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Abstract

DOI

Rangelands located in arid and semi-arid regions are particularly vulner-
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able to climate change. The objective of this research project is to assess
vulnerability and its impacts on socio-economy of pastoral society and
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to formulate adaptation options for the selected rangelands. The analysis
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process consisted of (1) using geospatial techniques to assess the pasto-
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ral vulnerability; (2) using statistical correlation analysis to assess the

Published (PDF): 20 October 2020

impact of vulnerability on the grazing societies’ 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 repre-

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

sentatives of the local community. The pastoral vulnerability assessment
results reveal that drought, pasture usage and normalized difference vegetation index are the main drivers of vulnerability. Pastoral vulnerability
increases the breeding stock’s miscarriage rate and causes livestock loss,
which may affect the socio-economics of the herder community, devalu-

HIGHLIGHTS
»»

Consecutive years of pastoral
vulnerability resulted in
lesser fat in the livestock and
decreased ability to overcome
disaster risks.

»»

Pastoral vulnerability strongly
affected the female goats’
miscarriage rate in the two
provinces studied.

»»

Men in the Gobi-Altai
province were more sensitive
to pastoral vulnerability,
which should be taken into
account when considering
future implications.

»»

Adaptation policies that
integrate sustainable
development and climate
change mitigation are needed.

ing herders’ labour and shortening their life expectancy. Two provinces’
policies were reviewed, and the findings suggest that aligning development and sectoral policies with climate change responses (i.e. adaptation
and mitigation) to enhance the adaptive and transformative capacity of
rural communities is important. The adaptation options and policy recommendations for two provinces are identified to enhance the resilience
of livelihoods to climate change to potentially reduce vulnerability to
anthropogenic climate change and advance development.

50

APN Science Bulletin, Volume 10, Issue 1 (2020): 50–60

1. Introduction

animals (Nandintsetseg, Shinoda, Du & Munkhjargal,
2018), as well as aridity and precipitation levels during
growing seasons, have the most significant impact on

1.1 Background

the regions’ socio-ecological vulnerability.

The socio-ecological system in a non-equilibrium

Due to rapid increases in the number of livestock

environment is most vulnerable to changes in climate

animals and climate change, the degradation of

and land-use activities (Okuro, 2019). Nomadic pasto-

pasture land has increased to 70% (Asian Development

ralism is a complex human-environmental system

Bank [ADB] & Ministry of Environment and Green

practised in Mongolia that includes livestock, grazing

Development [MED], 2014). The pasture yield has

pastures, and a herding society, which are interdepend-

fallen by 20% to 30% in almost all regions in Mongolia

ent (Togtokh, Altanbagana, Davaanyam, Tserenchunt &

and the pasture carrying capacity has dropped by 20%,

Ojima, 2014). Traditionally, nomadic pastoralists have

further reducing the sustainability of nomadic animal

actively managed their use of grazing land to preserve
ecosystem

resources

(Fernandez-Gimenez,

husbandry (Bolortsetseg, Erdenetsetseg, & Bat-Oyun,

Baival,

2002). Researchers studying climate change adaptation

Batjav & Ulambayar, 2015).

(Adger, 2006; Armitage, 2005) state that there is a need to

Mongolia is an agriculture-based country where

consider linkages between ecosystem services supporting

pastoral livestock production contributes 10.52% of

sustainable livelihoods in the local community through

the country’s GDP, uses 72.1% of its total land area,

its primary products and services, and local communi-

and employs 21.6% of its total workforce. The western

ties’ adaptive capability on the ecosystem. To effectively

region of Mongolia is a non-equilibrium environment

align adaptation policies and prioritize implementation

(Illius & Connor, 1999), which is arid and experiences
highly

variable

weather

(Gomboluudev,2019).

measures, policymakers require comprehensive infor-

The

mation obtained via vulnerability assessments of regions

social systems in these regions predominantly depend

and various sectors (Preston, Yuen, & Westaway, 2011;

on pastoral grazing labour. As they typically employ

O’Brien et al., 2004). To prevent the harm of pasture

traditional grazing strategies that are opportunistic and

degradation induced by climate change and human

nomadic, risk reduction management and climate adap-

activity, the assessment of pastoral grazing vulnerability

tation plans or strategies have not been officially formu-

and its impacts on the socio-economics of local commu-

lated, which may lead to further environmental risks.

