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Abstract  

The Tuul river basin is a unique region in that it covers only 3.2% of Mongolian territory, 

but 48% of Mongolian total population lives in Ulaanbaatar. Also, 66.5% of the Mongolian 

total GDP was produced within this river basin in 2020. Land-use changes due to the 

expansion of urbanization can pose a threat to downstream ecosystems of the Tuul river, 

particularly soil and water quality, leading to an increase in surface runoff and nutrient 

loads. The main purpose of this study is to evaluate the impacts of land-use and land 

cover changes in discharge and water quality in the upper part of the Tuul river basin 

between 2010 and 2019. Land use/land cover changes, digital elevation model, soil, and 

meteorological data were used as an input data for the Soil and Water Assessment Tool 

(SWAT) to simulate streamflow and water quality. The model’s performance was 

determined by statistical parameters including Nash-Sutcliffe efficiency coefficient 

(NSE), correlation coefficient (r), and percentage bias (PBIAS). Furthermore, prediction 

uncertainty was measured using the p-factor and r-factor. The values of NSE (0.56 and 

0.66) and r (0.77 and 0.82) for calibration and validation periods at a daily time scale 

showed that the SWAT model could be used to simulate the discharge. The results of 

calibrated model showed the increase in surface runoff, and loads of nitrate and 

phosphorus due to rapid urbanization in the Tuul river basin. The outcomes of the study 

can be useful in understanding water management strategies and making more 

appropriate land management decisions and practices.  
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1. Introduction 

Arid ecosystems, which are characterized by a lack of rainfall and high 

evapotranspiration, constitute over one-third of the Earth’s terrestrial surface (1). Water 

is the significant governing factor for vegetation growth in arid and semiarid regions such 

as Mongolia (2). Surface water accounts for 87 percent and groundwater makes up the 

remaining 13 percent of the total water resources of Mongolia (3). Mongolia is divided 

into 29 river basins (Figure 1); each of them varies water resources, regime, water use, 

and pollution issues depending on the geographical situation, natural zones, climatic 

conditions, population density, urban and major economic sectors (4). The Tuul river is 

one of the longest rivers among 29 river basins. The basin covers only 3.2 percent of 

Mongolia's territory; nevertheless, about 48 percent of Mongolian population lives in 

Ulaanbaatar and about 66.5 percent of its gross domestic product is produced in 

Ulaanbaatar. Ulaanbaatar city supplies drinking and industrial water usage from the 

groundwater resource of the Tuul river valley. The Tuul river basin has an estimated 

groundwater resource of approximately 641 million m3 per year and a surface water 

resource of around 1.59 km3 per year (4).  As a matter of fact, in recent years the water 

quality of river and perennial streams in Mongolia is deteriorating due to global warming, 

and changes in land use, such as the transitions from pasture land to urban land and 

mining (5).  

 

Figure 1. Location of Tuul River Basin 
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The Tuul river basin has a high concentration of population, which is the most 

economically viable region in Mongolia. Thus, the importance of this basin tends to 

increase in the future. Unfortunately, due to rapid population growth and urbanization 

within the upper part of the Tuul river basin, changes in land use pattern and climate 

continue to have a remarkable impact on the surface water quantity and quality of the 

Tuul River (6). 

The Tuul river flows through densely populated Ulaanbaatar city, the capital of Mongolia. 

The Ulaanbaatar area covers only 0.3 percent of Mongolian territory, although according 

to 2020 population statistics, 47.6 percent of the total population has been living there 

(7). During the last two decades, the number of populations in Ulaanbaatar has increased 

by approximately 28 percent (Figure 2). 

 

Figure 2. Population changes in Ulaanbaatar 

As shown in Figure 3, 66.5 percent of Mongolian total Gross Domestic Product (GDP) 

was produced within the Tuul river basin in 2020. GDP produced in the basin has 

increased year by year dramatically. For instance, GDP produced in Ulaanbaatar in 2020 

has quadrupled since 2010. 



 

Page 10 of 51 
 

 

Figure 3. The amount of GDP produced in the basin 

According to the report of the unified territory of Ulaanbaatar, pasture land accounts for 

4560.9 thousand hectares, or 91.2 percent of the total area, and the area of agriculture, 

hay, settlements, forests, water body, and roads covers between 0.3 and 6.8 percent (8). 

Urban areas have expanded by 10 percent since 2003 and the area of pasture land has 

decreased slightly within the basin, the administration area of Ulaanbaatar city (Figure 

4). 

