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A numericAl study on the influences 
of the plAin-to-bAsin winds 

on urbAn breeze circulAtion

Gantuya Ganbat
Information and Research Institute of Meteorology, Hydrology, 

and Environment, Mongolia

Abstract 
The influences of the plain-to-basin winds on urban breeze circulation are studied 

in an idealized framework by means of high-resolution numerical simulations. 
Isolated basin topography with the city is considered. Summertime dry condition is 
set and there is no initial background wind. The circulations induced by mountains 
are developed in the morning while the urban breeze circulation is developed in the 
afternoon. The presence of a city in the valley contributes the earlier occurrence of the 
downslope winds on the valley-side mountain slopes than the valley without the city. 
The plain-to-basin winds start around 1425 LT on the valley-side mid-slope locations. 
The sensitivity experiments are carried out to examine the role of change in maximum 
mountain height to the change in urban breeze circulation through simulations with 
different maximum mountain height. The higher mountains produce stronger plain-to-
basin winds, which in turn modifies the urban heat island intensity and upward motion 
in the valley. The results provide the insight into the influences of the plain-to-basin 
winds on urban breeze circulation depends upon the mountain height. 

Keywords: urban breeze circulation, mountain slope winds, urban heat island, 
numerical simulation

Introduction
Local atmospheric winds, such as valley and slope winds and urban breezes are 

developed under weak synoptic condition (Oke 1995; Martilli 2002). Local winds are 
important for air pollution problem in cities located in complex terrain. Over complex 
terrain, local-scale winds are produced by horizontal temperature gradients under fair-
weather conditions. Such wind systems include plain-to-basin wind, plain-to-plateau 
wind, mountain slope, valley winds, etc. It is well-known that the upslope (downslope) 
winds develop in the daytime (nighttime), typically.

There many observational and numerical studies have been conducted on the 
urban heat island (UHI) and urban breeze circulation (Savijarvi and Liya 2001; Ohashi 
and Kida 2002; Miao et al. 2009). However, very few studies have focused on the 
evolution of circulations, which are simultaneously associated with mountain and 
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urban forcing (Ganbat et al. 2015a, b). The studies revealed that the mountain height 
and the urban fraction are important factors in determining the interactions of urban 
breeze circulation with mountain slope winds. Also, the earlier occurrence of the plain-
to-basin winds in the valley-side mountain slopes was demonstrated in the numerical 
study.

Previous investigations make a significant contribution to the advanced 
understanding of the interactions of the urban breeze circulation with mountain slope 
winds (Ganbat et al. 2015a, 2015b). The present study complements the previous 
studies extending the understanding of the influences of the plain-to-basin winds on 
urban breeze circulation. 

Numerical settings
The Weather Research and Forecasting (WRF) model version 3.2 (Skamarock et 

al. 2008) are adopted in the present study. The model supports both idealized and real-
data frameworks. The full physics are employed without cumulus physics. The model 
physics options include the single-layer urban canopy model (Kusaka et al. 2001), the 
Yonsei University (YSU) planetary boundary layer scheme (Hong et al. 2006), the 
Rapid Radiative Transfer Model (RRTM) longwave radiation scheme (Mlawer et al. 
1997), the Dudhia shortwave radiation scheme (Dudhia 1989), and the Purdue  -Lin 
cloud microphysics scheme (Chen and Sun 2002). 

To examine the influences of the plain-to-basin winds on urban heat island 
intensity (UHII), idealized conditions are ingested into the WRF simulations. The 
domain size is 200 and 8 km in the horizontal and vertical, respectively. The horizontal 
grid interval is 500 m. There are 82 vertical levels, stretched with height to resolve the 
boundary layer more adequately. The lateral boundaries are assumed to be periodic. 
Two isolated mountains and a city in a basin between two mountains are considered. 
The city center is collocated with the domain center. The city and mountain have a 
horizontal size of 20 km. The mountain is a Gaussian-shaped with a maximum 
mountain height (hm) of 500 m. The surface is initially set 20°C uniformly. The initial 
lapse rate of the potential temperature is 5 K km–1. The dry condition is considered. 
The initial basic-state wind is calm. The model is initiated at 0500 LT on June 23 and 
integrated for 27 h. The simulations focused on the physical processes and not on 
reproducing the real events.

Results and discussion
The general features of the evolution of plain-to-basin winds in the valley without 

a city (hereafter, the simulation is referred as VAL) are presented in this section. The 
daytime evolution is enlightened in this study. The mountain slopes on the valley 
side (x = 80–90 and 110–120 km) are referred as valley-side mountain slopes. The 
mountain slopes on the rural side (x = 70–80 and 120–130 km) are referred as rural-
side mountain slopes. The horizontal velocity, vertical velocity, and velocity vector 
fields and the potential temperature anomaly fields at 1000, 1400, 1600, and 2000 
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LT in the VAL simulation are shown in Fig. 1. The temperature difference at each 
height from the horizontally averaged values is regarded as the potential temperature 
anomaly. The simulation depicts a clear pattern of the diurnal evolution of the 
mountain slope winds. Clear upslope winds, corresponding updraft cells over the 
mountains, and diverging flows away from mountains in the upper layer are established 
around 1000 LT. The updraft cells occur over the mountaintops. In the daytime, heat 
is accumulated in the valley resulting in multiple updrafts and downdraft cells there. 
Upslope winds on the valley-side mountain slopes are slightly weaker than that on the 
rural-side slopes. The transition from upslope winds to downslope winds occurs at 
~1835 LT on the valley-side mid-slope locations. The plain-to-basin winds are featured 
by strong winds within thin layer over the valley-side slopes and these are stronger 
than that on the rural-side slopes associated with the greater temperature gradient. 
Further, the plain-to-basin winds continue to enhance over the entire slope all the way 
down to the basin floor. The strongest winds are found in the lower parts of the slopes 
which are consistent with previous finding (Thyer 1966). The plain-to-basin winds 
attain the maximum of ~3.0 m s–1 at 2050 LT. The centers of the updraft cells sit at 
about 794 (at 1340 LT) and 1515 (at 1700 LT) m above the mountains and urban area, 
respectively.

To examine the influences of the plain-to-basin winds on urban breeze circulation, 
a simulation in which a city is located in a valley is conducted. This simulation is 
referred as CTL. Fig. 2 shows the horizontal velocity, vertical velocity, and velocity 
vector fields and the potential temperature anomaly fields at 1000, 1400, 1600, and 
2000 LT in the CTL simulation. The mountain circulations prevail in the morning. 
The potential temperature anomaly in the valley which is the combination of the 
accumulated heat due to valley geometry and greater sensible heat flux from the urban 
area increases with time. At 1400 LT, the upslope winds on the valley-side slopes are 
weakened due to the opposing urban breezes and are weaker than that in the VAL 
simulation. It leads to 3 h earlier transition (~1425 LT) from the upslope winds to 
downslope winds on the valley-side mid-slopes than the VAL simulation. The plain-
to-basin winds attain maximum of ~5.0 m s–1. The plain-to-basin winds stronger than 
3.0 m s–1 reaches the mountain urban edges around 1615 LT. The strong plain-to-basin 
winds, which carry moist rural air into the urban area, continuously approach the urban 
area and merge with the urban breezes. Updraft cells in the valley are formed with 
stronger intensities than the VAL simulation as a result of the combined effect of plain-
to-basin winds and urban breezes.

The UHII is stronger in the nighttime than that in the daytime which is an 
inconsistency with the results of many previous studies (e.g. Wouters et al. 2013). 
In this study, the UHII is calculated as a difference in temperature at 2 m between 
the simulation with given maximum mountain height and the simulation with 
homogeneous surface and flat terrain. Fig. 4a shows the change in the diurnal variation 
of the UHI by the plain-to-basin winds. Around 1600 LT, the UHII starts to weaken 
until 1730 LT. As the upslope winds develop, the water vapor mixing ratio in the 
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valley area gently decreases and further increases with urban breeze development. As 
the plain-to-basin winds approach the valley floor and intensify further, the water vapor 
mixing ratio becomes steady throughout the night. The plain-to-basin winds strengthen 
with an increase in mountain height (Fig. 4c). The maximum vertical velocity occurs 
around 1700 LT and weakens further. The UHII reaches its maximum of 11.5°C in 
the nighttime and gradually increases until 0505 LT. The intensification of the urban 
breeze circulation in the afternoon leads the upward motion to strengthen in the valley 
(Fig. 4d). The upward motion reaches its maximum of ~5.1 m s–1 around 1700-1800 
LT and, it is further inhibited by stable conditions as plain-to-basin (downslope) winds 
bring cool air into the basin in the nighttime. 

Sensitivity tests
To investigate the effects of mountain height(s) on the influences of the plain-to-

basin winds on urban breeze circulation, the sensitivity experiments are conducted with 
various mountain heights (hm = 300, 700, and 900 m). As mountain height increases, 
the upslope winds intensify in the morning (not shown). More heat is accumulated 
in the valley in the simulations with higher mountains (not shown). In the simulation 
with hm = 300 m, the plain-to-basin winds already occur at 1630 LT, while the upslope 
winds are still present on the valley-side slopes in the simulation with hm = 900 m (Figs. 
3a, g). The upslope winds on the rural-side slopes attain ~3.5, 4.2, and 4.5 m s–1 in the 
simulation with hm = 300, 700, and 900 m, respectively. The plain-to-basin winds in 
the simulation with hm = 300 m are much deeper than that in the simulation with hm 
= 900 m. The simulation with smaller maximum mountain height likely shows the 
more prevailing urban effect than the mountain effect. The updraft cells move faster 
toward the city center in the simulation with smaller mountain height due to the weaker 
opposing upslope winds. The updraft cells over the mountain in the daytime strengthen 
with an increase in mountain height likely due to the increased mountain effect.

Fig. 4 shows the time series of UHII, water vapor mixing ratio at 2 m, the 
maximum horizontal velocity at 10 m over the valley-side mountain slope, and 
maximum vertical velocity over the valley-side slopes and the valley for the 
simulations with hm = 300, 500, 700, and 900 m. The UHII is small in the morning and 
gradually increases with time (Fig. 4a). The water vapor mixing ratio slightly weakens 
until noon and further increases in the afternoon (Fig. 4b). The increase in mountain 
height shows a slight increase (decrease) in the UHII (water vapor mixing ratio), 
however, the change is insignificant (~0.8°C between the simulation with hm = 900 
m and CTL) and the variation is uneven with maximum mountain height. The greater 
change is more pronounced in the nighttime. The upslope winds over the valley-side 
slopes carry out the water vapor from the urban area which results in the slightly lower 
water vapor mixing ratio in the simulation with larger mountain height until 1730 LT. 
After 1630 LT and further in the nighttime, the plain-to-basin winds are found to be 
stronger with an increase in mountain height. In the afternoon, the simulation with hm 
= 900 m shows the strongest upward motion with a vertical velocity of 5.8 m s–1 in the 
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valley as the strong plain-to-basin winds approach the valley center. This can likely to 
trigger the strong convection arising from strong plain-to-basin winds and land-surface 
heterogeneities in valley-city surrounded by high mountains in favorable conditions. 

Summary
The influences of plain-to-basin winds on urban breeze circulation were 

numerically investigated in an idealized two-dimensional framework using the WRF 
model. The upslope winds prevail in the morning while the plain-to-basin winds 
prevail over the mountains in the afternoon. The plain-to-basin winds strengthen in the 
afternoon when more heat is accumulated in the valley and the urban breeze circulation 
intensifies. In the daytime, as the strong plain-to-basin winds reach the valley floor, 
warmer air in the valley mixes with cooler air advected by the plain-to-basin winds 
resulting in the UHII to weaken. This study demonstrates the significance of changes in 
mountain height to urban breeze circulation through additional sensitivity simulations. 
Since Savijarvi and Liya (2001) has revealed that the downslope winds are not 
sensitive to the valley width, it is further worthy to examine the sensitivity of the valley 
and/or urban width to the interactions of the plain-to-basin winds with urban breeze 
circulation, the sensitivity of the different mountain shapes to the interactions, as well. 
Also, the convective initiation and development arising in the heterogeneous areas 
in complex terrain should be studied in details. This study establishes the precursor 
domestic research in atmospheric science field using the high-resolution numerical 
simulations in the idealized framework.
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Fig. 1. Horizontal velocity (shading), vertical velocity (contour), and velocity 
vector fields at (a) 1000, (b) 1400, (c) 1600, and (d) 2000 LT and corresponding 
potential temperature anomaly field (shading) at (e) 1000, (f) 1400, (g) 1900, 
and (h) 2300 LT in the VAL simulation. The contour levels of vertical velocity 
are –0.5, 0.5, 1, and 2 m s–1. 

Fig. 1. Horizontal velocity (shading), vertical velocity (contour), and velocity vector fields 
at (a) 1000, (b) 1400, (c) 1600, and (d) 2000 lt and corresponding potential temperature 

anomaly field (shading) at (e) 1000, (f) 1400, (g) 1900, and (h) 2300 LT in the VAL 
simulation. The contour levels of vertical velocity are –0.5, 0.5, 1, and 2 m s–1.
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Fig. 2. Horizontal velocity (shading), vertical velocity (contour), and velocity 
vector fields at (a) 1000, (b) 1400, (c) 1600, and (d) 2000 LT and corresponding 
potential temperature anomaly field (shading) at (e) 1000, (f) 1400, (g) 1900, 
and (h) 2300 LT in the CTL simulation. The gray box on the x-axis indicates the 
urban area. The contour levels of vertical velocity are –0.5, 0.5, 1, and 2 m s–1. 
  

Fig. 2. Horizontal velocity (shading), vertical velocity (contour), and velocity vector fields 
at (a) 1000, (b) 1400, (c) 1600, and (d) 2000 lt and corresponding potential temperature 

anomaly field (shading) at (e) 1000, (f) 1400, (g) 1900, and (h) 2300 LT in the CTL 
simulation. the gray box on the x-axis indicates the urban area. The contour levels of 

vertical velocity are –0.5, 0.5, 1, and 2 m s–1.
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Fig. 3. Horizontal velocity, vertical velocity, and velocity vector (left) and 
potential temperature anomaly (right) fields at 1600 LT in the simulations with 
maximum mountain heights of (a) 300, (b) 500, (c) 700, and (d) 900 m. The 
contour levels of vertical velocity are –1.3, 0.8, –0.3, 0.2, 0.7, 1.2, and 1.7 m s–1. 
  

Fig. 3. Horizontal velocity, vertical velocity, and velocity vector (left) and 
potential temperature anomaly (right) fields at 1600 LT in the simulations with 

maximum mountain heights of (a) 300, (b) 500, (c) 700, and (d) 900 m. 
The contour levels of vertical velocity are –1.3, 0.8, –0.3, 0.2, 0.7, 1.2, and 1.7 m s–1.
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Fig. 4. Time series of (a) urban heat island intensity, (b) water vapor mixing 
ratio in the valley, (c) maximum horizontal velocity over the valley-side slopes, 
and (d) maximum vertical velocity over the valley-side slopes and the valley for 
the simulations with hm = 300, 500, 700, and 900 m.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Time series of (a) urban heat island intensity, (b) water vapor mixing ratio 
in the valley, (c) maximum horizontal velocity over the valley-side slopes, 

and (d) maximum vertical velocity over the valley-side slopes and the valley 
for the simulations with hm = 300, 500, 700, and 900 m. 
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impAct of mongoliAn greAt lAkes on some 
meteorologicAl pArAmeters

Gantuya Ganbat1 and Victor Stepanenko2

1 Information and Research Institute of Meteorology, Hydrology, 
and Environment, Mongolia

2 Research Computing Center, Moscow State University, Russia

Abstract 
Lakes can alter the thermodynamic characteristics of the regional atmosphere. 

This study investigates the impact of lakes on the Mongolian Great Lakes region on 
summertime meteorological parameters using the Weather Research and Forecasting 
(WRF) model. The model results are evaluated, demonstrating good performance. The 
effects of the lakes on the surface energy budget include a decrease in sensible heat 
flux. The influence of the lakes on atmosphere varies diurnally. Greater heat capacity 
in water bodies compared to grasslands causes slower heating and cooling rates in the 
lakes. The air temperature amplitude over the lake surfaces is smaller than that over 
the grasslands. The lakes have profound effects on change in heat flux, as it causes 
relatively lower surface temperature which leads to shallow boundary layer over the 
lake surfaces. The winds tend to diverge due to lakes. The lakes tend to stabilize the 
overlying atmosphere in the summertime. 

Introduction
Lakes are important systems in determining local and regional weather and climate. 

Lakes effectively interact with atmosphere changing heat, water vapor, and momentum 
fluxes [Kourzeneva et al. 2008]. Through differences in thermal and frictional 
properties between lake and land surfaces, lakes affect atmospheric circulations in the 
surrounding region [Mukabana and Pielke 1996].

The effects of lakes on atmosphere have been investigated extensively through 
numerical models. Unfrozen warmer lake surfaces in autumn or winter due to their 
large thermal inertia increase the downwind precipitation known as the so-called lake-
effect snow [Scott and Huff 1996; Notaro et al. 2013a, b]. On the other hand, frozen 
lake surfaces reduce precipitation removing water vapor from Overlake evaporation 
leading to drier atmosphere [Wright et al. 2013]. Notaro et al. [2013a] revealed the 
influence of the Laurentian Great Lakes on regional climate by comparing the 
simulations with and without lakes and argued that the presence of lakes decreases 
(increases) sea level pressure in autumn-winter (summer), weakens cold-season 
cyclones and increase (decrease) turbulent fluxes during the cold (warm) season. 
Thiery et al. (2015) have employed the Weather Research and Forecasting (WRF) 
model to understand the effects of African Great Lakes on regional climate. It was 
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revealed that lakes induce daytime cooling affecting atmospheric dynamics and 
stability. 

The Mongolian Great Lakes region is an important basin in the Central Asia 
which includes over 300 lakes, among them six large interconnected lakes (saline Uvs, 
Khyargas, and Dorgon; freshwater Khar-Us, Khar, and Airag). The lakes are shallow 
and situated generally in a semi-arid land. The lakes in the Great Lakes region are 
certain to change the atmospheric boundary layer in the surrounding region which 
leads to significant impact on local and regional weather and climate. Assessment of 
the impact of lakes on the Mongolian Great Lakes region on the atmospheric boundary 
layer using the numerical models has not been performed so far. The primary objective 
of this study is to present the summertime impact of lakes in the Mongolian Great 
Lakes region on some meteorological parameters including temperature, water vapor 
mixing ratio, winds, boundary layer height etc. 

Data and methods
The impact of Mongolian Great Lakes on the atmosphere are examined using the 

WRF model version 3.6.1 [Skamarock et al. 2008]. The model has been successfully 
applied to evaluate the possible impact of lakes on surrounding environment [Klaic 
and Kvakic 2014; Wen et al. 2015]. The model physics options include the Yonsei 
University (YSU) planetary boundary layer scheme [Hong et al. 2006], the Rapid 
Radiative Transfer Model (RRTM) longwave radiation scheme [Mlawer et al. 1997], 
the Dudhia shortwave radiation scheme [Dudhia 1989], the Kain-Fritsch cumulus 
scheme (Kain 2004), and the Purdue  -Lin cloud microphysics scheme [Chen and Sun 
2002]. The lake scheme which is derived from CLM (Oleson et al. 2010) is used. 

The model contains three domains with 100×90, 145×127, and 202×172 grid 
points and horizontal grid spacing of 27, 9, and 3 km, respectively. The innermost 
domain occupies the Great Lakes region (Fig. 1). The vertical grid contains 51 levels. 
The initial and 6 h boundary conditions with a horizontal resolution of 1°×1° are 
obtained from National Center for Environmental Prediction (NCEP) reanalysis data. 
The innermost domain covers the Great Lakes region. The model is integrated for the 
period from 0000 UTC 25 June to 0000 UTC 1 August 2015. The simulation results 
for the one-month period are used for the analysis. 

Two simulations are tested – the present state (“LAKE” experiment) and the state 
without lakes in the Great Lakes region (“NOLAKE” experiment). In the NOLAKE 
simulation, the lakes are replaced by grasslands, which represent the most common 
land cover type in the surroundings. A comparison between the simulations reveals the 
influence of the lakes to the atmosphere. 

The performance of the model simulation is assessed by comparing LAKE 
simulation results to ERA-Interim products for temperature and sea level pressure with 
a horizontal resolution of 0.75°×0.75°. 
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Results
Figure 2 shows the surface pressure and temperature at 2 m from the ERA-Interim 

data and simulation results in the domain 2 averaged for July 2015. The mountainous 
regions show the relatively lower temperature than the basin area. The simulated 
patterns of the surface pressure and temperature match well with the ERA-Interim data. 
The differences in magnitudes are associated with the enhanced resolution of the WRF 
simulation.

Figure 3 shows the monthly-averaged temperature at 2 m in the LAKE and 
NOLAKE simulations. The regions with lower altitude or the Great Lakes basin areas 
show the relatively warmer temperature (~15°C higher) than its surrounding high-
altitude regions. The lakes such as Uvs, Khyargas, Har-Us, Har, Uureg, and Dorgon 
are well captured in the LAKE simulation. The differences in temperature can be 
seen not only over the lakes but over the areas around the lakes. Thus, the lakes cool 
peripheral environment. 

Figure 4 shows the daily variations of sensible heat flux, the temperature at 
2 m, and boundary layer height averaged over the lakes in the Great Lakes basin in 
the LAKE simulation and the corresponding areas in the NOLAKE simulation. As 
expected, the sensible heat flux from the grassland in the NOLAKE simulation is 
greater than that from the lakes in the LAKE simulation. The reduction of sensible heat 
flux due to lakes are in agreement with Notaro et al. (2013) that the greatest reductions 
in sensible and latent heat fluxes are found in the summertime. The greater sensible and 
latent heat fluxes over the grassland surfaces result in the greater temperature at 2 m 
in the NOLAKE simulation than in the LAKE simulation. The grassland surfaces heat 
up faster than the lake surface, where the heat is absorbed by thick mixed layer, which 
in turn leads to the cooler lakes surface, compared to grassland. Grasslands reach the 
maximum of ~26.7°C while the lakes reach the maximum of ~15.2°C. Also, nocturnal 
cooling of the lake surfaces is much slower than that of the land surfaces. Moreover, 
the grassland surfaces produce considerable larger temperature amplitude than the 
lake surfaces highlighting the absorption of heat by water. The boundary layer in the 
NOLAKE simulations is convective during the daytime, in contrast, the cool lake 
surfaces stabilize the overlying atmosphere. The boundary layer height in the LAKE 
simulation is nearly steady while it varies diurnally reaching ~663 m in average in the 
NOLAKE simulation.

Figure 5 shows the monthly time series of the sensible heat flux from the surface, 
the temperature at 2 m, planetary boundary layer height averaged over the lakes in 
the Great Lakes basin in the LAKE simulation and the corresponding areas in the 
NOLAKE simulation. The time series in the NOLAKE simulation clearly show the 
diurnal pattern. The sensible heat flux from the lake surface is lower in the LAKE 
simulation than in the NOLAKE simulation. For this reason, the air in the LAKE 
simulation is cooler than that in the NOLAKE simulation. The maximum difference 
in temperature between the simulations reaches ~15.9°C. It should be noticed that 
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the difference is greater in the daytime than in the nighttime. The sign of negative 
sensible heat flux in the LAKE simulation implies that the air temperature over the 
lake is warmer than the lake surfaces. Accordingly, it may accompany the temperature 
inversion over the lakes which remain worth for further investigation. In response to 
decreased sensible heat flux and cooler temperature, the boundary layer is suppressed 
by ~848 m in maximum. 

To further explore the horizontal patterns of the influence of lakes on 
meteorological parameters, we present the mean difference in temperature at 2 m, 
water vapor mixing ratio vertically averaged within lowest ~100 m layer above the 
surface, wind fields, and boundary layer height between the LAKE and NOLAKE 
simulations (Fig. 6). The cooler lakes are horizontally evident with an average 
difference of ~8.7°C. Drop in water vapor mixing ratio over the lakes in the LAKE 
simulation is accompanied by suppressed evaporation from the cool water surfaces. 
The maximum difference in water vapor mixing ratio is ~0.9 g kg–1. This is partly 
in agreement with the results by Notaro et al. (2013) that revealed the decrease in 
precipitation and evaporation caused by the presence of the Great Lakes during the 
warm season. The area with reduced water vapor is seen as far as ~200 km away from 
the lakes. The winds are altered due to the existence of the lakes, roughly showing 
diverging direction away from the lakes. The boundary layer height is reduced by ~564 
m in average over the lakes associated with the small sensible heat flux, cooler air over 
the lake surfaces. These features of the changes in summertime temperature and water 
vapor mixing ratio resemble those found in the Laurentian Great Lakes, USA (Notaro 
et al. 2013).

Summary
Study on the quantitative impact of the Mongolian Great Lakes on meteorological 

parameters which is practically and scientifically important for meteorologists, 
hydrologists, and climatologists is not presently available. The present paper 
investigates the impact of the Great Lakes within the entire basin of several 
lakes on several meteorological parameters such as temperature, wind and etc. 
through numerical simulations using the WRF model. Lake surfaces can alter the 
meteorological parameters producing the cooler near-surface temperature, lower 
boundary layer height, diverging winds over the lakes etc. The evidence was found that 
the lakes cool peripheral environment likely showing potential impact on surroundings. 
The difference in temperature over the lakes between the LAKE and NOLAKE 
simulations can be 8.7°C which accompanies the shallower boundary layer. This study 
is the first investigation on the impact of lakes on the Great lakes basin on atmosphere 
using the WRF model with full physics, although, the detailed studies on the impact 
of other lakes in Mongolia on regional climate and the potential change of the lakes in 
future climate change and its feedback are worth for future studies. 
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Fig. 1. (a) Terrain height in the three computational domains and (b) land use 
land cover (LULC) categories in the innermost domain.  

fig. 1. (a) terrain height in the three computational domains and 
(b) land use land cover (lulc) categories in the innermost domain. 

 
Fig. 2. Monthly averaged surface pressure (upper) and temperature at 2 m 
(lower) from (a), (c) ERA-Interim products and (b), (d) WRF simulation results 
in the domain 2.  
  

Fig. 2. Monthly averaged surface pressure (upper) and temperature at 2 m (lower) from 
(a), (c) erA-interim products and (b), (d) wrf simulation results in the domain 2. 
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Fig. 3. Monthly averaged temperature at 2 m in the (a) LAKE and (b) NOLAKE 
simulations.  
  

Fig. 3. Monthly averaged temperature at 2 m in the 
(a) lAke and (b) nolAke simulations. 

 
 

Fig. 4. Daily variations of (a) sensible heat flux, (b) temperature at 2 m, and (c) 
boundary layer height averaged over the lakes in the LAKE simulation and the 
corresponding areas in the NOLAKE simulation in the study region.  
  

Fig. 4. Daily variations of (a) sensible heat flux, (b) temperature at 2 m, 
and (c) boundary layer height averaged over the lakes in the lAke simulation 
and the corresponding areas in the nolAke simulation in the study region. 
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Fig. 5. Time series of daily averaged (a) sensible heat flux, (b) temperature at 2 
m, and (c) boundary layer height averaged over the lakes in the study region in 
the LAKE simulation and the corresponding areas in the NOLAKE simulation.  
  

Fig. 5. Time series of daily averaged (a) sensible heat flux, (b) temperature at 2 m, 
and (c) boundary layer height averaged over the lakes in the study region 

in the lAke simulation and the corresponding areas in the 
nolAke simulation. 
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Fig. 6. Mean differences (LAKE-NOLAKE) in (a) temperature at 2 m, (b) water 
vapor mixing ratio within ~100 m layer above the surface, (c) wind speed, and 
(d) planetary boundary layer height.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Mean differences (LAKE-NOLAKE) in (a) temperature at 2 m, (
b) water vapor mixing ratio within ~100 m layer above the surface, 

(c) wind speed, and (d) planetary boundary layer height. 
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Abstract
Mongolia is included in is quite high, 1500 m above the sea level separated 

from the oceans, surrounded by high mountain chains. Typically, the winter season 
continues arid and semi-arid region of the world. The annual average air temperature 
for Mongolia is 0.7°C. Most of coldest month are January and an average temperature 
is around of –28°C. During the cold season, more than 60% of the Mongolian territory 
is covered by snow. Snow depth is shallow and snow contributes less than 20 percent 
to total annual precipitation because of clear sky in winter and high anticyclone 
dominance over Mongolia. 

Nevertheless, even a few centimeters of snow accumulation in Mongolia can cause 
big effect society of Mongolia, particularly herder’s life and livestock. Hence, the 
ability to provide long-term forecasts of snowfall process is very important. 

During the 1975-2012, snow depth has shown decreasing trend all over of 
Mongolia. On the contrary, winter seasons precipitation has little increased and 
annually mean snow cover duration days are become longer averaged by 56 
meteorological stations. Moreover, annual mean air temperature increased by 1.6°C 
in Mongolia provided the evidence of global warming. However, winter mean air 
temperature mildly decreased from 1987 to 2012. But, the annual surface temperature 
has slightly increased from 1988 to 2012 and but during the same period winter surface 
temperature has decreased. Moreover, another conclusion is that heavy snowfall 
process associated with intensified cold air intrusion from Siberia into to Mongolia and 
dominated westerly wind based on JRA55 data.

 
Keywords: Snowfall, snow depth, snow cover, circulation 

Introduction
Mongolian territory is landlocked and sits at relatively high altitudes. This 

geographical location leads to a continental and dry climate existing in Mongolia. In 
Mongolia, in the last 40 years, certain impacts of climate changes have already been 
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observed. Batima and Natsagdorj (2005) pointed to a substantial increase in winter 
temperature of 3.6°C in Mongolia during the last 60 years and more than half of the 
Mongolian territory is covered by snow. But snow depth is very less compared to 
neighbor’s countries. It is caused by cloudless sky and dominated high-pressure system 
over the Mongolia. 

Continental-scale snow cover extent is a potentially sensitive indicator of climate 
change. Moreover, snowfall process is much related global atmospheric circulation. 
In 2007, IPCC reported that in globally, snow cover has decreased in most regions, 
especially in spring and summer. Snow cover observed by satellite over the 1966 
to 2005 period decreased in every (Peng et al. 2013) month except November 
and December, with a stepwise drop of 5% in the annual mean in the late 1980s. 
Furthermore, climate models projected significant decreases in snow cover by the end 
of this century in most mid-latitude regions. But some regions projected increases 
trends such as Canadian arctic and Siberia. Mean monthly snow-cover extent in the 
Northern Hemisphere has decreased at a rate of 1.3 percent per decade during the last 
40 years, with greatest losses in the spring and summer months.

In Mongolia, snow depth has shown decreasing trend all territory. In last five years, 
snow depth was below the normal, particularly in western part it was rapidly decreased 
compared to the eastern part. 

Snow is one of the important climate variables. Snows albedo is high compared to 
other things. Then snow cover increases the amount of sunlight reflected from Earth’s 
surface. The low thermal conductivity of snow insulates the ground, and its cold, moist 
surface affects the transfer of heat and moisture to and from the atmosphere. Thus, 
snow cover exerts a significant influence on climate and hydrology and also snow 
cover affects large-scale atmospheric circulation.

Mongolia is located close to key regions in Eurasia that show a strong relationship 
between the Indian monsoon and El Nino–southern oscillation (Kripalani and Kulkarni 
1999) and many studies suggested that the spatial distribution of extratropical 
cyclones shows that cyclones occur mainly within the 40°-50°N latitudinal band in 
northern East Asia, and the most frequent region of occurrence in Mongolia. Cyclone 
is often brought snow. In another hand, over the past 20 years, among the disasters, 
strong wind, and heavy snow are the most reported events in Mongolia. Therefore, 
very important to understand snowfall process and its future trend to predict weather 
phenomena.

Review of snow study
Snow shows a huge influence on climate, through its high reflectivity and cooling 

of the atmosphere, and on surface hydrology in many parts of the world. Hence, many 
studies have focused on current climate change and atmospheric conditions and their 
relationship, especially last year’s studying precipitation change of winter season over 
the Eurasia.
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In 2007, IPCC reported that the widely distributed snow cover across the Northern 
Hemisphere (NH) during the winter season has been shown to be a sensitive indicator 
and moreover, snow cover has decreased in most regions, especially in spring and 
summer. Snow cover observed by satellite over the 1966 to 2005 period decreased 
in every month except November and December, with a stepwise drop of 5% in the 
annual mean in the late 1980s (IPCC 2007). Shilong Penget et al. (2013) find out trends 
in the duration or extent of snow cover are connected to feedback to temperature trends 
and snow cover in the NH is very sensitive to rising temperature, and that there could 
be a positive feedback of snow cover change to spring temperature based on available 
records data from meteorological stations .Moreover, shortening of snow cover 
duration associated with the increase in temperature during winter and spring over 
the high latitude regions of NH (Choi et al. 2010; Kapnick and Hall 2010). Besides 
Beniston and Rebetez (1996) have proposed that the warming at high elevation sites 
would be more pronounced than at low elevations.

Changes in the Northern Hemisphere snow cover have significant effects on 
atmospheric circulation. In Mongolia, snow fall process is very closely related to 
synoptic disturbance embedded in the westerly Jet ( Ueda et al. 2003).

Mongolia is located close to key regions in (Batima et al. 2005) that show a 
strong relationship between the Indian monsoon and El Nino–southern oscillation 
(Kripalani and Kulkarni 1999). The winter precipitation variation north of Mongolia 
has a timescale of 4–5 years related to ENSO (Ye 2001). The spatial distribution 
of extratropical cyclones shows that cyclones occur mainly within the 40°-50° N 
latitudinal band in northern East Asia, and the most frequent region of occurrence in 
Mongolia. Also Morinaga et al. find out snow depth for January is highly correlated 
with the NAO for November and strongly correlated with EU1 for December using by 
PC method. 

The highest atmospheric pressure center in the Northern Hemisphere arises in 
Mongolia during winter. The area covering Uvs and Khyargas Lake Depression 
is called the Asian. There the atmosphere pressure reaches 1,055hPa in January 
in Ulaangom, center of Uvs Aimag. No, such a regular atmospheric pressure center 
comes to notice in the world.

Cyclone activity in both hemispheres has changed significantly over the latter half 
of the 20th century (IPCC 2001, Geng and Sugi 2001).

Also Hayasaki et al. (2006) investigate the interaction between snow and 
atmosphere during the passage of cold front based on cooling days and temperature 
anomalies and cyclone tracks also correlated to the changes of snow-cover extent in 
Eurasia (Clark et al. 1999).

Many studies have demonstrated the relevance of snow to the climate system. For 
example, a decrease in the duration of snow cover (−4 to−6 days/decade) recorded in 
southern Siberia-particularly in the mountainous regions of Altai, Sayan (Mongolian 
mountain area) and the first snowfall occurs later and/or spring snowmelt is earlier over 
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most of the Russia. However, the amount of snow that falls during the cold season has 
generally increased (Bulygina et al. 2009). Likewise, the snow cover cleanup date is 10 
days earlier in western Mongolia and 3-5 days earlier in central and eastern Mongolia 
(Erdenetsetseg 2002). Autumn snow cover can also affect climate on a seasonal scale, 
with impacts extending into the subsequent winter. 

To understanding realistic snow cover variation and its forecast schemes is 
essential for simulating surface energy balance and predicting winter condition and 
year-round runoff. 

Objective of study
Climatic variability such as temperature, precipitation appears to be the major 

driving factor of society in Mongolia during the cold period, especially livestock 
dynamics. In Mongolia, interannual variation of snow is large but an interdecadal 
variation of snow is not so large and it is an influence on livestock is very huge. 
Actually, possible to examine the fluctuation mechanism is very important in 
Mongolia.

Therefore, this study aimed to first investigate current condition of snow variation 
over the Mongolia such us to present the monthly climatology and variability.

In addition, this is pioneer attempt to analyze and compare with global condition 
based on snow situ observation data in Mongolia.

Moreover, there are many unclear points between the state of large circulation and 
snowfall. While various studies have reported high-frequency regions of low-pressure 
system is located in the western part of Mongolia, but studies that have investigated the 
variation factor of snowfall and low pressure are not many.

Therefore, this study aimed to analyze snowfall process and its relation to 
atmospheric circulation. 

Understanding snowfall variability is the key notion of future climate change over 
the continental area and useful to future social and economic model to predict any risk.

 
Data and Method
Snow data set: In this study, the all snow data set obtained from IMH of Mongolia, 

it contains daily snow depth, maximum snow depth, snow cover and snowfall days 
from 1969 to 2012 in 56 meteorological stations. Snow observation start years are 
different in stations. Thus, when we were calculating heavy snow years and days, we 
used snow depth data during the period 1975-2012 in the winter season (DJF). Because 
of, a maximum number of stations recorded in 1975. Snow cover measurement 
procedure based on visually and determined on a scale of one to ten, from 10 to 100% 
covered. 

Surface temperature and air temperature: Surface and air temperature data were 
also provided by IMH of Mongolia. Surface temperature measurements have been 
recorded in Mongolia since 1986 in 70 stations. Also, we used air temperature from 
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1961 to 2012 in 90 stations. Period of available air temperature data differed with 
stations. The monthly mean temperature was calculated by averaging a mean daily 
temperature of days of the corresponding month. 

Reanalysis data: In the present study, we used Japanese 55-year Reanalysis data 
(JRA55) which is the Japan Meteorological Agency (JMA) constructed the second 
Japanese global atmospheric reanalysis project. The period is 55 years starting 
from 1958 and resolution is 60km global climate data set. JRA-55 is the first global 
atmospheric reanalysis to apply four-dimensional variation assimilation to the last half 
century including the pre-satellite era. For study are used some climate variables such as 
air temperature, the wind at 700hPa geopotential height during the winter season (DJF). 

Analysis method
The analysis can be split into three parts. The first part describes a statistical 

approach applied for analyzing the time series of snow depth, surface temperature 
data based on trend analysis. Next part, the method to identify in heavy and light snow 
year’s based on the mean annual snow depth of during 1975-2009.

Then we selected three heavy years and four light years using by in situ 
observation data. Next we used JRA55 data such us temperature and wind at 700hPa 
which corresponds to heavy and light snow years and calculate composite average 
heavy and light snow years. Why we selected 700hpa level? Because the Mongolian 
region locates the highland area and the level of 700hPa is convenient for the 
discussion of westerly Jet and embedded cyclones. Then we calculated the composite 
difference between heavy and light years. This method is useful to understand 
atmospheric circulation. Here we used monthly mean climatology value of 1981-2010 
based on WMO standard period.

In order to understand the seasonality of snowfall, last we analyzed the date of 
snowfall. Generally, snow depth data is integrated value, we make a difference to 
reduce the amount of daily snowfall each meteorological stations for identity heavy 
snow day.

	 	 ΔSnow(t)	=	Snow(t+1)	-	Snow(t-1)	 	 	 	 (1)

Where: S – snow depth, t – certain day, (t+1) - next day (t-1) - previous day 
The event which lies outside the normal range of intensity is called “extreme 

events” The heavy snowfall day is quite an important issue for described atmospheric 
process. Additionally, to identify heavy snow day of winter period is calculated by 
equation (1). From this analysis’s we tried to clearly identify the relation between 
snowfall process and atmospheric circulation. The analysis algorithm is snow depth 
increase more than 10 cm in each station and, at least, ten stations observe snowfall 
event in the same day which is based on of episodic time series during the winter (DJF) 
climate condition.
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Results 
Climatology of snow parameters, regional difference and it’s changed: In 

Mongolia snow contributes less than 20 percent to the total annual precipitation. 
Mostly the first snowfall occurs in the early of October and the last date is the end of 
April. During the study period, average snow depth in mountain region is 20-30cm, in 
steppe region 10-20cm and in Gobi region 10-20cm. January is the coldest month in 
Mongolia. 

In order to understand the seasonality of snowfall, last we analyzed the 
date of snowfall. Generally, snow depth data is integrated value, we make a 
difference to reduce the amount of daily snowfall each meteorological 
stations for identity heavy snow day. 

 
ΔSnow(t) = Snow(t+1) -  Snow(t-1)      (1) 
 

      Where: S – snow depth, t – certain day, (t+1) - next day (t-1) - previous day
  

The event which lies outside the normal range of intensity is called 
―extreme events‖ The heavy snowfall day is quite an important issue for 
described atmospheric process. Additionally, to identify heavy snow day of 
winter period is calculated by equation (1).  From this analysis‘s we tried to 
clearly identify the relation between snowfall process and atmospheric 
circulation. The analysis algorithm is snow depth increase more than 10 cm 
in each station and, at least, ten stations observe snowfall event in the same 
day which is based on of episodic time series during the winter (DJF) 
climate condition. 
 
Results  

Climatology of snow parameters, regional difference and it's 
changed: In Mongolia snow contributes less than 20 percent to the total 
annual precipitation. Mostly the first snowfall occurs in the early of October 
and the last date is the end of April. During the study period, average snow 
depth in mountain region is 20-30cm, in steppe region 10-20cm and in Gobi 
region 10-20cm. January is the coldest month in Mongolia.  

 

 
Figure 1.   Monthly climatology of surface snow depth [cm]  

in Mongolia (Jan), 1975-2012 
 

Figure 1. Monthly climatology of surface snow depth [cm] 
in Mongolia (Jan), 1975-2012

Snow depth reached 6-12 cm most of the stations in northern region but in the 
southern region, average depth is 1-5 cm. It depends on the topography of Mongolia. 
The snow depth change could be explained by frequency. Figure 2 illustrated daily 
snowfall frequency various range from 1975 to 2012. It shows that in the northern 
region of Mongolia dominated 4-6cm ranges snow depth. But in a southern region 
dominated 0-2cm ranges snow depth.

Snow depth reached 6-12 cm most of the stations in northern region but 
in the southern region, average depth is 1-5 cm. It depends on the 
topography of Mongolia. The snow depth change could be explained by 
frequency.  Figure 2 illustrated daily snowfall frequency various range from 
1975 to 2012. It shows that in the northern region of Mongolia dominated 4-
6cm ranges snow depth.  But in a southern region dominated 0-2cm ranges 
snow depth. 

 

 
 

Figure 2.  Frequency of snow depth [cm] northern and  
southern region in Mongolia, (1975-2012) 

 
The year to year variation of snow depth averaged over the 56 

observation stations during the 43 years (1969-2012) in Mongolia is shown 
in Figure 3. Mean annual snow depth is decreased whole Mongolia and in 
the northern region of Mongolia, the annual snow depth was about two times 
high than southern region.  
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Snow depth reached 6-12 cm most of the stations in northern region but 
in the southern region, average depth is 1-5 cm. It depends on the 
topography of Mongolia. The snow depth change could be explained by 
frequency.  Figure 2 illustrated daily snowfall frequency various range from 
1975 to 2012. It shows that in the northern region of Mongolia dominated 4-
6cm ranges snow depth.  But in a southern region dominated 0-2cm ranges 
snow depth. 

 

 
 

Figure 2.  Frequency of snow depth [cm] northern and  
southern region in Mongolia, (1975-2012) 
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Figure 2. Frequency of snow depth [cm] northern and 
southern region in Mongolia, (1975-2012)

The year to year variation of snow depth averaged over the 56 observation stations 
during the 43 years (1969-2012) in Mongolia is shown in Figure 3. Mean annual snow 
depth is decreased whole Mongolia and in the northern region of Mongolia, the annual 
snow depth was about two times high than southern region. 
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In (a) straight line represents a linear trend. In (b) red and green color bar 
graph represents northern and southern region respectively 
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increased by 1.6oC in Mongolia, illustrating the evidence of Global warming 
(Figure 4).  
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Figure 3. inter-annual variation of snow depth and
annual variation of snow cover duration day in Mongolia, 1969-2012.
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in (a) straight line represents a linear trend. in (b) red and green color bar graph 
represents northern and southern region respectively

Generally, annual mean snow cover duration day is 120-140 over the Mongolia. 
Our study resulted that the mean snow cover duration days are becoming longer (1969-
2012). It`s longer in northern region compared to southern region During the study 
period annual mean air temperature increased by 1.6°C in Mongolia, illustrating the 
evidence of Global warming (Figure 4). 

 
Figure 4. Inter-annual variation of annual and winter mean  

air temperature in Mongolia, 1969-2012.  
In (a) solid blue and red line represents winter and annual air temperature 

and (b) red and blue dashed line corresponds trend 
 
Judah Cohen et al (2012), examined the NH extratropical landmasses, 

the biggest contributor to global temperature trends and found statistically 
significant warming trend is absent across NH land masses during DJF going 
back to at least 1987, with either wintertime near-neutral or cooling trends.  

The winter precipitation response to the global warming is spatially and 
temporally variable. Globally, the precipitation has increased in high latitude 
of Northern Hemisphere (IPCC 2007). However, annual precipitation change 
was very variable from year to year and place to place in Mongolia. 
Simultaneously, in this study  analyzed the spatial distribution of winter 
snow depth change had significant increasing (1986-2012) (Figure 5). 

Figure 5. Winter (DJF) snow depth trend in Mongolia (1986-2012) 
 

-6.0
-5.0
-4.0
-3.0
-2.0
-1.0
0.0
1.0
2.0
3.0
4.0

19
61

19
64

19
67

19
70

19
73

19
76

19
79

19
82

19
85

19
88

19
91

19
94

19
97

20
00

20
03

20
06

20
09

20
12

DJF

Annual

Figure 4. inter-annual variation of annual and winter mean 
air temperature in Mongolia, 1969-2012. 

in (a) solid blue and red line represents winter and annual 
air temperature and (b) red and blue dashed line corresponds trend

Judah Cohen et al (2012), examined the NH extratropical landmasses, the biggest 
contributor to global temperature trends and found statistically significant warming 
trend is absent across NH land masses during DJF going back to at least 1987, with 
either wintertime near-neutral or cooling trends. 