nities and effective adaptive mechanisms are urgently

Vulnerability is defined as a combination of the

needed. Therefore, adapting traditional pastoralism to

degree of exposure (stressors) and sensitivity (Adger,

address climate change in the vulnerable, arid regions is

2006) of social-ecological systems under natural and

challenging, but it is important for sustainable pasture

human impacts and the adaptive capacity by mitigating

use, pasture management planning, and the effective

and coping responses to new opportunities (Turner et

implementation of adaptive measures.

al., 2003). Vulnerability to pastoralism in this study is
explained through natural stressors of drought (Ojima,

1.2 Objectives

Togtokh, & Altanbagana, 2014), and human factors

The main objective of this research project is to assess

of pasture use and vegetation cover change as a set of

pastoral socio-ecological vulnerability and formulate

linked impacts on social and economic conditions and

adaptation strategies for the selected regions’ grazing

coping strategies of herder communities in responding

societies using a participatory approach. The specific

to these stresses.

goals are as follows:

Pastoral vulnerability causes a reduction in or loss of

»» assess the pastoral ecological vulnerability of the

livelihood quality (Adger, 2006), economic productivity

two case areas;

due to climate pressures (Troy, 2015) and over-grazing.

»» assess the impact of vulnerability for socio-eco-

Most of the studies of pastoral ecological vulnerability in

nomics of grazing society;

Mongolia have focused on droughts or “dzud disasters”

»» evaluate current policy documents; and

(Togtokh, Altanbagana, Ojima, & Suvdantsetseg, 2017;

»» formulate adaptation strategies.

Natsagdorj, 2009; Reynolds et al., 2007). Dzud is a
Mongolian term for severe winter weather and is asso-

2. Methodology

ciated with livestock deaths. Preventing dzud disasters
is vital; however, the pastoral ecosystem’s vulnerability
is also an important issue (Shinoda, Nandintsetseg, &

2.1 Research area

Erdenetsetseg, 2018). Instead, inadequate pasture and

The two nomadic pastoralism-based provinces

disaster risk management and the number of livestock

selected for the study are Gobi-Altai and Khovd, which
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are located in western Mongolia. These areas are most

and the degradation of grassland biomass and volumes,

affected by climate change-related disasters, such

by comparing field survey and map data collected in 1981

as dzud (Davaadorj, Erdenetsetseg, Elbegjargal, &

and 2018. The qualitative data were collected during field

Oyunjargal, 2017), and drought (Batnasan, 2003). They

visits conducted from 19–29 July 2019 via focus group

have a highly vulnerable ecosystem and the largest

discussions for policy-scenario development purposes.

percentage of out-migration, and have undergone

The reviewed policy documents were obtained from local

significant

government offices in the two provinces.

cultural

changes

while

attempting

to

retain the regions’ nomadic rangeland systems, which
are adversely affected by overgrazing in the Gobi

2.3 Methods

Desert ecological region (Suvdantsetseg, Oba, Yan, &

The general framework of the project applied a

Myagmarsuren, 2017).

combination of geo-visualization techniques and a

Gobi-Altai province is the second-largest province

participatory approach for all levels of data collection,

in Mongolia in terms of territory; it covers a total area of

integrating method development and assessment, as well

141,100 km2, and the elevation ranges from 1,000–3,802

as policy-scenario development during group meetings,

m above sea level. The annual average precipitation is

training and discussion workshops, and documents

80–135 mm, and most of the rainfall occurs during the

review. The analysis process consisted of (1) using

summer season. This province consists of 18 admin-

geospatial techniques to assess the pastoral vulnera-

istrative units (soums) and about 3.5 million sheltered

bility; (2) using statistical correlation analysis to assess

livestock (NSOM, 2018). The livestock sector generates

the impact of vulnerability on the grazing societies’

43.8% of the province’s GDP. By 2018, the population

socio-economic

had reached 58,400, decreasing by 18.4% since 1998, and

conditions;

(3)

using

qualitative

document analysis (QDA) to evaluate policy documents;

21% of the total population are herders, totalling 16,711

and (4) engaging in policy formulation, which included

householders, 66.6% of whom live in rural areas and

active participation by multiple academic researchers,

practice nomadic herding.

policymakers, and residents of the local community.

