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The total surface water resource is composed mainly from water stored in 
lakes (500 km3/year), glaciers (62.9 km3/year) and rivers 34.6 km3/year. 

The amount of water resources in the renewable ground water has been 
estimated as 10.8 km3/year /Jadambaa, 2004/. 

The total water withdrawals were equal to 0.40 km3, 25.2% of which were 
used for municipal needs, 25.8% for industry, 34.6% for livestock, 7.9% for 
irrigated arable land, and 6.5% for other needs. 

Main pressures: Mining, Overgrazing, Wood cut, Wild fires, 
Environmental Pollutants, Impacts of climate change



Hydrological survey conducted in 2003 concluded 
that there are 5565 rivers and streams, 683 of which 
dried, 9600 springs and 1484 of which dried, 374 
mineral waters, 10 of which dried, 4193 lakes and 
ponds, 760 of them dried in last few years /table 1./. 
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Changes in glacier areas, sq.km 

Changes in glacier areas, % in comparison with area of 1940-th

1940-th 25 June, 10 Sep.
 map 1992 2000

Kharkhiraa 43.02 57.37 36.08 31.29
Turgen 50.13 51.03 34.74 33.83
Munkhkharhan - 36.96* - 27.42
Tsambagarav 105.09 90.98 74.8 71.52
Sair - 11.51 - 6.62

  Glacier massif 8 Aug. 2002
-

-

-

-

-

Glacier 1940-th 25 June, 1992 10 Sep. 2000 8 Aug. 2002
Kharkhiraa 0.0 - 16.1 27.3

Turgen 0.0 - 30.7 32.5
Tsambagarav 0.0 13.4 28.8 31.9



Glacier monitoring



Glacier monitoring



Turgen Turgen Mts.Mts.

One of observation sites.
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Methods and data
1. Annual storage ratio /ϕ/ series of the basin, expressed as ratio of area of 
hydrograph below annual average discharge to the total area of annual 
hydrograph indicates water regime regulating capability of the basin and it’s 
overall changes with time and space.
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where: T is days, k is the ratio of daily average discharge to yearly average discharge.
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2. Runoff coefficient /C/ expressed as ratio of runoff depth to the basin average
precipitation, indicates changes in elements of water balance in the basin.

=

where, C natural is runoff coefficient in the period of natural flow regime, hnatural is annual 
runoff depth, mm, Pbasin is annual and basin average precipitation, mm in the same 
period.
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Then, change in runoff will be the difference runoff in the period of natural 
flow regime /hnatural in anthropogenic period/ and runoff, observed in the period of 
increased anthropogenic pressures hanthropogenic period.

∆h = h natural in anthropogenic period - hanthropogenic period



Changes of runoff coefficients in river basins 



Changes of evapotranspiration in river basins 
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Year

Dynamics of average values of NDVI in June-August period and in river 
basins of various region 
a- Bulgan river at Bulgan soum, b- Khalkh river at Sumber soum, c-Kherlen
river at Undurkhaan, d-Ider river at Zurkh bag



y = 12,85x - 1,2844
R2 = 0,4643
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The relationship between average values of NDVI in June-August and 
annual average of specific discharge of the river Bulgan at Bulgan soum in 
1982-2001, a- in 20 years, b- after 1991



Changes in average values of NDVI during the period of June-
August in 30-60 years 



Changes in storage ratio indicating water regulating capability in 
1982-2001 period 



Relationship between 
storage ratio and number 
of days with flow rate less 
than annual average flow 
of the Tuul river at 
Ulaanbaatar  

Correlations /r2/ of 
storage ratio and number 
of days with flow rate less 
than its annual average

y = -0.002x + 0.9468
R2 = 0.7177

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

150 200 250 300 350

Number of days with flow less than annual average

St
or

ag
e 

ra
tio



Log(Qmax) = -4.4011 Pi + 4.3915
R2 = 0.5678
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Relationships between annual maximum discharge and storage ratio (a), 
and specific discharge (b) for Tuul river at Ulaanbaatar 

For the Tuul river, Qmax can be estimated by following empirical equation:

Qmax = 23324.(Bmax
.ϕ)1.1254

where, Qmax is annual maximum discharge, cub.m/s, Bmax is specific discharge, 
which is function of climate variables, cub.m/s sq.km, ϕ is storage ratio of the 
Tuul River. 



Future challenges
Glaciers are retreating due to climate change.

Analysis of water balance elements of lakes and storage 
ratio and runoff coefficient series of river basins show 
that water regime changes occurring in river basins of 
Mongolia. Changes in natural components such as 
forest, vegetation and soil cover leading to 
predominantly changes in hydrological regime. 
However, more detailed studies are urgent issues for 
Mongolia. 
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