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Summary

This study focused on one of the Mongolian Lake, Ogii Lake located in the valley of the
Orkhon River comprising extensive alluvial areas of grassland, river channels, pools and
marshes surrounded by grassy steppe. Ogii Lake is registered as an International Ramsar
Convention site, particularly due to its status as a waterfowl habitat in 1998. In this research,
the impact of global climate change and human activities on Ogii Lake Basin were studied using
Remote Sensing (RS), and Geographical Information System (GIS). Mongolia is the most
vulnerable country in the world to adverse impact of climate change, and livestock is one of the
main sectors that consist of Mongolian gross domestic products. In recent decades, the number
of livestock is rapidly increasing while the available water resources have been dried out due
to several impacts of human activities as well as climate change. Due to the increase in livestock
number along the river and lake shore, the potential discharge of livestock excreta pollutants to
water bodies increase, that leads to the degradation of water quality and pastureland. In the
literature, livestock waste generation related studies are rarely found in the case of Mongolia.
This research was based on the three main part of research.

In the first part of research, the GIS techniques were applied for generating the livestock
distribution map around the Ogii Lake based on the statistical data and herders’ location in 2016.
Based on livestock waste generation, excreta pollutants such as chemical oxygen demand,
biological oxygen demand, total nitrogen, total phosphorus, and ammonia were calculated using
livestock population in different radiuses from the lake. Also, water samples from Ogii Lake
Basin were analyzed in 2017, and 2018. Questionnaire survey was also conducted to estimate
the human activities and influence in the lake ecosystem. According to the water quality
analysis Ogii Lake and Khugshun Orkhon River’s water was classified as clean and slightly
polluted water both in 2017 and 2018. However, human waste generation was found to be a
harmful consequence of seasonal tourism in the Ogii Lake environment due to a lack of proper
management of lake-based tourism, as well the living habits of local people. The result was
illustrated that the livestock-related pollutants and the water demand for the expected livestock
in 2036 would be increased by 3.8 times, that would be account as 1288.07 ton NHs-N,
11358.11 ton COD, 9062.76 ton BOD, 1461.03 ton TP, and 5427.33 ton TN, and 876.809 cubic
meters, respectively.

The second part of this research was focused on correlation between climatic variables and
monthly lake water surface area changes based on obtained climatic data, RS, and GIS
techniques. Globally, many researchers applied the RS and GIS for hydrological studies.
Delineation of surface water area using the satellite images is the most applicable, low-cost
method. During the last decades, Ogii Lake’s surface area has fluctuated, surface inflow and
outflow of the lake has dried out for several years. The on-site measurement was conducted
three times in May, July, and September in 2020 to measure the lake water surface area as a
reference. Landsat 8 OLI images which has close acquisition dates with field survey was
obtained from the Earth Explorer to estimate the surface area of Ogii Lake using four different
indices such as Normalized Difference Vegetation Index (NDVI), Normalized Difference
Water Index (NDWI), Modified Normalized Difference Water Index (MNDWI-1 and
MNDWI-2). Based on the field survey result, the most accurate water index for delineating the
surface area of Ogii Lake was MNDWI-1 (R=0.94, p < 0.01). Moreover, the energy-budget
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method was used to estimate the lake water evaporation based on the historical reanalysis
(ERADS) daily data between 1986 and 2019 which was provided by the European Centre for
Medium—-Range Weather Forecast. The results illustrated that total annual evaporation from the
lake has increased since 1995. The total annual evaporation from Ogii Lake increased steadily
over the last three decades; comparing to 1989, annual evaporation increased by 20.02, 25.79,
and 32.4 mm in 1999, 2009, and 2019, respectively. Comparison of climatic variables and
estimated surface area was illustrated that Ogii Lake’s surface area has weak correlation with
precipitation, and evaporation. Therefore, precipitation is not a main part of the water source
for Ogii Lake. The result of the estimated water balance between 2016 and 2019 was
demonstrated that the both surface and groundwater have a considerable influence on Ogii
Lake’s water balance.

The third part of this research was studied the groundwater potential zones (GWPZs) of Ogii
Lake through integrating the Analytical Hierarchy Process, Multi Criteria Decision Making
methods. According to the classification of GWPZs, Ogii Lake area was coincided in high to
very high zones. The highest GWPZs of the Ogii Lake Basin was coincided with the deepest
part of the lake, where the tectonic fault cross Ogii Lake. The results of delineation of potential
groundwater zones show that there is a possibility to solve the source of drinking water that is
essential for both herders and livestock through drilling wells, which could reduce the potential
discharge of livestock related pollutants to the lake and inflow river. The case study on Ogii
Lake shows that is possible to reduce budget expenditures on hydrological surveys while
integrating the RS and GIS technology. Such results could provide valuable information for
decision makers to implement a water resource management and reduce the environmental
pollution.

In order to protect the Ogii Lake ecosystem, the lake based tourism needs to be urgently
improved through announcing a tender for companies those who could serve environmentally
friendly tour services. Sufficient number of waste containers should be installed at the
dumpsites; parking lots, and a composting toilets also need to be installed considering on the
number of tourists and herders. The livestock access to the lake and inflow river should be
restricted.
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Chapter 1 Introduction
1.1 Climate condition

Central Asia, including Mongolia, is located in the triangle of the Westerlies, the East Asian
Monsoon and Indian Monsoon. Mongolia occupies a region of extreme continentally. The
climate becomes increasingly moist from south to north due to decrease in temperature and
increases in precipitation[1]. Mongolia is one of the most vulnerable countries in the world to
adverse impacts of climate change because of its specific geographical location, weather and
climate conditions. Extremely dry air causes a strong radiative cooling of the surface and
temperature regime in winter in most part of Mongolia controlled by high pressure, including
the stable so called Siberia-Mongolian High (SMH) with short period interruption due to
infrequent cyclonic activities[2].

B.Jambaajamts (1989) divided Mongolia into 3 climate zones such as a humid-cold,
subhumid-cool, and semidry-cooler. A humid-cold zone, which is elevated more than 1800 m,
a subhumid-cool zone - elevated between 1300 m and 1800 m, and a semidry-cooler zone which
is elevated between 700 m and 1300 m above sea level. Ogii Lake is located in the subhumid-
cool zone which is elevated 1332 m above sea level (Fig. 1.1). The Ogii Lake Basin is
characterized by an extremely continental climate with cold and dry winters dominated by the
SMH, and warm and humid summers.

The mean annual temperature is about —2°C, and the mean annual precipitation ranges from
250 to 300 mm and occurs mostly in June, July and August. The continentally causes a strong
seasonality in temperature and precipitation. Highest precipitation rates generated by heavy
rainfalls are found in summer, while precipitation in winter (November to March) occurs mostly
in solid form and rarely exceeds 10 mm per month. Percentage of annual total precipitation in
the Kharkhorin station which is 60 km distance from the lake is shown in Fig. 1.2.

Source: Orkhon River Basin: Integrated
Water Resources Management Assessment
Report, 2012

Climate zone
[] Semidry-cooler

I Subhumid-cool
B Humid-cold

Fig. 1.1 Climate zone classification of Orkhon River Basin



According to the observation data at the Kharkhorin meteorological station, average
percentage of the rainfall (summer precipitation) accounts approximately 88 percent of total
annual precipitation. The percentage of summer rainfall and winter precipitation (snowfall) has
changed slightly since 1974.
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Fig. 1.2 Percentage of annual total precipitation in the Kharkhorin station /1974-2018/
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The precipitation trends at the Kharkhorin station between 1974 and 2018 are shown in Fig.
1.3. Considering the historical precipitation trend, the total annual precipitation sharply dropped
from 1992 to 1996, and 2003 to 2007. The highest total annual precipitation (352 mm) occurred
in 1977, while the lowest value accounted 18.1 mm in 1996. In 2007, the total annual
precipitation accounted for 34.6 mm, which is the lowest amount during the last decade. Winter
precipitation exceeded 50 mm several times, which could strongly affect the local livestock
herders. For instance, snowfall accounted as 79.9 mm and 71.6 mm, while mean air temperature
in the winter account -13.9 °C and -18.0 °C in 1979 and 2001 respectively. Changes in
precipitation due to climate change affect the seasonal and annual runoff.
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Fig. 1.3 Annual total rainfall and snowfall in the Kharkhorin station /1974-2018/



The impacts of global warming on lakes include an extended growing period at high latitudes,
where climate models indicate increased precipitation, while water levels at mid- and low
latitudes are projected to decline. Endorheic (terminal or closed) lakes are most vulnerable to a
change in climate because of their sensitivity to changes in the balance of inflows and
evaporation[3]. Changes in inflows to such lakes can have very substantial effects under some
climatic conditions. Wetlands are especially vulnerable to changes in precipitation relative to
evaporation because of their shallow depths and large surface to volume ratio. Special Report
on Emissions Scenarios set up by IPCC, Batimaa et al., 2011 suggested that the rate of future
winter warming in Mongolia would vary from 0.9 °C to 8.7 °C, while summer temperature
would increase in a range from 1.3 °C to 8.6 °C, winter precipitation increase by range from
12.6 to 119.4% when the amount of summer rainfall varied from minus 2.5% to plus 11.3%.

Fig. 1.4 shows rapid increases starting from 1995 to 1997. In 1997, the highest temperature
was observed during the period. And then, the summer temperature decreased rapidly between
1997 and 2006. According to the mean air temperature trend, air temperature from April to
October has been increased (R?=0.3468) between 1974 and 2018, while the mean air
temperature in the winter season (November to March) has increased slightly (R?=0.0044).
Winter temperature has dropped several years up to -21.7 °C in 2005, -19.7 °C in 2011 and
2012. However, in recent years the winter temperatures have increased, which accounted for -
15.6 °C to -13.5 °C.
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Fig. 1.4 Mean air temperature in the Kharkhorin station (1974-2018)

A monthly average temperature ranges between -23.16 °C and 17.94 °C during 1974-2018.
An average minimum temperature ranges between -4.47 °C and -30.30 °C during October and
March, the lowest temperature in February reaches -31.93 °C, while the highest temperature
reaches about 14.88 °C in July. During this period, monthly average precipitation occurs 1.47
mm in January and 49.60 mm in July.
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Fig. 1.5 Monthly average temperature and precipitation in the Kharkhorin station (1974-2018)
1.2 Soil, vegetation and land resources

The study site is situated within the area of dry, grass steppes and is dominated by grasses
(Cleistogenes, Stipa), forbs (Allium), and shrubs (Artemisia, Caragana) while trees are
generally lacking[4]. Festuca-Poa-Carex montane steppe and Stipa-Cleistogenes-Artemisia
steppe are the main vegetation types in the catchments of the Ogii Lake, where montane steppe
mixed with Agropyron, Carex, Stipa, Artemisia, Thymus, etc. is distributed between 2300 and
1900 m a.s.l, and Stipa-Cleistogenes-Artemisia steppe mainly develops below 1900 m a.s.I[5].
Along with climate change and global warming, negative human activities including mining,
road network concentration increase and they cause a change of land cover. The aridity is
increased in the river basin and number of surface water sources is decreasing, including small
rivers and springs. A total of 82 plant species of Orkhon River and Ogii Lake Basins belong to
low land plant species. It means that this area is having some sort of pasture degradation. The
desertification map developed by the Institute of Geo-Ecology of the Mongolian Academy of
Science shows that the desertification in the Orkhon River Basin covers a total of 246.823 km?
of land or 45.9 percent of the total territory of the river basin. Desertification of Ogii Lake Basin
is shown that northern site of the lake belonged to slightly, and southern site of the lake
belonged to severely desertification. High density of livestock or overgrazing is one of the
causes of desertification. The forest steppe plants in the pasture land, the percentage of many
types of plants has decreased and low quality plants that tolerate livestock grazing very well
increased. In such places, soil moisture is decreased and soils are compacted and become
hard[6].
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Fig. 1.6 Desertification rate in Orkhon River Basin

Wang et al studied the lithology and chronology of the study area using an 854-cm-long core
(UGO04 core) which drilled with gravitational piston corer in 2004 at the east-central part of the
Ogii Lake where the water depth was 14.5 m. Three major lithofacies are distinguished from
their study based on field visual inspection and laboratory analysis. Unit 1 (854-480 cm) and
unit 3 (242-0 cm) are clayey silt layers, unit 2 (480-242 cm) is a silt layer with two carbonate-
rich interlayers at 450-492 cm and 368-348 cm[5]. The Ogii Lake Basin is located within the
zone of highly continental steppe soil formation. Soils found in the Ogii Lake Basin
predominantly consist of Kastanozems while Regosols and Leptosols dominate on steep slopes
and ridges. Soils are loamy to sandy riddled with a considerable amount of debris and pebbles
that are often layered and adjusted[5]. Kastanozem are humus-rich soils that were originally
covered with early-maturing native grassland vegetation, which produces a characteristic brown
surface layer. Kastanozem found in relatively dry climate zones (200400 mm) of rainfall per
year, usually bordering arid regions such as southern and central Asia, northern Argentina, the
western United States and Mexico[7]. The soil has light, sandy and clay combination of
mechanic composition, medium size of petrifaction, with 18 cm humus depth and solution pH
is neutral and alkaline (pH=7.17-7.57). Steppe kastanozem with combination of sand and light
clay soil is located east and north east valley of the lake under grass-herb and grass —herb-
wormwood types of vegetation. Light kastanozem soil with clay and sandy stratum distributed
in the west and north-west side of the lake and formed under vegetation type with Achnatherum
splendens. Light and carbonated kastanozem soil is formed under caragana bush-needle grass
type of vegetation around north-western area of the lake. Sandy kastanozem soil with clay is
formed under grass-herb and needle grass-wormwood vegetation in south plateau of the lake[8].



1.3 Description of study area and water resources

Mongolia is situated on three international river basins such as the Arctic Ocean Basin,
Pacific Ocean Basin, and Central Asian Internal Drainage Basin which covers an area of 20
percent, 12 percent and 68 percent of the country, respectively[9]. The Orkhon River (1124 km)
is major tributary of Selenge Basin which originates in the Khangay mountains and it’s one of
the major river of the Arctic Ocean Basin.

Total water resource of Mongolia is estimated to be 599 km?/year, and is composed mainly
from water stored in lakes (83.5%), glaciers (10.5%) and rivers (5.8%)[10]. In the last 30 years
the territory of glaciers and permanent snow in Mongolia decreased by 34.4—-74%. There are
around 1730 lakes, small lakes and shallow waters in the Orkhon Basin with around 100 of
those having an area of more than 0.1 km? by 1984. Previous studies[11],[12] have reported
that Ogii Lake was formed by the meandering of the Khugshin Orkhon River, which is
originates from the eastern Khangay Mountains meanders across mountain steppes. The
Khugshin Orkhon River flows into the Ogii Lake in the southwest, and the lake water over-
flows into the Orkhon River in the northwest after a distance of 7 km (Fig. 1.7), this outflow
river is only ephemerally active due to overflow from Ogii Lake. The inflow rate of Khugshin
Orkhon River was reported as 0.43 m®s in 2005 and 0.58 m®/s in 2006[8]. The Khugshin
Orkhon River's length is approximately 90 km, with a catchment area of 6210 km?. The lake is
situated 1332 m above sea level[13] and has a maximum depth of 15.3 m (mean of 6.6 m),
length of 7.4 km, and width of 5.3 km (mean of 3.4 km). The lake has a shoreline of 24.7 km
and carries a water volume of ~0.171 km?®[14], and covers an area of 25.7 km?, approximately
50 percent of which is less than 3 m deep as a result of fluvial process[4]. Regarding the
groundwater flow of the lake studied by literature, however, there is no highlights on the lake
water supply[11]. In Ogii Lake, one gauging station is under operation since 2002. According
to the observed water level at the Ogii Lake station, water level has been under fluctuation each
year. In 2011, lake water level measured approximately 160 cm, which accounts more than 50
percent of decrease compare to 2004 (353 cm). Unfortunately, during the period of lake water
fluctuation there is not available information about the Khugshin Orkhon River discharge,
because the hydrological station in Khugshin Orkhon River closed in 1995 due to the several
reasons.

The Ogii Lake Basin is a representative location of the dry steppe region of Mongolia[11],
which is located at ~102.77° E, 47.76° N in the foothill piedmont area at the northern flank of
the Khangay Mountains[15]. It has an extensive alluvial area of grasslands. River channels,
pools and marshes at the western end and is surrounded by grassy steppe. Ogii Lake was
registered as an International Ramsar Convention site in 1998, particularly due to its status as
a waterfow! habitat. The site is very important breeding and staging area for a wide variety of
waterfowl, particularly Anatidae[16].

There are 17 fish species of 12 families, 4 amphibian species, 70 mammal species of 17
families of 7 orders, and 245 bird species in the Orkhon Valley[17]. Due to mining activities in
the upstream part of Orkhon River water quality of Orkhon and Khugshin Orkhon decreased,
and fish species percentages of Ogii Lake have changed in some parts of the river channels[6].
In the last two decades, lake-based tourism, local stockholders with a lot of livestock
concentrated surrounding the lake and its tributaries. The result is a consequence of land
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degradation, overgrazing, and desertification. Livestock husbandry of residents and unplanned
tourism facilities development in the shore of the lake, predator mammals are escaping from
those areas that result in increased rodents’ population around the lake. More specific
information on climate condition, and hydrological characteristics of the study area are given
in the subsections.
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Fig. 1.7 Location of the study area

1.4 Literature review

Globally, researchers have been investigating the impacts of climate change on lake and
freshwater ecosystems for over two decades, and several comprehensive reports have been
published by the Intergovernmental Panel on Climate Change (IPCC). Lake ecosystems are
vital resources for aquatic wildlife and human needs. It always has been subject to the impacts
of climate change, and natural climate variations in the past. Changes in air temperature and
precipitation have direct effects on the physical, chemical, and biological characteristics of
lakes indirectly via modifications in the surrounding watershed through shifts in hydrological
flow pathways, landscape weathering, catchment erosion, soil properties, and vegetation[18].
Changes in the precipitation regime that accompany climate change have the potential to cause
shifts in the connectivity of lakes (with biological implications, e.g., for migratory fish species),
as well as in erosion rates that could affect the inflow and outflow dynamics of lakes. Shifts in
precipitation relative to evaporation (the P/E ratio) cause changes in the water budget and
hydraulic residence time of lakes, as well as in their depth and areal extent. Ponds and wetlands
are especially vulnerable to changes in P/E because of their shallow depths and large surface to
volume ratio[18]. Current global circulation models predict an increase in air temperatures of
several degrees by the end of the twenty-first century, combined with large changes in the
regional distribution and intensity of rainfall. These shifts in climate forcing appear to have
already begun, and the onset of changes in the physical, chemical, and biological attributes of
lakes is affecting their ability to maintain the present-day communities of aquatic plants,
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animals, and microbes, and their capacity to provide ecosystem services such as safe drinking
water and inland fisheries. Glaciers in many parts of the world are undergoing accelerated
retreat, and glacial fed lakes and reservoirs are therefore particularly vulnerable to changes in
their inflow regime. For example, the Chinese Academy of Sciences estimates that by 2050, up
to 64% of China’s glaciers may have disappeared, with serious consequences for the estimated
300 million people who live in China’s arid west and who depend upon this vital water supply.
At Lake Biwa, Japan, the reduced flow from snowpack in the surrounding mountains is thought
to be a mechanism reducing cold underflows that play an important role in recharging the
bottom waters of the lake with oxygen[18].

