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Project Summay

The main objective of #research projeatvasto develop the conceptual framework for the
integrated pastoral vulnerability assessment and contribution of scientific inputs to the
effective adaptation strategies using advanced geospatial techniggasgméth scientific

data and community knowledge at the mldtiel governance in Mongolia and Chinghe
projectanalysis process consistedusing geospatial techniquesassess the pastoral
vulnerability; using statistical correlation analysis teess the impasbf vulnerability on the
sociaeconomic conditionsf herding societies; using qualitative document analysis (QDA)

to evaluate policy documents; and engaging in policy formulation, which included active
participation by multiple academicsearchers, policymakers, arepresentativesf local
communites The research projeetasimplementedn three case areas in two countries,

covering various geolimatic and ecological zones with different managements and policies.
The pastoral vulneralily assessment results reveal tbianate changeelateddroughtand

aridity, as well as human activity related active pastuses and farmingre beingnain

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

communt vy , devaluing herdersd | abour Thaprgecti nf | ue
activities have educated young scientists and logalercommunities, practitioners and

governors through climate change impact, its risks, pasture vulnerabilitiebedoddl

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 geovisuaations in placéased problem solvinand decisiommaking process
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in the specific sociepolitical context of municipal and regional governmefitse adaptation
options and policy recommendations are identified to enhance the resilience of livelihoods to
climate change and adaptation actastio potentially reduce vulnerability to the

anthropogenic and climate change, and advance development.

Keywords: Pastoral vulnerability, Adaptatiostrategies Geovsualisation, Local authorities

Project outputs and outcomes
Project outputs:

- Completionof international project proposal development training for young and
early career researchers at the Mongolian Academy of Sciences.

- Involved local authorities from local government (spimvince and province) offices
and herding group® study linkagesof socicecological governance and climate
adaptation.

- Local government officerierders, farmers, young researchers, N@@dprofessors
exchanged their knowledgandlearned from each other andllaborating countries.

- Young researchers learned mechansiso implemenajoint 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.

- Increasedhenumber of young and early career researctoekaow about APN
activities andhereforemore proposale/eresubmittedthanprevious years

- Improved local governors capacity to formulate local pastoral adaptation plan through
researckbased activities.

- Involved13 young scientists in the project research progress for their PhD research
andfacilitated them tdearnaboutfuture professionatollaboration

- 11 local government officers and 8 herding groups, 5 farmers, 13 young researchers,
NGO, and12 professorsexchanged their knowledgearned from each other and
experiences from collaborating countries.

- Held 2 dissemination workshops and 2 site gisit the pastoral vulnerability research
and adaptation activitigavolving atotal of 58 participants.

- Produced 2 peereview publications, several conference papers, 2 researchsreport
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 institutesesearchers (3 professors and 2 young
scientists), 1 NGO with 6 staffs for adaptation and replanting, 3 local government
officials, 4 faming and replanting grougmrticipatedrom China.

- 3 research institutes, 5 researchers (3 professors and 2 young researchers), 1 NGO and
1 expert from Japawereactively involved.

- Trained 27 young and early career researchers about international projezsal
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 khovd and GobiAltai provinces of western
Mongolia.



- The assesmnent reveals that on8/1% of the total pastureland hastbeen degraded,
66.3% low degraded13.4% medium degrade@nd 171% heavily degraded in
Chandmansoum(subprovince)of Khovd province Mongolia.

- Thenondegraded area decreasedys% wheras degraded area expanded: low
degraded arelacreased by 8%medium degraded area by.6%,high degraded area
by 3.4%, and thenost degraded ar@acreased by 1.5%om the 1981 vale.

- The pasture lands in the research ahems been shifing from mountin steppe
ecosystento desert steppe and desert steppe ecosystem to desert pasture, which is not
a good condition.

- The differencen life expectancy between men and women was 5 years in 2000 and 9
years in 2018. It shows that the average life expectahiyen 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 tenmakathg condition
with harsh climate and other limited services of socislesys inherding societies

Potential for further work

- To increasehte training workshagpon international project proposal development for
young and early career researcherfosterfurther applicants for the collaborative project
proposals.

