decreasing for most months (Venable et al.,
2015; Fassnacht et al., 2018a). However, these decreases
were significant for only two months. Conversely, Khoriult
saw increases in annual precipitation, though only
December had a significant increase (Fig. 4(b)). Con-
siderations for changes in the phase of the precipitation,
i.e., rain versus snow (Fassnacht et al., 2013), are also
relevant but not investigated here.

This general decrease is also seen in the negative trends
in the simple daily intensity index (SDII) and number of
heavy precipitation days (RO5Smm), but is only significant
at the Tsetserleg (ROSmm only) and Bayankhongor
stations (Table 3). Variation in the summer rains in
Mongolia and monsoonal rains further south are common
(Wen et al., 2010; Nagashima et al., 2013) and may be
reducing summer precipitation overall (Venable et al.,
2015; Fig. 4(b)). Iwasaki and Nii (2006) have explained
the break in mid-July rains as a result of the development
of a barotropic ridge (where upper atmospheric conditions
are fairly uniform over a large area, leading to a degree of
stability in that area) in Central Mongolia, effectively
suppressing all rains except local, heavy rains due to
thermally induced local circulation around mountains.

North-west of the study area at Lake Khovsgdl, an
increase in the frequency of short heavy rains has been
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observed by both herders and at meteorological stations.
Here, herders referred to what they perceived was “more
intense and shorter rain” relating to its impact on soil
moisture, vegetation and runoff. In other studies, herders
note different intensities of rain, such as hard and soft
(Marin, 2010) and namira boroo (very light rain), shivree
boroo (small drops lasting several hours), zuser boroo (low
to medium intensity lasting several days), and aadar boroo
(intense rain) (NAMHEM, 2008). Subsequent herder
questionnaires should incorporate such terminology to
understand rain intensity (Goulden et al., 2016).

Herders provided IKS of climatic conditions functions
as an assessment of climate change over the landscape
(Sternberg, 2008; Fernandez-Giménez et al., 2015a;
Fassnacht et al., 2018a). Results from point-based station
analysis can be used to design questions for herder surveys
to better merge IKS and station data (Fassnacht et al.,
2018a). Further, analysis combining data types could use
the concept of boundary objects, as has been applied to this
study area (Venable, 2017). Examining indigenous knowl-
edge is crucial for understanding why certain actions
among pastoralists create different exposures to extremes
and increased or reduced sensitivity to harm, something
that is difficult to determine using meteorological data
analysis results alone. Future investigations of changes in
climate and water resources, especially in regions with
limited station data (Venable, 2016) should use IKS to
supplement the station data.

6 Conclusions

This study compares indigenous knowledge from nomadic
pastoral herders with statistical analysis from meteorolo-
gical station records to examine indicators of extreme
climate variability and change in the Khangai Mountain
region of central Mongolia. The herders surveyed provided
a detailed quantitative and qualitative description of
weather and climate elements they have experienced.
While observations by herders do not cover the same
spatial scale as point-based meteorological observations,
they provide important supportive information on chan-
ging climate extremes using multiple indicators.

The three northerly stations (Tsetserleg, Erdenemandel,
Bayankhongor) showed the same trends in climate
extremes, while the southern-most station (Khoriult) had
similar trends for some variables and opposite trends for
others, mostly like due to the effects of record length or
localized conditions. Warm days and nights were occurring
more often at all stations, while cool days and nights were
becoming fewer at the three northerly stations. Summer
days were increasing and frost days were decreasing at all
stations. Almost all of these trends were significant, and
many were reflected in the observations of change made by
herders. They observed a general increase in frequency of

extreme precipitation, but this increase was not captured by
station record trend analysis. Station records showed that
rainfall intensity and days with heavy rain were decreasing
at the three northerly sites, while intensity was increasing
at Khoriult.

Indigenous knowledge about climate extremes and
climate change comes from herders’ interactions with
their natural environment that forces them to gather,
interpret and transmit weather and climate observations.
This process strengthens the credence of their observations
of change, generally complementing the findings of
meteorological station data analysis for stations in the
study area. It is recommended that indigenous knowledge
from herders be combined with station record analysis to
provide more holistic information about climate extremes
and changes using different approaches, covering different
spatial scales, and to increase the relevance of future
assessments for herder adaptations to climate change.
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