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Abstract: Mongolia has globally significant biodiversity and pastoral traditions, and scarce water
resources on which wildlife and people depend. Rapid growth of the mining sector is a threat to water
resources and specifically river riparian zones. Mongolia has passed progressive laws for water and
habitat conservation, including establishment of Integrated Water Resource Management (IWRM)
and river basin governance organizations, and laws protecting the river riparian zone, but imple-
mentation has been hindered by limited technical capacity and data-scarcity, specifically because
consistent, accurate maps of the riparian zone did not exist. To address this gap, WWF-Mongolia and
partners developed a national delineation of riparian areas based on a spatial model, then validated
this with local river basin authorities and provincial governments to designate legal protection
zones. As a result, 8.2 million hectares of water protection zones including riparian areas have been
legally protected from mining and industrial development in the globally significant landscapes and
riverscapes of the Amur, Yenisey, and Ob Rivers headwaters, the Altai Sayan ecoregion, and the Gobi-
Steppe ecosystem. These findings demonstrate a pathway for implementing broad-scale, durable
legal protection of riverine wetlands through a data-driven, participatory process.
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1. Introduction

The pace of global freshwater biodiversity decline and wetlands loss has reached a
crisis [1–3]. Riverine wetlands are a critical component of freshwater systems, performing
important hydrologic, geomorphic, and biological functions including pollution and sedi-
ment control [4,5], providing vital habitats for biodiversity, and are one of the world’s most
rapidly declining habitat types [6,7]. River conservation faces a problem of scale, requiring
coordinated management at the watershed level [8]. One key conservation strategy is to
increase and improve protection [1,2]. However, this must consider local protection of
floodplains and riverine wetlands as well as connectivity upstream [9,10].

Mongolia supports globally significant biodiversity and cultural heritage that depend
on scarce water resources in an arid landscape. These water resources, as well as the
wildlife and pastoral livelihoods that depend on them, are threatened by unsustainable
exploitation and pollution, and in particular by rapid growth of mining and related in-
frastructure [11,12]. The Mongolian government has developed progressive policies and
regulations for protection of water resources and habitats but faces the combined problems
of rapid development, limited technical capacity, and data scarcity. Here, we describe the
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successful legal protection of riverine wetlands and riparian areas at a basin level, across
multiple sectors and political borders, through a data-driven, participatory process.

Mongolia contains the headwaters of three major basins in Central Asia. The Amur
River Basin drains eastern Mongolia, crossing China and Russia to the Pacific Ocean.
The Amur River Basin is one of the world’s ten largest rivers, with globally significant
biodiversity including 18 endemic fish species, long distance fish migrations along the
mainstem, and floodplain wetlands that support diverse terrestrial flora and fauna [13,14].
Major headwater rivers in Mongolia are the Onon, Ulz, Khalkh, and Kherlen, draining 12%
of the country and carrying 15% of its runoff. The Khalkh and Kherlen Rivers feed Buir
Lake in Mongolia and the Dalai Lake in China, respectively, both Ramsar sites.

The Orkhon and the Selenge Rivers are headwaters of the Yenisey River basin that
drains north to the Arctic Ocean. This basin covers 20% of the country and carries 50%
of the runoff. The Selenge flows into Lake Baikal in Russia, the world’s second largest
freshwater lake. Rivers here support healthy populations of globally endangered and
vulnerable fish species, e.g., Taimen (Hucho taimen), the world’s largest salmonid.

The remaining 68% of Mongolia is in the Central Asian Internal Drainage Basin. Ma-
jor rivers are the Khovd, Zavkhan, and Bulgan that flow out of the Altai and Khangai
mountains across a series of arid endorheic basins, forming wetlands important for endan-
gered migratory water birds that include 19 Important Bird Areas [15]. This area contains
the southern part of the Altai-Sayan ecoregion, listed by the Global 200 [16] and Millennium
Ecosystem Assessment as globally significant for intact landscapes, biodiversity including
high plant endemism, and diverse cultural heritage [17] (Figure 1).
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Figure 1. River basins of Mongolia. As shown here, Mongolia contains headwaters of three continental basins and contains 
29 river basins for which river basin organizations have been established. 