- The partigpatory researchpproachmproved local governors capacay pastoral
adaptation plan through reseattudisedactivities and GIS applicationand trained
herders in adaptation activitit®m Chinas experiencesvhich can be applied for the
future policy makingand adapt&bn activitiesin the local areas

- Herders from Mongolia visited and learned about a combination of animal husbandry
with crop farming in Tongliao, Chindn 2019,3 soums of Mongolihas started the pilot
activity, where experts and émds from Tongliao come teach about greening and
cropping It will be one of the big adaptatigrotentias for future in the case areas.

- Theresearch resudiontheimpact of pastoral vulnerability for the herders™ sacial
economic characters suggasturther detailed studiesspecially orlife expectancy of
menand their social service needs.
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Pull quote
Bolor KHERLENBAYAR is junior researchat Institute of Geography and Geoecology

Mongolian Academy oSciences

First of all, thanks to the proje#ader and other team members who teach me antidr
AEcol ogi cal vulnerability assessment for ad:
scales in western Mon-®4MYBALT)gnojdctaCtiiiyna o ( CRRP2

| learned and expanded my knowledwye the issugincluding
environmental degradatiptivelihoods of local people, ands

well as seeking efficient activities with local people and
cooperatingnstitutions. The projecctivity hasgiven mevarious
opportunities to improve my research methodology laaudliers

for the PhD research and also expanded international friends, and
exchanged myexperiene with many scientists working in
different fieldswhich weregreat opportunityln finally, pastoral
vulnerability assessment will ensure early warning to local
communities due to the adverse effect of dzud.

The government office of Biger soui@obiAltai province is expressing their collaboration
gratitudeto the project team and APN.
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1 Introduction

The vulnerability is defined as a combination of the degree of exposure or sen@hilgsyr,
2006)of ecosystems due to climate and human impacts to adapt by perceiving, mitigating and
taking advantage of new opportunities created by chafigener et al.2003. The social
ecological system under naguilibrium enviroment is most vulnerable to changes under
climate and land use activities (Okuro, 2019).

Mongolia is an agriculturbased countrywhere p@storal livestock production contributes
10.52% of GDP using 72.1% of Mongolia's total land areaeanploying21.6% ofthe total
workforce.Nomadic pastoralism is a complex hurenvironmentakystemin Mongoliathat
includeslivestock, grazingpastureand herding societyvhich areinterdependnt (Bazargur,
2005; Chuluun, 2014)The western region of Mongolia &snonequiibrium environment
where the ecological systems arid with harsh temperature, low precipitation and high
variablity . Social systemin this regionpredominantly depenan pastoral grazing labom.he
pastoral vulnerability causes reduction or loss of livelihood quality and economic
productivity resulting from climate pressure and egeazing. 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 arfaeleet
economy in 1990, #hlimitation an livestock number, supply system of animal raw materials,
risk protection system and pasture management on animal husbandryveeetdl lost.

Due to apid increase irthe number oflivestock and changes of climate conditidhe
degradation of pasture land has increés8dimes (Tserendash & Bile@017), pasture yield
has fallen by 2€80% in almost all regions of Mongolia, and fhesture carrying capacity has
dropped by 20% Rolortsetseg, Erdenetsetseg BatOyun, 2002)further reducing the
sustainability of nomadic animal husbanddgme researcfindingswarn that pasture land for
livestock grazing will decrease in futuf#CA & Almac.corp, 2016)

However, grazing strategy is opportunistic as traditional nomadic and risk managesnent
well formulated. As usuapoliciesat the national, regional and local legelt outguidelines

to prepare wirgr forage and hayther than thathey 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, 2008age 2005 Bruck

2003 Ford et al, 2006) claim tle need to consider linkages between ecosystem situation,
supporting | ocal communityds sustainabl e
services, and | ocal c 0 mrthe acosysiem.sFor inataneep the v e
adaptive capacity of gups in society is classified as inactive and observer group, regulator
group and adaptive capacity gro@huluun (2014jevealed thatost of the herder households

in Mongoliawereincluded in the ihactive andbbserver” group and that the capacity ofi@oc
adaptability and pastoral ecosystewas poor. To effectively align adaptation policies and
prioritize implementation measurepolicymakers require comprehensive information on
regionaland various sectoxailnerability assessmentsO 6 B r e i2004; €itar ed dl.,.2011;

c



Preston et al2011).Therefore, it is a challenge to develop traditional pastoraisaptingto
climate change ithevulnerable arid regions.

