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ARTICLE INFO ABSTRACT

Article history: The study region experiences marked seasonal climatic contrasts, primarily
influenced by the Central Asian anticyclone during winter and the South Asian
continental depression in summer. The Mongolian Altai Mountains serve as a
significant orographic barrier, further shaping local climatic patterns. Although
spatial variability in precipitation is relatively limited, the steady increase in
temperature-exacerbated in recent decades by global climate change - has
intensified climatic differentiation across the region. This warming trend
contributes to growing heterogeneity in environmental conditions and landscape
processes, underscoring the area’s heightened sensitivity to ongoing climatic
shifts. The aim was to illustrate climate and land cover shifts in the Kharkhiraa-
Turgen mountain region using Landsat satellite data at a spatial scale. Temporally,
changes were assessed between 2002 and 2021 at five-year intervals. By 2021,
grassland coverage dominated the landscape, occupying 46.1% of the land cover,
an increase of 1.9% from 2015. Conversely, bare land decreased from 37.2% in
2000 to 30.2% in 2021, while wetlands along riverbeds expanded from 14.35%
in 2000 to 17.5% in 2021. In January 2000, the average air temperature was
-20.5°C, compared to -18°C in January 2021, reflecting a 2.5°C increase. July
temperatures rose from 16.2°C in 2000 to 17.4°C in 2021, a 1.19°C change.
Summer precipitation in 2021 (151 mm) surpassed that of 2015 (70.1 mm),
2010 (118.3 mm), 2005 (106.9 mm), and 2000 (96.5 mm), indicating a relative
increase in precipitation in the area. The prevalence of bare soil in the region
is closely associated with the mountainous terrain, steep slopes, and patterns
of soil erosion. Harsh climatic conditions further exacerbate rock exposure and
hinder soil stabilization. Rainfall predominantly runs off the surface rather than
infiltrating, which, in turn, facilitates the development of wetlands and water
bodies in certain areas.
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INTRODUCTION impacts arising from natural determinants and

Changes in land use and land cover occur as a
consequence of the intricate interplay between
natural processes and human socio-economic
activities (Johnson and Lewis, 2007). These
dynamics evolve as a function of the synergistic

anthropogenic interventions (Perminova et
al., 2016). Due to global warming and climate
change, we observe a rapid change in land
cover. Land use changes also affect surface
temperatures through non-radiative processes,
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particularly through the hydrological cycle.
These processes are less well known and are
difficult to quantify but tend to offset the impact
of albedo changes. As a consequence, there is
low agreement on the sign of the net change in
global mean temperature as a result of land use
change (Jiaetal., 2019; Hartmann et al., 2013).
According to the ARS report, the repercussions
of recent climate-induced extreme occurrences
underscore the heightened susceptibility of
specific ecosystems to ongoing climate shifts.
The consequences of these climate-related
extremes encompass transformations within
ecosystems, disturbances in food production and
water provisions, impairment of infrastructure
and habitation, and implications for health,
mortality, psychological well-being, and overall
human welfare. Moreover, it should be noted that
land-use alterations, which are non-radioactive,
also exert an influence on surface temperature
through distinct processes. Consequently, there
exists a consensus regarding the direction of

the net change in global mean temperature
due to land-use modifications, as indicated by
previous research (Burkett et al., 2014; Duyck
et al., 2012).

As global climate change intensifies,
distinguishing between human-induced
land degradation and climate-induced land
degradation becomes crucial, particularly when
the latter is beyond the influence or control of
land users (Vlek et al, 2010).

According to the physical geography of
Mongolia, the research area is included in the
Kharhiraa-Turgen mountains and depression
sub-region of the Altai-Soyon region of
Mongolia (Dash, 2009; Tsedevdorj, 2019).

At the north-eastern end of the Mongolian Altai
mountain range are the Kharhiraa and Turgen
mountains, which are part of the Mongolian
Altai mountain system. These mountains
are separated from the main mountains of
the Mongolian Altai by the large tectonic
depression of Lake Achit, but have a similar

Fig. 1. Landscape of the Kharkhiraa-Turgen Mountains. a. High peaks of the Turgen Mountains. b, c. Formation
of thermokarst lakes in mountainous areas, attributed to global warming. d. General view of the Turgen Mountains,
showing evidence of both Quaternary and modern glaciation (Photos by Bayar Balgantseren and Ser-Od Tsedevdorj)
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length (Enkhbold et al., 2024). The watershed
of the Kharhiraa and Turgen mountains
generally runs from northwest to southeast, and
the highest peak is Mount Turgen (3,965 m),
which is permanently covered with snow (Fig.
1). This district has many rocks and boulders
as well as steep slopes and is largely deserted
from the edge, which is a result of the valleys
surrounding it (Dash, 2015).

