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CLIMATE CONDITION OF THE 
KHERLEN, ONON AND KHALKH 
RIVER BASINS
GEOGRAPHICAL BACKGROuND
Depending on which level of detail and which system of division, Mongolia can be divided into dif-
ferent numbers and patterns of eco-regions. During the biodiversity Gap analysis WWF Mongolia, in 
close dialogue with Mongolian researchers and experts, has concluded that Mongolia can be divided 
into 4 large eco-regions, namely, Altai-Sayan, Kangai, Central Asian Gobi Desert and Daurian steppe 
ecoregions (see Annex). 

This particular assessment was carried out on the three main river systems within the Daurian steppe 
ecoregion that play important role both for ecosystems and socio-economic development of the coun-
try. All these rivers drain its water to Amur river and considered as the headwater of the latter. Amur 
River Basin lay across 4 countries, namely Northeastern Mongolia, Northeastern China, Russian Far 
East and Northern Korea, comprising two million sq km. Amur River Basin consists of 14 territorial 
ecoregions and considered one of the 35 priority ecoregions that need to be protected as delimited by 
the WWF. 

The Daurian steppe eco-region covers almost 450, 000 km2 and consists of 3 different sub-regions; 
Trans-Baikal conifer forest, Daurian forest steppe and Mongol-Manchurian grassland.
The Trans-Baikal conifer forest covers an area, which stretches from Baikal Lake in the west to the 
confluence of the Shilka and Argun rivers in Russia. Only a small part of this forested region is found 
in Mongolia in the Khentii Mountain. The higher altitudes contain tundra at the top of the mountains, 
larch-pine forests at lower elevation and on the northern slopes. Permafrost prevails over wide areas.
The Daurian forest steppe covers marginal branches of the Khentii Mountain Range.  The average al-
titude reaches 1400-1800 m while the mean altitude of valleys is 1100-1200 m. Forest types found in 
Daurian forest steppe include Siberian larch forest, mixed forests of birch-pine and birch-larch as well 
as birch and shrub forests. 
The Mongol-Manchurian grassland (mainly in Mongolia and China) includes more than a million 
square kilometres of temperate grasslands on the inland side of Manchuria’s coastal mountain ranges 
and river basins. To the west, the desert regions of southern Mongolia replace the steppe. Much of the 
ecoregion consists of nearly flat or rolling grasslands. Average elevation throughout the ecoregion is 
1,000 to 1,300 m. Lakes and wetlands occupy the lower lying areas giving the landscape a high level 
diversity including habitats for a wide variety of migrating birds.

DATA uSED FOR THE ASSESSMENT
Climatic condition of the eastern Mongolian region was determined based on long-term observation 
data from existing meteorological stations and posts, which are shown in Table 1. There exist meteo-
rological observation posts in each soum center. However, quality of data is not sufficient to conduct 
detailed analyses, because some of them lack continuous measurements and on other hand all of them 
are only measured at Ulaanbaatar times of 08:00, 14:00 and 20:00. Therefore, for this analyses not all 
observational data are used. 

Ecoregions Stations names Altitude, м. Period Latitude Longitude

1 Trans-Baikal
Coniferous Forest Dadal 987 1961-2007 49002` 111037`

2

Khentii Daurian-Forest 
steppes

Jargaltkhaan 1340 1961-2002 4703` 109029`

3 Umnudelger 1320 1975-2002 47054` 109049`

4 Tsenkhermandal 1380 1961-2002 47045` 109007`

5 Binder 1049 1940-2007 48037` 110034`

6 Batshireet 1120 1962-2002 4804` 110011`

7 Bayan-Adarga 1030 1964-2002 48033` 110005`

8
Middle Khalkha 
Daurian-Forest steppes

Norovlin 1030 1974-2002 48004` 1120`

9 Batnorov 1050 1962-2002 47056` 11103`

10 Bayan-Uul 1994-2007 49007` 11204`

11
Pre-Khingan 
Mongol Manchurian 
Grassland

Khalkhgol 620.0 1961-1975 47058` 118008`

12

Mongol Manchurian 
Grassland

Undurkhaan 1032 1940-2007 47019` 110038`

13 Bayan-Ovoo 926 1962-2007 47047` 112007`

14 Darkhan soun-Orgil 1271 1983-2007 46035` 109025`

15 Bayankhutag 1250 1975-2002 47009` 110048`

16 Delgerkhaan 1243 1961-2002 47011` 10901`

17 Murun 1180 1974-2002 47023` 110019`

18 Ulziit 1150 1979-2002 47032` 110012`

19 Kherlen Bayan-Ulaan 1250 1980-2002 47017` 108041`

20  Choibalsan 746.9 1940-2007 48005` 114033`

21 Sumber 687.0 1975-2007 47037` 118037`

22 Matad 906.71 1975-2007 4701` 115038`

23 Tamsagbulag 1940-1975 47021`

24 Dashbalbar 705.15 1975-2007 49033` 114024`

25 Bayandun 918.0 1974-2002 49013` 113021`

26 Byantumen 755.0 1975-2002 48005` 11402`

27 Bulgan 786.0 1975-2002 480` 113057`

28 Gurvanzagal 709.0 1962-2002 49008` 114053`

29 Sergelen 730.0 1975-2002 48031` 114003`

30 Khulenbuir 854.0 1970-2002 47057` 112058`

31 Tsagaan-Ovoo 816,0 1970-2002 48024` 113026`

32 Ereentsav 620.0 1965-2002 49053` 115044`

33 Kherlen 682.0 1962-2002 48027` 114053`

Meteorological stations data of which used for the studyTable 1.0
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Year
1940-1960

Month
I II III IV V VI VII VIII IX X XI XII

-21.6 -18.7 -9 2.7 10.9 18 20.8 18.2 10.7 2 -10.6 -19.1
1961-1990 -20.5 -17.8 -7.9 2.6 11.3 17.7 20.1 17.8 10.7 1.6 -9.9 -17.7
1991-2007 -19.9 -14.7 -6.9 3.9 12.5 18.8 21.4 19.3 12.2 2.4 -9.2 -17.5

Averages of monthly mean air temperature of Choibalsan station by different time 
period, 0С

Table 1.2.

Long-term trend of air temperatures averaged by eastern region show that 
warming has become more intensified during recent years. The warming was 
observed with a speed of 0.0290С/year during 1940-2007, 0.0200С/year dur-
ing 1961-1990 and 0.0620С/year during 1991-2007 (Figure 1.1.).

However, the warming intensity slightly differs by seasons. For example, dur-
ing the early 2000’s due to harsh winter occurrences for several years, there 
was observed slight cooling during winter season, which seems not to be a 
general trend.  

Figure 1.2 shows that during winter season, warming was observed with a 
speed of 0.0570С/year during 1940-2007, but cooling was observed during 
1991-2007 with a speed of 0.1120С/year.

But, summer temperature trend shows that warming continued to progress. 
Summer times slight warming was observed from the mid-1940’s until the 
mid-1990’s and starting from 1990’s there has occurred rapid warming (Fig-
ure 1.3).

CLIMATE REGIME – 
PAST AND PRESENT

1.1. CLIMATE CHANGE
1.1.1. AIR TEMPERATuRE

Yearly mean air temperature of this region varies from -4.20С to +1.10С 
and temperatures decreased from south to north and with altitude in-
crease (Table 1.1). However, during cold season, warmer temperatures 

in higher places and colder temperatures in depressions are observed due to 
impacts from temperature inversions in lower layers of the atmosphere. In 
warmer seasons normal trends are observed, with air temperatures decreas-
ing with altitude increase.

Ecoregions Stations I II III IV V VI VII VIII IX X XI XII
An-
nu-
al

Middle Khalkha 
Daurian-
Forest steppes

Batnorov -21.2 -17.4 -7.8 1.4 9.6 15.9 18 15.8 8.5 0.8 -10.8 -18.7 -0.5

Khentii Daurian-
Forest steppes

Binder -21.8 -18.9 -9.5 0.4 9.1 15.2 17 15.1 8.3 -0.5 -12.6 -19.9 -1.5
Batshireet -21.7 -17.9 -8.8 -0.6 7.9 13.5 16 13.8 7.8 -0.6 -12.3 -21.2 -2
Bayan-Adar-
ga -21.3 -17.4 -8 0.4 9.6 15.2 17.1 15.6 8.2 0.9 -10.6 -18.5 -0.7

Trans-Baikal
Coniferous 
Forest

Dadal -19.7 -17 -8.2 1.2 9.2 14.3 16.8 14.6 8.4 -0.2 -10.6 -17.4 -0.7

Mongol Man-
churian Grass-
land

Bayan-Ovoo -20.9 -18.2 -8.4 2.2 10.7 16.7 18.8 16.6 9.7 1 -10.8 -18.1 -0.1
Underkhaan -23.2 -19.9 -9.2 2.2 10.5 16.8 18.9 15.9 9.6 0.6 -12.2 -20.8 -0.9
Dashbalbar -20.9 -18 -8.4 1.4 9.7 16.1 18.6 16.4 9.7 0.5 -10.3 -17.7 -0.2
Khalkhgol -24.1 -20.5 -7.2 2.3 11.4 18.4 20.9 18.8 11.9 4 -10.6 -21.1 0.4
Khulenbuir -20.9 -17.7 -8.2 1.9 9.8 16.2 19 16.4 10.2 1.3 -10.8 -17.5 0
Tsagaan-
Ovoo -19.8 -16.3 -7.7 1.8 9.9 16.4 19.1 15.4 10.1 1.1 -9.8 -16.7 0.3

Choibalsan -21.2 -18.4 -8.8 2.7 11.3 18.1 20.5 19.1 10.7 1.9 -10.3 -18.4 0.6
Ereentsav -23.6 -20.2 -9.3 2.3 9.6 16.8 20.2 17.8 10.8 0.9 -10.6 -18.8 -0.3
Tamsagbulag -22.9 -20.4 -10.2 3.1 11.7 18.6 21.6 18.9 11 2.4 -10.7 -19.9 0.3

Mean air temperature norms of some meteorological station from 
eastern Mongolia, in 0С  (averages of 1961-1990)

Table 1.1.

Long-term trends in air temperature from Table 1.1 show that Mongolia has 
already observed warming due to global warming impacts. As an example 
yearly and monthly mean air temperatures of Choibalsan station are present-
ed in Table 1.2.

 Long-term trend of 
annual mean air 

temperatures, 
averaged within eastern 

region of Mongolia, 0С

                   Figure 1.1.

Long-term trend of win-
ter mean air tempera-
tures, averaged within 

eastern region, 0С

Figure 1.2.
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Vegetation growth period has become extended by 2 weeks due to climatic 
warming impacts and accumulated warm temperature resources also in-
creased during this time. For example, in Choibalsan station, total air temper-
ature above 00С increased by 2330С during 1991-2007 compare to 1961-1990 
years. Increase of active and useful temperature resources during vegetation 
growth period favors increasing the possibility of growing vegetables that re-
quire more warm temperature during irrigation.

Besides the increase of warm temperature the number of extreme hot days 
have also increased. There are some research on negative impacts from ex-
treme warming on crops during its growth period, however there is not suf-
ficient study on pastoral vegetation. 

Table 1.3 presents a comparison of the number of extreme hot days above 
300С during the periods 1961-1990 and 1991-2007. It shows that during re-
cent years, the number of hot days have almost doubled.