This research project is proposed thadtpralsocicecological vulnerability assesent based
adaptation strategy at the regional and local lameéddongolia may havéhesuitable approach

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

productivity through set of assessment, monitonoadicies, practices and activities.

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

communities, and multiple academic teams working collabotgtiusing participatory
advanced geospatial techniques merggd gcientific data and community knowledigethe

development of assessment modelling and policy formulation on adaptation and sustainability

of the grazing pasturé pasturesociatecologicalvulnerability frameworkwasdeveloped to
evaluateghe main canponents of exposure, sensitive factamsl adaptinfgoping responsesf
pastoracommunities

This research projeavasimplemented irspatially different case areas from Mongolia and
China. Due to thelifferencein research areas, pastoral syst&mil managementas well as
advancs intheresearch studies in Chindifferent research method and research component
was used ithe Chinese case area.

1.10Objectives of the project

The mainobjective of this research projecttis develop the conceptual framewdtdk 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 mulgvel governance in Mggolia and ChinaThe 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 pastdravulnerable areas by usingn integrated ecological
vulnerability assessment modelthe case areas.

To contribute scientific outputs to the loaantred, specific adaptation measures and

To build up the | ocal st a k e htloelredearchgi@cess,a p a c |

training, events, output contribution activities, facilitate knowledge and technology sharing
to develop their skills and understanding of stifenimportane.

To develop scientific, usdriendly datasharing platform for future studies.

To |link |l ocal stakeholdersdé partnership
international level through kind of common communication languadbeatame level
diplomatic meeting and activities.
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2 Methodology

The general framework of the project applied a combination ofvgemlisation techniques

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

and assessment, aslhas policyscenario development, during group meetings, training and
discussion workshops, and documents reviéle analysis process consisted of ($)ng

geospatial techniquet® assess the pastoral vulnerability; (2) using statistical correlation

and ysis to assess the iIimpact of vacdnaomecr a b i | i
conditions; (3) using qualitative document analysis (QDA) to evaluate policy documents; and

(4) engaging in policy formulation, which included active participation byipielacademic
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 performeteiandiSpatial scales

and sectors (Moss et al. 2001; Tuner et al .,
2006; Altanbagana et al., 2015). In termpadtoral vulnerabilityo drought and dzud disaster,
themajority of studies applied in Mgolia referred to Dryland Developmdparadigm (DDP)
(Reynolds et al2007). NatsagdogndSarantuya (2004) assessed impact of drought and dzud

on livestock loss due to extreme weathhmjle Altanbagana et a(2011) and Chuluuet al

(2012, 2017) condacted assessmentofu |l ner abi | ity of Mooogall i ads
systemat province level and applidd/o main drivers consisting of droughbtzud index and

pasture usePreventinghe dzud disaster risks vital. However the vulnerability of pastoral

ecosystem is nanuchrelatedto dzud disasterTherefore the interaction of pastoradocial
ecologicalsystemis significant to examine how pastoral ecosystem services are vulnerable to
human and climate change, @adrherdens bré susceptible tomdé s |
pastoral vulnerabilitylt is important for sustainable pasture use, pasture management planning,

and effective implementation of adaptive meas(fesner et al., 20038Brooks et al.2005).

The research project is implemenhtat three vulnerable provinces in two countries, covering
various geeclimatic and ecological zones and different management politiesresearch
methodological framework consssbf three main parts adissessment of pastueeological
vulnerability, efectiveness assessment for seetmnomics of pasturing society, and
evaluation of policy documents and policy formulati@ata setsvere collected to assess
pastoral vulnerabilityn two provinces Khovd and GobAltai, in Mongolia and vegetation
changesn Tongliao, Chinan the first part of the projecDuring this periodwe organized
field surveys for data collection in 3 case areas and discussed the réseaestorkbetween
project collaboratordpcal communities, policymakers and researcherthdrsecongbart we
assessed the impactsp#storal vulnerabilityon socieeconomy of the pastal communities
and evaluated the policy documents relatedgrazing pasture and animal husbandry
management by sustainable development criteria in 2 pravifibe third prtis to disseminate
research results and develop policy scenario and recommend&igune 1)
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Figurel. General framework of the project