 

Figure 4. Land-use changes in Ulaanbaatar 
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Several studies have been conducted to determine the impact of land use and climate 

changes on the Tuul river quality based on field studies or laboratory experiments (8), 

(9). Naturally, river water is capable of purifying itself as a river flows downstream [65]. 

However, the results of research in the field of land-use changes (10) showed that the 

Tuul river is no longer able to purify itself completely until flowing into the Orkhon river. 

Moreover, in determining the physical and chemical properties of the water of the Tuul 

river and its tributaries in 2015 (11), the values such as biochemical oxygen demand 

155.1 mg/L at downstream of Tuul-Songino sampling point, 48.9 mg/L at Tuul-Khadan-

Khysaa and, 5.4mg/L at Tuul-Shine-Guur, ammonium ions 1.23 mg/L – 12.77 mg/L, 

phosphate ions 0.1 mg/L – 0.7 mg/L, Pb 9.1 mg/L and Zn 91.3 mg/L were measured and 

significantly exceeded a corresponding MNS 4686-98 standard. Due to poor operation 

of Central Wastewater Treatment Plant, downstream of Tuul-Songino, Tuul-Khadan-

Khysaa, Tuul-Shine-Guur sampling points are highly polluted or are categorized as 6 th 

pollution level according to the surface water quality index (11). Addition to this, in the 

Tuul River Basin, the average annual temperature around Ulaanbaatar has increased by 

2.6°C over the last 75 years, and precipitation has decreased by 5 percent due to the 

expansion of urban land use (12).  

The quality of the Tuul river and its tributaries has been determined mainly based on the 

surface water quality index, which is calculated by performing laboratory analysis on 

collected water samples from various sampling points along the Tuul river. However, 

there is a lack of studies to assess the impact of land-use change on streamflow and 

quality through the application of surface water modeling. Therefore, there is a need to 

study and evaluate the impacts of land use and climate changes on the Tuul river basin. 

One of the best practices to quantify streamflow and analyze water quality is the 

application of a hydrological model with a spatial and point scale. Soil and Water 

Assessment Tool (SWAT) is a river basin model which can simulate changes in the 

hydrologic response, water quality, and erosion of a watershed, as well as evaluating the 

effects of land-use changes and climate variability on a river basin over short and long 

periods of time (13). Therefore, this study used SWAT surface water modeling to 

evaluate the effects of land-use changes on surface water quantity and quality in the 

upper part of the Tuul river basin.  
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1.1 Objectives 

The main objective of this study is to assess the impact of land use changes on surface 

water quality and quantity of the upper part of the Tuul river subbasin using the SWAT 

hydrological model with the following specific objectives: 

• To prepare input data for SWAT model (e.g., spatial and weather data) 

• To calibrate and validate the ArcSWAT model in the study area 

• To analyze the land-use effects on Tuul river surface water quantity and quality 
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2. State of the art 

2.1 Literature review on modeling application 

Land-use and land cover (LULC) changes, for example, a transformation from pasture 

land or forest area to urban and residential area due to the rapid growth of population 

and urbanization, have an adverse impact on water balance (14). These changes may 

lead to an increase or decrease in regional hydrological components such as 

evapotranspiration (ET), soil moisture, and surface runoff (15). Moreover, water quality 

can also be affected by human-induced ecosystem changes. Therefore, studying the 

consequences of LULC changes is important for the preservation of water resources and 

planning urbanization (16). The SWAT model is used widely in various regions of the 

world to predict the impacts of LULC and climate changes on complex watersheds as 

well as to simulate both surface and groundwater quality and flow (17). The following 

studies used the SWAT model in their study area owing to its reliability, efficiency, and 

wide application as a watershed modeling tool to evaluate hydrological processes. These 

studies differ from each other by parameters’ sensitivity and calibration due to the 

location of the study areas, climate conditions, dominant land use types, and availability 

of input data needed for the model simulation. Impact of LULC change on streamflow 

and water quality varies differently depending on predominated land use types. For 

instance: 

The studies (18), (19), (20), (21) applied the SWAT model in the watersheds of their 

study areas, which are predominated by agricultural lands, to determine the effect of 

land-use changes on discharge, sediment transport, and discharging of inorganic 

compounds. The results of the model regarding land-use changes showed that an 

increase in agricultural land-use leads to an increase in discharge, surface runoff, total 

suspended solid, total nitrogen and total phosphorus. For the reason that agricultural 

land deteriorates soil significantly and high amount of fertilizer is used in this field.  