Ecoregions Stations Averages of 1961-1990 Averages of 1991-2007

Mongol Manchurian 
Grassland

Undurkhaan 10.8 21.6
Choibalsan 16.5 25.4
Dashbalbar 8.6 16.8

Pre-Khingan 
Mongol Manchurian 
Grassland

Khalkhgol 16.8 22.3

Khentii Daurian-
Forest steppes Binder 4.3 11.6

Trans-Baikal
Coniferous Forest Dadal 3.8 11.4

Averages of hot days 
with air temperature 

greater than 300С

 Table 1.3.

1.1.2. PRECIPITATION
Mongolian eastern region has more humid climate compared to other regions 
and yearly total precipitation ranges from 250 to 400 mm. From Table 1.4, 
it can be seen that in southern parts of the eastern steppe yearly precipita-
tion amounts up to 200 mm, in northern parts 300-350 mm and in Khentii 
Mountains 350-400 mm. More than 400 mm precipitation occurs only on 
the northern side of Khentii mountain, Ereen mountain range and Khyan-
gan mountains. However, about 90% of annual precipitation falls only in the 
warmer season.

Ecoregions Stations I II III IV V VI VII VIII IX X XI XII An-
nual

Khentii 
Daurian-For-
est steppes

Binder 1.4 2.3 2.9 9.5 18.6 66.6 96.6 84 34 9.4 4.3 2 331.6
Batshireet 1.5 1 2.4 7.7 18.2 58.9 75.9 64.9 25 8.5 4.9 1 269.9
Tsenkher-
mandal 1.8 1.7 1.5 4.6 14.4 48 71.8 73.4 10.1 6.3 1.8 2.2 237.6

Jargaltkhaan 1.1 0.5 1 3.1 4.9 64 57.6 45.3 22.5 3 1.7 1.6 206.3
Bayan-
Adarga 1 3.4 3.2 9.7 19.4 62.1 80.6 74.5 22.9 6.9 3 1.8 288.5

Trans-Baikal
Coniferous 
Forest

Dadal 1.9 2.4 3.7 15.2 29.2 60.9 114.8 97.3 42.5 14.2 4.8 2.4 389.3

Mongol 
Manchurian 
Grassland

Delgerkhaan 0.6 1.2 1.2 3.4 11.7 46.6 77.2 62.9 8.6 5.2 1.4 1.6 221.6
Dashbalbar 1.9 1.3 2.4 13.2 15.2 48.3 112.5 87.6 32.1 4.7 4.2 2.6 326
Darkhan 0.8 1.6 2.7 8.3 13.4 39.2 50.5 52.8 11.5 6.6 3.2 1.8 192.4
Choibalsan 1.8 2 3 6.5 14.6 39.1 76.3 63 27.3 7.9 3.4 2.8 247.7
Murun 0.3 1 1.4 5.7 10 44.3 60.4 49.2 20 1.7 1.7 0.6 197.3
Sumber 2.4 2.6 3.8 10.5 15 40.2 95.3 61.1 31 11 5 3.2 281.1
Sergelen 0.4 1.4 1.6 7.9 8.2 30.5 69.8 63.1 23.2 3.3 0.3 1.3 211
Matad 2.4 1.7 3.5 6.2 16.5 39.1 55.7 55.9 23.6 8.7 4.3 2.5 220.1
Undurkhaan 1.3 2.7 2.6 8 15.1 48.6 73.2 69.9 23.6 8.4 3.5 2.6 259.4

Middle 
Khalkha 
Daurian-
Forest 
steppes

Bayan-Uul 1.9 2.4 3.8 6.3 28.8 47.3 121.6 77.9 31.4 7.1 2.3 2.8 333.6

Norovlin 1.3 0.7 1.1 6.6 14.9 60.7 96.4 82.1 11.6 6.6 2.3 0.6 284.9

Pre-Khingan 
Mongol 
Manchurian 
Grassland

Khalkhgol 1.6 0 0.1 8.8 19 45.5 42.8 45 14.9 4.3 2.7 2.4 187.1

Mean monthly and annual precipitation norms of some meteorological stations from 
eastern Mongolia, in mm (1961-1990).

Table 1.4.

Due to global warming impacts precipitation amount has become reduced in 
the central part of Mongolia and increased in the Altai mountains, Trans-Al-
tai Gobi and in south-eastern parts of the country (Natsagdorj L., et.al, 2005). 
Table 1.5 presents annual and monthly mean precipitation of meteorological 
stations from eastern Mongolia over the last 10 years (1998-2007) to show 
how this process is impacting average precipitation amount.

Ecoregions Stations I II III IV V VI VII VIII IX X XI XII An-
nual

Khentii 
Daurian-Forest 
steppes

Bayandelger 0.9 1.9 3 6.2 13 36.2 46.2 32.8 11.3 4.5 2.5 1.7 160.2

Binder 2.7 2 5.2 8.9 21.6 43.1 60.3 68.5 31.6 11.4 5.8 2.5 263.6

Mongol 
Manchurian 
Grassland

Bayan-Ovoo 1.9 4.6 3.8 8.9 13.6 27.2 65.8 45.2 20 8.5 4.7 3.2 207.4
Baruun-Urt 1.6 2.1 2.1 6.2 10.7 34.8 42.1 37.9 22.1 4.2 1.7 2.5 168.0
Matad 2.7 2.6 6 9.8 12.1 46.9 86.2 34.3 14.3 5.2 2.7 3.8 226.6
Undurkhaan 2.7 3.5 4.1 7.3 19.9 41.2 42.6 49.2 28.1 5.6 2.9 2.4 209.5
Choibalsan 2.5 2.8 5.3 6.9 12.6 27.5 62.7 40.6 20.3 6.9 2.6 3.6 194.3

Trans-Baikal
Coniferous 
Forest

Dadal 3.4 2.7 7.7 13.6 26.3 67.5 86.4 64.1 43.4 19.6 8 3.4 346.1

Pre-Khingan 
Mongol 
Manchurian 
Grassland

Khalkhgol 3.7 3.7 5.1 13.7 19.9 36.8 97.4 59.6 21.7 9.4 5.1 5.7 281.8

Table 1.5. Mean precipitation of last 10 years measured at meteorological stations in mm 
(1998-2007)

Comparing tables 1.4 and 1.5, it can be clearly identified that precipitation in 
Khalkhgol and Matad stations are almost not changed, but for other stations 

Long-term trend of 
summer mean air tem-

peratures, averaged 
within eastern region, 0С

Figure 1.3.
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it is reduced. The precipitation reduction trend was identified over the last 10 
years in the eastern region, despite the fact that in 1998 the maximum pre-
cipitation since the 1940s was observed. 

Long-term trend of annual precipitation sum measured at meteorological sta-
tions in the eastern region (Table 1.4) shows that precipitation was reduced 
by 14.8 mm during 1940-2007, but increased by 23.7 mm during 1961-1990 
then was reduced again by 7.4 mm during recent years (1991-2007).

Also these observation data show that daily maximum precipitation occurred 
mostly since the 1990s, due to increase in precipitation intensity. For exam-
ple, from 10 stations with longer data records, 7 of those stations have set 
their daily maximum precipitation records since 1990.

In the eastern region during the summer period, total precipitation duration 
varies 130-150 hours in the southern part of the Kherlen river, 200-250 hours 
in northern parts of the region and 150-200 hours in the central part. There 
is a good relationship between rain duration and total summer precipitation 
amount (Figure 1.5).

Observation data show that during the last 20 years summer rain duration 
was reduced between 3.3 (Baruun-Urt) and 5.6 hours/year (Choibalsan). 
During active vegetation growth period (May-August) number of days with 
rain over 0.1 mm varies from 33 to 40 in southern part and 40-50 days in 
northern part of the region. Annual trend of the rainy days during 1961-2008 
show a slight increase observed in southern and south-eastern parts and a 
slight decrease in other parts (5 days in 47 years). However, a rapid increase 
has been observed during 1991-2008.

1.1.3. EVAPORATION
Although air temperature is rapidly increasing during the warmer season, the 
precipitation is not increasing at same pace. This is leading to increased arid-
ity and ongoing drought processes in Mongolia. Previous studies show that 
over the last 60 years total evaporation increased 3.2-10.0% compared to pe-
rennial average in the steppe and Gobi desert region and 10-15% (50-84 mm) 
in high mountain zones. 

Study calculations show that total evaporation in the study area increased 
with a speed of 2-3 mm/year during 1961-2006.

1.1.4. WIND STORM REGIME
WIND SPEED 
(VELOCITY)

The eastern steppe region is the most windy place in Mongolia and annual 
mean wind speed is over 3.0 m/s, but within mountainous parts in the north, 
it varies from 2-3 m/s. Presented in table 1.6 are monthly and annual mean 
wind speeds measured at 8-10 m above the ground by wind fluger.

Ecoregions  Stations I II III IV V VI VII VIII IX X XI XII An-
nual

Khentii Daurian 
Forest steppes Binder 2.4 2.5 3.2 4.1 4.4 3 2.2 2.2 2.8 2.6 2.4 2.6 2.9

Trans-Baikal 
Coniferous 
Forest

Dadal 1.6 1.8 2.3 2.9 2.7 2 1.7 1.6 1.8 2 1.9 1.7 2

Mongol 
Manchurian 
Grassland

Bayan-Ovoo 3.9 3.6 3.8 4.9 4.5 3.5 2.9 2.7 3.2 3.4 3.7 4 3.7
Darkhan 4.1 4.1 4.7 5.7 5.4 4.6 4 3.8 4.2 4.4 4.4 3.9 4.4
Underkhaan 3.3 3.2 3.8 4.7 4.7 3.9 3.3 3.1 3.3 3.1 3.4 3.4 3.6
Dashbalbar 3 3 4 5.5 5.2 4 3.3 3.2 3.8 3.8 3.5 2.9 3.8
Маtad 4.5 3.8 4.5 5.5 5 3.9 3.3 3.3 4 4 4.4 4.5 4.2
Sumber 2.3 2.6 3.3 4.3 4 3 2.4 2.5 3 3.2 2.9 2.7 3
Choibalsan 3.8 3.8 4.2 5.4 4.6 4 3.3 3.1 3.6 3.9 3.9 4.1 4
Таmsagbulag 2.6 2.9 3.7 4.6 4.6 3.9 3.4 3.1 3.4 3.4 3.2 3 3.5

Monthly and annual mean wind speed (velocity) (m/s)Table 1.6.

In Mongolia minimum wind speed is observed in winter, maximum in spring 
and autumn and 2nd minimum occurrs in the summer time. During spring-
time, airflow inertia increases which results in the decrease of local wind in-
fluence to a minimum and dominates western and northwestern wind. Table 
1.7 presents the number of days with strong wind (over 15 m/s) observed at 
eastern meteorological stations.

Long-term trend of an-
nual precipitation sum
 measured at meteoro

logical stations from
 eastern region, mm

Figure 1.4.

Summer precipitation
 (mm) and rain duration

 (hour) at Underkhaan 
station

Figure 1.5.

 precipitation (in mm)  duration ( in hours) 
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1.2.1. THuNDERSTORMS
One change observed in the precipitation regime is the increase of thun-
derstorms’ percentage within precipitation totals during the warmer period 
(Natsagdorj L., 2004). Although there do not exist detailed studies based on 
rain data records in the eastern region, there is a clear trend of increase in 
daily precipitation intensity. There is also an increasing trend observed in 
long-term records of daily maximum precipitation, which were recorded an-
nually from  1961-2006 in meteorological stations. As an example, Figure 1.6 
presents the long-term trend of daily maximum precipitation, recorded an-
nually, since 1961 in Choibalsan station.