The winter precipitation response to the global warming is spatially and temporally 
variable. Globally, the precipitation has increased in high latitude of Northern 
Hemisphere (IPCC 2007). However, annual precipitation change was very variable 
from year to year and place to place in Mongolia. Simultaneously, in this study 
analyzed the spatial distribution of winter snow depth change had significant increasing 
(1986-2012) (Figure 5).
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Figure 5. winter (DJF) snow depth trend in Mongolia (1986-2012)

Winter seasons snow depth increased in most of the northern stations especially the 
central area of Mongolia and decreased southern east and west part of the country.

 
The relation between snowfall and atmospheric circulation: Many recent studies 

shows more than half area of the Eurasian continent is covered by snow during the 
winter season but in summer seasons almost no snow. Mongolia is one of the key 
countries of the Eurasian continent. Snows play an important role in atmospheric 
circulation. Morinaga et al. (2003) revealed a significant relationship between January 
snow depth and NH circulation patterns. Likewise, snowfall process is much related to 
spatial distribution and temporal variations of synoptic disturbance such as a cyclone. 
Many studies show the number of the intense cyclones has significantly increased 
whereas the number of total cyclones has decreased in the NH and also the highest 
frequency of cyclogenesis located over the Mongolian western region especially 
high mountain area. Simmonds and Keay (2009) investigated relationship between 
Arctic ice reduction in September and increases in extratropical cyclone intensity, 
linked to stronger sensible and latent heat fluxes to the atmosphere. The past decade 
has seen a growing number of climate modeling studies examining the potential 
impacts of changes in Arctic sea ice extent on patterns of atmospheric circulation and 
precipitation. One of the global notions is that declining Arctic sea ice are contributing 
to colder winters across the NH continents (Honda et al, 2009; Budikova, 2009; 
Simmonds et al, 2009). Another notion is that increasing fall Eurasian snow cover that 
may also be related to a warming Arctic is forcing a negative trend in the winter AO 
(Cohen et al., 2009, 2012). 

In this study in order to investigate the relationship between snow process and 
circulation over the Mongolia firstly, we find out heavy snow years based on in situ 
data (Table 1). From this analysis, we selected three heavy and four light snow years 
from 1975 to 2012 during the DJF months. 
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Table 1. List of heavy and light snow years.
Year

Heavy snow years 1992/1993, 1999/2000, 2000/2001
Light snow years 1997/1998, 2005/2006, 2006/2007, 2007/2008.

To understand atmospheric circulation was investigated the composite difference 
between heavy and light snow years at 700 hPa level using by JRA55 which is 
corresponding selected years (Figure 6). 
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(a), composite light snow years (b) and the composite difference between 
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indicated air temperature and gray vectors line indicated wind 
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From figures 6 of heavy and light snow years are illustrated by enhancement 
of cold air intrusion from the Siberian region to the eastern side of Mongolia. Heavy 
snow year’s cold air instruction is more intense compared to light snow years. But 
no significant difference observed in wind component. From the figure 6(c) shown 
composed difference of temperature and winds between heavy and light years. Here 
shows that observed weakly cyclonic circulation and cold air located over the Mongolia.
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Additionally, we examined the heavy snow episodes in Mongolia using daily 
surface observation and observed snowfall event at least 10 stations that are calculated 
by the difference of snow depth. Then we selected totally 27 events which occur heavy 
and wide snowfall event over the Mongolia. We can choose 11-episodes n January, 
8 events on December and 8 events on February. List of the selected dates was 
mentioned in Table 2. 

Table 2. List of the heavy snow day.
Heavy snow day

December 19761223, 19961230, 20001226, 20011211, 20011225, 20091224, 
20111205, 20121228 

January 19810117, 19870101, 19870111, 19940131, 20010101, 20020113, 
20030101, 20100103, 20100108, 20100119, 20110103

February 19880228, 19930220, 20030208, 20030222, 20040216, 20050217, 
20100207, 20110226

Next step is we analyzed composed air temperature and wind at 700hPa using by 
JRA55 which is selected heavy snow days (Figure 7).
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westerly wind. Cold air is located over the Mongolia when heavy snow event 
occurring. After that cold air moving to a western part of China. This is a 
basic synoptic disturbance during the heavy snow days in the cold season of 
Mongolia. The active cold outbreak occurs when the Siberian high is 
unusually strong. 
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Hence, Mongolian winter weather condition is the highly depended Siberian high-
pressure system. In this study most of the case of a heavy snow day, strong cold air is 
coming from Siberian region and dominate westerly wind. Cold air is located over the 
Mongolia when heavy snow event occurring. After that cold air moving to a western 
part of China. This is a basic synoptic disturbance during the heavy snow days in the 
cold season of Mongolia. The active cold outbreak occurs when the Siberian high is 
unusually strong.

Discussion
This study reveals significant regional features in the change of snow 

characteristics in Mongolia. Snow is one of the major climatic variables. Available 
snow data showed clearly decreasing trends in the sea ice and frozen ground extends 
off the NH. Likewise, snow depth is decreased over the Mongolia. Mongolia is 
characterized by a wide variety of environmental conditions, which affect the spatial 
snow distribution and in the northern region the annual snow depth was about two 
times high than southern region. Kitaev et al (2004), concluded stable snow cover 
duration increased throughout most of Northern Eurasia. Moreover, Shushi Peng et al, 
(2013) investigated that mean snow cover duration shows longer in the higher latitude 
and shows a decreasing trend in the middle latitude of NH. Our study resulted that the 
mean snow cover duration days are becoming longer (1969-2012). It consists of Kitaev 
research. Snow and air temperature closely related each other which connected albedo 
feedback. Foster et al. (1983) examined autumn snow cover extent and its relationship 
with winter surface temperatures and found that autumn snow cover was more strongly 
correlated with the winter surface temperature over Eurasia cause of the relative size 
of the continental landmass. Judah Cohen et al (2012), examined the NH extratropical 
landmasses, the biggest contributor to global temperature trends and found statistically 
significant warming trend is absent across NH land masses during DJF going back 
to at least 1987, with either wintertime near-neutral or cooling trends. In Mongolia, 
annual mean air temperature increased by 1.6oC from 1961 to 2012. In this study, 
mean air temperature anomalies increased from 1961 to 1987. Similarly, the annual 
surface temperature has slightly increased from 1988 to 2012. Although, during the 
same period winter surface temperature has decreased and winter air temperature has 
no significant trend over the Mongolia which consists of Cohen et al (2012) study.

Ueda et al (2014) investigated that snowfall process is related to the northwesterly 
monsoon flow, which is connected to the development of the both the Siberian high 
and the Aleutian low. Siberian high is much affected winter seasons conditions of 
Mongolia. Ding and Krishnamurti (1987) analyzed the heat budget of the Siberian high 
and concluded that strong radiative cooling due in part to the snow covered underlying 
surface was an important contributor to its rapid development. The snow forced cold 
anomalies in autumn lead to the development of a persistent, strong anticyclone over 
Eurasia due to the large climatologically extent of snow cover and only becomes a 
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more substantial feature when snow cover and subsequent cooling increases later in 
winter.

Conclusion
In this study, the first aim is to analyze the year to year variation of climatological 

parameters. During the study period mean annual snow depth has slightly decreased 
over the Mongolia. In contrary, winter seasons precipitation has little increased and 
mean snow cover duration days are become longer averaged by 56 meteorological 
stations. Simultaneously, winter seasons snow depth increased in most of the northern 
stations especially central part of Mongolia and decreased southern east and west part 
of the country.

Moreover, annual mean air temperature increased by 1.6oC in Mongolia, provided 
the evidence of Global warming. But winter mean air temperature anomalies increased 
from 1961 to 1987, but opposite trend observed winter air temperature that is 
beginning of 1988s the till now winter air temperature decreased 0.1oC. Similarly, the 
annual surface temperature has slightly increased from 1988 to 2012 and but during the 
same period winter surface temperature has decreased.

Next aim is to understand synoptic patterns in the wide area when snowfall event 
occurs using by JRA55 data. It is heavy snowfall process is associated with intensified 
cold air intrusion from Siberia into to Mongolia and dominated westerly wind. 
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Abstract
The frequency and intensity of extreme weather events have increased since the 

1950s due to climate change, particularly over Europe, North Asia, and Australia. 
In this study, temporal variation of hot extremes in Mongolia is investigated. 
Observational data at 70 stations reveal the frequency and intensity of hot extremes 
have increased dramatically in Mongolia in the 2000s. These extreme temperatures 
are statistically significant for successive two decades. The extreme temperatures 
frequently occur in early June and the second half of July.

Keywords: daily maximum temperature, drought, hot day (HD), heat wave (HW), 
frequency, duration, occurrence and event

Introduction
In the fifth assessment report (AR5) of the Intergovernmental Panel on Climate 

Change (IPCC, 2013), the global mean surface temperature combined land and ocean 
surface has changed by 0.85°C between 1880 and 2012 (Hartmann et al., 2013). The 
consequence of the mean temperature changes, the frequency, and intensity of extreme 
weather events have increased since the 1950s, particularly over Europe, North Asia, 
and Australia (Alexander et al., 2006; Hartmann et al., 2013).

The absence of a physical appearance for the hot extreme as other forms of severe 
weather like hurricanes, tornadoes, and thunderstorms, they are one of the less known 
forms of extreme weather yet the most destructive form of extreme events in terms of 
mortality (Casey et al., 2007). Therefore, the major consequences of the hot extremes 
are an excessive patient to the medical facility, especially those who are elderly and 
infants that have limited ability to protect themselves and crop failure due to potential 
dehydration. A large number of deaths reported in summer of 1995 in Chicago by the 
intensive extreme temperature that it is essential to investigate which group of people 
is most vulnerable to this kind of events (Changnon et al., 1996).

Hot extremes are a less studied object for Mongolia mostly due to its 
climatological character that has long and cold winter and short summer. However, 
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According to the instrumental record, global mean temperatures in the 1980s, 1990s, 
and 2000s have been successively warmer than all previous decades (Hartmann et al., 
2013). Therefore in this study, surface meteorological observation data is used for 30 
years from 1981 to 2010 to examine the variation of the hot extremes in Mongolia and 
investigate how the extreme temperatures are changing for frequency and intensity. 

Data	and	definition
In this study analyzed nearly evenly-distributed 70 meteorological stations used for 

30 years from 1981 to 2010 and covering all of the climate regimes and natural zones 
of Mongolia (Fig. 1).
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Figure 1. Topographic distribution of Mongolia.  

White circles indicate the 70 surface meteorological stations 
   

The observational dataset provided by the National Agency for 
Meteorology and Environment Monitoring (NAMEM) of Mongolia contains 
daily maximum surface air temperatures from June to August (JJA). 

The extreme temperature events are defined as a hot day (HD) that is 
examined using percentile threshold which was originally used to detect extreme 
hot days in the United States by Diffenbaugh and Ashfaq (2010). HD is defined 
at each station when the daily maximum surface air temperature is higher than 
its 95th percentile value of JJA over the period 1981–2010. For example, the 
criteria of the hot day will reach the threshold when the maximum surface air 
temperature exceeds 31.6°C at Ulaanbaatar station (capital city of Mongolia) 
which is corresponding to the 95th percentile of daily maximum temperature. 
 
Result and discussion 

The interannual variability of hot extremes by using a daily maximum 
temperature, HD is illustrated in Fig.2. The figure shows the differences 
between all stations average and the capital city Ulaanbaatar station by the red 
and the blue line. The daily maximum temperature reveals pronounced increase 
from 1981 and 2010 for JJA with 95th significant level. During 1981–2010, 
observed JJA mean daily maximum temperature and hot days are increased 
1.21°C decade-1 and 3.7 days decade-1, respectively with a sudden increase in 
the 2000s. 
 

Figure 1. Topographic distribution of Mongolia. 
white circles indicate the 70 surface meteorological stations

The observational dataset provided by the National Agency for Meteorology and 
Environment Monitoring (NAMEM) of Mongolia contains daily maximum surface air 
temperatures from June to August (JJA).

The extreme temperature events are defined as a hot day (HD) that is examined 
using percentile threshold which was originally used to detect extreme hot days in the 
United States by Diffenbaugh and Ashfaq (2010). HD is defined at each station when 
the daily maximum surface air temperature is higher than its 95th percentile value of 
JJA over the period 1981–2010. For example, the criteria of the hot day will reach the 
threshold when the maximum surface air temperature exceeds 31.6°C at Ulaanbaatar 
station (capital city of Mongolia) which is corresponding to the 95th percentile of daily 
maximum temperature.

Result and discussion
The interannual variability of hot extremes by using a daily maximum temperature, 

HD is illustrated in Fig.2. The figure shows the differences between all stations 
average and the capital city Ulaanbaatar station by the red and the blue line. The daily 
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maximum temperature reveals pronounced increase from 1981 and 2010 for JJA 
with 95th significant level. During 1981–2010, observed JJA mean daily maximum 
temperature and hot days are increased 1.21°C decade-1 and 3.7 days decade-1, 
respectively with a sudden increase in the 2000s.

 
Figure 2. Interannual variation of JJA-mean daily maximum  

air temperature averaged over the 70 stations in Mongolia 
(red line) and Ulaanbaatar station (blue line). The standard 
deviation for 70 stations is shown as gray shading. Bars 
represent the annual number of HD (day). 

 
In the study period, HD is increased a rate of 3.7 days decade-1, where 

1.5 days year-1 in the 1980s, 4.4 days year-1 in the 1990s, and 8.1 days year-1 in 
the 2000s (Fig. 3.1). In 2002, a large area in Mongolia experienced a strong 
drought, therefore, the highest number of the hot day correspond to this year. 

To clarify increase of the mean temperature, probability density 
distribution is examined for daily maximum temperature for JJA in study period 
between 1981 and 2010 for all 70 stations (Fig. 2). 
 

Figure 2. interannual variation of JJA-mean daily maximum 
air temperature averaged over the 70 stations in Mongolia (red line) 

and Ulaanbaatar station (blue line). The standard deviation for 70 stations 
is shown as gray shading. Bars represent the annual number of HD (day).

In the study period, HD is increased a rate of 3.7 days decade-1, where 1.5 days 
year-1 in the 1980s, 4.4 days year-1 in the 1990s, and 8.1 days year-1 in the 2000s (Fig. 
3.1). In 2002, a large area in Mongolia experienced a strong drought, therefore, the 
highest number of the hot day correspond to this year.

To clarify increase of the mean temperature, probability density distribution is 
examined for daily maximum temperature for JJA in study period between 1981 and 
2010 for all 70 stations (Fig. 2).

 
Figure 3. a) Probability density distribution for daily  

maximum surface air temperature for three decades.  
b) as a) but decadal mean was removed 

 
Fig. 2 demonstrates overall a shape of the distribution is similar to 

Gaussian distribution for each decade. In comparison between the 1980s and 
1990s, probability distribution has shifted to the warm side in the 1990s by 
1.1°C. This shift seems to have no a drastic shape change. The most pronounced 
shift occurs in the 2000s by 1.4°C to the warm side that drastic decrease of cold 
extremes and an increase of warm extremes as well. A shape of the 2000s has a 
little tilt to the warm side in comparison to previous two decades. Further, the 
changes in probability shape are examined by eliminating the mean temperature 
in each decade. 

Although there is shift observed between the 1980s and 1990s together 
with mean temperature, almost negligible change has occurred for the shape. In 
contrast in the 2000s, no drastic change has occurred in the two tails of the 
distribution but noticeable tilt is observed in shape where the moderate 
temperatures occur frequently. Therefore, a weak increase of extreme hot 
temperature together with mean temperature shift causes a rapid increase in 
extreme temperature events. Ito et al. (2013) demonstrated a shape change of the 
probability at Ulaanbaatar station in Mongolia. In comparison with the previous 
study, a relatively weak but similar result has found in all 70 stations in the 
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Figure 3. a) Probability density distribution for daily 
maximum surface air temperature for three decades. 

b) as a) but decadal mean was removed

Fig. 2 demonstrates overall a shape of the distribution is similar to Gaussian 
distribution for each decade. In comparison between the 1980s and 1990s, probability 
distribution has shifted to the warm side in the 1990s by 1.1°C. This shift seems to 
have no a drastic shape change. The most pronounced shift occurs in the 2000s by 
1.4°C to the warm side that drastic decrease of cold extremes and an increase of warm 
extremes as well. A shape of the 2000s has a little tilt to the warm side in comparison 
to previous two decades. Further, the changes in probability shape are examined by 
eliminating the mean temperature in each decade.

Although there is shift observed between the 1980s and 1990s together with mean 
temperature, almost negligible change has occurred for the shape. In contrast in the 
2000s, no drastic change has occurred in the two tails of the distribution but noticeable 
tilt is observed in shape where the moderate temperatures occur frequently. Therefore, 
a weak increase of extreme hot temperature together with mean temperature shift 
causes a rapid increase in extreme temperature events. Ito et al. (2013) demonstrated 
a shape change of the probability at Ulaanbaatar station in Mongolia. In comparison 
with the previous study, a relatively weak but similar result has found in all 70 stations 
in the 2000s. Therefore, the maximum surface air temperature increase in the 2000s 
is mostly due to the mean maximum temperature increase and probability distribution 
shape changes.

In addition, to HD, heat wave (HW) is examined for the frequency and duration. 
The HW was identified based on the World Meteorological Organization standard, 
which requires that at each station the daily maximum air temperature is 5°C higher 
than the daily climatology during 1981–2010, for four or more consecutive days. A 
one-day discontinuity in between preceded and followed by three consecutive days 
is allowed if above criteria are satisfied. Using the definition of HW, the analysis is 
carried out for the frequency and duration separately (Fig. 4). 
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Figure 4. Frequency and duration of HW.  

The horizontal axis presents duration of the HW while a 
number of events are presented in the vertical axis 

 
The figure reveals the number of events and duration of events has both 

increased during the study period, particularly short HW. The shortest possible 
HW is 4 days in this study. A majority of HW appears as short HW (4 days and 
5 days long) that accounting for more than 50%. In the 1980s, 35 events are 
observed on average that reached 168 events in the 1990s and 284 times in the 
2000s (Fig. 4). Increasing frequency and duration are common among the three 
decades not only short HW but also longer HW. The increase of HW in the last 
decade is most pronounced by a number of short events as well as longer events. 
In the 1980s the longest HW duration was 10 days, in 1990s and 2000s were 20 
and 18 respectively, which means the maximum duration of HW is almost 
doubled in the 2000s since the 1980s. 

The single most longest HW happened in the year 2000 at two stations in 
the central Mongolia, at Baruunkharaa and Orkhontuul, experienced 20 days 
long HW with one-day discontinuity. These stations are located in the river 
basins, mostly in the same latitude and in the agricultural region of Mongolia. 

Figure 4. Frequency and duration of Hw. 
The horizontal axis presents duration of the 

Hw while a number of events are presented in the vertical axis

The figure reveals the number of events and duration of events has both increased 
during the study period, particularly short HW. The shortest possible HW is 4 days 
in this study. A majority of HW appears as short HW (4 days and 5 days long) that 
accounting for more than 50%. In the 1980s, 35 events are observed on average 
that reached 168 events in the 1990s and 284 times in the 2000s (Fig. 4). Increasing 
frequency and duration are common among the three decades not only short HW 
but also longer HW. The increase of HW in the last decade is most pronounced by a 
number of short events as well as longer events. In the 1980s the longest HW duration 
was 10 days, in 1990s and 2000s were 20 and 18 respectively, which means the 
maximum duration of HW is almost doubled in the 2000s since the 1980s.

The single most longest HW happened in the year 2000 at two stations in the 
central Mongolia, at Baruunkharaa and Orkhontuul, experienced 20 days long HW 
with one-day discontinuity. These stations are located in the river basins, mostly in the 
same latitude and in the agricultural region of Mongolia.

The frequency of HW occurrence at 70 stations summarized for each calendar day 
during 1981-2010 is illustrated in Fig. 5. Four major HW concentrations are recognized 
in the early and late June, middle July, and early August, which probably has HW for 
5-6 days on average.
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The frequency of HW occurrence at 70 stations summarized for each 
calendar day during 1981 2010 is illustrated in Fig. 5. Four major HW 
concentrations are recognized in the early and late June, middle July, and early 
August, which probably has HW for 5-6 days on average. 

 

 
Figure 5. The frequency of HW occurrence for summer (JJA) in the study 

period during 1981 2010 in Mongolia. 
  

In the previous study, Iwasaki and Nii (2006) discussed a breaking 
feature of rainfall event occurred due to Rossby wave pattern in middle July that 
this break is roughly matching with one of the HW concentration in JJA. 
 
Conclusion 

This study briefly discussed the variation and change of the hot extreme 
events in Mongolia. Thus, the HD is examined together with the daily maximum 
surface air temperature in Mongolia by using observation. It is found that 
increases of HW, HD, and the mean daily maximum surface air temperature are 
steady. During 1981–2010, the most pronounced increase of the extreme 
temperature events in Mongolia is observed in the 2000s with statistical 
significance. HD events appear to increase with the rate of 3.7 days decade-1. 
Probability density distribution reveals very weak change for the shape of the 
distribution. Therefore, most of the increase of HD is caused by the shift of the 
distribution.  

Not only the frequency has increased for the extreme temperature 
events and also the duration of extreme temperature events are increased that 
revealed by HW. The most pronounced increase in frequency is observed for the 
short HW that lasted 4 or 5 days long. The maximum duration of HW has 
doubled in the 2000s that reached 20 days in the study period from 1981 to 
2010. 

The daily HW analyzed for JJA between 1981 and 2010 reveals four 
separate events that have a high frequency. Frequent HW occurred in the middle 
of July to early August is consistent with the previous study by Iwasaki and Nii 
(2006) that discussed a breaking characteristic of rainfall event in Mongolia. 

Figure 5. The frequency of Hw occurrence for summer (JJA) 
in the study period during 1981-2010 in Mongolia.

In the previous study, Iwasaki and Nii (2006) discussed a breaking feature of 
rainfall event occurred due to Rossby wave pattern in middle July that this break is 
roughly matching with one of the HW concentration in JJA.

Conclusion
This study briefly discussed the variation and change of the hot extreme events 

in Mongolia. Thus, the HD is examined together with the daily maximum surface 
air temperature in Mongolia by using observation. It is found that increases of HW, 
HD, and the mean daily maximum surface air temperature are steady. During 1981–
2010, the most pronounced increase of the extreme temperature events in Mongolia is 
observed in the 2000s with statistical significance. HD events appear to increase with 
the rate of 3.7 days decade-1. Probability density distribution reveals very weak change 
for the shape of the distribution. Therefore, most of the increase of HD is caused by the 
shift of the distribution. 

Not only the frequency has increased for the extreme temperature events and also 
the duration of extreme temperature events are increased that revealed by HW. The 
most pronounced increase in frequency is observed for the short HW that lasted 4 or 
5 days long. The maximum duration of HW has doubled in the 2000s that reached 20 
days in the study period from 1981 to 2010.

The daily HW analyzed for JJA between 1981 and 2010 reveals four separate 
events that have a high frequency. Frequent HW occurred in the middle of July to early 
August is consistent with the previous study by Iwasaki and Nii (2006) that discussed a 
breaking characteristic of rainfall event in Mongolia.
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Abstract
In this study, the temporal variability of surface ozone along with a study of the 

effects of the photochemistry and meteorological processes on the surface ozone 
concentrations over Ulaanbaatar city is investigated using the surface observation, 
radiosonde, reanalysis and back trajectory of air mass data during 2014.

Keywords: an ozone precursor, temperature inversion, the wind, stratospheric 
intrusion

Introduction
Although, near-surface ozone (O3) is a local and regional pollutant with adverse 

effects on the human health and vegetation (e.g., WHO, 2000), it is responsible for 
the production of the highly reactive hydroxyl radical (OH), which oxidizes and 
removes the majority of pollutants from the atmosphere (e.g., Levy, 1971). The amount 
of the surface ozone at any location depends upon the amount of its supply from the 
stratosphere (e.g., Junge, 1962), rate of photochemical production of some pollutants 
such as carbon monoxide (CO), methane (CH4), and other non-methane compounds 
(e.g., Crutzen, 1995), transport from other regions (e.g., Dop, 1977; Lal et al., 2013), 
and the rate of its destruction on the earth’s surface either due to dry deposition (e.g., 
Park et al, 2014) or photochemical loss mechanisms (e.g., Monks, 2005; Ganguly, 
2012). Trainer et al., (2000) summarized this that the time derivative of the ozone is 
the result of the chemical and dynamical processes that effect on the ozone mixing 
ratio (Eq. 1). 
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2014. 
 
Keywords: an ozone precursor, temperature inversion, the wind, stratospheric 
intrusion 
 
Introduction 

Although, near-surface ozone (O3) is a local and regional pollutant with 
adverse effects on the human health and vegetation (e.g., WHO, 2000), it is 
responsible for the production of the highly reactive hydroxyl radical (OH), 
which oxidizes and removes the majority of pollutants from the atmosphere 
(e.g., Levy, 1971). The amount of the surface ozone at any location depends 
upon the amount of its supply from the stratosphere (e.g., Junge, 1962), rate of 
photochemical production of some pollutants such as carbon monoxide (CO), 
methane (CH4), and other non-methane compounds (e.g., Crutzen, 1995), 
transport from other regions (e.g., Dop, 1977; Lal et al., 2013), and the rate of its 
destruction on the earth‘s surface either due to dry deposition (e.g., Park et al, 
2014) or photochemical loss mechanisms (e.g., Monks, 2005; Ganguly, 2012). 
Trainer et al., (2000) summarized this that the time derivative of the ozone is the 
result of the chemical and dynamical processes that effect on the ozone mixing 
ratio (Eq. 1).  

 
   
     

                                 (Eq.1) 
 

Where:   
         - represents the sum of the horizontal and vertical transport 

(stratospheric intrusion),             - represents the net ozone production, 
including anthropogenic and natural sources,       - includes all removals of 
ozone (dry deposition and chemical loss). 

 - includes all removals of ozone (dry 
deposition and chemical loss).

Generally, the global budget of the tropospheric ozone is governed by an 
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equation which is SinkSource OO 33  . The ozone sink is a result of dry deposition and 
the reaction of the photochemical loss of the ozone in daytime (e.g., Crutzen, 
1995). The photochemical loss of the tropospheric ozone occurs through the 
photolysis of the ocean itself via reactions R.1-R.2, through reaction with 
hydroperoxyl (HO2) radicals via R.3 and through the reaction of OH radicals 
with ozone via R.4. Most of the OH radicals are produced by the ozone in 
daytime (Jacob, 1999). 

 

  2
1

340

3 ODOhO
nm




      (R.1) 
  OHOHDO 22
1         (R.2) 

232 2OOHOHO       (R.3) 
223 OHOOOH        (R.4) 

 
The ozone source is supplied by stratosphere-troposphere exchange 
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The nighttime mixing ratio of the OH is almost zero. Instead, another 
oxidant, the nitrate radical, NO3, is generated at night by the reaction of the NO2 
with the ozone. It leads to both ozone and NOx loss (Brown and Stutz, 2012).  

This kind of works has been performed by scientists from many other 
countries from the Southeast Asia (e.g., Lal et al., 2013), Europe (e.g., Crutzen, 
1995) and the United States of America (e.g., Holton et al., 1995) where the 
science and technology are highly developed. However, Oyunchimeg (2010) 
and Sandelger et al., (2014, 2015) have studied the vertical distribution of the 
tropospheric ozone along with atmospheric vertical structure in Ulaanbaatar city. 
The temporal variations of the surface ozone and nitrogen oxides and its 
relationships at several posts in Ulaanbaatar city were investigated for the period 
from 2010 to 2011 (Oyunchimeg and Bayarmagnai, 2014). Several studies on 
the surface ozone in the Mongolian arid and semi-arid desert region have been 
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investigated for the period from 2010 to 2011 (Oyunchimeg and Bayarmagnai, 2014). 
Several studies on the surface ozone in the Mongolian arid and semi-arid desert region 
have been done under the Joint Russian-Mongolian Scientific Expedition during July 
from 2005 to 2008 (Zhamsueva et al., 2005, 2006 and 2009). Zhamsueva et al. (2009) 
concluded that suddenly elevated ozone levels around Sainshand in summer may be 
related to the long-term transport and the STE process. Akhmet-Ali and Sandelger 
(2015) concluded that STE process is a stronger and more frequent during the spring 
and summer over Ulaanbaatar city. Therefore, the effects of the photochemistry and 
meteorology on the surface ozone concentrations in Ulaanbaatar city using the in situ 
ozone measurements and reanalysis data for 2014 are presented in this study. 

Used data and method
The surface ozone is routinely measured by ozone analyzers, which measure 

the mixing ratio of ozone in ambient air in situ (WMO, 2008). The hourly mixing 
ratios of the surface ozone and its precursors, which are the CO and nitrogen oxides 
(NOx=NO+NO2), are available for several air quality posts such as UB1 (Mobile 
laboratory-Misheel Expo), UB4 (Urban-13th micro district), UB5 (Urban-100 ail) and 
UB8 (Background-Urgakh naran) post for the period during 2014. Oyunchimeg and 
Bayarmagnai (2014) noted that the surface ozone concentrations are high at rural posts 
(UB8), while, its precursor concentrations are same and high near Ger district and road 
cross section (UB4 and UB5). We suppose that the ozone at the UB5 and UB8 posts 
can present its temporal variation in the urban and rural. Thus, the seasonal variation 
of surface ozone is mostly studied for the most polluted UB5 and remote UB8 posts 
because of data gaps in the other posts (UB1) during 2014. 

Water vapor and sunlight play the main role in the chemistry of the ozone (Jacob, 
1999). In order to study the effect of the photochemistry of the temporal variation of 
the surface ozone, the observed daily sunshine duration is taken from the data archive 
at the Ulaanbaatar station while, the sunlight and night duration are obtained from 
the NOAA solar calculator. The mixing ratios of water vapor are calculated using 
meteorological parameters at each post. All the mass mixing ratios of ozone and its 
precursors are converted to volume mixing ratio or parts per billion by volume (ppbv).

Radiosonde data, reanalysis data from the ECMWF and air mass trajectory from 
the HYSPLIT are used to study the influence of the meteorology on the surface ozone 
concentrations. 

Results
Influence	of	the	photochemistry	on	the	seasonal	variation	of	the	surface	ozone	
The first aim of the research work is to study the effect of the photochemistry on 

temporal variability of the surface ozone. It provides the effect of sunlight, natural and 
anthropogenic activity on the surface ozone variation. Figure 1 shows the seasonal 
variations in the mixing ratios of the daily mean ozone, NO2, CO and water vapor at the 
most polluted UB5 and relatively cleaner UB8 post. 
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mean ozone, NO2, CO and water vapor at the most polluted UB5 and relatively 
cleaner UB8 post.  

 
Figure 1. The seasonal variations of daily mean surface ozone and its precursors 

in Ulaanbaatar city during 2014 
 

The mixing ratios of the daily mean ozone at both posts show a maximum 
value during spring/summer and a minimum value in winter. Both the seasonal 
variations of the sunshine duration and mixing ratios of the water vapor are 
similar to that of the ozone. It shows that sunlight (R.1 and R.8) and water vapor 
(R.2) play the main role in the photochemistry of ozone. But the seasonal 
variation of the mixing ratios of the CO and NO2 shows a reverse variation to 
that of the ozone. Although, the mixing ratios of the CO are variable during the 
year, the CO is the highest during winter (fire pot season) and its second higher 
mixing ratios may be observed because of the biomass burning and oxidation of 
the CH4 and non-methane hydrocarbons (e.g., Lal, 2007) during relatively drier 
late spring to midsummer. 

The critical value of air quality standard (AQS) varies in a range because the 
volume mixing ratios of a gas are calculated using its mixing ratio, atmospheric 
pressure, and temperature. For the air quality posts, it is 40.8  2.1 ppbv, 15.6 
0.4 ppbv and 6334.7  117.6 ppbv for the ozone, NO2, and CO, respectively. The 
ozone mixing ratios are lower at the polluted posts (UB5) while these are higher 
(exceeds the AQS) at the clearer post (UB8). This result matches with the 
conclusion of Oyunchimeg and Bayarmagnai (2014).  

Figure 1. The seasonal variations of daily mean surface ozone 
and its precursors in ulaanbaatar city during 2014

The mixing ratios of the daily mean ozone at both posts show a maximum value 
during spring/summer and a minimum value in winter. Both the seasonal variations of 
the sunshine duration and mixing ratios of the water vapor are similar to that of the 
ozone. It shows that sunlight (R.1 and R.8) and water vapor (R.2) play the main role 
in the photochemistry of ozone. But the seasonal variation of the mixing ratios of the 
CO and NO2 shows a reverse variation to that of the ozone. Although, the mixing ratios 
of the CO are variable during the year, the CO is the highest during winter (fire pot 
season) and its second higher mixing ratios may be observed because of the biomass 
burning and oxidation of the CH4 and non-methane hydrocarbons (e.g., Lal, 2007) 
during relatively drier late spring to midsummer.

The critical value of air quality standard (AQS) varies in a range because the 
volume mixing ratios of a gas are calculated using its mixing ratio, atmospheric 
pressure, and temperature. For the air quality posts, it is 40.8±2.1 ppbv, 15.6±0.4 ppbv 
and 6334.7±117.6 ppbv for the ozone, NO2, and CO, respectively. The ozone mixing 
ratios are lower at the polluted posts (UB5) while these are higher (exceeds the AQS) 
at the clearer post (UB8). This result matches with the conclusion of Oyunchimeg and 
Bayarmagnai (2014). 

The ozone photolysis (sunlight) in the presence of the water vapor is the primary 
source of the OH via R.1 and R.2. The CO oxidation with the OH leads to the ozone, 
followed by the photolysis of the NO2 (e.g., Lal, 2007).
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reactions between NOx, hydrocarbons, and CO during daylight hours, its 
production and loss depend on the critical mixing ratios of the NOx (e.g., Jacob, 
1999; Lal, 2007). For example, too little NOx (<20 pptv) are mostly observed in 
the marine troposphere, and ozone loss via reactions R.3 and R.4 is rather than 
ozone production. Too much NOx leads to radical termination by an alternate 
route (e.g. OH+NO2). In the case, the ozone production decreases with increases 
in NOx. It corresponds to urban (UB5) and rural (UB8) atmosphere (Jacob, 
1999). 

The mixing ratios of the NO2 exceed the AQS at the urban posts during the 
year, while, this is observed in the background post during winter/spring. The 
mixing ratios of the CO exceed the AQS at the urban sites during the winter fire 
pot season while, it is below the AQS at the remote background post during the 
year. The surface ozone can be higher during the daytime and warm seasons 
because those reactions are possible during this period. 

It is explained for the UB8 post because the seasonal variation of the ozone 
and its precursors  shows similarly at all the air quality posts (Figure 2). The 
monthly mean mixing ratios of the ozone are 4-11 ppbv more (due to R.8) in the 
daytime than in the nighttime during the year, while, the mixing ratios of the 
NOx are opposite it (1-11 ppbv less) at UB8 post during the year (Figure 2a, 2b).  
The mixing ratios of the water vapor are less in the nighttime than in the 
daytime (Brown and Stutz, 2012). It tells us that the sunlight and water vapor 
play an important role in the photochemistry and seasonal variation of the 
surface ozone.  
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Figure 2. Monthly mean mixing ratio of (a) the ozone and 

(b) the nox at the daytime and nighttime at the UB8 (Urgakh naran) during 2014

Approximately 57% of the net ozone source and 59 % of net ozone loss are 
supplied by R.5 and (R.2 and R.3), respectively (Jacob, 1999). It is the result of the 
sunlight and water vapor (see Figure 2).
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Figure 3. Scatter plots between the daily mean surface ozone and (a) the SD, (b) 

H2O, (c) CO, and (d) NOx at the UB8 post (Urgakhnaran) during 2014 
 

The relationship between the daily mean surface ozone and the sunshine 
duration, H2O, CO, and NOx are shown in Figure 3. A linear relationship 
between the ozone and sunshine duration (Figure 3a), and a logarithmic 
relationship between the ozone and H2O (Figure 3b), and a hyperbolic 
relationship between the ozone and CO, as well as the NOx (Figure 3c, 3d),  was 
found. 

According to Figure 3b, the ozone mixing ratio increases rapidly at small 
values of the H2O, this may be implicated that when the ozone mixing ratio was 
at low levels, the reactions of production of the ozone were dominated. When 
the ozone mixing ratios reached about 25 ppbv, it tended to remain relatively 
stable. This shows that at higher levels, the ozone mixing ratios are close to 
reaching a photo-stationary state for the H2O. In Figure 3c and 3.d, this behavior 
is opposite for the scatter plot of the ozone versus the CO, as well as NOX. It 
shows that at lower levels, the ozone mixing ratio (~10 ppbv) is close to 
reaching a photo-stationary state for the CO and NOx at the UB8 post. 

 
Influence of the meteorology on the surface ozone variability 

Stratospheric intrusion (e.g., Holton et al., 1995), boundary layer processes 
(e.g., Lal, 2007) including temperature inversion (e.g., Erdenesukh, 2008) and 
other meteorological parameters also play an important role in the formation, 
dispersion, transport, and dilution of ozone in the atmosphere (Comrie and 
Yarnal, 1992). The formation and disappearance of air pollution are not only 
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The relationship between the daily mean surface ozone and the sunshine duration, 
H2O, CO, and NOx are shown in Figure 3. A linear relationship between the ozone and 
sunshine duration (Figure 3a), and a logarithmic relationship between the ozone and 
H2O (Figure 3b), and a hyperbolic relationship between the ozone and CO, as well as 
the NOx (Figure 3c, 3d), was found.

According to Figure 3b, the ozone mixing ratio increases rapidly at small values of 
the H2O, this may be implicated that when the ozone mixing ratio was at low levels, 
the reactions of production of the ozone were dominated. When the ozone mixing ratios 
reached about 25 ppbv, it tended to remain relatively stable. This shows that at higher 
levels, the ozone mixing ratios are close to reaching a photo-stationary state for the H2O. 
In Figure 3c and 3.d, this behavior is opposite for the scatter plot of the ozone versus the 
CO, as well as NOX. It shows that at lower levels, the ozone mixing ratio (~10 ppbv) is 
close to reaching a photo-stationary state for the CO and NOx at the UB8 post.

Influence	of	the	meteorology	on	the	surface	ozone	variability
Stratospheric intrusion (e.g., Holton et al., 1995), boundary layer processes 

(e.g., Lal, 2007) including temperature inversion (e.g., Erdenesukh, 2008) and other 
meteorological parameters also play an important role in the formation, dispersion, 
transport, and dilution of ozone in the atmosphere (Comrie and Yarnal, 1992). The 
formation and disappearance of air pollution are not only affected by the weather 
condition but also by the geographical condition (e.g., Erdenesukh, 2008).
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In order to study the influence of meteorology on the seasonal variation of the 
surface ozone, the remote background post (UB8) was selected as a study point. The 
main meteorological factor that influences the variability of ozone is the wind (e.g., 
Lal, 2007). Since the surface ozone was measured at the UB1 post from January to 
May 2014, Figure 4 was drawn for the period. 
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Figure 4.  Scatter plots between the wind speed and the monthly mean ozone, its 

precursors, as well as the elevation of the air quality posts in Ulaanbaatar city 
 

The Figure 4 shows that higher locations have a larger wind speed, and the 
ozone precursors decrease with an increase in the wind speed and it leads to high 
ozone mixing ratios. But, the relationship is a result for the period.  

The spatiotemporal distribution of the temperature is obtained from the 
radiosonde data and it is shown in Figure 5.  
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The Figure 4 shows that higher locations have a larger wind speed, and the ozone 
precursors decrease with an increase in the wind speed and it leads to high ozone 
mixing ratios. But, the relationship is a result for the period. 
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over ulaanbaatar city during 2014
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There is a very clear surface-based temperature inversion over the Ulaanbaatar 
city during the winter season. The thickness of the temperature inversion is seen to be 
a maximum during January. Also, isotherm layer is seen during spring and autumn. 
Because the surface-based temperature inversion produces a very stable layer of air 
under the influence of the Asian anticyclone and there is no vertical air motion, it plays 
a significant role in the winter pollution episodes in urban sites (Erdenesukh, 2008). It 
may lead to the lower surface ozone concentrations during the cold months. Since the 
convection of air (unstable) is a stronger and, the temperature inversion disappears or 
is weak during the warm months, the air pollutants can be mixed with upper air well. It 
leads to a decrease in the ozone precursors and an increase in the ozone concentrations. 
The explanations are clearly seen in detail in Table 1 for the UB8 air quality post.

Table 1. The correlation coefficient between the ozone and 
its precursors and meteorological parameters during 2014

Meteorological parameters Ozone 
(ppbv)

NOX 
(ppbv)

CO 
(ppbv)

Intensity of temperature inversion, oC -0.88 0.95 0.74
Air temperature, oC 0.55 -0.59 -0.34
Wind speed, m/s 0.38 -0.22 -0.24

The intensity of the surface-based temperature inversion has a negative relationship 
with the surface ozone and a positive relationship with its precursors. Both the air 
temperature and wind speed have a positive relationship with ozone while these have a 
negative relationship with the ozone precursors. A raise in temperature and wind speed 
leads to a decrease in the ozone precursors and an increase in the ozone by mixing 
process because of the weakening of the temperature inversion.

 
Figure 6. Profiles of the temperature and wind speed over Ulaanbaatar city at 

00:00 UTC, 24 April 2014  
 

 Many studies suggested that STE process is associated with jet streams 
(e.g., Hsu et al. 2005), and the jet stream is seen in the wind profile over 
Ulaanbaatar city on that day. Since the temperature inversion layer is not present 
over the Ulaanbaatar city, the air at the surface level can be mixed with the 
ozone rich air at the upper level, and it leads the elevated ozone mixing ratios 
(by the photochemistry and transport coupled) at the surface level. 
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Ulaanbaatar (Black solid contour line is isotropic (potential temperature) 
surface. The purple dashed values are the ozone mixing ratio. The shaded values 

are the PV.) on 24 April 2014 and (b) backward trajectories from HYSPLIT 
during 7 days. 
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Although, several elevated ozone events are seen from seasonal variation of the 
surface ozone at the UB8 post during 2014, a case of that in the spring is explained in 
detail below. For example, monthly average surface ozone mixing ratio is 21.3 ppbv at 
UB8 post in April. But it is 34.5 ppbv at 02:00 UTC 24 April 2014. The thermal and 
dynamic conditions can be explained in the case.

Many studies suggested that STE process is associated with jet streams (e.g., Hsu 
et al. 2005), and the jet stream is seen in the wind profile over Ulaanbaatar city on that 
day. Since the temperature inversion layer is not present over the Ulaanbaatar city, the 
air at the surface level can be mixed with the ozone rich air at the upper level, and it 
leads the elevated ozone mixing ratios (by the photochemistry and transport coupled) at 
the surface level.
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Figure 7. (a) The Potential vorticity (PV) profile along the central longitude 
of Ulaanbaatar (Black solid contour line is isotropic (potential temperature) surface. 
The purple dashed values are the ozone mixing ratio. The shaded values are the PV.) 

on 24 April 2014 and (b) backward trajectories from HySPLiT during 7 days.

If the potential vorticity (PV) exceeds the value of the 1 to 4 PVU, where PVU 
denotes the standard potential vorticity unit (1 PVU = 10−6 m2 s−1 K kg−1), below the 
tropopause region, it means that the stratospheric ozone rich air has already come 
into the troposphere (e.g., Ivanova, 2013). In order to confirm the transport processes, 
the PV profile along the central longitude (106.8E) of Ulaanbaatar city is drawn for 
latitudes of 25°N to 55°N and altitudes of 875 hPa to 200 hPa. The data are taken 
from the ECMWF web. The PV value at 700 hPa was 1.4 pave because of the STE at 
00:00 UTC, 24 April 2014 (Figure 7a). Because fluid parcels tend to follow lines of 
an isentropic surface, the downward transport of the stratospheric ozone rich air into 
the troposphere occurs along the sloping lines of the constant potential temperature 
(Mohanakumar, 2008).
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The backward trajectory of air mass can tell us that where the air comes from for 
vertical and horizontal directions. Seven days back trajectory of the air mass at 1500 
m AGL based on the HYSPLIT model shows that the air mass including the ozone 
and its precursors is transported from the North American region via the Europe to 
the Ulaanbaatar along the dominant wind direction which is the westerly and from the 
ozone rich higher altitudes. It is confirmed that the event on 24 April 2014 is a case 
of the stratospheric intrusions because the air mass comes from higher latitudes and 
higher altitudes.

Table 2. Seasonal mean ozone and relative humidity and percentage of observed 
trajectories from the upper altitudes above 1500 m AGL at the UB8 post during 2014

Season Ozone 
(ppbv)

Relative 
humidity (%)

Trajectories from 
above 1500 m (%)

Winter 11.8±5.7 68±10 11
Spring 19.7±4.6 49±20 56
Summer 18.3±5.0 58±19 22
Autumn 14.5±5.2 52±18 11

Since the sinking (stratospheric) air masses are characterized by lower relative 
humidity (Kumar et al., 2010), the relative humidity a tracer to get further insight 
into the sources of these air masses. The high ozone mixing ratio in spring is matched 
with a high frequency of air mass trajectory from upper levels in that season. Drier air 
during the spring may be related to the stratospheric intrusion.

Summary
The major findings of the study are listed below.
1.	 Since the monthly mean ozone at daytime is 4-11 ppbv more than at night 

time, it tells us that the sunlight and water vapor play an important role in the 
photochemistry and seasonal variation of the surface ozone. 