The Tsagaanshuvuut mountains (3,496 m) run
north-west to south-east, east of the Kharhiraa
and Turgen mountains. Between these ridges
is the isolated depression of Lake Uureg. The
ridges isolate Lake Uureg, which is located
in the depression in the middle of the ridges.
In appearance, these mountains resemble the
Mongolian Altai Mountains, with sharp peaks,
steep flanks and relatively great absolute and
relative heights.

The extension of the Kharhiraa and Turgen
mountains is Altan Khukhii Mountain, which is
located on the north side of the Khovd River
(Dash, 2015). The mountain peaks and ridges
are largely flat, and the flanks are quite steep
or were generally uplifted during the late
geological period of the former flat surface. The
topography of a mountain system is varied, with
uniformly elevated surfaces and erosion-defined
ridges, depositional valleys and intermountain
depressions, and this variation has a particular
impact on landscape composition (Doljin and

Yembuu, 2021). For example, in mountain
systems with altitudes of 3,500 to 4,000 meters
or more, snow and ice landscapes are widespread
due to altitude and climatic conditions, while
the peripheral areas of the mountain system are
surrounded by troughs and depressions.

In the highlands of the Mongolian Altai,
continental air movement is predominant in the
temperate zone, dry continental air prevails all
year round and the air masses mainly flow in
from the north and northwest (Yembuu, 2021).
In the warm season, warm, dry air penetrates
from the warm southwest and the cyclone effect
is activated, while in the cold season, arctic
and extremely cold air currents are at work.
In the high mountains of the Mongolian Altai,
however, milder climatic conditions prevail
in winter than in the neighboring valleys, and
the air temperature rises. Thus, researchers
discovered for the first time the formation of
temperature inversions associated with the
characteristics of humid areas at the foot of
the mountains. The reason for this is that cold
air collects at the bottom of the depression in
winter (Tsegmid, 1969; Yembuu, 2021).

DATA AND METHODOLOGY
Study area. According to the administrative
division, the Kharkhiraa-Turgen mountain
region belongs to Ulgii, Umnugovi, Turgen,
Sagil, Bukhmurun, Hovd soums in Uvs

Fig. 2. Kharkhiraa-Turgen mountainous region and weather station location
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province, Nogoonnuur, Altantsugts in Bayan-
Ulgii province and Myangad in Hovd province
(Fig. 2). As far as the general geographical
structure is concerned, it is divided into main
parts of mountain ranges and depressions within
them. The desert and grassland landscapes
of this region are very extensive compared
with those of the Mongolian Altai, which is
explained by the fact that the landscapes of the
Uureg depressions, Lake Achit and the Khovd
river basin extend over a vast territory. The
region’s highest peaks are Must Uul, the main
peak of the Kharkhiraa mountain range, at 4,037
meters above sea level, and Deglii Tsagaan,
at 3,978 meters, the main peak of the Turgen
mountain range. These mountains were covered
by glaciers in ancient times, and their traces are
often visible in today’s landscape (Tsedevdorj,
2021).

The Buural, Turgen, and Jivertei rivers span a
total area of approximately 145,000 hectares,
situated east of the Tsagaan Deglii Mountains.
These rivers trace the ridgelines of the mountain
ranges from which they originate. The Turgen
Mountains encompass a diverse range of
natural zones and vegetation belts, including
high mountain tundra, forest, taiga, and
mountain steppe. This area presents a unique
landscape characterized by the striking beauty
of permanent snow and ice, complemented by
waterfalls, glacial cirques, caves, and dramatic
cliffs. The mountains are predominantly rocky
with steep, rugged slopes and are sparsely
vegetated, a condition influenced by the arid
depressions surrounding Lakes Uureg and Achit
(Tsedevdorj, 2019).