 

The figure shows that daily maximum precipitation in Choibalsan has a de-
creasing trend. However, during this period 3 times the maximum amount 
was observed: in 1975, 1985 and 1998.

1.2.2. DROuGHTS
By definition, a drought is an extended period of months or years when a 
region notes a deficiency in its water supply. Generally, this occurs when a 
region receives consistently below average precipitation.

Figure 1.7 shows drought frequency results, based on compilation of vegeta-
tion growth quality assessments information during 1973-2000 in each small-
er administrative unit (soums) of Mongolia. The vegetation growth quality of 
certain area was classified as “with good vegetation”, “with arid condition” and 
“with droughts” (Natsagdorj L.,et.al, 2003). This figure shows that droughts 
occured in most places of high mountain, forest steppe and steppe zones 1-2 
years in every decades and in desert steppe zones once every 2 years, but in 
transitional areas of the steppe and desert steppe zones once every 3 years.  
The drought frequencies increased from north to south and from east to west, 
which corresponds to general moisture distribution of the country.

1.2. HAzARDOuS PHENOMENA CHANGES

DROuGHT 
FREquENCIES

Long-term trend of daily
 maximum precipitation
 recorded annually (by

 Choibalsan station)

Figure 1.6.

Ecoregions Stations
Months

I II III IV V VI VII VIII IX X XI XII

Mongol  
Manchurian
Grassland

Underkhaan 
0.2 0.4 1.0 3.0 2.6 1.4 0.4 0.3 0.4 0.6 0.4 0.2

0.2 0.3 1.0 2.8 2.2 1.3 0.4 0.3 0.4 0.6 0.4 0.2

Choibalsan 0.5
0.5

0.6
0.56

2.2
2.1

3.9
4.0

3.2
2.8

1.3
1.2

0.6
0.6

0.4
0.4

1.1
1.0

1.2
1.3

0.6
0.6

0.4
0.4

Bayan-Ovoo 1.7
1.8

0.9
0.9

1.6
1.7

3.3
3.0

2.0
2.0

0.9
0.9

0.4
0.4

0.4
0.4

0.2
0.2

0.3
0.3

0.6
0.6

0.8
0.7

Tamsagbulag 0.2
0.5

0.5
0.5

1.4
1.4

3.4
3.1

2.8
2.5

0.7
0.6

0.7
0.7

0.4
0.4

0.7
0.7

1.1
1.0

0.5
0.5

0.4
0.4

Khentii Daurian 
Forest steppes Binder 

1.0 0.6 2.0 2.6 2.1 1.1 0.8 0.7 0.7 0.5 0.7 0.4

1.0 0.7 2.1 2.8 2.0 1.1 0.8 0.8 0.7 0.5 0.7 0.4

Trans-Baikal Co-
niferous Forest Dadal 

0.4 0.0 0.7 1.7 0.6 0.1 0.0 0.0 0.0 0.2 0.0 0.1

0.6 0.0 0.7 2.4 0.6 0.1 0.0 0.0 0.0 0.2 0.0 0.1

 
Pre-Khingan Mon-
gol Manchurian 
Grassland

Khalkhgol
0.5 0.8 1.6 2.4 1.7 0.8 0.0 0.2 0.6 1.1 0.2 0.1

0.1 0.7 1.6 2.2 1.6 0.8 0.0 0.2 0.6 0.9 0.2 0.1

Table 1.7 shows that differences between the number of days with strong wind 
and number of strong winds are very little, which means that 1 strong wind 
occurs roughly in 1 day.  In addition, this table shows that strong wind occurs 
15-20 days per year in the southern part of eastern Mongolia and less than 5 
days in Khentii mountain range and 10-15 days per year in others parts. More 
than 50% of strong winds are observed during spring (3 months) and 23.4% 
of it takes place in April. In summer and winter time strong winds occur less 
often due to high pressure that prevail over Mongolian territory. 

In general, wind occurrence in Mongolia clearly differs from day to night. Dur-
ing day time there is intensified air flow turbulence due to extensive heating 
of the land surface and lower layers of air mass, which results in strong wind 
formation with speeds of 15 m/s and more. But, during night wind speeds are 
reduced. For example, 23.4% of total strong wind occurs between 12:00 and 
15:00 and only 5.8% between 03:00 and 06:00. In addition, 71.2% of total 
strong wind occurs between 06:00 and 20:00 and 58.4% between 09:00 and 
18:00. Annual duration of strong wind is varies from 36 (Underkhaan) to 62 
(Choibalsan) hours.

Table 1.7. Monthly and annual averages of number of days with wind storms (upper cell - 
number of days with strong wind, lower cell - number of strong winds)   
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Assessment results of drought frequency by using Si index revealed that 
droughts occured once every 3 years in Mongolia (Figure 1.8), (Natsagdorj L., 
et.al, 2003). This is correct if considering the droughts as a climatic anomaly 
condition.

DROuGHTS 
TREND 

Analyses of long-term trends of averaged drought indexes show that in east-
ern Mongolia within the last 68 years drought conditions have increased. 
Calculation results show that the Si index annually increased by 0.006, GTK 
index  annually decreased by 0.003. However, there is was a general wet pe-
riod  from the 1940’s to 1980’s and a dry period from 1980’s up to the present. 
Both indexes show that clear dryness is occuring since 2000.

1.2.3. DuST AND SANDSTORM
A dust storm or sandstorm is a meteorological phenomenon common in arid 
and semi-arid regions. Sandstorms arise when a gust front blows loose sand 
and dust from a dry surface. In meteorological observation stations, sand-
storms are distinguished into two types. If it is observed lower than the ob-
server’s eye horizon then it is called a slight sandstorm, if above it is called a 
sandstorm. In addition, there is another type - a transit sandstorms, which 
is transferred from other places. In observation, slight sandstorm and sand-
storm are often mixed. In tables 1.8 and 1.9 there are presented perennial 
averages of number of days with sandstorms and slight sandstorms, observed 
in eastern Mongolia.

Ecoregions Stations
Months

1 2 3 4 5 6 7 8 9 10 11 12
Khentii Daurian For-
est steppes Binder 1.0 1.1 2.4 3.7 1.8 0.6 0.2 0.03 0.2 0.2 0.7 0.7

Mongol  
Manchurian
Grassland

Underkhaan 0.5 1.2 2.6 5.7 4.2 1.5 0.5 0.2 0.3 1.2 0.8 0.4
Bayan-Ovoo 0.1 0.3 1.1 1.1 0.4 0.1 0 0 0 0 0.1 0.1
Dashbalbar 0 0.2 0.5 1.3 1 0.1 0 0 0 0 0.1 0.1
Choibalsan 0.3 0.6 1.9 4.4 3.6 1.1 0.5 0.3 0.3 1.1 0.2 0.1
Маtad 0.03 0.2 1.2 2.3 1.3 0.6 0.2 0.03 0.2 0.6 0.1 0.1

Pre-Khingan Mongol 
Manchurian Grass-
land

Khalkhgol 0 0.1 1 2.9 2.1 0.9 0.2 0.1 0.1 0.4 0.1 0

Perennial averages of number of days with sandstormsTable 1.8.

Ecoregions Stations
Months

1 2 3 4 5 6 7 8 9 10 11 12
Khentii Daurian 
Forest steppes Binder 0.8 1.3 3.3 4 3.2 1.1 0.6 0.40 0.8 1.3 1.1 0.8

Trans-Baikal 
Coniferous Fores Dadal 0.1 0.2 0.9 2.9 2.1 0.4 . 0.1 0.2 0.2 0.2 0.1

Mongol  
Manchurian
Grassland

Underkhaan 0.5 1.0 3.0 4.3 2.7 1.1 0.2 0.3 0.7 1.4 1 0.5
Bayan-Ovoo . 0.03 0.4 1.5 0.6 0.2 . 0.03 0.1 0.1 0.03 0.1
Dashbalbar 0.1 0.5 3.3 5.4 4.3 1.4 0.1 . 0.2 1 0.8 0.1
Choibalsan 0.2 0.2 1 2.2 1 0.7 0.1 0.1 0.1 0.4 0.2 0.03
Маtad 0.03 0.1 0.5 1.5 0.7 0.3 0.1 . . 0.3 0.4 0.2

Pre-Khingan 
Mongol Manchu-
rian Grassland

Khalkhgol 0.03 0.2 1.3 3.4 4.1 2.2 1 0.4 1 1.5 0.8 0.2

Perennial averages of number of days with slight sandstormsTable 1.9.

During recent years, increasing number of days with sandstorms have oc-
curred due to intensification of land degradation processes in Mongolia. 
Table 1.9 presents number of days per year with sandstorms averaged within 
the eastern region. 
  
  
  

 
                                                                                                                                

Figure 1.9 shows that 10.8 days/year with sandstorms occurred within the 
period of 1960-1969 and 20.3 days/year between 1970-1979, 32.6 days/year 
between 1980-1989, 26 days/year between 1990-1999 and 32.7 days/year 
between 2000-2007. In general, it can be concluded that at present the num-
ber of days with sandstorms increased 3 times compared to the 1960’s.

Georaphical distribu-
tion of drought frequen-

cies (Natsagdorj L.,et.al,
 2003)

Figure 1.7.

Geographical distribu-
tions of droughts (semi-
 drought and drought) 
frequencies (Si≥1.50)

Figure 1.8.

Long-term trend of num-
ber of days per year with

 sandstorms averaged 
within eastern region

Figure 1.9. 
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1.3. FACTORS IMPACTING CLIMATE CHANGE
1.3.1. HuMAN IMPACTS

LAND uSE 
CHANGE

During recent years, complex factors such as global and regional climatic 
changes, socio-economic conditions of neighboring countries, and land use 
practices are influencing the water regime and in return adversely affecting 
economic development and community livelihoods.  As an example, during 
recent years in the Onon and Ulz River Basins, water balances are changing 
with decreased water resources and increased pollution due to intensifica-
tion of gold mining. Thus, there is an increased need to address these issues.  
Figure 1.10 presents a land use map of eastern Mongolia. Sustainable use of 
water resources should be addressed in connection with activities related to 
combating desertification processes.

Figure 1.10. Land use map of eastern Mongolia
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Figure 1.11. Summer camping sites locations of herder families
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WATER uSE Three eastern provinces where study area is concentrated occupies 18.3% 
(286.21 thousand km2) of the territory of Mongolia and inhabits here account 
for 18.3% of the total population (1992-1995). Population density is 47.5% 
(0.74 person/km2) lower than national average. Average water use amounts 
to 8305.8 thousand м3/year, which is 7.2% of the national level. From this 
amount 4764.83 thousand м3/year (8.7%) belongs to domestic water use and 
2606 thousand м3/year (5.5%) to industrial water use.

IRRIGATED CROPLANDS 
IN EASTERN MONGOLIA

The Mongolian agricultural sector is considerably affected by global warming, 
desertification and droughts, inducing the government policies to expand irri-
gated farming. Irrigation systems with engineering structures have increased 
during recent years due to government policy support and increased invest-
ments from private sectors (Table 1.10). For example, “Dornod guril” Co.Ltd 
planted wheat in Tsagaan-Ovoo soum with irrigation from the Kherlen river. 
They irrigated 300 ha cropland in 2006-2007, 500 ha in 2008 and planned 
to irrigate 600 ha in upcoming years.

