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FOREWORD 
 
 
I am pleased to present the final report of the Ecoregional Assessment of the Grasslands of Eastern 
Mongolia. The working group that completed this study was established by Order # 312 of the Minister 
of Nature, Environment and Tourism on October 28, 2009 to ensure coordination of stakeholders, 
exchange information and data, as well as oversee implementation of Development by Design. 
 
For thousands of years, Mongolian grasslands have provided habitat for many species of grassland 
animals and plants, and forage for livestock of Mongolian herders.  In recent years, mineral and oil 
development, and the construction of associated infrastructure, have increased in the region. Pastoral 
livestock husbandry is recovering from the collapse during transition, and livestock numbers have 
increased dramatically. While it is pleasant to note these positive growths in the economy, it is 
important to balance the rapid economic development with conservation of wildlife habitat and pastoral 
rangelands. Human-induced impacts, in combination with climate change, are causing declines and 
extinctions of flora and fauna, and may cause irreversible disruption of ecological functions and 
ecosystem services such as forage production, freshwater supplies and soil fertility. This report 
contributes to meeting the abovementioned challenges by building capacity in conservation planning to 
expand the network of protected areas, mitigate impacts of mining development, and adapt to climate 
change. 
 
The Mongolian National Security Concept urges increased protection of grasslands, and Mongolia made 
a commitment to increase protection of grasslands at COP-10.  Important policy papers, including 
aƻƴƎƻƭƛŀΩǎ aŀǎǘŜǊ tƭŀƴ ŦƻǊ tǊƻǘŜŎǘŜd Areas and Mongolia Biodiversity Conservation Action Plan, aim to 
ŘŜǎƛƎƴŀǘŜ ол҈ ƻŦ ŎƻǳƴǘǊȅΩǎ ƭŀƴŘ ŀǎ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎΦ  aƻƴƎƻƭƛŀ ƛǎ ǇǊƻƎǊŜǎǎƛƴƎ ǘƻǿŀǊŘ ǘƘƛǎ Ǝƻŀƭ ǿƛǘƘ 
roughly 14% of the land area designated as protected areas.  Recent studies indicate that protection of 
the Mongolian Daurian Forest Steppe and Grassland Ecoregions is lower than the national average.  In 
order to achieve the goal, it is important to identify priority conservation sites with ecological and 
biological significance based on sound science across the grassland ecoregions. I believe that this report 
will contribute to the expansion of the protected areas network and mitigate impacts of mineral 
development in the grasslands of Mongolia. 
 
L.Gansukh 
Minister of Nature, Environment and Tourism 
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SUMMARY            

1.  The Central and Eastern Grasslands of Mongolia span an area of 458,000 km2 that is bounded by the 
Gobi Desert to the south, the Khyangan Mountains to the west, the Chinese border to the East and the 
Russian border to the North.  Globally, the Temperate Grasslands biome is the most converted and least 
protected (Hoekstra 2005).  The temperate grasslands in Mongolian are largely unconverted, support a 
full assemblage of native wildlife ŀƴŘ ǘƘŜ ǇŀǎǘƻǊŀƭ ƭƛǾŜƭƛƘƻƻŘ ƻŦ ƘŀƭŦ ƻŦ aƻƴƎƻƭƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴΦ  IƻǿŜǾŜǊΣ 
the wildlife and indigenous livelihoods of this area are threatened by overgrazing and rapid growth in 
mining and oil development. 

2.  We identified a set of areas that could maintain the biodiversity and ecological processes 
representative of the region, given adequate protection and management as high quality core habitat 
within a larger landscape matrix that supports habitat use and movement.  This set of priority 
conservation areas is referred to as a portfolio.  The methods that we used were developed to address 
the scope and scale of conservation planning across the study area using available data. Focal 
biodiversity targets are defined by a mapped ecosystem classification that consists of three levels: 
biogeographic zones, ecosystems based on vegetation, and landforms.  We designed the portfolio to a) 
meet representation goals for the amount and distribution of each ecosystem type and b) optimize for 
ecological condition based on a GIS index of disturbance and cumulative anthropogenic impacts.  To 
ensure long-term viability of biodiversity, additional consideration should be given to the maintenance 
of connectivity between sites 

3.  The portfolio includes a) areas already designated within the National Protected Area system, b) a set 
of wetland complexes that have been designated as Important Bird Area and c) sites selected with the 
conservation planning software MARXAN to meet representation goals for ecosystems and optimize 
ecological condition.  The portfolio covers 147,000 km2, or 32 % of the study area, and consists of 45 
sites that range in size from 100 km2 to 18,000 km2.  National Protected Areas are 29% of the portfolio 
area.  To evaluate the significance to conservation of all planning units across the study area, we 
developed an index of the relative conservation value of ecosystem occurrences that is based on rarity 
and relative contribution to the MARXAN optimization. 

4.  We identified areas of potential conflict between the conservation portfolio and areas leased for 
mining or petroleum development. Within these conflict areas, the areas with relative conservation 
value in the highest 30th percentile were designated as areas to avoid development.   The remaining 
conflict areas were removed from the portfolio, and replaced with sites of similar composition and 
condition outside existing leases. 