2.	 A linear relationship between the ozone and sunshine duration, and a 
logarithmic relationship between the ozone and H2O, and a hyperbolic 
relationship between the ozone and CO, as well as the NOx, was found. The 
ozone mixing ratio is close to reaching a photo-stationary state at higher levels 
for the H2O while, at lower levels of the NOx and CO.

3.	 The higher and rural locations have a larger wind speed, and ozone precursors 
decrease with an increase in the wind speed. It leads to the high ozone 
concentrations.

4.	 The intensity of the surface-based temperature inversion has a negative 
relationship with the surface ozone and a positive relationship with its 
precursors. A raise in temperature and wind speed leads to a decrease in the 
ozone precursors and an increase in the ozone by mixing process because of the 
weakening of the temperature inversion.
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5.	 It is seen from the surface measurements, reanalysis data, and air mass back 
trajectory that the strongest stratospheric intrusions occur during the spring to 
summer, and it leads the elevated ozone concentrations during the period.
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Abstract
In this work, the ability of the Weather Research and Forecasting model coupled 

with the Chemistry (WRF-Chem) model using the Shao’s dust scheme is evaluated. 
The WRF-Chem model was adopted for forecasting hourly five array dust during 13-
16 Apr 2015 over Mongolia.

Simulated features are compared with observations from a dust monitoring site 
in the dust source region of the Gobi desert. The simulations are compared with dust 
observation are found to agree well with the observations. A strong dust event, which 
is accompanied by the synoptic front, occurred during 13-16 April 2015. During the 
event, the maximum concentration of PM10 reaches 700 μg m-3 at 3 m above the surface 
at Tsogt-Ovoo dust monitoring site, which is located in the northern Gobi Desert. 

This case study demonstrates that WRF-Chem presents great potential for 
simulating dust storms and provides useful guidance in early warnings of a dust storm 
over Mongolia. It is worth to further improve the dust emission estimation and include 
land use data modification and improvement initial and boundary conditions. 

Keywords: WRF-Chem, dust concentration, dust scheme, Gobi-desert

Introduction
Southern Mongolia is one of the important source areas of dust emission in the 

Asian continent. Dust events are the main natural disasters influencing Mongolia, 
especially south Mongolia. Dust events, especially severe dust storm are not only 
disastrous weather with extreme harm in arid, semiarid region and its surrounding area 
but also become an environmental problem which causes harm to the human being 
health and affects economic development (Wang et.al 2013).

As a high-profile and disaster, the simulation and forecast of dust weather have far-
reaching significance. Experts and scholars have conducted a lot of researchers on the 
dust event, especially on the quantitative prediction. Gillette et al. (1988) considered 
the surface dust emissions as a function of wind speed and surface conditions 
(including soil type, soil moisture, and vegetation), the dust emission is simple and 



PAPERS IN METEOROLOGY AND HYDROLOGY  No 35/9

61

crude. More recently, better schemes for dust emission have been under development 
on the basis of wind erosion physics. Dust emission is an important issue in the 
prediction of dust events; hence, the application of a representative scheme for sand 
and dust emission in Mongolia is discussed.

Dust emission mechanisms
Figure 1 depicts the three dust emission mechanisms considered in the Shao 

scheme (2004): 
1.  Figure 1a depicts aerodynamic lift (Fa). Dust can be lifted from the surface 

directly by aerodynamic forces. Fa is small in general, but can be significant 
from soils in which free dust is abundant. 

2.  Figure 1b depicts saltation bombardment (sand blasting), (Fb). As saltating 
particles strike the surface, they cause localized impacts which are strong 
enough to overcome the binding forces acting on dust particles, leading to dust 
emission (Shao et al., 1993; Alfaro et al., 1997). The dust emission rate caused 
by this mechanism can be an order of magnitude larger than the aerodynamic 
entrainment. 

 
Figure 1. Mechanisms for dust emission (from Shao (2008)):  

(a) dust emission by aerodynamic lift; (b) by saltation bombardment (sandblasting); 
and (c), through disaggregation of aggregates or fragments (self‐abrasion) 

 
Dust emission parameterization 
To estimate dust emission amounts, various parameterizations have been developed 

(e.g., Alfaro and Gomes, 2001; Shao, 2001, 2004, 2011). In the dust emission 
parameterization, the most important parameters are: (1) the threshold friction velocity 
at which soil particles begin to move, (2) the horizontal sand flux, and (3) the vertical 
dust flux. 

 
 Threshold Friction Velocity 
Threshold friction velocity     , which is defined as a minimum friction velocity 

required for the initiation of soil particle movement, varies with the surface 
conditions, which include soil moisture, salt concentration in the soil, and the presence 
of roughness elements on the surface. To account for the effects of surface condition 
factors on     the threshold friction velocity is expressed in the following form: 

 
                                                     (2) 

 
Where:      is the threshold friction velocity of sand particles of size    for dry, bare, 
and salt free soil, and    ,     , and       are the correction functions for soil 
moisture, roughness elements, and salt concentration, respectively (Shao, 2001).  
 

 Horizontal Sand Flux 

Figure 1. Mechanisms for dust emission (from Shao (2008)): 
(a) dust emission by aerodynamic lift; (b) by saltation bombardment (sandblasting); 

and (c), through disaggregation of aggregates or fragments (self-abrasion)

3.  Figure 1c depicts disaggregation (auto abrasion), (Fc). Under natural 
conditions, dust particles may exist as dust coats attached to sand grains in 
sandy soils or as aggregates in soils with high clay content. During a weak 
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wind erosion event, sand particles coated with dust and clay aggregates behave 
as individuals and dust particles may not be released, while during a strong 
wind erosion event, dust coats and soil aggregates may disintegrate resulting 
in increased dust emission (Chappell et al. 2008) showed that strong dust 
emission in the Bodele Depression was primarily caused by “auto abrasion,” 
i.e., the breakdown of large fragments (centimeters in size) of diatomite 
when they hit the hard playa surface. Disaggregation has been found to be 
important for dust emission in the Lake Eyre Basin of Australia (Bullard et 
al., 2007). The numerical tests of Shao (2004) suggest that the importance of 
disaggregation is similar to saltation bombardment. Dust emission arising from 
these three mechanisms can be expressed as:

   F = Fa + Fb + Fc     (1)

Dust emission parameterization
To estimate dust emission amounts, various parameterizations have been developed 

(e.g., Alfaro and Gomes, 2001; Shao, 2001, 2004, 2011). In the dust emission 
parameterization, the most important parameters are: (1) the threshold friction velocity 
at which soil particles begin to move, (2) the horizontal sand flux, and (3) the vertical 
dust flux.

Threshold Friction Velocity
Threshold friction velocity (u*t), which is defined as a minimum friction velocity 

required for the initiation of soil particle movement, varies with the surface conditions, 
which include soil moisture, salt concentration in the soil, and the presence of 
roughness elements on the surface. To account for the effects of surface condition 
factors on u*t the threshold friction velocity is expressed in the following form:

 u*t (ds,w, λ, sc) = u*t0(ds)f(w)f(λ)f(sc)    (2)

Where: u*t0 is the threshold friction velocity of sand particles of size ds for dry, 
bare, and salt free soil, and f(w), f(λ), and f(sc) are the correction functions for soil 
moisture, roughness elements, and salt concentration, respectively (Shao, 2001). 

Horizontal Sand Flux
The horizontal sand flux indicates the intensity of saltation, and it is defined as a 

vertical integral of the streamwise saltating particle flux density. For a particle with 
a size ds, the horizontal sand flux can be calculated using the saltation formulation 
proposed by White (1979). The horizontal saltation flux for all particle sizes can be 
estimated by 
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The horizontal sand flux indicates the intensity of saltation, and it is defined as a 
vertical integral of the streamwise saltating particle flux density. For a particle with a 
size ds, the horizontal sand flux can be calculated using the saltation formulation 
proposed by White (1979). The horizontal saltation flux for all particle sizes can be 
estimated by  
 

   ∫           
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Where:    and    are the lower and upper size limits, respectively, of the saltating 
particles, and,       is the soil particle size distribution (Shao et al., 2002).  
 

Vertical Dust Flux 
Vertical dust flux F is defined as the emitted dust mass concentration per unit area 

per unit time. It can be parameterized in terms of the fact that vertical dust flux is 
related to horizontal sand flux. A number of attempts have been made to parameterize 
vertical dust flux through an empirical approach using observation data or through a 
physically based approach by considering the energy balance or the volume removed 
during dust emission processes. In this study, dust emission scheme Shao (2011) is 
used in the WRF-Chem model.  
Shao (2011) considered the two major dust emission mechanisms of saltation 
bombardment and aggregates disintegration. A dust emission model is presented by 
Shao (2011): 
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Where:        is the dust emission rate of particle size    (from the ith size bin) 
generated by the saltation of particles;    is a dimensionless coefficient;     is the 
fraction of dust that can be emitted;    is bombardment efficiency. 
 

Model Configuration 
The model domain includes the whole area of Mongolia. A horizontal resolution is 

3 km. Initial and boundary conditions are adopted from GFS (Global Forecast Model) 
data with 0.5° resolution every 3 h. The YSU boundary layer scheme, Noah land 
surface module, Grell cumulus scheme, RRTM longwave radiation scheme, and 
Goddard shortwave radiation scheme (Chou and Suarez, 1994) are used in this case 
study. For dust modeling, several input parameters are needed. The vegetation cover 
and soil texture class data, other parameters, such as friction velocity, soil moisture, 
and roughness length are from WRF default data. The size-resolved dust flux of the 
Shao (2011) scheme goes into 5 size bins: 0–2.5, 2.5–5, 5–10, and 10–20 μm 
diameter, the fifth bin is a summation bin.  Model simulation of the dust emission 
scheme is conducted for the 3 days from 0012 UTC on 13 April 2015 to 0012 UTC on 
16 April 2015. 
 

Results 
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    (4)

Where: Fi(di) is the dust emission rate of particle size di (from the ith size bin) 
generated by the saltation of particles; CY is a dimensionless coefficient; nmi is the 
fraction of dust that can be emitted; δm is bombardment efficiency.

Model	Configuration
The model domain includes the whole area of Mongolia. A horizontal resolution 

is 3 km. Initial and boundary conditions are adopted from GFS (Global Forecast 
Model) data with 0.5° resolution every 3 h. The YSU boundary layer scheme, Noah 
land surface module, Grell cumulus scheme, RRTM longwave radiation scheme, and 
Goddard shortwave radiation scheme (Chou and Suarez, 1994) are used in this case 
study. For dust modeling, several input parameters are needed. The vegetation cover 
and soil texture class data, other parameters, such as friction velocity, soil moisture, 
and roughness length are from WRF default data. The size-resolved dust flux of the 
Shao (2011) scheme goes into 5 size bins: 0–2.5, 2.5–5, 5–10, and 10–20 μm diameter, 
the fifth bin is a summation bin. Model simulation of the dust emission scheme is 
conducted for the 3 days from 0012 UTC on 13 April 2015 to 0012 UTC on 16 April 
2015.
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Results
For verification of the simulation results, observations of PM10 concentration 

measured by automatic instruments at Tsogt-Ovoo dust monitoring site (105.283˚E, 
44.3844˚N). The spatial distributions of PM10 concentration simulated by the WRF-
Chem model for the lowest level are given in Figure 2. Dust was emitted in southwest 
Mongolia at 13 UTC Apr 2015, showing a high concentration of PM10 larger than 1000 
μg m-3. It moves eastward and is supplied by a lot of dust emitted and transferred over 
the southern Mongolia at 08 UTC Apr 14. 

For verification of the simulation results, observations of PM10 concentration 
measured by automatic instruments at Tsogt-Ovoo dust monitoring site (105.283˚E, 
44.3844˚N). The spatial distributions of PM10 concentration simulated by the WRF-
Chem model for the lowest level are given in Figure 2. Dust was emitted in southwest 
Mongolia at 13 UTC Apr 2015, showing a high concentration of PM10 larger than 
1000 μg m-3. It moves eastward and is supplied by a lot of dust emitted and transferred 
over the southern Mongolia at 08 UTC Apr 14.  

 
Figure 2. Simulated dust concentration (PM10) and  

wind fields from 13 to 15 April 2015. 
 
Figure 3 shows observed and simulated wind speeds in Tsogt-Ovoo dust monitoring 
site [m s–1] at 12 UTC from 13 to 16 April 2015. 
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Figure 3 shows observed and simulated wind speeds in Tsogt-Ovoo dust 
monitoring site [m s–1] at 12 UTC from 13 to 16 April 2015.
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Figure 3. Observed and simulated wind speeds in Tsogt-Ovoo dust monitoring site 

 [m s-1] at 12 UTC from 13 to 16 April 2015 
 

The simulated wind speed increases sharply from 03 UTC April 14, reaching a 
maximum of 18.5 m s–1 at 15 UTC 14 April. Then, it decreases showing a relatively 
weak hourly variation. While the variation during the analysis period is quite similar 
to that of the observation, it appears that the model fails to catch the sensitive changes 
of the observation. For example, a significant difference between simulated and 
observed maximum wind speeds, reaching 3 m s–1, is found at 15 UTC 14 April.   

Figure 4 shows the time series of PM10 concentration observed and simulated at the 
lowest level by the WRF-Chem, 12 UTC from 13 to 16 Apr 2015, together with the 
dust concentration observed at the Tsogt-Ovoo dust monitoring site. However, the 
model overestimates the PM10 concentration during the simulation.  
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Figure 3. Observed and simulated wind speeds in Tsogt-Ovoo dust 
monitoring site [m s-1] at 12 UTC from 13 to 16 April 2015

The simulated wind speed increases sharply from 03 UTC April 14, reaching a 
maximum of 18.5 m s–1 at 15 UTC 14 April. Then, it decreases showing a relatively 
weak hourly variation. While the variation during the analysis period is quite similar to 
that of the observation, it appears that the model fails to catch the sensitive changes of 
the observation. For example, a significant difference between simulated and observed 
maximum wind speeds, reaching 3 m s–1, is found at 15 UTC 14 April. 

Figure 4 shows the time series of PM10 concentration observed and simulated at 
the lowest level by the WRF-Chem, 12 UTC from 13 to 16 Apr 2015, together with 
the dust concentration observed at the Tsogt-Ovoo dust monitoring site. However, the 
model overestimates the PM10 concentration during the simulation. 
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figure 4. observed and simulated pm10 concentration at tsogt-ovoo 
dust monitoring site [μg m-3] from 12 UTC 13 to 12 UTC 16 April 2015
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At 17 UTC on 15 April, the PM10 concentration reached to a maximum of 700.5 
μg m–3. The simulated dust concentration increases sharply from 10 UTC 14 April, 
reaching a maximum of 1200 μg m–3 at 15 UTC 14 April. The time difference between 
the observed and simulated maximum PM10 concentration is due to 2-hour time lag 
between the observed and simulated maximum wind speed.

In this study, the-the Shao (2011) dust emission scheme is used. For further 
study, experiments with other dust emission schemes are necessary to compare the 
performances of the schemes and choose the best-suited scheme over the study area.

Conclusions
1.	 In this study, the WRF-Chem model coupled with Shao (2011) dust scheme 

was applied to simulate dust storm events that occurred during 13-16 April 
2015, over Mongolia.

2.	 Comparison of the simulated and observed surface PM10 concentrations at 
the Tsogt-Ovoo dust monitoring site showed that the WRF-Chem reasonably 
well reproduces the trend in surface PM10 concentration during the simulation 
period. 

3.	 The time difference between the observed and simulated maximum PM10 
concentration was due to 2 h time lag between the observed and simulated 
maximum wind speed at Tsogt-Ovoo dust monitoring site. 

4.	 It is worth to further improve the dust emission estimation and include land use 
data modification and improvement initial and boundary conditions. 
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перенос воздушных масс

Введение
Увеличение общей загрязненности атмосферы и связанные с этим 

глобальные изменения климата Земли вызывают повышенный интерес к 
атмосферным аэрозолям. Аэрозоль вносит вклад в изменение радиационного 
баланса в системе земля-атмосфера, следовательно, в изменение погоды и 
климата [1, 2]. Взвешенные в атмосфере частицы, аккумулируя ряд химических 
веществ, превращаются в один из основных загрязнителей атмосферы, 
которые оказывают вредное воздействие на здоровье населения и наносят 
ущерб природным экосистемам. Свойства взвешенных частиц определяются 
выбросами из различных источников, химическим режимом атмосферы, 
метеорологическими условиями (направление и скорость перемещения 
воздушных масс, количество осадков) и турбулентной активностью в атмосфере. 
Многокомпонентный по составу атмосферный аэрозоль бывает естественного 
вследствие ветровой эрозии почвы, извержений вулканов и других природных 
процессов и антропогенного происхождения. Основными источниками аэрозолей 
естественного происхождения являются поверхности морей и океанов и 
аридные территории Земли. Воздушными потоками аэрозоль переносится на 
тысячи километров и, выпадая на земную поверхность, принимает участие в 
формировании почв и донных отложений. Аэрозоль аридных зон континентов 
содержит практически все элементы литосферы, в том числе радиоактивные 
изотопы естественного и техногенного происхождения. Терригенный аэрозоль 
возникает при выветривании горных пород и поднятии пыли. Его основной 
источник – засушливые зоны, где пылевые бури поднимают в воздух большую 
массу твердых частиц. В связи с сильным влиянием пылевого аэрозоля на 
жизнедеятельность человека и окружающую среду проводятся исследования 
компонентного состава пылевого аэрозоля, выноса веществ с минеральной 
пылью [3-5]. 

Как известно, очаги крупномасштабного пылевого выноса характеризуются 
почвами, характерными для песчаных и каменистых равнин [6]. Химический 
состав почвы является отражением элементарного состава всех геосфер, 
принимающих участие в формировании почвы. Поэтому в состав всякой почвы 
входят элементы, которые распространены или встречаются в атмосфере. В 
рамках смешанной (эоловой плюс эрозионной) модели происхождения пылевых 
частиц элементный состав пыли должен соответствовать составу почв в районе 
наблюдения. Идентификация элементного состава проб воздуха и почвы может 
стать источником информации о генезисе почвенно- эрозионного аэрозоля. В 
настоящее время в пробах аэрозолей современными аналитическими методами 
определяются около 40 химических микроэлементов, что позволяет не только 
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исследовать воздействие отдельных элементов на окружающую среду, но и 
происхождение аэрозоля в результате их переноса на большие расстояния, 
процессов трансформации и осаждения на подстилающую поверхность. 

Цель настоящей работы заключалась в исследовании источников 
формирования атмосферного аэрозоля в окрестностях станции Сайншанд в 
Восточноговийском аймаке Монголии.

 
Материалы	и	методы
Пробы аэрозолей в атмосфере отобраны в период совместной российско-

монгольской экспедиции с 28 августа по 10 сентября 2012 г. на станции 
Сайншанд (44°54′N, 110°07′E), расположенной в пустыне Гови (1000 м над у.м. 
С целью выявления источников формирования химического состава аэрозолей 
на станции Сайншанд отобраны пробы песчаного грунта в Восточноговийском 
аймаке (рис. 1, точки отбора проб грунта обозначены цифрами).
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Рис. 1. Расположение станции Сайншанд и точек отбора песчаного грунта  

Отбор проб аэрозолей проводился с помощью высокообъѐмного 
пробоотборника PM 10 фирмы Andersen instruments Inc. (США) на 
фильтры Whatman-41. Для определения ионного состава аэрозолей 
использовалась растворимая в воде фракция. Вещество с фильтров 
извлекалось известным объемом деионизированной воды 
(электропроводность 0.20S). Водная вытяжка из песчаного грунта 
готовилась извлечением веществ из известной по весу доли песка. В части 
полученных растворов измеряли величину рН, остаток раствора 
фильтровали через ацетат-целлюлозный фильтр с диаметром пор 0,2 мкм. 

Рис. 1. Расположение станции Сайншанд и точек отбора песчаного грунта 

Отбор проб аэрозолей проводился с помощью высокообъёмного 
пробоотборника PM 10 фирмы Andersen instruments Inc. (США) на фильтры 
Whatman-41. Для определения ионного состава аэрозолей использовалась 
растворимая в воде фракция. Вещество с фильтров извлекалось известным 
объемом деионизированной воды (электропроводность 0.20µS). Водная вытяжка 
из песчаного грунта готовилась извлечением веществ из известной по весу доли 
песка. В части полученных растворов измеряли величину рН, остаток раствора 
фильтровали через ацетат-целлюлозный фильтр с диаметром пор 0,2 мкм. В 
фильтрате определяли ионы аммония (NH4

+), натрия (Na+), калия (K+), магния 
(Mg2+), кальция (Ca2+), сульфат-ионы (SO4

2-), нитрат-ионы (NO3
-), гидрокарбонат-

ионы (HCO3
-), хлорид-ионы (Cl-), фосфат-ионы (РО4

3-). Определение химического 
состава растворимой фракции аэрозольного вещества и вытяжки из песчаной 
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пробы осуществлялось современными аналитическими методами атомной 
адсорбции и ионной хроматографии, рекомендованными для обеспечения 
сопоставимости с данными из других районов мира на атомно-адсорбционном 
спектрометре фирмы Carl Zeiss Jena (Германия) и ионном хроматографе ICS-
3000 (Dionex, США) [7-9]. 

Для исследования основных направлений переноса воздушных масс в 
пункт наблюдения (ст. Сайншанд) построены прямые и обратные траектории 
их движения над участками точек отбора проб песчаного грунта (рис. 1) с 
использованием траекторной модели HYSPLIT (http://www.arl.noaa.gov/ready/
hysplit4.html) и архивных метеорологических данных реанализа NCEP/NCAR 
(США).

В таблице 1 приведен перечень проб аэрозолей, отобранных в атмосфере ст. 
Сайншанд в 2012 г. с указанием участков территорий, над которыми проходили 
основные пути движения воздушных масс в пункт наблюдения.

Таблица	1. Перечень проб аэрозолей, отобранных 
в атмосфере ст.Сайншанд, 2012 г.

Номер 
пробы

Дата отбора 
проб

Цвет фильтра с 
пробой аэрозоля

Участки, над которыми 
пролегали траектории движения 

воздушных масс
1 27-28.08.12 светло- серый 13, 9, 11, 4, 8, 10, 1
2 28.08.12 белый 13, 12, 2

3 28-29.08.12 светло-серый с 
оранжевым оттенком 3, 5, 8

4 29.08.12 светло-серый с 
оранжевым оттенком 13, 2, 12

5 29-30.08.12 серый 4, Китай
6 30-31.08.12 серо-оранжевый запад, Китай
7 31.08-01.0912 белый 8, 9, 11, 13
8 01.09.12 белый 13, 11, 2
9 03.09.12 серый 11, 13, 9
10 06-07.09.12 серый 8, 4, 10, 1
11 07.09.12 серый 13, 11, 9, 2
12 08.09.12 серый 11, 3, 5, 6, 8, 4, 10, 1, 9, 12
13 08-09.09.12 серый 7, 6, 3, 5, 14
14 09-10.09.12 серый 13, 12

Результаты	и	обсуждение
Исследования химического состава аэрозолей, отобранных на территории 

Монголии в летний период 2005-2010 гг. [10], выявили, что в одном и том же 
месте отбора проб в разные годы концентрации веществ могут отличаться на 
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один-два порядка, величина каждого из них значительным образом варьирует 
в зависимости от конкретной атмосферной ситуации. Различия в составе и 
концентрации атмосферных аэрозолей на метеостанции в Сайншанде в разные 
годы свидетельствуют о различной природе аэрозольных частиц в данном пункте 
наблюдения. Анализ концентраций компонентов аэрозолей, их корреляционных 
коэффициентов, моделирование метеорологических условий показывают, что 
в Сайншанде основным фактором, влияющим на формирование химического 
состава аэрозолей, является поток загрязняющих веществ, переносимый 
воздушными массами на исследуемую территорию, а также ветровой режим 
местности, в частности пыльные бури. При дальнем переносе загрязняющие 
атмосферу антропогенные примеси поступают в Монголию, в основном, с 
южных и юго-восточных направлений. Основными ионами в аэрозольных 
частицах станции Сайншанд являются ионы SO4

2-, NO3
-, NH4

+ [11].
Суммарное содержание ионов в аэрозолях, отобранных в атмосфере станции 

Сайншанд в 2012 г. изменялось от 0,62 до 19,57 мкг/м3. Преобладающими среди 
ионов в 2012 г. в отличие от предыдущих наблюдений были ионы НСО3

-, Ca2+, 
Mg2+ (таблица 2). 

Таблица	2. Химический состав растворимой фракции 
аэрозоля, ст. Сайншанд, 2012 г., мкг/м3

№
 п

ро
бы рН

раст-
вора

Na+ NH4
+ K+ Mg2+ Ca2+ F- Cl- NO3

- SO4
2- РО4

3-

Н
С
О

3-

1 9,24 0,003 0,000 0,039 0,014 0,160 0,001 0,001 0,00 0,01 0,003 0,67
2 7,15 0,008 0,004 0,036 0,009 0,040 0,000 0,002 0,01 0,00 0,008 0,20
3 7,41 0,068 0,003 0,031 0,007 0,019 0,002 0,004 0,00 0,01 0,008 0,24
4 9,32 0,033 0,003 0,102 0,046 0,336 0,001 0,003 0,00 0,03 0,010 1,63
5 9,3 0,080 0,000 0,043 0,026 0,182 0,002 0,004 0,00 0,01 0,020 1,05
6 9,22 0,222 0,000 0,037 0,009 0,056 0,002 0,071 0,00 0,06 0,009 0,76
7 9,18 0,014 0,004 0,149 0,018 0,141 0,002 0,005 0,05 0,01 0,005 0,78
8 9,1 0,029 0,000 0,065 0,016 0,143 0,001 0,006 0,02 0,03 0,007 0,73
9 6,5 0,011 0,000 0,092 0,008 0,050 0,000 0,002 0,01 0,02 0,035 0,32

10 8,97 0,049 0,000 0,084 0,031 0,228 0,002 0,002 0,00 0,03 0,008 1,11
11 7,52 0,004 0,000 0,045 0,016 0,076 0,002 0,002 0,00 0,01 0,002 0,42
12 7,71 0,015 0,000 0,050 0,009 0,041 0,001 0,002 0,00 0,00 0,013 0,22
13 6,4 0,002 0,000 0,029 0,002 0,012 0,001 0,001 0,00 0,00 0,009 0,10
14 9,18 0,019 0,000 0,017 0,016 0,260 0,002 0,001 0,00 0,01 0,000 1,05
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В то же время отмечено возрастание концентраций ионов в основном 
антропогенного происхождения в периоды переноса воздушных масс с южных, 
юго-юго западных и юго-юго-восточных направлений. В эти дни в аэрозолях 
повышалась доля ионов Ca2+, SO4

2-, NO3
-. Например, 9 сентября 2012 году в 

пробах аэрозолей выявлена максимальная концентрация взвешенных частиц 
при южном переносе воздушных масс согласно моделированию HYSPLIT. В 
составе проб аэрозолей содержание антропогенных компонентов SO4

2- составило 
9,85 мкг/м3, NO3

- - 4,03 мкг/м3, NH4
+ 3,04 мкг/м3. При переносе воздушных масс 

с северных, северо-северо-западных и северо-северо-восточных направлений 
концентрации ионов были низки, их суммарные концентрации не превышали 
4 мкг/м3. В составе аэрозолей отмечается снижение содержания NH4

+, Ca2+,  
SO4

2-, NO3-и возрастание доли Na+ и Cl-. Минимальные концентрации аэрозолей 
наблюдались при северном и западном переносе 31 августа-1 сентября. 
Концентрация SO4

2- в эти дни снижалась до 0,12 мкг/м3, NO3
- до 0,13 мкг/м3, NH4

+ 
до 0,15 мкг/м3 (рис. 2).

 

Рис. 2. Компонентный состав атмосферных аэрозолей в Сайншанде,  
август-сентябрь 2012 г. 

 
Номер пробы, дата и время измерений:  
проба 1 - 27-28 августа, 18:40-6:30;  
проба 2 - 28 августа, 8:20-17:15;  
проба 3 - 28-29 августа, 19:00-7:05;  
проба 4 - 29 августа, 8:20-22: 00;  
проба 5 - 29-30 августа, 22:30-12:35;  
проба 6 - 30-31 августа, 18:30-15:45;  
проба 7 - 31 августа-1 сентября, 18:45-9:25;  
проба 8 - 1 сентября, 11:05-19:45; 
проба 9 - 3 сентября, 7:25-21:20;  
проба 10 - 6-7 сентября, 11:50-1:00;  
проба 11 - 7 сентября, 12:35-21:20;  
проба 12 - 8 сентября, 9:00-19:10; 
проба 13 - 8-9 сентября, 20:50-8:35;  
проба 14 - 9-10 сентября, 11:10-8:30. 

С целью исследования песчаного грунта, отобранных вблизи всех 
населенных пунктов Восточноговийского аймака Монголии (рис. 1), 
проведен анализ их химического состава. Пробы грунта различаются по 
цвету. Пески, отобранные в северном (2, 13), северо-западном (9, 11), 
северо-восточном (12) направлениях от станции, а также вблизи станции 
Сайншанд (13) и точке 3 имеют серый цвет. Пески, отобранные в юго-
западном (4, 8), юго-юго-западном (1, 10), южном (5, 7) и юго-восточном 
(6), направлениях имеют оранжево-коричневый оттенок. Растворимая 
часть в песках составляет 0,02-0,2 % от общей массы. Наибольшая доля 
растворимой фракции всех исследуемых проб песков представлена ионами 
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Рис. 2. Компонентный состав атмосферных аэрозолей в Сайншанде, 
август-сентябрь 2012 г.

Номер пробы, дата и время измерений: 
проба 1 - 27-28 августа, 18:40-6:30; 
проба 2 - 28 августа, 8:20-17:15; 
проба 3 - 28-29 августа, 19:00-7:05; 
проба 4 - 29 августа, 8:20-22: 00; 
проба 5 - 29-30 августа, 22:30-12:35; 
проба 6 - 30-31 августа, 18:30-15:45; 
проба 7 - 31 августа-1 сентября, 18:45-9:25; 
проба 8 - 1 сентября, 11:05-19:45;
проба 9 - 3 сентября, 7:25-21:20; 
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проба 10 - 6-7 сентября, 11:50-1:00; 
проба 11 - 7 сентября, 12:35-21:20; 
проба 12 - 8 сентября, 9:00-19:10;
проба 13 - 8-9 сентября, 20:50-8:35; 
проба 14 - 9-10 сентября, 11:10-8:30.
С целью исследования песчаного грунта, отобранных вблизи всех 

населенных пунктов Восточноговийского аймака Монголии (рис. 1), проведен 
анализ их химического состава. Пробы грунта различаются по цвету. Пески, 
отобранные в северном (2, 13), северо-западном (9, 11), северо-восточном (12) 
направлениях от станции, а также вблизи станции Сайншанд (13) и точке 3 
имеют серый цвет. Пески, отобранные в юго-западном (4, 8), юго-юго-западном 
(1, 10), южном (5, 7) и юго-восточном (6), направлениях имеют оранжево-
коричневый оттенок. Растворимая часть в песках составляет 0,02-0,2 % от общей 
массы. Наибольшая доля растворимой фракции всех исследуемых проб песков 
представлена ионами кальция Ca2+ и гидрокарбонат-ионов HCO3

-, во всех пробах 
присутствует фосфат-ион РО4

3- (табл. 3). 
Кроме того, пробах грунта отмечаются значимые отличия от средних 

величин по содержанию кальция, минеральной формой которого 
преимущественно является кальцит, а также гидрокарбонат-ионов. Наличие 
повышенных концентраций данных элементов в выборке объясняется еще и 
близким территориальным расположением локальных котельных на угле и 
частного сектора.

В песках серого цвета, отобранных в северном направлении от станции, и 
в песках юго-юго-восточного направления (пробы 3, 5 и 6) доля фосфат-ионов 
(до 8 %) выше, чем в других пробах. Среди катионов в песках серого цвета 
повышен вклад ионов калия K+ и магния Mg2+. В оранжево-коричневых песках, 
находящихся южнее станции Сайншанд, анионы в основном представлены 
гидрокарбонат-ионами HCO3

-, в пробе 6 повышена доля Cl-. Среди катионов 
на фоне снижения долевого вклада ионов калия K+ и магния Mg2+ отмечен 
возросший вклад ионов натрия Na+, особенно в пробах 3, 5, 6. 

Таблица	3. Химический состав растворимой фракции песчаного
 грунта вблизи различных населенных пунктов 

Восточно-Гобийского аймака Монголии, мг/г

№
 

пр
об

ы
 

Место
отбора рН N

a+

N
H

4+

K
+

M
g2

+

C
a2

+

F- C
l-

N
O

3-

SO
42-

РО
43-

Н
С
О

3-

1 Дэлгэрэх 9,24 0,003 0,000 0,039 0,014 0,160 0,001 0,001 0,00 0,01 0,003 0,67

2 Далан-
жаргалан 7,15 0,008 0,004 0,036 0,009 0,040 0,000 0,002 0,01 0,00 0,008 0,20

3 Айраг 7,41 0,068 0,003 0,031 0,007 0,019 0,002 0,004 0,00 0,01 0,008 0,24
4 Иххэт 9,32 0,033 0,003 0,102 0,046 0,336 0,001 0,003 0,00 0,03 0,010 1,63
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5 Алтанширээ 9,3 0,080 0,000 0,043 0,026 0,182 0,002 0,004 0,00 0,01 0,020 1,05
6 Мандах 9,22 0,222 0,000 0,037 0,009 0,056 0,002 0,071 0,00 0,06 0,009 0,76

7 Сайхан-
дулаан 9,18 0,014 0,004 0,149 0,018 0,141 0,002 0,005 0,05 0,01 0,005 0,78

8 Улаанбадрах 9,1 0,029 0,000 0,065 0,016 0,143 0,001 0,006 0,02 0,03 0,007 0,73
9 Зүүнбаян 6,5 0,011 0,000 0,092 0,008 0,050 0,000 0,002 0,01 0,02 0,035 0,32

10 Хатанбулаг 8,97 0,049 0,000 0,084 0,031 0,228 0,002 0,002 0,00 0,03 0,008 1,11
11 Хөвсгөл 7,52 0,004 0,000 0,045 0,016 0,076 0,002 0,002 0,00 0,01 0,002 0,42
12 Өргөн 7,71 0,015 0,000 0,050 0,009 0,041 0,001 0,002 0,00 0,00 0,013 0,22
13 Эрдэнэ 6,4 0,002 0,000 0,029 0,002 0,012 0,001 0,001 0,00 0,00 0,009 0,10
14 Замын-Үүд 9,18 0,019 0,000 0,017 0,016 0,260 0,002 0,001 0,00 0,01 0,000 1,05

Для выявления вклада терригенного вещества близлежащих районов в 
формирование химического состава растворимой фракции аэрозолей рассчитаны 
относительные эквивалентные концентрации (%) ионов K+, Mg2+, Na+, Ca2+, 
SO4

2-, NO3
-, Cl-, присутствующих как в составе растворимой фракции грунта, 

так и аэрозолей. Для каждой пробы аэрозолей рассчитаны обратные траектории 
переноса воздушных масс и прослежено, над какими районами с отобранными 
пробами песка они переносились (таблица 1). Результаты анализа растворов 
проб песка с этих участков были усреднены. Концентрации ионов в аэрозолях 
нормированы на усредненные концентрации ионов растворов песков.

При нормировании выявлено, что наиболее частым, равным единице, 
является отношение ионов кальция Cа2+

аэроз./Са2+
песок. Близким к единице также 

было отношение ионов магния Mg2+
аэроз./Mg2+

песок. Следовательно, полученные 
результаты химического анализа показывают, что в окрестностях станции 
Сайншанда и прилегающих к ней районах химический состав аэрозольных 
частиц близок к составу песчаного грунта, т.е. источником этих ионов в 
исследуемый период являлся в основном терригенный материал. 

Наибольшее отличие от единицы наблюдалось для отношения нитрат-ионов 
NO3

- в пробе аэрозоля, отобранной 30 августа - 1 сентября, когда воздушные 
массы поступали с промышленных территорий Китая. Также существует 
дополнительный источник, кроме терригенного, для ионов натрия Na+ и хлора 
Cl-. Таким образом, проведенные исследования показывают, что терригенный 
источник является в основном поставщиком щелочноземельных компонентов. 
Поступление таких ионов как Na+, SO4

2-, NO3
-, Cl-, а также NH4

+, практически 
отсутствующих в растворимой фракции песков, зависит от множества других 
факторов.

Заключение
Проведено комплексное исследование состава атмосферного аэрозоля и 

песчаного грунта с целью выявления источника формирования химического 



NATIONAL AGENCY FOR METEOROLOGY AND ENVIRONMENTAL MONITORING, MONGOLIA

76

состава аэрозолей на станции Сайншанд и в его окрестностях. выявлено, что 
терригенный источник является в основном поставщиком щелочноземельных 
компонентов, таких как кальций и магний.

Отмечено, что в формировании в составе аэрозолей ионов натрия Na+ и хлора 
Cl- кроме терригенного источника существует дополнительный источник их 
поступления, в т.ч. в результате дальнего переноса. 
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Abstract
The experimental data of atmospheric aerosols which are selected during various 

seasons of 2011-2013 are processed and analyzed. Comparison of the concentration 
and composition of atmospheric aerosols showed that the chemical composition 
of aerosols at different winter complexity in Ulaanbaatar. The dominating ions 
in aerosols are sodium ions (26%) and sulfate ions (46%) containing in products of 
fuel combustion. Hydro carbonate ions (on average 26% of the weight of the sum 
of ions), calcium ions (17%) and phosphate ions (to 30%) are great in individual 
(separate) days. It is possible because of transfer of mineral dust from building sites 
and coal mines in the east direction of a wind. It is established that the structure and 
concentration of aerosols became, in general, similar to the aerosols observed in 
Ulaanbaatar in recent years in connected with the development of the mining industry 
in the Southern Govi. Researchers of atmospheric aerosols showed repeated increase 
of components concentration of the weighed particles in the atmosphere. The sum of 
ions of aerosols (88,6-145,4 µg/m3) in December 2012 exceeded by 4 times of aerosols 
concentration measured during the similar period of 2011during intensive development 
of coal and gold and copper deposits. Suspension of mining in South Govi in 2013 to 
70% led to a marked reduction and change in the component composition of aerosols at 
different points in 1,6-7 times. 
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Введение
Аэрозо́ль - дисперсная система, состоящая из взвешенных в газовой среде 

(дисперсионной среде), обычно в воздухе, мелких частиц (дисперсной фазы). 
Аэрозоли, дисперсная фаза которых состоит из капелек жидкости, называются 
туманами, а в случае твёрдых частиц, если они не выпадают в осадок, говорят 
о дымах (свободнодисперсных аэрозолях), либо о пыли (грубодисперсном 
аэрозоле). Размеры частиц в аэрозолях изменяются от нескольких миллиметров 
до 10−7 мм.

Аэрозоли образуются при механическом измельчении и распылении твёрдых 
тел или жидкостей: при дроблении, истирании, взрывах, горении, распылении в 
пульверизаторах. 

В зависимости от природы аэрозоли подразделяют на естественные и 
искусственные. Естественные аэрозоли образуются вследствие природных сил, 
например при вулканических извержениях, сочетании эрозии почвы с ветром, 
явлениях в атмосфере. Искусственные аэрозоли образуются в результате 
хозяйственной деятельности человека. Важное место среди них занимают 
промышленные аэрозоли. Примером промышленного аэрозоля может служить 
газовый баллончик. В настоящее время с помощью аэрозолей можно тушить 
пожары

Особенностями аэрозолей являются малая вязкость газовой дисперсионной 
среды и большой пробег молекул газа по сравнению с размером частиц. 
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Поэтому, несмотря на сравнительно большой размер частиц, в аэрозолях 
происходит интенсивное броуновское движение. Частицы аэрозолей заряжены 
вследствие захвата ионов, которые всегда имеются в газе. Ввиду разрежённости 
газовой среды на частицах аэрозолей не возникает двойного электрического 
слоя. По этой же причине, в отличие от коллоидных систем, заряд у частиц 
может быть неодинаковым по величине и даже разным по знаку. Вследствие 
интенсивного броуновского движения и отсутствия факторов стабилизации 
аэрозоли агрегатно неустойчивы. Частицы объединяются в крупные агрегаты, 
быстро оседающие в газовой среде.

Различают двухфазные и трёхфазные аэрозоли. В первых газовая 
фаза состоит из паров выталкивающего газа и паров лекарственных 
веществ концентрата. Величина распыляемых капель зависит от соотношения 
пропеллента и концентрата: чем меньше концентрата, тем мельче капельки (5-10 
мкм). Трёхфазные аэрозоли образуются в том случае, если раствор концентрата 
не смешивается с жидким пропеллентом.

Цель данной работы заключалась в исследовании источников формирования 
и содержания атмосферного аэрозоля в Южноговийском и Восточноговийском 
аймаках и столице Уланбаторе Монголии.

Методы
Отбор проб аэрозолей проводился с помощью высокообъёмного 

пробоотборника PM 10 фирмы Andersen instruments Inc. (США) на фильтры 
Whatman-41. Для определения ионного состава аэрозолей использовалась 
растворимая в воде фракция. Вещество с фильтров извлекалось известным 
объемом деионизированной воды (электропроводность 0.20µS). Водная вытяжка 
из песчаного грунта готовилась извлечением веществ из известной по весу доли 
песка. В части полученных растворов измеряли величину рН, остаток раствора 
фильтровали через ацетат-целлюлозный фильтр с диаметром пор 0,2 мкм. В 
фильтрате определяли ионы аммония (NH4

+), натрия (Na+), калия (K+), магния 
(Mg2+), кальция (Ca2+), сульфат-ионы (SO4

2-), нитрат-ионы (NO3
-), гидрокарбонат-

ионы (HCO3
-), хлорид-ионы (Cl-), фосфат-ионы (РО4

3-). Определение химического 
состава растворимой фракции аэрозольного вещества и вытяжки из песчаной 
пробы осуществлялось современными аналитическими методами атомной 
адсорбции и ионной хроматографии, рекомендованными для обеспечения 
сопоставимости с данными из других районов мира на атомно-адсорбционном 
спектрометре фирмы Carl Zeiss Jena (Германия) и ионном хроматографе ICS-
3000 (Dionex, США). 

Результаты	и	обсуждение
Пробы аэрозолей в атмосфере отобраны в период совместной российско-

монгольской экспедиции. С целью выявления источников формирования 
химического состава аэрозолей отобраны пробы песчаного грунта.
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Для исследования путей переноса атмосферных примесей и региональных 
изменений в аридных районах Монголии проведены отборы проб аэрозолей 
на фильтры Whatman-41 и АФА-ХА в 5 населенных пунктах Восточной Гови 
(Чойр, Сайншанд, Зүүнбаян, Эрдэнэ, Замын-Үүд), столице Монголии Улан-
Баторе в сентябре 2013-2014 гг., а также в декабре 2013 г. в Южной Гови вблизи 
разработок угольных и золотомедных месторождений Тавантолгой и Оюутолгой 
и Улан-Баторе. Отборы проб в Южной Гови отбирались как вблизи разработок 
полезных ископаемых (ст. Цогтцэций, Ханбогд), так и на значительном удалении 
(Даланзадгад, Булган, Цагаанхад, Номгон, Хүрмэн). 

Анализ ионного состава аэрозолей проводился: на анионы - методом 
жидкостной хроматографии на хроматографе «Милихром А-02», и катионы - 
атомно-абсорбционным методом на ААS-30 в Лимнологическом институте СО 
РАН. Суммарные концентрации ионов водорастворимой фракции аэрозолей, 
отобранные в центре Улан-Батора в жилом массиве, показали, что химический 
состав аэрозолей зимой отличается крайней сложностью (рис. 1). 
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частиц от направления ветра. Так, например, при восточном ветре 
наблюдались более высокие концентрации, доминирующими 
компонентами являлись гидрокарбонат-ионы (в среднем 26% по массе от 
суммы ионов) и ионы кальция (17%), в отдельных эпизодах отмечены 
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В состав частиц входят как компоненты дымовых газов сжигания угля, 
автотранспорта, минеральной пыли. Содержание аэрозолей в декабре 2012 г. 
(средняя концентрация 63,56 мкг/м3) сильно отличается по химсоставу и общему 
содержанию от предыдущего, так и последующего года. В компонентном составе 
взвешенных частиц выявлено высокое содержание таких компонентов, как  
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Установлена зависимость состава и концентрации аэрозольных частиц 
от направления ветра. Так, например, при восточном ветре наблюдались 
более высокие концентрации, доминирующими компонентами являлись 
гидрокарбонат-ионы (в среднем 26% по массе от суммы ионов) и ионы кальция 
(17%), в отдельных эпизодах отмечены высокие концентрации фосфат-ионов (до 
30%). При смене ветра на западное направление отмечено снижение содержания 
(с 103,6-231,3 мкг/м3 до 56,4-86,0 мкг/м3) и изменение состава аэрозолей. 
Концентрации аэрозолей при этом стали ближе к аэрозолям 2011 г. и 2013 г. с 
преобладанием SO4

2- (19%), Ca2+ (17%), NO3
- (15%), Сl- (12%). Это дает основание 

полагать, что крупным специфическим источником аэрозольного загрязнения в 
центре столицы в декабре 2012 г. в результате переноса минеральной пыли могли 
быть предприятия строительной промышленности или строительные работы, 
а также угольные разработки на восточной окраине города. Судя по небольшой 
доле сульфат-ионов вклад предприятий теплоэнергетики в это время был 
второстепенным в формировании аэрозолей относительно минеральной пыли. 

