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Project Summary 

The main objective of the research project was to develop the conceptual framework for the 

integrated pastoral vulnerability assessment and contribution of scientific inputs to the 

effective adaptation strategies using advanced geospatial techniques merging with scientific 

data and community knowledge at the multi-level governance in Mongolia and China.  The 

project analysis process consisted of using geospatial techniques to assess the pastoral 

vulnerability; using statistical correlation analysis to assess the impacts of vulnerability on the 

socio-economic conditions of herding societies; using qualitative document analysis (QDA) 

to evaluate policy documents; and engaging in policy formulation, which included active 

participation by multiple academic researchers, policymakers, and representatives of local 

communities. The research project was implemented in three case areas in two countries, 

covering various geo-climatic and ecological zones with different managements and policies. 

The pastoral vulnerability assessment results reveal that climate change-related drought and 

aridity, as well as human activity related active pasture, uses and farming are being main 

driving forces. The pastoral vulnerability may affect the socioeconomics of the herder 

community, devaluing herdersô labour and influencing on men`s life expectancy. The project 

activities have educated young scientists and local herder communities, practitioners and 

governors through climate change impact, its risks, pasture vulnerabilities, and the local 

development scenarios tied to regional and national issues, and application of spatial planning 

tools. The flexibility of the local pastoral adaptation strategy process has allowed the 

application of geovisualisations in place-based problem solving and decision-making process 
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in the specific socio-political context of municipal and regional governments. The adaptation 

options and policy recommendations are identified to enhance the resilience of livelihoods to 

climate change and adaptation activities to potentially reduce vulnerability to the 

anthropogenic and climate change, and advance development. 

 

Keywords: Pastoral vulnerability, Adaptation strategies, Geovisualisation, Local authorities 

 

Project outputs and outcomes 

Project outputs: 

- Completion of international project proposal development training for young and 

early career researchers at the Mongolian Academy of Sciences. 

- Involved local authorities from local government (sub-province and province) offices 

and herding groups to study linkages of socio-ecological governance and climate 

adaptation. 

- Local government officers, herders, farmers, young researchers, NGOs and professors 

exchanged their knowledge, and learned from each other and collaborating countries. 

- Young researchers learned mechanisms to implement a joint project under different 

cultural and location conditions. 

Project outcomes: 

- Trained 27 young and early career researchers about international project proposal 

development from institutes of Mongolian Academy of Sciences. 

- Increased the number of young and early career researchers to know about APN 

activities and therefore more proposals were submitted than previous years. 

- Improved local governors capacity to formulate local pastoral adaptation plan through 

research-based activities. 

- Involved 13 young scientists in the project research progress for their PhD research 

and facilitated them to learn about future professional collaboration. 

- 11 local government officers and 8 herding groups, 5 farmers, 13 young researchers, 

NGO, and 12 professors exchanged their knowledge, learned from each other and 

experiences from collaborating countries. 

- Held 2 dissemination workshops and 2 site visits on the pastoral vulnerability research 

and adaptation activities involving a total of 58 participants. 

- Produced 2 peer-review publications, several conference papers, 2 research reports 

with an offset of recommendations, and 2 workshop proceedings. 

 

Key facts/figures 

- 4 working teams, 6 research institutes, 14 researchers (5 professors and 9 young 

scientists), 6 local government offices and 8 herding groups participated from 

Mongolia. 

- 2 working teams, 2 research institutes, 5 researchers (3 professors and 2 young 

scientists), 1 NGO with 6 staffs for adaptation and replanting, 3 local government 

officials, 4 farming and replanting groups participated from China. 

- 3 research institutes, 5 researchers (3 professors and 2 young researchers), 1 NGO and 

1 expert from Japan were actively involved. 

- Trained 27 young and early career researchers about international project proposal 

development from institutes of Mongolian Academy of Sciences. 

- 41787 sq.km pasture land, 3149 thousand livestock, and 32 thousand people are living 

under high pastoral vulnerability in Khovd and Gobi-Altai provinces of western 

Mongolia. 
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- The assessment reveals that only 3.1% of the total pastureland has not been degraded, 

66.3% low degraded, 13.4% medium degraded, and 17.1% heavily degraded in 

Chandmani soum (sub-province) of Khovd province, Mongolia. 

- The non-degraded area decreased by 30.5%, whereas degraded area expanded: low 

degraded area increased by 8%, medium degraded area by 17.6%, high degraded area 

by 3.4%, and the most degraded area increased by 1.5% from the 1981 value. 

- The pasture lands in the research areas have been shifting from mountain steppe 

ecosystem to desert steppe and desert steppe ecosystem to desert pasture, which is not 

a good condition.  