Aimags
1990 2000

Potential area 
(hа) Used area (hа) Actual usage 

(%)
Total irrigated area 

(hа)
Dornod 1699 1567.5 92.3 -
Khentii 1394 520 37.3 40.4

Use of irrigation system 
area with engineer-

ing structures (source: 
Ts.Tserenbaljir)

Table 1.10

Irrigation system – upper 
Choibalsan (Shaazan 

lake, Dornod aimag)

Figure 1.13.

POSITIVE AND NEGATIVE 
EFFECTS OF IRRIGATION 

SYSTEMS

Irrigation systems often negatively affects the river water ecology, if  the wa-
ter regime and potential water resources are not studied and issues are not 
adequately addressed, following scientific recommendations, before building 
the irrigation infrastructure. Main factors affecting the soil ecology of irri-
gated croplands depend on irrigation schemes, soil maintenance, pesticide 
usage, climatic condition, plant types etc.

The eastern region has low precipitation, higher evaporation and limited wa-
ter resources. Thus, developing irrigation infrastructure requires the building 

Figure 1.12. Winter camping sites locations of herder families

Due to reduction of open water sources in the region, herders tend to concentrate around fewer wells or 
springs, which results in a change of traditional practices of seasonal use of pasture land (Figure 1.11 and 
1.12) and degradation of pastures. For example, in the eastern region 18% of pasture lands are heavily 
degraded, and overall there is an increased prevalence of desertification processes. 
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of water collection dams and reservoirs, which should be based on detailed 
scientific studies and recommendations.  Uncontrolled and ineffective diver-
sion of large amounts of waters from rivers and lakes leads to the reduction 
of water levels, water resources and even the potential for permanent dis-
appearance. All these will lead to reduction of diversity of wildlife and their 
habitats. 

   
PASTuRE WATER 

SuPPLY
Mongolia is a country with limited water resources and on average, 22.3 thou-
sand м3 of water belongs to each 1 square km of area. Total water resources 
formed in Mongolia per year are 38.8 km3, of which potential exploitable wa-
ter resources are 34.6 км3/year and 82.4% of which belong to surface water 
resources. Table 1.11 presents potential exploitable water resources in eastern 
Mongolia (Amur/Heilong River Basin).

No Аimags Total water resources
Water resources 

surface water underground water
1 Dornod 0.700 0.303 0.397
2 Khentii 2.300 1.900 0.600

Potential water resources 
for exploitation (by 
aimags, km3/year)

Table 1.11.

During recent years, the government of Mongolia is paying more attention 
to pasture land water supply, through allocating budgets for each aimag and 
soum for construction, renovation and repair of wells (Table 1.12).

Aimags Year
Number of soums Number of wells Budget, million MNT

new repaired new repaired new

Dornod
2006 9 13 12 44 96.61
2007  

Khentii
2006 6 7 6 16 55.03
2007 2 3 6 6 63.5

Newly constructed and 
renovated wells (source: 
Ministry of Food, Agricul-

ture and Light Industry)

Table 1.12.

In particular, the Mongolian National Programme on Water has set an objec-
tive to increase pasture capacity and effective use of pastures of the Gobi and 
Steppe regions by constructing and renovating 1000 abandoned engineering 
wells by 2015.

For improving pasture water supply, the government is planning to implement the following strategic 
activities with several phases:

• Renovate abandoned wells by allocating required state budget each year
• Repair and renovate wells through support from international donor fund-

ed projects
• Improve availability of wells in Gobi and steppe regions (50 new wells in 

coming years).
• Support and intensify creation of shallow dug-wells with support from lo-

cal communities and herders.

CLIMATE CHANGE 
PROJECTIONS

At the present, due to global warming impacts, Mongolian river basin ecosystems are changing dra-
matically. Because of reducing groundwater table levels, there are disrupted hydraulic connections 
between rivers and groundwater which results in the shrinking and disappearing of open water bodies 
during dry seasons and droughts. For instance, water resources survey results from 2007 show that 
within the Ulz River Basin in Bayan-Uul, Bayan-Dun, Dashbalbar, Gurvanzagal and Chuluunkhoroot 
soums’ territory, there were counted 114 rivers, from which only 53 had water and 53.4% had disap-
peared during recent years. In addition, there existed only 26 lakes out of 114 and 74 springs out of 224 
which contained water during the survey. Overall, about 15% of water bodies had disappeared by 2003 
survey results and 25% by 2007. (Davaa G., Gomboluudev P., and Batkhuu D., 2008)

In the future, if the increase of mean air temperature of the earth exceeds 1.50С-2.50С and carbon di-
oxide content in the atmosphere increases, then it is projected that considerable changes will occur in 
ecosystem composition, its funtions and the ecological relationship between species and geographical 
distribution of biodiversity. In most cases these changes project a negative effect on water and food 
supplies. It has been observed that the last 11 out of 12 years (1995-2006) are the hotest years since the 
1950’s.

DATA uSED
This analysis used air temperature changes data for 2020, 2050 and 2080 determined by models HAD-
LEY and ECHAM in the case of increases in global warming and greenhouse gas emissions. These mod-
els’ results are the A2 scenario of air temperatures from A1, A2, B1 and B2 scenarios, which are used 
in the IPCC’s 4th Assessment Report. The selected A2 scenario represents a situation where population 
will increase and technological changes and economic development will be comparatively slower than 
other scenarios.  In addition, the A2 scenario assumes that during 2090-2099, the mean air tempera-
ture of the earth will increase by 3.40С and sea level will rise by 0.23-0.51 meters. Analysis of future 
climate change projections in Mongolia was done by using monthly mean air temperature and monthly 
total precipitation from 1961-1990.

SPATIAL DISTRIBuTION 
OF THE CHANGES

Results of analyses show that during 1961-1990, mean air temperature’s 00С 
line crosses near by Choibalsan and Buir Nuur and -20С to -40С lines crosses 
the headwaters of the Ulz and Onon rivers (Table 2.1a). By 2020 the +30С 
temperature line will cross through Choibalsan and Buir Nuur and by 2050-
2080 years they will be crossed by the +50С line according to the ECHAM 
model and by the +30С line according to the HADGLEY model. In addition, 
in the headwaters of the Ulz and Onon Rivers, it is projected that long-term 
mean air temperatures will vary from 00С to -10С by 2020 and by 2050 from 
+20С to +40С by 2050 by ECHAM model, and from 00С to +10С by HADLEY 
model, then by 2080 from +10С to +30С by 2080 by ECHAM model and from 
+10С to +20С by HADLEY model.

2.1. AIR TEMPERATuRE
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In other words, during the end of the 21st century in the above-mentioned 
areas, annual mean air temperatures will increase 4-5oC compared to the av-
erage of 1961-1990.

Figure 2.1a.  Annual mean air temperature distribution of Mongolia, 1961-1990

Figure 2.1b. Annual mean air temperature distribution, projected for 2020 by ECHAM model

Figure 2.1c. Annual mean air temperature distribution, projected for 2050 by ECHAM model

Figure 2.1d.  Annual mean air temperature distribution, projected for 2080 by ECHAM model

 WWF Mongolia, 2009
Map designed by V. Ulziisaikhan

 WWF Mongolia, 2009
Map designed by V. Ulziisaikhan

 WWF Mongolia, 2009
Map designed by V. Ulziisaikhan

 WWF Mongolia, 2009
Map designed by V. Ulziisaikhan
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Figure 2.1e. Annual mean air temperature distribution, projected for 2020 by HADLEY model

Figure 2.1f. Annual mean air temperature distribution, projected for 2050 by HADLEY model

Figure 2.1g. Annual mean air temperature distribution, projected for 2080 by HADLEY model

Based on these scenarios, analysis concludes that in the coming 60-70 years 
in the Onon, Ulz, Bayan, Kherlen and Khalkh River Basins there will be con-
siderable warming which will result in changing ecosystems and geographical 
distribution of biodiversity. For instance, it is expected to alter the current 
condition of wetlands, small lakes and springs due to change in the water-
thermal balance of permafrost areas.

ANNuAL DISTRIBuTION 
OF AIR TEMPERATuRE 

CHANGES.

For determining annual distribution of air temperature changes, 4 points 
(Figure 2.1h) were selected in the Onon, Khurkh, Kherlen and Khalkh River 
Basins and future trends of monthly air temperature and total precipitation 
were calculated using HADLEY and ECHAM models.

Figure 2.1h. Air temperature and precipitation of Mongolian eastern region

Calculation results (Table 2.1a) show that during all seasons in the above 
mentioned areas, there is a projected increase of monthly air temperatures. 
For example, during winter time in the Onon River Basin monthly air 

Onon

Khurkh

Kherlen
Khalkhgol
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temperatures are projected to increase by 3-4oC by HADLEY model and 
9-10oC by ECHAM models and during summer time, 5-7oC by HADLEY mod-
el and 7-8oC by ECHAM model. 

In other words, summer warming is expected to be comparatively higher. 
In the same way, monthly air temperature changes are projected in the se-
lected points of the Kherlen and Khalkh River Basins. During winter time 
temperatures are expected to increase 2-3oC by HADLEY model, 9-10oC by 
ECHAM models and during summer time 7oC by HADLEY model and 6-8oC 
by ECHAM model.

The above-mentioned projections show that monthly air temperatures calcu-
lated by ECHAM model are higher than the HADLEY model. However, gen-
eral trends of air temperature increase are the same, which affirms global 
warming will significantly impact the above-mentioned river basins in Mon-
golia.

 Table 2.1a.
Comparison of mean air 

temperatures of Onon, 
Kherlen and Khalkh riv-

ers from 1961 to 1990 
with 2020, 2050 and 

2080 year projections by 
ECHAM and HADLEY 

models

Onon river

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

1961-1990 -23.4 -20.4 -10.6 0.1 8.2 14.1 16.5 14.5 8.0 -0.9 -13.1

ECHAM
2020 -18.8 -16.6 -7.6 3.3 10.8 16.1 18.9 16.3 10.3 1.7 -9.6
2040 -16.2 -13.3 -5.8 6.1 12.8 17.5 21.3 18.4 11.9 3.1 -8.4
2080 -12.8 -10.1 -2.6 9.3 15.1 20.1 24.1 21.6 15.5 5.7 -5.6

HADLEY
2020 -22.5 -19.5 -9.0 0.8 9.1 15.6 18.7 16.8 9.6 -0.3 -11.3
2050 -20.9 -17.9 -6.9 2.0 10.1 16.8 20.1 18.6 10.9 1.1 -10.4
2080 -20.3 -16.5 -5.6 3.3 12.3 19.4 23.3 21.6 13.6 2.6 -8.5

Kherlen river

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

1961-1990 -21.1 -18.4 -8.8 2.2 10.4 16.8 19.6 17.3 10.4 1.4 -10.3

ECHAM
2020 -16.6 -14.4 -5.5 5.3 12.8 18.9 21.9 18.9 12.6 4.0 -6.7
2050 -14.3 -11.2 -3.9 7.9 14.7 20.0 23.8 20.6 13.9 5.4 -5.3
2080 -10.8 -7.9 -0.4 11.3 17.2 22.4 26.1 23.2 17.3 8.0 -2.5

HADLEY
2020 -20.5 -17.8 -7.3 2.4 11.3 18.7 21.9 19.7 12.2 2.0 -8.7
2050 -18.7 -15.7 -4.7 3.9 12.4 19.9 22.9 21.3 13.6 3.4 -7.4
2080 -17.8 -14.3 -3.4 5.4 14.7 22.5 26.3 24.5 16.6 5.2 -5.1

Khalkh river

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

1961-1990 -24.1 -21.5 -11.4 1.5 9.7 15.9 18.9 16.7 9.8 0.9 -11.3

ECHAM
2020 -19.8 -17.4 -7.8 4.6 12.0 18.0 21.3 18.3 12.1 3.8 -7.8
2050 -17.8 -14.7 -6.6 6.8 13.8 19.0 22.7 19.7 13.0 5.0 -6.1
2080 -14.5 -11.3 -3.0 10.1 16.4 21.4 25.0 21.9 16.1 7.7 -3.4

HADLEY
2020 -23.0 -20.4 -10.0 1.7 10.4 17.8 21.0 19.1 11.5 1.7 -9.7
2050 -21.5 -18.4 -7.7 3.6 11.7 19.1 22.5 20.8 13.0 2.9 -8.7
2080 -20.7 -17.1 -6.2 5.3 14.0 21.6 25.5 23.6 15.8 4.7 -6.3

SPATIAL DISTRIBuTION 
OF TOTAL ANNuAL 

PRECIPITATION.