Moreover, SWAT model was used to simulate the effects of land cover changes due to 

coal mining activities on discharge and sediment yield (22). Changes in LULC and soil 

characteristics in the watershed by mining activities caused a decrease in percolation, 

lateral flow, and groundwater, as well as an increase in surface runoff. Furthermore, 

another research (14) studied the effect of abandoned mining on hydrology. This analysis 

differed from previous studies which were conducted in mining-dominated river basins 

by the simulation results of the SWAT model. The abandoned open-pit mining altered 

the hydrological components with an increase in sediment yield, groundwater flow, 
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evapotranspiration, and a decrease in surface runoff. Many potholes were left after 

mining activities stopped. Therefore, generated runoff in this watershed is gathered in 

these potholes instead of flowing into the streams.  

Furthermore, one of the major land-use changes affecting hydrologic processes could 

be an expansion of forest area. The SWAT model was used to evaluate LULC changes 

on hydrological components in afforested river basin (23). As the amount of forest area 

grows, so does the rate of infiltration and transpiration, resulting in a rise in base flow 

and evapotranspiration. On the other hand, surface runoff and water yield decreased. 

Also, this study modeled the impacts of extreme LULC scenarios, for example 

conversion from all agricultural land to forest or from grassland to forest area, on 

hydrology. Because of the high evapotranspiration from the expansion of forest areas in 

these scenarios, the basin would be more vulnerable to water stress. 

According to the study (24), intermediate and high-density residential development can 

support reducing excess total suspended solid (TSS) levels, whereas dense commercial 

and industrial growth can help mitigate high phosphorus levels. In addition to this, the 

influence of LULC modification contributes to an increase in streamflow and a decrease 

in evapotranspiration because of increased urbanization and decreased water bodies 

and forest area (25). 

The above-mentioned studies concluded that the SWAT hydrological model acts as a 

robust model for simulating hydrological components at different land use and climate 

regimes.   

2.2 Model application in Mongolia 

In recent years, research has been conducted to assess surface water resources and its 

regimes in Mongolian river basins using different types of surface water models such as 

TOPLATS and HEC-HMS (26), (27). On the other hand, only a few modeling studies 

applying SWAT model have been conducted in the Tuul river basin; in one study, the 

ArcSWAT model was used to simulate nutrient loads and discharge in an upper part of 

the Tuul river basin (28). The SWAT model was also used to model watershed hydrologic 

processes and their influence on water resources throughout the Tuul river basin (29). 

These studies concluded that the SWAT model was relatively good at estimating 

streamflow and that simulation of the model satisfactorily captures the watershed’s 

hydrological processes. Nevertheless, no studies have been investigated to assess the 

impact of land-use changes on both water quantity and quality model in the Tuul river 

basin using the ArcSWAT model.  
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2.3 Overview of SWAT model 

2.3.1 Introduction 

The Soil and Water Assessment Tool is a well-known river basin-scale model which was 

originated from the United States Department of Agriculture and Agricultural Research 

Service (USDA-ARS) (17). It is a continuous-time model that works on a daily time step 

that's usually used to estimate the impact of land management strategies on water, and 

sediment yields in enormous complex watersheds with altering soils, land use, and 

management circumstances over long periods of time (30). The model is based on the 

laws of physics with natural processes, is computationally useful and efficient, and has 

the ability to develop long-term simulations. Weather, soil surface temperature, its 

characteristics, hydrology, plant growth, pesticides, bacteria and pathogens, nutrients, 

and land-use patterns are all crucial components of the model. The model is widely used 

to determine surface flow and assess the impacts of land-use and land management 

processes, climate change, and to examine water quality within river basins or 

subbasins.  

2.3.2 Evolution of model 

The first version of the ArcSWAT model was created in the early 1990s as version 94.2. 

The USDA-ARS conducted over 30 years of modeling experiments and research that 

led to the development of the SWAT model, and the current version of SWAT 

incorporates the general concepts of USDA-ARS and other models. Pesticide transport, 

hydrological, and crop growth models are derived from the USDA-ARS small basin-level 

models including GLEAMS (groundwater loading effects of agricultural management 

system) (31), CREAMS (chemical, runoff and erosion from agricultural management 

systems) (32), EPIC (erosion-productivity impact calculator) (33). The SWRRB model 

(simulator for water resources in rural basins) is used first, which comprises sub-models 

like a meteorological data producing database, sediment movement orientation, and 

surface and groundwater sub-models. 