5.  We also illustrate how the conservation portfolio can be used to offset impacts associated with 
mining, oil and gas as well as other types of development. For development outside the portfolio, we 
demonstrate how to determine potential impacts of development projects and identify a portfolio of 
best offset opportunities.  
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1.0   INTRODUCTION             

Purpose of this study 

The purpose of this study is to support sustainable development for the Eastern Steppe grasslands by 
providing a sound basis for land-use planning that balances the needs of mineral and energy 
development, pastoral livelihoods, and wildlife habitat conservation.  We believe the study can inform 
decision-making in several ways: 

ω Support protected areas design and management 

ω tǊƻǾƛŘŜ άŜŀǊƭȅ ǿŀǊƴƛƴƎέ ƻŦ ǇƻǘŜƴǘƛŀƭ ŎƻƴŦƭƛŎǘǎ ōŜǘǿŜŜƴ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ conservation goals    

ω tǊƻǾƛŘŜ ōŀǎƛǎ ŦƻǊ ŀǇǇƭȅƛƴƎ ǘƘŜ άƳƛǘƛƎŀǘƛƻƴ ƘƛŜǊŀǊŎƘȅέ όƛΦŜΦΣ ƛƳǇŀŎǘ ŀǾƻƛŘŀƴŎŜ ǾŜǊǎǳǎ ƻŦŦǎŜǘǎύΣ 
supporting decision-making about appropriate impact mitigation practices 

ω Inform offset design to maximize their conservation values 

The Mongolian Steppe is one of the last remaining intact temperate grasslands in the world. Globally, 
the Temperate Grasslands biome is the most converted and least protected (Hoekstra 2005).  The 
temperate grasslands in Mongolia support a large assemblage of native wildlife including Grey wolf, Red 
fox, Corsac fox, Pallas cat, Great bustard, Saker Falcon, Lesser Kestrel, Siberian marmot and over one 
million Mongolian gazelle (Olson 2008).  Lakes, ponds, and wetlands provide stopovers and nesting sites 
for globally-endangered waterbirds including Swan goose, Relict gull, and several species of cranes 
(Nyambayar & Tsveenmyadag 2009).   The Mongolian Steppe  has a relatively low population density 
with less than 0.5-1 person per square kilometer (Institute of Geography, 2009).  For recorded history, 
the steppe has been grazed to support livelihoods of nomadic herders (Dashnyam 1974). 

However, threats and pressures on grassland have increased dramatically following the transition to a 
market economy in 1990. The number of livestock has nearly doubled over the last two decades 
reaching approximately 40 million animals (National Statistical Office of Mongolia, 2008). This has lead 
to overgrazing, particularly in areas near rural population centers and water sources.  

Mineral resources exploration and exploitation has also increased dramatically. To date, surface rights 
for mineral and petroleum exploration have been leased across approximately 27% of the country, with 
47%  available for lease (MMRE 2010).  Expansion of the railroad is underway to connect the mineral 
rich southern dessert region to the Trans-Siberian railroad network.  Development plans for the central 
and eastern grasslands parallel the national trend; 25% of the grasslands study area has been leased for 
exploration and 46% is available for lease (MMRE 2010).    

¢ƘŜ ǘǊŀƴǎƛǘƛƻƴ ƛƴ aƻƴƎƻƭƛŀΩǎ ǇƻƭƛǘƛŎŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ƭŀƴŘǎŎŀǇŜ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ǘǿƻ ŘŜŎŀŘŜǎ is forcing 
difficult decisions to balance rapid development of natural resources with conservation of rare and 
remarkable natural landscapes.  Mining and oil operations and related transportation infrastructure 
have the potential to fragment the landscape and endanger wildlife. Large quantities of water used in 
the mining and oil processes can disrupt the hydrology of this arid landscape, impacting pastoral 
livelihoods and wildlife habitat. Disturbing vegetation cover leaves soil vulnerable to erosion and 
desertification. However, most of the planned development has not yet begun.  The window of 
opportunity for Mongolia to harness land use planning for sustainable development is now, to manage 
its vast natural wealth to achieve lasting benefits for people and nature.   
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Development by Design 
 
In partnership with the Government of Mongolia, The Nature Conservancy is working to balance mineral 
and energy development with pastoral livelihoods and the conservation of habitat through a science-
based approach called ά5ŜǾŜƭƻǇƳŜƴǘ ōȅ 5ŜǎƛƎƴέ όYƛŜǎŜŎƪŜǊ Ŝǘ ŀƭΦ нллфΣ YƛŜǎŜŎƪŜǊ Ŝǘ ŀƭΦ нлмлΣ aŎYŜƴƴŜȅ 
and Kiesecker 2010, Kiesecker et al 2011).  Development by Design (DbyD) blends landscape 
conservation planning with the mitigation hierarchy ς avoid, minimize, restore, or offset ς to identify 
situations where development plans and conservation outcomes may be in conflict, and to identify 
which step of the mitigation hierarchy is consistent with conservation goals. For development impacts 
that are consistent with conservation goals, DbyD seeks to maximize the return to conservation 
provided by compensatory mitigation, or biodiversity offsets.  The four-step DbyD framework supports 
sound land use planning, helping decision-makers avoid and mitigate conflicts between development 
impacts and conservation priorities, and supporting the use of compensating conservation actions 
(offsets) to achieve better outcomes for people and nature.  
 