Within the Оnon, Kherlen and Khalkh River Basins, total annual precipitation 
amount in 2020 by HADLEY model is projected to be less than 1961-1990 lev-
els and by ECHAM models there will be almost no change (Figure 2.2a). By 
2050-2080, precipitation is projected to increase by 20-40 mm (HADLEY 
model) and slight decrease is shown in the ECHAM model (Figure 2.2b).

Figure 2.2a. Spatial distribution of total annual precipitation projected for 2020 by ECHAM model

Figure 2.2b. Spatial distribution of total annual precipitation projected for 2050 by ECHAM model

2.2. PRECIPITATION
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Figure 2.2c. Spatial distribution of total annual precipitation projected for 2080 by ECHAM model

Figure 2.2d. Spatial distribution of total annual precipitation projected for 2020 by HADLEY model

Figure 2.2e. Spatial distribution of total annual precipitation projected for 2050 by HADLEY model

Figure 2.2f. Spatial distribution of total annual precipitation projected for 2080) by HADLEY model.

ANNuAL DISTRIBuTION 
OF MONTHLY TOTAL 

PRECIPITATION CHANGES

Monthly total precipitation in the Onon, Kherlen and Khalkh River Basins 
during the cold season by 2080 is projected to increase by 4-5 mm by HAD-
LEY model and 3-15 mm by ECHAM model. However, during the warm sea-
son by 2020, specifically in August, it is projected to be at the same level 
as present, but in June, July and September it will decrease by 6-10 mm by 
HADLEY model and during 2050-2080, it is projected to slightly increase 
(8-15 mm). The ECHAM model projects a 10-20 mm monthly total precipita-
tion increase in the Kherlen and Khalkh River Basins during warm seasons of 
2080 and no changes will occur in the Onon River Basin.
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Table 2.2a.
Comparison of precipita-
tion in the Onon, Kherlen 
and Khalkh River Basins 

from 1961 to 1990 with 
2020, 2050 and 2080 

year projections by 
ECHAM and HADLEY 

models

Onon river
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

1961-1990 0.0 1.4 3.1 12.8 24.0 59.3 94.6 82.2 33.0 9.3 4.5

ECHAM
2020 4.5 5.5 4.1 16.9 28.3 58.2 94.0 91.0 30.9 12.9 9.8
2040 8.0 9.8 7.0 11.7 25.6 58.4 83.4 86.0 33.1 15.2 10.3
2080 15.1 11.8 5.8 20.6 23.4 55.4 88.3 81.6 30.0 16.6 9.7

HAD-
LEY

2020 1.2 3.0 3.4 16.1 31.5 49.0 84.3 93.1 29.3 10.5 5.5
2040 2.0 4.2 7.7 20.5 35.7 73.5 100.7 101.2 32.5 9.4 7.1
2080 3.6 6.0 7.8 18.2 30.1 59.3 98.8 105.6 43.5 9.6 9.6

Kherlen river
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

1961-1990 0.0 0.7 3.1 9.0 17.1 41.3 80.6 66.7 28.5 6.2 3.0

ECHAM
2020 3.9 4.2 4.3 13.6 22.1 45.8 83.1 82.8 26.6 7.2 6.7
2040 6.4 9.1 7.4 9.2 23.5 49.9 82.8 84.8 30.4 12.1 8.3
2080 12.6 9.7 5.8 14.7 21.7 56.9 91.1 85.6 29.6 9.6 10.0

HAD-
LEY

2020 0.7 1.8 3.8 13.9 26.5 30.8 63.6 70.6 26.5 7.4 4.7
2040 1.6 3.6 7.2 14.4 27.3 56.8 82.0 80.6 31.4 7.6 6.2
2080 2.6 5.0 8.1 14.0 24.4 44.4 74.4 72.7 40.3 9.0 7.6

Khalkh river
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

1961-1990 3.1 2.8 3.9 13.5 21.7 53.3 103.9 72.1 34.5 12.4 3.0

ECHAM
2020 6.3 5.2 3.9 16.6 27.1 58.0 108.0 88.5 26.4 10.0 4.2
2040 8.7 10.5 7.4 13.3 33.4 65.2 107.9 86.5 36.4 14.5 7.5
2080 12.9 10.1 4.0 17.2 30.0 69.5 112.2 104.3 37.2 11.2 9.1

HAD-
LEY

2020 3.4 4.5 4.2 23.1 27.4 41.7 93.3 66.4 32.8 11.6 7.4
2040 5.1 5.9 7.6 17.3 37.4 66.2 109.1 96.0 33.0 15.2 9.5
2080 6.9 9.6 8.4 20.5 36.9 75.3 106.2 78.1 47.3 15.6 11.0

In the above-mentioned river basins during the 21st century, precipitation in-
creases in warmer seasons will not exceed 10-20% compared to the present 
level.

During the last 60 years, potential evaporation increased by 3.2-10.3% in the 
Mongolian steppe and desert regions and by 10.2-15.0% in the high mountain 
and forest steppe regions. Within the first half of the 21st century, it is pro-
jected that total potential evaporation increase will be 6-10 times greater than 
precipitation changes (Natsagdorj L., 2004).

Using the climate change projections, different researches have been con-
ducted to determine its impacts on water balances of the region. In the cur-
rent assessment of future changes in Mongolian river water balances, the 
HADLEY center’s climate change projection model results were used (Davaa 
G., 2008). 

By greenhouse gas emissions A2 scenario, water temperatures are projected 
to increase 1.2oC by 2020, 2.3oC by 2050 and 4.1oC by 2080 and by B2 sce-
nario during the same years as above water temperatures are projected to 
increase 1.4, 2.1 and 3.0oC, respectively. These changes certainly will influ-
ence decreasing dissolved oxygen content in water bodies, dramatic changes 
in fresh and saline water ecosystems, diversity of water flora and fauna, and a 
reduction in water quality.

Due to these climatic changes, the A2 scenario projects evaporation from wa-
ter surfaces to increase 66.1 mm during 2020, 72.7 mm by 2050 and 193.4 
mm by 2080 and according to the B2 scenario they are projected to increase 
39.7, 50.2 and 106.4 mm in the same years as above, respectively. River dis-
charges by the A2 scenario are projected to increase by 10 mm by 2020 in 
upper parts of the Khentii mountain range and in other mountainous parts by 
2-5 mm. But in inter-mountain depressions, steppe and Gobi desert regions 
they are projected to decrease by 2 mm. These changes are 10 times less than 
evaporation increases and expected slight increases still remain much less 
than evaporation. This means that river basins will become drier than present 
(Davaa G., 2008).

2.3. POTENTIAL EVAPORATION AND RIVER DISCHARGES
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The observation of river water discharge started in the beginning of the 1970’s  
at the rivers Onon and Khalkh and in the beginning of the 1960’s at the Kher-
len river. Thus, the time series are not very long at the study rivers. According 
to the observed data the water resources of these rivers have been decreasing 
since the mid-1980’s (Figure 3.1, 3.2 and 3.3).

Trend of water resources 
at the Khalkh river

Figure 3.1.

 Trend of water resources 
at the Kherlen river

Figure 3.2.

THE KHALKH 
RIVER 

The river originates from the northern slope of the Ikh-Khyngan mountains. 
The Khalkh River Basin is located in the most eastern part of the country 
and covers an area of 11755  km2 and 43% or 7440 km2 out of the total area 
are within boundaries of Mongolia. The river flows into the Buir lake. The 
total length is 399 km from which 264 are in Mongolian territory. The mean 
monthly precipitation comes during a three month period during summer. 
Annually 400-500 mm of precipitation falls at higher altitudes of the basin.  
The Khalkh river is covered by ice for 6 months and the thickness of the ice 
cover is around 1-1.5 m.

THE KHERLEN 
RIVER 

The Kherlen river originates from the southern slope of the Khentii moun-
tains and flows into the Dalai lake that is located in P.R. of China. The drain-
age area and the length within the boundary of Mongolia are 116455 km2 and 
1090 km respectively. Annually 250-300 mm of precipitation falls at 1500 m 
altitudes of the basin. In addition, the river does not have many tributaries. 
Therefore, most of the water forms in the area of Mungenmorit soum and 
water loss is observed starting from Bayandelger soum and downstream.

THE ONON 
RIVER 

The Onon river originates from the north-eastern slope of the Khentii moun-
tains. The Onon River Basin covers an area of  94040 km2, (out of which 
29070 km2 are within boundaries of Mongolia) and flows for 808 km (out of 
which 570 km are within boundaries of Mongolia).

CLIMATE CHANGE IMPACTS 
ON WATER RESOuRCES

3.1. WATER SYSTEM DISTRIBuTION

3.2. HYDROLOGICAL CHARACTERISTICS

The rivers in Mongolia originate from the three large mountain ranges: Mon-
gol-Altai, Khangai-Khuvsgul and Khentii. The rivers are divided into three 
main basins, depending on their drainage system: the Arctic Ocean Basin 
(AOB), the Pacific Ocean Basin (POB), and the Internal Drainage Basin (IDB) 
of Central Asia.
 
The Pacific Ocean Basin is the smallest with respect to the drainage area 
and the water resources that form in it. Rivers in this basin contribute to 11 
percent of Mongolia’s surface water resources. Although the rivers originate 
from high mountains, a large part of the catchment area of this basin is in the 
so-called “Mongolian Great Steppe”. The Onon, Kherlen and Khalkh rivers 
belong to the Pacific Ocean Basin.

There are four main climatic water regimes observed in the study rivers. 
These are: winter low flow period; spring runoff period due to snow melting; 
summer runoff period due to rainfall;  fall season low water period. Due to the 
unequal distribution of precipitation and the sharp changes of seasons, the 
water resources vary significantly across time and space.

3.3. WATER RESOuRCES
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Trend of water resources 
at the Onon river

Figure 3.3. 

IMPACTS OF CLIMATE 
CHANGE ON RIVER ICE 

COVER

Ice on the river plays significant roles not only for the hydrological regime 
(water level rise due to ice jams, freeze-up and beak-up etc.), but also in river 
chemistry (oxygen, particulate matter regime, sediment transportation etc.), 
biology (water weeds, organism habitat, life cycles, etc.), and economy (wa-
ter supply, energy generation, navigation etc.) during the different stages of 
formation: water cooling, freeze-up, ice thickness growth, break-up and ice 
jam.