Показано, что зимой 2013 гг. концентрация взвешенных частиц составляла 
51,4-72,0 мкг/м3, в среднем 63,6 мкг/м3, основной вклад в аэрозоли вносили 
сульфат-ионы (46% по массе от суммы ионов) и ионы натрия (26%), в декабре 
2011 г., содержание аэрозолей составляло 19,4-75,1 мкг/м3, в среднем 43,9 мкг/
м3. Доля основных ионов составляла 48% SO4

2-, 14 % Na+ и 13 % NH4
+, что 

свидетельствует об основном источнике взвешенных частиц – антропогенные 
источники от дымовых газов при сжигании угля. Отмечен рост загрязнения 
воздуха в столице в 2013 г. по сравнению с 2011 г. 

Сравнительно высокое и стабильное содержание хлора Cl- в Улан-Баторе 
в 2012-2013 гг., составляющих 12,1 мкг/м3 в декабре 2012 г. (14,7 мкг/м3 при 
преобладании восточного ветра, 8,7 мкг/м3 в остальных случаях), 7,4 мкг/м3 

в декабре 2013 г. и 6,0 мкг/м3 в сентябре 2013 г., свидетельствует о крупных 
постоянных источниках выбросов данных ионов, не связанных с использованием 
топлива – возможный перенос с запада с солончаков, а также промышленные 
выбросы или выбросы транспорта, не связанные с отоплением. 

Исчезновение иона аммония, типичного компонента продуктов сжигания 
топлива, может быть связана с ростом концентрации катионов в 2012-2013 
гг. Высокая доля катионов (ионов натрия, кальция, калия и др.) препятствует 
попаданию аммиака в аэрозоль, где образуется ион аммония. Высокое 
содержание нитрит-ионов относительно нитрат-ионов в 2013 г. по сравнению 
с предыдущим годом возможно связано с большой концентрацией мелкого 
аэрозоля, состоящего из вторичных соединений – сульфатов, нитратов, т.к. 
нитрит-ионы образуются в ходе реакций на поверхности аэрозольных частиц. 

Высокое содержание гидрокарбонат-ионов в 2012 г. указывает на 
преобладание грубодисперсного аэрозоля – карбонаты образуют крупные 
частицы с относительно малой площадью поверхности, что обуславливает более 
низкое содержание NO2

-.
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Для выяснения влияния развивающейся в настоящее время 
горнодобывающей промышленности в Южной Гоби на состав атмосферы 
проанализированы суммарные концентрации ионов водорастворимой фракции 
аэрозолей. Так, например, выявлено многократное превышение содержания 
взвешенных частиц в атмосфере Южной Гови по сравнению с Восточной Гови. 

Установлено, что химический состав и концентрация аэрозолей в атмосфере 
Южной Гови соответствуют аэрозолям крупных промышленных центров 
и сопоставимы с аэрозолями в г.Улан-Баторе (рис. 2), сильно отличаясь от 
аэрозолей фоновой станции Сайншанд в Восточной Гови. 

Максимальная сумма основных компонентов аэрозолей в летние месяцы 2012 
г. на ст. Сайншанд составила 0,6-19,6 мкг/м3, тогда как минимальное найденное 
содержание аэрозолей в южной Монголии составляет 72,2 мкг/м3. 

Преобладающими среди ионов в Сайншанде являются ионы аммония NH4
+, 

кальция Ca2+, сульфат-ионы SO4
2-, в то время как в Южной Гови преобладают 

гидрокарбонат-ионы, сульфат-ионы, хлорид-ионы, нитрат-ионы, ионы кальция, 
натрия. В Восточной Гови, где расположен Сайншанд, являющийся фоновой 
станцией, отсутствуют крупные антропогенные источники выбросов. В 
основном данный регион подвержен влиянию переноса загрязнений со стороны 
промышленных районов Китая. Однако дальний перенос воздушных масс из 
сильнозагрязненного Китая оказывает значительно более слабое влияние на 
качество воздуха в Сайншанде по сравнению с влиянием региональных выбросов 
в Южной Гови.
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антропогенные источники выбросов. В основном данный регион 
подвержен влиянию переноса загрязнений со стороны промышленных 
районов Китая. Однако дальний перенос воздушных масс из 
сильнозагрязненного Китая оказывает значительно более слабое влияние 
на качество воздуха в Сайншанде по сравнению с влиянием региональных 
выбросов в Южной Гови. 
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в связи с интенсивным освоением месторождений полезных ископаемых 
Южноговийского региона. Многократное превышение концентрации 
компонентов взвешенных частиц и сильные изменения их компонентного 
состава в Южной Гови по сравнению с аэрозолями на станции Сайншанд в 
Восточной Гови показывает, как промышленное освоение Южноговийского 
региона сильно влияет на качество воздуха и экологическую ситуацию в 
населенных пунктах. 

Сравнение результатов анализа аэрозолей, отобранных ранее во время 
интенсивных разработок месторождений Тавантолгой и Оюутолгой в декабре 
2011-2012 гг., показал значительный рост в 2012 г. содержания хлорид-ионов, 
нитрат-ионов, нитрит-ионов, ионов кальция, калия, магния в 2-12 раз по 
сравнению с 2011 г. 

Следует особо отметить, что концентрация гидрокарбонат-ионов в аэрозолях 
в декабре 2012 г. составила 21-43 мкг/м3 в Даланзадгаде и 133 мкг/м3 в Ханбогде, 
тогда как в декабре 2011 г. в аэрозолях Южной Гови их обнаружено не было. 
В то же время содержание сульфат-ионов (8,27-16,66 мкг/м3 в 2012 г. против 
6,28-23,2 мкг/м3 в 2011 г.), ионов натрия (5,54-16,02 мкг/м3 и 3,38-9,17 мкг/
м3) изменилось слабее. Основной причиной роста содержания терригенных 
компонентов (гидрокарбонат-ионов, хлорид-ионов, ионов кальция, калия, 
магния) является усиление запыленности атмосферы Южной Гови вследствие 
движения большегрузных автомобилей в результате развития горнодобывающей 
промышленности в регионе, рост концентрации соединений азота (нитрат-ионов 
и нитрит-ионов) произошел из-за роста выбросов автотранспорта.

Как известно, в 2013 г. Правительством Монголии были приостановлены 
разработки месторождений в Южной Гови, интенсивность работ сократилась в 
среднем на 70%. Снижение интенсивности работ на горнодобывающих объектах 
и мощности разных источников аэрозольных частиц привели к заметному 
снижению и изменению компонентного состава аэрозолей. Общее содержание 
взвешенных частиц в различных пунктах Южноговийского аймака в декабре 
2013 г. составила 54,1-68,8 мкг/м3, в Хүрмэне 126 мкг/м3, тогда как в 2012 г. 
100,4-472,5 мкг/м3, что показывает снижение содержания атмосферного аэрозоля 
в разных пунктах в 1,6-7 раз. 

Уменьшение работ на объектах горнодобывающей промышленности 
привели к падению объёмов выбросов минеральной пыли и выхлопных газов 
автотранспорта, благодаря чему в аэрозолях снизилось содержание ионов 
кальция, магния, кальция, гидрокарбонат-ионов, нитрат-ионов и нитрит-
ионов. Доминирующими частями аэрозоля Южной Гови стали сульфат-ионы 
SO4

2-(в среднем составляют 41% по массе от суммы ионов), ионы натрия 
Na+ (29%), хлора Cl- (13%) (рис. 3). Учитывая, что отбор проб проводился в 
декабре в период отопительного сезона и основным топливом в коммунальной 
сфере в Монголии служит уголь, выбросы от сжигания угля можно считать 
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основным источником данных трёх компонентов в аэрозолях Южной Гови. 
Уменьшение работ на месторождениях привело к выравниванию состава и 
концентрации взвешенных частиц в регионе. В большинстве населённых пунктов 
Южноговийского аймака содержание и компонентный состав аэрозолей стали 
сходны между собой, а также стали сравнимы с аэрозолями в Улан-Баторе, 
крупнейшем промышленном центре страны (рис. 1, 3).
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Обращает на себя внимание высокое содержание аэрозолей в Хүрмэне, 
расположенном в 60 км к юго-западу от Даланзадгада. Согласно данным 
моделирования переноса воздушных масс в период отбора проб Хүрмэн 
находился под воздействием переноса со стороны Даланзадгада (рис. 4), 
который является крупным городом региона. Горная долина, где расположен 
Хүрмэн, благоприятствует накоплению загрязнений в воздухе вследствие 
инверсии температуры, в результате чего отмечено высокое общее содержание 
концентраций аэрозолей до 126 мкг/м3 (основными компонентами являются 
SO4

2-, Na+, NO3
-, NO2

-, Cl-), что превышает даже уровень аэрозолей в Улан-Баторе 
(средняя концентрация в декабре 2013 г. 43,9 мкг/м3). 
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Содержание аэрозолей в атмосфере г.Улан-Батора и населённых пунктах 
Восточной Гоби (ст. Чойр, Сайншанд, Эрдэнэ, Замын-Үүд) в сентябре 2013 г. 
представлены на рис. 5. Общее содержание аэрозолей сравнительно низкое, 
но отмечается их зависимость от антропогенных факторов. Наибольшее 
содержание аэрозольных частиц наблюдалось в промышленных городах Улан-
Батор и Чойр, но компонентный состав их различен вследствие различия 
в источниках выбросов. В Чойре наблюдается следующий вклад ионов по 
массе: SO4

2- (6,2 мкг/м3) > NO3
- (3,4 мкг/м3) > Cl- (3,1 мкг/м3) > Ca2+(2,9 мкг/

м3) > Na+(2,0 мкг/м3), тогда как в Улан-Баторе – Cl- (6,0 мкг/м3) > NO3
- (3,5 мкг/

м3) > SO4
2- (3,0 мкг/м3) > Na+ (2,7 мкг/м3) > Ca2+ (2,3 мкг/м3). Это указывает на 

большую роль в формирование аэрозолей в Чойре продуктов сжигания топлива 
в промышленности, являющегося источником сульфат-ионов, нитрат-ионов, а 
также горнодобывающей промышленности. В Улан-Баторе в период отсутствия 
выбросов от предприятий теплоэнергетики наблюдаются высокие концентрация 
нитрат-ионов, превосходящие содержание сульфат-ионов из-за большого 
количества транспорта. 

В пунктах Восточной Гови, где отсутствуют крупные локальные источники 
аэрозолей и основную роль в формирование взвешенных частиц играют 
дальний перенос и подъём пыли с земли, в составе аэрозолей преобладают 
SO4

2- (средние концентрации в разных пунктах 2,6-4,9 мкг/м3), NO3
- (1,8-2,4 мкг/

м3), Na+ (1,4-1,7 мкг/м3), Ca2+ (1,1-2,4 мкг/м3), Cl- (1,8-2,6 мкг/м3), концентрация 
которых значительно ниже, чем в промышленных центрах. Наибольшее 
содержание аэрозолей здесь отмечено в Замын-Үүде, находящегося на границе 
с Китаем и являющегося важным транспортным пунктом и, соответственно, 
сильнее подверженного антропогенному воздействию. Но в то же время, в 
период измерений отмечен рост содержания аэрозолей в атмосфере ст.Замын-
Үүд при переносе воздушных масс из северного Китая (района в среднем 
течение Хуанхэ). В Сайншанде также наблюдался рост содержания аэрозолей 
в случае переноса со стороны Китая до 20,1 мкг/м3 против 7,4-10,4 мкг/м3 в дни 
с северным переносом, однако содержание SO4

2- (1,8-4,3 мкг/м3) и Ca2+ (0,7-2,1 
мкг/м3) ниже, чем в Замын-Ууде (2,2-11,2 мкг/м3 и 1,1-5,0 мкг/м3, соответственно) 
вследствие более слабых местных выбросов загрязнений и большей удалённости 
от Китая.

Заключение
Сравнение концентрации и состава атмосферных аэрозолей в Улан-Баторе, 

отобранных в различные сезоны 2011-2013 гг. показало, что химический состав 
аэрозолей зимой отличается крайней сложностью. 

Доминирующими ионами в аэрозолях являются ионы натрия (26%) и 
сульфат-ионы (46%), содержащиеся в продуктах сгорания топлива, но в то же 
время велика доля в отдельные дни гидрокарбонат-ионов (в среднем 26% по 
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массе от суммы ионов) и ионов кальция (17%), высокие концентрации фосфат-
ионов (до 30%) возможно из-за переноса минеральной пыли от строительных 
площадок и угольных разрезов при восточном направлении ветра..

Установлено, что в последние годы в связи с развитием горнодобывающей 
промышленности в Южной Гоби состав и концентрации аэрозолей стали в целом 
сходными с аэрозолями, наблюдаемыми в столице Улан-Баторе. 

Исследования атмосферных аэрозолей показали многократное повышение 
концентрации компонентов взвешенных частиц в атмосфере в 2012 г. во время 
интенсивного освоения угольных и золотомедных месторождений, сумма ионов 
аэрозолей (88,6-145,4 мкг/м3) в декабре 2012 г. превысила в 4 раза концентрации 
аэрозолей, измеренных в аналогичный период 2011 г. 

Приостановка разработок месторождений в Южной Гоби в 2013 г. на 70% 
привели к заметному снижению и изменению компонентного состава аэрозолей в 
разных пунктах в 1,6-7 раз.
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Abstract
Time of concentration (Tc) is an important parameter for hydrologic design and 

The time of concentration is the most widely used time parameter for hydrologic 
analysis (McCuen, 1998). In this paper, examined and compared different approaches 
to estimating time of concentration in the selected river basins. In the approaches, time 
of concentration estimates by empirical equations and rainfall-runoff relationships 
or time between rainfall and observed flood hydrographs of the selected events and 
measured flow velocity. Basic basin and channel morphometric parameters for the 
application of above methods computed with Geographic Information System (GIS 
10.1) software.

Keywords: Empiric equations, rainfall-runoff relationship, Upper Tuul river basin, 
Kherlen river basin, Time of concentration 

Introduction and background
Nearly all hydrological analysis, applications, and models require the parameter 

named as a time of concentration. This parameter reflects the response of river basin 
and river channels to rainfall events and it has great importance in much hydrological 
analysis such as the design of flood discharge, short range hydrological forecasting and 
rainfall-runoff model calibrаtion and application etc. Recent intensive development of 
infrastructure in Mongolia such as paved road, railway, mining and also EIA activities 
requires the proper design of the hydraulic structures and related flood peak discharge. 
Time parameters have direct impacts on the estimation of peak discharge for a design. 
For example, it is said that 75% of the total error in an estimate of Qp can result from 
errors in the estimated value of the time parameter (Bondelid et al., 1982). Time 
parameters of a river basin are typically used to quantify how fast runoff travels in the 
basin or what is the delay between rainfall and runoff. 

Hydrologists have developed many empirical equations for estimating the time 
of concentration and these equations differ by input data used for their development, 
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accuracy and development and application particular regions etc. 
In this study, selected methods are applied to 12 subbasins of upper Tuul and 

10 sites along the Kherlen river in the Eastern Mongolia and applied 6 widely used 
empirical estimation equations. These two river basins are general can be considered as 
the same region since Tuul and Kherlen rivers are originated from eastern and western 
slopes of Khentei mountain range in the Eastern Mongolia. However, upper Tuul river 
basin is mountain area while Kherlen river, especially lower downstream reaches to be 
steppe region. 

originated from eastern and western slopes of Khentei mountain range in the 
Eastern Mongolia. However, upper Tuul river basin is mountain area while 
Kherlen river, especially lower downstream reaches to be steppe region.  
  

Figure 1. Location of selected river basins for estimation fo time of 
concentration (Upper and Kherlen river basin) 
 
 In the case of Tuul river, 4 hydrological gauging stations along the river 
and 4 sub-basins in upper basin area with  a total area of the 6390 km2 (upstream 
of Ulaanbaatar city). River length or reach length varies from 10 to 200 km with 
a basin area of 34-6390 km2.  Table 1  lists the results of basic parameters such 
as a river or reaches length, slopes, and basin area estimated by the GIS   from 
the map with a scale of 1:100000. These parameters are main inputs selected 
empirical equations for estimation  time of concentration. 
 

Table 1. Basic morphometric parameters of the selected rivers 
No. Rivers and stations L, km F, km2 ∆H, m J, relative J, %o 
1 Kherlen-Khongon 72.2 1842.0 479 0.007 6.63 
2 Kherlen –Mongen (MM) 105.5 3522.0 510 0.005 4.83 
3 Kherlen –Baganuur (BN) 182.2 7330.0 619 0.003 3.40 
4 Kherlen -Ulaankhoshuu 236.6 12968.0 677 0.003 2.86 
5 Kherlen -Toono 321.2 18131.0 758 0.002 2.36 
6 Kherlen -Bayanmonkh 379.7 24008.0 816 0.002 2.15 
7 Kherlen -Chandmany 424.0 30717.9 851 0.002 2.01 

8 Kherlen –Underkhaan 
(Undrkhn) 481.6 39400.0 896 0.002 1.86 

9 Kherlen –Choibalsan 936.7 71500.0 1188 0.001 1.27 

Figure 1. Location of selected river basins for estimation fo time 
of concentration (Upper and Kherlen river basin)

In the case of Tuul river, 4 hydrological gauging stations along the river and 4 sub-
basins in upper basin area with a total area of the 6390 km2 (upstream of Ulaanbaatar 
city). River length or reach length varies from 10 to 200 km with a basin area of 34-
6390 km2. Table 1 lists the results of basic parameters such as a river or reaches length, 
slopes, and basin area estimated by the GIS from the map with a scale of 1:100000. 
These parameters are main inputs selected empirical equations for estimation time of 
concentration.

Table 1. Basic morphometric parameters of the selected rivers

No. Rivers and stations L, km F, km2 ∆H, m J, relative J, %o
1 Kherlen-Khongon 72.2 1842.0 479 0.007 6.63
2 Kherlen-Mongen (MM) 105.5 3522.0 510 0.005 4.83
3 Kherlen-Baganuur (BN) 182.2 7330.0 619 0.003 3.40
4 Kherlen-Ulaankhoshuu 236.6 12968.0 677 0.003 2.86
5 Kherlen-Toono 321.2 18131.0 758 0.002 2.36
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6 Kherlen-Bayanmonkh 379.7 24008.0 816 0.002 2.15
7 Kherlen-Chandmany 424.0 30717.9 851 0.002 2.01

8 Kherlen-Underkhaan 
(Undrkhn) 481.6 39400.0 896 0.002 1.86

9 Kherlen –Choibalsan (Choi) 936.7 71500.0 1188 0.001 1.27
10 Kherlen –State boder 1163.0 94629.0 1279 0.001 1.10
11 Tuul-Bosgo 92.1 2187.1 730 0.008 7.93
12 Tuul-Terelj-Belchir 108.0 2723.8 769 0.007 7.12
13 Tuul-Gachuurt 154.4 5227.0 851 0.006 5.51
14 Tuul-Ulaanbaatar 193.3 6390.3 946 0.005 4.90
15 Terelj-Davaat 47.5 822.1 600 0.013 12.63
16 Terelj-Terelj 72.0 1208.5 693 0.010 9.62
17 Terelj-Tuul-Belchir 87.5 1349.5 756 0.009 8.64
18 Selbe-Sanzai 9.43 33.2 32 0.003 3.39
19 Selbe-Dambadarjaa 30.2 194.2 194 0.006 6.43
20 Uliastai-Uliastai 16.9 200.4 266 0.016 15.71
21 Kholiin gol-Tor khurakh 16.0 154.5 280 0.017 17.50
22 Kholiin gol-Kholiin gol 28.5 245.4 393 0.014 13.79

As for the definition of time of concentration, there are two accepted definitions of 
this parameter. At first, time of concentration is the time required for runoff to travel 
from the most hydraulically distant point of the basin to the basin outlet or design point 
or selected hydrological gauging stations (Kirpich 1940; McCuen 2009; S.Grimadi et 
al 2012). The second definition defines the time of concentration as the time between 
the center of excess rainfall and the inflection point of the falling limb of the direct 
runoff hydrograph. 

According to the McCuen (2009), when both rainfall and runoff observation, are 
available, six definitions for the time of concentration including the time from the end 
of rainfall excess to the inflection point on the total storm hydrograph, the time of 
maximum rainfall intensity to the time of the peak discharge and the time from the start 
of total runoff to the time of the peak discharge of the total runoff etc. 

Similarly, time of concentration estimation procedures also can be classified as a 
direct method with use of observed rainfall-runoff data and indirect methods which are 
empirical equations and methods method abased on flow velocity.

Another category which distinguishes estimation methods of time of concentration 
as follows: Lumped and Distributed methods. In the lumped methods, time of 
concentration is estimated through one formula that includes the flow time overland 
surface and through the drainage channel. Distributed method requires more input data 
and estimates the Tc in segments or drainage such as NRCS method.
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Methodology
 The following methods are used to estimated time of concentration in the 

selected river basin: empirical equations, rainfall-runoff relationships or time between 
rainfall and flood hydrographs and measured flow velocity. 

 Most of the empirical equations proposed for estimating time of concentration 
(Tc) can be presented as a function of river length, slope and basin area and a 
coefficient that reflects the characteristics of particular geographical regions such as 
specific physical properties and rainfall patterns. 

As for empirical equations, we selected totally 6 equations including, Bransby/
Williams, Johnstone/Cross, Linsley, Clark, Giandotti and Kirpich. Formulas of these 
empirical methods are given below: 

Bransby-Williams formula: 

  

 The following methods are used to estimated time of concentration in the 
selected river basin: empirical equations, rainfall-runoff relationships or time 
between rainfall and flood hydrographs and measured flow velocity.  
 Most of the empirical equations proposed for estimating time of 
concentration (Tc) can be presented as a function of river length, slope and basin 
area and a coefficient that reflects the characteristics of particular geographical 
regions such as specific physical properties and rainfall patterns.  

As for empirical equations, we selected totally 6 equations including, 
Bransby/Williams, Johnstone/Cross, Linsley, Clark, Giandotti and Kirpich. 
Formulas of these empirical methods are given below:  
 

Bransby-Williams formula:  
 

1.02.058
AS

LTc   

 
Where: Tc - is time of concentration (hours), L - is the gross length of the main 
channel (km)  and  S - is the net slope of the main channel (S1085,%) 
 

Johnstone and Cross (1949): 
5.0

300 







S
LTc  

Where: Tc - is a time of concentration (min), L – is the maximum distance 
(miles) between the watershed divide and outlet  and S - is the basin slope 
(ft/mi). This formula calibrated for drainage areas between 64 and 4200 km2.  
 

Giandotti (1943): 
 

   5.0
08.0
5.14

EH
LATc




  

 
Where: cT  is a time of concentration (h), A the watershed area (km2), L the 
length of the main channel  (km), H the average elevation of watershed  (m) and 

0E the elevation of the watershed outlet (m)? This formula calibrated for 
drainage areas between 170  and  70000 km2.  
 

Kirpich (1940): 
 

 
 

Where: Tc - is time of concentration (hours), L - is the gross length of the main 
channel (km) and S - is the net slope of the main channel (S1085,%)

Johnstone and Cross (1949):

  

 The following methods are used to estimated time of concentration in the 
selected river basin: empirical equations, rainfall-runoff relationships or time 
between rainfall and flood hydrographs and measured flow velocity.  
 Most of the empirical equations proposed for estimating time of 
concentration (Tc) can be presented as a function of river length, slope and basin 
area and a coefficient that reflects the characteristics of particular geographical 
regions such as specific physical properties and rainfall patterns.  

As for empirical equations, we selected totally 6 equations including, 
Bransby/Williams, Johnstone/Cross, Linsley, Clark, Giandotti and Kirpich. 
Formulas of these empirical methods are given below:  
 

Bransby-Williams formula:  
 

1.02.058
AS

LTc   

 
Where: Tc - is time of concentration (hours), L - is the gross length of the main 
channel (km)  and  S - is the net slope of the main channel (S1085,%) 
 

Johnstone and Cross (1949): 
5.0

300 







S
LTc  

Where: Tc - is a time of concentration (min), L – is the maximum distance 
(miles) between the watershed divide and outlet  and S - is the basin slope 
(ft/mi). This formula calibrated for drainage areas between 64 and 4200 km2.  
 

Giandotti (1943): 
 

   5.0
08.0
5.14

EH
LATc




  

 
Where: cT  is a time of concentration (h), A the watershed area (km2), L the 
length of the main channel  (km), H the average elevation of watershed  (m) and 

0E the elevation of the watershed outlet (m)? This formula calibrated for 
drainage areas between 170  and  70000 km2.  
 

Kirpich (1940): 
 

 
 

Where: Tc - is a time of concentration (min), L - is the maximum distance (miles) 
between the watershed divide and outlet and S - is the basin slope (ft/mi). This formula 
calibrated for drainage areas between 64 and 4200 km2. 

Giandotti (1943):

  

 The following methods are used to estimated time of concentration in the 
selected river basin: empirical equations, rainfall-runoff relationships or time 
between rainfall and flood hydrographs and measured flow velocity.  
 Most of the empirical equations proposed for estimating time of 
concentration (Tc) can be presented as a function of river length, slope and basin 
area and a coefficient that reflects the characteristics of particular geographical 
regions such as specific physical properties and rainfall patterns.  

As for empirical equations, we selected totally 6 equations including, 
Bransby/Williams, Johnstone/Cross, Linsley, Clark, Giandotti and Kirpich. 
Formulas of these empirical methods are given below:  
 

Bransby-Williams formula:  
 

1.02.058
AS

LTc   

 
Where: Tc - is time of concentration (hours), L - is the gross length of the main 
channel (km)  and  S - is the net slope of the main channel (S1085,%) 
 

Johnstone and Cross (1949): 
5.0

300 







S
LTc  

Where: Tc - is a time of concentration (min), L – is the maximum distance 
(miles) between the watershed divide and outlet  and S - is the basin slope 
(ft/mi). This formula calibrated for drainage areas between 64 and 4200 km2.  
 

Giandotti (1943): 
 

   5.0
08.0
5.14

EH
LATc




  

 
Where: cT  is a time of concentration (h), A the watershed area (km2), L the 
length of the main channel  (km), H the average elevation of watershed  (m) and 

0E the elevation of the watershed outlet (m)? This formula calibrated for 
drainage areas between 170  and  70000 km2.  
 

Kirpich (1940): 
 

 
 

Where: Tc is a time of concentration (h), A the watershed area (km2), L the 
length of the main channel (km), H the average elevation of watershed (m) and E0 
the elevation of the watershed outlet (m)? This formula calibrated for drainage areas 
between 170 and 70000 km2. 



PAPERS IN METEOROLOGY AND HYDROLOGY  No 35/9

97

Kirpich (1940):
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As for rainfall-runoff method we do some observed data for this relationship in our 
selected basin, namely rain gauges in the upstream of Tuul, Selbe and Kherlen rivers 
and observed hydrographs in downstream sites. These relationships exist in the some 
small basins on hourly base and most cases in daily bases. Since we do have some 
lack of data and experiences in defining of excess rainfall and inflection point of the 
falling limb of the direct runoff hydrograph, in this method, Tc is estimated simply 
the time between the centroid of observed total rainfall and output hydrographs in the 
downstream gauges. 

Finally, using measured values of flow velocity along the rivers, especially along 
the Kherlen river at the permanent hydrological stations, we consider the possibility 
to estimate of Tc version as travel time or ratio of the distance between stations to 
measured flow velocity at the different time of period or different flow regime of the 
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Results and Analysis
At first, time of concentration for the selected basins was estimated by suing 6 6 
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Kirpich. These equations are easy to apply since require using or estimating a limited 
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number of basin parameters. 
Kirpich’s equations derived for small watershed area mainly in the small urban 

area while Giandotti’s equation is derived for small agricultural watersheds in Italy. 
The Kirpich equation is normally used for natural basins with well-defined channels 
and in our cases much underestimates the time of concentration in selected river 
basin compare to other equations and methods. Therefore, results of Tc estimated by 
Kirpich’s equation is not included for further analysis in this paper. Johnstone/Cross 
equation also provide very small values of Tc in our cases. 

Table 2, reports results obtained by empirical equation method and as you can see 
there is quite a large variation in estimation. 

Table 2. Results of estimated time of concentration by different empirical equations

No. Rivers and streams
Bansby/
Williams

Jonston/
Cross Clark Giandotti

Hours Days Hours Days Hours Days Hours Days
1 Kherlen-Khongon 43.2 1.8 5.7 0.2 16.7 0.7 18.2 0.8
2 Kherlen-Mongen (MM) 56.7 2.4 8.0 0.3 28.5 1.2 26.9 1.1
3 Kherlen-Baganuur (BN) 84.1 3.5 12.6 0.5 58.8 2.5 39.3 1.6
4 Kherlen-Ulaankhoshuu 101.5 4.2 15.6 0.6 83.2 3.5 52.4 2.2
5 Kherlen-Toono 125.9 5.2 20.0 0.8 124.4 5.2 64.6 2.7
6 Kherlen-Bayanmonkh 144.7 6.0 22.8 1.0 154.1 6.4 75.7 3.2
7 Kherlen-Chandmany 153.2 6.4 24.9 1.0 178.1 7.4 84.9 3.5

8 Kherlen-Underkhaan 
(Undrkhn) 170.5 7.1 27.6 1.1 210.1 8.8 95.6 4.0

9 Kherlen-Choibalsan 
(Choi) 285.7 11.9 46.6 1.9 494.9 20.6 135.1 5.6

10 Kherlen-State boder 338.1 14.1 55.8 2.3 659.8 27.5 157.0 6.5
11 Tuul-Bosgo 55.5 2.3 5.8 0.2 19.5 0.8 20.6 0.9
12 Tuul-Terelj-Belchir 62.6 2.6 10.8 0.4 52.0 2.2 22.8 1.0
13 Tuul-Gachuurt 80.5 3.4 3.3 0.1 8.0 0.3 30.6 1.3
14 Tuul-Ulaanbaatar 96.1 4.0 4.7 0.2 13.8 0.6 33.5 1.4
15 Terelj-Davaat 36.6 1.5 5.5 0.2 17.7 0.7 11.5 0.5
16 Terelj-Terelj 50.8 2.1 6.7 0.3 24.1 1.0 14.3 0.6
17 Terelj-Tuul-Belchir 59.6 2.5 9.1 0.4 39.1 1.6 15.5 0.6
18 Selbe-Sanzai 12.6 0.5 2.9 0.1 3.0 0.1 3.2 0.1
19 Selbe-Dambadarjaa 28.5 1.2 3.7 0.2 7.1 0.3 7.3 0.3
20 Uliastai-Uliastai 16.5 0.7 1.8 0.1 2.5 0.1 5.4 0.2
21 Kholiin gol-Tor khurakh 16.4 0.7 1.6 0.1 2.3 0.1 5.6 0.2
22 Kholiin gol-Kholiin gol 26.1 1.1 2.5 0.1 4.6 0.2 7.2 0.3
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Estimated Tc by different empirical methods gives huge differences or variability 
of estimate and very difficult to judge suitability any of these equations in our case. 
The standard deviation of estimated Tc by different empirical methods varies around 
60-120% from the mean of the estimate. Therefore for better interpretation of these 
results, at first, we must develop reference Tc using other distributed methods and 
direct measurements. 

As for rainfall-runoff method we do some observed data for this relationship in our 
selected basin, namely rain gauges in the upstream of Tuul, Selbe and Kherlen rivers 
and observed hydrographs in downstream sites. These relationships exist in the some 
small basins on hourly base and in most cases on daily bases. Since we do have some 
lack of data and experiences in defining of excess rainfall and inflection point of the 
falling limb of the direct runoff hydrograph, in this method, Tc is estimated simply 
the time between the centroid of observed total rainfall and output hydrographs in the 
downstream gauges. 

In the upstream of Tuul river, for the estimation of time of concentration, several 
isolated hydrographs have been selected along the Selbe river, upstream Tuul river and 
in Terelj river basins.

The sum of rainfall of the selected hydrographs varies within 15-40 mm for about 
2-3 days. Estimated time of concentration as the time between the centroid of total 
rainfall and flood hydrograph to be 1 day on average from upstream rainfall till outputs 
hydrographs at Tuul-Bosgo station and Terelj stations. 

As for rainfall-runoff method we do some observed data for this 
relationship in our selected basin, namely rain gauges in the upstream of Tuul, 
Selbe and Kherlen rivers and observed hydrographs in downstream sites. These 
relationships exist  in the some small basins on hourly base and in  most cases 
on daily bases. Since we do have some lack of data and experiences in defining 
of excess rainfall and inflection point of the falling limb of the direct runoff 
hydrograph, in this method, Tc is estimated simply the time between the 
centroid of observed total rainfall and output hydrographs in the downstream 
gauges.  

In the upstream of Tuul river, for the estimation of time of concentration, 
several isolated hydrographs have been selected along the Selbe river, upstream 
Tuul river and in Terelj river basins. 

The sum of rainfall of the selected hydrographs varies within 15-40 mm 
for about 2-3 days. Estimated time of concentration as the time between the 
centroid of total rainfall and flood hydrograph to be 1 day on average from 
upstream rainfall till outputs hydrographs at Tuul-Bosgo station and Terelj 
stations.  
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Figure 2. rainfall-runoff relationships in the upper Tuul river basin

For the rainfall-runoff relationship, in the case of Kherlen river basin about 15 
events are selected during the period of 2003-2010. Daily sum of rainfall varies from 
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10 to 100 mm within 1-3 days. Rainfall data presented in the upstream of the basin or 
at the Mongenmoryt and Baganuur stations. A typical example of the observed rainfall-
runoff relationship along the Kherlen river is presented in Figure 3. 

example of the observed rainfall-runoff relationship along the Kherlen river is 
presented in Figure 3.  
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 In the upstream of Kherlen river where mainly due to the more steep 
slope, the flow velocity is higher while in the steppe part of the basin or in the 
lower reaches, the flow velocity is reduced. Depending on flow velocity and 
length of reaches, Tc estimated by the along the Kherlen river varies from 1.5 to 
20 days from upstream rainfall.  

Comparison of results of estimated Tc by a different method is presented 
in the Table below. From empirical equations, Bransby/Williams and Clark 
methods provide less reasonable results and compared these results with results 
obtained from observed rainfall-runoff relationship and measured flow velocity. 
In the upstream where more steep slope, rainfall-runoff relationship provide 
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Figure 3. rainfall-runoff relationships along the Kherlen river

Finally, just using measured values of flow velocity along the rivers, especially 
along the Kherlen river at the permanent hydrological stations, estimates of Tc version 
as travel time or ratio of the distance between stations to measured flow velocity at the 
different time of period or different flow regime of the annual hydrograph. 

Table 3. Time of concentration estimated by measured 
flow velocity between reaches along the Kherlen river 

River-stations L, km
Velocity, m/sec Tc by velocity, days

mean max min mean max min
Kherlen-Mongenmoryt 105.5 0.76 1.05 0.54 1.6 1.2 2.3
Kherlen-Baganuur 182.2 0.56 0.84 0.5 3.8 2.5 4.2
Kherlen-Onderkhaan 481.6 0.55 0.71 0.43 10.1 7.8 13.0
Kherlen-Choibalsan 936.7 0.55 0.71 0.43 19.6 15.2 25.2

In the upstream of Kherlen river where mainly due to the more steep slope, the 
flow velocity is higher while in the steppe part of the basin or in the lower reaches, 
the flow velocity is reduced. Depending on flow velocity and length of reaches, Tc 
estimated by the along the Kherlen river varies from 1.5 to 20 days from upstream 
rainfall. 

Comparison of results of estimated Tc by a different method is presented in the 
Table below. From empirical equations, Bransby/Williams and Clark methods provide 
less reasonable results and compared these results with results obtained from observed 
rainfall-runoff relationship and measured flow velocity. In the upstream where more 
steep slope, rainfall-runoff relationship provide slow or underestimation while flow 
velocity approach gives the most rapid time of concentration. Similarly, in lower 
reaches with less slope provide just opposite results or Tc by rainfall-runoff method 
was less than Tc estimated by flow velocity. Concerning empirical equations, in 
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upstream reaches with a steep slope and short reaches, estimated time of concentration 
was higher than other two methods, while in lower reaches with a gentle slope and long 
distance, results obtained by empirical equations were less that other two methods. 
According to other experiences, the empirical approaches generally overestimate Tc. 

Table 4. Comparison of estimated time of concentration (Tc) 
by different estimation methods

River-stations
Estimated Tc, in days

Mean St dev Difference, 
%Rainfall-

runoff
Bransby/
Williams Clark Flow 

velocity
Kherlen-Mongenmoryt 2.3 2.4 1.2 1.6 1.9 0.55 29.9
Kherlen-Baganuur 4.2 3.5 2.5 3.8 3.5 0.73 21.1
Kherlen-Onderkhaan 8.8 7.1 8.8 10.1 8.7 1.22 14.0
Kherlen-Choibalsan 17.8 11.9 20.6 19.6 17.5 3.90 22.3

 
Generally, there is a strong correlation between time of concentration and some 

morphometric parameters of rivers such as length, slope and basin area etc. In our case, 
we established a relationship between Tc estimated by empirical equations and river or 
reach length and slope. As you could see from the figure below, clear relationship with 
high correlation coefficient of 0.82-0.99. Such relationships can be used for estimation 
of Tc in ungauged river tributaries within upper Tuul-Kherlen river basins. 

flow velocity. Concerning empirical equations, in upstream reaches with a steep 
slope and short reaches, estimated time of concentration was higher than other 
two methods,  while in lower reaches with a gentle slope and long distance, 
results obtained by empirical equations were less that other two methods. 
According to other experiences, the empirical approaches generally overestimate 
Tc.  
 

Table 4. Comparison of estimated time of concentration (Tc) by different 
estimation methods 

River-stations 
Estimated Tc, in days 

Mean St dev Difference, 
% Rainfall-

runoff 
Bransby/ 
Williams Clark Flow 

velocity 
Kherlen-Mongenmoryt 2.3 2.4 1.2 1.6 1.9 0.55 29.9 
Kherlen-Baganuur 4.2 3.5 2.5 3.8 3.5 0.73 21.1 
Kherlen-Onderkhaan 8.8 7.1 8.8 10.1 8.7 1.22 14.0 
Kherlen-Choibalsan 17.8 11.9 20.6 19.6 17.5 3.90 22.3 

  
 Generally, there is a strong correlation between time of concentration 
and some morphometric parameters of rivers such as length, slope  and basin 
area etc. In our case, we established a relationship between Tc estimated by 
empirical equations and river or reach length and slope. As you could see from 
the figure below, clear relationship with high correlation coefficient of 0.82-
0.99. Such relationships can be used for estimation of Tc in  ungauged river 
tributaries  within upper Tuul-Kherlen river basins.  
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flow velocity. Concerning empirical equations, in upstream reaches with a steep 
slope and short reaches, estimated time of concentration was higher than other 
two methods,  while in lower reaches with a gentle slope and long distance, 
results obtained by empirical equations were less that other two methods. 
According to other experiences, the empirical approaches generally overestimate 
Tc.  
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Figure 4. relationships between Tc and river length slopes 
in the upper tuul, kherlen river basins

Application of results of this Tc estimation study will be found in calibration, 
validation of flood routing models rainfall-runoff models flood discharge estimation, 
short range forecasting. For example, in the calibration of storage parameter of 
Muskingum flood routing model, travel time parameter of HEC models etc. Another 
useful application is improving lack time of short range forecasting along the Tuul and 
Kherlen rivers which supports accuracy, the timing of hydrological forecasting. 
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Conclusions and comments
In this paper, uncertainties in the estimation of the time of concentration are 

demonstrated through empirical analysis. Direct procedure or just time difference 
between observed rainfall and flood hydrograph, several empirical equations, and 
measured flow velocity are implemented in the selected river basins and reaches. 
Obtained results demonstrate great variations in Tc estimation, especially in the case of 
empirical equations. 

On the other hand, empirical equations derived for the specific and different basin, 
channel and flow conditions and much depends on derived coefficients. Another words, 
most empirical methods are the result of analyzing the data gathered from a particular 
geographical region with specific physical attributes and rainfall patterns. 

Observed rainfall-runoff relationship affected by different flow types, basin 
conditions such as soil, vegetation The flow along a travel path is categorized as a 
sheet or overland flow, concentrated flow and channel flow. At the upper portion of 
a watershed, runoff flows as overland or “sheet” flow and after a certain distance, the 
flow became concentrated in swales, rills, gulls. Therefore, the travel time of flow must 
be estimated separately for these travel paths. 

In our this first approach, application of mentioned classical methods is simplified 
with some assumptions due to lack of data and experiences.

Certainly need more detailed studies in the estimation of time of concentration 
with the involvement of more data. For instance, our next study in this area could be 
the use of NRCS velocity method or more distributed methods and also special field 
trips for direct flow velocity, GIS-DEM application will much contribute to alleviating 
uncertainties and variability. 
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Abstract
Within the Science and Technological National Project named as “Hydrological 

cycles of Mongolia” (2013-2015), the Ganga lake basin is selected as representative of 
steppe region and have been conducted water balance studies including rainfall, spring 
inflow, lake morphometry changes, groundwater table and lake regime. The study aims 
to reveal water balance of the lake as a numerical interpretation of the hydrological 
cycle and recent hydrological changes in the Ganga lake area. 

There is a very clear continuous decrease of the lake water level and lake water 
surface area caused by the main increase of air temperature and related evaporation 
from the open water surface. Ganga lake water level has dropped by 30 cm and lake 
water surface area decreased by 20 percent in last three years, 2013-2015.

 
Keywords: Ganga lake, water balance, lake morphometry changes 

Introduction and Review of previous studies
Why had Ganga lake basin? Daryganga and Ganga lake area is one of real and 

native grassland region of Mongolia and also presents very interesting extinct volcano 
features. In terms of history, culture and traditions, the Daryganga region is one 
greatest heritage area of Mongolia and attracts many local and international tourists. 
The Ganga and Duut lakes are also one of the vital important points for migrating birds 
with famous so-called “Swan’s ensemble” when in late autumn the lake water surface 
covers by the migrating birds. Secondly, such isolated lakes in steppe region can serve 
as a very clear indicator of intensifying climate change in the region. Finally, in terms 
of hydrology and water balance the region is very distinctive with its inflowing springs, 
interconnected lakes, sensitivity to climate variations etc. One key reason to study 
this area is sharp and continuous shrinkage of Ganga lake surface area, which is very 
serious environmental, socio-economical and socio-psychological concerns, especially 
for local people. 

There are different scientists, organizations have been done some hydrological 
studies of the Ganga lake area in different periods. First scientific and permanent 
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attempt to study lake hydrology done by P.Nyamjav from Hydrometeorological 
institute by establishing hydrological gauging station at the Ganga lake in August of 
1987. Doctor J.Tserensodnom and his Lake section of Institute of Geography of MAS, 
contribute much in the Ganga lake studies. Their results of his study find in his book as 
“Lakes of Mongolia” (1970), “Catalog of Mongolian lakes” (2000) etc. 

Unfortunately, the above mentioned hydrological gauging station was closed 
in 1992 and later in 1997 was reopened including new gauging station at Duut 
lake (D.Oyunbaatar, M.Enkhtsetseg, 1997) and since these two gauging stations 
continuously operating up to today within hydrometeorological services of Dornod, 
Sukhbaatar, and Khentii provinces. 

One first research paper on Ganga lake hydrology was published in the research 
proceedings of Institute of Meteorology and Hydrology in 2002 (D.Oyunbaatar, 
G.Davaa, B.Zagas, Ya.Radnaa, 2002: Some aspects of Ganga and Duut lake 
hydrological studies, Research proceedings of IMH, No.24, pp.162-170, Ulaanbaatar). 

The research team from an Environmental section of IMHE (under the supervision 
of Dr.G.Adyabadam), have conducted quite complex studies to reveal reasons of 
decreasing trend of lake water level and to develop environmental protection measures 
of the lakes in 2012. 

Results
The Ganga lake is located at the north edge of the famous Moltsog Sand at an 

elevation of 1294 m in the southeast direction of the Daryganga soum for about 12 
km. Composition of the Ganga lake basin is very unique combined with wetlands, sand 
dune, and dry grassland. While the Duut lake is located in the at elevation of 1227 m 
at the northwest edge of the Moltsog sand in the west direction of Daryganga soum for 
about 2.5 km (Figure 1). 

Ganga lake and its surrounding wetlands are included in the international list of 
important wetland areas of the world (Ramsar Convention) in 22nd March of 2014 and 
the identified total area covers 3280 ha of area. 

In this study, we mainly concentrate on changes of rainfall, lake water level 
variation and lake morphometry changes and also consider some related to changes 
of climate condition of the lake area. During the project period, we have established 
hydrometeorological monitoring sites based on the two existing hydrological gauging 
stations as Ganga-Daryganga and Duut-Daryganga and Daryganga meteorological 
station with rain gauges, spring discharge measurement sites, dug wells for 
groundwater table measurement. Also, we have conducted two quite complex field 
trips in 2014 (August) and 2015 (May). 



NATIONAL AGENCY FOR METEOROLOGY AND ENVIRONMENTAL MONITORING, MONGOLIA

106

Figure 1.  Hydrometeorological measurement sites in the Ganga-Duut 
lake basin   

 
 Climate, especially rainfall, temperature, and the wind are key factors 
which define the lake hydrological regime and water resources. Climate 
background and its future trends in the Ganga lake area briefly presented by 
research results of our colleagues scientists from IMH (for example, 
G.Sarantuya, P.Gomboluudev, L.Natsagdorj, Climate change in the Eastern 
region and its consequences, 2011). Also, have to note that climate of the Ganga 
lake area represented by outputs of climate studies produced for Eastern regional 
scale.  

The above studies show that in last 70 years the climate of the Eastern 
region becomes warm by 2.03oС, especially warming intensified by 
0.0500С/year in last 20 years.  