The first version of the ArcSWAT model was integrated with the ROTO (Routing outputs 

to outlet) model to determine the direction and structure of channel and reservoir routing 

to work with the SWRRB sub-model. The QUAL2E model allows determining the 

instream kinetic routine and the sediment transport routine at the level of reservoirs, 

ponds, wetlands, and septic tanks (34). 
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2.3.3 Model components 

In the SWAT model, a basin is divided into several subbasins in the watershed 

delineation process, and subbasins are further partitioned into the hydrologic response 

units (HRUs) (35). When different land-use types are dominated throughout a basin, 

using subbasins in a simulation is beneficial (36). In SWAT simulation, the hydrologic 

cycle of a basin can be separated into two major parts; the land phase (upland 

processes), and the routing phase (channel processes). The land phase controls the 

amount of water, sediment, and nutrients that flow into each subbasin's main channel. 

The movement of water, sediments, and other materials through the watershed's 

channel network to the outlet is defined by channel processes (30). During the land 

phase processes, the hydrologic cycle is calculated based on the water balance 

equation.  

𝑆𝑊𝑡 = 𝑆𝑊0 + ∑ (𝑅𝑑𝑎𝑦

𝑡

𝑖=1
− 𝑄𝑠𝑢𝑟𝑓 − 𝐸𝑎 − 𝑤𝑠𝑒𝑒𝑝 − 𝑄𝑔𝑤)                                       

where 𝑆𝑊𝑡: the final soil water content (mm H2O) 

SW0: the initial soil water content on day 𝑖 (mm H2O) 

𝑡: the time (days) 

𝑅𝑑𝑎𝑦: the amount of precipitation on day 𝑖 (mm H2O) 

𝑄𝑠𝑢𝑟𝑓: the amount of surface runoff on day 𝑖 (mm H2O) 

𝐸𝑎: the amount of evapotranspiration on day 𝑖 (mm H2O) 

𝑤𝑠𝑒𝑒𝑝: the amount of water entering the vadose zone from the soil profile on day 𝑖 (mm 

H2O) 

𝑄𝑔𝑤: the amount of return flow on day 𝑖 (mm H2O) (30). 

As the water cycle in nature takes place under the influence of climatic factors, inputs 

from moisture, and energy sources are necessary. These include precipitation, 

maximum and minimum temperature values, solar radiation, wind speed, and relative 

humidity. These variables control the water cycle in nature. 

The ArcSWAT model reads directly from the above-mentioned daily observed 

meteorological data to calculate the water movement in HRUs. SWAT models the 

following hydrological components including infiltration, surface runoff, canopy storage, 

lateral flow, return flow, potential evapotranspiration, and actual evapotranspiration 

(Figure 5).  
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Figure 5. Hydrologic cycle simulated in SWAT (30) 

Surface runoff. Surface runoff is an overland flow that occurs when the rate of water 

falling into the ground surface exceeds the infiltration rate. A dry soil has a high infiltration 

rate. However, when the soil begins to saturate with moisture, the infiltration rate 

decreases. The SWAT model uses two methods, the SCS curve number method (36) 

and Green & Ampt infiltration method (37), (38) to calculate surface runoff. The SCS 

curve number method was used in this study. The SCS equation (30) is: 

𝑄𝑠𝑢𝑟𝑓 =
(𝑅𝑑𝑎𝑦−𝐼𝑎)2

(𝑅𝑑𝑎𝑦−𝐼𝑎+𝑆)
                            (1) 

𝑄𝑠𝑢𝑟𝑓  – Accumulated runoff, mm 

𝑅𝑑𝑎𝑦 – Rainfall depth of the day, mm 

𝐼𝑎- Initial abstraction, mm 

𝑆- Retention parameter, mm 

The initial abstraction value depends on surface water storage capacity and infiltration, 

while the retention parameters indicate different surface slopes, soil cover, and different 

land-use types. The retention parameter (30) is calculated by the equation: 

𝑆 = 25.4 (
1000

𝐶𝑁
− 10) 
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CN: Curve number for the day 

Generally, the initial abstraction 𝐼𝑎 is estimated as 0.2S, thus the equation (1) can be 

rearranged as: 

𝑄𝑠𝑢𝑟𝑓 =
(𝑅𝑑𝑎𝑦 − 0.2𝑆)2

(𝑅𝑑𝑎𝑦 + 0.8𝑆)
 

The typical curve numbers for different land cover and soil types are shown in Table 1, 

and Table 2. Based on the capability of infiltration of the soils under different land cover 

conditions, soils are classified into four hydrologic groups (30). The hydrologic soil 

groups are A: low runoff potential; B: moderate infiltration rate; C: slow infiltration rate; 

and D: high runoff potential.  