In the Kharkhiraa-Turgen mountains, the
Kharkhiraa, Turgen, Tsagaanshuvuut and
Altan Khukhii mountains, which make up this
sub-province, as well as the Uureg, Achit and
Olon Lakes depressions, form part of the inter-
mountain and inland depressions (Tsedevdorj,
2021). Apart from glaciers and permanent snow
plains in the Turgen mountains, the mountains
of the southern side, such as Yamaat Uul and
Turgen Range, are 3,000-4,000 m high, and the
mountains in the eastern part, such as Khukh
Deest, Zeegtiin Shil, and Ulaan Davaa, are
2,500-3,000 m high. On the other hand, the
northern side facing the Uureg Lake plain is

lower and the altitude is 2,000-2,500 meters.
The main ridge rises from west to east, and
the mountains with numerous small lakes in
the south separate it from the mountains of the
inland depression Kharkhiraa. In this area, the
peaks are characterized by steep slopes, and
traces from the Quaternary Ice Age are well-
preserved. Modern glaciers extend along the
crests of the main ridges. The surface features
steep, jagged sides, and numerous cracks are
present. The mountain slopes, particularly in
the valleys, are often covered with rubble and
sparse vegetation (Fig. 2).

According to the climatic regions of Mongolia,
the research region belongs to 3 regions: regions
with humid cold summers with harsh winters,
humid cold summers with harsh winters,
and dry cool summers with harsh winters
(Namkhaijantsan, 2009).

The humid and cold zone includes the regions
with harsh winters, and here the high mountain
belt of the Altai Mountains with an altitude of
1,800 m or more is included. In winter, the air
temperature is colder than -25°C, and in summer
it is cooler than +15°C. The total temperature
of the soil surface above 10°C is less than
1,500°C, and the air temperature does not reach
10,000°C. The difference in the sum of plus
and minus temperatures of the year ranges from
500°C to 1,000°C (Yembuu, 2021). A dryness
degree of less than 1.0 is generally considered
humid. In winter, there is a snow cover of more
than 20 cm. The snow cover will form early and
disappear late. During the winter, snowstorms
occur an average of 6-7 times a year, including
5-10% of 11-15 m/s, 15-20% of 6-10 m/s, and
60% of 2-5 m/s. -70% probability.

In addition to conducting a forest survey to study
the origin and age structure of blackwood forests
in the Kharkhiraa and Turgen mountains, a soil
survey was conducted, and a comprehensive soil
survey was conducted from the peak of Khukh
Deest Mountain (2905 m) to the Uvs Lake (759
m) in the Kharkhiraa mountains (Batkhishig,
2016).

In terms of soil and plants, the brown soil of
the mountain meadows occurs at the beginning
of the Zavkhan river, where there is permanent
snow and ice. Dark brown soil is common in
the back of Kharkhiraa and Turgen mountains,
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in the middle of the foothills and sloping plains,
and light brown soil is common and forms an
independent soil zone. Black trees and willows
grow exclusively below the peak of Turgen
mountain, and larch forests grow mainly on the
sides of the mountains. 368 species of plants
grow in this region, 12 of which are rare.

Data sourse

Our classification for land cover uses the
common international land cover classification
system (LCCS) introduced by the Food

and Agriculture Organization of the United
Nations (FAO) and follows the United Nations
Conventions Guidance Document for the 2018
UNCCD reporting No.7 when classifying land
cover (Lars, 2007; Minelli, 2018).

This study used 6 of the 7 reclassified categories
from the 2018 UNCCD report. Cropland was
excluded because the region is not suitable for
mountain farming (Table. 1), (Table. 2), (Fig.
3).

1. Tree-covered areas”, 2. “Grassland”,
3. “Wetland”, 4. Bare soil, 5. Snow cover, 6.
Water bodies .

Table 1. Data source description

Data type

Time Data sources

Data website address

Image data

Landsat 7 (ETM)

Landsat 8-9 (OLI)

DEM
Land use/cover

2000-2012
2013-2022
2000

USGS
USGS
NASA

https://earthexplorer.usgs.gov/
https://glovis.usgs.gov/
https://srtm.csi.cgiar.org/srtmdata/

2000-2020  Globeland30

http://www.globallandcover.com/

Basic
geographic
data

Land use/ cover
area Environment

Mongolian

Statistical

Yearboqk, CAS
1990-2021  Mongolian
Database
Climate Service
System

https://www.1212.mn/mn/statistic/
statcate/573072/table-view/DT _
NSO 2400 022V2

https://eic.mn/land/

http://icc.mn/index.
php?menuitem=>5&datatype=lst

Table 2. Satellite-data

Time

Landsat7 ETM / Landsat8-9 OLI

Spatial resolution (meters)

2000

LT05 LITP_142026_20000918 20200906 02 T1
LT05 LITP_142027 20000918 20200906 02 T1
LT05 LITP_141026_20000725 20200906 02 T1

30

2005

LE07 LITP_141026 20040829 20200915 02 T1
LE07_L1TP_142025 20040905 20200915 02 T1
LE07 LITP_142026_20040905 20200915 02 T1