Various studies were carried out on the local climate and hydrological relationship on Ogii
Lake Basin. Khosbayar et al., (2003) reported that Ogii Lake’s water level was about 5 to 6
meters higher than current water level in the early and mid-Holocene. Based on the distribution
of plant dust in the lake, lake sediments were accumulated inconstantly, which is a sign of rapid
climate change in a short period of time. Walter et al., (2005) were carried out paleo
environmental studies of lake water fluctuations and Holocene climate change through
sampling the bottom sediments of the lake at three different water level. The study found that
the climate was cool in the early and middle Holocene, and relatively dry in the region during
the late Holocene[13]. Wolfrang et al., (2008) analyzed lake sediment of the Ogii Lake based
on chemical and mineralogical properties of the lake sediments (630 cm sediment core) to
estimate the Holocene climate evolution of the Ogii Lake Basin. According to the principal
component analysis (PCA) of the elemental composition of the samples from Ogii Lake
sediment, the Ogii Lake record indicated that stable high lake levels from 2.8 kyr BP to present,
thus suggesting enhanced moisture supply during the late Holocene. Low lake condition was
identified during the Early Holocene (10.6-7.9 kyr BP. It is proposed that lakes in this area
benefitted from increased discharge induced by glacier melting in the Khangay Mountains
during a warm but relatively arid period. The Mid-Holocene (7.9—4.2 kyr BP) was characterized
by generally higher lake levels and thus increased moisture supply. Yet, this period was prone
to strong climate fluctuations. More arid conditions prevailed from 4.2-2.8 kyr BP and were
followed by a stable, more humid phase until today[4]. Chinese researcher Wang Wei et al.,
(2009, 2011) analyzed the vegetation and climate change dynamics during the last 8660 cal. a
BP in central Mongolia, based on a high resolution pollen record from Ogii Lake. They inferred
four stages of climate changes such as a mild and semi-humid climate before 6860 cal. a BP
with a remarkable cool and humid interval (8350-8250 cal. a BP), a prolonged warm and dry
climate from 6860 to 3170 cal. a BP, a cooler and wetter climate between 3170 and 1600 cal. a
BP, and an increased climatic instability after 1600 cal. a BP[5]. A similar study was conducted
by the Japanese researcher Fukumoto (2012) based on the accumulation of plant and animal
remains in Ogii Lake to identify environmental changes since the beginning of the Holocene.
The study found that in the early Holocene, the climate was humid and cooler, and in the middle
of the Holocene, the climate was dry. They also highlighted that regional climate change
affected not only Mongolia but also Euro-Asia. However, during the Late Holocene, the low
glaciation and short periods of drought periods were alternated. According to lake researcher
J.Tserensodnom (1971 & 2000), the Ogii Lake watershed is fed by the Khugshin Orkhon River
and runoff of Khugshin Orkhon River is regulated by the Orkhon River. Recently, S.
Erdenesukh et al., (2020) investigated the impact of recent global climate change on the water

12



surface area of Ogii Lake. They analyzed various measured hydro-meteorological variables of
the lake basin and lake surface area, which was estimated from Landsat series satellite images
of each August from 1986 to 2018. They concluded that total annual evaporation and inflow
river discharge were the essential hydro-meteorological factors affecting the surface area of the
Ogii Lake.

The literature?” found a tectonic fault (Fig. 1.8) crossing the lake from west to east through
the highest depth (center) of Ogii Lake using Hypsometric Integral analysis, spatial
improvement method, morphostructural and morphgeographic methods. They highlighted, the
tectonic fault has same direction with Khoid Tamir River, and it crosses the lake after cross the
Orkhon River horizontally. They concluded that, the Ogii Lake’s water fed by the surface and
groundwater flow of Khugshin Orkhon River, Khoid Tamir River, and Orkhon River.
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Fig. 1.8 Tectonic fault and depression of Ogii Lake
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Chapter 2  Research objective and methodology
2.1 Research objective

As mentioned in the previous chapter, Ogii Lake is one of the ecologically important lakes
in Mongolia, registered at Ramsar's Convention in 1998. It is a freshwater lake located in the
semi-arid region, which is the main tourist place in Arkhangai Province, central Mongolia. In
recent years, due to increase in human activities along the lake shore, Ogii Lake’s ecosystem is
under anthropogenic impact. Moreover, the Ogii Lake water surface area has been changed,
and outflow from the lake has dried out for several years. Therefore, it’s important to study the
impact of human activities and climate change impact on the ecologically important lake in the
semi-arid steppe region in Mongolia. Objective of this research is to estimate the environmental
characteristics of Ogii Lake considering the impact of climate change and anthropogenic effects
on Ogii Lake’s water quality and quantity.

2.2 Research methodology

To achieve this goal, a qualitative and a quantitative analysis were conducted which may be
divided into three steps.

Step one, field surveys were conducted in the summer of both 2017 and 2018. Water samples
were collected from several springs, streams, rivers, and lake water in Ogii Lake Basin. A water
quality analysis was carried out in the Recycling Engineering Laboratory at the Faculty of
Environmental Engineering, The University of Kitakyushu. In 2018, a questionnaire survey
also contacted both local households and tourist camp’s owners around the lake to evaluate the
impact of human activities on the Ogii Lake environment. During the field surveys, | observed
that herders grass their livestock close to the lake, and mostly horses, sheep and goats over stay
near to lake shore, and along Khugshin Orkhon River during the day. Therefore, the potential
excreta pollutants from livestock around Ogii Lake were estimated based on herder’s location
and livestock numbers provided by the National Statistical Office (NSO). Based on statistical
data, potential excreta pollutants of livestock in the Ogii Lake County were predicted in Excel.

Step two, the climate change impact on Ogii Lake Basin were studied based on monthly
changes in lake water surface area and estimated evaporation from the Ogii Lake’s water
surface area using satellite images and historical reanalysis data, respectively.

Step three, groundwater potential zone of Ogii Lake Basin was delineated based on
integration of AHP, MCDM, RS, and GIS using six thematic layers.

A detailed information of each research method is described in the following chapters. The
research framework-1 given in Fig. 2.1.
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Chapter 3 ~ Study on environmental characteristics of Ogii Lake
3.1 Research background

Water pollution and land degradation is mostly related to population density, livestock
density and overgrazing pastureland. Mongolia is a landlocked country in the Central Asian
plateau. It is experiencing a significant modification of herding practices, combined with an
increase in livestock numbers[19]. The livestock is one of the main sectors that consist of gross
domestic products GDP, followed by the mining sector. Traditionally, nomadic herders have
grazed the vast but fragile grassland by rotating animals over shared pasture in a seasonal
species segregated pattern. Co-operation among herders was common, such as the traditional
Khot-ail (group of nomadic families), for sharing labor resources and controlling grazing use
without degrading the environment. Political and economic changes associated with the shift
from command economy to market economy since 1990 have had a significant impact on
herders and pasture land. Several studies revealed that nowadays the pastures are exposed to
considerably higher grazing pressure, whereby sharp increases in animal numbers as a result of
the introduction of market economy in the 1990s[20]. Increase of herders, livestock numbers
and herding behavior/grazing patterns and breaking of wells has resulted in an overuse of
pasture land and an expansion of grazing grounds into formerly unused areas, including
protected areas. Overgrazing favors unpalatable plant species, reduces the vegetation cover and
thereby reduces the moisture storage in the soil, leading to acceleration of desertification
processes. Traditional herd composition has also shifted and the number of goats almost
doubled. It is widely known that the goats have the most negative impact on grazing land due
to their natural grazing behavior which involves uprooting the vegetation. This leads to almost
irreversible degradation of pastures[16]. Almost 70% of total pastureland degraded to some
extent, and widespread over-grazing has been documented[21]. Moreover, the impacts on
stream water quality from livestock have changed in recent times; between 1990 and 2010,
livestock numbers increased significantly in Mongolia[19]. According to livestock census data
in 2018[22], 66.46 million livestock officially counted in Mongolia, and livestock densities
reached approximately 42 head per km? nationally, and 165 head per km? in Ogii Lake
County. Livestock population consist by 5.92 % horse, 6.6 % cattle/yak, 0.7 % camel, 45.97 %
sheep, and 40.81 % goat at country level. Pastureland and drinking water availability are both
important resources for herding livestock. As a result of the increase of livestock population,
pastureland pressure raised, which instigated the pasture and soil cover degradation process[23].
In contrast, result of land degradation and climate change a drought (extended periods of
deficient rainfall) occurs has increased in Mongolia which increase vulnerability and cause of
mortality of livestock to harsh winters. Mongolian herders commonly classify dzuds into five
types depending on the characteristics of the severe winter weather: (1) white dzud, deep heavy
snow and cold temperatures; (2) black dzud, freezing temperatures and the absence of surface
water and forage; (3) combined dzud, deep snow with a sudden drop in temperature; (4) iron
dzud, impenetrable ice cover over the forage area; and (5) storm dzud, high winds and heavy
snow[24]-[27]. Historical records indicate that fifteen dzuds occurred in the 18™ century, thirty-
one in the 19" century, and forty-three in the 20" century[28]. While dzuds were once predicted
to occur every eight to twelve years, now expected every other year[29]. In the past two decades,
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six dzuds have occurred in Mongolia. In the winter of 2009—2010 Mongolia experienced the
most severe dzud about 8.5 million livestock had died, approximately 20% of the country’s
livestock population[30]. However, the livestock population census has shown increased
livestock population in the past 25 years’ period. On the other hand, a high density of livestock
population also negatively influences water quality when free access to the water body. The
current situation of drinking water sources of livestock is mostly surface water such as a river,
stream, and a lake in the summer season. A considerable amount of literature has studied the
influences of livestock production on water quality. Literature [19] found that livestock impacts
affecting the water quality of streams have changed recently between 1990 and 2010 in
Mongolia. A higher livestock density increases the risk of nutrients leaching into the
environment[31]. Nutrient enrichment, along with excess sediment inputs, is the primary water
quality issue for the most freshwater ecosystem in the world[32]. Maasri and Gelhaus (2011)
found that the increase of livestock numbers is reaching beyond the grassland and affecting the
stream ecosystem in Mongolia. Two major impacts were highlighted based on their study.
Firstly, the extensive watershed and stream bank erosion, and secondly, the increase in the
concentration of suspended particle and orthophosphate in the stream. At both the pasture and
watershed scales, grazing animals negatively affect water quality when the number of animals
exceeds the carrying capacity of the land[33]. A literature review[34] found a strong correlation
between high livestock numbers and high biological oxygen diamond (BOD) from the direct
discharge of farm effluents. The disposal of animal waste is a potential nonpoint source of water
quality degradation, and it is characterized by a diffuse discharge of pollutants, generally over
large areas such as pastures[35]. Livestock excreta contain a considerable amount of nutrients
such as nitrogen, phosphorus, and potassium, as well as drug residues, heavy metals, and
pathogens [36]. A consequence of significant enrichment of nitrogen and phosphorus in aquatic
environments is eutrophication. Due to the high density of livestock located around Ogii Lake,
the lake has found that having the phenomenon of eutrophication. Currently, no information is
available regarding phosphorus excretion from the livestock in Mongolia [8]. Due to the huge
number of livestock settling around the lake, and along the river that is only surface inflow to
the lake livestock-related pollutants has been increased recently. The eutrophication in the
northern side of the lake might be one of the indicators of the livestock-related pollutants. Since
the hydrological station in Khugshin Orkhon River closed in 1995, water quality information
limited until 2005. The Ministry of Nature and Environment of Mongolia (MNE), and the Japan
International Cooperation Agency (JICA) implemented the Ogii Lake Ecosystem Conservation
Project from August 15 to September 30, 2005, from July 18 to October 29, 2006. This previous
study confirmed that the concentration of nutrients in Ogii Lake water was as low as 0.04 mg
N/L, 0.001 mg N/L, 0.10 mg N/L, and 0.005 mg P/L for ammonia (NH3—N), nitrite (NO>),
nitrate (NO3), and Phosphorus (P), respectively [8]. However, the concentration of easily
oxidized organic matter such as the concentration of BOD in the water was relatively high at
several points, such as the western parts and the bottom layer of the central point of the lake[8].
Geo-Ecological Institute of Mongolian Academy of Science (MAS) implemented the project
that named “Ecological assessment of the Terkhiin Tsagaan Lake and Ogii Lake” in 2015.
Ecological assessment of Ogii Lake has been carried out under this project. They found that
dominant algal species in the northern side of the Ogii Lake was Rivularia planctonica in 2015.
Colonies could be seen by eyes and were floating near water surface during on Sep 8, 2015.
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Rivularia planctonica algal cells (Source: Pictures obtained from the report of Ecological assessment
of the Terkhiin Tsagaan Lake and Ogii Lake, 2015)

During the project at least 17 species belonging to 5 phyla have been observed in Ogii Lake
on July 14, 2016. The dominant algal species is still Rivularia planctonica, one of the
cyanobacteria, and the second large population was Aphanocapsa delicatissima, which is also
a species of cyanobacteria. The literature highlighted that 1) Microbial populations were similar
in samples collected form the lakeshore and lake center. Microbial population composition from
the lake intake stands apart from all other lake water samples; 2) From the microbial population
comparison, cow feces may be the major contamination sources (among three fecal samples
tested) in Ogii Lake; 3) At least 15 common bacterial Operational taxonomic unit (OTUs) were
found from all water and fecal samples and some of them were host-specific species. It is
possible that lake water has been affected by all three types of feces[37].

Ogii Lake water quality

The Ogii Lake is the largest and ecologically important lake in Orkhon River Basin which
is locates at relatively lower altitude than the upstream part, and mineralization in the Ogii Lake
tends to increase. Ogii Lake water exchange process is relatively slow due to only one inflow
and outflow in its west part which exists when the lake water level has increased. Ogii Lake
water mineralization ranges 210-274 mg/L and it is subject to “fresh” according to
classification by A.M. Ovchinnikov. There are two small lakes on the east of the Ogii Lake, big
one’s mineralization is 312 mg/L and another one 620 mg/L. Water hardness of Ogii Lake
ranges 2.70-3.20 mg-eqv/L, and Mg ion is dominant in its hardness that is different from other
fresh water lakes[6].

The water quality of Ogii Lake depends on the water quality of Khugshin Orkhon River[38],
which is unique surface inflow into the Ogii Lake[11]. In recent years, due to lake-based
tourism and livestock settlements, the lake environment has been under pressure and has
suffered degradation of its wetland area. Concentration of livestock around the lake led to the
loss of habitats for migratory birds nesting around the lake. In addition, some part of the lake
faced to the eutrophication.
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Animal residues around the Ogii Lake in 2018

Since the lake-based tourism developed around Ogii Lake, transport and livestock holdings
have been concentrated around the lake and its tributaries. According to the information from
the Ogii Lake Information Center, tourist visits to the lake begin each year between June and
August due to the suitable weather conditions during the summer vacation period in Mongolia.
A preliminary sampling and analysis of the water conducted in 2017 under a joint research
project funded by the Mongolia—Japan Higher Engineering Education Development (MJEED)
Project. The results of joint research project in 2017 implied that the main cause of the water
quality deterioration was the livestock in this region, with Ogii Lake experiencing
eutrophication in recent years. It is, therefore, necessary to assess the potential load of the recent
increase of livestock numbers on the lake and stream ecosystem by calculating the gross amount
of pollutants, expressed as the amount of chemical oxygen diamond (COD), BOD, NHs—N,
total phosphorus (TP), and total nitrogen (TN) from the annual total population of livestock.
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3.2 Research methods

Based on current environmental issue of Ogii Lake Basin, the field and questionnaire surveys
conducted in 2017 and 2018 according to the following research framework to investigate the
environmental characteristics of Ogii Lake (Fig. 3.1).
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Fig. 3.1 Research framework-2

3.2.1 Field survey — water sampling

The water samples collected from stream, spring, Khugshin Orkhon River, and Ogii Lake
during July 7-8, 2017 and August 23-24, 2018 (Fig. 3.2). In 2018, water sampling sites from
the lake were extended based on the water analysis results of 2017.

N

- <=

S-1 Spring (stream water mixed)
S-2  Stream

S-3  Sprmg (non-frozen)

R-4 River neighboring the spring
- . S-5 Spring in Grass plateau nearby Ogii Lake
L-6 The reefat OgiiLake

R-7 Old Orkhon river nflow

L-8 Ogii Lakeshore

L-9 Ogii Lake routine sampling site
S-10 Spring in plateau

L-11 Ogii Lake outflow

L-12 North Mergen Shanaa

L-13 South Mergen Shanaa

G-14 Groundwater near camp

0 4 8 16 24

_— 1Km

1:250,000

Fig. 3.2 Map of water sampling sites along Orkhon Valley, Mongolia (R-river water;
S—spring and stream; L—Lake water; G-Groundwater)
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Photoshoot during the field survey in 2018

3.2.2 Research methods for water quality analysis

Water temperature, dissolved oxygen (DO), and pH were measured immediately at the
sampling sites using calibrated portable meters (Oxi 3310; Multi 3630 IDS, WTW, Germany).
Suspended solids (SS) were determined by first filtering water samples through membrane filter
papers (GF/F Whatman, UK), which were then dried at 105 °C for 24 h in the laboratory at the
University of Kitakyushu, Japan. Dried filters were subsequently weighed for SS. Chemical
parameters were analyzed according to the Standard Methods for the Examination of Water and
Wastewater [39], which associates a number for the standard method (SM) of each individual
parameter. Concentrations of Ca, Al, Fe, Cr, Cu, Mn, Na, Pb, Zn, Li, Cd, Au, and As were
measured by ion chromatography (ICP-MS #7900, Agilent, USA) as per SM 3125 B. K and
Mg concentrations were analyzed by an atomic absorption spectrophotometer (AA240FS,
Varian, USA) following SM 3111. NHs3-N concentrations were measured by a
spectrophotometer (#7012, Hitachi, Japan) using a 5 cm glass cell in accordance with SM 4500
for NHz H (flow injection analysis). Concentrations of CI, NO2, NOgz, SO+*, F, and POs*
were measured by inorganic ion chromatography (ICS-1500 Thermo Fischer, USA) as per SM
4500-Cl G, SM 4500-NO, B, SM 4500-NOs" I, and SM 4500-SO+* G, respectively. Total
organic carbon (TOC) was measured using a TOC analyzer (TOC-V csn Shimadzu, Japan)
according to SM 5310.
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Fig. 3.3 Equipment used for water quality analysis

Based on the existing surface water quality standard MNS 4586:1998 (Table 3.1), the
specified values of each variable, including DO, NH4*, NO2", NOs", CI-, POs* and SO4> were
used to calculate the water quality index (WQI) at each sampling site. This method is used to
assess the ecological state of surface water in Mongolia, which classified into six classes,
ranging from very clean (WQI < 0.3) to dirty (WQI > 6) [40]. WQI was estimated using EqQ.
3.1, which was developed by the Mongolian National Center for Standardization and
Meteorology (CSM) in 1998 [41]. The classification of WQI is shown in Table 3.2.

n Ci

1li

Wl = 3.1

where,

WQI: Water Quality Index

Pl;: The specified value of the i variable of the MNS 4586:1998
C;: Concentration of i" variable

n: Number of variables
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Table 3.1 Permissible level of surface water variables in Mongolian National Standard

Variables name Chemical MNS 4586:1998
formula standard
Biochemical Oxygen Demand — 5 day BOD 3 mg/L
Chemical Oxygen Demand — Manganese COD 10 mg/L
Dissolved oxygen DO 6~4 mg-O/L
Hydrogen ion activity pH 6.5-8.5
Total organic carbon TOC -
Chloride Cl 300 mg/L
Nitrate NO; 9.0 mg-N/L
Sulphate SOy 100 mg/L
Phosphorus PO4 0.1 mg-O/L
Fluoride F 1.5mg/L
Nitrite NO; 0.02 mg-N/L
Ammonium NH. 0.5 mg-N/L
Aluminum Al 200 mg/L
Calcium Ca 100 mg/L
Chromium Cr 0.05 mg/L
Manganese Mn 0.1 mg/L
Copper Cu 0.01mg/L
Arsenic As 0.01 mg/L
Cadmium Cd 0.005 mg/L
Lead Pb 0.01 mg/L
Magnesium Mg 30 mg/L
Table 3.2 Classification of water quality index

Quality index Water quality Classes

<0.30 1 Very clean

0.31-0.89 2 Clean

0.90-2.49 3 Slightly polluted

2.50-3.99 4 Moderately polluted

4.00-5.99 5 Heavily polluted

6.00-10.0 6 Dirty

>10.0 7 Very dirty

Water hardness is the amount of dissolved calcium and magnesium in the water. It is usually
expressed as the equivalent quantity of calcium carbonate. Total water hardness was estimated

using Eq. 3.2

Where:

CaCO05: Water hardness mg of CaCOz equivalent hardness in 1 liter of water (mg/L)

CaC0; = 2.5+ [Ca?*] + 4.1 [Mg?*]

Ca?*: Concentration of calcium (mg/L)
Mg?*: Concentration of magnesium (mg/L)

3.2
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General guidelines for classification of waters are: 0 to 60 mg/L (milligrams per liter) as
calcium carbonate is classified as soft; 61 to 120 mg/L as moderately hard; 121 to 180 mg/L as
hard; and more than 180 mg/L as very hard.