Table 1. Other agricultural land-Runoff curve number 

Cover Soil group 

Cover type Hydrologic condition A B C D 

Pasture, grassland, and range – 

continuous grazing for livestock 

Poor 68 79 86 89 

Fair 49 69 79 84 

Good 30 61 74 80 

Meadow-continuous grass that is 

cultivated for hay and is protected 

from grazing 

---- 30 58 71 78 

Brush-brush weed-grass mix with the 

brush as the primary component 

Poor 48 67 77 83 

Fair 35 56 70 77 

Good 30 48 65 73 

Combination of wood and grass 

Poor 57 73 82 86 

Fair 43 65 76 82 

Good 32 58 72 79 
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Woods 

Poor 45 66 77 83 

Fair 36 60 73 79 

Good 30 55 70 77 

Farmsteads-buildings, roadways, and 

driveways 
---- 59 74 82 86 

 

Table 2. Urban area-Runoff curve number 

Cover Soil group 

Cover type 
Hydrologic 
condition 

A B C D 

Openspaces, cemeteries, 
lawns and parks, etc. 

Poor 68 79 86 89 

Fair 49 69 79 84 

Good 39 61 74 80 

 (Impervious area) 

Parking lots (paved), 
driveways, roofs, etc. 

---- 98 98 98 98 

Streets and roads (paved), 
open ditches, etc. 

---- 83 89 92 93 

Gravel streets and roads ---- 76 85 89 91 

Dirt streets and roads ---- 72 82 87 89 

Potential and actual evapotranspiration. There are several methods for calculating 

potential evapotranspiration. The SWAT model offers the Penman-Monteith method 

(39), (40), (41), the Priestley-Taylor method (42), and the Hargreaves method (43). 

These three methods require different input data. When the Priestley-Taylor method is 

used, input data such as solar radiation, air temperature, and relative humidity are 

required while the Penman-Monteith method requires solar radiation, air temperature, 

relative humidity, and wind speed. On the other hand, the Hargreaves method requires 

only air temperature (30). Since all the required input data for the Penman-Monteith 

method are available in the study area, the potential evapotranspiration was estimated 

by this method. The following equation and Table 3 describe the calculation of Penman-

Monteith method. 
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𝜆𝐸𝑡 =
Δ(𝐻𝑛𝑒𝑡 − 𝐺) + 𝛾 ∗ 𝐾1 ∗ (0.622 ∗ 𝜆 ∗ 𝑝𝑎𝑖𝑟/𝑃) ∗ (𝑒𝑧

0 − 𝑒𝑧)/𝑟𝑎

Δ + 𝛾 ∗ (1 +
𝑟𝑐

𝑟𝑎
)

 

Table 3. Penman-Monteith method (30) 

 Parameters Description Unit Equation 

1 𝐻𝑛𝑒𝑡 Net radiation MJ/m2*day  

2 𝛾 
Psychometric 
constant 

kPa/0C 

Υ =
𝑐𝑝 ∗ 𝑃

0.622 ∗ 𝜆
 

𝑃 = 101.3 − 0.1152𝐸𝐿 + 0.544
∗ 10−6 ∗ 𝐸𝐿2 

3 𝜆 
Latent heat 
vaporization 

MJ/kg 𝜆 = 2.501 − 2.361 ∗ 10−3 ∗ 𝑇𝑎𝑣 

4 𝑒𝑧 
Water vapor 
pressure of 

air at height z 
kPa 

= 𝑒𝑥𝑝 [
16.78 ∗ 𝑇𝑎𝑣 − 116.9

𝑇𝑎𝑣 + 237.3
] 

5 𝑒𝑧
0 

Saturation 
vapor 

pressure of 
air at height z  

kPa =  𝑅ℎ ∗  𝑒𝑧 

6 Δ 

Slope of the 
saturation 

vapor 
pressure-

temperature 
curve 

kPa/0C Δ =
4098 ∗ 𝑒𝑧

(𝑇𝑎𝑣 + 237.3)2 

8 𝐾1 
Dimension 
coefficient 

m/s = 8.64*104 

9 𝑃 
Atmospheric 

pressure 
kPa 

𝑃 = 101.3 − 0.1152𝐸𝐿 + 0.544
∗ 10−6 ∗ 𝐸𝐿2 

11 𝑟𝑎 
Diffusion 
resistance of 
the air layer  

s/m =
114

𝑢𝑧
 

12 𝑟𝑐 
Plant canopy 

resistance  
s/m 

𝐿𝐴𝐼 = 1.5 ∗ 𝑙𝑛(ℎ𝑐) − 1.4 = 4.1 

𝑟𝑐 = 49/ (1.4 − 0.4 ∗
𝐶𝑂2

330
) 