Ice cover is the most sensitive indicator of a warming climate and climate 
variability (Magnuson et al. 2001). Ice cover displays a threshold response to 
warming that is easily observed by scientists.  Ice dates are also responsive to 
solar radiation as altered by cloud cover and snow cover. The trends for re-
duced ice cover on lakes and rivers are apparent at our study area. Changes in 
ice phenology dates correspond to an increase in air temperatures of autumn 
and spring months when river ice processes take place.

As study results show, October temperatures have increased by only 0.5oC 
while November temperature has increased by 3oC degree in the lower basin 
of the Kherlen in the last half of the 1900’s. An example, October and Novem-
ber air temperature and occurrence dates of first ice as well as freeze-up for 
the period of record in the lower catchment of the Kherlen river are plotted 
in Figure 3.4a. As can be seen from the figure there are no trends in autumn 
ice phenology until the  mid-1970’s. However a clear increasing trend appears 
to start in the mid-1970’s. Linear regression application to the entire record 
shows an average 8 and 9 days delay of first ice and freeze up dates respective-
ly. If the first half of the period is ignored the rates are almost doubled. Thus, 
higher air and water temperatures leads to a shorter ice cover period and to 
an earlier ice-breakup, i.e. dates of river ice freeze-up in autumn started later 
in Onon and Khalkh rivers too.

It was also found that dates of river ice break-up in spring started earlier 
(Figure 3.4b) and thickness of ice cover decreased (Figure 3.4c) in the rivers 
of our study area.

y = 0.1905x + 37194

R
2
 = 0.0892

Figure 3.4a. Changes in October-November temperature and ice starting (Linear regression: slope=0.16 day/
year; R2=0.08) and freeze-up dates (Linear regression: slope=0.19 day/year; R2=0.09) at the lower catchment 

of the Kherlen river 

Trend of water resources 
at the Onon river

Figure 3.4b

3.4. RELATIONSHIP BETWEEN WATER ENVIRONMENT 
CHANGE AND CLIMATE CHANGE
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Changes of ice cover 
depth in Onon river

Figure 3.4c

FuTuRE CLIMATE 
CHANGE IMPACTS ON 

WATER RESOuRCES

Sensitivity analysis: In this approach, hypothetical scenarios are cast as a set 
of plausible future climates and will enable the generation of a family of tables 
that will give insight into the sensitivity of the basins to climate variations. 
The results of the sensitivity analysis are given in Table 3.1a.

Name of rivers P=0 P-10 P-20 P+10 P+20

Kherlen

T=0 -4.2 -13.4 18.1 19.4

T+1 -0.3 -4.2 -13.2 18.4 19.8

T+2 -0.3 -3.7 -12.7 11.7 13.5
T+3 -0.5 -3.2 -12.2 11.9 13.8

Khalkh

T=0 -23.0 -32.8 2.75 18.6
T+1 -8.2 -24.8 -34.3 0.1 15.6
T+2 -15.7 -26.5 -35.8 -2.6 12.4
T+3 -18.1 -28.5 -37.5 -5.5 9.1

Onon

T=0 -3.4 -10.0 13.7 22.1
T+1 -2.3 -17.2 -32.0 12.7 27.9
T+2 -6.7 -21.5 -36.0 8.3 23.5
T+3 -12.4 -27.0 -41.0 2.5 17.6

Sensitivity of river runoff 
to changes in tempera-

ture and precipitation 
(changes in %)

Table 3.1a.

P-precipitation, T-temperature

From the sensitivity analysis it is seen that river runoff is much more sensitive 
to the precipitation change than to the temperature change i.e. the impact of 
precipitation change is substantially greater than that caused by temperature 
fluctuations.
The model result indicates that a 10% drop in annual precipitation under un-
changed temperature will reduce flows by an average 4.2%, 23.0% and 3.4% 
in the Kherlen, Khalkh and Onon rivers respectively. If an uniform tempera-
ture increase of 1oC, 2oC and 3oC are added to this precipitation change then 
there is an additional reduction in flows.

In our study, we used the Special Report on Emissions Scenarios (SRES), of 
the Inter-governmental Panel on Climate Change (IPCC) scenario and per-
formed runs with three coupled General Circulation Models (GCMs) such as 
the HadCM3, and ECHAM3. For all the models, the response to the middle 
forcing scenarios A2 and B2 are analysed. Future climate change was present-
ed for three 30-year time slices, centered on the 2020’s, 2050’s, and 2080’s, 
each relative to the climatological baseline period 1961-90. The results of 
these models are given in Table 3.1b.

2020 2050 2080
Kherlen
Echam -21.5 -22.8 -24.6
HadCM -22.7 -15.7 -19.9

Khalkh
Echam -23.3 -22.5 -21.4

HadCM -25.4 -23.1 -23.5
Onon
Echam -17.5 -20.9 -21.7

HadCM -10.7 -14.5 -13.7

River runoff to changes 
by ECHAM A2 and Had-

CM A2 (changes in %)

Table 3.1b.

As can be seen from Table 3.1b, runoff of the rivers is going to be reduced 
by 10.7-25.4 per cent. This high decrease may be explained by increase in 
temperature. Because changes in temperature affect potential evapotranspi-
ration, and this offsets small increases in precipitation.

POTENTIAL CONFLICTS 
OVER WATER

Potential political conflicts over water under climate change is most likely to 
arise from water shortages. The demand for water by different sectors such as 
agriculture, tourism, and households is likely to increase precisely during the 
times when there is likely to be the greatest water stress. Other conceivable 
causes could be conflicting policies and increases in flood events in trans-
boundary river systems.

Climate change and related water stress are having, and will in the future 
continue to have, impacts on land and soil in the river basins. The rural envi-
ronment, meaning natural habitats, agricultural land and forests, is under a 
variety of pressure, much of it anthropogenic, which is magnified by climate 
change stress.

Climate change and associated changes in water regimes are predicted to be 
particularly damaging to natural ecosystems, which are already under tre-
mendous pressure from human land use requirements, pollution, and re-
source exploitation and are thus degraded and vulnerable to begin with. As 
a result of changes occurring due to climate change, many other parameters 
will change such as sediment, temperature, food sources as well as species 
composition. Floodplain and river are closely interlinked, for the main en-
ergy source for the macroinvertebrate and ultimately the fish community are 
leaves and wood.

ECOSYSTEM The main common character of Onon, Kherlen and Khalkh rivers are cool wa-
ter temperatures throughout the year, which supports high oxygen concentra-
tions. Woody riparian vegetation is often naturally lacking, and the river bed 
is covered by ice and snow for several months. Consequently, macrophytes 
and benthic algae are poorly developed or completely lacking in winter. Fish 
and invertebrates are adapted to cold temperatures, their life cycles being 
synchronised with the ice-free period.

In that respect the impact of Climate Change, however, will be severe and 
will worsen this situation by increasing water temperatures and associated 
parameters. Most probably it will contribute to a general upstream move-
ment of river zones, particularly affecting species bound to small streams and 
springs, which can not move further upstream. Secondary effects of climate 
change could be changes in community composition.
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CLIMATE CHANGE IMPACTS 
ON RIVER ECOSYSTEMS

NATuRAL zONE 
BOuNDARIES SHIFTS 

AND CHANGES

Mongolian forest, steppe and desert zones represent different types of eco-
system conditions. In most cases, it is difficult to distinguish clear boundaries 
between natural zones because they transition through transboundary zones. 
Therefore, circulations models representing such changes needed to reflect 
system phase variations.

Presented below are results of analyses for determining natural zone bound-
aries and their shifts, using vegetation index (Qz) value or equation of ther-
modynamical phase variations, based on climate change warming and some 
elements of water balance data. (Mijiddorj R., 2008)

For determining Qz value, mean annual air temperature and total annual pre-
cipitation amounts were used as influencing functions.

Value of Qz lines, 
showing boundary of 

desert and steppe zones

Table 4.1.
Natural zones

Year

2040 2070

Northern boundaries of Desert zone 2.45 2.40
Northern boundaries of Steppe zone 2.77 2.65

Geographical distribution of Qz value projections for the years 2040, 2070 
and 2100 (Figure 4.1a) show that in the coming 60 years (until 2070’s) desert 
and steppe zones’ northern boundaries will shift 350-450 kм to the north. In 
other words, desert zone boundaries are expected to shift 150 km every 20 
years, resulting in dramatic changes to the ecosystems of Mongolia.

Figure 4.1a. Northern border shift of desert zone (by Qz value)

Extension of the ice-free period and increased water temperature will lead 
to enhanced primary production and eutrophication, desynchronise life cy-
cles and cause physiological problems for cold-adapted species. Shorter ice 
cover periods and earlier ice-breakup results in thermal instability and also 
in changes of food-web dynamics. Earlier ice-breakup results in earlier phy-
toplankton growth and thus earlier clearwater timing. Thinner ice and snow 
cover favours phytoplankton growth in winter below ice resulting in increas-
ing chlorophyll levels.

Grasslands are influenced by precipitation – even where increased, seasonal 
variability is important and declining summer rainfall could damage grass-
land fauna. Pasture biomass production may be affected in different ways. 
On the one hand, increased precipitation, higher temperatures and higher 
atmospheric CO2-concentrations might be beneficial for biomass production. 
On the other hand, pasture  biomass may suffer both from water scarcity and 
drought or from flood damage, from more frequent extreme weather condi-
tions or from a higher incidence of pests and fungi.

Mountains are seeing shortened and earlier snow and ice melt and related 
changes in flooding. At higher altitudes, increased winter snow can lead to the 
opposite problem of delayed snow melt. Tributaries in mountain areas remain 
nevertheless relatively undisturbed; many small streams have never been as 
severely polluted as the main rivers. Physical alterations in their catchments 
affect most rivers, disrupt their continuum and the interactions between the 
stream and its terrestrial surroundings.
Wetlands will be negatively affected where there is decreasing water volume, 
higher temperatures and higher-intensity rainfall.

Droughts are a natural climatic and hydrological feature in Mongolia. They 
may occur recurrently in almost all Mongolian precipitation regimes, and in 
any season. They may have a rather limited areal extent or cover large regions 
over the basin. They may be short and intense, particularly in connection with 
heat waves, or they may develop slowly and persist for years.

WATER quALITY Variations in runoff are likely to produce adverse changes in water quality af-
fecting human health, ecosystems and water uses. More intense rainfall will 
lead to an increase of suspended solids in lakes due to soil fluvial erosion and 
pollutants will be introduced.

4.1. NATuRE zONES AND PERMAFROST
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Figure 4.1b. The average of yearly air temperature +3oC shift line (By year 1991,2040, 2070 and 2100)

It is hard to prove new results of desert zone boundaries shift projections 
to the north, using the General Circulation Model (GCM) results. However 
at present, the northern boundary of the desert zone with less than 0.3 t/ha 
vegetation roughly overlaps with the +30C line of annual mean air tempera-
ture (Figure 4.1b). Assume that during the 21st century precipitation will not 
change considerably and that warming and dryness will both increase, then 
this +30C line can be representative of the northern boundaries of the desert 
zone.  Comparison of Figures 4.1a and 4.1b reveal that northern boundaries of 
the desert zone and the geographical location of the +30C line of annual mean 
air temperatures are quite similar.