Mongolia also contains the largest steppe ecosystem in the world that supports its 
historic wildlife assemblage and large wildlife migrations [18], as well as traditional no-
madic pastoralism. Mongolian temperate grasslands are part of the most converted and 
least protected biome on the planet [19]. Parts of Mongolia have been identified as among 
the world’s largest and most intact (least converted) remaining wild areas [20,21].  

Mongolia has a cold, arid, continental climate. Temperatures range from below −40 
°C in January to over 30 °C in July in the Gobi Desert [22]. In the rain shadow of the Him-
alayas, mean annual precipitation ranges from less than 40 mm in extreme arid areas to 
over 400 mm in northern mountain ranges [22] and is highly variable interannually, with 
some areas not receiving any measurable precipitation for years at a time [23].  

Following transition from a Soviet to a market economy in the 1990s, the mining sec-
tor has grown rapidly, and accounted for over 20% of Mongolia’s GDP between 2016 and 
2018 and 86% of exports in 2018 [24]. The impacts of mining on rivers and stream are well 
documented [25–28]. In Mongolia, many mines are placer mines that take minerals from 
alluvial deposits, which degrade riverbed morphology, increase sediment/turbidity and 
nutrients particularly phosphorous, and are difficult to restore [25,26]. Small mining op-
erations, including illegal mining for gold, are widespread, typically in streams and riv-
erbeds [27]. Yadamsuren [28] found a strong relationship of aquatic macroinvertebrate 
diversity to environment conditions in Mongolian rivers, and significant declines in func-
tional diversity related to water quality degradation.  

Figure 1. River basins of Mongolia. As shown here, Mongolia contains headwaters of three continental basins and contains
29 river basins for which river basin organizations have been established.

Mongolia also contains the largest steppe ecosystem in the world that supports its
historic wildlife assemblage and large wildlife migrations [18], as well as traditional no-
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madic pastoralism. Mongolian temperate grasslands are part of the most converted and
least protected biome on the planet [19]. Parts of Mongolia have been identified as among
the world’s largest and most intact (least converted) remaining wild areas [20,21].

Mongolia has a cold, arid, continental climate. Temperatures range from below
−40 ◦C in January to over 30 ◦C in July in the Gobi Desert [22]. In the rain shadow of the
Himalayas, mean annual precipitation ranges from less than 40 mm in extreme arid areas
to over 400 mm in northern mountain ranges [22] and is highly variable interannually,
with some areas not receiving any measurable precipitation for years at a time [23].

Following transition from a Soviet to a market economy in the 1990s, the mining sector
has grown rapidly, and accounted for over 20% of Mongolia’s GDP between 2016 and 2018
and 86% of exports in 2018 [24]. The impacts of mining on rivers and stream are well docu-
mented [25–28]. In Mongolia, many mines are placer mines that take minerals from alluvial
deposits, which degrade riverbed morphology, increase sediment/turbidity and nutrients
particularly phosphorous, and are difficult to restore [25,26]. Small mining operations,
including illegal mining for gold, are widespread, typically in streams and riverbeds [27].
Yadamsuren [28] found a strong relationship of aquatic macroinvertebrate diversity to
environment conditions in Mongolian rivers, and significant declines in functional diversity
related to water quality degradation.

Mongolia has passed a series of progressive laws for the protection of water resources
and implemented IWRM, but implementation is limited by data scarcity (consistent de-
lineation of water protection zones), staff technical capacity (skills, equipment), and bud-
gets [12,29]. The 2009 law, named the “Law on Prohibiting Mineral Exploration and Mining
within Protection Zones of Headwaters for Rivers and Streams and Water and Forest Re-
sources Land”, and referred to as the “long name law”, prohibits mineral exploration and
mining within areas designated as protection zones of water bodies. To ensure enforcement,
the national government later passed two resolutions for designating boundaries [30,31].