3.2.3 Questionnaire survey

A questionnaire survey was conducted in August 2018 under a cooperation with the Ogii
Lake Wetlands Information and Training Center to evaluate anthropogenic impacts on the
lake’s environment. The survey conducted on 49 households, four tourist camp owners, and 28
small private camps called “Eco-houses” located around the lake. Questions included in this
survey are the number of family members, number of grazing livestock, water sources for both
humans and livestock, lavatory and sanitation systems, waste generation and disposal, number
of tourist visits to the lake every year, and observed any environmental changes. Surrounding
to the lake there was only four containers was designed for garbage disposal. Also, around the
lake except for four tourism campus no lavatory for private tourist. Therefore, during the time
when tourist visited to the lake, human waste and solid waste disposals are becoming a big
problem. The current condition of lake based tourism shown below.

—

e

Waste container Fee Waste container

Waste containers that installed around Ogii Lake
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Fig. 3.4 Research framework-3

The historical livestock data, which is provided by the National Statistical Office of Mongolia
[42] were analyzed according to the research framework-3 (Fig. 3.4).
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Table 3.3 Population, livestock, and herder’s census data

Years 2004 2005 2006 2012 2013 2014 2015 2016 2017 2018
Population
Ogii Lake 3025 3015 3047 1003 1041 1060 1065 1087 1147 1162
County
Around 490 497 494 171 194 197 199 201 216 225
Ogii Lake
Households
Ogii Lake 777 782 788 894 919 926 912 947 953 969
County
Around 130 129 128 156 159 156 159 158 167 170
Ogii Lake

Livestock (thou)
Ogii Lake ~ 86.5 108.7 129.8 166.3 202.7 2175 2329 2528 2915 2783
County
Around 139 163 199 388 44.5 45.6 50.8 55.4 58.4 55.2
Ogii Lake

Data source: Data of 2004 — 2006 [17]; Data of 2012 — 2018 [2] Access link

3.2.4 Research method for investigating the potential generation of livestock related
pollution

The livestock growth rate was calculated by Eq. 3.3 at country and subdivision levels.

Current poulation—Population in past

Growth rate = [ * 100%] /Period 3.3

Population in past

Based on the estimated livestock yearly growth rate in Ogii Lake County from 2008 to 2018,
livestock population growth and the livestock excreta pollutants were predicted. The livestock
population growth estimated by the exponential growth function (Eq. 3.4).

P(t)=P0'ekt 34

where,
P(t): Population after time t
P,: Initial population
e: Exponential constant (e = 2.718)
k: Growth rate

The waste generation data and amount of contaminants (COD, BOD, NHs-N, TP, and TN) in
the livestock feces and urine were obtained from Gu et al. (2008) [43]. Goats were assumed as
sheep, and horses and camels were assumed as cattle by using conversion factors (1 goat = 0.9
sheep; 1 horse = 1 cattle; 1 camel = 1.5 cattle) that are used in Mongolia. The obtained data for
NHz-N, TP, TN, COD, and BOD of cattle and sheep are compiled in Table 3.4.

The annual number of livestock and herder’s locations were obtained from the National

Statistical Office of Mongolia [44]. Livestock density around the lake at the different radiuses
(2 km, 5 km, 10 km, 25 km) was mapped using the buffer zone tools of ArcMap 10.1 (Fig. 3.8).
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The gross amount of pollutants produced by livestock was estimated based on the amount of
pollutants produced per day per head by Eqg. 3.5 using the total number of livestock in 2016 in
Ogii Lake County.

Table 3.4 Average waste generation and pollutants of cattle and sheep

Livestock Waste Waste NH3s-N TP TN COoD BOD
Categories '[ype amount (kg/head/year)
(kg/day)

Cattle feces 20 12.48 8.61 31.9 226.3 179

urine 10 12.66 1.46 29.2 21.9 14.6
Sheep feces 2.6 0.76 2.47 7.11 4.39 3.89

Ap = F X N X P X 365 3.5
Where,

Ap: The annual gross production of pollutants (kg/year)
F: The amount of feces and urine (kg/head/day)

N: Number of livestock (head/year)

P: Amount of pollutants per kg of feces and urine (kg/kg)

3.3 Result of field survey

3.3.1 Water quality of Ogii Lake, Khugshin Orkhon River, and streams in Orkhon
Valley

The physicochemical parameters of water samples for July 7-8, 2017 and August 23-24,
2018 are shown in Error! Reference source not found.. The results of these two years’ water
analyses are summarized below based on their sampling location.

Water quality in the Orkhon Valley DO concentrations in the samples from Orkhon Valley (S-
1, S-2, S3, S-5) ranged between 5.17-6.52 mg/L in July 2017, and 6.31-6.85 mg/L in August
2018. The pH value varied between 7.8 and 8.7, and the SS concentrations ranged from 0.5 to
19.4 mg/L in both sampling periods. In July 2017, the SS concentration in the stream (S-2) and
non-frozen spring water (S-3) were determined to be 12.3 and 2.2 mg/L, respectively. In August
2018, the SS concentration were decreased by almost half at sampling site S-2 in comparison
to the previous year. The observed daily discharge data (Table 3.5) shows that during the
sampling period, the flow rate was determined to be 0.62 and 0.32—0.36 m®/s on July 7-8, 2017,
and August 23-24, 2018 respectively.

Therefore, SS concentrations at these locations might depend on the movement of livestock
as well as the water flow rate. Also PO+* concentrations were 2.7-2.8 times higher than the
water quality standard (0.1 mg/L) at these two sampling sites (S-2 and S-3). In both years, the
water quality at these sites and at S-1 was classified as moderately hard to hard water with
hardness value 82.01-237.76 mg/L. In 2017, the sample from the spring (S-1) was classified as
clean water with a WQI of 0.19, while other nearby two water samples from stream (S-2) and
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non-frozen spring (S-3) were classified as dirty with a WQIs of 8.82, and 12.06, respectively
(Error! Reference source not found.). In 2018, the samples from the spring and stream (S-1 and
S-2) were classified as slightly polluted as both had WQIs of 1.33. The calculated WQI at non-
frozen spring water (S-3) was classified as dirty with a WQI of 8.14 due to concentrations of
PO.* and NO; that exceeded the water quality standards (see Table 3.6 and Table 3.7). The
non-frozen spring water (S-3) is the main drinking water source for surrounding households
throughout the year, and it contained relatively high concentrations of P and N; hence water
from S-3 should be avoided to use as drinking water. Multiple analyses should be conducted,
especially for the non-frozen spring water (S-3), to determine any seasonal changes on the
physicochemical parameters.

Water quality in Khugshin Orkhon River DO concentrations in the Khugshin Orkhon River
(R-4 and R-7) water sample ranged between 5.2-5.5 mg/L in 2017, which is below the specified
value in the MNS4586:1998 (6 mg/L) for the summer season. In August 2018, DO
concentrations ranged between 6.29-7.61 mg/L in water samples of R-4 and R-7. The pH varied
from 8.84-9.26 in July 2017, and 8.43-8.91 in August 2018. The SS concentration increased
in the water sample (R-4) from 6.7 mg/L in July 2017 to 7.2 mg/L in August 2018, and from
4.0 mg/L in 2017 to 6.7 mg/L in 2018 at R-7 sampling point. In both years, the WQI of the
Khugshin Orkhon River was classified as clean; NO2” and NO3™ concentrations were relatively
low, however, POs* concentrations were determined to be 1.3-2.6 times higher than the
standard level (0.1 mg/L). In both years, the Khugshin Orkhon River water at site R-4 was
classified as being very hard. The water hardness was decreased to moderately hard (70.62—
83.54 mg/L) at sampling point R-7 near Ogii Lake (Fig. 3.7).

Water quality in Ogii Lake DO concentrations in samples from Ogii Lake (L-6, L-8, and L-9)
ranged between 5.27-6.49 mg/L in July 2017, and 6.58-7.46 mg/L in August 2018. Water
samples were alkaline; pH varied from 8.2-8.7 in July 2017, and 8.33-9.26 in August 2018.
The SS concentrations in samples taken in July 2017 ranged between 0.5-19.4 mg/L and in
August 2018 (7.5-16.9 mg/L). The highest SS concentration (19.4 mg/L) was found at the
sampling site on the northern side of the lake (L-8) in July 2017, but SS concentrations
decreased in August 2018. According to the WQI (Fig. 3.6), the lake water was classified as
clean at the L-6 and L-9 sampling points in both years (WQI 0.22-0.36), as well as at the L-11,
L-12 and L-13 sampling points in 2018 (WQI 0.33-0.69), and was classified as slightly polluted
at L-8 in both years (WQI 1.12-1.21). The PO.* concentration was determined to be 0.27 mg/L
and 0.34 mg/L only at the northern side of the lake (L-11 and L-8), and 0.32 mg/L at the spring
water site (S-10) near the lake in 2018, which was higher than in 2017 as well as a previous
study by JICA in 2006. NO>™ concentration was determined higher than standard level at L-8
sampling point in the both year. In July 2017, the lake water hardness was classified as
moderately hard water (88.15-108.69 mg/L) at all sampling location (Fig. 3.7). In August 2018,
lake water samples L-12 and L-13 were classified as soft water (53.33-54.22 mg/L) due to low
Mg concentrations (0.94-0.96 mg/L) in samples from the eastern and western side of the lake.
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Table 3.5 Daily discharge data of Old Orkhon River at Kharkhorin Station (m?/s)

2017 2018
Days July August Days July August | Days July August Days July August
1 3.27 0.24 16 0.19 0.41 1 0.56 0.77 16 0.60 0.48
2 191 0.28 17 0.20 0.37 2 044 2.52 17 0.71 0.44
3 227 0.28 18 0.28 0.45 3 044 2.43 18 0.83 0.36
4 158 0.49 19 0.33 0.81 4 0.40 1.56 19 1.06 0.36
5 081 0.62 20 0.37 1.25 5 0.40 1.95 20 1.48 0.28
6 0.87 0.68 21 0.33 1.41 6 0.36 1.17 21 0.60 0.28
7 0.62 0.75 22 0.28 1.25 7 044 1.06 22 0.52 0.28
8 0.62 0.75 23 0.33 1.66 8 0.60 1.33 23 1.79 0.36
9 049 0.54 24 041 1.66 9 044 1.06 24 0.94 0.32
10 0.37 0.45 25 0.45 1.12 10 0.44 1.17 25 0.56 0.36
11 0.37 0.54 26 0.45 1.00 11 0.60 1.17 26 0.44 0.44
12 0.37 0.54 27 0.94 0.68 12 0.77 1.06 27 0.36 0.40
13 0.28 0.45 28 0.28 0.54 13 0.60 0.77 28 0.40 0.40
14 0.24 0.54 29 0.28 0.45 14 0.48 0.60 29 0.60 0.40
15 0.20 0.28 30 0.20 0.49 15 0.52 0.52 30 0.52 0.44
31 0.20 0.54 31 0.52 0.77

Note: Access raw data table in here

Physico-chemical parameters in 2017
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Table 3.6 Water analysis results of July 2017

2017 S-1 S-2 S-3 R-4 S-5 L-6 R-7 L-8 L-9
Water temp °C 8.5 20.2 10 23.9 21.2 21.5 24.3 24.1 23
SS mg/L 0.7 12.3 2.2 6.7 10.7 6.5 4 194 0.5
DO mg-O/L 6.52 5.37 6.07 5.17 5.48 5.27 55 6.49 6.04
pH - 7.8 8.18 7.81 8.43 8.72 8.53 8.91 8.2 8.73
TOC mg-C/L 2.82 5.21 1.45 3.96 4.96 10.89 5.16 12.38 9.53
Cl mg/L 6.84 9.83 7.57 8.31 9.12 16.57 8.5 0 15.96
NO3 mg-N/L 0.09 0.08 4.32 0.1 0 0.48 0 0 1.7
SO4 mg-S/L 26.89 44.83 30.89 39.84 43.28 35.14 34.61 1.48 34.76
PO4 mg-P/L 0 0.28 0.2 0 0 0 0.26 0 0

F mg/L 0 0 0 0 0 0 0 0 0
NO2 mg-N/L 0 1.15 161 0 0 0 0 0.1 0
NH4 mg-N/L 0.056 0.028 0.056 0.085 0.056 0.113 0.085 0.901 0.169
Li ug/L 0.52 1.11 0.44 1.01 0.7 1.18 0.57 0.98 1.24
Na mg/L 24.03 324 16.1 32.34 31.57 58.44 32.03 49.83 53.42
Al mg/L 0 0.93 0.25 0 0 0.25 0 0.86 0.83
Ca mg/L 16.24 34.99 22.67 50.14 12.32 13.19 12.43 16.02 11.45
Cr ug/L 0.12 0 0.04 0.03 0 0 0.03 0.13 0

Mn ug/L 0.04 0.03 0.03 0.03 0.17 0.03 0.25 0.51 0.06
Fe mg/L 0 0.49 0 0.45 0 0 0 0 3.9
Cu ug/L 1.08 0.81 0.46 0.97 1.03 1.04 1.35 5.58 1.15
As ug/L 9.36 0 0 0 0 7.23 7.12 14.58 19.18
Cd ug/L 0.01 0 0 0 0 0.01 0.03 0.03 0.04
Au ug/L 0.01 0 0 0 0 0.01 0 0.01 0

Pb ug/L 0.04 0.02 0.03 0.03 0.01 0.01 0.04 0.07 0.02
Mg mg/L 17.22 36.52 24.09 21.04 12.86 13.41 12.75 16.68 15.26
K mg/L 3.46 4.01 3.18 3.94 3.65 6.53 3.32 24.77 6.51
Water hardness mg/L 111.46 237.76 155.81 211.81 83.721 88.158 83.543 108.69 91.435
WQI 0.19 8.82 12.06 0.21 0.21 0.223 0.58 1.12 0.276
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Table 3.7 Water analysis results of August 2018

2018 S-1 S-2 S-3 R-4 S5 L-6 R-7 L-8 L-9 S-10 L-11 L-12 L-13 G-14
Water temp °C 14.2 15 14.7 228 22 226 209 23.1 20.3 21 234 224 23 7.7
SS mg/L 6.8 6.4 7.3 715 9.85 105 6.7 16.9 7.5 8.3 7.5 9.6 134 2
DO mg-O/L 6.45 6.36 6.85 6.29 6.31 746 761 6.98 7.14 706 595 715 658 795
pH - 7.35 7.33 7.53 784 7.64 925 9.26 9.1 9.15 811 833 905 925 8.06
TOC mg-C/L 6.91 7.09 7 597 5.36 8.466 7.48 7.78 7.97 7827 728 84 8.503 7.23
Cl mg/L 8.23 16.83 8.35 9.34 1523 1412 758 13.76 1469 16.83 16,55 1452 156 18.84
NOs mg-N/L  0.14 0 3.28 0.85 0.58 084 06 0.11 0 0 0 0 0.13 0.58
SO4 mg-S/L 31.67 38.78 5143 42.09 4763 3799 3479 4126 3935 59.98 50.08 38.82 38.87 3531
PO4 mg-P/L 0.21 0.27 0.28 013 01 0 0 0.34 0 032 027 O 0 0

F mg/L 1.05 1.86 1.02 115 0.79 181 0.9 2.01 1.88 118 207 188 187 08
NO: mg-N/L  0.11 0.09 0.1 0 0.09 0 0 0.05 0 009 O 0 0 0.02
NH,4 mg-N/L  0.17 0.31 0.32 0.58 0.48 032 031 0.48 0.47 046 028 035 039 031
Li ug/L 0.45 0.05 0.05 0.06 0.06 0.04 0.04 0.06 0.04 005 005 005 0.04 0.05
Na mg/L 37.29 4042 4325 4296 4698 53.66 2151 4897 48.68 0.00 58.08 50.95 64.76 24.34
Al mg/L n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a
Ca mg/L 1426 29.75 2436 3947 981 12.41 9.68 1586 10.79 1526 16.45 20.14 19.82 14.25
Cr ug/L 0.09 0.02 0.02 0.03 0.01 002 0.01 0.09 0.02 002 002 002 002 0.02
Mn ug/L 0.05 0 0 0.02 0.04 0 0 0.05 0 0 0 0 0 0

Fe mg/L 0.04 0.02 0.02 0.11 0.02 002 0.01 0.06 0.02 008 004 001 0.03 0.02
Cu ug/L 0.09 0 0 0.05 0.07 0 0 0 0 0 0 0 0 0

As ug/L 7.87 0.0022 0.0019 0.005 0.0029 0.009 0.0002 0.0023 0.0073 0.002 0.008 0.006 0.007 0.003
Cd ug/L 0.02 0.02 0.02 0.01 0.03 0.02 0.02 0.03 0.02 002 002 002 002 0.03
Au ug/L 0.68 0.74 0.74 069 0.77 0.73 0.70 0.81 0.73 076 075 073 074 0.78
Pb ug/L 0.09 0.11 0.11 0.08 0.05 0.09 0.08 0.15 0.09 012 011 009 010 0.13
Mg mg/L 11.27 2543 2139 1983 10.79 986 11.28 1807 1991 968 9.07 096 094 10.03
K mg/L 3.15 0.01 0 0.15 0.09 0 0 0.08 0.05 0 0.10 005 0.08 0.00
Water hardness mg/L 82.014 179.01 14891 180.2 6893 7158 70.62 114.02 108.94 77.97 7842 5422 5333 76.88
waQl 1339 133 8.141 0579 1157 0343 0.332 1213 0367 149 069 033 05 0.49

32



Moderately hard water (71.58-114.02 mg/L) was found at sampling sites L-6, L-8, L-9, S-
10, and L-11. Groundwater (G-14) was classified as clean (WQI 0.49) and moderately hard
(76.88 mg/L). In both years, the dominant anions in all water samples were CI-, SOs*, NOz and
the anion concentration exhibited the following order: CI> SO42> NO2> F> P0O4*> NOs". The
F~ concentration was 1.87—-2.07 mg/L at the lake sampling sites L-18, L-19, L-20, and L-21 in
August 2018, which exceeded both the MNS 4586:1998 standard (1.5 mg/L) and the World
Health Organization (WHQO) guideline value for drinking water (0.50-1.05 mg/L). Metal
concentrations were below the specified value at all sampling sites in both years. However, in
2017, the As concentration in the Ogii Lake routine sampling site (L-9) was 0.02 mg/L, which
was nearly double the value specified in the MNS standard (0.01 mg/L). However, in 2018, As
concentrations were below the specified value at all sampling sites. Arsenic is naturally present
in water and soil, therefore due to the free access of tourists and livestock to the lake, arsenic
in the lake shore might have been dissolved into the lake water at this sampling site in 2017.