Thus, it can be concluded that in the near future, the Mongolian desert zone 
may cover more areas. At the present, desert zone with less than 0.3 t/ha 
vegetation is covering 36.5 million ha and by this analysis it is projected to 
cover 66.2 million ha by the 2040’s and 122.7 million ha areas by the 2070’s, 
which is over 70% of the country. If this is true then the following ecosystem 
components will completely disappear or dramatically decrease because of 
climate warming and drying:
• Disappearance of flood plains, wetlands, lakes, small rivers and dramatic 

decrease of biodiversity and migratory birds in Onon and Ulz River Basins;
• Decrease growth and areal distribution of larch trees and other vegetation 

in the current permafrosted areas;
• Complete disappearance or dramatic decrease of biodiversities such as 

Mongolian gazelle, marmot, red deer etc and many other different plant 
species. 

• Decrease number of days with constant snow cover, which will lead to in-
creased droughts and decrease biodiversity. For instance, during winter-
time, some ungulates like gazelle can suffer from shortage of water and 
consequently shrink their habitat and their numbers are reduced. 

The above mentioned arguments reveal that during the 21st century, Mongo-
lian ecosystems may experience deep destruction which can lead to risks of 
intensification of droughts, desertification and  water shortages. Therefore, 
there is a strong need arising to address these risks as early as possible  and 
determine policies to overcome them.

PERMAFROST CHANGES Mongolian geocryological (permafrost) map was developed by scientists led 
by G.F.Gravis, based on results from a Mongolian and Russian joint research 
expedition from 1967 to 1971. According to this map, permafrost areas dis-
tributed in the Mongolian territory are divided into 4 types: continuous and 
dis-continuous permafrost, insular and sparsely insular permafrost, sporadic 
permafrost and seasonally frozen ground (Figure 4.2).  This map shows that 
continuous and dis-continuous permafrost areas are distributed within alti-
tudes of 1200-2800 м, insular and sparsely insular permafrost areas between 
700-2600 м and sporadic permafrost is in 600–1900 м altitudes.

Figure 4.2. Long-term permafrost distribution in Mongolia (1-continuous and discontinuous permafrost, 2-insular 
and sparsely insular permafrost, 3-sporadic permafrost and 4-seasonally frozen)

In order to determine future trends of Mongolian permafrost distribution ar-
eas, calculations were conducted by logical regression method, using project-
ed annual mean air temperatures of 2020, 2050 and 2080 years and results 
are presented in Figures 4.3a, 4.3b and 4.3c. While calculating projections of 
permafrost distributions by this logical regression method, the assumption 
was made that if the probability of permafrost occurring is more than 50% or 
P(x) > 0.5, then this place has permafrost. Projected permafrost distribution 
areas by both models ECHAM and HADLEY show (Figures 4.3a, 4.3b and 
4.3c) that Mongolian permafrost distribution will decrease considerably in 
the future.

 Figure 4.3a. Preliminary estimated distribution borders of Mongolian permafrost  in 2020 (Left ECHAM and  
     right HADLEY model results)
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Figure 4.3b. Preliminary estimated distribution borders of Mongolian permafrost  in 2050 (Left ECHAM and right 
HADLEY model results)

 

Figure 4.3c. Preliminary estimated distribution borders of Mongolian permafrost  in 2080 (Left ECHAM and right 
HADLEY model results)

This projected shrinking of permafrost is presented below in table form, in 
which it is assumed that current distribution is 100% and calculated reduc-
tion of permafrost is in percentages for each projected year.

Table 4.2. Decrease of Mongolian permafrost distribution, calculated by General Circulation Models (in %)

Years ECHAM HADLEY

2020 50% 30%
2050 70% 53%
2080 94% 77%

The ECHAM model results show that Mongolian permafrost areas are pro-
jected to decrease by 50% by 2020 compared to the current situation, 70% by 
2050 and 94% by 2080 and by HADLEY models projected to decrease 30% 
by 2020, 53% by 2050 and 77% by 2080. Thus, by the 2080’s Mongolian per-
mafrost  areas are going to be reduced by over 70%, which will impact consid-
erably the change of water-thermal balances of large areas, the formation of 
water resources, river ecology and existing engineering constructions such as 
roads, bridges, electricity transmission lines and irrigation systems.  

It is difficult to assess vulnerability of system sustainability against negative 
influences of climate change and disastrous events and present it in digital 
form. In other words, it needs to be based on relationships of different param-
eters of the system. (University of Oxford/SEI/Tyndall Centre Cloud Project: 
www.tynd.all.ac.uk)  For instance, Vulnerability =∫ (risk dependency, 

sensitivity and adaptation capacity). However, this is an attempt to conduct a 
vulnerability assessment using Cross Impact Analysis method. This is a meth-
od for classification of major elements’ relationships within a system (Hol-
ling, 1978, Martin Parry and Timothy Carter, 1998). In addition, this is a basic 
integrated assessment method for making cross analyses between impacts 
and the impacted system.

This method can be useful for cross analyses of large regions and urban ecol-
ogy and economic systems. During the assessment, targeted components can 
be classified as a forcing component, result component, autonomous or relay 
component, and thus determine policies for adaptation and reducing nega-
tive impacts.

Table 4.3 presents assessment results for determining relationships between 
eastern Mongolian river basin ecosystems, global warming and anthropogen-
ic factors, using cross analyses method.

Table 4.3 Cross analyses of climate change impacts and sensitivity assessment

1.
O

cc
ur

 d
ro

ug
ht

s,
 d

ry
 s

oi
ls

 a
nd

 in
cr

ea
se

d 
ev

ap
or

at
io

n
2.

B
ec

om
e 

ex
tre

m
e 

ho
t, 

dr
y 

so
ils

 a
nd

  i
n-

cr
ea

se
 e

va
po

ra
tio

n 
 

3.
In

cr
ea

se
 th

un
de

rs
to

rm
 o

cc
ur

re
nc

es
, d

ry
 

so
ils

 a
nd

  i
nc

re
as

e 
ev

ap
or

at
io

n 
   

4.
 D

ur
in

g 
tra

ns
iti

on
al

 s
ea

so
ns

 d
ry

 s
oi

ls
 a

nd
  

in
cr

ea
se

d 
ev

ap
or

at
io

n 
  

5.
In

te
ns

ify
 m

el
tin

g 
of

 p
er

m
af

ro
st

 a
nd

 g
la

ci
er

 
6.

 In
cr

ea
se

 o
cc

ur
re

nc
e 

of
 c

lim
at

ic
 d

is
as

tro
us

 
ev

en
ts

7.
In

cr
ea

se
 la

te
ra

l e
ffe

ct
s 

of
 e

co
sy

st
em

s 
ch

an
ge

s 
 

8.
Fl

or
a 

an
d 

fa
un

a,
 fo

re
st

 (e
co

sy
st

em
)

9.
P

ro
te

ct
ed

 a
re

as
10

.S
ur

fa
ce

 w
at

er
 re

so
ur

ce
s

11
.G

ro
un

dw
at

er
 re

so
ur

ce
s

12
.L

iv
es

to
ck

13
.T

ou
ris

m
14

.M
in

in
g

15
.A

gr
ic

ul
tu

re
16

.H
um

an
 h

ea
lth

17
.M

ig
ra

tio
n 

an
d 

se
ttl

em
en

t
18

.In
du

st
ry

, s
et

tle
m

en
t a

nd
 s

oc
ie

ty
To

ta
l

1.Occur droughts, dry soils and in-
creased evaporation 12

2.Become extremely hot, dry soils and  
increased evaporation  11

3.Increased thunderstorm occurrences, 
dry soils and  increased evaporation   9

4. During transitional seasons dry soils 
and  increased evaporation   9

5.Intensify melting of permafrost and 
glaciers 3

6. Increased occurrence of climatic 
disastrous events 7

7.Increased lateral effects of ecosystems 
changes 5

8.Flora and fauna, forest (ecosystem) 5
9.Protected areas 2
10.Surface water resources 8
11.Groundwater resources 5
12.Livestock 5
13.Tourism 2
14.Mining 3
15.Agriculture 2
16.Human health 2
17.Migration and settlement 2
18.Industry, settlement and society 4
Total 1 1 1 1 3 3 6 12 5 12 6 9 4 1 7 9 6 9

4.2. IMPACTS OF CLIMATE CHANGE ON ECOSYSTEM AND 
SOCIAL ECONOMIC DEVELOPMENT
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(Yellow cells - autonomous components, Blue cells - forcing component, Red 
cells- result component and Green cells- relay component)

C) RESuLT COMPONENT 
WITH WEAK FORCING 

AND STRONG
 CHARACTERS

This class can include human health, agriculture, migration and settlement.  
If after a few years or decades the forest steppe zone converts to steppe zone 
then current agricultural practices which completely rely on precipitation will 
not survive. Therefore, it is necessary to address these issues immediately, 
through taking actions such as maintaining soils creating agriculture field 
protection with forest lines, building water reservoirs and irrigation systems 
which are designed for arid conditions.

Pasture yields during the vegetation period in the Mongolian desert steppe 
and desert regions have dynamic system characteristics. There are not general 
trends observed in this region such as reaching maximum vegetation masses 
in autumn; instead it has occasional character. In other words, vegetation 
growth completely depends on rain occurrences and maximum vegetation 
growth can be reached at any time during the summer. For instance, if rain 
comes only in early summer then there is no vegetation for livestock during 
late summer and autumn.

Increased extreme hot days can negatively influence human health and in-
crease pre-conditions for spreading human and livestock diseases (See left 
bottom corner of the Figure 4.4).

D) AuTONOMOuS 
COMPONENT WITH 

WEAK FORCING AND 
WEAK AuTONOMOuS 

CHARACTERS

Mining, tourism and protected areas belong to this class (See right bottom 
corner of the Figure 4.4). Although they have autonomous characters, ecosys-
tem components (e.g. temperature and humidity regime, water-thermal bal-
ance of soils, surface and ground water regimes) have changed considerably 
during the last 50-60 years and our knowledge and observation data about 
the ecosystems are becoming “without value”. Because large infrastructure 
development projects and engineering construction and designs based on 
these 50-60 years of observation data are becoming unreliable and uncer-
tainty is increased due to rapid changes of ecological characteristics. Thus, in 
such cases it is highly necessary to address global warming’s negative impacts 
and define appropriate adaptation measures.

Table 4.4 presents the sum of forcing components (total by rows) and sum of 
autonomous components (total by columns). Thus, based on such forcing and 
autonomous components, the analysis can divide system components into 
the following 4 classes: 
• Relay component with strong forcing and strong autonomous characters
• Forcing component with strong forcing and weak autonomous characters
• Result component with weak forcing and strong characters
• Autonomous component with weak forcing and weak autonomous charac-

ters
These relationships can be seen clearly from Figure 4.4.

A) RELAY COMPONENT 
WITH STRONG FORCING 
AND STRONG AuTONO-

MOuS CHARACTERS

Cross Impact Analysis results show that surface water, ground water, pasture 
vegetation and livestock have strong forcing impacts and are highly autono-
mous from other components and can belong to the relay component class. 
During the 21st century due to global warming influences it is expected that 
precipitation amounts in eastern Mongolia will not change much, but there 
are projected changes in precipitation types (dominate thunderstorms) and 
increasing evaporation due to increasing of air temperatures in all seasons 
and increasing dryness due to loss of soil moisture. This dryness and warm-
ing might impact almost all components of the ecosystems and lead to water 
shortages and increasing desertification. Therefore, it is necessary to define 
adaptation measures and reduce impacts. 