30

2010

LE07 L2SP_141026_ 20100814 20200911 02 T1
LE07_L2SP_142025 _20100821_20200910 02 T1
LE07 L2SP_142026 20100821 20200910 02 T1

30

2015

LE07 LITP_141026 20150812 20200903 02 T1
LE07_L2SP_142025 20150819 20200904 02 T1
LE07 L2SP_142026 20150819 20200904 02 T1

30

2021

LCO8_L2SP_141025_20210905 20210910 _02_T1
LCO8_L2SP_142025 20210912 20210916 02 T1
LCO8_L2SP_142026 20210912 20210916 _02_T1

30
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Fig. 3. Protocol used for supervised classification of land cover in the study area

RESULT

“Climate and land cover changes in the
mountainous region of Kharkhiraa-Turgen
between 2000 and 2021 were used. The average
was calculated using data from 7 Soum climate
stations (Power.larc.nasa.gov) and NASA
weather data included in the study area. In doing
so, the average data from 1 to 12 months of each
year is included in the table, taken at intervals of
five years” (Table. 3)

The average air temperature in January was
-20.51°C in 2000, and decreased by 2°C to
-18.05°C 1in 2021. July temperature increased

Fig. 4. Indicator of relative humidity of the study area
(Power.larc.nasa.gov, 2000-2021)
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Table 3. Historical monthly weather data of seven soums (Erdeneburen soum of Khovd province, Tarialan, Khovd,

Umnugovi soum of Uvs province, Nogoonnuur, Altantsugts, Bayannuur soum of Bayan-Ulgii province)

Jean 2 3 4 5 6 7 8 9 10 11 12

- 2000 0 0 0 98 151 52 158 136 23 3 0 0

g 2005 0 0 0 45 256 113 75 625 98 08 0 0

=3 2010 0 0 0 38 98 392 166 527 158 128 08 0

3 2015 0 0 6 3 143 392 38 128 113 53 45 0
: 2021 0 0 08 183 214 335 452 512 85 4 17 37
- 2000 814 814 815 814 812 812 812 812 816 815 814 812
5 2005 814 813 817 814 812 811 812 812 816 818 816 820
g 2010 813 809 813 816 811 813 812 815 817 818 813 812
ks 2015 814 814 814 815 813 813 812 815 816 818 813 815
® 2021 815 812 812 816 814 812 811 814 814 819 8.6 818
= 2000 205 -145 72 25 97 141 162 143 79 -43 -135 -156
E% 2005 205 216 63 26 70 134 173 139 74 06 91 -172
S5 2010 207 205 -122 24 63 147 165 127 73 02 12 -169
B8 2015 163 140 82 23 84 140 177 152 52 02 101 -144
BT 2021 <180 -110 62 05 79 123 174 129 72 -0 92 -135

2 2000 95 -10 135 180 244 280 280 295 228 95 -14 50
3 2005  -87 -59 128 225 201 288 293 290 220 120 28 -74
3 2010 -7.0  -51 58 192 224 297 278 274 256 179 58 0.7
% 2015 49 07 115 218 224 275 315 298 233 158 71 27
= 2021 40 39 86 215 246 253 297 259 230 86 31  -18
= 2000 3201 245 205 -105 43 07 55 -13 51 -192 248 277
5 2005 341 325 221 -129 -83 00 61 05 -44 82 -199 256
2 2010 349 338 -294 219 -54 02 17 03 37 -113 -210 -275
% 2015 240 241 208 -131 41 01 23 02 -54 -108 -195 -23.0
= 2021 302 255 -196 -102 60 -09 52 24 65 -87 219 -236

by 1.19°C from 16.25°C in 2000 to 17.44°C in
2021. The temperature in October, November,
and December decreased by 1-3°C, respectively.
This shows that climate change is affecting it
(Fig. 5). Air humidity ranges from 45-59.7%
in June-August to 65-74% in January and

Fig. 5. Air temperature of the study area (Power.larc.
nasa.gov, 2000-2021)

February. It is relatively high in the months with
high precipitation and decreased by 5-20% in
the months with low precipitation (Fig. 4). Air
pressure is a constant 81.3 kPa between 2000
and 2021 (Fig. 6). In terms of wind direction,
in 2000, it was 2.5 m/s from the northwest, and

Fig. 6. Air pressure of the study area (Power.larc.nasa.
gov, 2000-2021)
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Fig. 7. Wind of the study area, A. 1.0-4.0 indicates wind
speed (m/sec). B. 1-12 indicates month (Power.larc.nasa.
gov, 2000-2021)

Fig. 8. Monthly precipitation and maximum and
minimum temperatures of the study area (Power.larc.
nasa.gov, 2000-2021)

in 2021, it was 2-3.2 m/s from east to north and
southeast (Fig. 7).