After the calculation of potential evapotranspiration, actual evapotranspiration was 

determined using a similar method that is suggested by Richtie (44). 
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3. Materials and method 

3.1 Study Area 

The Tuul river is one of the longest rivers of Mongolian surface water resources. The 

river originates from the Chisaalai Saridag and Shorootyn Davaa at an altitude of 2289.2 

meters and flows into the Orkhon River. The elevation of the river basin ranges from 770 

to 2800 meters, and most of the tributaries originate from the Baga Khentii mountain (8). 

The Tuul river initially flows through the mountain taiga and forest-steppe regions, then 

through the steppe regions below Ulaanbaatar. The Tuul river basin is 717 km long and 

has a total catchment area of 49774.3 km2, covering 37 soums of five provinces 

(Arkhangai, Bulgan, Selenge, Uvurkhangai, and Tuv) and 7 districts of Ulaanbaatar city. 

It is surrounded by mountains elevated above sea level; thus, there is a great difference 

in day and night temperatures; the winter season is longer than the summer season, and 

the precipitation falls mainly during the rainy season (June to September). Annual 

average precipitation varies from 252.9-275 mm in the river basin (45). Groundwater 

accounts for 25 percent of the Tuul river's streamflow; 6 percent for snowmelt, and 69 

percent for spring, summer, and autumn rainfall (8), (46). According to stream gauging 

station’s observed data between 2008 and 2019, the mean annual streamflow near a 

Tuul-Altanbulag gauging station was 10.1 m3/s. The study area is found from the origin 

of the Tuul river basin to the outlet point at the Tuul-Altanbulag gauging station (Figure 

6). The upper part of the study area is dominated by forest areas and continues into a 

lower part with residential, industrial and pasture land areas. 

 

Figure 6. The study area map 
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3.2 SWAT input data 

Spatial data (DEM, land use, land cover, topography, soil map) and meteorological data 

(precipitation, air temperature, relative humidity, wind speed, and solar radiation) are 

required as input data to run SWAT model. Table 4 provides the data types and their 

sources used in the study.  

Table 4. Data sources 

Data Period Data source 

Meteorological data 

Precipitation 2008-2019  

The National Agency for 

Meteorology, Hydrology 

and the Environmental 

monitoring (NAMHEM) 

Air temperature 2008-2019 

Relative humidity 2008-2019 

Wind speed 2008-2019 

Solar radiation 2008-2019 

Spatial data 

Land use, land cover 2010, 2015, 2019 Landsat images from 

United States 

Geological Survey 

USGS 

Digital Elevation Model (DEM)   

Soil  Harmonized World Soil 

Database from FAO 

Water catchment area, 

Surface water network 

 The Tuul river basin 

Observed data 

Discharge 2008-2019 
NAMHEM 

Water quality 2019 
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3.2.1 Spatial data 

DEM: The ArcSWAT model automatically delineates subbasins based on the Digital 

Elevation Model (DEM). Mapping subbasins requires the use of DEM in ESRI grid format. 

DEM with 90m x 90m resolution was used in the watershed delineation of the study area 

and the Tuul-Altanbulag (latitude: 47.69°, longitude: 106.41°) and Tuul-Ulaanbaatar 

(latitude: 47.92°, longitude: 106.85°) gauging stations were used as sub-basin outlet 

points.  

LULC data: Landsat satellite images for July 2010 (Landsat-5 TM), August 2015 

(Landsat-8 OLI), and August 2019 (Landsat-8 OLI) were downloaded from United States 

Geological Survey (USGS) online site. Radiometric and atmospheric corrections were 

already performed for these satellite images by the USGS EROS Digital Image 

Processing Center (47). After extracting the region of interest from satellite images, land 

use and land cover maps for 2010, 2015, and 2019 were prepared using the maximum 

likelihood supervised classification method with ArcGIS software (48). During the 

supervised classification, LULC classes were classified in the study area based on 

eighteen classes of LULC which are defined in the SWAT database (Table 5).  