- The difference in life expectancy between men and women was 5 years in 2000 and 9 

years in 2018. It shows that the average life expectancy of men over the last 20 years 

has increased by 5 years, while that of women has increased by 10 years. Herders, 

especially men are more affected by pastoral activities due to hard-working condition 

with harsh climate and other limited services of social systems in herding societies. 

 

Potential for further work  

- To increase the training workshops on international project proposal development for 

young and early career researchers to foster further applicants for the collaborative project 

proposals. 

- The participatory research approach improved local governors capacity on pastoral 

adaptation plan through research-based activities and GIS applications, and trained 

herders in adaptation activities from Chinas̀ experiences which can be applied for the 

future policy making and adaptation activities in the local areas. 

- Herders from Mongolia visited and learned about a combination of animal husbandry 

with crop farming in Tongliao, China. In 2019, 3 soums of Mongolia has started the pilot 

activity, where experts and friends from Tongliao come to teach about greening and 

cropping. It will be one of the big adaptation potentials for future in the case areas.  

- The research results on the impact of pastoral vulnerability for the herders` social-

economic characters suggested further detailed studies especially on life expectancy of 

men and their social service needs. 
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1 Introduction  

The vulnerability is defined as a combination of the degree of exposure or sensitivity (Adger, 

2006) of ecosystems due to climate and human impacts to adapt by perceiving, mitigating and 

taking advantage of new opportunities created by change  (Turner et al., 2003). The social-

ecological system under non-equilibrium environment is most vulnerable to changes under 

climate and land use activities (Okuro, 2019). 

Mongolia is an agriculture-based country where pastoral livestock production contributes 

10.52% of GDP using 72.1% of Mongolia's total land area and employing 21.6% of the total 

workforce. Nomadic pastoralism is a complex human-environmental system in Mongolia that 

includes livestock, grazing pasture and herding society which are interdependent (Bazargur, 

2005; Chuluun, 2014). The western region of Mongolia is a non-equilibrium environment 

where the ecological system is arid with harsh temperature, low precipitation and high 

variability . Social systems in this region predominantly depend on pastoral grazing labor. The 

pastoral vulnerability causes reduction or loss of the livelihood quality and economic 

productivity resulting from climate pressure and over-grazing. The nomadic pastoralism has 

been using the grazing land within pasture capacity through traditional nomadic management 

to preserve ecosystem resources.  

After the transition of Mongolia from a centrally planned socialist economy to a free-market 

economy in 1990, the limitation on livestock number, supply system of animal raw materials, 

risk protection system and pasture management on animal husbandry sector were all lost.  

Due to rapid increase in the number of livestock and changes of climate condition, the 

degradation of pasture land has increased 2.8 times (Tserendash & Bilegt, 2017), pasture yield 

has fallen by 20-30% in almost all regions of Mongolia, and the pasture carrying capacity has 

dropped by 20% (Bolortsetseg, Erdenetsetseg & Bat-Oyun, 2002) further reducing the 

sustainability of nomadic animal husbandry. Some research findings warn that pasture land for 

livestock grazing will decrease in future (JICA & Almac.corp, 2016). 

However, grazing strategy is opportunistic as traditional nomadic and risk management are not 

well formulated. As usual, policies at the national, regional and local level set out guidelines 

to prepare winter forage and hay, other than that; they have no special plan or strategy to adapt 

to climate change in the mid and long term period.   

Researchers studying climate change adaptation (Adger 2003, 2006; Armitage 2005; Bruck 

2003; Ford et al., 2006) claim the need to consider linkages between ecosystem situation, 

supporting local communityôs sustainable livelihoods through its primary products and 

services, and local communitiesô adaptive capacities on the ecosystem. For instance, the 

adaptive capacity of groups in society is classified as inactive and observer group, regulator 

group and adaptive capacity group. Chuluun (2014) revealed that most of the herder households 

in Mongolia were included in the "inactive and observer" group and that the capacity of social 

adaptability and pastoral ecosystems was poor. To effectively align adaptation policies and 

prioritize implementation measures, policymakers require comprehensive information on 

regional and various sectors vulnerability assessments (OôBrein et al., 2004; Ciscar et al., 2011; 
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Preston et al., 2011). Therefore, it is a challenge to develop traditional pastoralism adapting to 

climate change in the vulnerable arid regions. 

This research project is proposed that pastoral socio-ecological vulnerability assessment based 

adaptation strategy at the regional and local levels in Mongolia may have the suitable approach 

to achieve sustainable pastoral ecological systems of livestock, people`s livelihood and pasture 

productivity through set of assessment, monitoring, policies, practices and activities.  