The total rainfall in the region was 111.6 mm
in 2000, 122.5 mm in 2005, 151.5 mm in 2010,
100.2 mm in 2015, and 188.3 mm in 2021. In
this region, August has the most precipitation
(50-62 mm) compared to other months. In
August 2005, the maximum rainfall was 62 mm.
Very little precipitation falls from December to
March. A total of 70.1 mm of precipitation fell
in May between August 2015, while 155 mm
fell in May between August 2021. Depending
on the distribution of precipitation, changes in
land cover categories vary (Fig. 8), (Fig. 9).
Using Landsat satellite data, this analysis
showcases changes in land cover classification
across several categories: grassland, bare
soil, wetland, tree-covered, water, and snow-
cover (Fig. 10). In 2021, grassland covers the
largest area at 46.1%, up from 43.3% in 2015,

Fig. 9. Monthly precipitation of study area (Power.larc.
nasa.gov, 2000-2021)

indicating a 1.9% increase. Conversely, bare
land decreased by 7% from 37.2% in 2000 to
30.2% in 2021, while wetlands expanded from
14.35% in 2000 to 17.5% in 2021, influenced
by varying annual rainfall (Table. 4), (Fig. 11),
(Fig. 12).

Snow cover ranged from a maximum of 2.7%
in 2021 to a minimum of 1.95% in 2000. Other
categories, such as forest cover and water,
increased to 2.3% and 1.2%, respectively, in
2021. Each land cover category experienced
an increase in area compared to previous years,
possibly attributed to the higher total summer
precipitation in 2021 (151 mm) compared to
2015 (70.1 mm), 2010 (118.3 mm), 2005 (106.9
mm), and 2000 (96.5 mm) (Fig. 9).

Compared to other mountain systems in
Mongolia such as Khangai, Khentii, and
Khuvsgul, the study area exhibits lower total
precipitation and significant annual temperature
fluctuations. This characteristic is influenced by
the geographical positioning of the mountain
system and its proximity to surrounding desert
and dry depressions. The prevalence of bare soil
in the land cover category is attributed to the
elevation of the mountain system, its slopes,
and the course of soil erosion. The harsh climate
contributes to the abundance of rocks on the
mountains’ surfaces and steep slopes, limiting
soil stabilization possibilities. Consequently,
rainfall primarily fosters soil and plant growth
by running off the surface and collecting in
lakes within depressions and hollows, rather
than providing direct moisture. As a result, the
size of wetlands and water areas has increased.



Tsedevdorj et al., 2025. Mongolian Geoscientist 30 (61)

Fig. 10. The land cover changes of Kharhiraa-Turgen sub-province were taken at 5-year intervals. The changes were
classified as bare soil, grassland, snow cover, tree covered, water, and wetland (2000-2021).
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Table 4. Land area by type of land cover transition (sq.km)

. . 2000 2005 2010 2015 2021
Land classification -
Change in the area (percent) %

Bare soil 37.2 349 32 37.2 30.2
Grassland 44.2 43.75 458 433 46.1
Snow cover 1.95 2.25 2.32 2.4 2.7
Tree covered 1.8 2.7 2.07 1.9 2.3
Water 0.5 0.6 1.01 0.7 1.2
Wetland 14.35 15.8 16.8 14.5 17.5

Fig. 11. Change in land classification area (Power.larc.nasa.gov, 2000-2021)

Fig. 12. Change in land classification over time (Power.
larc.nasa.gov, 2000-2021)

10

The study was conducted at a spatial level
and processed using Landsat satellite images
with a resolution of 30x30 meters. Future
research should incorporate high-resolution
satellite images and field surveys to yield more
comprehensive and comparative results.