3.3.2 Results of the questionnaire survey

The results of the questionnaire survey revealed that 17% of the household uses water from
the 2 m to 35 m depth wells, and 83% of the household uses water from the lake. Nineteen
households have a wooden lavatory (1.5 m to 2m depths). Other thirty households do not have
any kind of lavatory, with each house also does not have any sanitation system. Therefore,
human waste and household wastewater directly loads to the soil surface. Approximately
8000—10000 tourists visit the lake each year, particularly from the middle of June to the end
of August. The lake provides fish resources, therefore, tourists also visit the lake for fishing
during the winter season. Currently, there are no regulations on lake-based tourism. Most
tourists left their garbage along the lakeshore, and washes their cars very close to the lake due
to a lack of regulations. In addition, there are only four waste containers surrounding the lake,
which is installed within a 100-200 m distance from the lakeshore. The largest of these
containers had a capacity of approximately one ton, which could only serve to contain a small
volume of waste, considering the shoreline length of 24.7 km. Hence, these containers are
inadequate both in volume and numbers considering the extremely high tourism. Additional
issue is the dust from unpaved roads around the lake, which influences the degradation of the
soil surface. With the average solid waste generation for humans as 0.5 kg per day,
approximately 60.5 tons of solid waste are generated around the lake annually. When
comparing to waste generation rate, 62.8% of total waste was accounted for by residents, and
37.2% was accounted for by tourists. Based on the information obtained from the Ogii Lake
Wetlands Information and Training Center, approximately 50 tons of garbage was collected
over four cleaning activities from the area surrounding Ogii Lake and was subsequently
disposed to landfill in 2017. In Mongolia, people use wooden lavatories, and these are a main
contributor to soil quality degradation in areas where it has installed. However, even such
wooden lavatories not yet installed around the lake. Therefore, human excrement was found
dispersed around the lake. To reduce the amount of generated waste that is discharged into the
lake environment, bio-toilets instead of wooden lavatories and waste containers should be
installed around the lake in sufficient numbers. In 2018, a total of 19775 livestock (1360 head
of a horse, 1506 head of cattle, 10263 head of sheep, and 6646 head of goats) belonged to the
interviewed households.
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3.3.3 Result of estimated livestock excreta pollution around Ogii Lake

Based on the waste generation amount of each livestock category (Table 3.4), the amount
of potential pollutants around Ogii Lake were estimated based on livestock herder’s location in
2016. Depending on the watering period, the pollutants that contained in the livestock feces and
urine can discharge to the water body. The annual potential pollutants load around the Ogii
Lake within different radiuses are shown in Table 3.8.

Table 3.8 The annual potential pollutants load around Ogii Lake

Distance NH3-N TP TN COD BOD
ton/year

1 km 9.52 11.46 41.74 83.02 66.40

5 km 45.86 59.31 210.95 393.97 316.11

10 km 87.05 76.79 230.93 199.83 169.91

25 km 181.8 1679.8 1327.6 154.8 637.4

In total, 158 households were herding 55367 head of livestock, which consisted of five head
of a camel, 3632 head of horses, 3900 head of cattle, 29471 head of sheep, and 18359 head of
goat around the lake within 25 km distance in 2016. Sixty-four percent of the total livestock
(35575 heads) were distributed within 10 km to the lake. The household distribution map has
shown that herders mostly settled at the northern side of Ogii Lake and along Khugshin Orkhon
River (Fig. 3.8). In 2016, a total of 181.8 tons of NH3-N, 154.8 tons of TP, 637.4 tons of TN,
1679.8 tons of COD and 1327.6 tons of BOD generated within 25 km distance from the lake.
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3.3.4 Emission prediction of livestock waste generation in the Ogii Lake County

According to the historical livestock data, totally 21.5 million livestock perished at country
level during the 1999-2002 and 2009-2010 dzuds. Arkhangai province lost 50 % of total herd
animal during the winter in 2009-2010. However, the livestock population steadily increased
since the harshest dzud lasted in 2010. Comparing to the three-time series from 1970-1990,
1990-2009, and 2010-2018 livestock population has been grown rapidly in country-level by
0.72 %, 3.51 %, and 12.88 % respectively (Table 3.9). Historically, Arkhangai province is one
of the subdivisions that usually ranks first three places by livestock population in Mongolia.
Table 3.10 shown the livestock growth rate in Arkhangai province and Ogii Lake County by
livestock categories in three-time series. In Ogii Lake County, the cattle, goat, and sheep
population has grown by 8.39 %, 7.59 %, and 12.82 % since 2010, followed by 5.70 % growth
rate for the horse population.

Table 3.9 Population growth rate in country and subdivision

1970-1990 1990-2009 2010-2018
Country +0.72 % +3.51 % +12.88 %
Arkhangai Province +0.057 % +7.09 % +13.07 %
Ogii Lake County +0.14 % +4.39 % +10.27 %

Table 3.10 Growth rate by livestock categories

1970-1990 1990-2009 2010-2018
Arkhangai  Ogii Lake Arkhangai Ogii Lake Arkhangai Ogii Lake
Cattle +1.30 % +0.88 % +1.54 % -1.39 % +13.21% +8.39 %
Horse -0.26 % -0.17 % +1.46 % -0.96 % +11.62% +5.70 %
Camel -1.18 % +2.5% -3.09 % -2.72 % +4.73 % -2.52 %
Sheep -0.32 % -0.45 % +5.97 % +4.70 % +1557% +12.82%
Goat +0.74 % +2.28 % +26.33%  +15.25% +9.47 % +7.59 %

Considering on the extreme event such as dzud’s frequency that occurs in the winter season,
the growth rate was calculated each year between 2008 and 2018 (Table 3.11). The average
growth rate for cattle and sheep population equal to 4.68%, and 6.38% respectively. During this
period, dzud occurred two times; therefore, livestock population estimation under the growth
rates in each year can give more accurate results. Predicted cattle and sheep population was
reasonable with actual data with R—squared value that equal to 0.85, and 0.91, respectively (Fig.
3.9). Also a significant positive relationship between those two values has a probability
value p < 0.005. Livestock population growth predicted for thirty years based on the growth
rate in Ogii Lake County. The results shown that population growth predicted from 2008 to
2036 with an R-squared value of 0.89 and 0.83 (Fig. 3.10). The future livestock population
prediction has shown that 1.76 times increase in sheep population, 1.8 times increase in cattle
population between 2019 and 2036. The sheep population growth prediction shows similar
results with the previous study by Shab et.al, while, cattle population proliferates. Those
different results could explain by the difference in mortality rate or data periods.
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Table 3.11 The yearly growth rate for both cattle and sheep in Ogii Lake County

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Cattle (thousand heads)
Actual 10.1 1048 8.1 8.95 10.87 13.08 15.18 17.03 1998 20.11 1354
Predicted 10.1 10.88 6.45 994 1347 16.05 17.82 19.23 2375 2024 9.76
Growth - 376 -22.7 1049 2145 2040 16.03 1216 173 0.65 -32.6
rate (%)
Sheep (thousand heads)
Actual 1339 1332 129.8 1411 173.0 1838 1955 211.3 243.8 24397 2427
Predicted 1339 1325 126.6 153.9 2169 1957 2083 229.1 2845 244.07 2416
Growth - -052 -254 869 2259 625 632 808 1541 0.03 -0.49
rate (%)
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Fig. 3.9 Livestock population growth prediction in Ogii Lake County a) population of cattle,
b) population of sheep
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Based on the expected population, potential pollutants from cattle and sheep (Fig. 3.11), and
water demand (Fig. 3.12) were also estimated.
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Fig. 3.11 Prediction for livestock potential excreta pollutants (kg/year) a) Pollutants from cattle, b)
Pollutants from sheep c) Total amount of potential excreta pollutants in Ogii Lake County
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According to the livestock growth prediction, livestock water demand and livestock-related
pollutants would increase. The total amount of potential contaminants would be account as
1288.07 ton NHs-N, 11358.11 ton COD, 9062.76 ton BOD, 1461.03 ton TP, and 5427.33 ton
TN in 2036. The water demand also increased up to 876.809 cubic meters while the livestock
population increase by 3.86 times in 2036. Therefore, local government and herders should pay
attention to the growing vast number of livestock, due to the current environmental situation
such as degradation of pasture and water sources.

Available drinking water sources such as wells, reservoirs, and aquifers in Ogii Lake County
decreased by 12 wells, and remaining wells are 45, while livestock population reached in 2018
at 13543 thousand head cattle, 12931 thousand head horse, 164757 thousand head sheep, 86692
thousand head goat, and 0.367 thousand head camel those belong to 969 households. Those
water sources mostly used during the winter season by herders to supply drinking water for
livestock. Livestock access to the riverside and lake increases from middle of April to consume
daily water. The Ogii Lake and Khugshin Orkhon River are the main water source for livestock
for most of the year except the winter.

5 1000 - ool 4
@

£ 900 4 0@ =0t 35
S 800 o
£ 700 - e ot 8

Pl - 25 =
= 600 - [ " =
o -
= 500 A .'J\. o~ L 20 08;
= 400 4 [~ L =
E > 15 F
g =t 4 10 ©
g8 2001 \/.
g 100 s
2
(f) 0 T 1 T 1r 1 1T T+ 1T 1T 1T 71T 1T 1+ 1T 1T 1§ 1T 1T 71T 1T T T T T T T T 17T O

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Years since 2008

=== \Nater demand (cubic meter) sheep (thou. heads) --@- Cattle (thou. heads)

Fig. 3.12 Total livestock water demand in Ogii Lake County

Furthermore, due to climate change such as increasing temperature, evapotranspiration
would be increased, that would impact on the vegetation growth cycle and species. Moreover,
livestock water intake rate might increase in the future. It's essential to grow the livestock while
considering the available pasture land, water availability, and so on. While facing the
environmental changes in the recent decade, the local government need to implement some
approaches that can solve the current problems in the rural area. In the future, livestock
continuously one of the significant sectors of the Mongolian GDP; therefore, the livestock
sector should develop under a new strategy that considering more about environmental
situations. Therefore, different water sources such as wells or water tank should be operated to
supply drinking water for livestock. Each household should build up a water tank to collect
raining water and snow. Those approaches reduce livestock accessing time to the riverside to
decrease livestock-related water pollution.
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3.4 Summary

In this study, the environmental characteristics of Ogii Lake Basin were assessed based on
field surveys in 2017 and 2018. The water samples along the Khugshin Orkhon River and Ogii
Lake were analyzed, including several springs, and streams as well as groundwater. This study
confirmed that the water quality of both Ogii Lake and Khugshin Orkhon River was classified
as clean and slightly polluted. The NO2™ and NO3™ concentrations were determined to be similar
to prior studies by JICA in 2006 in most of the water sampling sites. However, NO2
concentration was deemed high in stream and spring water samples in both years. POs>
concentrations were relatively high (0.26 mg/L) at the sampling site where the Khugshin
Orkhon River flows into the lake, as well as in the streams and spring water samples (0.20-0.28
mg/L) in both July 2017 and August 2018.

The water quality index of S2 and S3 was classified as dirty water, due to the high
concentration of phosphorus and nitrogen. The free livestock access, as well as the settlement
around S2 and S3 might be induced to increase the concentration of phosphorus and nitrogen.

Human waste generation was found to be a harmful consequence of seasonal tourism in the
Ogii Lake environment due to a lack of proper management of lake-based tourism, as well the
living habits of local people. According to the results of the questionnaire survey, 83% of
households use lake water in daily life without any regard to water quality. Therefore, frequent
water quality surveys need to be conducted to provide information to the residents in order to
safeguard their well-being. According to the livestock census [44] in Ogii Lake County, the
livestock population has increased over the last decade, while the total number of available
water resources such as surface water reservoirs, wells, and aquifers has changed over time
from 36 in 2012 to 57 in 2015, and then 45 in 2018. Mostly, livestock spend a long time along
the Khugshin Orkhon River and Ogii Lake shoreline for grazing, watering, and resting.
Therefore, livestock generated pollutants are able to leach to soil profile, and dissolve to the
water bodies.

Considering the domestic settlements and livestock distribution around the lake, observed
high PO4* concentrations might have been more likely attributable to livestock, which has free
access to the lake. The pollutants contaminated in the daily waste generation of cattle and sheep
& goat around the Ogii Lake is accounted to the 87.05 ton NHs-N, 76.79 ton TP, 230.93 ton
TN, 199.83 ton COD, 169.91 ton BOD per year within 10 km distance. The simulation results
indicated that the livestock population would be increased significantly in the future. In the year
2036 the amount of the contaminants and water demand would be increased by 3.8 times, while
total cattle population reached around 38.043 thousand heads, and sheep and goat would reach
about 436.415 thousand heads.
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Chapter 4 Study on climate change impact on the Ogii Lake Basin

4.1 Research background

Lakes act as the essential components of the hydrological cycle, which would have affected
on many aspects of ecosystems and human activities. Lakes remain sensitive to the natural
changes, so as to serve as an important proxy of global climate change and regional environment
variations[45]. The lake area is an important indicator of climate change, and it has a
relationship with climatic factors that is critical for understanding the mechanisms that control
changes in water levels[46]. Most inland lakes in arid regions were supplied by seasonal snow-
melt water and rainfall, so they were sensitive to the volume of water flowing into the lake and
evaporation losing from the lake surface[47]. Mapping lake area using RS images are important
to detect their changes and to understand the relevance of lake variations to climate changes.
RS is rapidly growing technology that can provide low-cost and reliable information for
environmental changes at local, regional, and global scales, with their long-collected repeatable,
and even real-time data[48].

In Mongolia, climate varies widely regionally due to differences in altitude and latitude. The
large variation in the landscape makes Mongolia a sensitive area for climate change[49],[50]
and evidence of current global warming has shown that this is occurring at a faster than the
global average[51].

Mongolia has four distinct seasons, large temperature fluctuations, and relatively low
precipitation. The annual mean temperature ranges from -8 °C and 6 °C, and the annual mean
precipitation is between 50 mm (Gobi Desert) to 400 mm (northern mountain district)[52].
According to the “Mongolian Second Assessment Report on Climate Change (MARCC)” in
2014, the mean air temperature at the land surface increased by approximately ~2.07 °C from
1940 to 2013, and approximately 70 % of the annual total precipitation is occurs during the
warm season[53]. The increasing annual temperature causes a decrease in the area of glaciers
and permafrost in Mongolia. According to the report[52], the impact of climate change has been
confirmed by the following evidence: i) the area of barren land expanded 3-fold while the area
of woodland decreased by 26 % between 1992 and 2006; ii) Biomass in the rangeland decreased
by 20-30 % over the past 40 years; iii) approximately 70 % of grassland is affected by
desertification; iv) the time taken for the accumulated snow to disappear has advanced by
approximately one month. Based on the representative concentration pathway (RCP) scenario
set by the Intergovernmental Panel on Climate Change (IPCC), the annual mean global air
temperature in Mongolia is forecasted to increase by nearly 2.2 °C in the near future (2016—
2035), and by ~6.1 °C in the distant future (2081-2100) under RCP 8.5 scenario[53]. The data
shown in Fig. 4.1 was obtained from the Goddard Institute for Space Studies (GISS) at the
National Aeronautics and Space Administration (NASA). According to the annual temperature
trend, the surface temperature at Tsetserleg in Arkhangai Province decreased by -0.057 °C
during 1937-1967, increased by 0.59 °C during 1968-1998, and increased by 1.67 °C during
1999-2019. An increasing land surface temperature could contribute to decrease in available
water resources, in part by the associated increase in evaporation from grassland and open water
sources. Based on a water census report conducted between 2007 and 2016 in Arkhangai
Province, a total of 403, 424, 508, and 100 water resources such as rivers, streams, springs, and
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lakes dried out during 2007, 2011, 2014, and 2016, respectively, thus accounting for 31.02 %,
22.11 %, 26.13 %, and 5.07 %, respectively, of the total number of these entities in each
year[54]. Depending on the geographical location, most precipitation falls during the summer
(June to August) in Mongolia, and contributes to an increase surface water discharge and
increased lake water level. However, 70-90 % of precipitation evaporates back into the

atmosphere[41].
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Fig. 4.1 Land surface temperature change trend at Tsetserleg station in Arkhangai Province

The rising temperature, increased evaporation, and associated evolution of the atmospheric
flow circulation of the lake cause a reduction in the lake area[12]. According to the station data,
average annual water level of the Ogii Lake has been under fluctuation. As shown in Fig. 4.2
the highest water level was observed in 2004 (353 cm), however lake water level has been
decreased gradually between 2004 and 2011. The lowest water level was observed in 2011 (179
cm), and then it has increased steadily until 2017 (323 cm), and decreased by 63 cm in 2018.
As mentioned above, Ogii Lake has only one surface inflow to the lake.
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Unfortunately, surface discharge data is not available during last two decades (1995-2015),
because hydrological station at Khugshun Orkhon River was closed during the period.
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Fig. 4.3 Monthly averages discharge of Khugshin Orkhon River /1977-2019/

According to the discharge of Khugshin Orkhon River, highest value recorded mostly in
August, it could contribute with rainfall that falls during the period between June to September.
Discharge of Khugshin Orkhon River has decreased by more than two times in recent years
comparing to the 1980s. For instance, the discharge of Khugshin Orkhon River accounted for
0.93 m?¥s, 0.88 md/s, 0.73 m3/s, 0.77 m?s, and 0.36 m3/s between 1977-1979, 19801984,
1985-1989, 1990-1994, and 2016—-2019 respectively. Due to lack of long-term station data, its
diffucult to assess the climate change impact on local hydrology which is valuable information
on lake water balance. However, its clear that decrease in discharge may contribute to the global
warming that influence the rate of evaporation from both water body and surrounding land.
Moreover, it may influenced by the impact of human activities in the upper part of the basin.

Water balance of lakes a complicated research topic that requires a considerable amount of
information regarding the local hydrology, climate conditions, and morphology amongst others.
Ogii Lake’s water balance can be expressed by the following equation.

P_E‘l‘YSIiAV_YSO:AYGW 41

where,

AV volume change of Ogii Lake, P precipitation, E evaporation, Yg; surface inflow, Ys,
surface outflow, AY,, groundwater change.

A case of Ogii Lake, water flow out from the lake at northern west side and joins the Orkhon
River when water level of the lake has increased. However, due to the lake water level
fluctuation in recent decades, outflow river from the lake has been dried out. Due to the absence
of river discharge measurement, it’s difficult to estimate the lake water balance of Ogii Lake.
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However, it’s important to estimate the correlation of climatic variables with the changes in
surface area.

The Ministry of Nature and Environment of Mongolia (MNE), and the Japan International
Cooperation Agency (JICA) implemented the Ogii Lake Ecosystem Conservation Project from
August 15 to September 30, 2005, from July 18 to October 29, 2006. The evaporation rate of
Ogii Lake was estimated using 10-day intervals in September 2005 and September 2006.
According to the results of the JICA scientific survey in Ogii Lake, the water level and volume
increased by 3.9 mm and 9.5 x 1075 km? when total precipitation was determined to be 22.1
mm, lake surface evaporation was calculated as 97 mm in September 2005. The water level and
volume increased by 19.3 mm and 49.6 x 10~° km?® when total precipitation was determined
to be 17 mm and lake evaporation was estimated as 54.5 mm in September 2006[8],[17].
Erdenesukh et al. (2019) studied correlation between hydro-meteorological variables of the
Ogii Lake Basin and annual lake surface area changes. They concluded that annual temperature
and summer temperature exhibited a weak, negative correlations with the surface area of Ogii
Lake (R=-0.3 and R= —0.23 respectively). The total annual evaporation from the lake was
estimated 110.5 mm as the average between 1986 and 2018 using the empirical equation by G.
Davaa (1994). The maximum evaporation was calculated in 2017 (222.2 mm), and a minimum
in 1990 (50.8 mm)[11].

With the exception of these previous studies, the correlations between climatic variables and
the water balance of Ogii Lake over time has not yet been studied. Evaporation is one of the
most important parameters for investigating the water balance of lakes. Accurate quantification
of evaporation is important for water resources management, lake water balance studies, and
the prediction of the hydrological cycle in response to climate change[55],[56],[57]. Previous
studies used empirical equation based on Dalton’s theory to estimate the evaporation from the
lake water surface.

A wide variety of methods for estimating open water evaporation have been reported in the
literature. Those methods can be categorized into seven types; pan evaporation, mass balance,
energy budget models, bulk transfer models, combination models, the equilibrium temperature
method and empirical factors.

