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ABSTRACT 

Nomadic pastoralism is a herder-pastoral-livestock system. These components are interlinked to sustain each 

other and each contains some level of adaptive and resilience capacity. Thus, it is necessary to consider all 

components of pastoralism in a systematic manner. As a result of climate change, intensity and frequency of 

droughts and dzud are increasing and they have negative impacts on the socio-economic development. The 

purpose of this study is to describe how climate change is affecting herder’s livelihood, livestock loss, and gross 

domestic product (GDP) growth in agriculture sector and migration in Mongolia. Number of herders and 

households, rural poverty, migration to urban areas from rural areas, production of agricultural sector, annual 

GDP growth of agricultural sector, livestock numbers and losses, drought and dzud indexes were used to analyse 

the impact of climate change on herder-pastoral-livestock system. In 2000-2003, drought-dzud disaster affected 

over 90 percent of Mongolian territory and caused 11.17 million livestock loss. In 2009-2010, 80 percent of 

territory was affected and 10.32 million livestock were lost. The number of herder households decreased by 22.5 

thousand and 24 thousand during 1999-2002 and 2009-2010 dzud respectively. After the occurrence of two 

times dzud, the production of agricultural sector in total GDP decreased by 44 percent in 2002 and 35 percent in 

2010. The unemployment rate reached 4.6 percent in 2001 and poverty in rural area reached 43.4% in 2003. It 

was 33 percent increase compared to 1998. In 1995-2013, 122.1 thousand people migrated to Ulaanbaatar city 

due to the 1999-2002 and 2009-2010 dzuds. This is 26 percent of the total migrants and can be defined as 

"climate refugees". In Mongolia, there is a strong connection between "climate change-poverty" and "climate 

change-migration" because of their unique life style, settlement, economic and ecosystem characteristics. 
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1. INTRODUCTION 

Mongolia is a vast country comprised of 

mountains, rangelands, and desert landscapes with 

scarce water resources. Due to geographical location, 

topography features and socio-economic conditions, 

climate change impact is severe in Mongolia. Near 

surface temperature and its annual mean over 

Mongolia have increased by 2.24 degrees between 

1940-2015 which is 2-3 times higher than the world 

average [1]. At the same time, extreme climatic 

events are increasing. Drought and dzud (severe 

winter conditions causing livestock loss) are the most 

damaging hazards that directly or indirectly effect the 

socio-economic situation in Mongolia. Since 1940, 

both drought and dzud conditions have increased [2]. 

During 1940-2010, the drought intensity increased by 

around 2 percent annually, and the drought-dzud 

intensity (integrated dzud index) increased by 0.6 

percent annually [3]. 

As a consequence of climate and socio-economic 

changes during last two decades, vulnerability of 

Mongolia’s pastoral social-ecological systems has 

increased. Resilience theory in Mongolian context is 

regeneration and renewal of any system that has the 

capacity to maintain systematic functions even with 

external factors [4]. Nomadic pastoralism is a herder-

pastoral-livestock system. These components are 

interlinked to sustain each other and each contains 

certain level of adaptive and resilience capacity [5]. 

Thus, it is necessary to consider all components of 

pastoralism in a systematic manner. There is a lack of 

scientific research analysing the herder-pastoral-
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livestock system from the socio-economic 

perspective as a whole. The purpose of this study is 

to describe how climate change is affecting herder’s 

livelihood, livestock loss, GDP growth in agriculture 

sector and migration in Mongolia. 

2. METHODS 

The systemic approach was taken to analyze 

causes and consequences of drought-dzud 

occurrences and socio-economic changes in 

Mongolia. National level socio-economic data and 

environmental data such as number of herders and 

households, rural poverty, migration to urban areas 

from rural areas, production of agricultural sector in 

total GDP,  annual growth of agricultural sector, 

livestock numbers and losses, drought and dzud 

indexes. The research was conducted with top-down 

approach and conducted review of existing papers, 

data analysis and causal analysis. 

3. RESULTS 

3.1. The impact of the drought-dzud on the 

socio-economy 

Figure 1 shows integrated dzud index and number 

of livestock loss converted to sheep heads during 

1990-2014. Integrated dzud index combines both 

dzud and drought index and describes the intensity of 

dzud [6]. Dzud disaster affected over 90 percent of 

total territory of Mongolia in 2000-2002 and over 80 

percent in 2009-2010.  

 

 
Figure 1. Drought and integrated dzud index and 

livestock loss index [7] 

At the national level, livestock loss was higher for 

the years with dzud occurrences. During 2000-2003, 

both integrated dzud index and livestock loss was 

high, and 11.17 million livestock were lost. This 

phenomenon was repeated in 2009-2010. The dzud 

index and livestock loss increased to 0.92 and 10.32 

million respectively. Figure 2 shows the result of 

correlation analysis of livestock loss and integrated 

dzud index during 1990-2014. The correlation 

coefficient was 0.69 meaning there is a statistically 

significant relationship between the dzud occurrence 

and the livestock loss. This indicates that the dzud 

conditions are directly related to livestock loss. 