The 2012 amended water law further defined the water protection zone as two zones,
“ordinary” (general) and “special” (strict) for the water resources land, to be delineated
by national, aimag (province), and soum (county) level governments, and with prohibited
activities regulated by the Protection Zone Regime Regulation [32]. The ordinary protec-
tion zone is up to 200 m from the bank of a river, stream, or natural spring. Prohibited
activities include tree and shrub cutting, construction of buildings without wastewater
treatment, storage of petroleum, chemicals, radioactive materials, fertilizers, and pesticides,
and discharge of wastes and pollutants. The special protection zone is within 50 m from the
bank of a river, stream, natural spring, or floodplain, or may extend the length of riparian
area; and within at least 100 m from a lake or other water bodies. In the special protection
zone, prohibited activities include mineral exploration and mining, gravel or stone mining,
any construction of buildings and facilities, agricultural cropping and timber harvest.

To strengthen river basin governance and create more participatory and coordinated
water resource management decisions, the 2012 Water Law also established and funded
river basin organizations (RBOs) for 29 major river basins across Mongolia [33] (Figure 1).
RBOs consist of a River Basin Authority (RBA) and a River Basin Multi-Stakeholder Plat-
form Council (RBMSPC) organized around river basins rather than political boundaries [29].
RBAs are government authorities of professional staff that coordinate decisions and activi-
ties across aimag (provincial), and soum (county) levels of government, while RBMSPCs
are participatory stakeholder bodies representing government, NGOs, local communities,
and industrial and agricultural water users [34]. River Basin Authorities and Aimag (provin-
cial) Environment and Tourism Departments (AETDs) have legal authority to review and
validate riparian boundaries of water resource lands, establish additional protection zone
boundaries, and submit them for approval by the aimag citizen’s representative khural
(provincial parliament) based on conclusion of Ministry of Environment and Tourism.

Implementation of the 2009 and 2012 water protection laws was hindered by complications
in the designation of protection zones, specifically inaccurate and outdated boundary maps and
incomplete definitions of “water resources land” and “headwaters of rivers and streams” [35].



Sustainability 2021, 13, 551 4 of 11

Therefore, in 2013, the Government Resolution No. 350 “Review of Boundaries” assigned three
Ministers to review designations of protection zones, and in 2014 a working group was established
to prepare a methodology for the revision of protection zones [36]. WWF-Mongolia represented
the working group and drafted a method and guidelines that were discussed and approved by
the Minister’s Council. Here, we describe the process that followed, beginning with consistent
delineation of the riparian zone with a spatial model, followed by review and validation by the
local RBA and AETD, and finally approval and legislated protection by aimag khural (provincial
parliament). The spatial model was developed as part of a framework for mapping and classifying
riverine wetlands called Active River Area developed by Smith et al. [37] and widely applied for
conservation planning in North America [38–42], Asia [43], Africa [44], and Australia [45].

2. Materials and Methods

Designating water protection zones began with developing a consistent, national-
level delineation of the riparian zones with a spatial model. This was followed by a
participatory process of review, revision, and validation by the RBA and AETDs in seven
focal provinces. The seven provinces were chosen for their location relative to river basins
that are considered critical for maintaining aquatic habitat, water quality, and connectivity
to the Amur River headwaters, Lake Khovsgol and the Yenisey River headwaters, and rivers
in the Altai-Sayan ecoregion. Finally, the provincial water protection zones were amended
to include the validated riparian areas and were approved by each of the seven provinces
khurals (provincial parliaments).

2.1. Spatial Model

The initial national delineation of riparian zone was created for a series of terrestrial
ecosystem classifications that were developed to support conservation planning [46–49].
The riparian zone delineation is a spatial model based on the local topography of the river
channel and valley bottom [37]. The spatial model predicts the extent of floodplain and
riparian zone by delineating flat areas immediately adjacent to a stream channel as derived
from a digital elevation model (DEM). The result is a predictive delineation of potential
floodplains, riverine wetlands and other wetlands adjacent to water bodies, including lakes
and palustrine wetlands (Figure 2A,B).

To apply the spatial model, source datasets were a hydrologically conditioned DEM
and flow directions, both from HydroSHEDs [50] at 3 arc-second resolution (approximately
90 m at the equator). The first step was to calculate flow accumulation and delineate stream
channels and classify by size of upstream drainage area according to flow accumulation
thresholds. The next step calculated the model parameters: (a) slope-weighted distance
from the stream channel and (b) elevation change relative to the stream channel. Slope-
weighted distance is a function of the cumulative change in slope and distance moving
laterally from the stream channel. Elevation change is the difference in elevation between
each raster cell and the closest cell in the river channel. In the last step, the floodplain
is defined, setting thresholds for the maximum slope-weighted distance and maximum
change in elevation. These thresholds are specific to each stream size class, so large
river channels are assigned higher thresholds for slope-weighted distance and elevation
change. Through multiple iterations, the user adjusts parameters to delineate the area that
approximates river floodplains and terraces visible on satellite imagery.