DbyD is applied for two distinct spatial scales.  First, DbyD focuses at a landscape level (see Study Area 
below) to evaluate conservation priorities, assess cumulative impacts in the region, identify potential 
conflicts between development and conservation goals, and inform decision-making about where 
avoidance and minimization of impacts should be a priority consideration (Steps 1 &2).  Second, DbyD is 
applied at a project or site level (mining or energy site) to assess project impacts and their suitability for 
offsets, and where appropriate support design of an offsets strategy for mitigating these impacts (Steps 
3 & 4).   
 

Landscape Level: 

1. Develop a landscape conservation plan (or use an existing conservation plan such as 
an Ecoregional Assessment) 

2. Blend landscape planning with the mitigation hierarchy to evaluate conflicts based 
on vulnerability and irreplaceability  

Project Level: 

3. Determine residual impacts associated with development and select optimal offset 
portfolio. 

4. Estimate offset contribution to conservation goals 
 
This study focuses on providing a landscape-level analysis, as this is essential for addressing the first 
critical question concerning the application of mitigation: when should impacts from planned 
developments (mining, energy) be avoided altogether, minimized onsite, or offset? (Kiesecker et al. 
2010, Thorne et al. 2006). Conservation planning, in particular the ecoregional assessment (e.g. Groves 
2003) carried out for this study, provides the structure to ensure mitigation is consistent with 
conservation goals, maintaining  large and resilient ecosystems to support human communities and 
healthy wildlife habitat. Blending the mitigation hierarchy with landscape planning offers distinct 
advantages over the traditional project-by-project approach because it: 1) considers the cumulative 
impacts of both current and projected development; 2) provides regional context to better guide which 
step of the mitigation hierarchy should be applied (i.e. avoidance versus offsets); and 3) offers increased 
flexibility for choosing offsets that can maximize conservation return by focusing efforts towards the 
most threatened ecosystems or species. 
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Figure 1: Major Habitat Types and Terrestrial Ecoregions of Mongolia
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Figure 2:  Study Area:  Central and Eastern Grasslands of Mongolia 
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Study Area 

The study area is the Mongolian portions of three terrestrial ecoregions:  The Mongolian-Manchurian 
Grasslands, the Daurian Forest Steppe and the Trans-Baikal Boreal Forest (see Figure 1).  This covers 
458,000 km2 and spans the Khentii Mountain Range and Trans-Baikal Coniferous Forest to the north, the 
Khangai Mountain Range to the far west, the Khyangan Mountain Ranges to the east, and Central Asian 
Desert Steppe to the south, and is bounded by the Chinese border to the East and the Russian border to 
the North.  The region is characterized by extreme continental climate with annual average precipitation 
of 200-300 mm. Long term average temperature ranges between +18 - +22 C in July and -20 ς (-24) C in 
January, and winter temperature remains below 0 C from November to March (Dashnyam, 1974).  

The climate change trend in Mongolia has been more rapid than other parts of the world.  Temperature 
increases from 1951-2002 are among the highest in the world, with little change in precipitation (Girvetz 
et al. 2009).  This has likely contributed the expansion of the Gobi Desert northward (Yu et al. 2004, 
Zhang G. et al. 2010) and the drying of rivers and waterbodies. 

Applications of this study 

A primary objective of this study was to identify a set of areas that could maintain the representative 
terrestrial biodiversity features and ecological processes of the Mongolian Steppe, given adequate 
protection and management as high quality core habitat within a larger landscape matrix that supports 
habitat use and movement.  We designed a conservation portfolio that met the Mongolian 
ƎƻǾŜǊƴƳŜƴǘΩǎ Ǝƻŀƭ of preserving 30% of all natural systems, in a configuration that is optimized to meet 
the following design criteria:  avoid areas of low ecological integrity, require the smallest amount of 
land, and maintain ecological goals despite projected mining/petroleum development.  We developed 
methods for regional terrestrial conservation planning that address the scope and scale of the 
458,000km2 study area with available data.  These methods are suitable for application in other 
landscapes.  The result is an information system and landscape-level decision-making framework to 
balance conservation, development and land use. 

The portfolio and underlying information system are intended to support a range of applications to 
conservation and management of natural resources, including:  

¶ Protected Area Design and Management:  ¢ƘŜ aŀǎǘŜǊ tƭŀƴ ŦƻǊ aƻƴƎƻƭƛŀΩǎ tǊƻǘŜŎǘŜŘ 
Areas (1998) established a goal of designating 30% of thŜ ŎƻǳƴǘǊȅΩǎ ƭŀƴŘ ŀǎ ƴŀǘƛƻƴŀƭ ŀƴŘ 
local protected areas. The Resolution #13 of the Parliament of Mongolia (2008) specified 
that 15% will be national protected areas and remaining 15% will be local protected 
areas.  Today, Mongolia has designated 61 national protected areas that cover about 
нмΦу Ƴƛƭƭƛƻƴ ƘŜŎǘŀǊŜǎ ƻǊ мп҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƭŀƴŘ όaȅŀƎƳŀǊǎǳǊŜƴ нллуύΦ   At the 
National- and the Aimag-level, the results of this study will support new designations to 
meet Mongolian government goal of protecting 30% natural habitat, and the 
development of priorities and strategies for improving management effectiveness of 
existing protected areas.   