 

Figure 2. Correlation of integrated dzud index 

and livestock loss nationwide [7] 

Figure 3 shows the aimag level livestock loss in 

sheep head during dzud years. In 2000-2002, most 

aimags except 5 were affected by dzud and lost more 

than 0.5 million sheep head each. Bayankhongor, 

Zavkhan and Uvurkhangai aimags suffered the 

biggest loss of livestock which was 2.14-2.66 million 

sheep head. During the dzud of 2009-2010, 

Uvurkhangai and Arkhangai aimags lost the highest 

number of livestocks followed by Zavkhan, 

Khuvsgul, Uvs, Govi-Altai, Bayankhongor and 

Dundgobi aimags.  

 

Figure 3. The number of livestock lost during the 

dzud year by animal head in each aimags [8] 

Dzud is causing a decrease in the number of herders 

in rural areas because livestock is the main source of 
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income and livelihood for herder households. Figure 

4 shows number of livestock loss in sheep head and 

number of herder household during 1995-2020. Since 

public livestock were transferred to private property, 

the number of herder households has increased and 

reached 191.5 thousand in 2000 which was 35 

percent of total household in Mongolia. The number 

of herder households decreased by 22.5 thousand and 

24 thousand during 1999-2002 and 2009-2010 dzud 

respectively. After the occurrence of two times dzud, 

in 2012, number of herder households decreased to 

146.1 thousand which is 13% of total households. 

Decreased number of herders implies that dzud has 

significantly negative impact on herder livelihood 

and agricultural production. 

 

Figure 4. Trend of Livestock loss and Number of 

Herder’s household, (1995-2020) 

Pastoral livestock has an important role in 

Mongolian society and economy. The pastoral 

livestock sector is the second largest economy sector 

and constitutes more than 80% of agricultural 

production. From the employment point of view, a 

large number of people work in the pastoral livestock 

sector. Figure 5 shows the annual IN TOTAL GDP 

growth rate, annual GDP growth rate of agriculture 

sector and production of agricultural sector in total 

GDP during 1995-2020. After the 2000-2002 dzud, 

the production of agricultural sector decreased from 

37 percent in 1999 to 20.7 percent in 2002 which was 

44 percent decrease. During 2000-2002, the annual 

GDP growth rate of agriculture sector was negative 

and annual GDP growth rate was mostly unchanged. 

The production of agricultural sector was relatively 

stable between 2003 and 2009. However, after the 

dzud of 2009-2010, it decreased from 17.9 percent in 

2009 to 11.6 percent in 2010 which was 35 percent 

decrease. In 2010, the GDP growth rate of 

agricultural sector was negative and GDP growth rate 

showed decrease. Even though, the average 

agricultural production was 40 percent during 1995-

1999, after two times dzud, it decreased to 13 percent 

by the average of 2012-2016. 

 

 

Figure 5. Annual growth of GDP and Agriculture 

sector, and Productivity of agriculture (1995-2020) 

[9] 

3.2. Drought-Dzud impact on rural poverty 

and vulnerability 

During dzud, the livelihood of herder households 

are affected, unemployment and poverty increased. 

The damage of 1999-2002 drough-dzud is estimated 

to be over $90 million, which is equal to 29% of the 

average agricultural production of 5 years at that 

time. Each herder’s adaptive capacity is different 

depending on their geographical location, knowledge 

of traditional herding practices, and the number of 

livestock they own. Livestock sector is more 

vulnerable to climate change, herder households with 

up to 100 or 200 heads of livestock have been 

affected more by natural disasters. Moreover, poorer 

herder households with few livestock have less 

capacity to cope with dzud disaster [10].  

Table 1 shows urban and rural poverty, number of 

herder households with up to 200 livestock and more 

than 200 livestock, before and after 1999-2002 and 

2009-2010 dzud. In 2018, number of herder 

households with up to 100 livestock was 37.9 

thousand and up to 200 livestock was 72.3 thousand 

which was 22.3 percent and 42.6 percent of total 

herder household respectively. After the dzud, the 

unemployment rate reached 4.6 percent in 2001 and 

poverty in rural area reached 43.4% in 2003. It was 

33 percent increase compared to 1998. Herders losing 

their livestock are one of the reasons for intensified 

migration to urban areas. 

Figure 6 shows poverty rate by settlements in 

2003 and 2016. In 2016, poverty rate in the rural area 

was the highest (38 percent) followed by the soum 

center (32.3 percent). On the other hand, 34 percent 

of the total population lives in rural areas, 13 percent 

in soum centers, 21 percent in 21 aimag center and 45 

percent lives in Ulaanbaatar. 

Advances in Engineering Research, volume 206

44



 

 

Table 1. Comparative analysis of damages in social 

and economic sector caused by dzud of 1999-2002 

and 2009-2010 [11; 12; 13; 14] 

 
The poverty rate is higher in the rural areas and 

the soum centers, where 47 percent of the population 

lives. This indicates that significant numbers of 

people are at risk of losing their livelihood and 

poverty due to drought-dzud. Therefore, it is 

necessary to develop policies that increase climate 

change adaptive capacity and decrease vulnerability 

of the rural households with up to 200 livestock. 