The spatial model was classified by major river basin to distinguish perennial rivers
in northern basins, with a temperate climate and relatively higher precipitation and runoff,
from southern closed desert basins with relatively lower precipitation and ephemeral
stream flow. For example, in perennial river basins in northern Mongolia, the model
result identifies river floodplains and riparian areas (Figure 2). In the Gobi Desert basins,
the model results are classified as dry riverbeds (sayrs) and wet depressions. These areas
lie over shallow groundwater that feeds wells and natural water sources and supports
desert plant communities including important habitat species such as Saxaul (Haloxylon
ammodendron) and Siberian Elm (Ulmus Pumilla).
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2.2. Review and Validate Jointly with RBAs and AETDs, Approval by Provincial Parliament

Next, in the seven focal provinces, the spatial model results were reviewed and val-
idated through a participatory process with the RBAs and AETDs. Model results were
reviewed and revised through field surveys and comparison with existing maps of water
resources, satellite imagery, and a surface water database. Map sources included local
surveys with limited geographic extent and national, coarse-scale inventories [51–53] with
partial coverage that generally missed smaller tributary rivers. Satellite imagery included
Landsat Thematic Mapper (TM) [54], BingMap [55], and GoogleEarth [56]. After review,
revision, and validation by the RBA and the AETD, the provincial water protection zones
were amended to include the validated riparian areas and were submitted to provincial par-
liament for approval and legal protection based on conclusion of Ministry of Environment
and Tourism. This process was replicated for each of the seven focal provinces.

3. Results

The spatial model result identifies 12.9 million hectares of riparian areas and flood-
plains along the rivers and lakes across Mongolia. In the seven focal provinces, following
validation by RBAs and AETDs and approval through provincial parliament resolutions,
8.2 million hectares of riparian areas and adjacent water protection zones have been legally
protected from mining and other activities (Figure 3, Table 1). These seven provinces cover
43% of Mongolia and fully contain nine of 29 river basins. On average, 12% of the area of
the seven provinces has been designated as water protection zones.
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Table 1. Approved water protection zones in seven focal provinces (area in hectares).

Aimag (Province) Aimag Area
Approved Legal Water Protection Zone

Riparian Area Special (Strict) Ordinary (General) Total Percent of Aimag

a b c d e f = c + d + e f/b

Uvs 7,088,446 1,167,151 82,521 223,375 1,473,047 21%
Khovd 7,777,221 857,610 50,779 201,532 1,109,920 14%

Zavkhan 8,333,069 363,261 67,301 218,538 649,100 8%
Khuvsgul 10,131,218 655,000 336,950 1,059,129 2,051,079 20%
Govi-Altai 14,337,504 338,539 75,717 229,266 643,522 4%

Dornod 12,535,089 861,531 61,459 244,215 1,167,204 9%
Khentii 8,101,806 541,876 279,469 368,422 1,189,767 15%

Total 68,304,353 4,784,968 954,195 2,544,477 8,283,640 12%

Following this first phase, six other provinces have begun replicating this process.
When this second phase is complete, riparian area protection will extend across thirteen
provinces that fully contain 17 of Mongolia’s 29 river basins.

4. Discussion

This study demonstrates a replicable method for delineating riparian areas and its
application to implement river protection policy through stakeholder consultation. This has
directed the protection of 8.2 million hectares of water bodies and riparian areas in des-
ignated water protection zones in seven focal provinces. These areas will be excluded
from mining and other activities. Currently, six other provinces are replicating this process.
When the second phase is complete, riparian area protections will have been revised and
approved in thirteen provinces that cover 73% of Mongolia. The keys to this success
are progressive laws for water protection and establishment of river basin organizations
coupled with a data-driven, participatory stakeholder process to direct protection.