Due to increasing dryness, reduced pasture vegetation growth from year to 
year can negatively influence the sustainability of livestock husbandry. On 
the other hand due to market demand, the number of goats has increased 
in the region, which is also contributing negatively to the ecosystem and the 
overall impacts of increased dryness. Thus, it is necessary to address these 
components and develop measures to reduce negative impacts (See upper 
right corner of Figure 4.4).

B) FORCING COMPONENT 
WITH STRONG FORCING 

AND WEAK AuTONO-
MOuS CHARACTERS

The strong forcing component includes climate change impacts due to global 
warming. Increased drought occurrences, evaporation and increased dryness 
during spring and autumns can be included here also. These factors have 
already started to strongly influence decreasing pasture vegetation growth, 
the spreading of forest insects, the shrinking of lakes and rivers and these 
impacts are projected to continue in the future (see upper left corner of the 
Figure 4.4).

Situation of relationship 
between system 

components 

Figure 4.4. increasing dryness

increasing disaster

ground water
livestock

surface water

flora & fauna

settled area

health
protected area

migration 

agriculture
tourism

mining glacier, permafrost

increasing lateral effect

become extremely hot

increasing thunderstorm,
 loss of soil moisture



48  ♦  Climate Change in the Onon, Kherlen and Khalkh River Basins Climate Change in the Onon, Kherlen and Khalkh River Basins  ♦  49

Water stress in the study region is becoming a significant challenge. The situ-
ation is made worse where poor management practices collide with declin-
ing availability occasioned by climate change and climate variability. There-
fore, development of mitigation and adaptation strategies to protect water 
resources is required.
The United Nations Framework Convention on Climate Change specifical-
ly stresses the need for cooperation on assessment and implementation of 
adaptation measures. In response, it is essential for countries sharing water 
resources of the Onon, Kherlen and Khalkh rivers to establish a research net-
work to co-ordinate research pertaining to impacts and adaptation. The mis-
sion will be to build a region-wide network of researchers and stakeholders 
that will help develop credible information on the vulnerabilities of the region 
to climate change, the most significant impacts, and adaptation options. The 
mandate of the network can be to set up and facilitate research on impacts 
and adaptation to climate change, and to coordinate research activities.  Such 
a network will allow stakeholders and researchers to work under one um-
brella, while focusing on identifying the potential climate change impacts and 
adaptations strategies to protect water resources in the region. 
Moreover, cooperation with international organizations working in this field 
should be encouraged. This would help to streamline the information, in-
crease capacity building and will provide opportunities to share data, infor-
mation, experience and lessons learned.

Cross-border water management will play an important role in adapting to 
increased flood and drought events. All rivers may face quality and flooding 
problems, or water scarcity and allocation problems, and both can be exac-
erbated by climate change impacts. Thus, integrated management of water 
resources across national and administrative borders will become even more 
important under a changing climate. 

is also possible, such as maintaining and enhancing the capacity of moun-
tainous regions to capture rainfall effectively by limiting soil erosion, and 
regulating water flow; improving grassland management, such as making 
adjustments to hay making and grazing regimes; and avoiding drainage and 
conversion of wetlands and peatland.

The following measures should be taken in order to secure ecological sustain-
ability of the Kherlen, Onon, Ulz and Khalkh River Basin:
• Carry out water conservation measures. These include taking action for 

increasing water resources such as building small reservoirs for catching 
floodwaters and securing continuous water flow in the rivers; and stopping 
mining activities within riverbeds as well as stopping the issuing of mining 
licenses in such places (in 2009 a Mongolian Law was released to address 
this issue). Currently there is observed permafrost melting, decreasing of 

water resources and disappearance of water flow in some parts of rivers 
like the Ulz river, or complete drying out in some small rivers.

• Include important areas in legal protection status (international, national 
and local) for securing suitable habitat for water fauna and flora.

• Secure habitat protection of important ungulates like Mongolian gazelle 
through taking appropriate measures. Currently, number of days with 
constant snow cover are reduced and some years there exists almost no 
snowcover, which leads to water shortages for ungulates.

• Regular monitoring of river water flow and quality and exchange of infor-
mation.

• Carry out preventive measures from forest fires and improve early warn-
ing systems, and exchange information about forest fires in transboundary 
areas.

• Strengthen measures controlling outbreak of forest insects.

In the Mongolian part of Onon, Kherlen and Khalkh River Basins, most in-
habitants are traditional herders and the main source of their income is live-
stock. Researchers concluded that this region’s number of goats increased 
2-5 times compared to the 1990’s, disbalancing the traditional composition of 
livestock, and further contributing the desertification processes (Figure 5.1).

Increase in number of 
Soums’ goats in soums 
belonging to  increases 

in the Onon and Kherlen 
River Basin (1991-2005)

Figure 5.1.

Vegetation dry biomass 
content in fenced and 

non-fenced areas of 
Dadal soum,

Khentii aimag (centner ql/
ha, 1995-2007)

Figure 5.2.

During the last 12 years, pasture vegetation growth decreased 4 times due to 
global warming and increase of livestock pressures. Figure 5.2 presents veg-
etation dry biomass content observation data in fenced and non-fenced areas 
at the meteorological station in Dadal soum, from 1995-2007. From this ob-
servation data it can be concluded that biomass changes of fenced areas were 
affected by climatic change and non-fenced areas were affected by human 
(livestock) impacts. 

ADAPTATION MEASuRES
TO CLIMATE CHANGE

WATER 
RESOuRCES

ECOLOGICAL 
SuSTAINABILITY

Cross-border water 
management 

principles 

Natural 
ecosystem 

adaptation

LIVELIHOODS

Batshireet, Khentii Binder, Khentii Dadal, Khentii

Tsenkhermandal, Khentii Mungunmorit, Tuv

fenced  non-fenced
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In the above figure, if it is assumed that all areas are 100%, then it can be con-
cluded that the impact on fenced areas by climate change is 69.2% and impacts 
on non-fenced areas by livestock is 30.8% (by climate change is 69.2%).

In addition, during recent years there has  been observed less vegetation and 
there are almost no differences between fenced and non-fenced areas, which 
means that global warming is greatly influencing vegetation growth. There-
fore, herders urgently need to take action for adapting to climate changes. 

Since the ecosystem changing processes are rapidly increasing, non-tradi-
tional, non-standard approaches may be required for implementing adapta-
tion measures and combating these changes. For instance, it may be needed 
to change traditional approaches and management of nomadic livestock hus-
bandry and herder families’ seasonal migration numbers and distances. Fur-
ther, it may be necessary to increase income from livestock while not increas-
ing its numbers, and reduce the number of goats to a sustainable rate and 
increase livestock quality.

In addition, it is becoming important to increase agricultural activities (e.g. 
plant wheat and vegetables) in order to supply domestic market demand. 
However, open irrigation practices (channels and sprinklers etc) will be inef-
ficient and waste valuable freshwater resources in cases of increased air tem-
perature of up to +30С or above (currently already increased up to +20С). 
Thus, a strong need is arising to introduce new technology in water supplies 
and build small reservoirs for collecting flood and snow melt waters for agri-
culture, pasture and livestock water supply.

Livestock is the major economic sector for Onon and Kherlen River Basins. 
During recent years in the Kherlen, Onon and Ulz River Basins mining ac-
tivities have intensified. For example, in this region coal, oil and uranium 
deposits have been discovered and the government is planning to build large 
linear infrastructure like paved roads, railways and electricity transmission 
lines etc. Thus, for developing such infrastructures it is necessary to address 
expected climate and ecosystem changes and take conservation measures for 
securing the sustainability of healthy ecosystems and wildlife.

Nomadic livestock husbandry is the main cultural heritage of this region. De-
pending on pasture quality condition, herders move from one place to an-
other, which contributes considerably to the protection of pastureland.
In addition, both religious traditions of Buddhism and Shamanism respect 
mountains and holy places and highly contribute to nature protection.

ECONOMY

CuLTuRAL HERITAGE

Amgalan
Khalhgol

Khamar davaa

Tamsag
bulag

Khadgait

Map of areas burnt by 
steppe fire from October 

2003 Source: TERRA 
Satellite

Figure 6.1. 

In this study, we have chosen steppe-fire areas in eastern Mongolia in Octo-
ber 2003 (Figure 1.14). This area is located at an altitude of 600-1500 m and 
average wind speed in May is 4 m/s (Khalkhgol station) with the maximum 
reaching up to 28 m/s. In May, average precipitation is around 10.5 mm and 
average air temperature is 0.9oC.  In addition, this area is one of wilderness 
areas of Mongolia with low human density and rich biodiversity.

The study was conducted based on data received from US AQUA/MODIS 
satellite, which receives ground measurements in 36 channels and is often 
used for timely determination of rapid disaster events, such as flood and fires 
around the world. This satellite passes Mongolia around 2 p.m., thus data 
received from this satellite has less impact from sun and atmosphere.

Using GIS, calculated greenhouse gases (CO2, CO, CH4, NOx, SO2) and aero-
sol (PM2.5) are presented in Figure 1.15. The figure shows that total green-
house gases in each pixel varies from 0.28 to 0.75 ton/ha, which depends on 
distribution of dry biomass.

Tamsag
bulag

Khalkhgol

Amgalan

Khamar davaa Khadgait

Tamsagbulag

CASE STuDY 
ON GREEN-
HOuSE GAS 

EMISSION   

The CAP exercise carried out in June 2007 identified 17 main threats to the 
biodiversity in the Mongolian part of the AHEC. Among these threats wild-
fire, poaching, weak law enforcement and climate change are ranked as most 
problematic ones that need urgent attention. The following gases such as 
carbon dioxide (CO2) originate from forest fires: carbon oxide (CO), meth-
ane (CH4), nitrogen oxides (NOx), sulfates (SO2). They greatly contribute to 
greenhouse gas effects and specifically aerosol PM2.5 originating from smog 
highly impacts air pollution and human health (Wiedimeyer, C., 2005), (Ann 
Dennis, 2002). 
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In addition, total greenhouse gas emissions by each gas are presented in Ta-
ble 1.13 and it shows that CO2 composes 95.45% of all gases.

Pollutants Emission    Percentage of pollutants

CO2 10862.5 95.45%
CO 437.7 3.85%
CH4 15.5 0.14%
NOx 26.3 0.23%
SO2 2.4 0.02%

PM2.5 36.4 0.32%
Total 11380.8 100.00%

Greenhouse gas content 
released from steppe fire 

in eastern  Mongolia

Table 6.1.

Result of analyses using AQUA/MODIS data show that vegetation dry bio-
mass which can be observed in eastern Mongolian steppe region varies be-
tween 160 and 440 kg/ha in the first 13 days of October. Accordingly, one 
could ask how much greenhouse gas emissions will be released from 1 km2 
area of this region, if steppe fires occur in the autumn. Answers for this ques-
tion are presented in Table 1.14 by each gas.

Pollutants Emissions, ton/kм2

CO2 1.19E-03
CO 4.79E-05
CH4 1.70E-06
NOx 2.88E-06
SO2 2.63E-07

PM2.5 3.98E-06
Total 1.25E-03

Greenhouse gas con-
tent released from 1 kм2 

steppe fired area

Table 6.2.

Greenhouse gases 
(CO2, CO, CH4, NOx, 

SO2) released from 
steppe fire in October 

2003 and distribution of 
total aerosol (PM2.5)

Figure 6.2.

Khalkhgol

Khamar davaa
Khadgait

Tamsag
bulag

Amgalan
       Remark
Greenhouse gases (ton/ha)

ANNEX
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