The number of hot days with temperature exceeding 30.0oC much 
increased and according to the data of Bayandelger and Erdenetsagaan stations 
nearest meteorological station to the Ganga lake) number of hot days during the 
period of 1991-2009 have increased from  15 to 20 days.  

 Concerning precipitation change and trend, in last about 20 years annual 
sum of precipitation in the region have decreased by 4.6 mm per years. 

Change and trend of evaporation are a crucially important factor  for 
water resources of the Ganga lake area and is the key outflow component of 
water balance. Climate change studies show that since 1961 evaporation in 
Eastern region have increased by 110.2 мм while precipitation for the same 
period decreased by 33.9 mm which indicating clear drying balance of the 

figure 1. hydrometeorological measurement sites in the ganga-duut lake basin 

Climate, especially rainfall, temperature, and the wind are key factors which define 
the lake hydrological regime and water resources. Climate background and its future 
trends in the Ganga lake area briefly presented by research results of our colleagues 
scientists from IMH (for example, G.Sarantuya, P.Gomboluudev, L.Natsagdorj, 
Climate change in the Eastern region and its consequences, 2011). Also, have to note 
that climate of the Ganga lake area represented by outputs of climate studies produced 
for Eastern regional scale. 

The above studies show that in last 70 years the climate of the Eastern region 
becomes warm by 2.03°С, especially warming intensified by 0.050°С/year in last 20 
years. 

The number of hot days with temperature exceeding 30.0°C much increased 
and according to the data of Bayandelger and Erdenetsagaan stations nearest 
meteorological station to the Ganga lake) number of hot days during the period of 
1991-2009 have increased from 15 to 20 days. 

 Concerning precipitation change and trend, in last about 20 years annual sum of 
precipitation in the region have decreased by 4.6 mm per years.

Change and trend of evaporation are a crucially important factor for water 
resources of the Ganga lake area and is the key outflow component of water balance. 
Climate change studies show that since 1961 evaporation in Eastern region have 
increased by 110.2 мм while precipitation for the same period decreased by 33.9 mm 
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which indicating clear drying balance of the region. Another important condition for 
evaporation is wind speed, especially dust storm. Even there is some concern about 
dust storm as one reason for the decrease of water level and shrinkage of Ganga lake. 
The number of days with dust storm in the Eastern region including Ganga lake area 
have increased from 11 days in 1960th to 33 days during the period of 2000-2007. 

During our project period from 2013 to 2015 air temperature around Ganga lake 
area has an increasing trend. For example, mean of air temperature of a warm period 
in 2013 was 11.6°C according to the Daryganga station data then in 2014 and 2015, 
the temperature increased till 12.1-12.6 6°C. A similar trend also has been observed in 
the case of wind speed which is one key factor for evaporation from the open surface 
water. 

region. Another important condition for evaporation is wind speed, especially 
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decrease of water level and shrinkage of Ganga lake. The number of days with 
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Figure 2. Air temperature and wind speed variation in the Ganga lake 
basin, 2013-2015 

 
The annual sum of rainfall in the Ganga lake basin varies from 80 to 415 

mm and daily maximum rainfall can be reached 77.6 mm (observed on 14th  of 
Aug, 2004) (G.Adyabadam et al., 2012). During the project period, have 
installed two automatic rain gauges (tipping bucket type, Davis-II, USA) at two 
sites: one is just on the bank side of the Ganga lake, second  rain gauge-next to 
the Daryganga meteorological station.  

 
Table 1. Location of rain gauges in the Ganga lake basin  

Location of rain gauges  Coordinates Site elevation, m 
Daryganga station site 45о 18‘ 

14.2‖ 
113o 50‘ 
39.9‖ 1250  

Ganga lake site 45o 16‘ 
10.5‖ 

113o 59‘ 
46.5‖ 
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Records of the rain gauges processed as the sum of standard observation 

time (8-20 clock), daily, monthly and warm period sum and compared with 
observation of official meteorological station. 
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region. Another important condition for evaporation is wind speed, especially 
dust storm. Even there is some concern about dust storm as one reason for the 
decrease of water level and shrinkage of Ganga lake. The number of days with 
dust storm in the Eastern region including Ganga lake area have increased from 
11 days in 1960th  to 33 days during the period of  2000-2007.   

During our project period from 2013 to 2015 air temperature around 
Ganga lake area has an increasing trend. For example, mean of air temperature 
of a warm period in 2013 was 11.6оC  according to the Daryganga station data 
then in 2014 and 2015, the temperature increased till  12.1-12.6 6оC. A similar 
trend also has been observed in the case of wind speed which is one key factor 
for evaporation from the open surface water.  
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Figure 2. Air temperature and wind speed variation 
in the ganga lake basin, 2013-2015

The annual sum of rainfall in the Ganga lake basin varies from 80 to 415 mm and 
daily maximum rainfall can be reached 77.6 mm (observed on 14th of Aug, 2004) 
(G.Adyabadam et al., 2012). During the project period, have installed two automatic 
rain gauges (tipping bucket type, Davis-II, USA) at two sites: one is just on the bank 
side of the Ganga lake, second rain gauge-next to the Daryganga meteorological 
station. 

Table 1. Location of rain gauges in the Ganga lake basin 
Location of rain gauges Coordinates Site elevation, m
Daryganga station site 45о 18’ 14.2” 113o 50’ 39.9” 1250 
Ganga lake site 45o 16’ 10.5” 113o 59’ 46.5” 1301

Records of the rain gauges processed as the sum of standard observation time (8-20 
clock), daily, monthly and warm period sum and compared with observation of official 
meteorological station.

The observed sum of rainfall of warm period was 100-226 mm in the Ganga lake 
during the period of 2013-2015 and have decreasing trend since 2013. In the case 
of 2015, the sum of the warm period was nearly twice less than regional mean and 
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especially rainfall in May and June was unusually low and several times less than 
regional long term mean. 

Table 2. Monthly sum of rainfall in the Ganga lake basin, 2013-2015

Years Rain gauge site and 
station IV V VI VII VIII IX X IV-X

2014

Daryganga meteo.station 18.0 36.1 78.2 29.2 23.0 12.3 17.0 213.8
Lake site rain gauge 17.0 34.2 74.0 27.7 36.4 19.8 16.9 226.1
Station site rain gauge 16.0 32.3 69.8 26.2 23.6 22.2 16.8 207.1
Mean of 2014 17.0 34.2 74.0 27.7 27.7 18.1 16.9 215.7

2015

Daryganga meteo.station 8.5 5.8 42.1 32.3 8.9 18.7 2.2 118.5
Station site rain gauge 8.5 0.4 33.8 39.4 6.4 20.2 1.0 101.2
Lake site rain gauge 8.5 9.4 79.4 20.0 41.0 35.4 1.6 186.8
Mean of 2014 8.5 3.1 38.0 35.9 7.7 19.5 1.6 109.9

Regional mean 7.6 17.1 45.6 57.8 41.7 13.9 6.8 190.4

Daily maximum rainfall during project studies varies around 15-16 mm and rain 
gauge sites have enough good correlation and agreement with Darygana station data in 
terms of timing and magnitude. 

Ganga lake site Meteo.station site 

Figure 3. Daily rainfall in the ganga lake basin and 
view of installed rain gauges, 2014-2015
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One key component of such lake is evaporation from the water surface. 
Unfortunately, We do not have observation and measurement for evaporation in the 
Ganga basin area and therefore, we estimate the evaporation by empirical equation 
especially developed for the region at an altitude of 800-1600 m (G.Davaa, 1995).

  Е = 0.32(1 + 0.38V200) (e0 – e200)

Where: V200 - wind speed at level of 2.0 m, eo, e200 - water vapor pressure, 
E-evaporation, mm

According to our estimation, evaporation from the open water surface in Ganga 
lake area may vary from 500 to 1000 mm and on average about 800 mm. If look, the 
monthly sum May and June evaporation were higher than other months, reaching 190-
250 mm and it can explain very dry spring condition and wind speed. 

Figure 3. Daily rainfall in the Ganga lake basin and  
view of installed rain gauges, 2014-2015 

 
One key component of such lake is evaporation from the water surface. 

Unfortunately, We do not have observation and measurement for evaporation in 
the Ganga basin area and therefore, we estimate the evaporation by empirical 
equation especially developed for the region at an altitude of 800-1600 m 
(G.Davaa, 1995). 

 
Е= 0.32(1+0.38V200 ) (e0 – e200 ) 
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Figure 4. Changes of annual sum of rainfall and 
evaporation in the ganga lake, 2013-2015

Observed data for climate, rainfall and estimated evaporation, all conditions 
indicate that evaporation loss from Ganga lake is the main reason for water level drop 
and lake area shrinkage. As mentioned above, there is a very obvious decrease of 
rainfall and at same time increase of evaporation by 260 mm within the 3 years. 

Rainfall falling at water surface of the lake and steady and continuous yields from 
springs are main sources for Ganga and Duut lakes and then we can consider some 
direct runoff from intense rainfall or intense snow melting and slow groundwater 
contribution which may reach the lake in winter and even early spring. In most cases 
water level of Ganga and Duut lakes varies in such way that maximumly observes 
in May and June and then water level slowly drops till September or October, until 
freezing. 



NATIONAL AGENCY FOR METEOROLOGY AND ENVIRONMENTAL MONITORING, MONGOLIA

110

way that maximumly observes in May and June and then water level slowly 
drops till September  or October, until freezing.  

 
 
 
 
 
 
 

 
 
 
 

Figure 5. Annual hydrograph of Ganga and Duut lakes,  2013-2015  
 

 The amplitude of water level variation of the Ganga lake in the warm 
period of a year  was around 10-40 cm in 2013-2015. 
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and conditions, but generally slow and small in terms of magnitude. In some 
years very clear and immediate response to the rainfall. For example,  around 
100 mm rainfall of July of 1998 produced quite a quick rise of water level of the 
lake by 40-100 cm. Concerning, recent years have not yet observed some clear 
responses of rainfall and another reason of such behavior might be low rainfall 
amount and intensity in recent years.   

 
 
 
 
 

 
 

 
 
 
 

Figure 6.  Rainfall and water level relationship in the Ganga lake 
 

Due to above mentioned climate warming and low precipitation in the 
Ganga lake area during the project period, 2013-2015, the mean water level of 
lakes during the warm period of the year decreased by 20-40 cm.  
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Figure 5. Annual hydrograph of ganga and Duut lakes, 2013-2015 

The amplitude of water level variation of the Ganga lake in the warm period of a 
year was around 10-40 cm in 2013-2015.

The response of lakes to the rainfall is not clear depends on many factors and 
conditions, but generally slow and small in terms of magnitude. In some years very clear 
and immediate response to the rainfall. For example, around 100 mm rainfall of July of 
1998 produced quite a quick rise of water level of the lake by 40-100 cm. Concerning, 
recent years have not yet observed some clear responses of rainfall and another reason of 
such behavior might be low rainfall amount and intensity in recent years. 
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Figure 6.  Rainfall and water level relationship in the Ganga lake 
 

Due to above mentioned climate warming and low precipitation in the 
Ganga lake area during the project period, 2013-2015, the mean water level of 
lakes during the warm period of the year decreased by 20-40 cm.  
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Figure 6.  Rainfall and water level relationship in the Ganga lake 
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Figure 6. rainfall and water level relationship in the ganga lake

Due to above mentioned climate warming and low precipitation in the Ganga lake 
area during the project period, 2013-2015, the mean water level of lakes during the 
warm period of the year decreased by 20-40 cm. 

Figure 7. Mean water level changes in the ganga lake basin
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If consider long term variation of the water level of lakes, generally water level of the 
Ganga lake was dropped by about more than 1.0 m since late 1990th where the lake was 
relatively full. This decreasing trend of water level can be observed in Figure 8, below. 
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Figure 8. Long term variation of mean water level of Ganga and Duut lakes 
 
Another important issue of lake hydrological change are water surface 

area of lakes. Change of such morphometric parameters of lakes, especially 
shrinkage of lake water surface area is very sensitive to local people and also 
some effect on migrating birds. According to the ―Catalogue of Mongolian 
lakes‖ (J.Tserensodnom,2000) the water surface area of Ganga lake is to be 2.2 
km2.  

Later different researchers are determined  lake surface area using 
different sources and methods. For example,  D.Batkhuu in 2011 estimate the 
Ganga lake surface area to be 1.60 km2. Certainly water surface area has its own 
seasonal variation depending on climate condition of the certain months and 
years. Therefore, for this reason,  we select certain months, to compare change 
of water surface area in relation to drop of the water level of lakes. 
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Figure 8. Long term variation of mean water level of ganga and Duut lakes

Another important issue of lake hydrological change are water surface area of 
lakes. Change of such morphometric parameters of lakes, especially shrinkage of lake 
water surface area is very sensitive to local people and also some effect on migrating 
birds. According to the “Catalogue of Mongolian lakes” (J.Tserensodnom, 2000) the 
water surface area of Ganga lake is to be 2.2 km2. 

Later different researchers are determined lake surface area using different sources 
and methods. For example, D.Batkhuu in 2011 estimate the Ganga lake surface area to 
be 1.60 km2. Certainly water surface area has its own seasonal variation depending on 
climate condition of the certain months and years. Therefore, for this reason, we select 
certain months, to compare change of water surface area in relation to drop of the water 
level of lakes.

Figure 9. Change of water surface 
area of Ganga lake and drop 

of water level
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Water surface area of lakes have been determined from the topographic map 
with a scale of 1:100000, satellite data from Landsat and GPS hand unit and for data 
processing have used ARCGIS 9.3. 

Water surface area of Ganga lake decreased by 15-20 percent during our study 
period, from 2013 to 2015 and since 2000th, the water surface area already shrinkages 
by 35-40 percent. 

In terms of water balance, the relationship between lakes and groundwater source, 
very much uncertain due to lack of measured observed data. Some sources note that 
there are totally 21 springs feed the Ganga lake and even such mention can find in local 
folksong. However, nowadays, only 2-3 springs alive and permanently drains into 
the lake and among them the Orgikh spring is very special one. Its water is very cold 
and very fresh and yield is very stable throw-out a year. Some measured yields of the 
Ganga lake vary from 3.6-30.0 l/sec.

Orgikh spring Dagshin spring
Figure 10. Discharge measurement of springs, 2014-2015

Another spring Dagshin also steadily feed the Duut lake and its yield may reach 
40.0 l/sec.  Usually, yields of springs are high in the spring season and gradually 
decreases to the autumn season, having clear recession behaviour common for 
groundwater sources. 

Figure 11. Monthly variation of springs in the ganga lake basin
(mean of different years measurements)
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During a field trip in 2014 and 2015, we select two dug wells to measure the 
water table of shallow ground water and compare them with Ganga lake water surface 
elevation. One dug well which locate close to lake site (1.7 km) and other one near 
soum center about 12 km, two occasional measurements conducted in August of 2014 
and May of 2015 show that in both cases water table of dug wells (1282 and 1214 
m, respectively), always lower then Ganga lake water level (1295 м). Some how 
this random measurement indicates less interrelationship between Ganga lake and 
surrounding shallow groundwater or, at least, groundwater sources of the measured 
dug wells are not contributing directly to the Ganga lake. 

The depth of Ganga lake was about 0.4–0.5 m along the edge and in the middle 
even reached 1.5 in 2007. But later depth measurement conducted in 2011 shows a 
significant decrease of lake water depth and lake water depth was just around 0.18–
0.25 m in edge while in the middle-0.5 m. During our study period, ganga lake water 
depth also had continuous decreasing trend and our measurement results in a decrease 
of Ganga water depth by 15-20 cm.

Figure 12. Lake depth measurement results, 2014-2015

Finally, water balance of Ganga lake has following outflow and inflow parts: 
inflow part-rainfall on water surface of the lake (P, mm), yields of springs (Qsprings, 
mm), groundwater contribution (∆GW, mm) and in case of outflow-evaporation (E, 
mm) from open water surface and may have some loss due to infiltration (∆ GW) and 
differences of these outflow and inflow given time of periods is the volume change of 
lake. 



NATIONAL AGENCY FOR METEOROLOGY AND ENVIRONMENTAL MONITORING, MONGOLIA

114

  ∆V = P + Qsprings - E ± ∆GW

Since we do not have a data on groundwater components water balance equation, 
this component can be assessed as the residue of the inflow and outflow components. 
Therefore, very preliminary and pilot presentation of the Ganga lake as follows: within 
warm period of 2015 (V-IX), 113 mm of rain falls on the water surface of the lake and 
sum of spring’s contribution is to be approximately 40 mm and for same period about 
900 mm of water evaporates from lake surface and within this given period water level 
of lake dropped for about 200 mm. 

As we can see that recent climate condition and its change and trends, changes 
of hydrological components of the water balance of the Ganga lake clearly shows 
continuous shrinkage of the lake which is one of painful concern of local people and 
researchers. 

What will happen in near future? According to the climate change projection, 
summer air temperature of the region will continue to increase by 2.7-3.4°C and 3.6-
6.1°C during periods of 2046-2065 and 2080-2099, respectively. At the same time, 
there very little changes in precipitation and increase of potential evaporation in the 
Eastern region in near future will exceed increase of precipitation by 6-10 times which 
indicates a drying of lake basins will be more dramatic as expected. 

Different organizations and some individual researchers promote some ideas how 
to neutralize or even, if possible, to stop drop of water level and related shrinkage of 
the Ganga lake, for instance, planting of trees and bushes around the lake, especially 
along the southern edge of lake to block sand storm and sand shift from Moltsog 
sand dunes. Because some local people are considered that one of the key reason of 
such drop of level of the lake is to be a sand storm which fill-up the lake depression. 
However, it is very clear as showed recent climate and hydrological observation, the 
climate is the basic condition to define lake water regime and water balance, namely 
increase of air temperature and wind speed and related increase of evaporation.

Conclusions and suggestions
 � Without comprehensive climate, hydrological and hydrogeological data and 

information, it is impossible to understand the behavior and changes of Ganga 
lake hydrology and to recommend any protection measures. Therefore, should 
continue more complex and as possible permanent hydrological observation in 
the Ganga lake basin 

 � Observation for evaporation and discharge measurements of inflow springs 
must be organized on regular and permanent base and include into official 
program of the hydrological gaugings stations

 � Need to conduct studies on groundwater and hydrogeological situation around 
the lakes, for example, to define drainage area of springs, lake and groundwater 
interrelationship etc. 
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 � Organize more scientifically the planting around lake, not just on emotional 
 � and single campaign measures as did in previous years by some local and 

central organizations, individuals
 � Regulate livestock pasture and watering around the Ganga lake 
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Abstract
In Mongolia, there are 53 species and subspecies of Plecoptera recorded 

belonging to 27 genera in 8 families (Purevdorj, 2009). In this study, the data were 
used 38154 individuals of Plecoptera identified to genus level and collected from 99 
Hydrobiological stations during 1996 to 2014. Two families, Perlodidae and Perlidae 
occurred in the greatest proportion occupying 50.6% and 35.2% and were dominant. 
Moreover, three genera, Agnetina sp., Skwala sp. and Isoperla sp. were the highest 
proportion in order having the total Plecoptera of 19.1% and 17.6% respectively. The 
majority of Plecoptera were widespread in the rivers. 

Keywords: Mongolia, Plecoptera, Stonefly, Dominance status, community, 
freshwater, water quality

Introduction
At present, 53 species of Plecoptera (stoneflies) have been recorded from 

Mongolia, distributed among in 8 families and 27 genera (Purevdorj, 2009). Stoneflies 
are primarily associated with clean, cool rivers and streams, although a small number 
of are adapted to life in cool ponds and lakes at higher latitudes (Morse et al., 1994). 

Stoneflies undergo incomplete metamorphosis and this involves passing through 
three life stages that are egg, nymph and adult stages. The adult life stage is almost 
terrestrial and they live on riparian vegetation or among rocks near the stream. In 
addition, the adult stage in considerably shorter and usually live for only 1 to 4 weeks 
(Bouchard & Paul, 2012). Larval stoneflies are found almost exclusively on coarse 
substrates such as boulders, cobble, water-soaked wood, and plant detritus in fast-
flowing water, even though there are some species that live in sandy areas. Stoneflies 
usually spend 10 months to 2 years living and growing as larvae in the water. 

Stonefly larvae play an important role in freshwater systems, serving as a food 
source for various fish and invertebrate species. By feeding on large pieces of detritus, 
they aid in the redistribution of its nutrients. Predacious stoneflies help to increase 
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macroinvertebrate species diversity by feeding on true fly larvae. Moreover, population 
levels of Plecoptera use as biological indicators of water quality. Tolerance values 
range from 0 for organisms very intolerant of organic wastes to 10 for organisms very 
tolerant of organic wastes, but stoneflies are given a numerical pollution tolerance 
value ranging from 0 to 2, noted Hilsenhoff (1988). They are extremely sensitive to 
water pollution, especially are not tolerant to low dissolved oxygen, in other words, 
they only survive in streams with good water quality (Table 1.). 

Table 1. Summary of ecological data for Plecoptera families 
(Merrit et al., 2008; Surenkhorloo, 2009)

Names of Family Feeding 
Group

Tolerance 
Value

Size of Body 
(mm) Life Cycle Habitat

Perlodidae PR 2 10-50 Univoltine LoE 
Chloroperlidae PR 1 10-20 1-2 years LoE 
Nemouridae SH 2 5-20 1-2 years Lo, LeE 
Capniidae SH 1 5-10 Univoltine LoE, LoD 
Perlidae PR 1 20-50 1-3 years LoE 
Leuctridae SH 0 6-10 1-2 years LoE, LoD 
Taeniopterygidae SH 2 10-20 Univoltine LoE, LoD 
Pteronarcyidae SH 0 15-70 1-3 years LoE, LoD 

Abbreviations: SH - Shredder, PR - Predator; Lo - Lotic, LoE - Lotic Erosional, LoD - 
Lotic Depositional, Le - Lentic, LeD - Lentic Depositional

Materials and Methods
In this study, the data were used the Plecoptera databases of 99 Hydrobiological 

stations located in Mongolian rivers and lakes from April to October during 1996 
to 2014. Individuals were put into the Petri dish and sorted. All Individuals were 
identified to genera level using the microscope. 

The Percent Contribution of Dominant Family or percent dominance (%DF) 
equals the abundance of the numerically dominant family relative to the total number 
of organisms in the sample. This index indicates the present state of the community 
balance at the family level. For example, a community dominated by relatively few 
families would have a high %DF value, thus indicating the community is under the 
influence of environmental stress (Plafkin et al., 1989).

Results
Within the study period, 38154 individuals representing 27 genera of Plecoptera 

were collected from Mongolian rivers and lakes. There are 8 families in Plecoptera: 
Perlodidae (n=19291, 50.6%), Perlidae (n=13434, 35.2%), Nemouridae (n=2918, 7.6%), 
Leuctridae (n=918, 2.4), Chloroperlidae (n=914, 2.4%), Pteronarcyidae (n=484, 1.3%), 
Capniidae (n=155, 0.4%) and Taeniopterygidae (n=40, 0.1%), referring to figure 1.
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The percent contribution of the dominant family or percent dominance equals 
the abundance of the numerically dominant family relative to the total number of 
organisms in the samples. As can be seen from the figure 1 and table 2 the percentage 
of the Plecoptera communities in Mongolia. The highest percentage of Plecoptera were 
families Perlodidae and Perlidae, with 50.6% and 35.2% of the total individuals and 
they were dominant. In addition to this study, Nemouridae was just over 7.6% and it 
was subdominant, whereas there are 3 recedent families, Chloroperlidae, Leuctridae 
and Pteronarcyidae and 2 subrecedent families, Capniidae and Taeniopterygidae, 
including merely from 0.1% to 2.4% respectively.

The percent contribution of the dominant family or percent dominance 
equals the abundance of the numerically dominant family relative to the total 
number of organisms in the samples. As can be seen from the figure 1 and table 
2 the percentage of the Plecoptera communities in Mongolia. The highest 
percentage of Plecoptera were families Perlodidae and Perlidae, with 50.6% and 
35.2% of the total individuals and they were dominant. In addition to this study, 
Nemouridae was just over 7.6% and it was subdominant, whereas there are 3 
recedent families, Chloroperlidae, Leuctridae and Pteronarcyidae and 2 
subrecedent families, Capniidae and Taeniopterygidae, including merely from 
0.1% to 2.4% respectively. 
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Table 2. Dominance status and distributions of Plecoptera families 

Names of Family # of 
Species

# of 
Genera

% of 
DF

Dominance 
status Distributions

Perlodidae 19 6 50.6 Eudominant Lake, River
Chloroperlidae 9 4 2.4 Recedent River
Nemouridae 8 3 7.6 Subdominant Lake, River
Capniidae 7 3 0.4 Subrecedent Lake, River
Perlidae 5 4 35.2 Eudominant Lake, River
Leuctridae 2 2 2.4 Recedent Lake, River
Taeniopterygidae 2 1 0.1 Subrecedent River
Pteronarcyidae 1 1 1.3 Recedent River

53 spp. 24 genera

They prefer rivers with a significant current, on rocky, stony, or gravel substrate, 
although there are some species that live in sandy areas (Erin Drumm, 2014). This 
study identified 24 genera of Plecoptera families and they all were widespread in the 
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rivers. However, out of which 12 genera (Eucapnopsis sp., Isocapnia sp., Alaskaperla 
sp., Alloperla sp., Haploperla sp., Suwallia sp., Amphinemura sp., Nemurella sp., 
Paragnetina sp., Perlodes sp., Pteronarcys sp. and Taeniopteryx sp.) belonging to 
7 families were distributed only in the rivers. Furthermore, 12 genera (Capnia sp., 
Leuctra sp., Paraleuctra sp., Nemoura sp., Agnetina sp., Claassenia sp., Kamimuria 
sp., Arcynopteryx sp., Diura sp., Isoperla sp., Levanidovia sp. and Skwala sp.) were 
distributed in the rivers and lakes.

The below figure 2 shows Agnetina sp. belong to Perlidae family occurred in the 
greatest proportion occupying 25.1% (n=9582) of the total Plecoptera. Moreover, 
Skwala sp. and Isoperla sp. in the Perlodidae were the next largest proportion in order 
having the total Plecoptera of 19.1% and 17.6% respectively.

They prefer rivers with a significant current, on rocky, stony, or gravel 
substrate, although there are some species that live in sandy areas (Erin Drumm, 
2014). This study identified 24 genera of Plecoptera families and they all were 
widespread in the rivers. However, out of which 12 genera (Eucapnopsis sp., 
Isocapnia sp., Alaskaperla sp., Alloperla sp., Haploperla sp., Suwallia sp., 
Amphinemura sp., Nemurella sp., Paragnetina sp., Perlodes sp., Pteronarcys sp. 
and Taeniopteryx sp.) belonging to 7 families were distributed only in the rivers. 
Furthermore, 12 genera (Capnia sp., Leuctra sp., Paraleuctra sp., Nemoura sp., 
Agnetina sp., Claassenia sp., Kamimuria sp., Arcynopteryx sp., Diura sp., 
Isoperla sp., Levanidovia sp. and Skwala sp.) were distributed in the rivers and 
lakes. 

The below figure 2 shows Agnetina sp. belong to Perlidae family occurred 
in the greatest proportion occupying 25.1% (n=9582) of the total Plecoptera. 
Moreover, Skwala sp. and Isoperla sp. in the Perlodidae were the next largest 
proportion in order having the total Plecoptera of 19.1% and 17.6% respectively. 
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Figure 2. The genera and family compositions of Plecoptera

Environmental temperatures affect the whole life of insects, including distribution, 
life cycle, development, and feeding. Each species of Plecoptera has specific 
requirements for water temperature, stream size, and substrate type. Temperate species 
of stoneflies may have nymphs that overwinter, and continue to grow even when water 
temperatures drop to 0°C.

The results obtained during the study show that there were two difference groups 
of Plecoptera families and they displayed considerable differences between summer 
and other seasons (Figure 3 and 4). As can be seen from the figures, the number of 
Plecoptera families, namely Chloroperlidae, Leuctridae, Perlidae, Pteronarcyidae and 
Capniidae (Group 1) were the highest in summer and the lowest in autumn, although 
Nemouridae, Perlodidae and Taeniopterygidae (Group 2) were the greatest in spring 
and autumn. 

From these results, the individual numbers of Group 1 were increased in summer 
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and were decreased in autumn. The main reason for variation showing up in summer 
is that, in Mongolia, the spring season is also very cold; usually the rivers are covered 
with ice. However, the individual numbers of Group 2 were decreased in summer and 
were an increase in spring and autumn, see figure 3 and 4.
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Figure 4. Seasonal distribution of the Group 2.  
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Conclusions 
The results are summarized out of 8 families, only two families, Perlodidae and 

Perlidae occurred in the greatest proportion occupying 50.6% and 35.2% of the total 
Plecoptera and were eudominant in order. In additionally, Nemouridae (7.6%) was 
subdominant, and other families were recedent and subrecedent, including merely from 
0.1% to 2.4% respectively.

Perlidae was dominated by genus Agnetina sp. was occurred in the greatest 
proportion occupying 25.1% (n=9582) of the total Plecoptera. Moreover, Skwala sp. 
and Isoperla sp. in the Perlodidae were the next largest proportion in order having the 
total Plecoptera of 19.1% and 17.6% respectively.

The majority of Plecoptera were widespread in the rivers and few genera 
were distributed in rivers and lakes. For example, Eucapnopsis sp., Isocapnia sp., 
Alaskaperla sp., Alloperla sp., Haploperla sp., Suwallia sp., Amphinemura sp., 
Nemurella sp., Paragnetina sp., Perlodes sp., Pteronarcys sp. and Taeniopteryx 
sp. were distributed only in the rivers and Capnia sp., Leuctra sp., Paraleuctra sp., 
Nemoura sp., Agnetina sp., Claassenia sp., Kamimuria sp., Arcynopteryx sp., Diura sp., 
Isoperla sp., Levanidovia sp. and Skwala sp. were distributed in the rivers and lakes.

The seasonal variation depicted that, the temperature has high impacts on 
the distribution of Plecoptera. From these results, the individual numbers of 
Chloroperlidae, Leuctridae, Perlidae, Pteronarcyidae and Capniidae were increased 
in summer and were decreased in autumn. However, the individual numbers of 
Nemouridae, Perlodidae and Taeniopterygidae were decreased in summer and were 
an increase in spring and autumn. It may be shown that Nemouridae, Perlodidae and 
Taeniopterygidae prefer low temperature, and the group 2 must be able to grow and 
develop at temperatures that are lower. 
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Abstract
Ulaanbaatar is under high pollution, poor dispersion conditions and high emissions 

of sulfur dioxide, nitrogen oxides, carbon monoxide and particulate matter regularly 
lead to the build-up of smog during anticyclonic weather conditions in wintertime. 
This research focused on the relationship between air pollution concentration and the 
local wind direction in Ulaanbaatar. The main purpose of this study was an explanation 
of high concentration of trace gases related with local air mass transport. There are 
seasonal diurnal wind direction patterns for each station in Ulaanbaatar. It effects to 
local air pollution transport. 

Key words: air pollution, wind direction, local transport

Introduction
Meteorological conditions are a crucial factor contributing to poor air quality, in 

addition to the two other factors of emissions and atmospheric chemistry. Many studies 
are shown that very different local and regional meteorological influences can be 
dominant in various settings. (Nelson L 1998). 

Weather conditions weak or improve air quality. Wind speed also contributes to 
how quickly pollutants are carried away from their original source. 

Strong winds can rapidly transport pollutants hundreds of kilometers whereas, 
during weak wind circumstances, pollutants can accumulate around the source of the 
release. The rain can either clean or pollute the environment depending on harmful 
substances in the air. The mixing of traffic emissions can be very poor during weak 
wind circumstances but also, strong winds can provide rapid transport to distant 
locations. For example, long range transported particles can contain pollution from 
industry, power production and forest fires or controlled fire in forestry or land-
management. Street dust in springtime is a recurring problem in Cities. Also, 
photochemical reactions are very powerful in sunny and warm weather. For example, 
surface ozone is more readily formed on warm, sunny days than on cold, cloudy days. 
Rain and snow can clean the air effectively. At the same time, however, chemicals 
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and compounds that pollute the air can fall with rain to pollute soil and surface waters. 
Sometimes weather situations change rapidly and naturally these changes reflect on 
the measured pollution concentrations. (http://en.ilmatieteenlaitos.fi/weather-and-air-
quality).

National Agency for Meteorology and Environmental Monitoring (NAMEM) deals 
with air pollution monitoring at a national scale. Their tasks include determination 
of the problems, a collection of all data (information) from air quality monitoring 
network, and creation of an integrated database for analysis and information sharing.

In recent years, due to the rapid increase in population density air pollution has 
increased in Ulaanbaatar, especially in winter traditional houses use raw coal for 
heating stoves. 

Ger districts heat only boilers, motor vehicles and power plants produce the 
majority of air pollution in Ulaanbaatar. As seen from the analyses, besides many 
influencing factors, geographic location and topography of the capital city play a major 
role in the air pollution keeping. Because, a layer of cooler air was trapped near the 
ground by a layer of warmer air above, this was not allowing for any dispersion of 
pollutants. In such a case, normal air mixing almost ceased and pollutants were trapped 
in the lower layer. (Amarsaikhan D. etc.2014). It is needed to study for understanding 
the origin of the pollutants. This research focused on how local wind affects air quality 
in Ulaanbaatar. The main purpose was an investigation of the relationship between the 
concentration of trace gases and local wind direction in Ulaanbaatar. 

Method and sites
In this study is used raw data (15 minutes) of mixing ratios and concentrations of 

NO2, O3, CO and SO2 calculating 1-hour average from June 2010 to July 2011 at Air 
quality monitoring sites in Ulaanbaatar Mongolia and found sectorial values of wind 
direction with concentrations for each element by the hour. 

A few days mixing ratio of the gases was extremely high from other days and we 
discharged such data for estimation diurnal and annual variations. But the extreme 
data’s used for trajectory analysis.

Table1. Details of sites used data

Data type Sites of Ulaanbaatar, 
Mongolia Parameters Period Data 

sources

1.
Air quality 
monitoring 
data

(UB02 (roadsite)
UB04 (urban)
UB05 (urban)
UB08 (background)

O3, NO2, NO, 
NOx, CO for 
every 15 min)
SO2

2010-2011

2010-2014

NAMEM

NAMEM

Ulaanbaatar city is located in the valley of the mountains. There are 6 automatic 
monitoring (figure 1) sites under NAMEM based on influencing emission sources 
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and activities: roadside (UB02), urban (UB04, UB05), industrial (UB01, UB07) and 
background (UB08). 

 
              Figure. 1  Air quality monitoring sites in Ulaanbaatar, Mongolia   
 
Results and discussion 

Primary pollutants such as sulfur dioxide (SO2), nitrogen oxides (NOx) 
and carbon monoxides (CO) are the direct emission products of the combustion 
process.  The main indicator of air pollution from coal firing sources is SO2. 
Sulfur dioxide (SO2) is one of a group of highly reactive gasses known as 
―oxides of sulfur.‖  The largest sources of SO2 emissions are from fossil fuel 
combustion SO2 is linked with a number of adverse effects on the respiratory 
system. (http://www3.epa.gov/airquality/sulfurdioxide). SO2 is the main 
pollutant in Ulaanbaatar in winter time which emits from coal burning for 
heating in ger area. There area shown SO2 concentration trends at different 
stations.  
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e.  
Figure 2.  SO2 concentration (mkg/m3) at Air quality stations in Ulaanbaatar.in 
2010-2014 (a .at Westcross  road site b. Urban UB04 site, c. at Urban UB05 site, 
d.at UB07 industrial site, e. at background UB08 site).  
 

The fig.2 shows that the SO2 level is different at all stations in 
Ulaanbaatar during 2010-2014. The concentrations of SO2 have been exceeded 
the level of Air quality standard from October to next April in cold season every 
year. Highest concentrations have been measured at UB05 which is located in 
near the ger area. The peak concentration has been observed in January for all 
stations. Average SO2 concentrations have weakly decreased for 4 years /2010-
2014/ at all city stations except UB08. The weak decreasing concentration may 
be indicated air pollution reduction measures results in such stove improvement, 
re-planning. Air pollution levels drop, but still pollution remains unusually high 
in Ulaanbaatar. We have selected 2 sites (high polluted site UB05 which is 
located 100 ail and low polluted background site UB08 which is located close to 
Urgah naran khoroolol ) used the sector values for explanation wind direction 
and concentrations of gases were estimated by 16 wind directions at sites. 
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explanation wind direction and concentrations of gases were estimated by 16 wind 
directions at sites.

 
          Figure 3.  Sector values for wind direction in the diurnal period at UB05 

 
     Figure 4.  Sector values for wind direction  in the diurnal period at UB08 
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A local wind pattern induced by temperature differences between nearby 
River Tuul and the surrounding landscape may explain the observed patterns. In 
Ulaanbaatar, poor dispersion conditions and high emissions of particulate matter and 
carbon monoxide regularly lead to the build-up of smog during anticyclonic weather 
conditions in wintertime. During the summer season, a third regime apparently 
associated with afternoon convective mixing exhibits a secondary tendency for 
southwesterly and north westerly winds at the UB05 site (figure 3), west and north 
west wind at UB08 (figure 4). There are seasonal diurnal wind direction patterns for 
each station. At night, the wind directions show north northeast north flow daytime 
surface winds are reversed with west and west east component (figure 3) at UB05 site. 
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patterns. In Ulaanbaatar, poor dispersion conditions and high emissions of 
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season, a third regime apparently associated with afternoon convective mixing 
exhibits a secondary tendency for southwesterly and north westerly winds at the 
UB05 site (figure 3), west  and north west wind at UB08 (figure 4). There are 
seasonal diurnal wind direction patterns for each station.  At night, the wind 
directions show north northeast north flow daytime surface winds are reversed 
with west and west east component (figure 3) at UB05 site.  
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  Figure 5. Wind regime and SO2 concentration by wind sector at the UB05 site 
in winter 
 

The highest concentrations of SO2 have been observed at Urban site 
UB05. Main wind direction is dominated from the north, north-north east (more 
than 30%) and the same time high pollution observed at the site in winter (figure 
5). These high concentrations of SO2 are caused by ger area and Mountain 
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Figure 5. wind regime and SO2 concentration 

by wind sector at the UB05 site in winter

The highest concentrations of SO2 have been observed at Urban site UB05. 
Main wind direction is dominated from the north, north-north east (more than 30%) 
and the same time high pollution observed at the site in winter (figure 5). These high 
concentrations of SO2 are caused by ger area and Mountain valleys.
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valleys.

 
Figure 6. Frequency of wind direction (blue) and the average concentration of 
CO (black) in winter (the scale is 10 times larger than summer) and summer at 
the UB05 site 

 
Figure 7.  The frequency of wind direction (blue) and the average 
concentration of NO2 (purple) in winter and summer at the UB08 site.  
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In winter time, high concentration NO2 has been observed when main wind 
direction dominated from 270-340 and 110-135 and in the summer season wind from 
the (110-135) wind. It means NO2 transported from residential area (270-340) and 
main central road (110-135) (figure 7) at UB08 site.

In winter time, high concentration NO2 has been observed when main wind 
direction dominated from 270-340 and 110-135 and in the summer season wind 
from the (110-135) wind. It means NO2 transported from residential area (270-
340) and main central road (110-135) (figure 7) at UB08 site. 
 

 
Figure 8. The frequency of wind direction (blue) and the average concentration 
of CO (black) in winter and summer at the UB08 site.  
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places such Khonkhor village and Nalaikh district (fig 8). 
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Ozone is likely to reach unhealthy levels on hot sunny days in urban environments. 
Ozone can also be transported to long distances. There is local transport to background 
site during the daytime from the residential area of Ulaanbaatar city and during the 
nighttime from the main roadside during. The highest concentrations of O3 were 
observed in the same wind section as the highest NO2 concentration (Fig7,9). But it 
was high in summer (Fig 9). It indicated that background site of Ulaanbaatar is located 
under by wind influence of city‘s pollutants and major East road pollutants.

Conclusions
• The concentrations of SO2 have been exceeded the level of Air quality standard 

October to next April 2010-2014 in cold season every year in Ulaanbaatar. 
The highest concentrations have been measured at UB05 which is located 
in near the ger area. The peak concentration has been observed in January 
at all stations. Average SO2 concentrations have weakly decreased for 4 
years (2010-2014) at all city stations except UB08. The weak decreasing of 
concentration may be indicated air pollution reduction measures results.But 
pollution remains still very high in Ulaanbaatar

• A local wind pattern induced by temperature differences between nearby 
River Tuul and the surrounding landscape may explain the observed patterns. 
During the summer season, a third regime apparently associated with afternoon 
convective mixing exhibits a secondary tendency for southwesterly and north 
westerly winds at the UB05 site, west and north west wind at UB08. At night, 
the wind directions show north northeast north flow daytime surface winds are 
reversed with west and west east component at the UB05 site. 

• At background site of Ulaanbaatar (UB08) has dominated 2 main wind 
directions. At the nighttime East Southeast-East south (110-135) wind, at the 
daytime West and West northwest (270-290) is dominated. There is also a 
seasonal difference for wind regime at UBO8.

• In winter time, high concentration NO2 has been observed when main wind 
direction dominated from 270-340 and 110-135 and in the summer season wind 
from the (110-135) wind. It means NO2 transported from residential area (270-
340) and main central road 110-135) at UB08 site

• There is big seasonal (high concentration in summer July, min-Jan) diurnal 
variation of ozone, SO2, NO2, CO (high concentration in winter Jan, Feb) and 
depending emission sources and meteorological condition. 

• The ub08 site is not background station. It is under the influence of city 
pollution (270-320WNW) and main (ESE 110-135) road pollution (Maybe 
from Nalaikh district). 
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Abstract
Mongolia is very vulnerable and has a harsh climate. The natural disasters such as 

drought and wild fire are often observed in Mongolia. This paper presents results of 
drought monitoring over the Forest steppe High Mountain and Gobi Desert zones of 
Mongolia during the warm season (April to October). Using the Normalized Difference 
Vegetation Index (NDVI) and Land Surface Temperature (LST), obtained long-term 
(11 years) datasets acquired with the MODIS data. The approach is called Vegetation 
Temperature Condition Index, which integrates land surface reflectance and thermal 
properties. The VTCI is lower for dry and higher for wet conditions. Furthermore, the 
ground-measured precipitation and temperature data a study area covering parts of two 
zones of Mongolia, which used to calculate the Standardized Precipitation Index and 
the Aridity Index. Finally, these three indices indicated the drought years. 

Introduction
Drought is a natural disaster that causes a significant amount of damage to the 

economy and society. Mongolia is one of the aridest countries in the world. The 
landscape of Mongolia is varied, with the Gobi desert to the south and with cold and 
mountainous regions to the north and west. Much of Mongolia consists of steppes. 
Over Gobi Desert and Desert Steppe arid and semi-arid regions often occur the natural 
disasters such as drought. Drought occurs on an average of once every two or three 
years and the heavy snowfalls occur every 5 to 6 years and once 2 to 3 years covering 
half and quarter of country’s territory, respectively (Shiirevdamba, 1998). The United 
Nations Environment Program, (2004), suggests a conceptual definition of drought, 
“a prolonged and abnormally dry and hot period when there is a scarcity of water for 
the normal needs of the affected community or ecosystem”. This general definition 
was also modified to further develop definitions or specific types of drought such as 
meteorological droughts, agricultural droughts, hydrological droughts and socio-
economical droughts (UNEP, 2004). 
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Depending on drought and precipitation amount, the condition of the vegetation 
cover will differ from year to year. According to a study, during drought years, the 
vegetation cover will diminish by 12-48% in high mountain areas and by 28-60% in 
the Gobi and steppe regions. Global climate change affects the climate condition of 
Mongolia that now has an increased intensity of dryness (L.Natsagdorj, D.Dagvadorj, 
and P.Gomboluudev). 

Mongolian climate is characterized by long and cold winters, dry and hot summers, 
low precipitation, high temperature fluctuations, and a relatively high number of sunny 
days (an average of 260) per year. The average mean air temperature in the warmest 
month is 15-20°C in the north and 20-25°C in the south of Mongolia. In the Gobi 
Desert and Steppe zones, the summer continues over 3 months. The maximum summer 
air temperature can reach anywhere 35-39°C in the north and 38-41°C in the south. 
The total annual precipitation in mountainous regions averages to about 400mm, in 
the steppe 150-250mm and in the desert-steppe less than 100mm. The number of rainy 
days decreases from north to south. 

Many remote sensing based drought indices have been used over the globe to 
monitor drought and in the case of Mongolia such as Remote Sensing Drought Index 
(Bayasgalan, 2005) and Normalized Difference Drought Index (NDDI). Ground station 
data, such as precipitation and temperature possess poor spatial resolution, especially 
in remote regions with difficult access. Thus, the Vegetation Temperature Condition 
Index (VTCI) on RS data is used for drought assessment. 

The prime objective of this study is to assess the spatial occurrences of droughts 
over the Desert Gobi and Forest steppe, High mountain zones of Mongolia. Sub-
objectives of the research are as follows:

 � To compute the vegetation temperature condition index (VTCI)
 � To compute the standardized precipitation index (SPI)
 � To compute the aridity index (AI)
 � To analyze the differences between VTCI values retrieved from remotely 

sensed data and observing soil moisture data
 � To assess the drought of Mongolia

Study area 
Mongolia is situated in the central part of the Asia. The country is bounded on the 

north by Russia and on the east, south and west by China. Mongolia is a land-locked 
country which covers an area of 1.5 million square kilometers on the southernmost 
fringe of the Great Siberian boreal forest and the northernmost Central Asian deserts 
and vast steppes. Mongolia can be divided into six natural zones (UNDP, 1998). These 
zones differ from each other on the basis of their soil quality, plant and animal species. 
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Figure 1. Natural zones of Mongolia

This map describes the spatial difference and distribution of natural zones in 
Mongolia. Mongolia is divided into following different zones: taiga, High Mountain, 
taiga, forest steppe, steppe, dry steppe, semi desert, desert steppe, desert and arid 
desert. The original map was compiled by D.Dash, edited by D. Dorjgotov.
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Figure 2. Integrated 2 different zones 
 

Used data and methods 
Materials 

The Moderate Resolution Imaging Spectroradiometer (MODIS) data 
used in this study are the 8-day composite (the best quality daily reflectance data 
of the 8-day period), 1000-meter land surface temperature data (MOD11A1,) 
and 16-day composite 1000 meter normalized difference vegetation index 
(MOD13A1) obtained from the Land Processes Distributed Active Archive 
Center (LP DAAC) and accessed from the Earth Observing System (EOS) Data 
Gateway.  

