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Fig. -1  
The location of Dornod prefecture in Mongolia 
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The change of annual average air temperature 

 

The change of annual precipitation 

Fig. -2 1930 2009  

The change of climate conditions in Dornod prefecture (1930-2009)
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Fig. -3 1942 2010

The number of each livestock in Dornod prefecture (1942-2010) 
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 FFig. -4 1942 2009  

The change of total climate index (1942-2009) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-8.0 

-6.0 

-4.0 

-2.0 

0.0 

2.0 

4.0 

6.0 

8.0 

19
42

19
45

19
48

19
51

19
54

19
57

19
60

19
63

19
66

19
69

19
72

19
75

19
78

19
81

19
84

19
87

19
90

19
93

19
96

19
99

20
02

20
05

20
08



 
 

 
 
 
 
 
 
 
 

 
Fig. -5 Ss Sw  

Distribution of summer and winter climate index  
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Fig. -6

The annual change of livestock number 
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 Table -1
The relation between climate index and rate of death 
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Fig. 7

The relation between the increase and loss of livestockin Dornod Prefecture 
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Fig. -1  
GTOPO30 Gesch et al., 1999 Global Administrative Area

http://www.gadm.org/  
The location of Dornod prefecture and the elevation of Mongolia. GTOPO30 

(Gesch et al., 1999) was utilized for creating elevation distribution and 
administrative boundaries are drawn based on Global Administrative Area dataset 

(http://www.gadm.org/). 
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Fig. -2 (m) ( ) 1969-2010  

Mean and standard deviation of monthly average air temperature 
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Fig. 3 (m) ( ) 1969-2010  

Mean and standard deviation of monthly precipitation 
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Fig. -4(a)  
Long term trend of total number and mortality of five livestock 

Fig. -4(b) 

Long term trend of total number and mortality of five livestock 
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Fig. -4(c)  
Long term trend of total number and mortality of five livestock 

 
 

 
Fig. -4(d)  

Long term trend of total number and mortality of five livestock 
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Fig. -4(e)  

Long term trend of total number and mortality of five livestock 
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Table -1  
The correlation coefficient between mortality rates of five livestock 
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Fig. 5(a)  
The result of regression analysis between mortality rates 

of five livestock and monthly meteorological data 
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Fig. 5(b)  
The result of regression analysis between mortality rates 

of five livestock and monthly meteorological data 
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Fig. 5(c)  
The result of regression analysis between mortality rates 

of five livestock and monthly meteorological data 
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Fig. 5(d)  

The result of regression analysis between mortality rates 
of five livestock and monthly meteorological data 

Fig. 5(e)  
The result of regression analysis between mortality rates 

of five livestock and monthly meteorological data 
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Fig. -1 GTOPO30
Gesch et al., 1999 Global Administrative Area
http://www.gadm.org/  
The location of Dornod prefecture and the elevation of Mongolia. GTOPO30 

(Gesch et al., 1999) was utilized for creating elevation distribution and 
administrative boundaries are drawn based on Global Administrative Area 

dataset (http://www.gadm.org/). 
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Outline of test provinces 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     
     

     
 (m) 2250 2000 700 1400 
 (mm) 125 300 266 110 

 ( ) -0.27 -3.6 0.33 5.70 
 ( km2) 7.6  5.5 12.4 16.5 

 ( ) 8.2  8.5 6.8 6.1 
 ( / km2) 1.26 1.53  0.55 0.33 
 ( ) 227 360 145 176 
 ( /km2) 30 65 12 11 
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Table -2  

Temperature of test province 
 1  2  3  4  5  6  7  8  9  10  11  12   

 -21.6  -18.1  -8.6  2.6  10.5  16.0  17.7  15.7  9.9  1.5  -10.3  -18.6  -0.3  
3.0  3.8  2.6  1.8  1.5  1.3  1.3  1.2  1.3  1.9  3.0  3.1  2.1  

 
-23.0  -19.8  -12.0  -1.4  6.2  11.5  13.4  11.5  5.8  -2.4  -13.3  -20.3  -3.6  

2.7  3.5  2.8  2.3  1.4  1.5  1.5  1.3  1.5  2.0  3.0  2.6  1.1  

 -22.0  -17.9  -8.9  2.9  11.1  17.6  20.3  18.2  11.1  1.6  -10.4  -18.9  0.4  
2.4  3.0  3.1  2.0  1.4  1.7  1.1  1.2  1.2  1.6  2.4  1.8  0.9  

 -13.5  -9.3  -1.7  7.5  15.1  20.7  23.1  21.0  14.7 6.1  -4.0  -11.4  5.7  
1.9  2.8  2.2  1.9  1.1  1.1  1.3  1.1  1.2  1.7  2.2  2.0  0.8  

1969 2010 ( ) ( ) 

Table - 3  
Precipitation of test province 

 1  2  3  4  5  6  7  8  9  10  11  12   

 1.1 1.1 3.8 9 12.3 21 31.3 22.1 11.5 4.7 4.6 2.0 124.6 
0.6 0.2 0.4 1.1 2.1 5.7 11.9 7.7 2 0.6 0.6 0.2 17.6 