The collaborative project has enabled participation of several regional and local governments, 

communities, and multiple academic teams working collaboratively using participatory 

advanced geospatial techniques merged with scientific data and community knowledge in the 

development of assessment modelling and policy formulation on adaptation and sustainability 

of the grazing pasture. A pasture social-ecological vulnerability framework was developed to 

evaluate the main components of exposure, sensitive factors and adapting/coping responses of 

pastoral communities.  

This research project was implemented in spatially different case areas from Mongolia and 

China. Due to the difference in research areas, pastoral system and management, as well as 

advances in the research studies in China, different research method and research component 

was used in the Chinese case area. 

1.1 Objectives of the project 

The main objective of this research project is to develop the conceptual framework for the 

integrated pastoral vulnerability assessment and contribution of scientific inputs to the effective 

adaptation strategies using advanced geospatial techniques merging with scientific data and 

community knowledge at the multi-level governance in Mongolia and China. The specific 

goals are as follows: 

- To develop an integrated pastoral vulnerability assessment model with merging of scientific 

data, holistic and systematic composition, advanced methods, and expert knowledge. 

- To identify the most pastoral vulnerable areas by using an integrated ecological 

vulnerability assessment model in the case areas. 

- To contribute scientific outputs to the local-centred, specific adaptation measures and 

concepts for local development and decision making at the case areas. 

- To build up the local stakeholdersô capacity through participation in the research process, 

training, events, output contribution activities, facilitate knowledge and technology sharing 

to develop their skills and understanding of scientific  importance. 

- To develop scientific, user-friendly data-sharing platform for future studies. 

- To link local stakeholdersô partnership and strong friendship between local, regional and 

international level through kind of common communication language at the same level 

diplomatic meeting and activities. 
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2 Methodology 

The general framework of the project applied a combination of geo-visualisation techniques 

and a participatory approach for all levels of data collection, integrating method development 

and assessment, as well as policy-scenario development, during group meetings, training and 

discussion workshops, and documents review. The analysis process consisted of (1) using 

geospatial techniques to assess the pastoral vulnerability; (2) using statistical correlation 

analysis to assess the impact of vulnerability on the herding societiesô socio-economic 

conditions; (3) using qualitative document analysis (QDA) to evaluate policy documents; and 

(4) engaging in policy formulation, which included active participation by multiple academic 

researchers, policymakers, and residents of local community in the case areas.  

Over the last two decades, many researchers have proposed various vulnerability frameworks 

to climate change, and quantitative analyses have been performed in different spatial scales 

and sectors (Moss et al. 2001; Tuner et al., 2003; OôBrien et al. 2004; Brooks et al. 2005; Adger 

2006; Altanbagana et al., 2015). In terms of pastoral vulnerability to drought and dzud disaster, 

the majority of studies applied in Mongolia referred to Dryland Development Paradigm (DDP) 

(Reynolds et al., 2007). Natsagdorj and Sarantuya (2004) assessed impact of drought and dzud 

on livestock loss due to extreme weather, while Altanbagana et al. (2011) and Chuluun et al. 

(2012, 2017) conducted assessment of vulnerability of Mongoliaôs pastoral social-ecological 

system at province level and applied two main drivers consisting of drought-dzud index and 

pasture use. Preventing the dzud disaster risks is vital. However, the vulnerability of pastoral 

ecosystem is not much related to dzud disaster. Therefore, the interaction of pastoral social-

ecological system is significant to examine how pastoral ecosystem services are vulnerable to 

human and climate change, and which soumôs livestock sector and herders are susceptible to 

pastoral vulnerability. It is important for sustainable pasture use, pasture management planning, 

and effective implementation of adaptive measures (Turner et al., 2003; Brooks et al., 2005). 

The research project is implemented at three vulnerable provinces in two countries, covering 

various geo-climatic and ecological zones and different management policies. The research 

methodological framework consists of three main parts of assessment of pasture ecological 

vulnerability, effectiveness assessment for socio-economics of pasturing society, and 

evaluation of policy documents and policy formulation. Data sets were collected to assess 

pastoral vulnerability in two provinces, Khovd and Gobi-Altai, in Mongolia and vegetation 

changes in Tongliao, China in the first part of the project. During this period, we organized 

field surveys for data collection in 3 case areas and discussed the research framework between 

project collaborators, local communities, policymakers and researchers. In the second part, we 

assessed the impacts of pastoral vulnerability on socio-economy of the pastoral communities 

and evaluated the policy documents related to grazing pasture and animal husbandry 

management by sustainable development criteria in 2 provinces. The third part is to disseminate 

research results and develop policy scenario and recommendations (Figure 1). 
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Figure 1. General framework of the project 