Furthermore used ground observed precipitation, temperature and soil 
moisture data.  
 

Table 1. Collected data of this study  
Remote sensing data Year Information 
Land Surface Temperature(LST-8day) 2000-2010 MODIS/TERRA 
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Table 1. Collected data of this study 
Remote sensing data Year Information
Land Surface Temperature (LST-8day) 2000-2010 MODIS/TERRA (1km)
Normalized Difference Vegetation Index 
(NDVI-16 day) 2000-2010 MODIS/TERRA (1km)

Vectors 1:500.000
Ground observed data Year Information
Precipitation (P) 2000-2010 111 stations
Temperature (T) 2000-2010 111 stations
Soil moisture (SM) 2004-2009 5 measured points

Software
ERDAS IMAGINE 9.1, ArcGis 10
ENVI/IDL, Origin Pro 8.5.1, Microsoft Office, 

Method
Vegetation	temperature	condition	index	(VTCI)	definition
A near-real time drought monitoring approach is developed using Terra–Moderate 

Resolution Imaging Spectoradiometer (MODIS) Normalized Difference Vegetation 
Index (NDVI) and Land Surface Temperature (LST) products. The approach is called 
Vegetation Temperature Condition Index (VTCI), which integrates land surface 
reflectance and thermal properties. VTCI is defined as the ratio of LST differences 
among pixels with a specific NDVI value in a sufficiently large study area; the 
numerator is the difference between maximum LST of the pixels and LST of one pixel, 
and the denominator is the difference between maximum and minimum LSTs of the 
pixels. 

Vegetation temperature condition index is defined as:
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Where:              and              are maximum and minimum 
temperature for a given NDVI.          is the remotely sensed data derived 
surface temperature at a given pixel for a given NDVI. The coefficients a, b, a‘ 
and b‘ are estimated from the scatter plot of LST and NDVI in the area.  

The shape of the scatter plot is normally triangular at a regional scale 
(Gillies et al. 1997, Wang et al.2001) if the study area is large enough to provide 
a wide range of NDVI and surface moisture conditions. The value of VTCI 
ranges from 0 to 1; the lower the value of VTCI is the higher occurrence of 
drought.  
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Where: LSTndviimax and LSTndviimin are maximum and minimum temperature for 
a given NDVI. LSTndvii is the remotely sensed data derived surface temperature at a 
given pixel for a given NDVI. The coefficients a, b, a’ and b’ are estimated from the 
scatter plot of LST and NDVI in the area. 

The shape of the scatter plot is normally triangular at a regional scale (Gillies et 
al. 1997, Wang et al.2001) if the study area is large enough to provide a wide range 
of NDVI and surface moisture conditions. The value of VTCI ranges from 0 to 1; the 
lower the value of VTCI is the higher occurrence of drought. 
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Aridity	Index	(AI)	definition
Many indices have been proposed to quantify of dryness of a climate at a given 

location. Aridity index indicates meteorological drought. Meteorological drought is 
the cause of other drought types such as hydrological drought, agricultural drought and 
socio-economic drought (Shi et al. 2007). It refers to an unusual water deficit resulting 
from inter-annual or seasonal variation in various weather factors (e.g. precipitation 
and air temperature). Aridity index is an indicator to describe the aridity or humidity. 
It has been frequently used in studies of global change, especially aridity and 
desertification (Meng et al. 2004). In this study selected Martonne aridity index (idm) 
which could represent monthly aridity. This index was designed by De Martonne in 
1926 (Livada and Assimakopoulos 2007) and is described by the following equation:
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Where: P (cm) is the annual precipitation and T (°C) is the annual mean 
temperature. The equation is appropriate for temperatures greater than -9.9°C. 
The De Martonne aridity index decreases with increasing aridity.  
 

        Table2. Classification scale for the AI values, UNESCO (1979) 
Classification  Aridity Index 
Hyper arid AI<0.03 
Arid 0.03<AI<0.20 
Semi-arid 0.20<AI<0.50 
Dry sub humid 0.50<AI<0.65 

        
Standardized	Precipitation	Index	(SPI)	definition 

The Standardized Precipitation Index (SPI) was designed by McKee et 
al. (1993) to quantify precipitation deficit for multiple time scales which 1, 3, 6 
and 12 months. These time scales reflect different water recourses. The SPI is 
defined for each of the above time scales as the difference between monthly 
precipitation on 1, 3, 6 and 12 months‘ time scale (  ) and the mean value ( ̇), 
divided by the standard deviation (s), 
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Where:    are the monthly rainfall amount and ̇,   are the mean and standard 
deviation of rainfall calculated from the whole time series of monthly values.  
 

Table3. Classification scale for the SPI values 

SPI 
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McKee et al. 
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Agnew (2000) 
drought classes 

Less than -2.00 Extreme drought  
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Classification  Aridity Index 
Hyper arid AI<0.03 
Arid 0.03<AI<0.20 
Semi-arid 0.20<AI<0.50 
Dry sub humid 0.50<AI<0.65 

        
Standardized	Precipitation	Index	(SPI)	definition 

The Standardized Precipitation Index (SPI) was designed by McKee et 
al. (1993) to quantify precipitation deficit for multiple time scales which 1, 3, 6 
and 12 months. These time scales reflect different water recourses. The SPI is 
defined for each of the above time scales as the difference between monthly 
precipitation on 1, 3, 6 and 12 months‘ time scale (  ) and the mean value ( ̇), 
divided by the standard deviation (s), 

 
        ̇

  (4) 
 

Where:    are the monthly rainfall amount and ̇,   are the mean and standard 
deviation of rainfall calculated from the whole time series of monthly values.  
 

Table3. Classification scale for the SPI values 

SPI 
Komuscu (1999) and 
McKee et al. 
(1995)drought classes 

Agnew (2000) 
drought classes 

Less than -2.00 Extreme drought  

      (4)

Where: xi are the monthly rainfall amount and ẋ, s are the mean and standard 
deviation of rainfall calculated from the whole time series of monthly values. 
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Table 3. Classification scale for the SPI values

SPI Komuscu (1999) and McKee 
et al. (1995)drought classes

Agnew (2000) 
drought classes

Less than - 2.00 Extreme drought
Less than - 1.65 Extreme drought
Less than - 1.50 Severe drought
Less than - 1.28 Severe drought
Less than - 1.00 Moderate drought
Less than - 0.84 Moderate drought
Less than - 0.50 No drought
Less than - 0.00 Mild drought No drought

Less than -1.65  Extreme drought 
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Less than -1.28  Severe drought 
Less than -1.00 Moderate drought  

Less than -0.84  Moderate 
drought 

Less than -0.50  No drought 
Less than -0.00 Mild drought No drought 
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The 16-day composite NDVI product is based on MODIS Terra surface reflectance 
corrected for molecular scattering, ozone absorption, and aerosols and adjusted to nadir 
and standard Sun angles with the use of the Bidirectional Reflectance Distribution 
Function (BRDF) models (van Leeuwen et al. 1999). The LST product is generated 
from MODIS data including geolocation, calibrated radiance, cloud masking, 
atmospheric temperature, and water vapour (Wan and Dozier 1996, Wan and Li 1997). 
Also preprocessed the ground observed data and remote sensing data, calculated 
indices above figure 3. 

Analysis
This figure presents an annual precipitation of 111stations from 2000 to 2010 in 

two different zones of Mongolia. 
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Figure 4. Precipitation of two zones from 2000 to 2010 
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Figure 7. VTCI values from 2000 to 2010 
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Figure 7 (a), (b) Mapping of Vegetation temperature condition index of 2 zones  
Fig 7 (a) (b) is the mapping of vegetation temperature condition index in two 
different zones from 2000 to 2010.  The value of VTCI ranges from 0 to 1; the 
lower value of VTCI is no drought, the higher value is the occurrence of 
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Fig 7 (a) (b) is the mapping of vegetation temperature condition index in two 
different zones from 2000 to 2010. The value of VTCI ranges from 0 to 1; the lower 
value of VTCI is no drought, the higher value is the occurrence of drought. 
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Standardized	Precipitation	Index	(SPI):
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From 10(a) figure:
•	 2009 is affected by drought, the summer is drier than other years (spring 

10.0mm, summer 39.7mm, autumn 10.2mm, total is 59.9mm)
•	 2001 and 2002 are very dry years, especially in the summer time
•	 2003 is very wet year 
From 10(b) figure:
•	 Every year generally very dry
•	 2002 is very dry year, mainly because of low precipitation in summer (106.5 

mm, total is 170.9); 
•	 2003 is a wet year (spr 44.8, sum162.4, autumn 34.7. total 242.0 mm)

 2003 is a wet year (spr 44.8, sum162.4, autumn 34.7. total 242.0 
mm) 

 
 
 
 
 
 
 
 
 
 
 

Figure 11. Mapping of Standardized Precipitation Index from 2000 to 2010 
 
This map was done by Agricultural division of Information and Research 

Institute of Meteorology, Hydrology, and Environment using the value of 
ground measurement points from 0 to 5.  
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This map was done by Agricultural division of Information and Research Institute 
of Meteorology, Hydrology, and Environment using the value of ground measurement 
points from 0 to 5. 
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Figure 13. The relationship between drought indices with ground observed data  
 
Conclusions 

The present research monitored the drought condition in Mongolia. The 
data analysis was divided into two different zones, such as Desert Gobi and 
Forest Steppe High Mountain zones. The study utilized different three indices 
such as Vegetation Temperature Condition Index, Standardized Precipitation 
Index, and Aridity Index. The value of these indices was very low which 
indicates a drought condition in from 2000 to 2010 in Mongolia. The year 2001, 
2002 and 2009 are affected by drought in two zones, while the only year 2003 
was a non - drought. These three indices are indicated drought well.  
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Conclusions
The present research monitored the drought condition in Mongolia. The data 

analysis was divided into two different zones, such as Desert Gobi and Forest Steppe 
High Mountain zones. The study utilized different three indices such as Vegetation 
Temperature Condition Index, Standardized Precipitation Index, and Aridity Index. 
The value of these indices was very low which indicates a drought condition in from 
2000 to 2010 in Mongolia. The year 2001, 2002 and 2009 are affected by drought 
in two zones, while the only year 2003 was a non - drought. These three indices are 
indicated drought well. 
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the impAct of forest fire on forest 
COVEr TyPES AND FOrEST COVEr CHANgE

Geserbaatar Nandin-Erdene

Information and Research Institute of Meteorology, 
Hydrology and Environment Remote Sensing Department

Хураангуй
Энэ судалгааны ажлын зорилго нь ойн бүрхэвчийн өөрчлөлт болон ойн 

бүрхэвчийн төрөлд түймрийн нөлөөллийг судалсан. Энэхүү судалгааны ажилд 
Ландсат хиймэл дагуулын мэдээ ашиглан ойн бүрхэвчийн төрлийг 8 ангид 
хуваасан. Ойн төрөл нь хуш, нарс, шинэс, улиас, сөөг, 3 төрлийн холимог ойд 
хуваагдсан. Хиймэл дагуулын мэдээг боловсрууах ажилд объектэд суурилсан 
ангиллын аргыг ашигласан. Ойн төрлийн зураглалын ерөнхий нарийвчлал нь 
2000 онд 86.3%, 2011 онд 83.7% байв.

Keywords: Forest type, object-based technique, forest fire, forest change, nearest 
neighbor classification

Introduction 
In recent years, increasing negative effects on natural forest ecosystems especially 

due to forest fires, the spread of forest pests and diseases and various other reasons 
including human influences, have been recognized. At the same time, the amount 
of wood available to meet demands by households and industry are increasing. The 
government has recognized that wood imports are necessary to meet supply shortfalls 
and to discourage illegal logging. Hence, customs duties on some types of wood and 
timber imports have been removed. 

Although in the Law on Forests is required to implement detailed research again on 
the forest database which changes periodically every 10 years, we cannot monitor the 
forest areas’ changes depending on current forest research equipment and technology, 
funds and capacity. For the Mongolian forest inventory, a use of old aerial photography 
from the 1970s to 1980s data and a visual estimation in the field work are necessary. 

According to the Law on Forests, nation-wide forest inventory should be conducted 
every 10 years, in connection with the present national capacity it needs more than 
a 23 years period. The forest area has decreased by 1.2 million ha during the last 30 
years from 1974 to 2006, but environmental and human impacts such as burnt forests, 
logging, open forests are as increased by 3.2 million ha during the period (Annual 
report of Forest and Water research center, MNE, 2006).
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According to statistics, present forest resources of the country indicate that 
Mongolia has a small amount of forest resources which have been decreased by human 
impacts, fires, insects and illegal logging. 

Therefore, we need to establish and expand a harmonized approach with the 
application of RS/GIS for determination of forest resources in order to use for its 
management at decision making/planning and management level. Also, we needed to 
identify immediate forest change detection. For this purpose, high spatial resolution 
satellite data is necessary and it would be used for forest inventory, for forest mapping 
and forest change detection. Forest cover types, disturbance regime maps, and forest 
change detection maps will be developed in order to inform government agencies on 
the current status of forest resources. The current image is very important for mapping 
and change detection to analyze.

Objectives
The objective of this study aimed to determine the fire impacts on forest types and 

forest cover changes using Landsat satellite data. To implement this objective we focus 
on following goals,

	� To develop forest cover classification scheme from satellite data interpretation 
and forest distribution scope,

	� To evaluate forest cover change from different temporal scales,
	� To determine how the forest fire influences the forest cover types and their 

changes.

Study area 
The study area is Eruu soum of Selenge aimag which is located in the sub-tundra 

zone and forest steppe zone between 49° – 50°N latitude and 106°-1080E longitude. 
Most areas are elevated at between 800 to 2000 meters. The total territory of Eruu 
soum is approximately 8394.2 square kilometers, of which forest areas cover around 
96.1% of the land.

Figure 1. Position of study area



PAPERS IN METEOROLOGY AND HYDROLOGY  No 35/9

149

The Eruu soum has a mean annual temperature of about 7.0°C while the mean 
monthly temperature ranges from -22°C to 19°C. A maximum temperature of 36.4°C 
is recorded in June and a minimum temperature of -40.1°C is recorded in January. 
The annual amount of precipitation is 276 mm and most of it fall between May and 
September (www.selenge.gov.mn). 

Used data
In order to investigate the Landsat TM data potential for forest mapping, a small 

window on 131-25 and 131-26 scenes on 13 September 2000 and 20 September 2011 
and some ancillary data are selected.

Table1. Collected data 

Satellite Sensor Date acquired Spatial	resolution	(m)
Landsat ETM+ 14 April 2000 30
Landsat ETM+ 13 September 2000 30
Landsat TM 20 September 2011 30
Thematic data 
Topographic maps  
Forest inventory map 2009 
Ancillary data 
Forest fire information 2000 – 2011 (burnt area)
Forest statistic data 2007
Software
ERDAS IMAGINE 9.1
ArcGIS 9.3
ENVI 4.7
Definiens developer 7.0

We use burnt area distribution and square in each year from 2000 to 2011 for data 
analysis in this study (Fig.2 and Fig.3). According to the fire statistics of 2000-2011, 
biggest fires of 1065-1972 sq.km areas occurred in Eruu soum during 2007-2009 that 
area is a high-risky region of forest fires (Fig.3).
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Figure 2. Burnt area map of study area from 2000 to 2011
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Figure 2. Burnt area map of study area from 2000 to 2011 

Figure 3. The change of burnt area from 2000 to 2011 in study area 
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Object-oriented techniques: The meaningful primitive objects, which obtained 
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by nearest neighbor classifier and rule-based classification by membership 
function technique. The experiences were showed that when several different 
feature order objects into classes, the nearest neighbor method should be used 
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Methodology 
Object-oriented	method
In general, the object-oriented approach and the image analysis process can be 

divided into the two principal workflow steps, segmentation and classification (Fig.4).
Object-oriented techniques: The meaningful primitive objects, which obtained by 

segmentation, can be classified by two methods: Sample-based classification by nearest 
neighbor classifier and rule-based classification by membership function technique. 
The experiences were showed that when several different feature order objects into 
classes, the nearest neighbor method should be used and when only a few discrete 
features can separate classes from each other, use of membership function is the 
optimal choice.
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The nearest neighbor classifier, as a supervised classification method, needs 
training area in multidimensional feature space. It would be useful when the user has 
no knowledge to describe feature spaces. In the nearest neighbor method or the sample-
based method, the primitive objects are classified through similarity to training units 
or segments for each class. The rest of objects in the image belonge to their nearest 
sample in each class. It usually uses spectral attributes; the objects will have extra 
information such as shape, texture, context attributes and topological relations between 
neighborhoods and other objects. This information can be used for extraction of each 
class in classification. (Shataee et al., 2004)
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Results 
Figure 5 shows the classified satellite images of Eruu soum in 2000 and 2011. 

These images identified about 14 cover classes with a description of 9 vegetation cover 
including 8 forest cover types using 30 m spatial resolution Landsat TM data (Fig.5). 
Particularly, in 8 forest cover types included cedar, pine, larch, birch, shrub and three 
types of mixed forest.

Central and south area of Eruu soum were affected by fires in 2007-2008 and this 
burnt area was clearly detected by satellite image in 2011 (Fig. 5). Vegetation cover 
type in this burn area was replaced with grass land and barren land in 2011. 
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Table 2. Land cover changes in 2000 and 2011

Land classes 2000 2011 Change %Area unit (Hectares)
Cedar 51439.5 66353.6 22.4
Pine 96925.4 104137.1  6.9
Larch 98232.1 48672.6 -50.4
Birch 110734.1 127771.2  13.3
Birch and pine mixed 36868.9 64532.7 42.8
Farmland 20976.8 20829.6 -0.7
Settlement 236.7 284.6 16.8
Grassland 184172.7 188676.1 2.3
Meadow 14982.1 16875.2 11.2
Burnt area 617.8 27744.6 97.7
River 2210.2 2097 -5.3
Shrub 45635.3 41413.5 -9.2
Birch and larch mixed 31895.6 9214.2 -71.1
Cedar and larch mixed 140196.2 118997.7 -15.1

The forest cover area has decreased by 5.03% and the non-forested area has 
increased by 11.9% in 2011 compared to 2000. According to our study results, larch 
was extremely decreased by 50.4% due to forest fires in Eruu soum area (Table 2). 
However, readers can pay attention to an accuracy of our used methodology that is 
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approximately 80%. Increases in cedar by 22.4% may relate with classification 
methodology because cedar can be mixed with another class type. 

In general, pine is dominant in birch and pine mixed forest, larch is dominant in 
birch and larch mixed forest. After the burning pine and larch, they can be replaced 
by birch in naturally and rapidly. In addition, the occurrence of forest fires depends on 
forest types, precipitation distribution, and availability of fire sources. (Goldammer., 
2007) These specifications may influence on land cover changes shown in Table 2. 
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Figure 6. Change detection map of burnt forest areas  
compared in 2000 and 2011 

 

Figure 6. Change detection map of burnt forest areas 
compared in 2000 and 2011

Fig 6. and Fig.7 show forest cover type changes replaced by other forest cover 
types after burning. Forest area in central and east parts of Eruu soum in 2000 was 
changed to grassland and birch area in 2011 due to forest fires (Fig.6, 7). 

About 17211 hectare area covered by birch and 16128 hectare cedar and larch 
mixed area were replaced by grassland area (Fig.7). Totally 25239 ha of forests were 
changed to burnt area and 52603 ha forests were changed to grassland (Fig.7). 

Accuracy assessment
Accuracy assessment is very important for verification of classification results. In 

mathematics, the computation of probable error of classification is very complicated. 
But in practice, we often assess the classification accuracy by means of examining 
samples and computing the error matrix from the statistical comparison between each 
interpretation and the ground data. In order to evaluate the usefulness of geographic 
data for forest cover type classification, we also used object-oriented classification 
method of Landsat imageries.
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The result of the object-oriented classification of the Landsat images was compared 
using a forest inventory map of 2009, Google Earth map, winter time images, digital 
elevation model (DEM) and burnt areas statistic data that has already been prepared for 
another project.

The overall accuracy of forest cover type map was 86.3 % in 2000 and 83.7 % in 
2011.

Conclusions
In this study, Landsat TM data from 2 different time period for forest cover types 

classification are used and the study area covers 7 forests types.
The results of accuracy assessment showed that the object-oriented techniques 

could classify forest types better than the pixel based classification method. In the 
results of the object-oriented classification, those are assumed as a homogenous area 
and an object. 

The overall accuracy of the forest type maps was 86.3% for 2000 and 83.7% for 
2011.

According to the fire statistics of 2000-2011, biggest fires of 1065-1972 sq.km 
areas occurred over Eruu soum during 2007-2009. The study area is high-risky region 
to forest fires.

The fire impact assessment results showed that 25239 ha of forests were changed to 
burnt area and 52603 ha forests were changed to grassland. 
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Abstract 
Wild land fire is a cause of major disturbance to ecosystems and economies 

throughout the world. This paper investigated to identify risk zone of wildfire 
distributions on the Eastern Steppe of Mongolia. 

The study was selected variables for wildfire risk assessment using a combination 
of data collection and evaluation decision support (Spatial Multi-Criteria Analysis) 
methods for integrating Social Economic, Climate, Geographic Information System’s 
data, Remote Sensing’s data, statistical yearbook and field validation data spatial, 
non-spatial data and considerations in identify suitability and non-suitability analysis. 
Result statistic has approximately more than half (67.95%) of the study area was 
predicted accuracy to good within the very high risk, high risk, and moderate risk 
zones.

Keywords: MODIS, hotspot, fire detection and monitor, climate data, decision-
making support system

Introduction 
Wildfires usually occur in dry ecosystems, typically, steppe and grassland, when 

uncontrolled wildfires outbreak due to physical or natural events and human actions 
(Bylow, 2012). Highlights about some researcher’s points that wildfire becomes a 
threat to biodiversity and human habitat, and contributes to mortality reasons of them. 
Moreover, it is the economic and social specific features of the Mongolian nature and 
geography account for this country’s considerable vulnerability to natural disasters. 
Mongolia has a typical continental climate, with hot summers (temperature up to 
41°C) and cold winters (temperatures to  53°C). Rainfall is relatively low, varying from 
50 mm in the southern desert region to 450 mm in mountain areas, with 80% ~ 96% 
falling in the warm period from May to September (Erdenetuya, 2012). 
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Mongolia is a country with small forest resources, but the forest’s importance is 
seen from the fact that the country occupies a tenth place by area of forestland and 
first place by forest area per capita in the Asia region. About 92 percent of the total 
original forested area of 17.5 million hectares is currently growing trees, while 8 
percent is not (Nyamjav, 2007). Wildfires constitute a major that determine spatial and 
temporal dynamics of forest ecosystems (Goldammer, 1999). About 4 million ha area 
disturbed to varying degrees, either by fire (95 percent) or by logging (5 percent). On 
the average, 50 to 60 large forest fires and 80 to 100 large steppe fire occur annually. 
The economic losses of disasters and hazardous phenomena in Mongolia increased 
from 10 to 14 times in comparison with the previous year, negatively influencing the 
country’s social and economic development (NEMA, 2010). In Mongolia, wildfire 
is a major factor which determines spatial temporal dynamics of forest ecosystems 
(Chuluunbaatar, 1998). Wildfire might lead to disastrous consequences such as huge 
economic and ecological losses in Mongolia. (Ochirsukh, 2011) 

The objectives of this study are to monitor a wildfire in the Eastern Steppe of 
Mongolia using moderate resolution imaging Spectroradiometer (MODIS) data and to 
identify potential environmental, topological, and sociological factors of the wildfire. 
These factors contribute to the outbreak of regional wildfire events, and also, factors 
were used to model regional wildfire potential through spatial Multi criteria analysis 
(SMCA) using a method of weighted overlay combination. Moreover, the specific 
objectives are that to identify suitability and non suitability area of the fire in the 
study area and to compare the output wildfire risk map with ground truth information 
related to burned forest and steppe for validation. This paper characterized the wildfire 
situation and discusses the merits and demerits of the existing fire management system 
in Mongolia. 

Study area 
The study area is Khentii, Sukhbaatar, and Dornod provinces, which are located in 

the Eastern part of Mongolia. The location map of the study area is presented in Figure 1. 
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compare the output wildfire risk map with ground truth information related to 
burned forest and steppe for validation.  This paper characterized the wildfire 
situation and discusses the merits and demerits of the existing fire management 
system in Mongolia.   
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presented in Figure 1.  

 
Figure 1. The study area Eastern part of Mongolia 

 
The study area is located between 450-490N latitude and 1080-1200E 

longitude. It covers an area of 289,323 km square. There is one of the big 

Figure 1. The study area Eastern part of Mongolia
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The study area is located between 45°-49°N latitude and 108°-120°E longitude. 
It covers an area of 289,323 km square. There is one of the big Mountain which is 
Khentei Mountain that stretches about 200 km from the Mongolian capital in the 
north-east direction to the Russian border. Eastern Mongolia comprises the aimags, or 
provinces, of Khentii, Sukhbaatar, and Dornod. The provincial capitals are Undurhaan, 
Baruun-Urt, and Choibalsan, respectively. Eastern Mongolia’s air temperatures range 
between -24 and +20 degrees centigrade. Possible causes of wildfire in this region 
are presented in Figure 2. The statistic of Wildfire occurrences in the Eastern part of 
Mongolia, 2000 – 2013 shown in Figure 3.

Mountain which is Khentei Mountain that stretches about 200 km from the 
Mongolian capital in the north‐east direction to the Russian border. Eastern 
Mongolia comprises the aimags, or provinces, of Khentii, Sukhbaatar, and 
Dornod. The provincial capitals are Undurhaan, Baruun-Urt, and Choibalsan, 
respectively. Eastern Mongolia's air temperatures range between -24 and +20 
degrees centigrade. Possible causes of wildfire in this region are presented in 
Figure 2.  The statistic of Wildfire occurrences in the Eastern part of Mongolia, 
2000 – 2013 shown in Figure 3. 

 

 
Figure 2. Causes of Wildfire behaviors. 

 
The Causes of wildfire behaviors classified into 3 main groups such as 

Human Behaviors, Natural behavior, and other factors. Recently year‘s wildfire 
occurrence increasing in the Eastern part of Mongolia. For instance, a number of 
wildfire occurrences from 2000 to 2013 has a linear trend which is sharp 
increasing, in the study area. The igniting and spreading of forest fires depends 
on terrain and plant types, weather conditions and other anthropogenic impacts. 
Taking into consideration the abovementioned factors, fire extinguishing can be 
organized properly and the safety of firefighters and people participating in 
firefighting can be ensured. 
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The Causes of wildfire behaviors classified into 3 main groups such as Human 
Behaviors, Natural behavior, and other factors. Recently year’s wildfire occurrence 
increasing in the Eastern part of Mongolia. For instance, a number of wildfire 
occurrences from 2000 to 2013 has a linear trend which is sharp increasing, in the 
study area. The igniting and spreading of forest fires depends on terrain and plant 
types, weather conditions and other anthropogenic impacts. Taking into consideration 
the abovementioned factors, fire extinguishing can be organized properly and the safety 
of firefighters and people participating in firefighting can be ensured.
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Methods and materials
In this study, we used Multi-Criteria Analysis (MCA) as a technique for making 

a complex decision as Mentioned (Alejandro and Jorge, 2003). In order to identify 
the high risk or optimal location area for a particular subject, the variables can be 
separately divided into four main groups of factors which are Environmental factors, 
Climate factors, Fire information factors and social economic factors. Flowchart 
represents a level of pre-processing and criteria selection, draw mapping and statistic 
validation shown in Figure 3-4.

Mapping	of	wildfire	risk	area	for	ranking	methods
Then suitable weights of factors were assigned using the Multi Criteria Analysis 

(MCA) which is a technique used to assist in making a complex decision as mentioned 
(Alejandro, 2003). The data was weighted and ranked based on the Malczewski 
formula (Malczewski, 1999).

Rank sum weight is calculated according to the following equations 1, 2 and 3 
below
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Equation 1 shows the sum of numerators and equation 2 shows the 

weighting statistic of the variables, where     is the weighting for criterion i, n is 
number of criteria, and k is counter for summing across all criteria, (r, i) is 
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Equation 3 shows the weighted overlay of Modelling analysis, where      is 
variables criteria,    is weighted statistic value. 
 

Table1. Ranking and weighting of factors 

No Variable of 
Criteria  

Straight 
Rank 

Numerator 
(n-ri+1) 

Normalized 
Weights 

0-
100 
% 

1 Frequency 
burned area 1 11 0.10 10 

2 Fire hotspot 
density  1 11 0.10 10 

3 Land cover class 2 10 0.09 9 
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Equation 3 shows the weighted overlay of Modelling analysis, where ai is 
variables criteria, wi is weighted statistic value.

Table1. Ranking and weighting of factors

No Variable of Criteria Straight 
Rank

Numerator
(n-ri+1)

Normalized 
Weights 0-100 %

1 Frequency burned area 1 11 0.10 10
2 Fire hotspot density 1 11 0.10 10
3 Land cover class 2 10 0.09 9
4 Agricultural land 2 10 0.09 9
5 Air temperature 3 9 0.08 8
6 Rainfall 3 9 0.08 8
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7 Soil moisture 4 8 0.08 8
8 Altitude of topography 3 9 0.08 8
9 Aspect of topography 3 9 0.08 8

10 Slope of topography 2 10 0.09 9

11 Settlements and 
infrastructure 2 10 0.09 9

Sum 26 106 1 100

Weighted low percentage factors are not important. In contrary, the high 
percentage value is relevant. To obtain effective and more accurate conclusions, 
mathematical operations were modelled in GIS analysis.
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mathematical operations were modelled in GIS analysis. 
 

 
Figure 4. Flow chart of wildfire risk maps MCA methods 
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Figure 5. Wildfire risk map of MCA Modelling 

 
Datasets Used 

We used Aqua Terra/ MODIS 2000-2015 datasets, the 250m resolution 
Land cover data, 1:100,000-1:500,000 scale Geographic information system GIS 
administrative boundary and thematic maps such as river, well, lake, road, 
settlements, tourist camps, number pollution  etc. several datasets have been 
collected from National Remote Sensing Center of Mongolia. www.icc.mn. The 
several Climate datasets have been collected from The Mongolian Institute of 
Meteorology and Hydrology. The 30-m resolution ASTER GDEM v2 was 
downloaded from https://www.jspacesystems.or.jp/ersdac/GDEM/E/4.html. A 
combination of Image Processing Software ERDAS Imagine, ENVI, IDRISI 
taiga and GIS software, ArcMap software were used throughout all process. 
Table 2. Shows list of data   
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Category ID Name 

GIS Vector 

1 Aimag boundary  
2 Soum boundary  
3 Soum center 
4  Road network 

GIS Thematic 
maps 

5 River, springs 
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8 Tourist camps 

Climate data 
10 Air temperature, 2000-2015 
11 Rainfall, 2000-2015 
12 Soil moisture, 2000-2015 

Social economic 
data 14 Number of Population, 2000-2010 

Remote Sensing 
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16 Aqua terra/ MODIS, Hotspot 2000-2015 
18 Burned area map, 2000-2015 
19 Land cover map, 2010 

20 Global Digital Elevation Model (DEM) 
30m 

Figure 5. wildfire risk map of MCA Modelling
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Datasets Used
We used Aqua Terra/ MODIS 2000-2015 datasets, the 250m resolution Land cover 

data, 1:100,000-1:500,000 scale Geographic information system GIS administrative 
boundary and thematic maps such as river, well, lake, road, settlements, tourist camps, 
number pollution etc. several datasets have been collected from National Remote 
Sensing Center of Mongolia. www.icc.mn. The several Climate datasets have been 
collected from The Mongolian Institute of Meteorology and Hydrology. The 30-m 
resolution ASTER GDEM v2 was downloaded from https://www.jspacesystems.
or.jp/ersdac/GDEM/E/4.html. A combination of Image Processing Software ERDAS 
Imagine, ENVI, IDRISI taiga and GIS software, ArcMap software were used 
throughout all process. Table 2. Shows list of data 

Table 2. Used data list
Category ID Name

GIS Vector

1 Aimag boundary 
2 Soum boundary 
3 Soum center
4  Road network

GIS Thematic maps
5 River, springs
6 Lakes
8 Tourist camps

Climate data
10 Air temperature, 2000-2015
11 Rainfall, 2000-2015
12 Soil moisture, 2000-2015

Social economic data 14 Number of Population, 2000-2010

Remote Sensing data

16 Aqua terra/ MODIS, Hotspot 2000-2015
18 Burned area map, 2000-2015
19 Land cover map, 2010
20 Global Digital Elevation Model (DEM) 30m

Result and discussion 
Global and regional climate warming is changing rapidly in the last decade due 

to excessive precipitation and heavy rains will increase heat, dryness, and wildfire 
resulting from the intensity is increasing year by year (Kevin E Trenberth, 2005). 
We have been considered to statistical analysis in the study area which is тhe linear 
equation derived from the regression was then used for the relationship between 
wildfire occurrences and long term climate factors which have been measured 
meteorological station data such as precipitation and air temperature data 2000-2013 in 
Eastern part of Mongolia. The result is shown in Figure 5-8.
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Figure 6. Result of linear regression between wildfire and climate data 

 
Some of the precipitation are directly affected by wildfires. For instance, 

the value of the correlation coefficient has 0.75, or 75 percent are dependent on 
precipitation. The final product of wildfire risk map has shown Figure 7. 
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Some of the precipitation are directly affected by wildfires. For instance, the value 
of the correlation coefficient has 0.75, or 75 percent are dependent on precipitation. 
The final product of wildfire risk map has shown Figure 7.
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Figure 8. result of wildfire risks level in study area

The result of wildfire risk and the corresponding degree of fire risk. In the study 
area 6 % falls in the category of Very high risk, 13 % is high risk, 18 % moderate risk, 
33% low risk and 30 % is very low risk area it has less risk zone of wildfire.
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Figure 9. Accuracy of wildfire risk map in study area 

 
Accuracy assessment compared to between wildfire risk map and with 

ground truth information related to burned area and a hotspot for validation. 
Approximately more than half (67.95%) of the study area was predicted 
completely good accuracies, include the very high, high risk and moderate risk 
zones. The percentages of actual fires in each fire risk zone were as follows: 
very high risk, 41.78%; high risk, 26.17%; moderate risk, 13.55%; low risk, 
8.06; and very low risk, 10.64%. The main overall truthfulness of the prediction 
from the model was calculated by 62 percent. 
 
Conclusions 

This research confirmed that the methodology used was adequate to 
integrate Environmental and Social economic factors, Climate factors, Fire 
Information factors with different spatial and temporal resolutions. MCA, of 
these factor components, proved to be useful in the identification of suitable 
areas for wildfire risk area, within a GIS nature disaster.  

This investigation is spatial and temporal resolutions a biophysical 
evaluation that provides information at a regional level that could be used by 
Forest department officials prevent reduction fire risk, private section and 
farmers care to prepare risk reduction.  

As well, decision-making regarding adequate suitable area could be based 
not only on the information provided by this MCA, but also on other aspects 
such as information for firefighters (by local and governments), managements, 
technological level, technical equipment and Foundation funds, in addition to 
local peoples, which are also highly important.  

The resulting map has five categories were created, based on spatial 
statistics, to adequately assess respective fire risk: very high risk, high risk, 
moderate risk, low and very low. Approximately half of third (37%) of the study 
area was high probability within the wildfire risk zones.  

Figure 9. Accuracy of wildfire risk map in study area

Accuracy assessment compared to between wildfire risk map and with ground 
truth information related to burned area and a hotspot for validation. Approximately 
more than half (67.95%) of the study area was predicted completely good accuracies, 
include the very high, high risk and moderate risk zones. The percentages of actual 
fires in each fire risk zone were as follows: very high risk, 41.78%; high risk, 26.17%; 
moderate risk, 13.55%; low risk, 8.06; and very low risk, 10.64%. The main overall 
truthfulness of the prediction from the model was calculated by 62 percent.

Conclusions
This research confirmed that the methodology used was adequate to integrate 

Environmental and Social economic factors, Climate factors, Fire Information factors 
with different spatial and temporal resolutions. MCA, of these factor components, 
proved to be useful in the identification of suitable areas for wildfire risk area, within a 
GIS nature disaster. 

This investigation is spatial and temporal resolutions a biophysical evaluation 
that provides information at a regional level that could be used by Forest department 
officials prevent reduction fire risk, private section and farmers care to prepare risk 
reduction. 

As well, decision-making regarding adequate suitable area could be based not 
only on the information provided by this MCA, but also on other aspects such as 
information for firefighters (by local and governments), managements, technological 
level, technical equipment and Foundation funds, in addition to local peoples, which 
are also highly important. 

The resulting map has five categories were created, based on spatial statistics, to 
adequately assess respective fire risk: very high risk, high risk, moderate risk, low and 
very low. Approximately half of third (37%) of the study area was high probability 
within the wildfire risk zones. 
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The percentages of actual each fire risk zone in the study area were as follows: very 
high risk, 6%; high risk, 13%; moderate risk, 18%; low risk, 33%; and very low risk, 
33%. The main overall accuracy to correct prediction from the model was 62%. Also, 
this approach needed to apply another region in Mongolia. 

This approach has could help spatial decision making processes and in preventative 
wildfire management strategies. Also, it could help to improve ecologically and 
biodiversity conservation management.
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Abstract
The objective of the study is to analyze the data of soil temperature and soil 

moisture obtained from two observation sites in the Gobi Deserts in Mongolia in 2009-
2014. Data used is 10 minute’ basis. The soil moisture at 5, 20 and 50 cm depths peaks 
in the warm season (March–September) due to precipitation events, whereas minima in 
winter (December to February) due to less snow and soil freeze. For spatial variations, 
soil moistures (SM) at all depths were higher around Nomgon site in comparison with 
those around Erdene site. 

Daily averaged SM at 5 cm depth at Erdene was 6.0-6.6% in a day before the 
dust event on 16-17 March 2014 and 6.8-6.9% during the dust event. It was 7.7% at 
Nomgon and 7.4% at Erdene during the dust event on 25 April 2014.

Keywords: Soil temperature, volume metric soil moisture, dust event, precipitation, 
Gobi Desert

 
Introduction
Soil characteristics including soil temperature, soil moisture and soil texture are 

important factors for dust emission processes (Domenico et al., 2006, Shao, 2008). 
Soil moisture acts as an interface between the land surface and atmosphere and plays 
an important role in dust emission as a function of wind speed in areas with low soil 
moisture (Prakash et al., 2010, Shao, 2008). A threshold wind speed for dust emission 
increases with soil moisture (Chepil, 1956; McKenna-Neuman and Nickling, 1989; 
Selah and Fryrear, 1995, Ishizuka et al., 2005). However, most of the studies on soil 
moisture effect on wind erosion were carried out using wind tunnel experiments in 
laboratories or fields (Ishizuka et al., 2005). For this reason, the soil temperature and 
soil moisture obtained from measurements in natural surface soil is important for dust 
emission studies. 

Dust events in spring season are hugely dependent on the precipitation and 
accumulations of soil moisture during the previous winter and autumn (Shinoda 2001, 
2005). Spatial and temporal distribution of soil temperature and soil moisture in the 
Mongolian Gobi Deserts are required in the estimation of pasture plant growth and dust 
emission model parameterization etc. Moreover, soil temperature and soil moisture 
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in this area are less studied due to lack of instrumentation. There were no sensors 
for soil moisture at meteorological observation stations in the Gobi Deserts before 
the end of the 2010s. For quantitative measurements, instruments to measure soil 
moisture automatically were set up at two sites from 2009 that locate in dry-land Gobi 
Desert areas in the southern region of the country. This work is an effort to define soil 
temperature and soil moisture characteristics around these two sites in recent 6 years 
since 2009. Specifically, this paper can show how the soil moisture using continuous 
and instrumental measurements and its annual and seasonal variations in the Gobi 
Deserts. 

Data and method 
We used soil temperature and soil moisture data obtained from two observation 

sites in the Gobi Deserts in Mongolia. One of them is Nomgon site (42.84 oN, 105.12 
oE) in the south and another one is Erdene site (44.27 oN, 111.05 oE) in the south-east 
of the country (Fig.1). Dust monitoring tower and its scheme are shown in Figure 2. 
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quantitative measurements, instruments to measure soil moisture automatically 
were set up at two sites from 2009 that locate in dry-land Gobi Desert areas in 
the southern region of the country. This work is an effort to define soil 
temperature and soil moisture characteristics around these two sites in recent 6 
years since 2009.  Specifically, this paper can show how the soil moisture using 
continuous and instrumental measurements and its annual and seasonal 
variations in the Gobi Deserts.  
 
Data and method     
 We used soil temperature and soil moisture data obtained from two 
observation sites in the Gobi Deserts in Mongolia. One of them is Nomgon site 
(42.84 oN, 105.12 oE) in the south and another one is Erdene site (44.27 oN, 
111.05 oE) in the south-east of the country (Fig.1). Dust monitoring tower and 
its scheme are shown in Figure 2.  

 
Fig.1. Geographical locations of Erdene and Nomgon sites 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. geographical locations of Erdene and Nomgon sites

Soil depth temperature and soil depth moisture 
In this study, we used soil depth temperatures and soil depth moistures averaged by 

10 minutes at Erdene from January 2009 to May 2014 and at Nomgon from November 
2010 to May 2014. Monthly means of soil temperatures and soil moistures in every 
depth were calculated on the basis of 10 minute averages. 

The 107 probe thermistors (Campbell Scientific Inc., 2014) were used for soil 
temperature measurements at 5, 20 and 50 cm depths. Soil moistures at 5, 20 and 50 
cm depths were measured by using the CS615 Time Domain Reflectometer (TDR) 
sensors (Campbell Scientific Inc., 1996). Thermocouples were installed at depths of 5, 
20 and 50 cm to enable the temperature correction to be made. These measurements 
were logged every 10 min from 29 October 2008 at Erdene site and 1 November 2010 
at Nomgon site.
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Fig.2. Dust monitoring tower and its scheme
at erdene and nomgon sites

 Snow depth measurements and precipitation
Dust emission associate with snow cover is less in the Gobi Desert areas 

due to small snow fall. For example, a study result using data obtained from 70 
meteorological stations over the territory in 1975-2007 showed that in average, 
precipitation amount in the Gobi Deserts and the Great Lakes Depression were 1-2 mm 
from December to February and a period with stable snow cover was less than 50 days 
(Munkbat, 2010). 

There are two kinds of observations for snow depth; one is measurements inside 
the fenced observation sites and another one is field measurements away from sites 
using snow poles. In this study, we use data of both obtained from these kinds of 
measurements. The rain gauge is used for precipitation measurements. 

Results 
In this section, we analyzed soil temperature, precipitation and soil moisture 

characterictics using six-year data from two observation sites in the Gobi Deserts, 
Mongolia in 2009-2014. Monthly means of soil temperatures and soil moistures at 5, 
20 and 50 cm depths were calculated from 10 minute averages at Erdene from January 
2009 to May 2014 and at Nomgon from November 2010 to May 2014. 

Soil depth temperature variations at two sites in 2009-2014
The soil temperature (ST) at 5, 20 and 50 cm depths collected prior to the 107 

probe thermistors installation at Erdene site at the end of 2008 and at Nomgon in the 
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end of 2010 exposed no significant differences between monthly mean soil depth 
temperatures at two sites (Figs.3, 4).  

depth temperatures were decreasing from 2009 to 2014 and as well as from the 
top level to lower levels (Figs.3, 4). Soil depth temperature has seasonal 
variations; it was minima in January and maxima in July. Monthly mean soil 
temperatures at 5 cm depth varied from -19.2oC to 30.5oC at Erdene and -13.8 oC 
to 26.6oC at Nomgon in the study periods (Figs.3,4).   

 

Fig.3. Soil temperature (oC) at 5, 20 and 50 cm depths at Nomgon site in 2010-
2014. 

 

Fig.4. Same as Fig.3 but for Erdene site in 2009-2014. 
 

Soil moisture vs. precipitation  

Fig.3. Soil temperature (oC) at 5, 20 and 50 cm depths at Nomgon site in 2010-2014.
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Fig.4. Same as Fig.3 but for Erdene site in 2009-2014.

Yearly amplitudes of soil depth temperatures were decreasing from 2009 to 2014 
and as well as from the top level to lower levels (Figs.3, 4). Soil depth temperature has 
seasonal variations; it was minima in January and maxima in July. Monthly mean soil 
temperatures at 5 cm depth varied from -19.2°C to 30.5oC at Erdene and -13.8 oC to 
26.6oC at Nomgon in the study periods (Figs.3,4).

Soil moisture vs. precipitation 
Fig.5 and Fig.6 show the soil moisture temporal variations measured by CS615 

TDR sensor at the depth of 5, 20 and 50 cm at Nomgon and Erdene sites, respectively, 
from 2009 (Nov.2010) to May 2014. The soil moisture peaks in the warm season 
(March–September) due to rainfall events (Figs. 5, 6). Correlations between soil 
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moisture at 5 cm depth and precipitation amount were as 0.70 at Erdene site and 0.62 at 
Nomgon site. 