¶ άEŀǊƭȅ ǿŀǊƴƛƴƎέ: By identifying potential conflicts between development and 
conservation goals, pro-active steps can be taken to reduce conflict and ensure 
development and conservation needs are met.  
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¶ Mitigation of mining and energy development impacts: By providing a framework to 
implement the mitigation hierarchy, decision-making about impact avoidance, 
appropriate impact mitigation practices and compensatory mitigation (offsets) can be 
more science-based and better informed. 

¶ Offset design: An understanding of conservation values in the context of existing and 
potential cumulative impacts provides the necessary foundation for designing offsets 
that can contribute effectively to landscape conservation goals in the face of 
development.  

 
Conservation Planning  
 
Systematic conservation planning is a methodical and comprehensive process for identifying a set of 
places or areas that, together, represent the majority of species, natural communities, and ecological 
systems found within a planning area.  Landscape-level planning and action is rapidly emerging as a 
necessary strategy for achieving conservation results (Olson et al. 2001).  A conservation portfolio of 
priority sites, the end product of conservation planning, is a set of areas selected to represent the full 
distribution and diversity of these systems (e.g. Noss et al. 2002). Often systematic conservation plans 
utilize an optimization approach automated with spatial analysis tools such as Marxan (Ball and 
Possingham 2000), where the design of the portfolio is meant to meet the minimum viability needs of 
each biological target in a configuration that minimizes the amount of area selected (Pressey et al. 1997, 
Ball 2000, Ball and Possingham 2000). 
 
This approach  is based on ecoregional assessment practices and standards described by Groves et al. 
(2002), Groves (2003) and Higgins & Esselman (2006).  The basic components of these approaches are: 
(1) define and map a suite of biodiversity targets including species, ecosystems or other features that 
collectively represent the biological diversity of the study area; (2) set quantitative goals for the 
estimated abundance and distribution of biodiversity targets necessary to maintain ecological and 
evolutionary potential over time; (3) evaluate the relative viability and ecological integrity of, and 
threats to, occurrences (populations and examples of communities and ecosystems) of the suite of 
biodiversity targets; (4) use this information to identify the occurrences of biodiversity targets that 
collectively meet representation goals and are the most likely to persist, i.e. are viable, with highest 
relative ecological integrity and minimal risk from future threats.  A diagram illustrating this process is 
shown in Figure 3. 

Previous regional conservation plans and priority-setting efforts 
 
aƻƴƎƻƭƛŀ ŜǎǘŀōƭƛǎƘŜŘ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜŀǊƭƛŜǎǘ ƪƴƻǿƴ ƴŀǘǳǊŜ ǊŜǎŜǊǾŜǎΣ .ƻƎŘ YƘŀƴΣ ƛƴ мттуΦ   Lƴ 1996, 
the Mongolian Ministry of Nature and Environment published the Biodiversity Conservation Action Plan 
for Mongolia. (MNE 1997).  This report recommended designation of eight strictly protected areas, 40 
national parks and 37 heritage areas.  As of 2008, approximately 40% of the recommended areas have 
been designated as National Protected Areas (WWF 2010).  ¢ƘŜ aŀǎǘŜǊ tƭŀƴ ŦƻǊ aƻƴƎƻƭƛŀΩǎ tǊƻǘŜŎǘŜŘ 
!ǊŜŀǎ όмффуύ ŜǎǘŀōƭƛǎƘŜŘ ŀ Ǝƻŀƭ ƻŦ ŘŜǎƛƎƴŀǘƛƴƎ ол҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƭŀƴŘ ŀǎ ƴŀǘƛƻƴŀƭ ŀƴŘ ƭƻŎŀƭ ǇǊƻǘŜŎǘŜŘ 
areas. The Resolution #13 of the Parliament of Mongolia specified that 15% will be national protected 
areas and remaining 15% will be local protected areas.   
 
Today, Mongolia has designated 61 national protected areas covering about 21.8 million hectares or 
мп҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƭŀƴŘ όaȅŀƎƳŀǊǎǳǊŜƴ нллуύΦ Mongolia also contains six Biosphere Reserves 
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(UNESCO 2011a), two World Heritage Sites (UNESCO 2011b) and 11 Ramsar sites (Ramsar 2011).   Bird 
Life International has identified 70 Important Bird Areas in Mongolia (Nyambayar & Tsveenmyadag 
2009). 
 