Table 5. Main 18 land use types in SWAT database 

 Name Code Representative plant Plant type 

1 Agricultural land-
generic 

AGRL Grain sorghum Warm season 
annual 

2 Agricultural land-row 
crops 

AGRR Corn  Warm season 
annual 

3 Agricultural land-close 
grown 

AGRC Winter wheat Cool season 
annual 

4 Orchard  ORCD Apples Trees  

5 Hay  HAY Oak  Perennial  

6 Forest-mixed FRST Oak  Trees  

7 Forest-deciduous FRSD Oak  Trees 

8 Forest-evergreen FRSE Pine Trees 

9 Wetlands  WETL - Perennial  

10 Wetlands-forested WETF Oak  Trees 

11 Wetlands-nonforested WETN Oak  Perennial 

12 Pasture PAST Oak  Perennial 

13 Summer pasture SPAS Oat  Perennial 

14 Winter pasture WPAS - Perennial 
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15 Range-grasses RNGE - Perennial 

16 Range-brush RNGB - Perennial 

17 Residential area URBN - -  

18 Water WATR - - 

Soil data: Soil data required for the model were prepared from the FAO International 

Soil Classification Map and the MWSWAT database. The FAO Soil Classification Map 

categorizes a total of 106 soil classifications worldwide, and the following 16 soil types 

are identified in the study area (Table 6). 

Table 6. Soil classifications based on FAO in the study area 

 FAO soil code FAO soil name Area, km2 Area, % 

1 I-Bh-U-C-3098 Gelic Umbrisols 2133.28 23.92 

2 I-Mo-2c-4385 Colluvic Cryosols 
291.94 3.27 

3 I-Dd-Rd-2-3973 
Gelic 

Phaoezems 

684.50 7.67 

4 Ch19-3a-4314 
Leptic Histic 

Cryosols 

47.43 0.53 

5 Kh1-2ab-3159 
Relicitigleyic 

Kastanozems 

873.51 9.79 

6 I-Bh-U-2c-3096 Umbrisols 1363.18 15.28 

7 Cg4-3a-4310 
Non calcic 

Chernozems 

151.91 1.7 

8 I-Mo-2c-3116 Fluvisols 53.81 0.6 

9 Cg4-3a-4309 
Non-Calcic 

Chernozems 

51.05 0.57 

10 Kh1-2b-4232 Kastanozems 1380.97 15.48 

11 I-Bh-U-C-3968 Mollic Umbrisols 515.88 5.78 

12 Ch19-3a-4313 Chernozems 931.44 10.44 

13 I-Dd-Rd-2-4220 
Cryic 

Phaoezems 

48.17 0.54 

14 Kh1-2b-3994 Kastanozems 181.80 2.04 

15 I-K-2c-3974 
Leptic 

Kastanozems 

151.14 1.69 

16 I-Mo-2bc-3115 Salic Phaeozems 
59.55 0.67 
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3.2.2 Meteorological data  

Weather input data for the SWAT model should include daily measured data of 

precipitation (mm), air temperature (°C), relative humidity (fraction), solar radiation 

(MJ/m2), and wind speed (m/s). Those weather data were obtained from the National 

Agency for Meteorology, Hydrology and the Environmental Monitoring for the period 

2004 to 2019. Daily observation data (maximum and minimum air temperature, 

precipitation, wind speed, relative humidity, solar radiation) from Ulaanbaatar, Terelj, and 

Buyant-Uhaa weather stations were prepared in the format of SWAT weather input data. 

Locations of weather stations and stream gauges are shown in Figure 7. 

 

Figure 7. Location of weather stations 

3.3 Model sensitivity analysis, Calibration, Validation 

The SWAT model was calibrated with the SWAT-CUP (SWAT-Calibration and 

Uncertainty Programs) which is a program developed for auto-calibration, sensitivity 

analysis, and validation of the SWAT model’s results (49), (50), (51), (52). Several 

uncertainty algorithms are available for the application of SWAT-CUP autocalibration 

including Generalized Likelihood Uncertainty Estimation “GLUE” (53), Solution 

parameters “Parasol” (54), and Sequential Uncertainty Fitting “SUFI-2” (55), (56). The 

SUFI-2 algorithm was used for model sensitivity and uncertainty analysis, calibration and 

validation.  
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3.3.1 Uncertainty analysis 

In the SUFI-2, the p-factor and r-factor are calculated to determine the strength of the 

calibration and the model's uncertainty. The p-factor is the fraction of observed data that 

is covered by the 95 percent prediction uncertainty (PPU) and the average distance 𝑑̅ 

between the upper and the lower 95PPU, which is calculated from: 