Various methods for estimating evaporation from lakes have been tested[55], and a
comprehensive comparison of these has indicated that the Priestly-Taylor[58], Penman[59], and
the De Bruin-Keijman[60] methods can generally generate reasonable and relatively accurate
evaporation values[55]. The estimation of evaporation from lakes or reservoirs via the energy-
budget method using the Penman equation has been accepted as one of the more reliable indirect
methods[61]. The energy-budget method requires standard meteorological measurements, such
as air temperature, water surface temperature, relative humidity, wind speed. It also requires
the net all-wave radiation flux at the water surface and the heat storage change for a given lake
or reservoir. Therefore, the evaporation from the Ogii Lake’s water surface was estimated using
the energy-budget method which can generate more accurate results than other evaporation
methods. The correlation between climatic variables and surface area of Ogii Lake using a long-
term historical reanalysis data and satellite RS images were analyzed according to the following
research framework—4 (Fig. 4.4).
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4.2 Data collection

4.2.1 Satellite remote sensing images

Remote sensing is an effective technology for monitoring water resources. In this study, both
Landsat 5 TM and Landsat 8 OLI satellite RS imagery data were used to derive the surface area
of Ogii Lake between 2002 and 2019 based on water indices rations in multiple-spectral RS
water identification method. According to the requirement, cloudless satellite images of Ogii
Lake was obtained. Landsat 5 was launched from Vandenberg Air Force Base in California on
March 1, 1984, and like Landsat 4, carried the Multispectral Scanner (MSS) and the Thematic
Mapper (TM) instruments and it delivered Earth imaging data nearly 29 years - and
decommissioned on June 5, 2013. Landsat-8’s operational land imager (OLI) and Thermal
Infrared Sensor (TIRS) satellite was launched in February of 2013[62]. Each satellite data (pixel
size of 30 m) were downloaded from the Earth Explorer at https://earthexplorer.usgs.gov/,
which was developed by the United States Geological Survey (USGS). Due to the lack of
cloudless satellite images of Ogii Lake in 2012, the monthly surface area of Ogii Lake in 2012
was excluded from this study. The difference in band range and resolution between the OLI and
TM sensor is given in Table 4.1.

4.2.2 Available station data:

Ogii Lake Hydrological station (~102.77° E, 47.75° N) launched on August 2002, the daily
water level, water temperature, air temperature, precipitation and wind speed parameters are
under measure by manually twice a day at 8:00 AM, 20:00 PM at local time zone (GMT +8).
Due to the lack of night time measurement, and several absences during the cold season, only
daily water level data were obtained from the Ogii Lake hydrological station to analyze the
seasonal changes on the lake water level. Then, monthly average water level was calculated
from the daily water level data that were measured at the station between 2002 and 2018.
Monthly precipitation data observed from the nearest hydro-weather station (Kharkhorin
station) locates in 60 km distance from the lake. Due to the distance and lack of useful variables,
the Kharkhorin station data was not suitable to use for calculating the lake water evaporation.
Therefore, the fifth generation of climate reanalysis (ERA5) data were used to estimate
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evaporation from the lake water surface. Kharkhorin station data used as a reference for daily
precipitation data.

Table 4.1 The difference in band range and resolution between the OLI sensor and TM sensor

Landsat 8 OLI Landsat 5 TM/ETM+
Ne Band Wavelength  Resoluti Ne Band Wavelength  Resoluti
(Hm) on (m) (Hm) on (m)
1 Coastal aerosol 0.435-0.451 1 Blue 0.450-0.515
(CA)
2 Blue 0.452-0.512 2 Green 0.525-0.605
3 Green 0.513-0.590 3 Red 0.630-0.690
4 Red 0.636-0.673 30m 4 NIR 0.775-0.900 30m
5 Near Infrared 0.851-0.879 5 Mid 1.550-1.750
(NIR) Infrared
(MIR)
6 Shortwave NIR1 1.566-1.651 6 Thermal 10.40-12.50 60 m
(SWIR1) Infrared
Sensor
(TIRS)
7  Shortwave NIR2 2.107-2.294 7 MIR 2.080-2.350 30m
(SWIR2)
8 Pan 0.500-0.680 15m 8 Pan 0.520-0.900 15m
(ETM+)
9 Panchromatic 1.363-1.384 15m

4.2.3 Global reanalysis data:

A required climate data was obtained from the ERA5 database produced by the European
Centre for Medium — Range Weather Forecast (ECMWF). ERAS is an hourly reanalysis data
with a spatial resolution of 0.25 ° latitude by 0.25 ° longitude grid. Obtained hourly data was
used to produce a daily data for estimating the daily evaporation from the lake water surface
from 1986-2019. The data consisted of a wind speed at 10 m level; air temperature (max, min,
mean); dew point temperature at 2 m level; surface water temperature and surface temperature
of ice cover in the warm and cold season respectively; roughness length governing momentum
transfer; atmospheric pressure; net solar radiation at the lake surface.

4.2.4 GPCC precipitation data:

GPCC database consists of a large amount of daily and monthly data from different data
sources[63] and it has been found to be a very good agreement with climatic atlases of
WMO/UNESCO for Europe, South America, North and Central America and Asia[64]. A
global daily precipitation gridded data with a spatial resolution of 0.5 ° latitude by 0.5 °
longitude from the Global Precipitation Climatology Centre (GPCC) was obtained from the
Physical Science Laboratory (PSL) at the National Oceanographic Atmospheric Administration
(NOAA) from their website (https://psl.noaa.gov/). The obtained data were located between
102.71°-102.82° E, 47.74°-47.79° N, and the central point of this area is at ~102.75° E, 47.75°
N, coinciding with the ERAS grid point. The observed total annual precipitation data from the
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Kharkhorin Station was used to validate the observed GPCC precipitation data. Based on
geographical location, rainfall usually occurs within a relatively short period (June—August)
after the dry spring months (March—May). Fig. 4.5 indicates that the GPCC model data is in
good agreement with station data (R=0.87; p < 0.01).
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Fig. 4.5 Linear regression for a relationship between GPCC model and precipitation data of the
Kharkhorin station

4.3 Research methods
4.3.1 Satellite image processing & analysis

Satellite images should be pre-processed before conducting any analysis. Because satellite
images contain noise and digital number value offsets that are result of the viewing geometry
of the satellite, atmospheric depth due to viewing angle of the sun’s incoming radiation. Landsat
5 satellite images were pre-processed with the radiometric calibration tool in ENVI 4.7 which
converted the digital number (DN) images to top of atmosphere (TOA) reflectance. A Landsat
8 images were also pre-processed using the Eq. 4.2—-4.3.

pA =M, * Qcqr + A, 4.2

where,
pA" TOA planetary spectral reflectance, without correction for solar angle
M, Reflectance multiplicative scaling factor for the band
Q.. Quantized and calibrated standard product pixel value in DN
A, Reflectance additive scaling factor for the band
TOA reflectance with a correction for the sun angle is then:
pA' pA’
pA = cos(8sz) - sin(8sg) 4.3

where,
pA TOA planetary reflectance
O, Local solar zenith angle; (6s; = 90° — O5g)
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B Local sun elevation angle (degrees)

The scene center sun elevation angle provided in the metadata, after the conversion process
lake water surface delineated using different water indices. Then, the surface area of Ogii Lake
was calculated using ArcMap 10.1 software.

There are various water indices developed to extract the surface water from surrounding land
from RS imagery based on the spectral characteristics. In this study, the lake area was extracted
by water indices ratios in multi-spectral RS water identification method, which includes:
Normalized Difference Vegetation Index (NDVI), Normalized Difference Water Index
(NDWI), Modified Normalized Difference Water Index-1 (MNDWI-1), and Modified
Normalized Difference Water Index-2 (MNDWI-2). Table 4.2 is shown the multiband indices
used for water feature extraction in this research.

NDVI is an index of plant greenness that is due to red light absorption and NIR reflection
by plants. Its value ranges from —1 to +1. However, water does quite the opposite, which
absorbs most of the NIR light; hence, NDVI could be used as the tool to delineate surface water
features, i.e., negative value range[65]. NDW!I is introduced by McFeeters in 1994, one of the
most commonly used water indices to detect open surface water bodies and was first created by
the green and near-infrared (NIR) spectral bands of Landsat TM. NDWI is designed by to (1)
maximize reflectance of water by using green wavelengths; (2) minimize the low reflectance
of NIR by water features; and (3) take advantage of the high reflectance of NIR by vegetation
and soil features. Xu (10, 11) noted that the threshold 0 was not an appropriate distinguishing
feature and proposed the Modified Normalized Difference Water Index (MNDWI). The
extracted water distributions in cities based on the MNDWI index using Landsat Enhanced
Thematic Mapper Plus (ETM+) imageries, finding that the MNDWI was much better than
NDW!I in distinguishing water from shadow. Zhang et al. (12) and Yang et al. (13) compared
the results of the indices and single-band threshold to find that NDWI and MNDWI were both
capable of quickly extracting water information and obtained accurate water information using
an appropriate threshold.

Table 4.2 Multiband indices used for water feature extraction

Multiband index Equation Water  Reference
value
Normalized NDVI=(NIR-Red)/(NIR+Red) (4.4) - Rouse et
Difference al., (1973)
Vegetation [66]
Index (NDVI)
Normalized NDWI=(Green-NIR)/(Green+NIR) (4.5) + McFeeters
Difference (1996)
Water Index [34]
(NDWI)
Modified MNDWI1=(Green-SWIR1)/(Green+SWIR1) + Xu (2006)
Normalized (4.6) + [67]
Difference MNDWI2=(Green-SWIR2)/(Green+SWIR2)
Water 4.7
Index(MNDWI)
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4.3.2 Historical reanalysis data analysis

The Penman energy-budget method for lake evaporation [55] is given in Eq. 4.8. The energy
balance combination method for estimating evaporation requires the net all-wave radiation, heat
storage changes, and slope of saturation vapor pressure curve, saturated vapor pressure and
actual vapor pressure at the air temperature, aerodynamic resistance to be known. The heat
gained or lost by the water mass proportional to the depth of the water body and temperature
changes according to the relationship[68] given in the Eq. 4.9.

A(Rn - Qt) + Cppa(es - ea)/ra 4.8

AE =
A+y A+y

where,
AE Latent heat flux (W m™),
R,, Net radiation (W m™),
Q. Heat storage change (W m™),
A Slope of the saturated vapor pressure-temperature curve at air temperature (kPa °C™%),
y Psychometric constant (kPa °C™Y),
A Latent heat of vaporization (MJ kg™?),
p, Density of air (kg m?3),
C, Specific heat of (C, =1.013x107) i
(MJ kgt-°Chy,
e, Saturated vapor pressure at the air temperature (kPa),
e, Vapor pressure at the air temperature (kPa),
1, Aerodynamic resistance (s m™?)

AT 4.9
where,
p Density of water (kg m?),
C Heat capacity of water (C = 4.186 x10-*MJ kg °C*?),
d Mean lake depth (m),

AT . . .
¢ Change in the water temperature during the period At

As saturation vapor pressure is related to air temperature, it can be calculated from the air
temperature. The most convenient form for saturated vapor pressure created by Magnus
(1844)[69], and several scientists developed the Magnus formula. The equation developed by
Matveev (1967)[11],[69] was used for this research (Eq. 4.10). As the dew point temperature
is the temperature to which the air needs to be cooled to make the air saturated, the actual vapor
pressure is the saturation vapor pressure at the dew point temperature[70]. Therefore, the actual
vapor pressure can be derived from dew point temperature.
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e = 6.108 - 10(@D)/(+1) 4.10

where,

if t<0 °C, then a=9.5, b=265.5;
if >0 °C, then a=7.63, b=241.9,
t is mean air temperature.

The transfer of heat and water vapor from the evaporating surface into the air above the
canopy is determined by the aerodynamic resistance. The aerodynamic resistance can be
represented as Eq. 4.11 for open water bodies[55].

4.72 - <ln (i—’:))z wH

T (1+0.536-u,,,)

Ta

where,

z, Wind speed measurement height (m),
z, Roughness length governing transfer of heat and vapor (m),
U, Wind speed at z,,height (m s1).

The wind speed at 2 m above the ground surface were used for the aerodynamic resistance
calculation in this study. The empirical equation suggested by the WMO based on the law by
Hellman was used for estimating wind speed at 2 m above the ground surface[11] from the
obtained wind speed at 10 m level Eq. 4.12.

Vi = v10[0.233 + 0.656 - log(h + 4.75)] 4.12

where,

V10 Observed wind speed at 10 m level,

v, Estimated wind speed at given h level.

For calculating the evaporation, the slope of the relationship between saturation vapor
pressure and temperature is required and it’s calculated as below (EQ. 4.13)

4098[0.6108 - exp (%)] 4.13

(Trmean + 237.3)?

A=

where,
Tinean 1S Mean daily air temperature, (°C); exp=2.7183 (base of natural logarithm)

The psychometric constant is the ratio of specific heat of moist air at constant pressure (C,)

to latent heat of vaporization. The specific heat at constant pressure is the amount of energy
required to increase the temperature of a unit mass of air by one degree at constant pressure[71].
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For average atmospheric conditions C,, value of 1.013x1073 MJ kg* °C™ can be used. As an
average atmospheric pressure is used for each location, the psychometric constant (Eq. 4.14) is
kept constant for each location depending of the altitude.

y = C P x 103 = 0.00163 L 0.000665 - P 4.14
eA A
where,
y  Psychometric constant, (kPa °C™);
P Atmospheric pressure, (kPa)
A Latent heat of vaporization, (2.45, MJ kg™);
C, Specific heat at constant pressure, 1.013x1073, MJ kg™ °C™;

™M

Ratio molecular weight of water (vapor/dry air = 0.622).

In order to estimate the lake volume changes, the topographic map (Fig. 4.15) of the Ogii
Lake was obtained from the literature with the lake depth measurement (Table 4.8). Firstly,
surface area of each depth was calculated using ArcGIS, then volume of the lake was calculated
using the Eq. 4.15.

n 4.15
V= Z[(Ai —Ajyq) X di]
i=1

l
where,

IV Volume of the lake,

A Surface area,

d Depth of the lake level

n Number of each water depth, i = 1,2,3..,n
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4.4 Estimation of changes on Ogii Lake water surface area using satellite remote sensing
Field survey result

The water surface area and water level are interrelated parameters of lake morphometry.
Lake surface area changes are an indicator of local climate change. Previous studies[11], [12]
analyzed the changes in surface water area of the lake based on satellite RS images each August
from 1986-2018. The strength of the previous study is the illustration of temporal changes in
the water surface area of the lake. Because of geographical location, most precipitation falls
during the summer from June to August (Fig. 4.10), and contributes to an increase surface water
discharge and increased lake water level. Therefore, monthly estimation of the lake water
surface area is important to understand the changes in lakes in the steppe region. In this study,
satellite RS images were used to calculate the monthly surface area of the lake from 2002—
2019. Due to snow and cloud cover, satellite images were obtained from May to October. In
addition, the length of the lake shoreline was measured three times between May to September,
2020 to assess the extraction accuracy of the different water indices. Table 4.3 shown the
detailed information of satellite images as well as field survey dates. Cloudless satellite images
from path 134 and row 27 with 30 m resolution were collected and each water indices are
estimated accordingly. The difference between water indices are shown in Table 4.4, and Fig.
4.6.

Table 4.3 Details of Landsat 8 OLI images and field survey dates

Field Acquisition  Landsat product ID Path  Row Resolution
survey date (m)
2020.05.16  2020.05.12 LCO8 L1TP_134027_20200512_2020 134 27 30
0526_01_T1
2020.07.11  2020.07.15 LC08_L1TP_134027_20200715_2020 134 27 30
0715 01_RT
2020.09.19 2020.09.17 LC08_L1TP_134027_20200917_2020 134 27 30
1006_01 T1

Table 4.4 Comparison between the in-situ measurement and different water indices
for estimating the surface area of Ogii Lake

Field Area  Satellite Acquisition Area (km?)

survey (km?)  name date NDVI NDWI MNDWI1 MNDWI2
date

2020.05.16 25.099 2020.05.12 24.818 24.837 24.905 25.072
2020.07.11 25.103 Landsat 2020.07.15 24.647 24.767 24.984 25.528
2020.09.19 25058 8OLl 20200017 2465 2475 24.95 25.27
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Fig. 4.6 Comparison of different water indices

According to the estimated lake water surface area both NDWI and MNDWI-1 were
performed more close result than NDVI and MNDW!I-2. A totally, 64 satellite images were
used to estimate the monthly lake water surface area using both NDWI and MNDW!I-1 within
the study period from May to October (2002-2019). The estimated lake water surface area
results were compared to the water level data from Ogii Lake station. Fig. 4.7 illustrates that
the estimated surface area of the lake had a strong, positive correlation (R=0.93 and R=0.94, p
< 0.01) with the water level of Ogii Lake. Therefore, the lake water surface area can be
estimated based on both NDWI and MNDWI-1 method for further studies.

As shown in Fig. 4.8, surface area of the lake changed slightly each month during the study
period. It increases in August and September each year, which may contribute to the increases
in both surface and groundwater discharge during the summer (rainy) season. Starting from the
beginning of November, lake surface area covers by ice with thickness of 1-1.5 m depth during
the winter season until mid of April. Once, the snow and ice cover get melted, surface water
discharge and lake water level get increases depending on how much snow accumulated during
the winter period. Since 2016, lake water surface area changes illustrate a steady increase in
next two years.
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Fig. 4.7 Correlation between lake level and surface area (a) NDWI, (b) MNDWI-1
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Table 4.5 Monthly average lake surface area fluctuation (km?) using MNDWI-1

May June July August September October
2002 - 25.79 - 25.04 24.83 24.61
2003 - - 25.27 25.86 25.98 25.89
2004 - - - 25.81 25.55 25.51
2005 - - - 24.95 24.88 24.77
2006 - - - 24.83 24.69 24.78
2007 - - 24.45 - 24.22 -
2008 - - - 23.88 23.73 24.38
2009 - - - 23.22 22.89 22.58
2010 - - - 22.67 22.12 22.08
2011 - - - 22.37 22.00 21.94
2013 - 23.23 23.18 23.69 23.54 23.74
2014 - 23.89 23.96 23.86 23.68 23.73
2015 23.70 23.76  24.00 24.05 23.96 23.85
2016 24.29 - 24.65 24.76 24.76 -
2017 25.02 25.01 24.88 24.92 24.9 -
2018 2482 2476  24.98 25.93 25.93 -
2019 2593 25.83 - 25.59 25.11 -
27 A
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Fig. 4.8 Monthly lake surface area fluctuation between 2002 and 2019
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The highest value of lake surface area was estimated in September of each year, Fig. 4.9 is
shown the difference between each year in September. As seen below, water flows out from the
lake when the lake surface area get increase.
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The monthly precipitation data along with the estimated lake surface area from 20022019 are
displayed in Fig. 4.10. The highest recorded monthly precipitation was in July 2018 (113.25),
which may have contributed to an increase in the lake’s surface area of 0.95 km? at the following
month (August 27, 2018). The lowest recorded monthly precipitation was in July 2017 (27.94
mm), which may have contributed to an increase in the lake surface area of 0.04 km? in the
following month (August 01, 2017). Fig. 4.10 illustrates that summer precipitation consist
predominant amount of total annual precipitation, mostly it occurs during the month of July and
August each year during the study period. According to the total annual precipitation trend since
2001, total amount of precipitation in the Ogii Lake Basin has been increased (R=0.60, p<0.01).
However, within the study period total annual precipitation was increased and decreased. The
lowest amount of summer precipitation recorded in 2001 and 2002, also between 2008 and 2010
which may have contributed to decline the surface area of the lake especially between 2008 and
2011 from 23.73 km? to 22.0 km? (Table 4.5).