Within the study area, the National Protected Areas cover 42,000 km2 (9%) of the study area.  These 24 
PAs include include three Biosphere Reserves (UNESCO 2011a), two World Heritage Sites (UNESCO 
2011b), and five Ramsar Sites (see Figure 2).  The study area contains 21 Important Bird Areas, eight of 
which are National Protected Areas.  These sites are the foundation, or starting point on which the 
conservation portfolio was built. 
 
 
 

optimized
site selection
(MARXAN)

Portfolio Design Process

Figure 3:  Process for designing a portfolio of conservation areas 

BIODIVERSITY ELEMENTS REPRESENTATION GOALS

VIABILITY: CONDITION & THREAT SITE SELECTION
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2.0   METHODS & RESULTS      

2.1   Overview 

Our objective was to identify a portfolio of sites that support the native biodiversity and ecological 
processes representative of the Mongolian Steppe.   To define biodiversity targets, we developed a 
terrestrial ecosystem classification that maps 216 ecosystem types.  We designed the portfolio to meet 
the following criteria: 

ü Representation:  meet goals for a specified number or amount of each biodiversity target 
needed to maintain their ecological and evolutionary potential over time.  We defined 
biodiversity targets with the terrestrial ecosystem classification and set representation goals as 
a fraction of the geographic distribution of each ecosystem type across the study area. 

ü Ecological Condition: within limits of knowledge and available data, ensure that the selected 
areas contain biodiversity targets that have the highest relative viability or ecological integrity, 
as measured by an index of disturbance from human impacts.   

ü Efficiency:  The portfolio contains the least area and number of sites that meet biodiversity 
goals.   

ü Connectivity:  where there is a choice, select adjacent planning units in contiguous groups, 
following the general principle that a portfolio consisting of fewer, larger contiguous sites is 
preferable to one consisting of many, smaller sites.  This does not consider landscape 
connectivity beyond adjacent first-order neighbors. Evaluating the functional landscape 
connectivity of the portfolio, to support movement across the study area, is a critical next step. 

We designed the portfolio through several steps or components:   

1.  Assemble the working group.  We convened a group of experts and stakeholders to advise and 
review the planning process.  The working group was organized as follows; members and affiliations are 
listed in Table 1. 

a.  Core technical team:  technical and science staff responsible for analysis and reporting. 

b.  Science Advisory team:  biologists and geographers with expert knowledge of the study area and 
available data; responsible for advising data development and reviewing results. 

c.  Policy team:  Senior managers with knowledge and expertise regarding implementation strategy. 

The Science Advisory team reviewed the data development and analysis at several intervals during the 
course of the study, which included three team meetings and many informal interviews.  We held two 
government workshops, in April and August of 2010, to review results and discuss implementation 
strategies.  These workshops were attended by the full working group and other representatives from 
National and Aimag government and NGOs. 

2.  National Protected Areas.  We delineated the boundaries of all National-level protected areas within 
the study area including strictly-protected areas, national parks, national monuments and nature 
reserves, and excluding buffer zones.  These areas served as the foundation, or starting point, for 
portfolio design. 
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Table 1:  Planning team members and organization 
 

Core Technical Team 

D. Galbadrakh  (Conservation Director, TNC) 

M. Heiner  (GIS and Conservation Planning, TNC) 

E. Tuguldur  (Assistant Biologist, TNC) 

L. Ochirkhuyag  (WCS Mongolia Program) 

D. Sanjmyatav  (WWF Mongolia, GIS Specialist) 

R. Gankhuyag  (Director, Cadastral Division, ALAGAC) 

G. Sergelen (Scientist, Faculty of Geology and Geography, MNU) 

V. Ulziisaikhan  (GIS Specialist, TNC)  

J. Kiesecker  (Lead Scientist, TNC) 

B. McKenney  (Senior Economic Advisor, TNC) 

Science Advisory Team 

B. Oyungerel  (Scientist, Geography Institure) 

D. Dash (Science Secretary, Geoecology Institute, Academy of Sciences)   

L. Jargalsaikhan  (Scientist, Institute of Botany, Academy of Sciences) 

Kh. Munkhbayar  (Professor, Biology Dept., Pedagogical University of Mongolia) 

N. Batsaikhan  (Zoologist, Faculty of Biology, MNU)  

N. Tseveenmyadag  (Head of the Bird Study Laboratory, Academy of Sciences) 

D. Ariungerel  (Pasture Land Specialist, Gobi Pasture Project, Mercy Corps)  

A. Nyambayar  (Scientist, MNU, Wildlife Science and Conservation Center) 

D. Zumburelmaa  (Scientist, Institute of Botany, Academy of Sciences) 

Policy Team 

D. Enkhbat  (Director of Dept. of Natural Resources and Environment, MNET)  

R. Gankhuyag  (Director, Cadastral Division, ALAGAC) 

N. Boldkhuu  (Deputy Director, Dept. of Fuel Policy, MMRE) 

G. Tamir  (Officer, Mining Policy Dept., MMRE) 

B. Magvanjav  (Director, Dept. of Mining, Technology and Environment, MMRE) 

L. Erdenesaikhan  (Mineral Resources and Petroleum Authority, MMRE)   

G. Erdenebayasgalan  (Officer, Dept. of Sustainable Development and Strategic Planning, MNET) 

A.  Dolgormaa  ( Specialist, PA Management Department, MNET) 

G. Enkhtaivan  (Officer, Dept. of Protected Area Management, MNET) 

D. Sansardarimaa  (Contract Officer, Mineral Resources and Petroleum Authority, MMRE)  

G. Jargalnemekh  (Officer, Environmental Restoration and Conservation, MMRE) 

O. Enkhtuya  (TNC Mongolia Program Director) 

O. Chimed  (WWF Mongolia Program Director) 

A. Fine  (WCS Mongolia Program Director) 

 
  