2.1 Used dtasources, dataollection and databassharing system

The daa during the periodof 19982017 covering the component index péstoral
vulnerabilitywere derived from various sourcesbserved precipitation and temperature data
were derived from National Agency of Meteorology and Environmental Monitoring
(NAMEM), the Normalized Difference Vegetatibndex (NDVI) images derived from SPOT,
eMODIS satellite daténttps://earthexplorer.usgs.gpuwhe pasture carrying capacity datas
derived from the Mongolian National Atlas of 1990, statistical datawere obtainedfrom

the National StatisticalOffice (http:/Avww.1212.mn) andther relevant datavere collected
from local and regional government offices.

During the first year, we collected statistical, observation, meteorological, field survey and
remote sensing datets in the case research aredsof our database, output documents,
publication, experiences, process and repargse uploaded tothe project web portal
(http://en.seinstitute.mn/spatiatlataandmaps http://en.seinstitute.mn/statisticatlatg. We

are considering the APNG6s policy on fADat a
standardized data collection, data mamnagyet and data sharing policy. Accordinglie APN

data sharing regulation weepared to make opetli datasetgollected during this project

The data collection process consisfsthreemain parts:a) Statistical, remote sensing and
observational dateollection in Mongoliab) Field survey and data collection in Chiaadc)

11
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http://en.sd-institute.mn/spatial-data-and-maps
http://en.sd-institute.mn/statistical-data

Field survey and sample collection in Mongoliathe following lines, we briefly explain the
processes for each of them.

a. Statistical, remote sensing and observational datdexion in Mongolia

This is the most difficult pamf our research. Our research is based on time sangdygsis;
therefore we needed good quali#tydtime-series datasets. In this part, we have cooperated
with several partners, institutions and stakdbaodfrom December 2017 to date. Under the
good communication of collaborators we collected following data Satd€1).

Tablel. Usedremote sensingmeteorological andbservational datsets in 3 case areas

Statistical
No Name of data Time range Units Spatial range Source
1 Livestock 19982017 Number All soums NSOM!
2  Livestock by types 19982017 Number All soums NSOM
3 Livestock loss by 19982018 Number All soums NSOM
type
4 ggrren female 19982018 Number All soums NSOM
animalsby type
5 Mi§carriage female 19982018 Number All soums NSOM
animals by type
6 Ereeding stock by 19992018 Number All soums NSOM
e
7 l\>/ll?gration 19902018 Number Province NSOM
8 Poverty rate 2010 Percentage All soums NSOM
9 Life expectancy 19982017 Number Province NSOM
10 Well 2012, 2015, 2018 Number All soums NSOM
11 Cereals 20002018 Ton All soums NSOM
12 Potatoes 20002018 Ton All soums NSOM
13 Vegetables 20002018 Ton All soums NSOM
14 Fodder crops 20002018 Ton All soums NSOM
15 Insured livestock 201062018 Number All soums NSOM
16 Insured households 20102018 Number All soums NSOM
17 Bank loan 20102018 Tugrug All soums NSOM
18 Bank deposit 20102018 Tugrug All soums NSOM
19 Herder household 20122018 Number All soums NSOM
Meteorological observation
No Name of data Time range Units Spatial range Source
1 Annual temperature 197062017 Celsius All soums NAMEM3
Monthly
2 Precipitation 197062017 Mm All soums NAMEM
Monthly
3 Pastoral area 1990 Hectare All soums NAM#
4 Pastur_e carrying 1990 Sheep/per hectare All soums NAM
capacity
Raster

! National statistics officef Mongolia (NSOM)

25 types as Horse, Cattle, Camel, Sheep & Goat

3 NationalAgencyof Meteorological and Environmental Monitoriiy AMEM)
4 National Atlas of Mongolia (NAM)
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http://1212.mn/tables.aspx?TBL_ID=DT_NSO_1001_016V3
http://1212.mn/tables.aspx?TBL_ID=DT_NSO_1001_016V3