Mongolia has made advances in natural resource management, specifically in IWRM
and habitat protection. However, durable protection or water resources faces challenges
including water governance, monitoring and enforcement, and technical capacity in rural
areas [12]. The riparian areas will be protected across the river network, but are still
vulnerable to barriers such as water infrastructure.

4.1. Impacts of Mining to Groundwater Resources

In the Gobi Desert, water withdrawals to support mining operations could reduce
groundwater supplies, affecting wells, natural springs, and vegetation productivity, and ul-
timately reducing water and forage for livestock and wildlife. In the Inner Mongolian
grasslands of China, water withdrawal for coal mining has been identified as the dominant
cause of loss of surface water [57]. Because current understanding of the hydrology of
this system is limited, it is difficult to estimate the amount, spatial extent or duration of
mining-related groundwater impacts.

4.2. Stakeholder’s Interest

There is a strong interest from local environmental authorities, local government
agencies and local people not to mine in riparian zone and to enforce the law relating to
water protection. Local people and local authorities strongly appreciate the long-term
ecological benefit and ecosystem services from healthy ecosystems rather than short-term
economic gain which will have considerable negative impact.

4.3. Livestock Grazing

Following Mongolia’s transition to a market economy in 1990, pastoral systems and
grazing practices have changed [58,59]. The number of livestock has nearly tripled, growing
to over 66 million animals, in fewer, larger herds [60]. This has resulted in overgrazing, par-
ticularly near rural population centers and water sources [61]. Livestock grazing in riparian
areas is a significant, widespread threat to the structure and function of riverine wetlands
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for maintaining habitat and water quality. Along many Mongolian rivers, livestock grazing
has eroded riverbanks and removed riparian vegetation, causing stream eutrophication
and degrading stream habitat [62,63]. At least 20–40% of the area of riparian areas in
Mongolia are within 1 km of a summer herder camp [64]. Livestock grazing practices are
not regulated in the water protection zone, however there should be restrictions that help
to rehabilitate riparian vegetation and monitoring of land-use and erosion in vulnerable
rivers, as well as analysis of the potential impacts of future land use. There is an urgent
need for policy and management to protect riparian areas from livestock overgrazing.

4.4. Climate Change

Mongolia and Central Asia have been warming over the last 50 years at a faster rate
than in the last 1000 years [65,66], producing hotter and more frequent droughts [67,68].
This trend is predicted to continue and cause declines in soil moisture and rangeland
productivity [69]. Surface- and ground-water sources and stream flows have declined
recently across Mongolia [70,71]. These changes to water resources and rangelands will
have serious implications for wildlife, pastoralists, and economic development.

4.5. Landscape Level Mitigation

Globally, the mitigation hierarchy is a critical mechanism to manage impacts of devel-
opment by requiring projects to first avoid, then minimize, then restore, and finally offset
residual impacts, but the first critical step, avoidance, is often overlooked [72–74]. In 1998,
in anticipation of growth in the mining sector, the Mongolian government established a
goal of designating 30% of the country’s land and natural habitats as national and local
protected areas [75,76]. Mongolia has developed a national mitigation framework to im-
plement this protection goal and apply the mitigation hierarchy [77]. The framework is
based on stakeholder-driven, landscape level conservation plans that produced a portfolio
of priority conservation areas designed to meet 30% representation goals for terrestrial
ecosystems and minimize conflict with competing economic values [46–49].

The national mapped classification of riparian areas is a key component of the national
ecosystem classification on which the conservation portfolio and the mitigation framework
are based. This has directed the protection of 177,000 sq.km in new protected areas
and led to an amended Environmental Impact Assessment (EIA) offset law that requires
biodiversity offsets for all mining and oil development projects [78]. The law requires
companies to calculate minimum offset cost according to potential impacts to ecosystems,
with higher compensation for impacts to rare and highly productive ecosystems including
riverine wetlands.

Given the impacts of mining on river systems and the pace of mining expansion in
Mongolia, effective mitigation of impacts is an urgent issue. Mongolia’s progressive laws
for conservation of water resources and commitment to habitat protection provide the
legal and policy basis to effectively implement durable, legal protection of rivers through a
data-driven, participatory process.
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