 

2.1 Used data sources, data collection and database sharing system 

The data during the period of 1998-2017 covering the component index of pastoral 

vulnerability were derived from various sources: observed precipitation and temperature data 

were derived from National Agency of Meteorology and Environmental Monitoring 

(NAMEM), the Normalized Difference Vegetation Index (NDVI) images derived from SPOT, 

eMODIS satellite data (https://earthexplorer.usgs.gov/), the pasture carrying capacity data was 

derived from the Mongolian National Atlas of 1990, statistical data sets were obtained from 

the National Statistical Office (http://www.1212.mn) and other relevant data were collected 

from local and regional government offices. 

During the first year, we collected statistical, observation, meteorological, field survey and 

remote sensing data sets in the case research areas. All of our database, output documents, 

publication, experiences, process and reports were uploaded to the project web portal 

(http://en.sd-institute.mn/spatial-data-and-maps, http://en.sd-institute.mn/statistical-data). We 

are considering the APNôs policy on ñData Sharing and Data Managementò, in particular, the 

standardized data collection, data management and data sharing policy. According to the APN 

data sharing regulation we prepared to make open all datasets collected during this project.  

The data collection process consists of three main parts: a) Statistical, remote sensing and 

observational data collection in Mongolia; b) Field survey and data collection in China; and c) 
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Field survey and sample collection in Mongolia. In the following lines, we briefly explain the 

processes for each of them. 

 

a. Statistical, remote sensing and observational data collection in Mongolia 

This is the most difficult part of our research. Our research is based on time series analysis; 

therefore we needed good quality and time-series datasets. In this part, we have cooperated 

with several partners, institutions and stakeholders from December 2017 to date. Under the 

good communication of collaborators we collected following data sets (Table 1). 

Table 1. Used remote sensing, meteorological and observational data sets in 3 case areas 

Statistical 

No Name of data Time range Units Spatial range Source 

1 Livestock  1998-2017 Number All soums NSOM1 

2 Livestock by types2  1998-2017 Number All soums NSOM 

3 
Livestock loss by 

type 

1998-2018 Number All soums NSOM 

4 
Barren female 

animals by type 

1998-2018 Number All soums NSOM 

5 
Miscarriage female 

animals by type 

1998-2018 Number All soums NSOM 

6 
Breeding stock by 

type 

1999-2018 Number All soums NSOM 

7 Migration 1990-2018 Number Province NSOM 

8 Poverty rate 2010 Percentage All soums NSOM 

9 Life expectancy 1998-2017 Number Province NSOM 

10 Well 2012, 2015, 2018 Number All soums NSOM 

11 Cereals 2000-2018 Ton All soums NSOM 

12 Potatoes 2000-2018 Ton All soums NSOM 

13 Vegetables 2000-2018 Ton All soums NSOM 

14 Fodder crops 2000-2018 Ton All soums NSOM 

15 Insured livestock 2010-2018 Number All soums NSOM 

16 Insured households 2010-2018 Number All soums NSOM 

17 Bank loan 2010-2018 Tugrug All soums NSOM 

18 Bank deposit 2010-2018 Tugrug All soums NSOM 

19 Herder household 2012-2018 Number All soums NSOM 

Meteorological observation 

No Name of data Time range Units Spatial range Source 

1 
Annual temperature  1970-2017 

Monthly 

Celsius All soums NAMEM3 

2 
Precipitation  1970-2017 

Monthly 

Mm All soums NAMEM 

3 Pastoral area 1990 Hectare All soums NAM 4 

4 
Pasture carrying 

capacity 

1990 Sheep/per hectare All soums NAM 

Raster 

                                                 

1 National statistics office of Mongolia (NSOM) 
2 5 types as Horse, Cattle, Camel, Sheep & Goat 
3 National Agency of Meteorological and Environmental Monitoring (NAMEM)  
4 National Atlas of Mongolia (NAM) 

http://1212.mn/tables.aspx?TBL_ID=DT_NSO_1001_016V3
http://1212.mn/tables.aspx?TBL_ID=DT_NSO_1001_016V3
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No Satellite name Product name Time range Units 
Spatial 