Some rainfalls with greater amount occurred around Erdene site in spring, for 
example in April 2009, May 2010 and March 2010, while around Nomgon site in 
summer, for an instant in June 2011 and in July 2012. From September to October, 
greater precipitation was occasionally observed around Erdene site in 2010, while around 
Nomgon site in 2011-2012, whereas they were not much in other years (Figs.5, 6). 

For spatial variations, soil moistures at all depths were higher around Nomgon site 
in comparison with those around Erdene site (Figs.5, 6). Soil moistures averaged by 
study periods were as 0.073-0.088 m3/m3 around Erdene site and as 0.131-0.191 m3/m3 
around Nomgon site (Figs.5, 6). 

Volumetric soil moisture
Soil moisture variations at two sites in 2009-2014 
Fig.5 and Fig.6 show the soil moisture temporal variations measured by CS615 

TDR sensor at the depth of 5, 20 and 50 cm at Erdene from 2009 to May 2014 and 
at Nomgon sites from Nov. 2010 to May 2014. The soil moisture (at 5, 20 and 50 
cm depths) has clear seasonal variations and it peaks in the warm season (March–
September) due to rainfall events, whereas minima in winter (Dec. to Feb.) owing 
to less snow and soil freeze (Figs.5, 6). For example, maxima of monthly mean soil 
moisture around Erdene site during the study period was 0.214 (0.206, 0.108) m3/m3, 
while minima as 0.037 (0.040, 0.047) m3/m3. Maxima of monthly mean soil moisture 
around Nomgon site during the study period was 0.243 (0.249, 0.353) m3/m3 while 
minima as 0.067 (0.075, 0.121) m3/m3. 

For spatial variations, soil moistures (SM) at all depths were higher around 
Nomgon site in comparison with those around Erdene site (Figs.5, 6). SM distribution 
in depth at Nomgon site showed that monthly mean SM was increasing with depth, 
for example, it was higher at 50 cm depth in comparison with it at top two levels. This 
pattern destroyed for Erdene site, monthly mean SM was highest at 5 cm depth, higher 
at 20 cm depth and lowest at 50 cm depth during months with precipitation usually 
from March to September. SM at all depths for this site was similar in cool months 
usually from October to February. 

Correlations between soil moisture at 5 cm depth and precipitation amount were 
as 0.70 at Erdene site and 0.62 at Nomgon site. Some rainfalls with greater amount 
occurred around Erdene site in spring, for example, 43.2 mm in April 2009, 35.8 mm 
in May 2010 and 47.1 mm in March 2012, while around Nomgon site in summer, for 
instant 54.6 mm in June 2011 and 55.5 mm in July 2012 (Fig.5). From September to 
October, greater precipitation were occasionally observed around Erdene site as 22.9 
mm in September in 2010, while around Nomgon site 11.3 (15.8) mm in September 
(October) in 2011 and 27.3 (10.4) mm in September (October) 2012, whereas they 
were not much in other years (Fig.6). This higher amount of monthly precipitations had 
main contributions to raising soil moisture in those months (Fig.6) 
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occasionally observed around Erdene site as 22.9 mm in September in 2010, 
while around Nomgon site 11.3 (15.8) mm in September (October) in 2011 and 
27.3 (10.4) mm in September (October) 2012, whereas they were not much in 
other years (Fig.6). This higher amount of monthly precipitations had main 
contributions to raising soil moisture in those months (Fig.6)  

An unusual yearly peak in monthly mean SM occurred at Erdene in 
April 2011 with the absence of more precipitation, which was totally 0.2 mm in 
February to March (non in January) 2011. It may relate to an SM memory effect 
(Shinoda et al., 2001) that is spring soil moisture can be related not only to the 
snowpack accumulated over winter but also to the melting of frozen water stored 
in the soil in the preceding autumn. In autumn of 2010, more precipitation as 
25.7 mm occurred from September to November 2010, while non in December. 
In addition, soil depth temperature at 5 cm depth that was varying from 1.0oC to 
13.0oC in the first pentad of April can create soil thawing and the retained soil 
moisture forms around Erdene site in the beginning of April.  

Fig.5. Monthly mean soil moisture (m3/m3) and monthly amount of precipitation 
(mm) at Nomgon site in 2010-2014. 

Fig.5. Monthly mean soil moisture (m3/m3) and monthly amount 
of precipitation (mm) at Nomgon site in 2010-2014.

Fig.6. Same as Fig.5 but for Erdene site in 2009-2014 
 
Conclusions 

In this study, raw data obtained from two monitoring sites in the Gobi 
Desert sites in the southern part of Mongolia in 2009-2014 were used to 
determine the surface soil temperature and moisture characteristics for dust 
emission.  

The first, this work has shown the soil depth temperature and soil depth 
moisture in the Gobi Desert area using advanced measurements. Soil depth 
temperature at 5, 20 and 50 cm depths has seasonal variations; it was minima in 
January and maxima in July at Erdene and Nomgon sites. Yearly amplitudes of 
soil depth temperatures were decreasing from 2009 to 2014 and as well as from 
the top level to lower levels. The averaged soil temperatures in all depths were 
slightly higher at Nomgon than that at Erdene.   

The soil moisture at 5, 20 and 50 cm depths has perfect seasonal 
variations and it peaks in the warm season (March–September) due to 
precipitation events, whereas minima in winter (December to February) owing 
to less snow and soil freeze. During the study period of 2009-2014, maxima of 
monthly mean soil moisture at 5 (20 and 50), cm depths around Erdene site were 
21.4 (20.6, 10.8) % while minima as 3.7 (4.0, 4.7) %.  For Nomgon site, maxima 
was 24.3 (24.9, 35.3) %, while minima as 6.7 (7.5, 12.1) %. For spatial 
variations, soil moistures at all depths were higher around Nomgon site in 
comparison with those around Erdene site. Monthly mean SM was increasing 
with depth at Nomgon site, but, for Erdene site, it was higher at 20 cm depth 
rather than at 5 and 50 cm depths. 

Correlations between soil moisture at 5 cm depth and precipitation 
amount were 0.70 at Erdene site and 0.62 at Nomgon site. Some precipitation 
with the greater monthly amount of 36-55 mm occurred around Erdene site in 

Fig.6. Same as Fig.5 but for Erdene site in 2009-2014

An unusual yearly peak in monthly mean SM occurred at Erdene in April 2011 
with the absence of more precipitation, which was totally 0.2 mm in February to 
March (non in January) 2011. It may relate to an SM memory effect (Shinoda et al., 
2001) that is spring soil moisture can be related not only to the snowpack accumulated 
over winter but also to the melting of frozen water stored in the soil in the preceding 
autumn. In autumn of 2010, more precipitation as 25.7 mm occurred from September 
to November 2010, while non in December. In addition, soil depth temperature at 5 cm 
depth that was varying from 1.0oC to 13.0oC in the first pentad of April can create soil 
thawing and the retained soil moisture forms around Erdene site in the beginning of 
April. 
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Conclusions
In this study, raw data obtained from two monitoring sites in the Gobi Desert sites 

in the southern part of Mongolia in 2009-2014 were used to determine the surface soil 
temperature and moisture characteristics for dust emission. 

The first, this work has shown the soil depth temperature and soil depth moisture 
in the Gobi Desert area using advanced measurements. Soil depth temperature at 5, 
20 and 50 cm depths has seasonal variations; it was minima in January and maxima in 
July at Erdene and Nomgon sites. Yearly amplitudes of soil depth temperatures were 
decreasing from 2009 to 2014 and as well as from the top level to lower levels. The 
averaged soil temperatures in all depths were slightly higher at Nomgon than that at 
Erdene. 

The soil moisture at 5, 20 and 50 cm depths has perfect seasonal variations and 
it peaks in the warm season (March–September) due to precipitation events, whereas 
minima in winter (December to February) owing to less snow and soil freeze. During 
the study period of 2009-2014, maxima of monthly mean soil moisture at 5 (20 and 
50), cm depths around Erdene site were 21.4 (20.6, 10.8) % while minima as 3.7 
(4.0, 4.7) %. For Nomgon site, maxima was 24.3 (24.9, 35.3) %, while minima as 6.7 
(7.5, 12.1) %. For spatial variations, soil moistures at all depths were higher around 
Nomgon site in comparison with those around Erdene site. Monthly mean SM was 
increasing with depth at Nomgon site, but, for Erdene site, it was higher at 20 cm depth 
rather than at 5 and 50 cm depths.

Correlations between soil moisture at 5 cm depth and precipitation amount were 
0.70 at Erdene site and 0.62 at Nomgon site. Some precipitation with the greater 
monthly amount of 36-55 mm occurred around Erdene site in spring months, 
while around Nomgon site in summer months. These higher amounts of monthly 
precipitation had main contributions to rise soil moisture in those seasons. 

Daily averaged SM at 5 cm depth at Erdene was 6.0-6.6% in a day before the dust 
event on 16-17 March and 6.8-6.9% during the dust event. It was 7.7% at Nomgon and 
7.4% at Erdene during the dust event on 25 April. 
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Abstract
Grassland degradation is a major issue in many parts of the world. Rehabilitation 

of areas that have been degraded by overgrazing can potentially accumulate soil 
carbon, but there have been few studies in the vast grasslands of Mongolia. Here, we 
calibrated and validated Century model with 618 measurements from a soil inventory 
covering four grassland types in a forest steppe region of Mongolia. Soil organic 
carbon (SOC) simulated by Century largely agreed with the observational dataset and 
the sign of SOC response to intensive grazing. We employed the calibrated model to 
assess SOC accumulation under reduced grazing intensity scenarios, and the projected 
accumulation rates were 22.0–36.9 g C m-2 yr-1 in the near term (2012–2035). These 
results imply that reducing the intensity of grazing may be an effective strategy for 
restoration of degraded grasslands, which can be implemented by reducing livestock 
numbers and/or by changing the timing and duration of grazing events. 

Key words: carbon, grassland, carbon accumulation, grazing, modeling

Introduction 
Grasslands cover approximately 50 million km2 and contain the largest share (39%) 

of terrestrial soil carbon stocks (White et al., 2000). Any change in storage in this large 
grassland soil carbon reserve would have a substantial and long-lived effect on global 
carbon cycles (McSherry and Ritchie, 2013). 

Management and land use change will be key drivers expected to affect soil carbon 
in the coming decades, and estimates of changes in grassland soil carbon stocks over 
the long term are of critical importance (Conant and Paustian, 2002; Wang et al., 
2011). 
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Since the transition to a market economy and privatization of formerly state-owned 
livestock in 1990, the number of livestock has steeply increased to 56 million by the 
end of 2015 (NSO, 2015). During this time, long-term trends of reduced grassland 
biomass or production were documented over much of Mongolia (Liu et al., 2013) and 
Agency of Land Affairs, Geodesy and Cartography (ALAGAC, 2011) suggest that 
about 22% of the grassland area is degraded. 

Based on 1500 pasture monitoring sites data of National Agency for Meteorology 
and Environmental Monitoring (NAMEM), 65% of these sites were judged to be 
altered relative to be ecological potential (reference condition) of the soils and climate 
zones for those sites. Only 48% of the sites, however, would require more than 3 years 
for recovery to occur with altered management and 7% of sites have experienced 
highly persistent degradation and desertification. (2015).

Considering it large area and potential importance to the regional and global carbon 
cycle, it is important to assess the soil carbon pools in Mongolian steppe in response 
to changes in grazing pressures. This study assessed the impact of grazing on the SOC 
of Mongolian grasslands using process based modeling approaches combined with 
inventory data. 

Here, we developed a SOC inventory for four major grassland types with varying 
degrees of degradation in a forest steppe area of central Mongolia. We then applied the 
Century model using historic grazing regimes based on knowledge derived from local 
grassland managers. Estimations based on the inventory method were compared to the 
model simulation results. 

Our objective was to characterize the responses of SOC stocks to changing grazing 
pressures and assess the size of the accumulated soil carbon in degraded Mongolian 
steppe. 

Methods and used data
Soil and biomass survey. 
We conducted a field survey in Tariat soum, Arkhangai aimag in during the 

summers (July and August) of 2011-2012. The soil and biomass survey covered 
more than 47,000 ha of summer grassland in Tariat, which is about 30% of the total 
grassland area in the soum. The vegetation is dominated by four grassland types: 
mountain meadow (MM), riparian meadow (M), riparian meadow and marsh (MWM), 
and mountain steppe (MS). 

We sampled 618 sites across the study area, including 285 in MM, 86 in 
MWM, 208 in M and 39 in MS. At each site, a typical quadrat of 0.5 _ 0.5 m2 was 
randomly selected. Within the selected quadrat, all plants were harvested to measure 
aboveground biomass. Then we collected three soil cores using a 5-cm corer from 0 
to 20 cm depth. Bulk density samples were obtained using a standard container of 100 
cm3 in volume and weighed after being oven dried at 1050C for 24 h. 

Soil samples were sieved (2 mm), air-dried and ground to a powder. SOC of 
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ground soil samples was determined by combustion in a TOC analyzer (Shimadzu 
TOC-5000, Kyoto, Japan) after phosphoric acid treatment to remove carbonates. 
Soil texture was determined by a particle size analyzer (MasterSizer 2000, Malvern, 
Worcestershire, UK). Aboveground biomass samples were oven dried at 650C for 48 
hours and weighed. 

Century model description
Century is an ecosystem model that simulates biogeochemical fluxes on a monthly 

time step. In the model, soil organic matter is divided into three pools (active, slow 
and passive) depending on turnover rates. In the plant submodel, the maximum plant 
growth is calculated according to the genetic potential of the plant, temperature, and 
availability of moisture and nutrients. The plant module also determines the timing of 
net primary production and its proportional allocation to roots or foliage. The grazing 
event can be specified by defining the fractions of aboveground biomass consumption 
and excrement export to folds (urine and dung). Grazing effects were determined 
based on relationships of grazing to biomass production changes as grazing intensity 
increases (Evans et al., 2010). This approach has been used to simulate grazing in 
other studies (Wang et al., 2008; Chang et al., 2014). To represent the long history of 
grazing on Mongolian grass- lands, we simulated an equilibrium period for 5000 years 
with a perennial grass system under moderate grazing (50% of live shoots removed by 
grazing event per month) in summer (June-October). 

From 1990 to 2012, the model was run with the higher removal of plant production 
by heavy grazing. The modeled biomass removal rates for degraded grassland strata 
during this period were 80%, which was determined on the basis of an inventory of 
livestock herds and grazing patterns among households using grasslands in the study 
area. For non-degraded mountain meadow sites, moderate grazing was kept constant 
during the entire period. 

The climatic data used in the Century model consisted of monthly precipitation, 
monthly maximum and minimum air temperature provided by Tariat meteorology 
station. 

Grazing management scenarios 
Once the model calculations are optimized, we assessed carbon dynamics 

according to the different grazing scenarios. Grazing management scenarios for the 
degraded grasslands were projected based on ‘rule of thumb’ sustainable biomass 
removal rates applied to each degradation stratum within each vegetation type: 50% 
biomass removal for non-degraded grasslands, 45% for lightly degraded, 40% for 
moderately degraded and 35% for heavily degraded grasslands. The timing of grazing 
events simulated in the summer grasslands followed the local common practice, with 
grazing beginning on June 1 and ending on October 31 of each year. 
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Results 
Effects of degradation 
Our field inventory revealed that variations of plant and soil variables were 

significant across a degradation degrees (Table 1). 

Table 1. SOC stocks (0–20 cm), bulk density and plant biomass 
for forest steppe grasslands at different degrees of degradation

M MM MS
L M H No-G L M H M H

SOC (g kg-1) 10.21 b 15.75 a 9.02 b 31.47 a 25.49 b 14.83 c 10.62 d 13.72 a 5.46 b
TN (g kg-1) 1.01 b 1.69 a 0.97 b 3.18 a 2.52 b 1.55 c 1.11 d 1.36 a 0.62 b
Clay (%) 7.88 c 18.44 a 11.49 b 25.39 b 33.47 a 26.20 b 14.45 c 21.26 a 7.95 b
Silt (%) 33.56 a 38.00 a 29.45 b 49.99 a 42.16 b 44.68 b 32.41 c 38.26 a 31.82 b
Sand (%) 58.55 a 43.56 b 59.06 a 24.63 b 24.38 b 29.12 b 53.15 a 40.48 b 60.23 a
Bulk density (g cm-3) 1.11 a 1.04 ab 1.00 b 0.89 b 0.92 b 1.05 a 1.10 a 1.13 a 0.98 b
Aboveground biomass 
(g m-2) 121.33 a 114.44 a 111.98 a 135.33 ab  — 154.59 a 1114.23 b 112.17 a 87.76 a

Belowground biomass 
(g cm-2) 1382.05 a 1457.50 a 1313.51 a 1619.74 a — 1600.29 a 1456.27 a 1396.53 a 1671.40 a

M: riparian meadow; MM: mountain meadow; MS: mountain steppe
L: lightly, M: moderately, H: heavy degradation; No-G no grazing)

Grassland degradation coincided with an increase in sand content and decreases in 
clay and silt content. The differences in bulk density among degradation classes were 
negligible. Above-ground biomass generally decreased as degradation increased. SOC 
stock decreased markedly with degradation. SOC in lightly degraded MM grasslands 
was 18.7% lower than that in non-degraded grasslands. The SOC further declined by 
about 20% and 50% in moderately and heavily degraded grasslands, respectively. 

SOC response to grazing 
The model predicted a marked decrease in SOC stock in the period of high grazing 

intensity (1990–2012). The modeled SOC stocks corresponded well with measured 
values (Fig. 1; Table 1). 

Although grazing scenarios were set for each grassland stratum on the basis of the 
rule of thumb biomass removal rates, reducing grazing intensity on the forest steppe 
grasslands showed substantial carbon accumulation potential, except for a marginal 
gain in non-degraded MM (Fig. 1). In addition, lower SOC accumulation was predicted 
in heavily degraded compared to moderately degraded grasslands. The annual 
accumulation rates were 33.2–36.9 and 22.0–29.5 g C m-2/yr-1 for moderately and 
heavily degraded grassland strata, respectively. The lightly degraded grassland strata 
had moderate SOC accumulation rates, ranging from 27.3 to 31.8 g C m-2/yr-1.
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Fig. 1. Comparison observed and modeled soil organic carbon (SOC) for non-
degraded, light, moderate and heavy degraded forest steppe grassland soils on 
the Tariat soum. MM-mountain meadow; MWM-riparian meadow with mash; 

M-riparian meadow; MS-mountain steppe.  
 

Although grazing scenarios were set for each grassland stratum on the 
basis of the rule of thumb biomass removal rates, reducing grazing intensity on 
the forest steppe grasslands showed substantial carbon accumulation potential, 
except for a marginal gain in non-degraded MM (Fig. 1). In addition, lower SOC 
accumulation was predicted in heavily degraded compared to moderately 
degraded grasslands. The annual accumulation rates were 33.2–36.9 and 22.0–
29.5 g C m-2/yr-1 for moderately and heavily degraded grassland strata, 
respectively. The lightly degraded grassland strata had moderate SOC 
accumulation rates, ranging from 27.3 to 31.8 g C m-2/yr-1. 
 
Conclusions  

Overgrazing has caused widespread degradation in Mongolian 
grasslands. Reducing grazing intensity is a common strategy promoted by 
government sources to combat grassland degradation. However, few 
experimental data of the soil carbon recovery are available. This study assessed 
the impacts of grassland management on SOC stocks using a modeling approach 
combined with a geospatial inventory dataset. Although there are significant 
possibilities for future improvement, validation against SOC stocks from 
inventories confirmed the robustness and accuracy of the modified Century 
model when simulating the effect of grazing management practices on forest 
steppe grasslands in Mongolia. Our results demonstrate that reduction in grazing 
intensity may provide a near term solution for Mongolian grassland that has 

fig. 1. comparison observed and modeled soil organic carbon (soc) 
for non-degraded, light, moderate and heavy degraded forest steppe grassland 

soils on the Tariat soum. MM-mountain meadow; MwM-riparian meadow 
with mash; M-riparian meadow; MS-mountain steppe. 

Conclusions 
Overgrazing has caused widespread degradation in Mongolian grasslands. 

Reducing grazing intensity is a common strategy promoted by government sources 
to combat grassland degradation. However, few experimental data of the soil carbon 
recovery are available. This study assessed the impacts of grassland management 
on SOC stocks using a modeling approach combined with a geospatial inventory 
dataset. Although there are significant possibilities for future improvement, validation 
against SOC stocks from inventories confirmed the robustness and accuracy of the 
modified Century model when simulating the effect of grazing management practices 
on forest steppe grasslands in Mongolia. Our results demonstrate that reduction in 
grazing intensity may provide a near term solution for Mongolian grassland that has 
experienced soil carbon loss from intensive grazing managements. The reduction in 
grazing pressures offers a profitable and sustainable solution to our needs for pairing 
livestock production with SOC recovery. This study proved that soil organic matters 
such as SOC can be estimated by Century model. 
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Abstract
This article describes the multi-year trend of climatic factors such as mean air 

temperature, annual amount of precipitation, evaporation and aridity index which 
highly affect to land degradation in the Darkhad Depression. Also, changes in livestock 
and its composition are discussed.

Хураангуй
Энэхүү өгүүлэлд Монгол орны үзэсгэлэнт нутаг болох Дархадын хотгорын 

газрын доройтолд нөлөөлж байгаа уур амьсгалын үзүүлэлтүүд болох агаарын 
дундаж температур, нийлбэр хур тунадас, ууршиц, хуурайшлын индексийн 
сүүлийн жилүүдийн өөрчлөлт мөн малын тоо толгойн бүтэц, түүний өөрчлөлтийг 
судласан үр дүнгээс танилцуулав. 

Keywords: land degradation, evaporation, aridity

Introduction 
The United Nation Convention to Combat Desertification defines desertification as 

“Degradation of land in the desert, semi-desert, and dry sub-humid areas. It is caused 
primarily by human activities and climatic variation” (UNCCD, 1994). In a broad 
sense it can be understood as “A process when fertile land turns into a desert because 
of the irrational use of natural resources in vulnerable lands, which are affected by 
successive droughts due to global change and the resulting climate fluctuations, thus 
leading social activities to be under natural forces” (MARCC, 2014). From this point 
of view, modern environmental issues related to land degradation and desertification is 
becoming a global level concern, which interrelates and interoperates political, social 
and economic problems. Therefore, land degradation and desertification have to be 
considered regionally. Recent years, the Darkhad Depression reaches land degradation 
and desertification, though which is located in the forest-steppe area.

It is clear that in antiquity, there was a very big lake in the Darkhad Depression 
because of mountain downhill, slope formation, colorless soil moraine. Also, there was 
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sand area since some places were named with sand such as “Sand”, “Sandhill”, and 
“Sand horn”. But recent years, soil erosion has been increasing due to wind effect, the 
sand area has been increasing due to sand motion in that area, especially in the center 
of the depression. We have to know that which factor affects to land degradation. It is 
important for combating land degradation. In Mongolia, main factors for desertification 
are pasture grind down by animals and global warming and aridity. 

Literature review
Recent years, land degradation or desertification is one of the important issues 

for scientists. In the early 1990s, there was a joint project of “Mapping, monitoring, 
and measures for desertification process in the semi-dried area in Mongolia” between 
Institute of Geography of the Mongolian Academy Science and Desert Research 
Institute of the Turkmens. This project was pioneering research on land degradation 
in Mongolia. The border of the desert or semi-desert area, natural and anthropogenic 
desertification was investigated in detail during this study (Tsolmon 1994, Sarantuya 
1995). 

Growing process, thickness and pasture parameters are measured every ten days 
during the warm period since 1964. Bolortsetseg, in 2002 concluded that desertification 
impact assessment study results such as 20-30% decreasing of a pasture grassland 
growth for the last 40 years. This decrease was more intense in forest-steppe and 
steppe areas than that in desert-steppe and high mountain areas. According to research 
work which was conducted by Natsagdorj 2004, about 50 percent of pasture land 
degradation was mainly from natural (e.g., climate change) and remaining percent was 
anthropogenic. 

The mentioned scientists are mainly focusing on land degradation over Mongolia. 
There are limited research works on land degradation in province and soum scale. 
Therefore, we are focusing on aridity intensity, livestock and its composition which are 
main factors for land degradation in the Darkhad Depression. 

Method and used data
Daily mean air temperature and total precipitation measured at Renchinlhumbe 

meteorological station, which is a main meteorological station at the Darkhad 
Depression and livestock data, soil degradation, and sand variation were used in this 
study. Data quality assurance and quality control were conducted by a statistical 
method. In order to investigate impacts of climate condition on land degradation, 
statistics correlation and regression analysis, distribution map, and diagram were used 
in this study. 

Evaporation is calculated by following equations (Budagovski, Busarova 1991):

  E0 = a ΣT>0       (1)



NATIONAL AGENCY FOR METEOROLOGY AND ENVIRONMENTAL MONITORING, MONGOLIA

182

Where: а = 0.29мм/°С, Е0- evaporation, ΣT>0 - 0°С-sum of daily mean temperature 
above 0°C.

Dryness index /К/: P-total precipitation while temperature is greater than 0°С 

  

Where: а=0.29мм/°С, Е0- evaporation, ∑   - 0°С-sum of daily mean 
temperature above 0°C. 
Dryness index /К/: P-total precipitation while temperature is greater than 0°С  
 

   
  

                              (2) 
 
Results and discussion 
Climate change 

During warm season (May-September) air temperature increased by 
1.70C with a rate of 0.040C per year in the Darkhad Depression between 1974 
and 2014. This increase has occurred more intensively since 1996 (Figure 1). As 
seen this result, global warming is appearing in the Darkhad Depression clearly. 
Maximum temperature was recorded as 34.90C in the air and 62.00C at the soil 
surface. The annual amount of precipitation was 268.5 mm and 94.7% of them 
fall between April and October. Figure 1b showed that precipitation variable 
was higher and precipitation in last four years was lower than a climatic normal. 

 

   
 

Figure 1. Anomalies of (a) mean air temperature and (b) precipitation amount 
for warm seasons. /For anomalies, the climatic mean of 1971-2000 was used/. 

The red curves are 5-years running means./ 
 
Total evaporation 

Total surface evaporation increased by 85 mm with a rate of 2.1 mm per 
year in the Darhad Depression (Figure 2a). An aridity index (AI) is a numerical 
indicator of the degree of dryness of the climate at a given location. According 
to classification of the United Nations Environment Programme,  AI<0.05 is 
hyper arid, 0.05 < AI < 0.20 is arid, 0.20 < AI < 0.50 is semi-arid, 0.50 < AI < 
0.65 is dry subhumid and AI >0.65 is humid. The aridity index was 0.55 at 
Renchinlhumbe soum, indicating that this area is dry subhumid.  The multi-year 
trend of aridity index (Figure 2b) showed that the aridity index is decreasing. 
Land degradation area is extending in the Darhad Depression due to warming 
and dryness.  
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Results and discussion
Climate change
During warm season (May-September) air temperature increased by 1.7°C with 

a rate of 0.04°C per year in the Darkhad Depression between 1974 and 2014. This 
increase has occurred more intensively since 1996 (Figure 1). As seen this result, 
global warming is revealed in the Darkhad Depression clearly. Maximum temperature 
was recorded as 34.9°C in the air and 62.0°C at the soil surface. Annual total 
precipitation was 268.5 mm and 94.7% of them are falling down between April and 
October. As shown Figure 1b, precipitation was highly variable and last four years 
precipitation was lower than the norm.

 

Where: а=0.29мм/°С, Е0- evaporation, ∑   - 0°С-sum of daily mean 
temperature above 0°C. 
Dryness index /К/: P-total precipitation while temperature is greater than 0°С  
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Results and discussion 
Climate change 

During warm season (May-September) air temperature increased by 
1.70C with a rate of 0.040C per year in the Darkhad Depression between 1974 
and 2014. This increase has occurred more intensively since 1996 (Figure 1). As 
seen this result, global warming is appearing in the Darkhad Depression clearly. 
Maximum temperature was recorded as 34.90C in the air and 62.00C at the soil 
surface. The annual amount of precipitation was 268.5 mm and 94.7% of them 
fall between April and October. Figure 1b showed that precipitation variable 
was higher and precipitation in last four years was lower than a climatic normal. 

 

   
 

Figure 1. Anomalies of (a) mean air temperature and (b) precipitation amount 
for warm seasons. /For anomalies, the climatic mean of 1971-2000 was used/. 

The red curves are 5-years running means./ 
 
Total evaporation 

Total surface evaporation increased by 85 mm with a rate of 2.1 mm per 
year in the Darhad Depression (Figure 2a). An aridity index (AI) is a numerical 
indicator of the degree of dryness of the climate at a given location. According 
to classification of the United Nations Environment Programme,  AI<0.05 is 
hyper arid, 0.05 < AI < 0.20 is arid, 0.20 < AI < 0.50 is semi-arid, 0.50 < AI < 
0.65 is dry subhumid and AI >0.65 is humid. The aridity index was 0.55 at 
Renchinlhumbe soum, indicating that this area is dry subhumid.  The multi-year 
trend of aridity index (Figure 2b) showed that the aridity index is decreasing. 
Land degradation area is extending in the Darhad Depression due to warming 
and dryness.  
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Fig 1. Anomalies of (a) mean air temperature and (b) total precipitation 
for warm seasons. (Anomalies are relative to mean values 1971-2000. 

The red curves are 5-years running means)

Total evaporation
Total surface evaporation increased by 85 mm with a rate of 2.1 mm per year in 

the Darhad Depression (Figure 2a). An aridity index (AI) is a numerical indicator of 
the degree of dryness of the climate at a given location. According to classification 
of the United Nations Environment Programme,  AI<0.05 is hyper arid, 0.05 < AI < 
0.20 is arid, 0.20 < AI < 0.50 is semi-arid, 0.50 < AI < 0.65 is dry subhumid and AI 
>0.65 is humid. The aridity index was 0.55 at Renchinlhumbe soum, indicating that 
this area is dry subhumid.  The multi-year trend of aridity index (Figure 2b) showed 
that the aridity index is decreasing. Land degradation area is extending in the Darhad 
Depression due to warming and dryness. 
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Figure 2.Trend of annual evaporation and б-dryness indices at the 

Renchinlhumbe meteorological station between 1974 and 2012  
 
Land degradation 
Khuvsgul forest area is rich by larch and willow.  Last years, soil degradation 
has been deducing due to warming and aridity. Furthermore, major reasons of 
land degradation are extending sand area and increasing new sand area. Table 1 
shows name of the sand area and its size in the Darhad Depression in 2012 (by 
bag scale). Figure 3 and 4 show current situation of desertification in the Darhad 
Depression.    
 

Table 1. Sand area size in the Darkhad Depression in 2012  
(by bag scale) 
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Renchinlhumbe meteorological station between 1974 and 2012  
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Figure 2.Trend of annual evaporation and б-dryness indices 
at the renchinlhumbe meteorological station between 1974 and 2012 

Land degradation
Khuvsgul forest area is rich by larch and willow.  Last years, soil degradation 

has been deducing due to warming and aridity. Furthermore, major reasons of land 
degradation are extending sand area and increasing new sand area. Table 1 shows name 
of the sand area and its size in the Darhad Depression in 2012 (by bag scale). Figure 3 
and 4 show current situation of desertification in the Darhad Depression.   

Table 1. Sand area size in the Darkhad Depression in 2012 (by bag scale)

№ Name of bag Name of sand area
Total 

square 
(ha)

Land degradation

1 Khundii
Elst xohsuu, eastern inner of 
Jargalant, inner back of Elst, (upper, 
down, darkhi) shanaanii Elstiin guvee 

25.5 Previous sand 
area is increasing

2 Khooloinzah
Inner of Sharga (Nomt), Tsoitson, 
Hooloin zax, Tukh, Bituu, Nuuriin 
ekh, Khundiin zeerdegchin

37.0
Previous sand 
area and newly 

originated

3 Khodon
Tsuurum, Inner of Jar, Urt nuur, 
Ongon mountain Khodonii back, 
inner, tugul, sudag, gants modot

63.0
Previous sand 
area and newly 

originated

4 Dalainzah
Tsagaan dulagiin turuunii ubur, 
Tovogiin guya els, Tsunkhiin bulag, 
shine bulag, Elsnii olom

20.0 Newly 
originated

5 Khorontal

Inner of Hulst, Inner of Emt, back 
of Chuluut, Tsoorgontiin zel mod, 
Jargalant gol, Ikh khar us, nariin 
khar us, Nkh sair, nariin sair

390.0
Previous sand 
area and newly 

originated

6 Zuulun Jargalt goliin ubur, algag, 
Chachiriin ubur 5,0 Newly degraded

Soum  435.5  
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5 Khorontal 

Inner of Hulst, Inner of Emt, 
back of Chuluut, Tsoorgontiin 
zel mod, Jargalant gol, Ikh khar 
us, nariin khar us, Nkh sair, 
nariin sair 

390.0 
Previous sand 
area and newly 

originated 

6 Zuulun  Jargalt goliin ubur, algag, 
Chachiriin ubur  5,0 Newly 

degraded 
Soum   435.5   

 
 

 
Figure 3.1st bag of Rechinlhumbe soum,      Figure 4.1st bag of Rechinlhumbe  

‗Elst khoshuu‘                   soum front side of Jargant 
                         

 A livestock population is one of another reason for land degradation. 
Comparing a livestock population between 1975-1987 and 2000-2012 (Figure 
5),  the number of camels decreased by 196 and the number of sheep decreased 
by 7882 while, the number of horses, cattle and goat increased by 4114, 13497, 
and 38480, respectively. As seen statistical information, the number of goats 
increased by approximately, 6 times between 2000 and 2012 than that between 
1975 and 1987.  
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of camels decreased by 196 and the number of sheep decreased by 7882 while, the 
number of horses, cattle and goat increased by 4114, 13497, and 38480, respectively. 
As seen statistical information, the number of goats increased by approximately, 6 
times between 2000 and 2012 than that between 1975 and 1987. 
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Figure 5. Number of livestocks in renchinlhumbe soum

Conclusions
The following conclusions were carried out from this research work.
1.	 Evaporation was 421 mm from 1974 to 2003. In the last 9 years, the 

evaporation was 465 mm and evaporation increasing was 44mm. Increasing 
evaporation indicates the intensity of aridity process. The aridity index was 
0.55 in the dry subhumid area. 
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2.	 Land degradation was increased and reached to 435.5 ha due to an increase of 
total and newly originated sand area.

3.	 The number of total livestock in Renchinlhumbe soum increased by 38480 
animals between 2000 and 2012. Especially, the number of goats increased by 
28930 from 2000 to 2012. 

4.	 Scientists are focusing on sand movement in the Darhad Depression. However, 
significant results have not founded yet. Therefore, further research should 
be conducted on climate condition, anthropogenic factor, pasture carrying 
capacity, population density, livestock density and settlement. 
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ЦАГ АГААРЫН НӨХЦЛИЙН 2015 ОНЫ ТОЙМ

Агаарын	температур
Монгол орны хувьд агаарын температурын жилийн дундаж 1.4°C байв. 

Монгол орны агаарын температурын жилийн дунджийг бүс нутгаар нь авч үзвэл: 
Говийн нутгийн ихэнх хэсэг, Алтайн өвөр говиор +5.8… +9.8°C, тал хээрийн 
нутаг, төвийн нутаг, их нууруудын хотгор орчмоор +1.3… +3.3°C, Идэр, Тэсийн 
голын сав нутаг, Дархадын хотгор орчмын нутгаар -6.3... -2.3°C байлаа. 

Агаарын температурын жилийн дунджийн хамгийн дулаан Баянхонгор 
аймгийн Эхийн голд +9.8°C, хамгийн хүйтэн Хөвсгөл аймгийн Ренчинлхүмбэд 
-6.3°C байжээ. Агаарын температурын жилийн дунджийн тархалтыг (1 дүгээр 
зураг) харуулав. 

1 дүгээр зураг. Агаарын температурын жилийн
дунджийн тархалт, градус

Монгол орны нийт нутгаар нь агаарын температурын жилийн дундаж утгыг 
олон жилийн дундажтай (ОЖД) харьцуулбал 1.4 градусаар дулаан байсан ба 
бүс нутгаар авч үзвэл: Говь болон тал хээрийн нутаг, Орхон Сэлэнгийн сав 
нутгаар 1.2-1.3°C, Идэр Тэсийн сав нутаг, Хөвсгөлийн уулс, Дархадын хотгор 
орчмын нутгаар 1.6-1.9°C, Алтай уулс, Их нууруудын хотгор, Төвийн нутгаар 
1.5-1.7°C-аар дулаан байжээ. 

Улирлаар авч үзвэл: Өвлийн улиралд агаарын температурын дундаж баруун 
зүгийн нутаг, Дорноговийн өмнөд хэсгээр 5.0-6.0°C, бусад нутгаар ОЖД-аас 
1.0-3.0°C-аар дулаарчээ. Харин намрын улиралд бүх нутгаар ОЖД-ийн орчим, 
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хавар-зуны улиралд манай орны хойд хэсгээр олон жилийн дунджаас 2-3°C-аар 
дулаан, Өмнөговийн зарим нутгаар ОЖД-аас 2-3°C-аар сэрүүн, бусад нутгаар 
ОЖД-ийн орчим байв. 2 дугаар зурагт агаарын температурын ОЖД (1971-2000)-
аас хазайх хазайцын тархалтыг улирлаар үзүүлэв.

2 дугаар зураг. Агаарын температурын хазайцын тархалт,
улирлаар, градус

Агаарын температурын жилийн явцаас харахад I-IV болон VII-VIII саруудад 
ОЖД-аас 2.4-4.2°C-аар дулаарч, харин бусад саруудад ОЖД-ийн орчим байв. 
3 дугаар зурагт 2015 оны агаарын температурын сарын дундаж болон ОЖД 
утгуудыг харьцуулж үзүүлэв.

 
3 дугаар зураг. Агаарын температурын сарын дунджийн  

тархалт, градус 
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0,80С-аар дулаан жил байв. 1961 оноос хойшхи Монгол орны агаарын 
температурын жилийн дунджийн явцыг графикаар харуулав.  
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Агаарын температурын 2015 оны дунджийг олон жилийн явцтай харьцуулж 
үзэхэд 1961 оноос хойшхи 2 дахь дулаан жил болсон ба хамгийн дулаан жил нь 
2007 онд тохиожээ. Өмнөх онтой харьцуулбал 0,8°С-аар дулаан жил байв. 1961 
оноос хойшхи Монгол орны агаарын температурын жилийн дунджийн явцыг 
графикаар харуулав. 
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4 дүгээр зураг. Монгол орны агаарын температурын
жилийн дунджийн явц, градус

5 дугаар зураг. Монгол орны жилийн дундаж температурын хазайц, градус

Тухайн жилийн хамгийн хүйтэн байсан сар болох 11 дүгээр сард агаарын 
температурын дундаж -10,6° буюу 1981-2010 оны дунджаас 0,9°С-аар хүйтэн, 
өмнөх оноос 2,3°С-аар хүйтэн байж, ялангуяа Хөвсгөл, Сэлэнгийн хойд хэсэг, 
Хэнтийн ихэнх нутгаар дээрх дунджаас 3-5 градусаар хүйтэн байв. Энэ сард 
агаарын үнэмлэхүй бага температур Завхан аймгийн Отгонд -44°С хүрэв (6 
дугаар зураг). 
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6 дугаар зураг. 2015 оны 11 дүгээр сарын агаарын
температурын дунджийн хазайц, градус

2015 оны хамгийн дулаан байсан сар нь 1 дүгээр сар бөгөөд агаарын 
температурын сарын дундаж -16,6°С буюу 1981-2010 оны дунджаас 4,4°С-аар, 
өмнөх оноос 1,1°С-аар дулаан байсан ба 1961 оноос хойшхи хамгийн дулаан 
нэгдүгээр сар байж, ялангуяа Баян-Өлгий, Дорноговь, Сүхбаатарын ихэнх нутаг, 
Увс, Булган, Хэнтийн өмнөд, Төв, Завханы баруун, Өвөрхангайн зүүн хэсгээр 
дээрх дунджаас 5-7 градусаар дулаан байв (7 дугаар зураг). 

7 дугаар зураг. 2015 оны 1 дүгээр сарын агаарын
температурын дунджийн хазайц, градус
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Агаарын	хамгийн	их	температур:
 Агаарын хамгийн их утга Орхон Сэлэнгийн сав нутаг, Алтайн өвөр говь, 

Их нууруудын хотгор орчмоор +36.1...+38.3°C; Говь, тал хээрийн нутгийн ихэнх 
хэсгээр, Хөвсгөлийн уулсын нутгаар +34.6... +35.8°C; Идэр Тэсийн сав, Төвийн 
нутаг, Алтайн өндөрлөг, Дархадын хотгорын нутгуудад +30.7... +32.4°C тус тус 
хүрч халсан ба агаарын температурын жилийн үнэмлэхүй их Увс аймгийн Тэсэд 
2015 оны 8 дугаар сарын 8-нд +39.9°C, Баянхонгор аймгийн Эхийн голд 2015 оны 
7 дугаар сарын 25-нд +39.7°C хүрч тус тус ажиглагджээ. 

Агаарын	хамгийн	бага	температур: 
Идэр, Тэсийн голын сав, Дархадын хотгор орчим нутгаар -45.3...-43.3°C, тал 

хээрийн нутаг, Орхон Сэлэнгийн сав нутаг, Алтай, Хөвсгөлийн уулсын нутгуудад 
-31.9...-35.8°C, (Говийн ба Төвийн нутаг, Их нууруудын хотгор орчмоор) 
бусад нутгаар -26.1...-28.6°C хүрэв. Жилийн үнэмлэхүй хамгийн бага агаарын 
температур Завхан аймгийн Цэцэн-Уулд 2015 оны 12 дугаар сарын 22-нд -48.6°C, 
Хөвсгөл аймгийн Ренчинлхүмбэд 2015 оны 1 дүгээр сарын 27-нд -46.6°C хүрч тус 
тус ажиглагдав. 

Хур	тунадас
Жилийн нийлбэр хувьд Архангайн хойд хэсэг, Хөвсгөлийн уулсын 

зарим нутаг, Булганы хойд хэсэг, Сэлэнгийн зарим нутаг, Халх голын сав 
нутаг, Эрдэнэтийн нутаг, Хэнтийн Дадал орчмын нутгаар 300.5-447.5 мм, 
Алтайн уулсын зарим нутаг, Их нууруудын хотгор, Увс, Ховдын зарим нутаг, 
Баянхонгорын өмнөд хэсэг, Говийн нутгийн ихэнх хэсгээр 73.4-169.4 мм, Алтайн 
өвөр говь, Эхийн гол орчмоор 58.5-83.1 мм, бусад нутгаар 170.5-299.0 мм хур 
тунадас унав. Монгол орны хур тунадасны жилийн нийлбэрийн тархалтыг 8 
дугаар зурагт харуулав. 

8 дугаар зураг. Хур тунадасны жилийн нийлбэрийн 
тархалт, 2015 он, мм
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2015 онд Архангайн ихэнх, Сэлэнгийн баруун, Завхан, Хөвсгөл, Булганы 
зүүн хэсгээр хур тунадас их оров. Орхон аймгийн Эрдэнэтэд 447.5 мм, Сэлэнгэ 
аймгийн Орхонтуулд 443.8 мм хур тунадас орсон нь хур тунадасны жилийн 
нийлбэрийн хувьд энэ оны хамгийн их утга болов. 

Хоногт орсон хамгийн их хур тунадасны хувьд Дархан-Уул аймгийн Дарханд 
8 дугаар сарын 18-нд 71.1 мм хур тунадас орсон нь хоногт орсон хур тунадасны 
энэ жилийн хамгийн их утга болжээ.

Хур тунадасны жилийн нийлбэрийг олон жилийн дундажтай харьцуулбал 
Монгол орны хувьд 2015 онд олон жилийн дунджийн орчим хур тунадас орсон. 
Бүс нутгаар нь авч үзвэл: Өмнөговийн хойд хэсэг, Говь-Алтай, Дундговийн зарим 
нутаг, Архангайн хойд хэсэг, Орхон аймгийн Эрдэнэт орчмын нутгаар ОЖД-аас 
20-30%-иар ахиу, Хэнтий, Төв аймгийн зарим нутаг, Сүхбаатарын өмнөд хэсэг, 
Дорноговийн Сайншанд, Увсын Баруунтуруун орчмоор ОЖД-аас 20-35%-иар 
бага, бусад нутгаар ОЖД-ийн орчим хур тунадас унав. 

9 дүгээр зураг. Хур тунадасны 2015 оны нийлбэрийн хазайц, %

Хэдийгээр ихэнх нутгаар олон жилийн дунджийн орчим хур тунадас орсон 
боловч жилийн доторх хуваарилалт харилцан адилгүй байв. Тухайлбал, газар 
тариалангийн бүс нутаг Төв, Сэлэнгэ аймгийн ихэнх нутгаар 6 дугаар сард бага 
хур тунадас орсон нь газар тариалангийн үйлдвэрлэлд тааламжгүй нөлөөлсөн 
хэдий ч VII-VIII сард ОЖД, түүнээс ахиу хур тунадас унажээ. 

2015 онд орсон хур тунадсыг 1981-2010 оны дундажтай харьцуулбал IV, VI, 
IX, XI саруудад дунджаас их, I, V, VII, VIII, X саруудад дунджаас бага, бусад 
саруудад дунджийн орчим хур тунадас оров (10 дугаар зураг).
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10 дугаар зураг. Хур тунадасны 2015 оны сар бүрийн хазайц, %

Сараар нь авч үзвэл хамгийн их хур тунадас 8 дугаар сард Булган аймгийн 
Ингэттолгойд 209,8 мм орсон.