Table 4.6 Monthly total precipitation (mm) in Ogii Lake basin /2001-2019/

Jan Feb  Mar  Apr May June July Aug Sep Oct Nov Dec Total
2001 4.01 177 438 1812 2620 5412 38.82 38.80 1693 1556 430 3.49 22651
2002 224 179 1.67 1329 2155 16.37 4581 1214 951 24.00 3.88 3.97 156.22
2003 223 354 440 530 36.14 5100 6577 4487 2043 488 6.05 194 246.55
2004 128 147 554 058 1259 2944 7927 2258 1739 153 1.70 2.08 175.46
2005 159 1.73 156 6.10 13.73 4430 6398 47.11 31.96 476 254 1.09 220.46
2006 096 1.87 3.89 1216 2859 4464 8525 40.10 6.77 1024 131 142 237.20
2007 476 176 285 336 2658 32.69 4791 106.71 1400 401 072 156 246.92
2008 182 0.63 11.24 388 1493 8508 56.65 39.30 1341 9.21 0.28 3.33 239.77
2009 032 123 590 805 16.76 30.79 5239 4410 443 6.99 6.23 275 179.94
2010 241 178 922 10.14 2048 5255 57.81 6519 9.09 1144 7.06 3.48 250.65
2011 426 394 513 849 2322 4166 9479 78.05 1400 6.45 914 1.02 290.15
2012 055 080 216 6.84 16.44 4550 11295 8151 13.74 7.15 1027 4.52 302.40
2013 131 157 526 1453 2521 3737 6067 7321 13.68 15.63 351 1.92 253.88
2014 035 216 4.46 1358 38.69 59.05 57.18 41.32 36.19 9.15 267 1.05 265.86
2015 065 525 564 1122 1993 20.10 9216 7510 3527 6.46 577 162 279.17
2016 290 345 6.85 2202 2368 8383 8991 6590 43.82 1057 826 516 366.35
2017 122 339 760 6.25 13.04 3478 2645 98.05 1840 6.12 6.03 121 22254
2018 519 221 3.05 1569 154 6297 11325 73.73 39.17 568 268 153 326.69
2019 117 121 382 991 2430 3466 8253 38.92 2238 670 360 3.16 232.36
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Fig. 4.10 Monthly total precipitation in Ogii Lake Basin (GPCC)

4.5 Estimation of evaporation from Ogii Lake using the energy budget method

Evaporation from the lake water surface is one of the primary components for understanding
the correlation between lake water fluctuation and local climate change. Therefore, it should be
estimated using the most accurate method based on long-term data. In this study, the Penman
method were used to estimate evaporation from the Ogii Lake using historical reanalysis data
set.

Fig. 4.11 shows the comparison between the estimated total annual evaporation and observed
data on mean annual solar net radiation, total annual precipitation, and long-term lake surface
area obtained from the literature[11]. Annual changes in the surface area of Ogii Lake were
analyzed by the literature using ArcGIS software with Landsat satellite data each August
between 1986-2018, and the surface area showed a strong, positive correlation with the water
level changes (R=0.95, p < 0.01)[12],[11]. According to the estimation, the total annual
evaporation from the lake surface was higher than the total annual precipitation especially since
1995. A comparison of the estimated total annual evaporation revealed reasonable agreement
with the lake surface area changes in the literature, whereby the surface area primarily
decreased when evaporation from the lake exceeded precipitation. The trend line in Fig. 4.11
indicates a steady increase in evaporation from 1986 to 2019, with highest and lowest values of
338 and 282.08 mm in 2002 and 1986, respectively. Since 1995, lake water evaporation was
estimated to be higher than 304 mm in most years. According to the estimated lake water
surface area in September from 2002 to 2019, lake water surface area has decreased by 3.98
km? in 2011 comparing to 2003 levels. Since 2011, lake water surface area has increased
rapidly, however, the lake water surface area remains lower than in 2003. The highest annual
evaporation from Ogii Lake estimated in 2002 (338 mm), which may have influenced to
decrease the lake water surface area. The lowest evaporation estimated in 2016 (303.63 mm),
that may have induced to the increase in lake water surface area in 2016 as 24.2 km?, which is
1.1-2.4 km? higher than in previous years. Evaporation from the lake has increased gradually
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that had a moderate, positive correlation with time (R=0.75), which was statistically significant
(p<0.01). The increases in evaporation from the lake could be explained by the increases in
solar net radiation, that had estimated average values of approximately 42.86 and 45.50 MJ m-
2 d* from 1986-1994 and 1995-2019, respectively. It reveals increases in the temperature
affecting the evaporation rate from the lake water, which is one of the consequence of the local
climate change impact in this steppe region.
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Fig. 4.11 Comparison of the total annual evaporation and precipitation, mean annual solar net
radiation with mean annual lake surface area changes in August (1986-2019)

The variations between total annual precipitation and evaporation (Table A. 2) in Ogii Lake
shows that mostly evaporation exceeds precipitation, which accounts approximately 24.27 mm,
82.89 mm, and 50.44 mm respectively, between 1986-1996, 1997-2007, and 2008-2019 (Fig.
4.12).
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Fig. 4.12 Variations between total annual precipitation and evaporation in Ogii Lake

Correlation between the estimated lake water surface area, monthly total precipitation from
GPCC, and the estimated monthly total evaporation from the lake during the study period
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(2002—2019) are shown in Fig. 4.13. The estimated lake surface area result in each September
has strong, positive correlation (R=0.96) with observed station data at Ogii Lake station
(p=6.36E-10). As the result showed in the previous subsection, Ogii Lake’s surface area
reaches at the highest value especially in September. Therefore, in order to study the impact of
climatic variables such as evaporation and precipitation on changes in Ogii Lake’s
morphometric parameters, lake surface area was compared with the evaporation and
precipitation between 2002 and 2019. Total amount of precipitation and evaporation were
compiled between satellite image’s acquisition dates in each September during the study period.
For instance, the total evaporation and precipitation amount were compiled between June 01,
2002 and June 28, 2002 (28 days), and between June 29, 2002 and August 15, 2002 (48 days)
that was compared with lake water surface area in June 28, 2002, and August 15, 2002,
respectively (Table A. 3).

The estimated total evaporation from the lake had a weak, positive (R=0.15) correlation with
lake water fluctuation which was statistically insignificant (p = 0.56; Fig. 4.13 b). The monthly
surface area of Ogii Lake had a weak, positive correlation (R=0.11) with total precipitation,
that was statistically insignificant (p = 0.67).
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Fig. 4.13 Correlation of estimated lake water surface and a) observed lake water level,
b) estimated lake water surface evaporation, c) observed precipitation (GPCC)

In last two decades, evaporation rates from Ogii Lake were estimated higher than total annual
precipitation almost every year between 2002 and 2019. The results of surface area of Ogii
Lake in September were decreased rapidly from 2003 to 2011, which may result of decreased
rainfall during this period. The amount of total annual precipitation was accounted between
115.6 mm and 191 mm, while total annual evaporation accounted in average approximately 300
mm. In 2011, surface area was calculated similar with previous year (~22 km?) when the
evaporation rate was almost similar with the amount of precipitation between those periods.
Lake surface areas were calculated higher than previous years in 2016 and 2018, while the total
evaporation amount were lower and equal than precipitation (Fig. 4.14). Due to the lack of
long-term surface water flow data, the contribution of evaporation from the surface area of the
lake and precipitation on the lake was compared to monthly fluctuations in the water surface
area of the lake (Table 4.7). The results illustrated that the water surface area of Ogii Lake has
a weak, positive correlation with the evaporation and precipitation. The positive weak
correlation between the surface area and precipitation could be explained by the increases of
the evaporation from the lake, however, the evaporation from the lake and lake surface area
also had weak and positive correlation during this study period. This unexpected correlation
results suggest that the lake water balance is significantly affected by parameters not considered
in this comparison. Based on the weak correlations between climatic variables and surface area
fluctuations, the primary source for Ogii Lake could be surface and groundwater flow.
Therefore, based on the available surface water inflow measurement, the water balance of the
lake was estimated. An increase in the lake water surface area estimated in the literature
(temporal changes) and estimated monthly changes could be related to groundwater discharge
to the lake, because the literature found the tectonic fault that crosses through center of Ogii
Lake from west to east. Therefore, mapping of the potential groundwater source of Ogii Lake
Is important.
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Table 4.7 Comparison of climatic variables and morphometric parameters
of the Ogii Lake in September (2002-2019)

Years NDWI MNDWI-1 Water level  Precipitation  Evaporation
(km?) (km?) (m) (mm) (mm)
2002 24.68 24.83 32.1 115.60 269.38
2003 25.65 25.98 34.4 272.07 321.59
2004 24.92 25.55 34.3 179.59 318.02
2005 24.56 24.88 33.3 191.08 302.56
2006 24.49 24.69 32 261.32 329.56
2007 24.01 24.22 275 256.85 354.73
2008 23.45 23.73 24.6 233.25 324.49
2009 22.49 22.89 21 174.08 316.76
2010 21.84 22.12 19.7 244.25 339.24
2011 21.61 22.00 19.3 294.75 294.93
2013 23.30 23.54 23.4 221.62 269.48
2014 23.45 23.68 24.4 281.45 336.27
2015 23.63 23.96 25.8 263.47 319.66
2016 2453 24.76 32 344.88 297.78
2017 24.68 24.90 32.3 256.19 354.40
2018 24.96 25.93 34.6 318.21 318.90
2019 24.80 25.11 334 242.15 341.85
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Fig. 4.14 Comparison of climatic variables and changes on lake morphology, monthly lake area
fluctuation using NDWI, MNDW!I1 /2002-2019/

4.6 Estimation of water balance of the Ogii Lake

As described earlier, the water balance of Ogii Lake can be expressed by Eq. 4.1. By using
the topographic map (Fig. 4.15) of Ogii Lake that was provided by the literature the lake surface
area and volume of the lake on each lake water depth was calculated using ArcMap 10.1. From
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Table 4.7 it’s clear that lake water depth get increases when the lake water surface area
decreases. For instance, the estimated lake surface area 25.49 km? is belong to the 0.5 m depth,
23.59 km? is belong to 1 m depth, and 21.71 km? is belong to 2 m depth etc. Therefore, the
estimated lake water surface area of September between 2016 and 2019 was used to calculate
the lake water volume changes during the study period (Table 4.9) considering on the estimated
lake water surface area and the reference morphometric data.

Table 4.8 The morphometric parameters of reference data

No Reference lake Lake surface area Lake volume
depth (m) of each depth (km?) (kmd)

n d A \Y/

1 0.5 25.49 0.00095
2 1 23.59 0.00188
3 2 21.71 0.00362
4 3 19.90 0.00474
5 4 18.32 0.0056
6 5 16.92 0.0081
7 6 15.30 0.0141
8 7 12.95 0.01645
9 8 10.60 0.01248
10 9 9.04 0.01602
11 10 7.26 0.0196
12 11 5.30 0.01188
13 12 4.22 0.012
14 13 3.22 0.01833
15 14 1.81 0.0126
16 15 0.91 0.00825
17 15.3 0.36 0.00551

Total volume of the lake (km?) 0.1721
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Fig. 4.15 Depth of the Ogii Lake
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The volume of the lake between 2002 and 2019 were estimated using the lake morphometric
data given in Table 4.8. The result (Table 4.9) shows that the estimation of the lake water
volume is similar with the reference by the JICA in 2005. Therefore, it’s possible to estimate
the volume of the lake based on the satellite RS images (lake surface area) and morphometric
data (lake depth). During the study period, volume of the lake decreased by 0.0006 km?, 0.0014
km?3, and 0.0015 km? in 2009, 2010, and 2011, respectively compare to reference data in 2005
by JICA. Since 2013, volume of the lake steadily increased until 2018, and decreased by 0.0004
km? in 2019 compare to the previous year.

Table 4.9 The volume of the Ogii Lake between 2002 and 2019

Years Surface area (km?)  Volume  Reference by JICA Lake volume
(September) (km?) in 2005 (km?3) changes (km?)
Reference (2018) 25.49 0.1721 0.0011
2002 24.83 0.1717 0.0007
2003 25.98 0.1723 0.0013
2004 25.55 0.1721 0.0011
2005 24.88 0.1718 0.171 0.0008
2006 24.69 0.1717 0.0007
2007 24.22 0.1715 0.0005
2008 23.73 0.1712 0.0002
2009 22.89 0.1704 -0.0006
2010 22.12 0.1696 -0.0014
2011 22.0 0.1695 -0.0015
2013 23.54 0.1711 0.0001
2014 23.68 0.1712 0.0002
2015 23.96 0.1713 0.0003
2016 24.76 0.1717 0.0007
2017 24.90 0.1718 0.0008
2018 25.93 0.1723 0.0013
2019 25.11 0.1719 0.0009

Based on the estimated water volume of the lake between 2015 and 2019, firstly, the changes
on the lake volume was calculate within the study period. Then, water balance of the Ogii Lake
was calculated using water balance equation given in Eg. 4.1 based on the compiled data in
Table 4.10. The result shows that volume of the lake gets increased steadily from 2016 to 2018,
and decreased by 0.0004 km?in 2019. According to the result, the sum of surface inflow and
outflow of the lake was negative which means the evaporation from the lake was higher than
surface inflow and precipitation in 2017 and 2019. Table 4.10 shows that the volume of the
lake get increased by 0.0004 km?® in 2016 comparing to the initial volume in 2015. Total surface
inflow and outflow was calculated as 0.0028 which is expected increases of the volume of the
lake in 2016, as mentioned, the estimated lake volume showed only 0.0004 km?3, which means
rest of the total surface inflow and outflow (0.0024 km?®) discharged to the groundwater.
Similarly, the changes on groundwater was calculated each year until 2019. In 2018, the total
surface inflow and outflow was equal to the increases of the lake volume. As seen, the
groundwater contribution to the Ogii Lake is considerable parameter, therefore, it’s important
to study the groundwater influence in the future.
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Table 4.10 Water balance of the Ogii Lake

Precipitation Evaporation  Surface Total Lake Lake GW
Year  (km®/year) (km?®/year) Inflow surface volume volume inflow/
(km?/year) inflow/ (kmd) change outflow
outflow (km?3) (km?3)

(km?/year)
P E I P-E+I \ AV AV o
2015 - - - 0.1713 - -
2016  0.009077 0.007523  0.001278 0.0028 0.1717 0.0004 -0.0024

2017  0.005545 0.008611  0.000598 -0.0025 0.1718 0.0001 0.0026
2018 0.00848 0.008715  0.000766 0.0005 0.1723 0.0005 -
2019  0.005838 0.008294  0.000467 -0.0020 0.1719 -0.0004 0.0016

4,7 Summary

Evaporation from Ogii Lake between 1986 and 2019 was estimated for the first time using the
energy-budget method. The impact of climate change on Ogii Lake Basin could be explained
by the estimated evaporation from the lake, which exceed the total amount of precipitation since
1995. The total annual evaporation from Ogii Lake increased steadily over the last three
decades; compared to 1989, annual evaporation increased by 20.02, 25.79, and 32.4 mm in
1999, 2009, and 2019, respectively. The variations between total annual precipitation and
evaporation in Ogii Lake was accounted approximately 24.27 mm, 82.89 mm, and 50.44 mm
respectively, between 1986-1996, 1997-2007, and 2008-2019. The monthly surface area of
Ogii Lake had a weak, positive correlation (R=0.11) with the total monthly precipitation in
September each year from 2002-2019. The lake water surface area using both NDWI and
MNDWI-1 illustrated a strong, positive correlation (R=0.93 and R=0.94, p < 0.01) with the
water level data from Ogii Lake station. The volume of the lake was calculated using the
morphometric data and estimated lake surface area from satellite data, the result was consistent
with the result of previous study by JICA in 2005. As mentioned, the gauging station of
Khugshin Orkhon River (surface inflow to the lake) has restarted the measurement of water
discharge since 2016, the water balance of the Ogii Lake was calculated and the result proved
that the influence of the both surface and groundwater on the water balance of the lake are
valuable parameters, which can be seen from the difference between the estimated lake volume
and of the total inflow and outflow of the lake. Therefore, the potential zones of groundwater
study are much important for further water balance studies as well as for decision makers to
develop sustainable water management. Finally, this study provides a valuable information
about the influence of the climate change on the lake of the steppe region in Mongolia.
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Chapter 5  Study on potential groundwater zone of the Ogii Lake Basin

5.1 Research background

Groundwater is considered as the main portion of the water supply in arid and semi-arid
regions[72]. Mongolia has uneven distribution of surface and groundwater. The high mountain
range which includes Altai, Khangay, Khuvsgul and Great Khyangan produce 70% of surface
water[73]. These mountain ranges constitute the catchment areas for main rivers. The Orkhon
River is one of the main river and tributary in Mongolia with total length of 1066 km[6]. The
Ogii Lake is the biggest lake in Orkhon River Basin, which covers an area of 25.7 km?. In
Mongolia, lakes are one of main surface water source as well as recharge source for
groundwater. The potential exploitable groundwater resources of the Orkhon River Basin were
identified under the project named “Strengthening Integrated Water Resources Management in
Mongolia” with support from the Government of the Netherlands in 2012. The maximum
amount of renewable groundwater resources in the whole Orkhon River Basin was found to be
0.19 km3km?/year in the upper part of the Tamir River Valley near Ogii Lake[6]. The
generation of a groundwater potential zone (GWPZ) map is particularly important in steppe
regions, such as Ogii Lake Basin, as it would help in the development of a systematic action
plan for the sustainable use of water resources. However, there is lack of available mapping of
the GWPZs of Ogii Lake Basin, which, if available, could provide valuable information for
both decision makers and for further research on the lake water balance studies. Conventional
research and prospection methods (hydro chemical, geophysical, etc.) are time consuming and
require a lot of financial resources and qualified personnel[74]. RS and GIS techniques have
emerged as a very effective and reliable tool in the assessment, monitoring, and conservation
of groundwater resources[75]. In recent years, most studies[72], [76]-[81] have widely applied
RS data and GIS tools by integrating and analyzing thematic layers to delineate the GWPZs
with effective results based on analytical hierarchy process (AHP) method. Therefore, in this
study, RS, GIS and AHP were integrated to delineate the GWPZs of Ogii Lake Basin using
different geo-environmental factors. The Ogii Basin area covers an area of 286.03 km? in the
territory of Arkhangai Province in the center of Mongolia, situated in the sub-humid-cool zone
at 1332 m above sea level between 102°38'37.351"-102°54"21.161"E, 47°36'34.576"—
47°50'18.439"N (Fig. 5.1).

5.2 Data collection and research methods

The geo-environmental data used for the delineation of GWPZs in the Ogii Lake basin were
digital elevation model (DEM), land use and land cover (LULC), rainfall, soil, slope, and
drainage density (DD). Each geo-environmental data was obtained from several sources and
produced according to the methods below individually.

5.2.1 Land use land cover classification technique

The LULC was mapped from the Landsat 8 OLI data (Landsat Scene Identifier:
L C81330272017261LGNOO; date of acquisition: 18 September 2017). The scene was corrected
for geometric distortions and atmospheric noise and pre-processed to enhance the quality of the
image using ERDAS Imagine 2015. The LULC of the basin was extracted using an
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unsupervised classification technique, followed by a ground-truth verification through the
Google Earth Pro.
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Fig. 5.1 Location map of the study area

5.2.2 Soil map generation

The digital world soil map was provided by the Food and Agriculture Organization (FAQO)
as an ESRI shape file format. The soil map of Ogii Lake Basin was obtained from the world
soil map using the watershed boundary. Properties of soil map was also provided by the FAO
document.

5.2.3 Rainfall map generation

The monthly precipitation with a high-resolution multivariate gridded data set from 2011
2019 was obtained from the Climatic Research Unit (CRU) time series (TS) from their website
at https://crudata.uea.ac.uk/cru/data/hrg/cru_ts_4.04/crucy.2004161557.v4.04/countries/pre/.
The Network Common Data Form (NetCDF) rainfall data covers the monthly rainfall data
between 2011 and 2019 that consist of 108 bands (108 months). The NetCDF rainfall data was
extracted to raster layer using the multi-dimension tools in Arc Toolbox. The total annual
precipitation of 2019 was calculated using the data management tool and spatial analyst tool in
ArcGIS 10.1, and re-projected as a point data using the conversion tool for interpolation. Finally,
interpolated raster data used to classify the rainfall into five classes through natural break
classification method.
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5.2.4 Digital elevation model

The advanced space borne thermal emission and reflection radiometer (ASTER) DEM was
obtained at a spatial resolution of 30 m from the Earth Data at: https://earthexplorer.usgs.gov/.
DEM was used to define the watershed area using spatial analyst tools in ArcGIS 10.1 software.

5.2.5 Slope and drainage density generation

Flow direction and flow accumulation were calculated to generate the drainage of the study
area. Then, DD was estimated as the total length of streams of all orders in the unit area (EQ.
5.1) using the line density in the spatial analyst tools.

n
i=1 Li

DD =— 5.1

Where, ¥, L; is the total length of drainage L, 4 is the total area of the study site (L?), and
n is the number of drainage networks in the basin. The slope map was generated on the DEM
basis with a spatial resolution of 30 m.