DISCUSSION
The results of land cover research in the
mountainous regions of our country are few. The
Mongolian Desertification Atlas divides land
cover into 18 categories and maps them for 2000
and 2010 (Tsogtbaatar and Khudulmur, 2013).
Land cover changes in Mongolia were studied in
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9 categories (Amarjargal et.al., 2017) comparing
2001 and 2015. The region we have chosen
for study exhibits a unique climate, making
it particularly susceptible to natural factors
influencing land cover changes. During years of
low rainfall, there is a noticeable decrease in the
area of pastures, with a corresponding increase
in bare land. However, in recent years, as both
air temperature and precipitation have risen, the
trend has reversed, with the area of bare land
decreasing and the area of wetlands expanding.
This shift indicates that the region’s land cover
is responding to changes in both temperature
and precipitation patterns. In comparison,
the Torngat Mountains in Canada, which are
located at a similar latitude to our country, are
also experiencing rising air temperatures and
increased precipitation. These climatic changes
are expected to continue, acting as significant
drivers of environmental change in high-latitude
mountain regions like the Torngat Mountains.
Such areas are particularly sensitive to changes
in glacial zones, permafrost, and the growing
impact of tourism, which further exacerbates
the environmental challenges they face (Davis
et.al., 2020).

The LULCC evaluation starts from measuring
the transformation of both the vegetation and
non-vegetation cover at the same site, using
aerial photographs, satellite images, or thematic
cartography. Currently, remote sensing offers
the possibility of describing some structural
and functional aspects of ecological systems at
different scales (Caballero et al., 2022; Cabello
and Paruelo, 2009), given that spatial resolution
offers new opportunities for.

We hope that the results of our study will
serve as basic research material and help plan
adaptation measures for livestock farming on a
wider scale using high-resolution satellite data
in the future.

CONCLUSION
Landsat satellite data were used to calculate
land cover change in the Kharkhiraa-Turgen
region (2000-2021). NASA climate data were
calculated at 5-year intervals between 2000-
2021. Land cover classification is categorized
into six main classes to track area changes: 1.
Grassland, 2. Bare soil, 3. Wetland, 4. Snow-
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cover, 5. Tree-covered, and 6. Water.

1In 2021, grassland covers the largest area
(46.1%) within the land cover category,
marking a 1.9% increase from 2015 (43.3%).
Conversely, bare land decreased by 7% from
37.2% in 2000 to 30.2% in 2021, while
wetlands expanded from 14.35% in 2000 to
17.5% in 2021.

] Also, the area covered by bare soil decreased
from 37.2% in 2000 to 30.2% in 2021, while
the area covered by wetlands increased from
14.3% in 2000 to 17.5% in 2021.

1 Climate data reveals significant temperature
fluctuations. In January 2000, the average
air temperature was -20.5°C, compared to
-18°C in January 2021, indicating a 2.5°C
change. July temperatures rose from 16.2°C
in 2000 to 17.4°C in 2021, marking a 1.19°C
increase.

) Summer precipitation in 2021 (151 mm)
surpassed that of 2015 (70.1 mm), 2010
(118.3 mm), 2005 (106.9 mm), and 2000
(96.5 mm), indicating a relative increase
in precipitation in the region. No similar
or drastic changes were observed in other
months.

"] The abundance of bare soil is linked to the
mountain system’s elevation, slope, and soil
erosion patterns, influenced by the harsh
climate and rocky terrain.

1 Future research should incorporate high-
resolution satellite images and detailed field
surveys to provide comparative results.

ACKNOWLEDGEMENTS

We would like to thank the team members who
took part in this research and helped to write
the article. The first and corresponding authors
carried out the basic research and processed the
primary data. Uuganbat and Gansukh carried out
the geographic information system and mapping
work, while Amgalan, Battulga and Altanbold
were responsible for writing and processing.
Zhang Weiqing, a Chinese researcher, led the
joint fieldwork.

This study was carried out within the framework
ofthe basic research project “Hazard assessment
of glacial lake outbrust floods: Case study of
Tsambagarav mountain” (MNUE2023A001)
funded by MNUE-2023.



Tsedevdorj et al., 2025. Mongolian Geoscientist 30 (61)

REFERENCE

Amarjargal, S., Sainbuyan, B., HugejliteTu,
J., Narangerel, B., Sainbayar, D., Shiirev-
Adiya, S. 2017. Land cover change in
Mongolia-2001, 2015. Geography and
Geoecological issue in Mongolia, Special
edition, vol. 2017(1), p. 186-194. (in
Mongolian)

Batkhishig, O. 2016. Soil classification of
Mongolia-2016. Mongolian Journal of Soil
Science, Vol 3(1), p. 18-31 (in Mongolian)