2015 онд уур амьсгалын дунджаас харьцангуй бага хур тунадас орсон 
саруудыг онцолбол: 

VI	сард Хөвсгөл, Архангай, Булган, Сэлэнгэ, Төв, Хэнтий нутгаар дунджаас 
харьцангуй бага хур бороо оров. 

VII сард Монголын нутагт дунджаар 45,7 мм буюу 1981-2010 оны дундажтай 
харьцуулахад 80% байсан ба ялангуяа үр тарианы гол бүс нутгаар олон жилийн 
дунджаас бага орсон нь үр тариа хадлан бэлчээрийн ургамал гандаж эдийн 
засгийн хувьд ихээхэн хэмжээний хохирол дагуулсан сар байв (11 дүгээр зураг).

11 дүгээр зураг. 2015 оны 7 дугаар сарын 
хур тунадасны хазайц, %
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2015 онд уур амьсгалын дунджаас харьцангуй их хур тунадас орсон саруудыг 
онцолбол: 

VI	 сард Баян-Өлгий, Ховд, Говь-Алтай, Баянхонгорын нутаг, Өвөрхангайн 
өмнөд, Өмнөговийн баруун хэсгээр их хэмжээний усархаг бороо олон хоног 
орж, Баян-Өлгийн Дөчинжил, Ховдын Зэрэг, Говь-Алтайн Тонхил, Тоорой зэрэг 
нутгуудаар олон жилийн дунджаас 3-8 дахин их хур тунадас орсон нь 1961 оноос 
хойшхи хугацаанд анх удаа тохиосноороо онцлог.

IX	сард Монголын нутагт дунджаар 29,4 мм буюу 1981-2010 оны дундажтай 
харьцуулахад 69%-иар их байсан нь 1961 оноос хойш тохиосон 2 дахь их хур 
тунадастай сар болов. 

XI	сард Монголын нутагт дунджаар 6,0 мм буюу 1981-2010 оны дундажтай 
харьцуулахад 181%-иар их байсан нь 1961 оноос хойшхи анх удаа тохиосон сар 
байв (12 дугаар зураг).

11 дүгээр сарын сүүлийн байдлаар нийт нутгийн 80 гаруй хувь нь цасан 
бүрхүүлтэй, ялангуяа Увс, Завхан, Төв, Сүхбаатарын ихэнх, Баян-Өлгий, Говь-
Алтай, Баянхонгор, Хөвсгөл, Архангай, Булган, Өвөрхангай, Сэлэнгэ, Хэнтий, 
Дундговь, Дорноговийн зарим сумдын нутагт 7-12 см зузаан, нягт нь 0,02-0,27 
г/см3, Увсын Улаангом, Хөвсгөлийн Цагаан-Үүр, Завханы Яруу, Баянхайрхан, 
Булганы Рашаант, Баянхонгорын Жаргалант, Төвийн Жаргалант сумдад 13-22 см 
зузаан, нягт нь 0,12-0,18 г/см3 бүхий цасан бүрхүүлтэй байснаас өвөлжилт нэлээд 
хүндэрсэн сар байлаа.

12 дугаар зураг. 2015 оны 11 дүгээр сарын 
хур тунадасны хазайц, %

Өвөл
Агаарын температурыг олон жилийн дундажтай харьцуулбал 2014 оны 11 

дүгээр сар, 2015 оны 1 дүгээр сард ихэнх нутагт дунджаас 1,1-7,3 градусаар 
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дулаан, харин 2014 оны 12 дугаар сар, 2015 оны 2 дугаар сард нутгийн баруун 
болон баруун өмнөд хэсгээр дунджаас 1,1-5,0 градусаар хүйтэн, зүүн өмнөд 
хэсгээр дунджаас 1,1-3,6 градусаар дулаан, бусад нутагт дунджийн орчим байв.

Хур тунадас 2014 оны 11, 12 дугаар сард ихэнх нутгаар 0-5 мм, 11 дүгээр сард 
Баян-Өлгий, Ховд, Увс, Завхан, Говь-Алтай, Хөвсгөл, Архангай, Булган, Төв, 
Сэлэнгийн зарим сумдаар, Дархан-Уул аймгийн нийт нутгаар 6-10 мм, их орсон 
газартаа 11-16 мм байлаа. 2015 оны 1, 2 дугаар сард ихэнх нутгаар 0,0-3,0 мм, 1 
дүгээр сард Баян-Өлгий, Говь-Алтай, Завхан, Баянхонгор, Хөвсгөл, Өвөрхангай, 
Булган, Сэлэнгэ, Дархан-Уул, Хэнтий, Сүхбаатарын зарим суманд 3,1-5,0 мм, 
их орсон газартаа 5,1-10,7 мм, 2 дугаар сард Увс, Ховд, Завхан, Баянхонгор, 
Хөвсгөл, Архангай, Булган, Сэлэнгэ, Төв, Хэнтий, Дорнод, Сүхбаатар аймгуудын 
зарим сумдын нутгаар 3,1-10,0 мм, их орсон газартаа 10,1-14,4 мм хур тунадас 
унав. Орсон хур тунадасны хэмжээг олон жилийн дундажтай харьцуулбал 2014 
оны 12 ба 2015 оны 1 дүгээр сард нийт нутгийн 70 орчим хувьд олон жилийи 
дунджийн орчим ба түүнээс бага, 2 дугаар сард манай орны нутгийн 50 гаруй 
хувьд дунджийн орчим ба түүнээс бага, 50 орчим хувьд дунджаас ахиу байв.

2014 оны 11 дүгээр сарын эхээр нийт нутгийн 30 орчим хувьд тогтвортой 
цасан бүрхүүл тогтож, сарын сүүлч хүртэл арилаагүй ба цаашдаа цастай нутгийн 
хэмжээ, цасны зузаан нэмэгдэж 2015 оны 1 дүгээр сарын 31-н гэхэд Монгол орны 
нутаг дэвсгэрийн 60 гаруй хувьд цастай болж (13 дугаар зураг) Увс аймгийн 
Хяргас, Баруунтуруун, Түргэн, Хөвсгөл аймгийн Цагаан-Үүр, Эрдэнэбулган, 
Ренчинлхүмбэ, Чандмань-Өндөр, Улаан-Уул, Хатгал, Булган аймгийн Тэшиг, 
Сэлэнгэ аймгийн Түшиг, Хушаат, Зүүнбүрэн, Цагааннуур, Орхон, Сүхбаатар, 
Ерөө, Хүдэр, Баянгол, Дархан-Уулын аймгийн Дархан, Хонгор, Орхон, Шарын 
гол, Төв аймгийн Жаргалант, Сүхбаатар аймгийн Асгат сумдын нутгаар 10-25 
см зузаан, 0,20-0,24 г/см3 нягт, битүү цастай болж 7 аймгийн 25 сумдын нутагт 
мал бэлчээрлэхэд хүндрэх нөхцөл бүрдсэн хэдий ч 2014-2015 оны өвлийг нийтэд 
нь дүгнэхэд зарим газруудад цасны зузаан, нягтарч хатуурсан боловч цаг агаар 
тогтуун, дулаан байж, мал өвөлжилтөд тааламжтай байлаа.
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13 дугаар зураг. Цасны зузаан, см, 
(2014 оны 11 дүгээр сарын 10, 2015 оны 1 дүгээр сарын 31)

Хавар
Агаарын дундаж температур Монгол орны ихэнх нутагт 3, 4 дүгээр сард 

олон жилийн дунджаас 1,1-6,7 градусаар дулаан, 5 дугаар сард дунджийн орчим 
байлаа. 

Хур тунадас 3 дугаар сард манай орны ихэнх нутагт олон жилийн дунджийн 
орчим ба түүнээс бага, баруун болон зүүн зүгийн нутгийн баруун, төвийн 
нутгийн зүүн хэсгээр дунджаас ахиу, 4 болон 5 дугаар сард ихэнх нутагт 
дунджийн орчим ба түүнээс ахиу орсон.  

2 дугаар сарын сүүлчээр нийт нутгийн 40 гаруй хувьд цастай байснаас 3 
дугаар сарын дундуур 30 орчим, сүүлчээр 10 орчим хувь болж багассан боловч 4 
дүгээр сарын эхээр ихэнх нутагт цас орж цастай нутгийн хэмжээ нэмэгдсэн. 2 
дугаар сарын сүүлчээс 3 дугаар сарын дунд үе хүртэл Увс аймгийн Баруунтуруун, 
Хяргас, Түргэн, Зүүнговь, Малчин, Завхан аймгийн Цагаанхайрхан, Хөвсгөл 
аймгийн Улаан-Уул, Цагаан-Үүр, Чандмань-Өндөр, Эрдэнэбулган, Ренчинлхүмбэ, 
Булган аймгийн Баян-Агт, Хангал, Сэлэнгэ аймгийн Бугант, Зүүнбүрэн, Хушаат, 
Хүдэр, Сүхбаатар, Зэлтэр, Дархан-Уул аймгийн Дархан, Хонгор, Орхон, 
Шаазгайт, Төв аймгийн Жаргалант, Сүхбаатар аймгийн Асгат сумдын нутгаар 10 
см-ээс их, нягтарч хатуурсан зузаан цастай байв.

Салхи энэ хавар Монгол орны ихэнх нутагт 16-27 м/с буюу аюултай 
үзэгдлийн хэмжээнд хүрч салхилсан. Ялангуяа 4, 5 дугаар саруудад Баян-Өлгийн 
Булган, Дэлүүн, Увсын Завхан, Говь-Алтайн Алтай, Шарга, Бугат, Баянхонгорын 
Жинст, Завханы Завханмандал, Түдэвтэй, Хөвсгөлийн Тариалан, Булганы 
Гурванбулаг, Архангайн Эрдэнэмандал, Өвөрхангайн Баян-Өндөр, Баянгол, 
Төвийн Эрдэнэсант, Угтаалцайдам, Дорноговийн Улаан-Уул, Замын-Үүд, 
Дундговийн Мандалговь, Хэнтийн Өндөрхаан, Хэрлэнбаян-Улаан, Дорнодын 
Матад, Сүхбаатарын Дарьганга сумдын нутгаар 28-31 м/с хүрч, хүчтэй цасан 
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болон шороон шуурга шуурав. Цаг агаарын тааламжгүй нөхцөл, нягтарч 
хатуурсан зузаан цасны улмаас 15 аймгийн 23 сумын нутагт мал хаваржилтын 
байдал хүндэрсэн.

Бэлчээрийн ургамал 3 дугаар сарын сүүлчээр Дорноговь, Өмнөговийн ганц 
нэг сумдад цухуйж эхэлсэн ба 4 дүгээр сарын эхээр Булган, Сэлэнгэ, Дорнодын 
зарим болон говийн нутгаар цухуйсан боловч ихэнх нутгаар ургалтын байдал муу 
байлаа. 4 дүгээр сарын сүүлч гэхэд бэлчээрийн ургамал ихэнх нутагт цухуйсан 
ба ургалтын байдал Булган, Сэлэнгэ, Дорнод, Сүхбаатарын ихэнх, Хөвсгөл 
Дорноговийн зарим сумдын нутгаар сайн, Баян-Өлгийн нийт, Ховд, Завхан, 
Говь-Алтай, Баянхонгор, Төв, Хэнтий, Дундговь, Өмнөговийн зарим нутгаар 
муу, бусад нутгаар дунд зэрэг байсан бол 5 дугаар сарын сүүлчээр нийт нутгаар 
ургамал цухуйж 40 гаруй хувьд сайн, 40 орчим хувьд дунд, 20 орчим хувьд муу 
үнэлгээтэй байлаа (14 дүгээр зураг). 

14 дүгээр зураг. Бэлчээрийн ургамлын ургалтын байдал
(2015 оны 4 дүгээр сарын 10, 5 дугаар сарын 31)

2015 оны хавар үе үе цаг агаарын аюултай үзэгдлийн хэмжээнд хүрсэн хүчтэй 
цасан болон шороон шуурга шуурч мал аж ахуйн үйлдвэрлэлийн ажил явуулахад 
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хүндрэлтэй байв. Түүнчлэн 5 дугаар сард Дорнод, Сүхбаатар аймгийн нутгаар ой 
хээрийн түймэр гарч айлуудын хашаа хороо шатаж, мал сүрэг эрсдэж, ихээхэн 
хохирол учруулав. УЦУОСМ-ийн хүрээлэнгийн ХААЦУ-ын секторт ирүүлсэн 
мэдээгээр цаг агаарын нөхцөл хүндэрсэн ба гал түймрийн улмаас нийт 171 мянга 
гаруй мал хорогдсон.

Зун
Агаарын температурын сарын дундаж 6 дугаар сард манай орны нутгийн 

хойд хэсгээр дунджаас 1,1–3,3 градусаар дулаан, бусад нутагт дунджийн орчим 
ба түүнээс 1,1–2,0 градусаар сэрүүн, 7–8 дугаар сард ихэнх нутагт дунджаас 1,1–
4,3 градусаар дулаан байлаа. 

Агаарын температур өдөртөө 6 дугаар сард Алтай, Хангайн уулархаг нутаг, 
Хөвсгөлийн баруун уулс, Дарьгангын тэгш өндөрлөгөөр 20-29 градус, бусад 
нутагт 30–39 градус, 7 дугаар сард ихэнх нутагт 30–39 градус, Хангай, Хэнтэй, 
Хөвсгөлийн уулархаг нутгаар 25–29 градус, Алтайн Өвөр говиор 40–41 градус 
хүрч халсан бол 8 дугаар сард говь болон томоохон голын сав газраар 30–38 
градус, бусад нутагт 22–29 градус дулаан байв. 

Хөрсний гадарга дээр өдөртөө 6 дугаар сард ихэнх нутагт 60–70 градус, 7-8 
дугаар саруудад 50–59 градус хүрч халсан бол шөнөдөө ихэнх нутагт 0–9 градус, 
тал хээр, говийн нутгаар 10–19 дулаан байлаа.

Энэ зун агаарын температур 30 градусыг давж уулархаг нутгаар 5-15 хоног, 
тал хээр нутгаар 16-29 хоног, Орхон-Сэлэнгийн бэлчир, Их Нууруудын хотгороор 
30-47 хоног, Алтайн Өвөр болон Хүйс, Шарга, Заг Сүүж, Борзон, Галбын говь, 
Нууруудын хөндий, Онгийн талаар 50-66 хоног халсан. 

Хур тунадас 6 дугаар сард Баян-Өлгий, Ховд, Говь-Алтай, Завхан, Баянхонгор, 
Өвөрхангай, Дундговь, Өмнөговийн ихэнх, Увс, Дорнод, Сүхбаатар, Дорноговийн 
зарим нутгаар олон жилийн дунджийн орчим ба түүнээс ахиу, бусад нутагт 
дунджаас бага, 7-8 дугаар саруудад ихэнх нутагт дунджаас бага байлаа. Доорх 
зурагт 7 дугаар сарын агаарын температур, хур тунадасны хазайлтын зургийг 
харуулав.
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15 дугаар зураг. 2015 оны 7 дугаар сарын агаарын 
температурын дундаж °С, хур тунадасны хазайлт %

Зуншлагын байдал 6 дугаар сард нутгийн 50 орчим хувьд буюу баруун болон 
зүүн аймгуудын ихэнх, говийн зарим аймгийн нутгаар сайн, 40 орчим хувьд 
гандуу, 10 орчим хувьд муу, 7 дугаар сард нутгийн 60 орчим хувьд сайн, 30 
гаруй хувьд гандуу, 10 хүрэхгүй хувьд муу (16 дугаар зураг), 8 дугаар сард 50 
орчим хувьд сайн, 40 гаруй хувьд гандуу, 10 хүрэхгүй хувьд буюу Баян-Өлгийн 
Баяннуур, Увсын Сагил, Түргэн, Давст, Цагаанхайрхан, Зүүнговь, Хөвсгөлийн 
Хатгал, Тариалан, Архангайн Хашаат, Баянхонгорын Баянлиг, Баян-Өндөр, 
Дундговийн Адаацаг, Гурвансайхан, Дорноговийн Алтанширээ, Өмнөговийн 
Хүрмэн, Даланзадгад сумдын нутгаар гантай байсан.

Бэлчээрийн ургамлын ургац 6 дугаар сард ихэнх нутагт 0,1-2,0 ц/га, 
Дорнодын ихэнх, Увс, Завхан, Говь-Алтай, Архангай, Баянхонгор, Хөвсгөл, 
Булган, Өвөрхангай, Сэлэнгэ, Сүхбаатар, Дундговийн зарим сумдын нутагт 2,1-
4,0 ц/га, Хөвсгөлийн Эрдэнэбулган, Өвөрхангайн Зүүнбаян-Улаан, Дорнодын 
Чойбалсан, Баяндун, Гурванзагал, Дашбалбар, Сүхбаатарын Эрдэнэцагаанд 
4,1–8,0 ц/га, 7 дугаар сард ихэнх нутагт 0,1-2,0 ц/га, Увс, Завхан, Хөвсгөл, 
Баянхонгор, Архангай, Өвөрхангай, Булган, Сэлэнгэ, Төв, Сүхбаатар, Дорнодын 
зарим, Баян-Өлгий, Ховд, Говь-Алтай, Хэнтий, Дундговь, Өмнөговийн ганц 
нэг сумдын нутагт 2,0-9,2 ц/га, Сүхбаатарын Эрдэнэцагаанд 12,3 ц/га, 8 
дугаар сард ихэнх нутагт 0,1-2,0 ц/га, Хөвсгөл, Сэлэнгэ, Төв, Сүхбаатар, 
Хэнтийн ихэнх, Завхан, Архангай, Орхон, Говь-Алтай, Баянхонгор, Булган, 
Дархан-Уул, Өвөрхангай, Дорнодын зарим нутгаар 2,1-5,9 ц/га, Архангайн 
Цэцэрлэг, Өвөрхангайн Зүүнбаян-Улаан, Сэлэнгийн Зэлтэр, Мандал, Дорнодын 
Гурванзагал, Чойбалсан, Баяндун, Эрээнцав, Сэргэлэн, Дашбалбар, Сүхбаатарын 
Эрдэнэцагаанд 6,2-11,2 ц/га байлаа.
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16 дугаар зураг. Зуншлагын байдал 
2015 он 7 дугаар сар 10, 2015 он 7 дугаар сар 31

Бэлчээрийн ургамлын хөнөөлт царцааны байнгын ажиглалтын мэдээгээр 
8 дугаар сарын 2 дугаар арав хоногт 1м2 хүрээнд царцааны дундаж тоо ихэнх 
нутагт 1-8 ажиглагдсан ба Архангайн Булганд 15 царцаа тоологдож хэт 
олшролтын хэмжээнд хүрсэн (17 дугаар зураг).

8 дугаар сарын дунд арав хоногт хийсэн бэлчээрийн ургамлын хөнөөлт 
мэрэгчдийн байнгын ажиглалтын мэдээнээс 1-3 нүх үлийн дэх оготны тоог 
дунджаар гаргав. Ихэнх нутагт 1-30, Өвөрхангайн Арвайхээрт давхардсан 
тоогоор 50 оготно (17 дугаар зураг) тоологджээ.

Энэ зуны эхээр төвийн болон зүүн зүгийн нутгаар бороо бага орж, зуншлага 
муу байсан бөгөөд 6, 8 дугаар саруудад төв болон говийн аймгуудын нутгаар хэт 
халуун өдөр олон хоногоор үргэлжилсэн нь таримал болон бэлчээрийн ургамал 
гандах нөхцлийг бүрдүүлсэн.
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17 дугаар зураг. Царцааны тархалт, нягтшил (тоо/м2) 
Үлийн цагаан оготны, тархалт (тоо)

Намар
Агаарын температурын сарын дундаж 9 дүгээр сард манай орны зүүн хагаст 

дунджаас 1,1-3,7 градусаар дулаан, баруун хагаст дунджийн орчим ба түүнээс 
1,1-1,9 градусаар сэрүүн, 10 дугаар сард говийн нутгаар дунджаас дулаан, 
баруун болон төвийн нутгаар дунджаас сэрүүн, 11 дүгээр сард ихэнх нутагт 
дунджийн орчим ба түүнээс 1,1-4,5 градусаар хүйтэн, нутгийн баруун өмнөд 
хагаст дунджаас 1,1-3,9 градусаар дулаан байлаа. Агаарын температур өдөртөө 
9 дүгээр сард Алтай, Хангай, Хэнтэй, Хөвсгөлийн уулархаг нутаг, Хан Хөхий, 
Хан Тайширын нуруу, Хархираа, Түргэний уулсаар 0-9 градус, говийн нутгаар 
15-19 градус, бусад нутгаар 10-14 градус, 10 дугаар сард Алтай, Хангай, Хэнтэй, 
Хөвсгөлийн уулархаг нутаг, Хан Хөхий, Хан Тайширын нуруу, Хархираа, 
Түргэний уулсаар 0-14 градус хүйтэн, говийн нутгаар 6-11 градус дулаан, бусад 
нутгаар 10-15 градус дулаан, 11 дүгээр сарын дундаж температур 5-15 градус, 
Алтайн өндөрлөг уулс, Хангай, Хэнтэй, Хөвсгөлийн уулархаг нутгаар 15-27 
градус, говийн нутгаар 5-9,9 градус хүйтэн байв. 



PAPERS IN METEOROLOGY AND HYDROLOGY  No 35/9

201

Хур тунадас 9, 10, 11 дүгээр сард ихэнх нутагт олон жилийн дунджийн 
орчим ба ахиу байлаа. 9 дүгээр сард ихэнх нутгаар 0-19 мм, Завхан, Хөвсгөл, 
Архангай, Булган, Сэлэнгэ, Дархан-Уул, Төв, Хэнтий, Дорнод, Өмнөговийн 
ихэнх, Баян-Өлгий, Увс, Ховд, Говь-Алтай, Баянхонгор, Өвөрхангай, Сүхбаатар, 
Дундговь, Дорноговийн зарим сумдын нутгаар 20-49 мм, их орсон газартаа 50-
77 мм, 10 дугаар сард ихэнх нутгаар 0-8 мм, Баян-Өлгийн Даян, Увсын Түргэн, 
Зүүнхангай, Завханы Баянхайрхан, Говь-Алтайн Төгрөг, Сэлэнгийн Бугант, 
Хүдэр, Хушаат, Зэлтэр, Орхон, Сүхбаатар, Дархан-Уулын Дархан, Шарынгол, 
Өвөрхангайн Хархорин, Төвийн Жаргалант, Батсүмбэр, Хэнтийн Дадал, 
Улаанбаатарт 12-24 мм, 11 дүгээр сард ихэнх нутагт 0-9 мм, Увсын Баруунтуруун, 
Өндөрхангай, Улаангом, Түргэн, Өмнөговь, Ховд, Хяргас, Говь-Алтайн Эрдэнэ, 
Цээл, Баянхонгорын Баянбулаг, Бууцагаан, Завханы Цагаанхайрхан, Улиастай, 
Эрдэнэхайрхан, Сонгино, Сантмаргац, Цэцэн-Уул, Баянхайрхан, Завханмандал, 
Цагаанчулуут, Тэлмэн, Алдархаан, Тосонцэнгэл, Шилүүстэй, Идэр, Хөвсгөлийн 
Цагаан-Үүр, Цэцэрлэг, Эрдэнэбулган, Баянзүрх, Орхоны Эрдэнэт, Сэлэнгийн 
Орхонтуул, Булганы Рашаант, Тэшиг, Дашинчилэн, Төвийн Заамар, Аргалант, 
Эрдэнэсант, Хэнтийн Дархан-Оргил, Галшар, Дэлгэрхаанд 10-19 мм, Говь-Алтайн 
Алтай, Завханы Баянтэс, Тэс, Яруу сумдад 20-28 мм хур тунадас унав.

Бэлчээрийн ургамал ихэнх нутагт 9 дүгээр сарын сүүлчээр хатаж хагдарсан 
бол газар тариалангийн бүс нутгаар буудай, төмс бүрэн боловсорч, төмс, хүнсний 
ногоо хураах, үр тариаг ангилан хадах, шууд хураахын зэрэгцээ цочир хүйтрэлээс 
хамгаалах ажлууд хийгдсэн.

Салхи,	цаг	агаарын	гамшигт	үзэгдэл	
2015 онд 18 удаа хүчтэй салхи шуурга, хүйтэн бороо 2 удаа, цочир хүйтрэл 

5, уруйн үер 13, хүчтэй мөндөр 2, аянга цахилгаан 12 удаа тохиолджээ. Иргэд, 
аж ахуйн байгууллагад ихээхэн хохирол учруулсан цаг агаарын онц аюултай 
үзэгдлийг дурьдвал 4 дүгээр сарын 4-нд Говь-Алтай аймгийн хойд, Булган 
аймгийн өмнөд хэсэг, Өвөрхангай, Өмнөговь, Дундговь, Дорноговь, Төв 
аймгуудын ихэнх нутгаар салхи 16-28 м/с хүрч ширүүсэн, Хөвсгөл, Булган, 
Архангай, Өвөрхангай, Төв, Хэнтий, Сүхбаатар аймгуудын нутгаар 1.0-10.0 мм 
их цас орж, Хөвсгөл, Булган, Архангай, Өвөрхангай, Төв, Дундговь, Дорноговь, 
Хэнтий, Дорнод, Сүхбаатар аймгуудын нутгаар хүчтэй цасан шуурга шуурч 
1-26 цаг үргэлжлэв. 3 хүн нас барж, 122483 мал хорогдож 5,105,550,000 мянган 
төгрөгийн хохирол учирсан. 

2015-2016	оны	өвөл,	хаврын	бэлчээрийн	даац
Монгол улсын Засгийн газрын 286 дугаар тогтоолын дагуу Ус цаг уур, орчны 

судалгаа, мэдээллийн хүрээлэнд 2015-2016 оны өвөл, хаврын бэлчээрийн даацыг 
манай орны баг бүрийн бэлчээрийн ургац, малын тоо, бэлчээрийн талбайн 
хэмжээ, бэлчээр ашиглах хугацаа зэрэг мэдээлэл дээр үндэслэн багийн нутгаар 
тооцоолж гаргав. 
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Зуншлагын байдал 2015 оны 8 дугаар сарын 20-ны байдлаар нийт нутгийн 
30 гаруй хувьд хэвийн, 60 орчим хувьд гандуу, 10 хүрэхгүй хувьд гантай байв. 
Энэ зуны эхээр төвийн болон зүүн зүгийн нутгаар зуншлага муу байсан бөгөөд 7 
дугаар сарын дунд үеэс бороо орж харьцангуй сайжирсан боловч 8 дугаар сарын 
20-ны байдлаар ихэнх нутгаар дахин гандаж, зуншлага муудсан. 

18 дугаар зураг. Бэлчээрийн даац 
2015 оны 8 дугаар сарын 25-ны байдлаар

Бэлчээрийн даацыг Монгол орны нийт нутгаар тооцоолж гаргасан дүнгээс 
үзвэл:

40% нь 50 хүртэлх хувь  (бэлчээрийн нөөцтэй)
20% нь 51-100 хувь  (бэлчээр хүрэлцээтэй)
30% нь 101-300 хувь  (даац 1-3 дахин хэтэрсэн)
5% нь 301-500 хувь  (даац 3-5 дахин хэтэрсэн)
5% нь 500 хувиас их  (даац олон дахин хэтэрсэн) 

байна. Өөрөөр хэлбэл, манай орны нийт нутгийн 60 орчим хувьд мал өвөлжилт, 
хаваржилт хэвийн байх боломжтой гэж үзэж болохоор байна. Харин нутгийн 40 
гаруй хувь нь өөрийн сумын нутагт мал сүргээ онд оруулах бэлчээрийн боломж 
муу байгаа нь өөр нутагт отор нүүдэл хийх, нэмэгдэл тэжээл бэлтгэх, малын 
тоог бууруулах зэргээр мал өвөлжилт, хаваржилтын ажлыг эртнээс анхаарах, 
зохицуулах шаардлагатай байна. 

Аймгийн дүнгээр авч үзвэл Увс, Баян-Өлгий, Архангай, Өвөрхангай, Булган, 
Баянхонгорын ихэнх, Ховд, Говь-Алтай, Хөвсгөл, Төв, Хэнтий аймгуудын зарим 
сумдын нутгаар бэлчээрийн даац олон дахин хэтэрч гарсан тул мал өвөлжилт, 
хаваржилтын нөхцөл хүндрэхээр байна.
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Даац их хэмжээгээр хэтэрсэн нутагт Баян-Өлгийн Өлгий, Ногооннуур, 
Баяннуур, Толбо, Увсын Сагил, Ховдын Эрдэнэбүрэн, Ховд, Хөвсгөлийн Арбулаг, 
Түнэл, Алаг-Эрдэнэ, Архангайн Цэцэрлэг, Хайрхан, Эрдэнэмандал, Өлзийт, 
Өгийнуур, Хашаат, Өвөрхангайн Уянга, Нарийнтээл, Говь-Алтайн Хөхморьт, 
Баянхонгорын Баянлиг, Өмнөговийн Мандал-Овоо, Хүрмэн, Булганы Хутаг-
Өндөр, Сайхан, Орхон, Бүрэгхангай, Баяннуур, Рашаант, Сэлэнгийн Сайхан, 
Орхон, Төвийн Баянхангай, Баянцогт, Дундговийн Гурвансайхан, Дорноговийн 
Иххэт, Дэлгэрэх, Сүхбаатарын Уулбаян сумд орж байна. 

Бэлчээрийн даац онцгой их хэтэрч гарсан дээрх сумдад мал өвөлжих, 
хаваржих нөхцөл хүндрэхээр байгаа тул зохицуулалт хийх зайлшгүй 
шаардлагатай. 

Мөн энэ жилийн зуншлага оройтсоноос бэлчээрийн өвс ургамлын ургалт 
гүйцээгүй, мал тарга тэвээрэг бүрэн авч чадаагүй зэрэг онцлог нөхцөл үүсээд 
байгааг харгалзан үзэх нь чухал.

Цасан	бүрхүүлийн	зузаан	
12 дугаар сарын 31-ний байдлаар манай орны нийт нутгийн 80 гаруй 

хувьд цастай байгаагаас, Баян-Өлгийн Сагсай, Увсын Наранбулаг, Зүүнговь, 
Сагил, Завханы Баянхайрхан, Тэс, Нөмрөг, Баянтэс, Тосонцэнгэл, Улиастай, 
Отгон, Алдархаан, Идэр, Их-Уул, Сонгино, Түдэвтэй, Тэлмэн, Цагаанхайрхан, 
Шилүүстэй, Яруу, Хөвсгөлийн Цагаан-Үүр, Баянхонгорын Галуут, Жаргалант, 
Сэлэнгийн Ерөө, Дорнодын Халхголд 20-35 см зузаан, нягт нь 0,11-0,32 г/
см3 байв. Баян-Өлгийн Баяннуур, Ховдын Алтай, Үенч, Увсын Өндөрхангай, 
Улаангом, Баруунтуруун, Өмнөговь, Давст, Түргэн, Малчин, Тэс, Хяргас 
Завханы Цагаанчулуут, Цэцэн-Уул, Сантмаргац, Эрдэнэхайрхан, Завханмандал, 
Хөвсгөлийн Эрдэнэбулган, Жаргалант, Чандмань-Өндөр, Цэцэрлэг, Говь-
Алтайн Цээл, Баянхонгорын Баянбулаг, Заг, Гурванбулаг, Архангайн Хангай, 
Цахир, Булганы Тэшиг, Баяннуур, Рашаант, Сэлэнгийн Зэлтэр, Сүхбаатар, 
Хүдэр, Дархан-Уулын Хонгор, Орхон, Төвийн Зуунмод, Баян, Угтаал, 
Батсүмбэр, Баянжаргалан, Цээл, Борнуур, Аргалант, Эрдэнэсант, Баян-
Өнжүүл, Заамар, Эрдэнэ, Жаргалант, Хэнтийн Галшар, Баянмөнх, Дэлгэрхаан, 
Дархан-Оргил, Өндөрхаан, Дорнодын Булган, Сэргэлэн, Матад, Баянтүмэн, 
Сүхбаатарын Эрдэнэцагаан, Баруун-Урт, Сүхбаатар, Асгат, Дарьганга, Наран, 
Халзан, Баяндэлгэр, Мөнххаан, Уулбаян, Онгон, Түвшинширээ, Дундговийн 
Гурвансайхан, Хулд, Баянжаргалан, Өлзийт, Өндөршил, Мандалговь, 
Улаанбаатарын Тэрэлжид 10-19 см зузаан буюу нягт нь 0,03-0,33 г/см3 байлаа (19 
дүгээр зураг).
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19 дүгээр зураг. 2015 оны 12 дугаар сарын 31-ний байдлаар 
цасны зузаан, см

2015 оныг дүгнэхэд 2014-2015 оны өвөл өнөтэй, дулаан мал аж ахуйд 
тааламжтай байсан боловч хавар цаг агаарын тааламжгүй нөхцөл мөн 
хуурайшилтын улмаас зүүн бүс нутагт гарсан хээрийн түймрийн улмаас 171 
мянга гаруй мал хорогдож, айлын хашаа хороо галд автан их хэмжээний 
хохирол учирсан. Зуны эхэн болон дундуур газар тариалангийн бүс нутаг Төв, 
Сэлэнгэ аймгийн ихэнх нутгаар 6 дугаар сард бага хур тунадас орсон нь газар 
тариалангийн үйлдвэрлэлд тааламжгүй нөлөөлөв. 

2015	оны	цаг	агаарын	онцлог	
	� Монгол орны агаарын температурын жилийн дундаж 1,4°С буюу олон 

жилийн дунджаас 1,4°С-аар, өнгөрсөн оноос 0,5°С-аар дулаан ба нийт 
нутгийн хэмжээнд 1961 оноос хойших 2 дахь дулаан жил байв.

	� Агаарын температурын сарын дунджийг 1981-2010 оны дундажтай 
харьцуулбал 5 ба 11 дүгээр саруудад -0.5...-1,0°С-аар дунджаас хүйтэн, 
бусад саруудад +0.2...+4,5°С-аар дунджаас дулаан байв. 

	� Хамгийн дулаан байсан сар нь нэгдүгээр сар бөгөөд агаарын 
температурын сарын дундаж -16,6°С буюу 1981-2010 оны дунджаас 
+4,4°С-аар, өмнөх оноос +1,1°С-аар дулаан байсан ба 1961 оноос хойшхи 
хамгийн дулаан нэгдүгээр сар байв. Ялангуяа Баян-Өлгий, Дорноговь, 
Сүхбаатарын ихэнх нутаг, Увс, Булган, Хэнтийн өмнөд, Төв, Завханы 
баруун, Өвөрхангайн зүүн хэсгээр дунджаас 5-7°С-аар дулаан байв.

	� Агаарын температурын жилийн үнэмлэхүй их Увс аймгийн Тэсэд 2015 
оны 8 дугаар сарын 8-нд +39.9°C, Баянхонгор аймгийн Эхийн голд 2015 
оны 7 дугаар сарын 25-нд +39.7°C хүрчээ.

	� Агаарын температур жилийн үнэмлэхүй хамгийн бага Завхан аймгийн Цэцэн-
Уулд 2015 оны 12 дугаар сарын 22-нд -48.6°C, Хөвсгөл аймгийн Ренчинлхүмбэд 
2015 оны 1 дүгээр сарын 27-нд -46.6°C хүрч тус тус ажиглагдав. 
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	� Монгол орны хур тунадасны жилийн нийлбэр дунджаар 202 мм буюу 
1981-2010 оны дунджийн орчим, 2014 оны дунджаас 13 мм-ээр бага байв.

	� Орхон аймгийн Эрдэнэтэд 447.5 мм, Сэлэнгэ аймгийн Орхонтуулд 443.8 
мм хур тунадас орсон нь хур тунадасны жилийн нийлбэрийн хувьд энэ 
оны хамгийн их утга болов. 

	� Хоногт орсон хамгийн их хур тунадасны хувьд Дархан-Уул аймгийн 
Дарханд 8 дугаар сарын 18-нд 71.1 мм хур тунадас орсон нь хоногт орсон 
хур тунадасны энэ жилийн хамгийн их утга болжээ.

	� 6 дугаар сард Баян-Өлгийн Дөчинжил, Ховдын зэрэг, Говь-Алтайн Тонхил, 
Тоорой зэрэг нутгуудаар олон жилийн дунджаас 3-8 дахин их хур тунадас 
орсон нь 1961 оноос хойш 1 дэх их хур тунадас орсон 6 дугаар сар болов.

	� 9 дүгээр сард Монголын нутагт дунджаар 6,0 мм буюу 1981-2010 оны 
дундажтай харьцуулахад 81%-иар их байсан нь 1961 оноос хойшхи 1 дэх 
их хур тунадастай сар байв.

	� Цасны үнэмлэхүй зузаан 4 дүгээр сарын эхээр ихэнх нутгийг хамарч орсон 
их хэмжээний нойтон цасны улмаас Төв аймгийн Эрдэнэсантад 51 см, Увс 
аймгийн Малчинд 30 см, Төв аймгийн Угтаалд 25 см-т хүрэв.

	� 2015 онд нийт 74 удаа цаг агаарын аюултай үзэгдэл тохиолдож, 9 хүний 
амь эрсдэж, 171 мянган мал хорогдон, 5.5 тэрбум төгрөгийн хохирол 
учруулжээ.

	� Эцэст нь дүгнэхэд зуны эхэн болон дундуур газар тариалангийн бүс нутаг 
Төв, Сэлэнгэ аймгийн ихэнх нутгаар 6 дугаар сард бага хур тунадас орсны 
улмаас хэт халалт үүсэж газар тариалангийн үйлдвэрлэлд тааламжгүй 
нөлөөлж, үр тарианы ба хадлан бэлчээрийн ургамлын ургац муу байв. 
9 дүгээр сард ихэнх нутгаар хур тунадас их орсноос нийт нутгийн 80%-
д цасан бүрхүүл тогтож, нутгийн 40 орчим хувьд нь өвөлжилт хүндрэх 
нөхцөл бүрдэж, Увс, Булган аймгуудын ихэнх, Архангай аймгийн хойд, 
Төв аймгийн баруун, Дархан-Уул, Сэлэнгэ аймгуудын өмнөд хэсгээр 
зудын эрсдэл ихтэй байлаа. 
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УС цАГ УУР, ОРчны СУдАлГАА, Мэдээллийн 
ХүРээЛэНГИЙН  эРдэМ шИНжИЛГээНИЙ БүТээЛд 

ХэвЛүүЛэХ ӨГүүЛэЛд ТАвИГдАХ шААРдЛАГА

Цаг агаар, уур амьсгал, хөдөө аж ахуйн цаг уур, нарны цацраг судлал, агаар 
мандлын дээд давхаргын судалгаа, ус судлал, орчны судалгаа болон экологийн 
чиглэлээрх эрдэм шинжилгээ, судалгааны ажлын дүнг багтаан туурвисан эрдэм 
шинжилгээний өгүүллийг (цаашид өгүүлэл гэх) судлаач, мэргэжилтэн нар, 
олон нийтийн хүртээл болгох зорилгоор Ус цаг уур, орчны хүрээлэнгийн эрдэм 
шинжилгээний бүтээлийг жилд 1-2 удаа хэвлэн нийтэлнэ. 

Бүтээлд хэвлэн нийтлүүлэх эрдэм шинжилгээний өгүүлэл нь дараах 
шаардлагыг хангасан байна. 

1. Цаг агаар, уур амьсгал, хөдөө аж ахуйн цаг уур, нарны цацраг судлал, 
агаар мандлын дээд давхаргын судалгаа, ус судлал, орчны судалгаа болон 
экологийн чиглэлээрх эрдэм шинжилгээ, судалгааны ажлын дэвшилтэт 
шинэлэг арга зүй, техник технологийг ашиглаж гарган авсан тодорхой үр 
дүнг тусгасан байна. 

2. Ажлын дүнг тухайн чиглэлийн мэргэжилтэн нар, эрдэмтэд, судлаачдын 
хүрээнд хэлэлцүүлсэн тэмдэглэл, эсвэл эрдэм шинжилгээний хуралд 
илтгэж хэлэлцүүлсэн байна. 

3. Тухайн өгүүлэл гадаад, дотоодын хэвлэл, сэтгүүлд урьд өмнө нь 
нийтлэгдээгүй байна.

4. Өгүүллийг монгол эсвэл гадаадын аль нэг хэл дээр бичсэн байж болно. 
Хэрэв өгүүллийг гадаадын аль нэг хэл дээр бичсэн бол товч хураангуйг 
монгол хэл дээр, монгол хэл дээр бичсэн бол товч хураангуйг гадаад хэл 
дээр бичсэн байна.

5. Хэвлэн нийтлүүлэх өгүүллийг дор дурдсан форматын дагуу электрон 
хэлбэрээр тухайн жилийн 3 дугаар улиралд багтаан тус хүрээлэнгийн 
эрдэмтэн нарийн бичгийн даргад ирүүлж эрдэм шинжилгээний бүтээлийн 
редакцийн зөвлөлөөс зөвшөөрөл авсан байна.

6. Эрдэм шинжилгээний бүтээлийн редакцийн зөвлөл нь хэвлэн 
нийтлүүлэхээр ирүүлсэн өгүүлэл дэх шинжлэх ухааны нэр томъёолол, 
нэршил, агуулга, ач холбогдол, шинэлэг тал зэргийг нягтлах, хянан 
засварлах, хэвлэн нийтлүүлэх эсэхийг шийдвэрлэх эрхтэй. 

7. Өгүүлэл дараах бүтэцтэй бичигдсэн байна. Yүнд:
	� Өгүүллийн нэр, зохиогчийн нэр, харьяалагдах байгууллагын 

нэр. Эдгээрийг өгүүллийн эхний хуудасны дээд хэсгийн голд, 
дугаарлахгүйгээр том үсгээр эхэлж бичнэ. Өгүүллийн нэрийг стандарт 
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фонт “Ариал”, үсгийн хэмжээ 12, тод хараар, зохиогчийн нэрийг ижил 
фонтоор үсгийн хэмжээ 11, харьяалагдах байгууллагын нэрийг мөн 
адил фонт, хэмжээгээр гэхдээ налуугаар тус тус бичнэ.

	� Өгүүллийн товч үр дүнг илэрхийлсэн хураангуй. Өгүүллийн өмнө 
судалгааны ажлын гол үр дүн, арга зүйг нэгтгэн товч, оновчтой 
байдлаар 50 үгэнд багтаан бичнэ.

	� Түлхүүр үг. Өгүүлэлд гол утга санааг илэрхийлэхэд ашигласан түлхүүр 
үгсийг жагсаан бичнэ.

	� Эх текст. Энэ нь оршил, арга зүй ба ашигласан эх мэдээ, үр дүн, 
дүгнэлт зэрэг хэсгээс бүрдэх ба тэдгээрийг стандарт фонт “Ариал”, 
үсгийн хэмжээ 11, тод хараар бичнэ. 

	� Ишлэл: Текст дэх хэвлэлийн ишлэл нь зохиогчийн нэр, хэвлэн 
нийтлүүлсэн оныг багтаан хаалтад ( ) бичигдсэн байна. Жишээлбэл: 
“Flippo Georgy, Simulation of Regional Climate of Mongolia, 1992” гэсэн 
номоос ишлэл авсан бол (Flippo Georgy, 1992) гэж бичнэ. 

	� Талархал. (Заавал биш) Шаардлагатай гэж үзвэл судалгааны ажлыг 
санхүүжүүлж хувь нэмэр оруулсан байгууллага, өгүүллийг бичихэд 
үнэтэй зөвлөгөө өгсөн, хувь хүнд талархал илэрхийлж бичнэ.

	� Ашигласан хэвлэл. Эхлээд Монгол болон орос хэл дээр ашигласан 
хэвлэлийг дараа нь англи, хятад зэрэг гадаад хэл дээр ашигласан 
хэвлэлийг тухайн хэлний үсгийн дарааллаар дугаарлан бичсэн байна. 
Ном ашигласан тохиолдолд зохиогчийн нэр, номын нэр, хэвлэлийн 
газрын нэр, хэвлэгдсэн хугацаа, нийт хуудасны тоо гэсэн дарааллаар 
бичнэ. Хэрэв өгүүлэл ашигласан бол зохиогчийн нэр, өгүүллийн нэр, 
хэвлэгдсэн сэтгүүлийн нэр, дугаар, хэвлэгдсэн хугацаа, ашигласан 
хуудасны дугаарыг бичнэ.

	� Хавсралт. Энэ нь заавал гарчигтай байх бөгөөд нарийвчилсан 
математик анализын үр дүнг хавсаргана.

8. Зураг, график, хүснэгт нь эх текстэнд байрлах ба гарчиг өгч дугаарлаж 
дээрх объектуудын дор 10 гэсэн “Ариал” стандар фонтоор 1 дүгээр зураг. 
Зургийн нэр, 1 дүгээр хүснэгт. Хүснэгтийн нэр г.м. бичнэ. 

9. Математик томьёо, нэгж, тэмдэглэгээг “MicroSoft Equation”-ийг ашиглаж 
бичсэн байна.

10. Эрдэм шинжилгээний өгүүллийн текст нь B5-ын хэмжээтэй 10 хуудаснаас 
хэтрэхгүй байх бөгөөд стандарт фонт “Ариал”, үсгийн хэмжээ 11, мөр 
хоорондын зай “Сингли” гэсэн форматаар бичигдэнэ. 

11. Цаасны дээд, доод, баруун булангаас 2 см, зүүнээс 2.5 см-ын зайтай 
бичигдсэн байна. 

12. Эрдэм шинжилгээний өгүүллийн үр дүнг зохиогчид бүрэн хариуцна.
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