After preparing all the thematic maps of DEM, soil, rainfall, and DD, the maps were
reclassified using the natural breaks method in ArcGIS 10.1. The research flowchart of the
delineation of the GWPZs is shown in Fig. 5.2.
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Fig. 5.2 Flowchart for groundwater potential zone

GIS-Based AHP method

In this study, the AHP method was applied to rate the selected factors that affect the
groundwater potential of the study area. The AHP is one of the most widely used structured
methods for analyzing and organizing multi-criteria decision making (MCDM) using the
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principle of psychology and mathematics, which was developed by Thomas L. Saaty in 1977.
In this study, six hydrological and hydrogeological criteria were considered as the influencing
factors on groundwater, namely, DEM, Slope, LULC, DD, rainfall properties, and soil
properties. GIS-based MCDM is an expert-knowledge-based approach that is very useful for
solving complex problems[82]. Therefore, a total of 10 experts (geologists and hydrogeologists)
were interviewed through a questionnaire to seek their opinions on the relative importance of
the hydrologic/hydrogeological factors influencing groundwater occurrence. The experts
provided their opinions on the relative importance or weight of each pair of selected criteria
based on a fundamental scale of values ranging from 1 (equally important) to 9 (extremely
important) according to Saaty’s scale (Table 5.1).

Expert pairwise comparison matrices are provided in the supplementary material (Table
A.4). Priorities (P;) were calculated using the row geometric mean method based on 6 X 6
comparison matrices from each expert using Eq. 5.2 and Eq. 5.3.

5.2

L& 5.3
T = exp ;Z In(a;;)
j=1

Where
r; - Elements in the obtained complementary matrix
a;; : Transformed positive reciprocal matrix i, j = 1,2,..n.

The final pairwise comparison matrix for this study was obtained from each expert’s pairwise
comparison matrices and each individual decision makers’ weight for the six criterion using the
weighted geometric mean through an online software tool for the analytical hierarchy
process[83] created by Dr. Klaus D. Goepel (Table 5.3). The weighted geometric mean
equation is shown below (Eq. 5.4).

-1y - Inagjg) 5.4

2%:1 Wk

Cij = exp

Where

C;j : Consolidated decision matrices

a;j(x). Decision matrices element

Wy, : Individual expert’s weight for each criterion.

k : Number of experts

The weightings were then normalized to obtain an average weight of each criterion. The
normalization of the weights was assigned by the AHP and an Eigen vector of the square
reciprocal matrix was used to compare all possible pairs of criteria (Table 5.4).
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Table 5.1 AHP numerical value classification
AHP  numeric Definition
values (scales)

1 Equally important
Equally to moderately important
Moderately important
Moderately to strongly important
Strongly important
Strongly to very strongly important
Very strongly important
Very strongly to extremely important
Extremely important

O© 0 NOoO Ol bW

Consistency associated with the pair-wise comparison matrix is estimated using the
consistency ratio (CR) shown in Eqg. 5.5 to verify the coherence of the criteria weights.

CI 55
CR = RCI
CI: Consistency index,
RCI: Random consistency index.
The value of RCI was taken from the standard table provided by Saaty (1980) and depends on

the number of factors Table 5.2.

Table 5.2 Random index (RI) corresponding to the number of criteria (n)
m 1 2 3 4 5 6 7 8 9 10
RI 0 0 058 0.9 1.12 124 132 141 145 149

The consistency index (EqQ. 5.6) is the ratio of the difference between the Principal Eigen value

(Amax) (EQ. 5.7) and the number of factors or thematic layers (n) under investigation (n = 6).
Amax —-n
Cl =—"—
n—1 5.6
A pair-wise comparison matrix is consistent only if the 4,,,, is greater than or equal to the
number of the criteria (n) investigated[84]. The value of CR is recommended to be less than 0.1

or 10% for consistent weights[85].

?=1(PiW) 'n

A==—Nw

5.7
where N.W is the normalized weight’s vector.

Consistency of weightage on each thematic maps for delineating the GWPZs of the study were
(GCI = 0.02; Psi = 3.3%; CR = 0.5%; A = 6.031; MRE = 11.3%).

After confirming the consistency of weightage for all of the thematic maps, the analysis
process was performed with the spatial analysis and weighted overlay tools in ArcGIS 10.1
version. The weighted overlay analysis is a simple method to analyze multiclass maps based on
the relative importance of each thematic layer and the layer’s class[86]. This method was used
to analyze the thematic maps into five classes starting from 1, which is less important, to 5,
which is more important in terms of the occurrence of a groundwater potential zone in the study
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area. The GWPZs were computed using the weighted linear combination method[87] as follows

(Eq. 5.8):

where

GWPZ = i Zn:(wj - X))

j=1i=1

GW PI. Groundwater potential index,
W;: Normalized weight of the j thematic layer,

X;: Rank value of each class with respect to the i layer

m: Number of thematic layers

n: Total number of class/features in a thematic layer

5.3 Result

5.8

The GWPZs of Ogii Lake Basin were delineated based on six thematic maps in GIS using the
weighted overlay tool with weights for each factor being: LULC 4%, DEM 32%, DD 19%,
rainfall 21%, soil 4%, and slope 20% in accordance with their influence on groundwater. The
rates starting from 1 to 5 represent the reclassification of the thematic factors based on their
contribution to the occurrence of groundwater (Table 5.5).

Table 5.3 Pair-wise comparison matrix for the AHP process

Vat 2 9 A = =
atr o o <

IX = 3 Q A §
DEM 1.00 1.57 6.50 1.68 8.74 1.68
Slope 0.64 1.00 3.99 1.07 4.87 1.07
LULC 0.15 0.25 1.00 0.30 1.00 0.16
DD 0.60 0.94 3.38 1.00 4.70 1.00
Soil 0.11 0.21 1.00 0.21 1.00 0.20
Rainfall 0.60 0.94 6.09 1.00 4.99 1.00

Table 5.4 Normalized pair-wise comparison matrix and weights obtained for the thematic parameters

-_ = <

: & = 3 3 £ Ef

(a) n 1 g § N

DEM 0.32 0.32 0.30 0.32 0.35 0.33 0.322
Slope 0.21 0.20 0.18 0.20 0.19 0.21 0.199
LULC 0.05 0.05 0.05 0.06 0.04 0.03 0.045
DD 0.19 0.19 0.15 0.19 0.19 0.20 0.185
Soil 0.04 0.04 0.05 0.04 0.04 0.04 0.040
Rainfall 0.19 0.19 0.28 0.19 0.20 0.20 0.207
Eigenvalue 6.031
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Table 5.5 Probability rating for the parameters

Parameters Value range Rating Contribution to the GWPZ
DEM (m) 1331-1359 5 Very high
1359-1405 4 High
1405-1454 3 Moderate
1454-1510 2 Low
1510-1630 1 Very low
Slope (degree) 0-2 5 Very high
2-5 4 High
5-9 3 Moderate
9-13 2 Low
13-35 1 Very low
LULC Water body 5 Very high
Grassland 4 High
Sand 3 Moderate
Shurbland 2 Low
Settlement 1 Very low
Drainage density 0-0.784 5 Very high
(km/km?) 0.784-1.597 4 High
1.597-2.521 3 Moderate
2.521-3.894 2 Low
3.894-7.145 1 Very low
Soil K139-2b-4399 1 Very low
Rainfall (mm) 265.5-267.3 1 Very low
267.3-268.8 2 Low
268.8-270.3 3 Moderate
270.3-271.9 4 High
271.9-274.1 5 Very high

5.3.1 Digital elevation model

According to the classification of DEM, the study area consists of five different elevations,
with highest at 1630 m above sea level (a.s.l), and the lowest at 1331 m a.s.l (Fig. 5.3). The
Ogii Lake area is situated at the lowest elevation, which is classified as 1331-1359 m a.s.l. A
low elevation has a higher impact on groundwater occurrence, while a higher elevation has a

lower impact.
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Fig. 5.3 Mapping of the DEM of the study area

5.3.2 Drainage density

DD is an important component when evaluating water recharge properties, although it is also
important to consider its inverse function of permeability. A high DD develops on surfaces with
low permeability as surface runoff exceeds infiltration[88], while a low DD occurs on
permeable surfaces with greater infiltration and decreased runoff, resulting in potential areas
for groundwater development[72]. A DD map of this study site was prepared using hydrology
tools in ArcGIS 10.1 from an ASTER DEM, and then classified into five classes (Fig. 5.4)
which vary between 0 and 7.14 km/km?. The rates have been assigned according to each areas
importance to potential groundwater recharge; defined as very high (0-0.784 km/km?), high
(0.785-1.597 km/km?), moderate (1.598-2.521 km/km?), low (2.522-3.894 km/km?), and very
low (3.895-7.145 km/km?), which cover areas of 72.29 km?, 81.47 km?, 80.70 km?, 42.20 km?,
and 9.37 km?, respectively (Table 5.5). Mainly, the low DD areas are scattered along the
drainage for whole basin including the Ogii Lake, while the high DD areas are scattered in the
north-western part of the basin where the river networks are closely spaced. In total, 53.76%,
28.21%, and 18.03% of study site were areas with high—very high, moderate, and low-very low
potentiality of groundwater occurrence.
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Fig. 5.4 Drainage density of the study area

5.3.3 Slope

Topography is a crucial factor governing the surface runoff as well as infiltration, and hence,
the slope of the terrain has a significant effect on the groundwater recharge and occurrence[78].
The slope influences the hydrological characteristics of a given watershed, which mainly affects
the surface runoff process. The areas with lower slope make rainfall infiltration and percolation
higher than those of higher slope areas. Therefore, groundwater recharge increases as the speed
of surface runoff is reduced. The southern and eastern parts of the basin are characterized by a
gentle undulating terrain with broad saucer-shaped valleys, while the northern part is hilly and
mountainous with elevations of up to 1600 m[4]. In the southern part of the Ogii Lake Basin,
the relief is gently undulating/almost flat, with an absence of distinct forms indicating
concentrated surface run-off[89]. The slope map of the study area was generated on a digital
elevation model (DEM) with a spatial resolution of 30 m. There are five classes of slope
identified in the Ogii Lake watershed using the slope spatial analyst tool in the GIS package
(Fig. 5.5). Range of slope in the study site are approximately as follows: 87.92 km? plateau (0—
2°), 80.38 km? gentle (3-5°), 67.06 km? more gentle (6-9°), 38.23 km? slightly steep (10-13°),
and 12.44 km? steep (14-35°). Based on the generated slope classes, 58.84% of the study site
could consist of very high to high GWPZs owing to the fact that plateau and gentle slope areas
have a high possibility of holding rainfall and a high percolation to the aquifer of the basin. The
steep slopes are mostly scattered at the northern and southern part of the watershed, and the
plateau slopes are mainly situated along the riverbed, including the lake.
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Fig. 5.5 Slope of the study area
5.3.4 Rainfall

Rainfall plays an important role in the hydrological cycle and controls the groundwater
potential[90]. Owing to the geographical location, precipitation occurs mostly during the
summer season starting from June to August, while precipitation in winter (November to
March) occurs mostly in solid forms of up to 30 to 50 mm per year. The possibility of
groundwater recharge would be high in areas where the rainfall is high and low where rainfall
is low. The total annual precipitation of the study area was classified into five classes starting,
265.5 mm to 274.1 mm (Fig. 5.6) based on the data management tool in ArcGIS 10.1 using the
total annual precipitation of 2019 with high-resolution multivariate gridded data. In 2019, the
highest rainfall in the study area was recorded at the northern side of the basin, while the lowest
occurred at the southern side. According to the classification, Ogii Lake area is belong to the
high to very high rainfall zone of the basin where the average rainfall occurs approximately
270.4 mm to 274.1 mm respectively. As shown in Table 5.5 the rates starting from 1 to 5 was
given to the each classification of the factors depending on their contribution to the groundwater
occurence. As seen, the ranges of rainfall between the 5 classes are very small within this study
area, therefore, the rainfall was also classified into different classes as 1 classes, 2 classes, and
3 classes in order to identify the difference between the classification for rainfall for the result
of GWPZs (Fig. A. 1).
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Fig. 5.6 Rainfall classification of the study area

5.3.5 Land use

The study site is situated within the area of dry grass steppes and is dominated by grasses
(Cleistogenes, Stipa), forbs (Allium), and shrubs (Artemisia, Caragana), while trees are
generally lacking[4]. The LULC of the study area was classified using the unsupervised
classification in ERDAS Imagine 2015. According to this classification, 9.35% (26.75 km?) are
water bodies including Ogii Lake and Khugshin Orkhon River; 14.37% (41.1 km?) grassland,
1.16% (3.33 km?) sand, 73.60% (210.5 km?) shurbland, and 1.52% (4.35 km?) settlement (Fig.
5.7). Rates are given to each classification depending on their contribution to groundwater
discharge (Table 5.5). The LULC determines the amount of precipitation that reaches the water
table to recharge the groundwater[91]. Therefore, waterbodies have a high impact on
groundwater, while settlement areas have a very low impact.
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Fig. 5.7 LULC classification of the study area

5.3.6 Soil properties

Soil is a key variable determining the groundwater occurrence, as the soil texture controls the
rate of infiltration[78] into the subsurface. According to the FAO soil unit classification, luvic
kastanozem (KI39-2b-4399), which is made of 19% clay, 44% silt, and 37% sand, is formed at
this study site. Kantanozems are humus-rich soils that were originally covered with early-
maturing native grassland vegetation, found in relatively dry climatic zones (200-400 mm of
rainfall per year). The Ogii Lake Basin is located within the zone of highly continental steppe
soil formation. Soils found in the Ogii Lake Basin predominantly consist of Kastanozems while
Regosols and Leptosols are dominant on the steep slopes and ridges. Soils are loamy to sandy,
riddled with a considerable amount of debris and pebbles that are often layered and adjusted[89].
In 2004, Wang et al.[5] reported that the east-central part of Ogii Lake (water depth of 14.5 m)
had clay and silt layers at the 854480 and 242-0 cm levels, respectively, while there was a silt
layer at 480-242 with two carbonate-rich interlayers at 450-492 and 368-348 cm, investigated
through laboratory analysis of a 854 m drilled sample. Schwanghart et al. also found fluvial
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sands at bottom depths of approximately 600 cm, clay/silty and organic rich sediments at
approximately 200-600 cm, and organic poor loam in the overlying sediments (<140 cm)[4].
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Fig. 5.8 Soil type of the study area
5.4 Delineation of groundwater potential zone

In this research, the advantage of the recent techniques was used to identify the GWPZs of
small basin located in the remote and steppe area. The weighted overlay analysis results showed
that a 0.68 km? area of the basin consisted of very poor GWPZs and 38.36 km? area of poor
GWPZs (Table 5.6). Large watershed portion (83.5%) consisted of a moderate to high GWPZs.
Very high to high GWPZs of the watershed were generated under the lake, and along the
Khugshin Orkhon River and Orkhon River with the lowest elevation (1331-1359 m) and DD
(0-0.784 km/km?) and plateau category slope (0-2°). According to literature[11] Ogii Lake was
formed by the meandering of Khugshin Orkhon River. Additionally, the literature[92] also
concluded that the tectonic fault, which has the same direction as the Tamir River, crosses the
Ogii Lake through its deepest part, from west to east. Therefore, the classification of the
delineated GWPZs in this basin is reasonable.
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Fig. 5.9 Groundwater potential zone of the study area

5.4.1 Validation of groundwater potential zones

The coordinates of the study area’s wells were obtained from the National Statistical Office
of Mongolia (NSO). Due to the population density scarcity and scattered locations, the
groundwater use in this study area is relatively low, which is only 19 wells were plotted in the
Ogii Lake Basin. Local herders use groundwater mostly during the winter season when the
available surface water is frozen. Therefore, mapping the GWPZs is essential for local people
and government to manage the water resources without financial cost and explore potential
groundwater sources through conventional methods. According to the classification of GWPZs
2 wells’ location plotted in poor zone, 8 and 9 wells were plotted in the moderate and high
GWPZs, respectively (Table 5.6). As there were no well depth measurements, the GWPZs map
was validated by overlying the wells’ location in the GWPZs map (Fig. 5.9).

Table 5.6 Groundwater potential zone of the study area

Value Description Area of GWPZs Existing wells
(km?) (%) Number  Success rate, %
1 Very poor 0.68 0.23 0 0
2 Poor 38.36 13.41 2 10.52
3 Moderate 125.03  43.72 8 42.11
4 High 113.83  39.80 9 47.37
5 Very high 8.13 2.84 0 0
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5.5 Summary

The GWPZs of the Ogii Lake Basin were delineated by integrating RS, GIS, and AHP
techniques. Six thematic layers were prepared individually, then applied for a weighted overlay
analysis according to the AHP analysis result with a 0.5% consistency. The weights assigned
to each thematic layers were 4% (LULC), 20% (slope), 21% (rainfall), 19% (drainage density),
32% (DEM), and 4% (soil). The GWPZs of the study area were classified into five zones,
namely 2.84% of the study area (8.13 km?) was situated in very good zone, 39.80% (113.83
km?) in good zone, 43.72% (125.03 km?) in moderate, 13.41% (38.36 km?) in poor, and 0.23%
(0.68 km?) in very poor. The Ogii Lake area falls under high to very high GWPZ because of
the geographical location characteristics. It could be explained by the aquafer water inflow
through the tectonic fault from the upper side (west) of the lake.

Chapter 6  Discussion: Summary of key findings and recommendations

6.1 Summary of key findings

In this study, | conducted a research to estimate the human activities and climate change
impact on the Ogii Lake Basin in Mongolia which is completed under three main parts of
research.

Within the first part of the research, the environmental characteristics of Ogii Lake water has
been carried out under two year’s field surveys on surface water sampling and questionnaire
survey. The analysis of water samples was carried out at the University of Kitakyushu and water
quality of Ogii Lake and Khugshin Orkhon River was classified as clean and slightly polluted.
Livestock related pollutants were observed in the water samples, especially water samples from
Khugshin Orkhon River and the northern side of the lake, where livestock mainly have an
access for pasturing along the water body. NO2™ concentration was deemed high in stream and
spring water samples in both 2017 and 2018. PO.* concentrations were relatively high (0.26
mg/L) at the sampling site where the Khugshin Orkhon River flows into the lake, as well as in
the streams and spring water samples (0.20-0.28 mg/L) in both July 2017 and August 2018.
Human waste generation was found to be a harmful consequence of seasonal tourism in the
Ogii Lake environment due to a lack of proper management of lake-based tourism, as well the
living habits of local people. Therefore, without proper management, Ogii Lake’s environment
would have degraded in the future. According to the results of the questionnaire survey, 83%
of households use lake water in daily use without any regard to water quality. Therefore,
frequent water quality surveys need to be conducted to provide information to the residents in
order to safeguard their well-being. According to the livestock census [44] in Ogii Lake County,
the livestock population has increased over the last decade, while the total number of available
water resources such as surface water reservoirs, wells, and aquifers has changed over time
from 36 in 2012 to 57 in 2015, and then 45 in 2018. Due to the decrease in available water
sources, herders mostly settle nearby the river and lakes, which increases the discharge of
livestock related pollutants along the shore. During the field survey, | observed that livestock
spent most of their time along the Khugshin Orkhon River and Ogii Lake shoreline for grazing,
watering, and resting. Considering the domestic settlements and livestock distribution around
the lake, observed high POs* concentrations might have been more likely attributable to
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livestock, which has free access to the lake. Generated pollutant discharge load would increase
along with the size of livestock. The pollutants contaminated in the daily waste generation of
cattle and sheep & goat around the Ogii Lake is accounted to the 87.05 ton NH3s-N, 76.79 ton
TP, 230.93 ton TN, 199.83 ton COD, 169.91 ton BOD per year within 10 km distance in 2016.
The simulation results indicated that the livestock population would be increased significantly
in the future. In the year 2036 the total amount of potential contaminants would be increased
by 3.8 times (1288.07 ton NHs-N, 11358.11 ton COD, 9062.76 ton BOD, 1461.03 ton TP, and
5427.33 ton TN), while total cattle population reached around 38.043 thousand heads, and
sheep and goats would reach about 436.415 thousand heads. Water demand would also increase
3.8 times higher than current usage that accounts for approximately 876.809 cubic meters in
Ogii Lake County. In addition, human activities such as unregulated tourism as well as waste
and wastewater discharge have become a considerable problem leading to environmental
impact around the lake.