Khovd province covers a 76,100 km2 area lying

2.3.1 Assessment of pastoral vulnerability

in Mongolia’s Altai mountain range and Great Lakes

The

Depression, where the altitude ranges from 1000–4200

socio-ecological

vulnerability

assessment

(Togtokh, Altanbagana, Ojima, & Suvdantsetseg, 2017)

m. The annual average precipitation is 50–300 mm,

was modified for use in the ecological vulnerability

and the annual average air temperature is –0.3°C. This

assessment of pasture lands (Equation 1). Multivariate

province has a population of 87,300 people, which has

statistical analysis (Hidalgo & Goodman, 2013), as well

decreased by 3.8% since 1998; 74% of the rural popu-

as weighted summation analysis for rescaling different

lation in 16 soums are living in grazing areas, and 26%

index values, were applied to the data. The main driving

of them live in soum (town) centres (NSOM, 2018). Most

measures of pastoral vulnerability were identified as

(67%) of the land is used for agriculture (Munkhdulam,

drought, pasture use, and normalized difference vegeta-

Avirmed, Jonathan & Renchinmyadag, 2018), pasturing

tion index (NDVI); see Equation 1 below:

about 6.8 million livestock and generating 36.9% of
Mongolia’s GDP.

Vt,ieco =

2.2 Data sources used
This project used statistical, observational, meteor-

norm +∆N norm
∆St,i
t,i
2

norm
+ V gt,i

2

(1)

Here,

norm
Vt,ieco is pastoral vulnerability, while ∆St,i
norm
refers
refers to the normalized drought index, ∆Nt,i
norm
refers
to the normalized pasture use index, and V gt,i

ological, field survey, and remote sensing data covering
the period of 1998–2017, collected from various sources.
A brief description of the data is provided in Table 1.

to the normalized difference vegetation index.

Our two teams collected the field survey data during

The drought index was calculated using the Ped’s

field visits. One of the field surveys was performed in

index, which represents climate variability (Natsagdorj,

two sub-provinces from 16 July 2018 to 5 August 2018,

2009). The pasture lands’ carrying capacity, which was

which were selected because they are most vulnerable in

determined at the soum level by the Mongolian govern-

terms of pasture degradation based on an initial pasture

ment (Mongolian Academy of Sciences, 1990), was used

ecological vulnerability assessment of two provinces.

for the threshold value of pasture use. Pasture use index

Based on the research results, the collaborators decided

(Tserendash & Bilegt, 2017) was modified to calculate the

to identify the main reasons and conditions of the

pasture use for the pastoral vulnerability assessment. The

grassland changes, including changes in vegetation types

NDVI indicates the density of green vegetation (Weier &
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Statistical
No

Name of data

Time range

Units

Spatial range

Source

1.

Livestock

1998-2017

Number

All soums

NSOM

2.

Livestock by type

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

NAMEM

2.

Precipitation

1970-2017 Monthly

Mm

All soums

NAMEM

3.

Pastoral area

1990

Hectare

All soums

NAM

4.

Pasture carrying capacity

1990

Sheep/per
hectare

All soums

NAM

Raster
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://earthexplorer.usgs.gov/

2.

eMODIS

NDVI data 2nd ten
days of August

2001-2017

250 m

2 provinces

https://earthexplorer.usgs.gov/

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

No

Name of data

Implementation period

Policy area

Implementing area

1.

Comprehensive development policy

2012-2020

Development

Gobi-Altai province

2.

Governor’s 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.

Governor’s Action Program

2016-2020

Development

Khovd province

9.

Pasture use improvement program

2016-2020

Land & Environment

Khovd province

Document reviewed

Table 1. Brief description of data used for selected areas. NSOM: National Statistics Office of Mongolia; NAMEM: National Agency of Meteorological
and Environmental Monitoring; NAM: National Atlas of Mongolia. * The five types of livestock are horse, cattle, camels, sheep and goats.
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Herring, 2000) and the biomass of vegetation changes

following specific steps to perform an in-depth analysis:

(Miyasaka, Okura, Zhao, & Takeuchi, 2016). NDVI

(i) collecting documents, (ii) identifying the main

values, by themselves, do not provide sufficient infor-

areas of analysis, (iii) coding the documents, and (iv)

mation to conduct a pastoral vulnerability assessment.