Spatial

No Satellite name Product name  Time range Units range Source
NDVI data 2¢ ]
1 SPOT VEGE ten days of 19982000 1km 2 provinces nigseErinefple]
A er.usgs.gov/
ugust
NDVI data 2¢ .
2 eMODIS ten days of 200%2017 250m 2 provinces https://earthexplor
A er.usgs.gov/
ugust
Administrative .
3 GIS vector 2017 2 provinces
boundry
Tongliao, prefecture, Inner Mongolia, China
1 eMODIS Moisture data 20052016 250m Tongliao ST 6F
prefecture Grassland
5> eMODIS Net anary 20052016 250m Tongliao surveying and
Production prefecture Planning Inner
Tongliao Mongolia,
3 eMODIS NDVI 20052016 250m prefecture Hohhot,China
Field survey
No Name of data Date Unit Number o Sa”.‘p"”g Collected site
sites size
. 16 July to 5 Chandmani &
1 .
Biomass data August 2018 Hectare 103 Im x1m Biger
Document reviewed
No Name of data Implementation period Policy area Implementing area
1 Comprehensive . 20122020 Development Gobt-Altai province
development policy
2 Governoros / 20162020 Development GobtAltai province
Program
3 Ez)sgnrjar(ranmanagement 20122020 Land & Environment GobtAltai province
4 Subprpgram to combat 20122020 Land & Environment GobtAltai province
desertification
5 Environmental master pla 20122020 Land & Environment GobtAltai province
6 Development strategy 20152020 Development Khovd province
7  Green devalpment policy 20162026 Development Khovd province
8 Governoros / 20162020 Development Khovd province
Program
9 Ez)s;;renuse IO EES 20162020 Land & Environment Khovd province

b. Field survey and data collection in China

The team fronthe Institute ofgrassland surveying anmglanning Inner Mongolighas been
working on the grassland degradation and Net primary productivity (NPP) analysis in Tongliao
prefecture, Inner Mongolia, China under sub collaborator contraete@m collected datsets

from Tongliao prefecturanddid afield survey and computational research analysis report.

Grassland degradation monitoring and field suriamk placein 18 daysfrom 15Juneto 2
July2018in Tongliao prefecture.

13



Photol. 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 réiseliniial

study of pastoral ecological vulnerability ass@menttwo most vulnerable suprovincesin

terms ofpastoral and grassland degradati@reselectedrom two case provincd®r further
study by using field survey and maps comparison. The majoseof thisfield surveywas

to identify the main reasts and conditions of the grassland changes including changes in
vegetation types, degradation of grassland, biomass and vohynoesnparing field survey
data and mapping in 2018 with the map in 1981.

The objectives of the field surveyene

- To assess vegation condition of two suprovinces: Biger from GobAltai province
and Chandmani from Khovd province, Mongolia

- To create a new vegetation map with 1:200 000 scale at thgrguinces

- Toidentify pasture changes by comparing new pasture map in 201$eld pasture
map made in 1981

The field survey was done in 20 days from 16 July Au§ust2018 in 2 sukprovinces, Biger
from GobtAltai province and Chandmani from Khovd province. The field survey used a
Geobotanical reviewing methancluding aboveground biomass measurement (Im*1m area)
and vegetation releves (25m*25m areag iatal of 103 sites, 51 points in Big@figure 3 and

52 points in Chandmani sydyovince (Figure 3). This work was done undeubcontract
between Sustainable development institute for western region of Mongolia and Irgdtitute
General and Experimental Biology (IGEB), Mongolian Academy of Sciendés Dr

|. Tuvshintogtokhs team
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Figure2. Field surveysites at Bigesub-province GobiAltai province, Mongolia
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Figure3. Field survey sites at Chandmani sub province, Khovd province, Mongolia

16



Photo2. Ch-8a site. Aboveground biomass measurement{imarea) at Chandmani sub province, Khovd
province, Mongolia

Photo3. B-35 site. Aboveground biomass measurement (1m*1m area) at Biger sub provineéJt&obi
province, Mongolia

Photo4. Fieldwork tean at Biger sub province, GoBiltai province, Mongolia

2.2 Project research sites

The projectwasimplemented in2 provincesfrom Mongolia and 1 Prefecture from Chjna
covering Asian arid desedesertsteppe ecologicandvarious geeclimatic regiors. Eachof
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