The second part of the study was covered the climate change impact on the Ogii Lake Basin.
The study was carried out based on the satellite RS images and long-term historical reanalysis
data between 1986 and 2019. The daily evaporation from the lake were estimated using the
Penman’s energy-budget method. The result illustrated that total annual evaporation from the
lake increased steadily over last three decades; compared to 1989, annual evaporation increased
by 20.02, 25.79, and 32.4 mm in 1999, 2009, and 2019, respectively. On the other hand, the
annual evaporation from the lake mostly exceeded since 1995. The variation between total
annual precipitation and evaporation accounted approximately 24.27 mm, 82.89 mm, and 50.44
mm respectively, between 1986-1996, 1997-2007, and 2008-2019. The comparison between
the estimated lake water surface area and the climatic variables illustrated that the
morphometric parameters has positive week correlation with the evaporation and precipitation.
The water balance of the Ogii Lake was also estimated based on the available data between
2016 and 2019. The result shows that the water balance of the Ogii Lake is regulated by the
contribution of the both surface and groundwater.

As described in the previous chapter, the third part of this study was applied the advantages
of the recent techniques to delineate the GWPZs of the basin based on the six thematic layers,
and it was classified into five classes as very high, high, moderate, poor, and very poor. The
delineated GWPZs were reasonable comparing with result of the depression morphology of
Ogii Lake by Altanbold et.al. and the results were validated using the coordinates of the existing
wells in the Ogii Lake Basin. According to the wells’ location, 89.48% are plotted in moderate
to high GWPZs, and remaining 2 wells (10.52%) were plotted in poor GWPZs. From the above
result, the integration of RS, GIS, and the AHP applied in this study has shown valuable result.
Even there was a slightly difference between the classified zones of rainfall in this study area,
the GWPZs of the lake in 2019 was delineated based on the different classification to identify
the difference between the classification (Table A.5). The delineated GWPZs of the each
classes are shown in Annex (Fig. A.2). The results were illusrated that, there is a slightly
difference between the delineated GWPZs.

Summarizing the result of this study, the current state of the Ogii Lake water qualiy was
classified as a clean to slightly polluted. The lake based tourism and livestock grazzing nearby
the lake and Khugshin Orkhon River have an potential impact on lake ecosystem and its water
quality. The location of herders and existing wells at the different distance from the lake are
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compiled and shown in Fig. 6.1 and Table A.1. The herders mostly change their location at
least 2 times per year. The wells are usually in use during the winter season to supply a drinking
water for both herders and livestock when the surface water is frozen. Considering on the
herders’ location in 2016, it’s clearly seen that herders are mostly grazing their livestock at the
northern side of the lake, where the existing wells are lower than southern side of the lake. It
proves that during the warm period none of the herders are willing to use the wells, and moves
their location nearby where the surface water available. Therefore, the water analysis result
might have showed the PO.* concentrations was 2.6-3.4 times higher than MNS4586:1998
standard which is one of the livestock related pollutants.
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Fig. 6.1 Location of the herders and existing wells at the different distances from the lake

In order to protect the lake ecosystem, the free acces of livestock to lake and its tributaries
should be restricted. Currently, there are 24 wells under the operation within 10 km distances
from the lake, and 19 of them belong to the Ogii Lake Basin, however, two wells nearby the
lake are owned by the tourist camps. According to the result of Chapter 5, approximately
86.36% of the Ogii Lake Basin has a moderate to high potential of the groundwater. Therefore,
there are a possibilities to manage the water resources in proper way through making a wells
and use them in all seasons of the year as a drinking water for both herders and livestock in
order to protect the environment as well as their well being.

As mentioned earlier, the drinking water consumption of the livestock is expected to increase
3.8 times over the next 15 years. In addition, because of the geographical location, Mongolia is
experiencing the global warming and evapotranspiration rate is also expected to increase in the
future. It might also increase the water demand of livestock in the future. Beside the livestock
related pollutants, solid waste disposal and wastewater discharge along the lake shore has a
negative impact on the Ogii Lake ecosystem. This study confirmed that, without implementing
the regulations in proper way, anthropogenic impact on Ogii Lake would harm the Ogii Lake
wetland in the future.

80



6.2 Recommendations

The case study on Ogii Lake shows that the implementation of existing laws and regulations
that related to the protection of the environment and the development of environmentally
friendly tourism is very weak. The local government and related authorities need to pay more
attention on how to properly implement the existing laws and regulations. In order to protect
the lake ecosystem, my suggestion to the local government is below.

The local government need to work on implementation of the current regulations and need to
make eco-friendly plans while collaborating with environmental agencies, and tourism
companies. Approximately 8,000 to 10,000 tourist visit to the lake for short-time per year, but
there are no public toilets around the lake that can be used for private tourist who camp on the
shores of the lake. Also the dumpsites are not described well. Therefore, due to the
uncomfortable condition for the tourists, a large amount of garbage and human excreta is
dumped on the shores of the lake. To solve this current problem, the lake based tourism needs
to be urgently improved through announcing a tender for companies those who could serve
environmentally friendly tour services. This kind of approach may reduce the number of private
tourist along the lake. In order to protect the lake ecosystem, | recommend the tourist camps to
install a composting toilets instead of flush toilets that need lots of extra construction work in
that remote area. Also, it’s important to clearly describe the access points to the lake for tourists
while building enough parking lot. There will be an opportunity to increase revenue from
tourism in provinces and counties by developing an environmentally friendly tourism. In
addition, there are possibilities to manage the water resources for both herders and livestock,
while creating sufficient number of wells based on the result obtained from this study. Therefore,
livestock access to the lake should be restricted in order to protect the lake ecosystem. Table
6.1 and Table 6.2 shown the potential pollutants discharge from cattle and sheep at different
distances from the lake. The estimated pollutants were based on the livestock population in
2016 (Fig. 6.2), however, if the local government could manage and restrict the livestock access
to the lake and river, there are possibilities to reduce the potential pollutants discharge near the
lake and river. For instance, in case of livestock population and its distribution around the lake
approximately, 8.49 ton NHz-N, 79.74 ton COD, 59.819 ton BOD, 6.2 ton TP, and 27.57 ton
TN potential pollutants could be reduced in 0.5 km distance from the lake per year. As
mentioned before, the herders’ change their locations at least twice a year and the number of
livestock is not stable, which means the potential pollutants discharge around the lake is
different. Therefore, as mentioned before it’s important to implement restrict management for
livestock access, it could help to protect the water quality in the future. In addition, when
livestock access restricted the breeding and staging area for the waterfowl could be also
protected.
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Fig. 6.2 Potential pollutants around Ogii Lake

Table 6.1 Potential pollutants from cattle (ton/year)

Distance Cattle

fromlake NHs-N COD BOD TP TN

0.5 km 7.49 73.96 57.69 3.00 18.20
1 km 16.41 162.07 126.42 6.57 39.89
1.5km 28.20 278.48 217.21 11.29 68.55
2 km 35.37 349.21 272.39 14.16 85.96

Table 6.2 Potential pollutants from sheep (ton/year)

Distance Sheep

fromlake NHz-N COD BOD TP TN

0.5 km 1.00 5.78 5.12 3.25 9.37
1 km 2.86 16.54 14.66 9.31 26.80
1.5 km 5.67 32.80 29.06 18.45 53.12
2 km 7.23 41.80 37.04 23.52 67.71
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Chapter 7 Conclusion, limitation of this study and further studies

7.1 Conclusion

1. The water quality of Ogii Lake and Khugshin Orkhon River was classified as clean and
slightly polluted. Dumping of human- and livestock- generated pollutants along the lakeshore
was observed during the field surveys. The livestock-related pollutants and the water demand
for the expected livestock in 2036 was predicted to increase by 3.8 times, that would be account
as 1288.07 ton NHz-N, 11358.11 ton COD, 9062.76 ton BOD, 1461.03 ton TP, and 5427.33
ton TN, and 876.809 cubic meters, respectively.

2. The most accurate water index for identifying the lake surface from the satellite RS images
of both Landsat 5 TM and Landsat 8 OLI was MNDWI-1, which has high correlation with the
measured lake water level (R=0.94, p < 0.01).

3. Amount of precipitation on Ogii Lake Basin has been almost stable, while the lake water
evaporation has increased. The correlation of the estimated evaporation from the lake,
precipitation, and lake water surface area changes illustrated that precipitation is not a main part
of the water source for the Ogii Lake. The result of the estimated water balance between 2016
and 2019 was demonstrated that the both surface and groundwater have a considerable
influence on Ogii Lake’s water balance.

4. The highest GWPZs of the Ogii Lake Basin was coincided with the deepest part of the lake,
where the tectonic fault cross Ogii Lake. The results of delineation of potential groundwater
zones show that there is a possibility to solve the source of drinking water that is essential for
both herders and livestock through drilling wells, which could reduce the potential discharge of
livestock related pollutants to the lake and inflow river.

5. The case study on Ogii Lake shows that is possible to reduce budget expenditures on
hydrological surveys while integrating the RS and GIS technology. Such results could provide
valuable information for decision makers to implement a water resource management and
reduce the environmental pollution.

7.2 Limitation of this study and further studies

The previous study by J. Tserensodnom (2000) was highlighted that Ogii Lake’s water fed
by the Khugshin Orkhon River. Erdenesukh et al., (2020) was concluded that Ogii Lake’s water
surface area has weak correlation with surface inflow. Due to the lack of the long-term surface
water discharge data, the water balance of Ogii Lake was estimated only for short-time between
2016 and 2019. In this study, | estimated evaporation only form the lake water surface, in order
to study the climate change impact on lake in the steppe region, evapotranspiration from the
whole basin should be studied. In addition, lake water balance prediction is much more
important especially for the ecological important lake such as Ogii Lake. Based on the
delineated groundwater potential zones of Ogii Lake Basin, it’s important to conduct research
on the interaction between Ogii Lake water balance and groundwater accumulation in the
further. | expect to develop a dynamic model of Ogii Lake water balance using the system
dynamic modeling techniques based on the future result of groundwater interaction to Ogii
Lake.
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Annex

Table A.1 Total number of livestock and available wells

Distance Number of Herder Livestock  Number
herders population  population  of wells
1km 17 64 4330 2
3km 52 161 13578 5
5km 69 187 22354 6
7 km 87 258 29736 11
10 km 105 367 35575 12

Table A. 2 Total annual precipitation and evaporation

Years  Precipitation, Evaporation, Years Precipitation, Evaporation,
mm mm mm mm
1986 252.21 282.08 2003 246.55 304.13
1987 32241 281.39 2004 175.46 325.25
1988 236.50 302.62 2005 220.46 270.57
1989 246.28 297.69 2006 237.20 217.36
1990 323.49 299.92 2007 246.92 332.19
1991 270.66 302.12 2008 239.77 331.67
1992 193.13 294.30 2009 179.94 323.47
1993 324.75 285.65 2010 250.65 310.10
1994 372.87 291.61 2011 290.15 311.06
1995 213.20 274.94 2012 302.40 316.71
1996 199.75 309.97 2013 253.88 315.42
1997 258.07 315.76 2014 265.86 324.45
1998 242.82 315.28 2015 279.17 267.00
1999 222.20 317.70 2016 366.35 303.63
2000 217.40 309.02 2017 222.54 345.58
2001 226.51 316.38 2018 326.69 335.87
2002 156.22 338.01 2019 232.36 330.09
Table A. 3 Lake morphology and climate variables
MNDWI-1, Precipitation, Evaporation, .
Durations
Date NDWI, km? km? Level, m mm mm
6/28/2002 24.96 25.79 26.7 16.37 54.2 28 days
8/15/2002 24.74 25.04 33.6 51.6 95.75 48 days
9/9/2002 24.68 24.83 32.1 7.08 36.58 25 days
10/18/2002 24.46 24.61 30.8 27.72 32.34 39 days
7/10/2003 24.70 25.27 33.9 57.76 50.76 28 days
8/11/2003 25.77 25.86 36 64.32 53.21 32 days
9/19/2003 25.65 25.98 34.4 52.12 48.02 39 days
10/5/2003 25.70 25.89 32.2 2.23 12.92 16 days
8/20/2004 24.88 25.81 35.6 51.45 44.69 28 days
9/21/2004 24.93 25.55 34.3 16.1 35.77 32 days
10/7/2004 24.92 25.51 34.1 5.66 12.23 16 days

90



MNDWI-1,

Precipitation, Evaporation,

Durations
Date NDWI, km? km? Level, m mm mm

8/7/2005 24.99 25.26 33.7 51.42 50.02 28 days
8/16/2005 24.60 24.95 33.7 12.27 13.08 9 days

9/1/2005 24.56 24.88 33.3 26.2 22.34 16 days
10/3/2005 24.64 24.77 32.3 31.96 31.42 32 days
8/10/2006 24,51 24.83 32.7 66.54 44,92 28 days
9/11/2006 24.49 24.69 32 34.36 41.63 32 days
10/13/2006 24.49 24.78 31 4,53 29.02 32 days
7/28/2007 24.21 24.45 29.3 31.88 48.72 28 days
9/14/2007 24.07 24.31 28.4 129.27 64.699 48 days
9/30/2007 24.0 24.22 275 7.46 15.15 16 days
8/31/2008 23.56 23.88 249 39.3 49.33 31 days
9/25/2008 23.45 23.73 24.6 13.41 27.23 25 days
10/11/2008 24.50 24.38 23.8 3.64 12.34 16 days
8/18/2009 22.66 23.22 21.4 49.03 44.07 28 days
9/12/2009 22.49 22.89 21 9.28 31.78 25 days
10/14/2009 22.24 22.58 194 5.73 27.85 32 days
8/21/2010 22.02 22.67 20.3 69.69 40.44 28 days
9/22/2010 21.85 22.12 19.7 7.91 40.51 32 days
10/17/2010 21.73 22.08 18.8 12.6 1751 25 days
8/17/2011 21.79 22.37 20 81.82 44.83 28 days
9/25/2011 21.61 22.0 19.3 47.8 45.569 39 days
10/27/2011 21.65 21.94 16.7 10.23 19.57 32 days
6/10/2013 22.89 23.23 21.7 22.29 49.06 28 days
7/28/2013 22.93 23.18 22.2 69.5 86.04 48 days
8/22/2013 23.32 23.69 23.2 80 33.84 25 days
9/14/2013 23.2 23.54 23.4 18.73 27.48 23 days
9/30/2013 23.3 23.54 23.4 11.2 14.21 16 days
10/16/2013 23.33 23.74 23.6 14.84 10.53 16 days
4/26/2014 23.719 23.94 25.2 10.72 28.16 26 days

6/6/2014 23.57 23.89 26.1 47.72 60.57 41 days
7/24/2014 23.57 23.96 26.4 100.73 82.95 48 days
8/16/2014 23.46 23.86 25.7 27.39 39.97 23 days
9/26/2014 23.45 23.68 24.4 55.65 48.56 41 days
10/19/2014 23.52 23.73 24.2 12.74 13.63 23 days
5/15/2015 23.66 23.70 25.1 13.19 35.79 28 days
6/25/2015 235 23.76 25.2 27.64 76 41 days
7/27/2015 23.67 24.004 25.6 86.23 57.35 30 days
8/19/2015 23.63 24.05 26.2 74.83 37.45 23 days
9/13/2015 23.63 23.96 25.8 22.98 36.93 25 days
10/12/2015 23.7 23.85 25.3 18.94 23.49 29 days
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5/17/2016 24.12 24.29 28.4 32.18 37.52 28 days
MNDWI-1, Precipitation, Evaporation, Durations
Date NDWI, km? km? Level, m mm mm
7/29/2016 24.42 24.65 31 182.67 116.98 73 days
8/30/2016 24.5 24.76 32 66.95 46.42 32 days
9/6/2016 24.53 24.76 32 14.41 6.74 7 days
5/29/2017 24.89 25.02 33.9 12.71 49.05 29 days
6/14/2017 24.85 25.01 33.6 8.82 32.16 16 days
7/23/2017 24.66 24.88 33 50.68 76.4 39 days
8/1/2017 24.7 24.92 32.7 3.75 17.84 9 days
9/18/2017 24.68 24.9 32.3 107.94 61.51 48 days
5/23/2018 24.73 24.82 32.3 4.2 43.95 28 days
6/8/2018 24.67 24.76 32 14.8 29.42 16 days
7/3/2018 24.71 24.98 32.3 49.9 46.03 25 days
8/27/2018 24.9 25.93 34.6 168.9 18.21 55 days
9/12/2018 24.96 25.93 34.6 36.7 19.85 16 days
5/19/2019 25.71 25.93 35.2 18.61 36.46 28 days
6/11/2019 25.07 25.83 35.1 11.05 43.5 24 days
8/30/2019 24.86 25.59 34.8 153.62 133.11 80 days
9/24/2019 24.8 25.11 334 16.96 29.22 25 days
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Analytical Hierarchy Process
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Number of experts: k
Number of criteria n

Table A.4 Experts’ pair-wise comparison matrices for the AHP

Expert 2

Expert 1

N~ ™ ™ Te) ~ ™ ~ ~ ~ [Te)
~NO A MM oMM L0 OO AM—AMmM LW M~ I~ OO ML
Lo ™ Lo ™ ™ ™ m N~ Lo (42]
< © o S
+ = I =
OO O~ m 951513%: DL A M~ mu: OO MM~ D O LW LA~
x X X &
omom U I T Ty) - ™ w0 w O o

oMM~ M Mmoo Mo m Mmoo Mo m Lo (o2} Mmoo Mo m
R o o g e o e e i o o D T e e e s
A NMIT IO O A NM<IT L O A NM<IT L O A NMIT WO O —ANM<IT O O
N~ ™ ™ ™ o ™ [Tg) ™ N~ N~
OO AM—AmM NI A MM OMeAM—Am DO AM—-AMmM (o2 2N To B0 BN b B
™ ™ Lo ™ ™ ™ ™ ™ ™ N~
o Lo N~ »
+— +— +— +—
b} by by &
L LLl L L
Lo Lo (82] Lo N~ (82} N~ Lo (92] Lo
482022 a8z Q@ a2 a8 A L2 4
D i B B I e | D B e B B I | D B e B I I | D B B I I | — —
—ANM<IT O O —ANM< O O —ANM< IO O —ANM<T O O A NM<IT IO O

93



Table A.5 Possibility rating for the parameters

Parameters Value Rating Contribution to the
range GWPZ
DEM (m) 1331-1359 5 Very high
(32%) 1359-1405 4 High
1405-1454 3 Moderate
1454-1510 2 Low
1510-1630 1 Very low
Slope (degree) 0-2 5 Very high
(20%) 2-5 4 High
5-9 3 Moderate
9-13 2 Low
13-35 1 Very low
LULC Water body 5 Very high
(4%) Forest 4 High
Sand 3 Moderate
Wetland 4 High
Barren land 2 Low
Settlement 1 Very low
Drainage density 0-0.784 5 Very high
(km/km?) 0.784-1.597 4 High
(19%) 1.597-2.521 3 Moderate
2.521-3.894 2 Low
3.894-7.145 1 Very low
Soil (4%) K139-2b-4399 1 Very low
Rainfall (mm) Rainfall 5 classes
(21%) 265.5-267.3 1 Very low
267.3-268.8 2 Low
268.8-270.3 3 Moderate
270.3-271.9 4 High
271.9-274.1 5 Very high
Rainfall 3 classes
265.5-268.8 1 Very low
268.9-271.9 2 Low
272-274.1 3 Moderate
Rainfall 2 classes
265.5-268.8 2 Low
268.9-274.1 3 Moderate
Rainfall 1 classes
265.5-274.1 3 Moderate
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