analysing findings. The synergy informed the building

Therefore, we considered both multiyear average NDVI

blocks for the QDA of climate change adaptation, miti-

values and the coefficient of the linear trend equation of

gation responses, and sustainable development (Nhuan,

NDVI changes for the last 20 years to express trends in

2019): climate adaptation, mitigation, and transforming

vegetation changes. Alternatively, the degraded grazing

capacity. Appropriate indicators for the building blocks

area was calculated to determine whether it exceeded

were selected based on the SDGs aligned with Mongolia’s

the threshold value of vegetation vulnerability for each

National Green Development Policy and Sustainable

pixel. The threshold value of vegetation vulnerability

Development Vision 2030 (SDV). For climate adapta-

was selected by the difference of the mean value and the

tion in terms of social resilience, the indicators included

standard deviation in the biomass peak time data derived

income diversification and poverty reduction (SDG 1),

from satellite images from 1999–2017 and determined

health and wellbeing of pastoral societies (SDG 3), water

for each pixel. Based on the results of this analysis, we

and sanitation including sustainable water management

selected two sub-provinces (Biger in Gobi-Altai province

(SDG 6), and full and productive employment that are

and Chandmani in Khovd province) for the detailed

connected to pastoral livestock-keeping and sustain-

pasture change and vegetation surveys.

able tourism development (SDG 8). Other indicators

The threshold values of each indicator were applied

of adaptation in terms of enhancing natural resilience

to determine pastoral vulnerability in the case areas.

included the sustainable land and pasture manage-

Variables exceeding the threshold value were assumed

ment and protection of pastoral ecosystems, combating

to be the baseline for pastoral vulnerability. To combine

desertification, and biodiversity conservation (SDG

individual

pastoral

15). Indicators of mitigation included reducing GHG

vulnerability index, variables were calculated into the

emissions and encouraging renewable energy (SDG 7).

same range, from 0.0–1.0, by rescaling the weighted

For transforming capacity, we adopted indicators such

summation of values for long-term data.

as quality education and vocational skill development for

indicators

into

an

integrated

herders (SDG 4), improved infrastructure including road

2.3.2 Correlation analysis of pastoral vulnerability on

networks to have access to markets and enabling services

socio-economics of grazing society

(SDG 9), and capacity building on adaptation to climate

In this part of the study, we assessed the impacts of

change, natural disaster and risk prevention (SDG 13).

pastoral vulnerability on the socio-economic variables

A scoring system was developed based on the work

of selected pastoral communities. When examining

of Gouais and Wach (2013) (Table 2). To determine the

a pastoral socio-ecological system, it is important

extent to which the policy documents align with the

to examine how pastoral ecosystem is vulnerable to

“building blocks”, each of the policy documents was

human- and climate-induced change, including which

analysed separately. All assessments of alignment were

areas are most affected and which indicators are more

supported by explanations and quotes from the policy to

sensitive to the effects on the herders’ socio-economic

ensure rationale for each assessment.

condition. Pearson correlation analysis (Lane, 2019)
was applied to measure the strength of the relationships

2.3.4 Development of policy recommendations

among variables. We performed a correlation analysis

After the three parts assessment, we organized

using 19 social, economic, and environmental indicators.

several group meetings with academic researchers and

The most significant results of this analysis, miscar-

collaborators, as well as three focus group meetings and

riage rates among breeding stock in the livestock sector,

two workshops that included multi-stakeholders from

and human life expectancy in the pastoral society are

herding groups, academics, civil societies, and local,

discussed in this paper.

provincial, and national governors. The group meetings
aimed to identify the key indicators of pastoral vulnera-

2.3.3 Evaluation of policy documents

bility, main factors affecting the herding communities,

This part of the study used QDA to understand the

major barriers to adaptation and the lack of strategies

extent to which the policy documents of two provinces,

to address them in the policy documents, and ways to

Khovd and Gobi-Altai, incorporate climate change

successfully resolve these issues from the academic

and sustainable development giving an emphasis on

perspective. In these meetings, all of our research collab-

pastoral societies and livestock sector. The QDA process

orators participated and presented findings and outputs

uses subjective scoring, and we ensured consistency by

of research via the Internet and face-to-face. Three
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Type of
alignment

Description of alignment

Score

High
alignment

The policy aligns strongly with the
indicators of adaptation, mitigation
and transforming capacity (A/M/
Tc). Policy devotes attention to the
particular building block and includes
specific activities for achieving the
particular block.

3

Although the policy supports the
various indicators of A/M/Tc, it is less
clear in terms of how the indicators and
each particular building block could
be achieved. There is limited evidence
present of how the specific indicators
as well as the building blocks could be
achieved in practice.