Burkett, V.R, Suarez, A.G, Bindi, M., Conde,
C., Mukerji, R., Prather, M.J., St. Clair, A.L.,
Yohe, G.W.2014. Pointof departure. In: Field,
C.B., Barros, V.R., Dokken, D.J., Mach, K.J.,
Mastrandrea, M.D., Bilir, T.E., Chatterjee,
M., Ebi, K.L. Estrada, Y.O., Genova,
R.C., Girma, B., Kissel, E.S, Levy, A.N.,
MacCracken, S., Mastrandrea, P.R., White,
L.L. (eds) Climate change 2014: impacts,
adaptation, and vulnerability. Part A: Global
and sectoral aspects. Contribution of working
group II to the fifth assessment report of the
intergovernmental panel on climate change.
Cambridge University Press, Cambridge,
UK/New York, p. 169-194. https://doi.
org/10.1017/CBO9781107415379.006

Caballero, 1., Roman, A., Tovar-Sanchez, A.,
Navarro, G. 2022. Water quality monitoring
with Sentinel-2 and Landsat-8 satellites
during the 2021 volcanic eruption in La
Palma (Canary Islands). Science of The Total
Environment, vol. 822, 153433. https://doi.
org/10.1016/j.scitotenv.2022.153433

Cabello, J., Paruelo, J.M. 2009. Remote sensing
in ecological studies. Ecosystems, vol. 17(3),
p. 1-3. (in Spanish)

Dash, D. 2009. The place of the Mongolian
Altai in the system of physical geographical
zoning of Mongolia and the features of its
differentiation: International conference on
natural conditions, history and culture of
western Mongolia and adjacent regions, 9™,
Khovd. Proceedings, p. 65-71 (In Mongolian)

Dash, D. 2015. Landscape-ecological problems
of Mongolia. 3" edition, Ulaanbaatar,
Admon Print LLC, https://www.geoforum.
mn/mn/103/0/15

Davis, E., Trant, A., Hermanutz, L., Way, R.G.,

Lewkowicz, A.G., Collier, L.S., Cuerrier,
A., Whitaker, D. 2020. Plant-Environment
Interactions in the Low Arctic Torngat
Mountains of Labrador. Ecosystems vol.
24, p. 1038-1058. https://doi.org/10.1007/
s10021-020-00577-6

Doljin, D and Yembuu, B. 2021. Division of

the physiographic and natural regions in
Mongolia. In: Yembuu, B. (eds) The Physical
Geography of Mongolia. Geography of the
Physical Environment. Springer. https://doi.
org/10.1007/978-3-030-61434-8 10

Duyck, P.F., Dortal, E., Tixier, P., Vinatier, F.,

Loubana, P.M., Chabrier, C., Queneherve,
P. 2012. Niche partitioning based on soil
type and climate at the landscape scale in
a community of plant-feeding nematodes.
Soil Biology and Biochemistry, vol.
44(1), p. 49-55. https://doi.org/10.1016/].
s0i1bi0.2011.09.014

Enkhbold, A., Khukhuudei, U., Seong, Y.B.,

Gonchigjav, Y., Dingjun, L., Ganbold,
B. 2024. Geomorphological study of the
origin of Mongolian Altai Mountains
Lake depressions: implications for the
relationships between tectonic and glacial
processes. Mongolian Geoscientist, vol.
29(58), p. 1-18. https://doi.org/10.5564/mgs.
v29i58.3237

Hartmann, D.L., Klein Tank, AM.G.,,

Rusticucci, M., Alexander, L.V,
Brénnimann, S., Charabi, Y., Dentener, F.J.,
Dlugokencky, E.J., Easterling, D.R., Kaplan,
A., Soden, B.J., Thorne, P.W., Wild, M.,
Zhai, PM. 2013. Observations: Atmosphere
and Surface. In: Stocker, T.F., Qin, D.,
Plattner, G.-K., Tignor, M., Allen, S.K.,
Boschung, J., Nauels, A., Xia, Y., Bex, V.,
Midgley, P.M. (eds.) Climate Change 2013:
The Physical Science Basis. Contribution
of Working Group I to the Fifth Assessment
Report of the Intergovernmental Panel on
Climate Change Cambridge University
Press, Cambridge, United Kingdom and
New York, NY, USA, p. 159-254. https://doi.
org/10.1017/CBO9781107415324.008