11 

 

3.  Wetland Complexes.  We identified seven wetland complexes that are either a) designated by the 
RAMSAR Convention as wetlands of international importance for fundamental ecological functions and 
economic, cultural, scientific, and recreational value (Ramsar 2011), and/or b) designated by Bird Life 
International as Important Bird Areas that support globally threatened species, restricted-range species, 
biome-restricted assemblages, or large congregations (Nyambayar & Tsveenmyadag 2009), as follows: 

¶ Ogii Nuur  (RAMSAR 2MN004; IBA MN04). 

¶ Lakes in the Khurkh-Khuiten river valley  (RAMSAR 2MN011; IBA MN058). 

¶ Buul Nuur and its surrounding wetlands  (RAMSAR 2MN008; IBA MN068). 

¶ Mongol Daguur (RAMSAR 2MN001; IBA MN066).  

¶ Khukh Lake (IBA MN067; in buffer zone of Mongol Daguur Strictly Protected Area). 

¶ Tashgain Tavan Lakes (IBA MN069; in buffer zone of Dornod Mongol Strictly Protected Area). 

¶ Ulz River and Turgen Tsagaan Lakes (IBA MN064) 

4.  Site selection for ecosystem representation.  Through a GIS analysis, we identified a set of areas 
that, in combination with National-level PAs and IBAs, would meet representation goals for ecosystems.  
This analysis involved three steps.  First, develop a terrestrial ecosystem classification to define and 
map terrestrial habitat types based on a hierarchy of biogeographic zones; ecosystem types based on 
vegetation; and landforms.  Second, develop an index of ecological disturbance derived from spatial 
data representing current human impacts, to identify areas that are ecologically degraded and areas 
with competing economic values, such as high livestock use.  Third, conduct site selection using a 
conservation planning software (MARXAN), to identify a set of planning units that, in combination with 
National-level PAs and selected IBAs, meets representation goals for ecosystems in a configuration that 
optimizes for ecological condition and connectivity (contagion).   

5.  Re-design to minimize conflict with planned mineral and oil development.  We examined how the 
conservation portfolio overlapped with future potential development. To represent future development 
pressure we mapped all oil and gas and mining leases within the study area.  Overlap between the 
portfolio and leased areas were re-designed  as follows: Overlap between the conservation portfolio and 
mineral or petroleum leases with biological value in the highest 30th percentile, defined as a 
combination of optimacity and rarity, were designated as areas to avoid development. The remaining 
conflict areas were removed from the portfolio, and replaced with sites of similar composition and 
condition outside existing leases. 

2.2   Biodiversity Targets:  Terrestrial Habitat Classification 

The essential feature of systematic conservation planning is the clear articulation of a biodiversity vision 
that incorporates the full range of biological features, how they are currently distributed, and the  
minimum needs of each feature to maintain long-term persistence.  Given the complex organization of 
biological systems and the limits of existing data and knowledge, it is neither feasible nor desirable to 
analyze individually the many thousands of biodiversity targets for a given region.  Therefore, we must 
select an effective representative subset of species and environmental features, or biodiversity targets, 
a) that best represents the broad range of native biodiversity and b) for which data exists to map current 
distributions. 

Biodiversity is expressed at a variety of spatial scales and ecological levels of organization.  Therefore, a 
comprehensive regional vision must consider spatial scales and levels of organization from species to 



Identifying Conservation Priorities in the Face of Future Development         12 

 

ecosystems (Noss 1996, Margules and Pressey 2003, Groves 2003).  Biodiversity targets can be 
organized by spatial scale in a framework created by Poiani et al (2000) that defines local, intermediate, 
coarse and regional scales (Figure 4). 

Figure 4:  Selecting focal biodiversity elements:  Spatial scales and Biodiversity elements 
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(adapted from Poiani et al. 2000)
 

wŜƎƛƻƴŀƭ ŎƻƴǎŜǊǾŀǘƛƻƴ Ǉƭŀƴǎ ƻŦǘŜƴ ŀǇǇƭȅ ŀ ΨŎƻŀǊǎŜ ŦƛƭǘŜǊ κ ŦƛƴŜ ŦƛƭǘŜǊ ŀǇǇǊƻŀŎƘΩ ǘƻ ŘŜŦƛƴŜ ōƛƻŘƛǾŜǊǎƛǘȅ 
targets.  This includes treatment of all ecosystem types (the coarse-filter) and a sub-set of natural 
communities and species which will not be well represented by ecosystems alone (the fine filter), such 
as those that are rare, with highly specific habitat requirements, or are migratory over long distances 
(Groves et al 2002; Groves 2003).  The coarse-filter premise is that conserving representative 
ecosystems conserves many common species and communities, species that are unknown or poorly 
sampled, and the environments in which they evolve (Jenkins et al 1976, Hunter 1991).   A sole focus on 
species is not adequate because species sampling data does not represent the environmental matrix and 
broad-scale processes necessary to maintain habitat. 