2

The policy supports a particular
indicator of the A/M/Tc building
block but there is a lack of evidence to
support alignment with it.

1

There is no evidence in the document
to suggest that the policy supports the
implementation of the building block
or even encourages it.

0

Partial
alignment

Limited
alignment

No
alignment

August 2019 to conclude this part of the research and
discuss policy recommendations.
3. Results and Discussion
3.1 Pastoral vulnerability analysis
Two case areas’ levels of pastoral vulnerability over
the past two decades are presented in Figure 1. On the
map, base colours reflect the level of pastoral vulnerability, and the graph shows the average value of components in each soum over the past two decades. The level
of pastoral vulnerability in the two case areas is influenced by each of the three indicator values; the variable
with the most significant impact is drought, followed by
pasture use. Four soums in Gobi-Altai (Figure 1a) and
five soums in Khovd (Figure 1b) were found to have the
highest level of pastoral vulnerability based on climateand human activity-related impacts.
Table 3 presents the two case areas’ level of vulnerability (i.e. high, moderate, and low) using three indi-

Table 2. Scoring criteria for alignment of the policy documents with
the building blocks (modified from Gouais & Wach, 2013)

cators: humans, livestock, and pasture area. Khovd

participatory focus group discussions were organized

being affected, where human-related activities are the

in the local project areas (the Biger soum and province

main driving forces in pastoral vulnerability. In Gobi-

center of Gobi-Altai province and the Zereg soum of

Altai province, climate change-related impacts are the

Khovd province) from 19–30 July 2019. The group

main driving factors in pastoral vulnerability.

province is at a high level of risk for people and livestock

discussions covered various issues, including increasing
pasture land degradation from the locals’ viewpoint

3.2 Correlation analysis of pastoral vulnerability on the

and lived experiences, the visible impacts of pastoral

herding communities’ socio-economic conditions

vulnerability on their livelihoods, and barriers to formu3.2.1 Livestock sector

lating and implementing policy documents. Finally, a
participatory workshop entitled the 2nd Workshop on

Pastoral vulnerability is a key factor in increased

Socio-ecological Systems Governance for Sustainability

livestock miscarriage and loss, which may negatively

was organized in Ulaanbaatar, Mongolia, from 23–24

impact the herders’ income. Dzud is one of the main

Figure 1. The pastoral vulnerability
is high in mountain steppe region
in Gobi-Altai province and desert
and desert steppe regions in Khovd
province. Main driving component
indicators are climate-related
drought in Gobi-Altai province and
human- related pasture use in Khovd
province.
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Gobi-Altai

Vulnerability
level

People %

Livestock %

Khovd
Pasture area %

People %

Livestock %

Pasture area %

High

14

20.8

12.6

27.6

35.1

31.5

Moderate

28.4

39.8

26.8

56.8

23.7

33.4

Low

57.5

39.4

60.6

15.5

41.2

35.1

Table 3. Results of the ecological vulnerability assessment.

causes of livestock loss (Natsagdorj, 2009), but its

3.2.2 Life expectancy of rural communities

impact is lower when compared to pastoral vulnera-

Over 18 years (2000–2018), the life expectancy of

bility. Livestock miscarriage and loss increased in the

Gobi-Altai province’s residents reached the national

winter and spring months following years with high

average, while in Khovd province, it surpassed the

pastoral vulnerability (Figures 2a and 2b). High pastoral

national average (Figure 3). In 2000, women lived on

vulnerability for 2–3 consecutive years leads to insuf-

average 5 years longer than men in Gobi-Altai, and 6

ficient fat intake in the livestock animals’ diets during

years longer than men in Khovd province. In 2018, the

the summer months, negatively impacting their ability

difference was 9 years in Gobi-Altai and 6 years in Khovd.

to survive during the upcoming cold winter months and,

The average life expectancy of men living in Gobi-Altai

ultimately, increasing their mortality rates. In the years

increased by 5 years over the same period (2000–2018),

with low pastoral vulnerability, the number of livestock

while that of women increased by 10 years (Figure 3a);

animals increased rapidly (Figure 2).