Jia, G., Shevliakova, E., Artaxo, P., De Noblet-

Ducoudré, N., Houghton, R., House, J.,
Kitajima, K., Lennard, C., Popp, A., Sirin,
A., Sukumar, R., Verchot, L. 2019. Land—


https://doi.org/10.1017/CBO9781107415379.006
https://doi.org/10.1017/CBO9781107415379.006
https://doi.org/10.1016/j.scitotenv.2022.153433
https://doi.org/10.1016/j.scitotenv.2022.153433
https://www.geoforum.mn/mn/103/0/15
https://www.geoforum.mn/mn/103/0/15
https://doi.org/10.1007/s10021-020-00577-6
https://doi.org/10.1007/s10021-020-00577-6
https://doi.org/10.1007/978-3-030-61434-8_10
https://doi.org/10.1007/978-3-030-61434-8_10
https://doi.org/10.1016/j.soilbio.2011.09.014
https://doi.org/10.1016/j.soilbio.2011.09.014
https://doi.org/10.5564/mgs.v29i58.3237
https://doi.org/10.5564/mgs.v29i58.3237
https://doi.org/10.1017/CBO9781107415324.008
https://doi.org/10.1017/CBO9781107415324.008

Tsedevdorj et al., 2025. Mongolian Geoscientist 30 (61)

climate interactions. In: Shukla, P.R., Skea,
J., Calvo Buendia, E., Masson-Delmotte,
V., Portner, H.-O., Roberts, D.C., Zhai, P.,
Slade, R., Connors, S., van Diemen, R.,
Ferrat, M., Haughey, S., Luz, S., Neogi,
M., Pathak, J., Petzold, J., Portugal Pereira,
P, Vyas, E., Huntley, E., Kissick, K.,
Belkacemi, M., Malley, J. (eds.) Climate
Change and Land: an IPCC special report
on climate change, desertification, land
degradation, sustainable land management,
food security, and greenhouse gas fluxes
in terrestrial ecosystems. 118 p. https://doi.
org/10.1017/9781009157988.004

Johnson, D.L., Lewis, L.A. 2007. Land
Degradation: Creation and Destruction.
Second edition. New York, USA: Rowman
and Littlefield publishers, p. 318. https://
books.google.mn/

Lars, H. 2007. Assessing the Costs of Land
Degradation: A Case Study for the Puentes
Catchment,  Southeast  Spain.  Land
Degradation and Development, vol. 18(6) p.
631-642 https://doi.org/10.1002/1dr.802

Minelli, S. 2018. Default data: methods and
interpretation-A guidance document for
2018 UNCCD reporting. United Nations
Convention to Combat Desertification.
France. https://policycommons.net/
artifacts/1983874/default-data/2735639/

Nambkhaijantsan, G. 2009. Climate zones of
Mongolia. In: Dorjgotov, D. (ed.) National
Atlas of Mongolia, Institute of Geography,

Mongolian  Academy  of  Sciences,
Ulaanbaatar, p. 110-111.
Perminova, T., Sirina, N., Laratte, B.,

Baranovskaya, N., Rikhvanov, L. 2016.

13

Methods for Land Use Impact Assessment:
AReview. Environmental Impact Assessment
Review, vol. 60, p. 64-74. https://doi.
org/10.1016/j.e1ar.2016.02.002

Tsedevdorj, S. 2019. Main characteristics of
the landscape of the Mongol Altai Mountain
Ridge and issues of its conservation and use.
Ph.D. thesis, Mongolian National University
of Education, Ulaanbaatar, Mongolia, p. 78-
91 (in Mongolian)

Tsedevdorj, S. 2021. Glaciers of Mongolia. In:
Yembuu, B. (eds) The Physical Geography
of Mongolia. Geography of the Physical
Environment. Springer, p. 101-117. https://
doi.org/10.1007/978-3-030-61434-8 6

Tsegmid, Sh. 1969. Physical Geography of
Mongolia. State Publisher Committee,
Ulaanbaatar, 405 p.

Tsogtbaatar, J., Khudulmur, S. (eds.) 2013.
Desertification Atlas of Mongolia. Institute
of Geoecology, Mongolian Academy of
Sciences and Environmental Information
Centre, Ministry of Environment and
Green Development, Admon Printiung,
Ulaanbaatar. p. 10-13. (English and
Mongolian).

Viek, PL.G, Le, Q.B., Tamene, L. 2010.
Assessment of Land Degradation, Its Possible
Causes and Threat to Food Security in Sub-
Saharan Africa. In: Lal, R., Stewart, B.A.
(eds) Food Security and Soil Quality, 30 p.
https://doi.org/10.1201/EBK 1439800577-4

Yembuu, B.2021. Climate and climate change of
Mongolia. In: Yembuu, B. (eds) The Physical
Geography of Mongolia. Geography of the
Physical Environment. Springer, pp. 51-76
https://doi.org/10.1007/978-3-030-61434-
8 4



https://doi.org/10.1017/9781009157988.004
https://doi.org/10.1017/9781009157988.004
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.mn/books?id=HhNnjrqlXCQC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false