  

Figure 6. Poverty rate by settlement 2003 and 2016 

[15] 

3.3. Drought-Dzud impact on migration to 

urban area 

22 percent of the population is working in the 

pastoral livestock sector and lives in rural areas. 

Figure7 shows the result of spatial analysis on 

changes of human settlements at the soum level. The 

population of Ulaanbaatar and 21 aimag centers are 

categorized as urban, 309 soum centers are 

categorized as soum center, and the rural population 

is categorized as rural. Annual average population 

growth rate is used in order to analyze the human 

settlement change. In 2003-2015, population of 4 

urban areas decreased, but population increased in 

remaining 18 urban areas. On the other hand, the 

population of 166 soum centers and rural area of 215 

soums decreased. This shows the decreasing trend in 

rural population, particularly the population working 

in pastoral livestock sector. In other words, main 

source of rural-to-urban migration is the rural 

population. 

 

Figure 7. Changes of population and settlement type 

(city, sum center and countryside), 2003-2015 [8] 

Figure 8 shows the number of herder households 

and number of people migrated to Ulaanbaatar in 

1995-2019. At the national level, the migration to 

Ulaanbaatar was high in the years 2002, 2003, 2004, 

and 2010, which was after dzud occurrences. 

Assuming that a herder household has an average of 

3.5 members, number of herder households who lost 

their livestock due to dzud (decreased by 22 thousand 

and 24 thousand household) is close to the number of 

people migrated to Ulaanbaatar city (82.4 + 39.7) 

from rural areas. 

 

Figure 8. Number of herder household and 

number of migration from rural to Ulaanbaatar city 

(1995-2019) 

At the national level between 1995 and 2013, 

480.7 thousand people moved to Ulaanbaatar from 

aimags and rural areas, which is equivalent to the 

population of four aimags. During the same period, 

122.1 thousand people migrated to Ulaanbaatar city 

due to the 1999-2002 and 2009-2010 dzuds. This is 

26 percent of the total migrants and can be defined as 

"climate refugees". In Mongolia, there is a strong 

connection between "climate change-poverty" and 

"climate change-migration" because of their unique 

life style, settlement, economic and ecosystem 

characteristics. 
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4. CONCLUSIONS 

In this study, impact of climate change on 

herder’s livelihood, livestock loss, GDP growth in 

agriculture sector and migration in Mongolia was 

analyzed using national level socio-economic data 

and environmental data. 

In 2000-2003, drough-dzud disaster affected over 

90 percent of Mongolian territory and caused 11.17 

million livestock loss. In 2009-2010, 80 percent of 

territory was affected and 10.32 million livestock 

were lost. The correlation coefficient of integrated 

dzud index and livestock loss during 1990-2014 was 

0.69, meaning there is a statistically significant 

relationship between the dzud occurrence and the 

livestock loss. This indicates that the dzud conditions 

are directly related to livestock loss. The number of 

herder households decreased by 22.5 thousand and 24 

thousand during 1999-2002 and 2009-2010 dzud 

respectively. After the occurrence of two times dzud, 

in 2012, number of herder households decreased to 

146.1 thousand which is 13% of total households. 

Decreased number of herders implies that dzud has 

significantly negative impact on herder livelihood 

and agricultural production. 

After the 2000-2002 dzud, the production of 

agricultural sector in total GDP decreased from 37 

percent in 1999 to 20.7 percent in 2002 which was 44 

percent decrease. After the dzud of 2009-2010, it 

decreased from 17.9 percent in 2009 to 11.6 percent 

in 2010 which was 35 percent decrease. Even though, 

the average agricultural production was 40 percent 

during 1995-1999, after two times dzud, it decreased 

to 13 percent by the average of 2012-2016. During 

dzud, the livelihood of herder households are 

affected, unemployment and poverty increased. After 

the dzud, the unemployment rate reached 4.6 percent 

in 2001 and poverty in rural area reached 43.4% in 

2003. It was 33 percent increase compared to 1998. 

Herders losing their livestock are one of the reasons 

for intensified migration to urban areas. In 2016, 

poverty rate in the rural area was the highest (38 

percent) followed by the soum center (32.3 percent). 

The poverty rate is higher in the rural areas and the 

soum centers, where 47 percent of the population 

lives.  

In 2003-2015, population of 4 urban areas 

decreased, but population increased in remaining 18 

urban areas. On the other hand, the population of 166 

soum centers and rural area of 215 soums decreased. 

This shows the decreasing trend in rural population, 

particularly the population working in pastoral 

livestock sector. At the national level, the migration 

to Ulaanbaatar was high in the years 2002, 2003, 

2004, and 2010, which was after dzud occurrences. 

Between 1995 and 2013, 480.7 thousand people 

moved to Ulaanbaatar from aimags and rural areas, 

which is equivalent to the population of four aimags. 

During the same period, 122.1 thousand people 

migrated to Ulaanbaatar city due to the 1999-2002 

and 2009-2010 dzuds. This is 26 percent of the total 

migrants and can be defined as "climate refugees". In 

Mongolia, there is a strong connection between 

"climate change-poverty" and "climate change-

migration" because of their unique life style, 

settlement, economic and ecosystem characteristics. 
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