however, in Khovd province, the difference in life expec-

Statistical correlations were calculated for pastoral

tancy for men and women remained stable at 6 years

vulnerability and the miscarriage rate among breeding

(Figure 3b). These findings may be due to some lifestyle

stock for four types of female animals (Table 4). High

factors, such as living and working conditions and local

miscarriage rates devalue the herders’ labour and

cultural differences. Male herders are more affected by

reduce their income. In Gobi-Altai and Khovd provinces,

pastoral activities due to their working conditions in a

86%–98% and 83%–93%, respectively, of the total

harsh climate and the limited services provided by social

livestock are small animals (i.e. sheep and goats); goats

systems in Gobi-Altai province. In 2008, the average life

comprise 45%–76% of the total herd in Gobi-Altai

expectancy of men decreased from 61 to 59 compared

and 37%–66% in Khovd province. The small livestock

to the previous year, while it dropped from 68 to 67 for

animals’ miscarriage rates were more susceptible to

their counterparts in Gobi-Altai. As for Khovd province,

pastoral vulnerability and were strongly correlated with

differences in life expectancy decreased for both groups,

female goats’ miscarriage rates in the two provinces.

from 64 to 61 for men and from 71 to 70 for women. These

However, no strong correlations were found for other

numbers suggest that men are more sensitive to pastoral

herd types.

vulnerability. This result is an important issue, especially

Figure 2. High pastoral vulnerability results
in increased livestock miscarriage and loss, and
decreased livestock growth rate.
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Gobi-Altai province

Mare

Cows

Female
sheep

Female
goats

Khovd province

Mare

Cows

Female
sheep

Female
goats

Delger

0.29

0.47

0.41

0.28

Darvi

-0.05

0.10

-0.05

0.81

Taishir

0.08

0.29

0.10

0.34

Altai

0.67

0.53

0.29

0.69

Tugrug

0.17

0.43

0.27

0.37

Zereg

0.37

-0.05

0.13

0.67

Chandmana

0.50

0.26

0.49

0.50

Chandmani

0.34

0.16

0.37

0.65

Khukhmorit

0.36

0.32

0.39

0.51

Munkhkhairkhan

0.20

0.41

0.64

0.61

Esunbulag

0.50

0.13

0.63

0.53

Bulgan

0.34

0.28

0.29

0.61

Altai

0.29

0.56

0.55

0.56

Mankhan

0.23

0.22

0.40

0.56

Dariv

0.40

0.46

0.30

0.57

Must

0.27

0.20

0.22

0.50

Khaliun

0.17

0.46

0.51

0.60

Tsetseg

0.69

0.52

0.17

0.46

Biger

0.29

0.34

0.36

0.61

Durgun

0.40

0.38

0.41

0.40

Jargalan

0.24

0.57

0.57

0.61

Khovd

0.22

0.07

0.13

0.37

Tsogt

0.52

0.36

0.49

0.64

Myangad

-0.12

0.23

0.41

0.33

Bayan-Uul

0.07

0.25

0.37

0.68

Duut

-0.16

0.16

0.19

0.27

Sharga

-0.04

0.31

0.58

0.68

Buyan

0.03

0.14

0.21

0.26

Erdene

0.45

0.47

0.58

0.69

Uench

0.04

0.35

0.11

0.26

Tonkhil

0.35

0.17

0.57

0.72

Erdeneburen

-0.02

0.10

0.66

0.13

Tseel

0.30

0.33

0.29

0.74

Bugat

0.29

0.62

0.74

0.86

Table 4. Correlation analysis of pastoral vulnerability and livestock miscarriage rates among different types of livestock in the two selected areas.

in Gobi-Altai province, as well as at the national level in

In Khovd province, the reviewed policy documents

terms of pension system policies related to men.

have “partial” and “limited alignment” as these
contain climate change responses with good adaptation measures directed at enhancing natural resilience.

3.3 Assessment of policy documents

Khovd province has developed and approved its midterm

This part of the study assessed the extent to which

policies, provincial development strategy (DS), and

policies in the economic development and environ-

green development policy (GrDP) following the new

mental sectors align with climate change response (i.e.

national policies. In Khovd province, human impacts,

adaptation and mitigation) and sustainable development

including the increased number of livestock animals, are

goals and identified varying levels of coherence amongst

equally important for pasture ecological vulnerability,

these policies in Gobi-Altai and Khovd provinces. After

requiring comprehensive policy measures directed at

applying qualitative document analysis and content

reducing pastoral vulnerability and promoting sustain-

analysis to the policy documents, the findings suggest

able development.