 1 1.6 5.4 13 24.7 54.2 87.6 71.5 23.5 9.6 4.3 1.7 298.3 
0.8 1.6 0.4 2 6 19.9 28.9 23.3 6 1.3 1.1 0.4 51.6 

 
1.4 2.2 3.7 8.9 17.8 42.4 81.8 63.3 29.1 8.5 3.7 2.9 265.7 

0.2 0.7 0.7 1.4 5.8 17.5 29.1 26.3 11.7 1.3 1.1 1.2 50.9 

 1 0.8 2 4.4 8 14.7 31.5 29.1 12.1 3.9 1.8 0.7 110.2 
0.8 0.2 0.1 1.1 3.6 6.4 12.2 11.6 5.2 0.3 0.5 0.5 20.3 
1969 2010 (mm) (mm) 
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Table - 4  
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Annual change of climatic conditions 
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(mm) 

1969-1978 12.6 13.7 13.2 5.9 
2001-2010 12.9 14.3 15.4 7.0 
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Annual change in livestock number of test provinces 
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Fig. 3  

Annual change of number and mortality rate of sheep 
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SSUMMARY 

 

In Mongolia, meteorological conditions have great impact on nomad 

by inducing a severe hazard such as dzud. The frequency of dzud has 

been influenced not only by meteorological conditions, but also by 

socioeconomic conditions. By using long term meteorological data and 

mortality of livestock, we attempted to clarify how meteorological 

conditions can affect the magnitude of dzud. Therefore, in this study, 

the relationship between meteorological factors and the dzud damage 

occurred in Mongolia, were analyzed from the following three topics. 

 

1. Relationship between meteorological factors and changes in the total 

livestock population in Eastern Mongolia Dornod province 

2. Relationship between meteorological factors and mortality of each 

five live stock in Eastern Mongolia Dornod province 

3. Regional characteristics of dzud damage in Mongolia 

 

In the first, the research was carried out in the Dorond province located 

in the most eastern Mongolia. The weather conditions was 

approximately uniform in all over the Doronod province where terrain 

relief was small, and nomadic industry has been actively carried out for 

a long time, which were the reasons why this province was suitable for 

analyzing. The following results were clarified from the analysis. Total 



 
 

snowfall amount has shown a positive correlation with mortality when 

it exceeds the average snowfall amount. In addition, the correlation 

becomes clearer when less rainfall in summer or lower temperature in 

winter occurred at the same time. On the contrary to this, 

meteorological conditions such as less rainfall in summer, lower 

temperature in winter and less snowfall in winter have no correlations 

with mortality only by itself. These results imply that while main factor 

of white dzud can be recognized as meteorological conditions, 

occurrence of drought, black dzuds, and cold dzuds might be decided not 

only by meteorological conditions but also by other socioeconomic 

factors in Dornod prefecture. 

 

In the second research, it was attempted to clarify how meteorological 

conditions can affect the mortality of five species of livestock; camel, 

horse, cow, sheep and goat, in Dornod prefecture located in the east 

Mongolia. At first, the total number of five livestock tended to be 

changed mainly according to long-term change of socioeconomic 

conditions, and those mortality rates were influenced by the short-term 

change of meteorological conditions. From the result of regression 

analysis which estimated the relationship between monthly 

meteorological conditions and mortality rates of five species of livestock, 

it was clarified that the mortality rate of camel and horse was 

influenced especially by meteorological conditions in summer. The 



 
 

mortality rate of camel increased in summer season with low air 

temperature and much rainfall, and that of horse also increased in 

summer with low air temperature, but was little influenced by 

meteorological conditions of winter season. On the other hand, the 

mortality rate of cow, sheep and goat was increased in the heavily 

snowy conditions of winter season and with little precipitation of April 

and October when snowmelt and snowfall started respectively. 

Furthermore, it was clarified that the mortality rates of horse, sheep 

and goat were increased by low air temperature of April when heavy 

blizzard and sandstorm often occurred.  

 

In the third study, Khovd, Arkhangai, Dornod, and Umunugobi 

provinces was selected respectively in 4 pastoral districts of Mongolia 

for carrying out the following analysis. The regional characteristics of 

livestock damage caused by variations in weather conditions were 

clarified by analyzing the relationship between the meteorological 

factors and mortality of sheep which were major livestock in the whole 

county. This analysis showed the following results: 1. Livestock was 

damaged by the heavy snowfall in winter in all provinces. 2. In 

Umunugobi province of the highest-temperature and the most drying 

area, many sheep starved to death in winter when the growth of 

pasture was degraded by high temperature and low rainfall in summer. 

3. It caused livestock damage that the drinking water in winter was 



 
 

insufficient by a decrease in snowfall of March in Umunugobi and 

Khovd provinces with less precipitation. 4. In Arkhangai province with 

the lowest temperature, livestock was damaged by low temperature in 

winter. 5. In Dornod province, the livestock was damaged by long-term 

blizzard in April. 
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