range 
Source 

1 SPOT VEGE 

NDVI data 2nd   

ten days of 

August 

1998-2000 

 
1 km 2 provinces 

https://earthexplor

er.usgs.gov/ 

2 eMODIS 

NDVI data 2nd 

ten days of 

August 

2001-2017 

 
250 m 2 provinces 

https://earthexplor

er.usgs.gov/ 

3 
Administrative 

boundry 
GIS vector 2017  2 provinces  

Tongliao, prefecture, Inner Mongolia, China 

1 eMODIS Moisture data 2005-2016 250m 
Tongliao 

prefecture 
Institute of 

Grassland 

surveying and 

Planning Inner 

Mongolia, 

Hohhot, China 

2 eMODIS 
Net Primary 

Production 
2005-2016 250m 

Tongliao 

prefecture 

3 eMODIS NDVI  2005-2016 250m 
Tongliao 

prefecture 

Field survey 

No Name of data Date Unit  
Number of 

sites 

Sampling 

size 
Collected site 

1 Biomass data 
16 July to 5 

August 2018 
Hectare 103 1m x1m 

Chandmani & 

Biger 

Document reviewed 

No Name of data Implementation period Policy area Implementing area 

1 
Comprehensive 

development policy 
2012-2020 Development Gobi-Altai province 

2 
Governorôs Action 

Program 
2016-2020 Development Gobi-Altai province 

3 
Pasture management 

program  
2012-2020 Land & Environment Gobi-Altai province 

4 
Sub-program to combat 

desertification 
2012-2020 Land & Environment Gobi-Altai province 

5 Environmental master plan 2012-2020 Land & Environment Gobi-Altai province 

6 Development strategy  2015-2020 Development Khovd province 

7 Green development policy  2016-2026 Development Khovd province 

8 
Governorôs Action 

Program  
2016-2020 Development Khovd province 

9 
Pasture use improvement 

program 
2016-2020 Land & Environment Khovd province 

 

b. Field survey and data collection in China 

The team from the Institute of grassland surveying and planning Inner Mongolia has been 

working on the grassland degradation and Net primary productivity (NPP) analysis in Tongliao 

prefecture, Inner Mongolia, China under sub collaborator contract. The team collected data sets 

from Tongliao prefecture and did a field survey and computational research analysis report.  

Grassland degradation monitoring and field survey took place in 18 days from 15 June to 2 

July 2018 in Tongliao prefecture.   
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Photo 1. Tongliao prefecture, Inner Mongolia Autonomous Region, China 

c. Field survey and data collection in Mongolia 

This study is part of the pastoral vulnerability assessment research. As a result of the initial 

study of pastoral ecological vulnerability assessment, two most vulnerable sub-provinces in 

terms of pastoral and grassland degradation were selected from two case provinces for further 

study by using field survey and maps comparison. The main purpose of this field survey was 

to identify the main reasons and conditions of the grassland changes including changes in 

vegetation types, degradation of grassland, biomass and volumes by comparing field survey 

data and mapping in 2018 with the map in 1981. 

The objectives of the field survey were:  

- To assess vegetation condition of two sub-provinces: Biger from Gobi-Altai province 

and Chandmani from Khovd province, Mongolia 

- To create a new vegetation map with 1:200 000 scale at the sub-provinces 

- To identify pasture changes by comparing new pasture map in 2018 with the old pasture 

map made in 1981   

The field survey was done in 20 days from 16 July to 5 August 2018 in 2 sub-provinces, Biger 

from Gobi-Altai province and Chandmani from Khovd province. The field survey used a 

Geobotanical reviewing method including aboveground biomass measurement (1m*1m area) 

and vegetation releves (25m*25m area) in a total of 103 sites, 51 points in Biger (Figure 2) and 

52 points in Chandmani sub-province (Figure 3). This work was done under subcontract 

between Sustainable development institute for western region of Mongolia and Institute of 

General and Experimental Biology (IGEB), Mongolian Academy of Sciences with Dr 

I.Tuvshintogtokh̀s team. 
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Figure 2. Field survey sites at Biger sub-province, Gobi-Altai province, Mongolia 
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Figure 3. Field survey sites at Chandmani sub province, Khovd province, Mongolia 
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Photo 2. Ch-8a site. Aboveground biomass measurement (1m*1m area) at Chandmani sub province, Khovd 

province, Mongolia 

 

Photo 3. B-35 site. Aboveground biomass measurement (1m*1m area) at Biger sub province, Gobi-Altai 

province, Mongolia 

 

Photo 4. Fieldwork team at Biger sub province, Gobi-Altai province, Mongolia 

2.2 Project research sites  

The project was implemented in 2 provinces from Mongolia and 1 Prefecture from China, 

covering Asian arid desert, desert steppe ecological and various geo-climatic regions. Each of 


























































































































































