This coarse filter/fine filter approach has ecological advantages in that it considers multiple scales of 
organization, environmental patterns and processes that influence habitat structure and function. 
Choosing targets that represent the range of environmental gradients and settings is a way to address 
the dynamic nature of ecosystems and the uncertain impacts of climate change (Hunter 1988, Halpin 
1998, Groves 2003, Beier & Brost 2010, Anderson & Ferree 2010). 

This approach also has practical advantages in that it makes best use of available data to represent the 
full range of representative biodiversity with a practical number of targets.  Our knowledge regarding 
species ranges and habitat needs will always be incomplete.  As coarse filter targets, ecosystems can 
often be mapped with available GIS data.  This alone provides a basis for conservation planning and fills 
a significant information gap.  Fine-filter species and natural community data are typically more limited 
and dependent on survey effort, and therefore vary in geographic coverage.  Thus, the coarse but 
geographically consistent ecosystem classification complements the locally accurate but uneven 
coverage of species data.   
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Given the short time frame of this assessment and the lack of GIS data to comprehensively map the 
current range of species that are rare to the study area, we defined biodiversity targets following a 
coarse filter approach focused on terrestrial habitat, and did not define or develop information for fine 
filter targets.  To define and map coarse-filter biodiversity targets, we developed an ecosystem 
classification that is organized as a hierarchy of biogeographic zones, terrestrial ecosystems based on 
vegetation and geomorphology, and landforms.  This classification describes 216 ecosystem types, 
described in Table 3.  Source data and mapping method are described below and in Table 2. 
 
Table 2:  Ecosystem types:  source data and mapping method 
 

UPLAND source data mapping method 

Steppe grasslands 
  

 
Desert Steppe 

Vostokova & Gunin (2005)  

Re-classified by WWF 
(2010) 
 * stratified by land 
forms 

 
Dry Steppe * 

 
Moderately Dry Steppe * 

 
Meadow Steppe * 

 
  

Sand massives Vostokova & Gunin (2005)  
Re-classified by WWF 
(2010) 

Cinder cones 
satellite imagery  
(Landsat 5 TM) 

manual interpretation 

Boreal Forest 
  

 
High mountain tundra 

Vostokova & Gunin (2005)  
Re-classified by WWF 
(2010) 

 
Alpine meadow and  Subalpine woodland 

 
High mountain steppe 

 
Mountainous boreal coniferous forest 

 

High mountain deciduous-coniferous     
woodland 

 
Sub-boreal coniferous-deciduous forest 

    
LAKES and WETLANDS 

  
Riverine and Palustrine Wetlands 

DEM (SRTM) and drainage 
network (HydroSHEDs) 
and satellite imagery 
(Landsat 5 TM) 

1) topographic model  
2) edited per manual 
interpretation of 
satellite imagery and  
3) stratified by major 
basins.    

 
large river floodplains 

 
small river riparian areas 

 
ephemerally wet depressions 

    Lakes and small water bodies 
  

 

Large lakes Vostokova & Gunin (2005) 

 

 
Small lakes and water bodies 

satellite imagery (Landsat 
5 TM) 

manual interpretation, 
mapped as polygons 
and point locations;  
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Table 3:  Ecosystem types:  distribution by biogeoraphic zone  (page 1 of 2) 
 

  
Biogeographic Zones 

          

  
Terrestrial Ecoregions 2 

Mongolian-Manchurian Grassland Daurian Forest Steppe 
Trans-Baikal 
Boreal Forest 

  
Ecological zones 1 

Orkhon 
Mandal-

Gobi 
Pre- 

Khingan 
Menengiin 

Tal 
Middle 
Kherlen 

Tola-
Onon 

Dharkhan Uldzin 

 

              UPLAND Total 
          

 
matrix-forming steppe 

           

  
Desert Steppe 9,651 km2 

 
7,360 

  
2,290 

    

  
Dry Steppe * 129,505 km2 

 
30,430 1,998 46,343 48,672 

  
2,063 

 

  
Moderately Dry Steppe * 112,378 km2 8,223 22,860 3,499 30,417 19,836 3,772 13,679 10,090 

 

  
Meadow Steppe 89,359 km2 12,954 10,955 6,639 4,510 2,545 20,077 8,221 19,516 3,942 

              

 
Sand massives 3,246 km2 288 

 
1,710 100 985 

 
163 

  

 
Cinder cones 135 km2 -- -- -- -- -- -- -- -- -- 

              

 
Boreal Forest 

           

  
High mountain tundra 1,076 km2 -- -- -- -- -- -- -- -- -- 

  

Alpine meadow and  
Subalpine woodland 2,891 km2 -- -- -- -- -- -- -- -- -- 

  
High mountain steppe 458 km2 -- -- -- -- -- -- -- -- -- 

  