that the policies of these two provinces acknowledge

The analysis of two provinces’ policy documents

climate change as a threat to the development in the

indicates there is a need for well-aligned adaptation

western region.

policies to enhance the resilience of their residents’

In Gobi-Altai province, all the reviewed policies have

livelihoods to climate change because climate change is

“limited alignment” with climate change responses,
particularly

the

inadequate

adaptation

seen as a development issue, and adaptation activities

measures

can potentially reduce vulnerability to climate and other

adopted to strengthen social resilience. It implies that

variability and can advance economic development.

people are not well prepared for future changes, and the
capacity remains low for dealing with adverse climate

3.4 Adaptation options

and environmental impacts. Gobi-Altai province has not
updated its midterm development policy, or comprehen-

A final workshop was organized from 23–24

sive development policy (CDP), under global SDGs and

August 2019 at the Mongolian Academy of Sciences in

SDV-2030, and Mongolia’s green development policy.

Ulaanbaatar to conclude the research outputs and identify

This finding has implications for the province as it needs

potential adaptation options to reduce pastoral vulner-

to formulate new policies to align climate change adap-

ability in the selected areas. The participants included

tation and sustainable development.

academic research members from all collaborating
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Figure 3. Difference of life expectancy for women and men in Gobi-Altai province is
increasing but in Khovd province it is decreasing.

countries, herders, soum and provincial government

4. Conclusion

officers, and civil societies from the two case areas and

The collaborative project has enabled the partici-

other experts from national advisory groups. During the

pation of several regional and local governments and

workshop, the results of academic studies of pastoral

communities, as well as multiple academic teams;

vulnerability, socio-economic impacts, and the policy

applied geospatial tools to assess climate change within

document review, as well as land degradation processes

collaborative processes and assess pastoral vulnerabil-

and the adaptation experiences of Chinese and Japanese

ity; conducted correlation analyses of variables related to

team members, were presented before conducting a

the socio-economics of pastoral societies; and evaluated

group discussion. Based on the research outputs and

policy documents and policy formulations developed

experiences of local participants, ways to resolve issues

through the active participation of multiple stakehold-

were discussed, and suitable adaptation options were

ers. Pastoral vulnerability was assessed by evaluating

identified and mapped for each soum in the Govi-Altai

key factors developed by the team and analyzed the

province (Figure 4a) and Khovd province (Figure 4b).

relevance of factors in the socio-economic conditions

The following general adaptation options are expected

of two grazing societies over the past 20 years in the

to be useful to reduce pastoral vulnerability in the case

selected areas of western Mongolia. The most significant

areas:

variable was climate change-related drought, followed

»» Establish a pasture degradation inventory and

by intensive pasture use in the case areas. The study’s

monitoring system for future prevention and

findings reveal that pastoral vulnerability results in

measurable database
»» Identify

areas

experiencing

drinking

increased miscarriage rates in female goats, which is

water

reflected in high correlation values of 0.5–0.8. In terms

contamination for human and groundwater

of rural communities at both provinces, differences in

depletion for livestock and biodiversity in current

life expectancy for men and women are high in Gobi-

and future conditions

Altai, suggesting further detailed studies and policies

»» Protect pasture degradation from steppe mice,

are needed to address the working conditions of herders

grasshoppers and other rodents

impacted by climate change and their potential social

»» Improve health services for herding communi-

service needs. The analysis of the two provinces’ policy

ties taking into consideration men’s living and

documents indicates the need for more closely aligned

working conditions for their life expectancy
»» Establish

a

herders’

capacity

adaptation policies for climate change and sustainable

development

development goals to enhance livelihood resilience in

system through adaptive technologies and latest

the face of climate and other variabilities. The flexibility

information
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Figure 4. Adaptation options for reduction of pastoral vulnerability by social, ecological and economic aspects in
each soum of Gobi-Altai and Khovd provinces, Mongolia.

of the local pastoral adaptation strategy process has

Environmental

allowed the application of geo-visualizations in place-

Management,

35(6),

703–715.

doi:10.1007/s00267-004-0076-z

based problem-solving and decision-making processes

Suvdantsetseg, B., Oba, A., Yan, W., & Myagmarsuren, A.

in a specific sociopolitical context of municipal and

(2017). Early warning system for pastoral herders to

regional governments.

reduce disaster risk by using a mobile SMS service.
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