Mountainious boreal 
coniferous forest 15,759 km2 -- -- -- -- -- -- -- -- -- 

  

High mountain deciduous-
coniferous woodland 380 km2 -- -- -- -- -- -- -- -- -- 

  

Sub-boreal coniferous-
deciduous forest 25,521 km2 333 

 
847 

  
8,496 4,441 563 10,842 

 

*  stratified by landforms  
1  Vorostokova & Gunin  (2005)  
2  Olson et al.  (2001)   
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Table 3:  Ecosystem types:  distribution by biogeoraphic zone  (continued from previous page) 
 

LAKES and WETLANDS Total 
            

Riverine and Palustrine Wetlands 
 

Selinge  Onon  Kherlen  Uldz  Khalkh 
Gal 

Tuul 
Matad 

east endorheic 
  

 
large river floodplains 10,021 km2 4,019 1,384 3,014 721 792 

      

 
small river riparian areas 10,267 km2 2,200 919 2,775 1,518 1,878 977 

     

 

ephemerally wet 
depressions 6,566 km2 

      
2,866 3,701 

   

               
Lakes and small waterbodies 

 
Selinge Onon Kherlen Uldz 

Buul 
Nuur 

Gal 
Tuul 

Matad 
east Khalkha 

Middle 
Kkalkha 

Matad 
north 

NE 
Dornod 

 
Lakes 1,579 km2 49 10 73 107 691 186 55 56 56 36 260 

 
small water bodies ** 1,291 

 
96 41 169 112 70 81 68 268 146 99 141 

 
** units = count 
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Tier I:  Biogeographic Zones  
 
Biogeographic Zones represent broad, regional patterns of climate, physiography and related variation 
in species and genetics.  For widespread ecosystem types such as Dry Steppe, stratification by 
biogeographic zone captures regional differences in species composition and environmental patterns, 
and ensures that site selection will include multiple occurrences that are geographically distributed 
across the study area.  This geographic redundancy provides some insurance against local extinctions 
caused by disturbance events such as climate extremes, disease and/or invasive species.  
 
For upland ecosystem types, we delineated biogeographic zones based on the combination of ecological 
zones mapped by Vostokova and Gunin (2005) and WWF terrestrial ecoregions (Olson et al.  2001), as 
shown in Figure 5.  For Lakes and wetlands, we defined biogeographic zones according to the 
boundaries of major river basins, derived from HydroSHEDs (Lehner, Verdin & Jarvis, 2006) as shown in 
Figures 6 and 7. 

 
Tier II:  Terrestrial Ecosystems 
 
Ecosystems are generally defined as a biotic component (vegetation) and abiotic component (physical 
environmental features and processes).  Table 2 lists each ecosystem type, source data and mapping 
method.   Ecological definitions of the ecosystems types are listed in Appendix 1.  Table 3 lists the 
distribution of each ecosystem type by biogeographic zone, and Figure 5 is a map of ecosystem types 
and biogeographic zones. 
 
For upland ecosystems, our primary data source was a map developed by Vostokova and Gunin (2005).  
This map was was re-classified by WWF to produce a national mapped ecosystem classification (WWF 
2010).  This was also the source for mapping large lakes.   
 
To map floodplains and riparian wetlands, we used a GIS topographic model that delineates potential 
riverine wetlands based on topography of the stream channel, as derived from a digital elevation model 
(Lehner, Verdin & Jarvis, 2006) at 3-second (77m) resolution.   We edited the model results based on 
manual interpretation of the satellite imagery described previously, and classified the resulting features 
as large river floodplains and riparian areas associated with smaller tributaries and ephemeral streams.   
We further classified the floodplains and wet riparian areas according to major river basin. In endorheic 
basins, we classified the wet lowland features as ephemerally wet valley bottoms, which typically form 
salty depressions, and divided these into two bio-geographic zones, as shown in Figure 6 and described 
in Table 3. 
 
To map small lakes and waterbodies, we digitized the boundaries and point locations of water bodies 
through manual interpretation of satellite imagery.  We compiled 34 Landsat TM5 satellite scenes to 
cover the study area (NASA 2009).  The date of acquisition for 31 of the scenes was between June 30 to 
September 28, 2009.  For 3 scenes, the best available image was acquired in September 2007.  Pre-
processing included an atmospheric correction algorithm and tasseled cap transformation (ERDAS 1999).  
The tasseled cap transformation produces a 3-band image that improves the contrast between bare 
ground, water, and vegetation.  The resulting image is very useful for classification and manual 
interpretation of landscape features.  Using the transformed images, we digitized waterbodies on-
screen at 1:250,000.  Through this process, we added 210 polygon lake features for waterbodies larger 
than 0.3 km2 and 1,565 point features for small water bodies smaller than 0.3 km2.  Finally, we classified 
lakes and water bodies by river basin or biogeographic zone, as shown in Figure 7.
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Figure 5:  Terrestrial Ecosystems 
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Figure 6:   Floodplains, riparian areas and other depressionalwetlands
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Figure 7:  Lakes & small water bodies

  