𝑑̅𝑥 =
1

𝑘
∑(𝑋𝑈 − 𝑋𝐿)𝑙

𝑘

𝑙=1

 

Where k is the number of observed data points, the 2.5th (XL) and 97.5th (XU) percentiles 

represent the lower and upper boundaries of the 95PPU (55). The R-factor is the ratio of 

the 95PPU band's average width to the measured variable's standard deviation. That is 

calculated by: 

𝑅 − 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑑̅𝑋

𝜎𝑋
 

Where σX is the standard deviation of the measured variable X. Generally, the p-factor 

and r-factor get smaller as parameter ranges decrease (49). 

3.3.2 Sensitivity analysis 

The most important step in the calibration and validation process of SWAT-CUP is 

sensitivity analysis, which defines the most sensitive parameters for a study area (57). 

There are two types of sensitivity analysis (one-at-a-time and global sensitivity). One-at-

a-time sensitivity analysis is conducted by changing each parameter ‘s value individually 

while maintaining constant values of other parameters. On the other hand, all parameters 

are changing at the same time in the global sensitivity (57). The SWAT-CUP uses 

statistical measurements t-stats and p-values to identify the sensitive parameters. Larger 

t-stats and p-values close to zero indicate greater sensitivity (49).  

3.3.3 Calibration and Validation 

Model calibration means adjusting the optimal values of input parameters by comparing 

model simulation results with observed data for a given watershed. After calibration, the 

model is validated with input parameters determined during calibration. The validation 

process is performed for a different period of observed data which is not used in the 

calibration process (58). The purpose of validation is to prove the model’s performance 

(59). Nash-Sutcliffe efficiency coefficient (NSE), the correlation coefficient (r), and 

percentage bias (PBIAS) were used to evaluate the performance of SWAT model 
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outputs. The NSE is a measure of how closely the observed versus simulated data plot 

fits the 1:1 line (60).  

𝑁𝑆𝐸 = 1 − [
∑ (𝑌𝑖

𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝑌𝑖
𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑)

2𝑛
𝑖=1

∑ (𝑌𝑖
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝑌𝑖

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑)
2𝑛

𝑖=1

] 

PBIAS evaluates whether a simulated value is greater or less than the observation. A 

positive PBIAS value indicates underestimation and a negative value refers to 

overestimation (61). 

𝑃𝐵𝐼𝐴𝑆 = 100 ∗
∑(𝑌𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝑌𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑)𝑖

∑(𝑌𝑖
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑)

 

 

  



 

Page 28 of 51 
 

4. Result and discussion 

The input data required for the ArcSWAT modeling including daily air temperature (°C), 

precipitation (mm), wind speed (m/s), relative humidity, and solar radiation from 2004 to 

2019 was prepared. Additionally, following spatial data was produced within the 

framework of the study area. 

The ArcSWAT model used DEM to delineate subbasins in the study area. River basin 

delineation was performed using the location of the Tuul-Ulaanbaatar and Tuul-

Altanbulag gauging stations. From the result of the SWAT watershed delineator, the 

upper part of the Tuul-Altanbulag gauging station was divided into six subbasins (Figure 

8), and the study area has a total of 8919.6 km2 area. Determining surface water 

resources by ArcSWAT modeling requires the Hydrologic Response Units (HRUs) to be 

calculated based on the homogeneous land use, soil and surface slope classifications 

within sub-basins (Figure 9) (30). Therefore, LULC, soil, and surface slopes were 

classified.  

 

Figure 8. Watershed delineation 
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Figure 9. HRUs calculation 

Land use, land cover classification. The LULC maps for 2010, 2015 and 2019 were 

classified using the maximum likelihood supervised classification method with ArcGIS 

software. The LULC maps were categorized into the main four LULC types: Water body, 

Urban, Pasture, and Forest (Figure 10). 

a)   

 

 

 

 

 

 

 

 

 

 

 

 

b)  



 

Page 30 of 51 
 

 

         

           c) 

 

 

 

 

 

 

 

Figure 10. LULC maps (a) in 2010 (b) in 2015 (c) in 2019 

The LULC classifications showed that the forest area in 2019 was increased by about 

2%; the pasture area was decreased by 5%, and the urban area was expanded by 3% 

compared to the LULC map in 2010 (Table 7). 

Table 7. The area of the LULC classifications 

LULC types 
2010 2015 2019 

Area (km2) Area (%) Area (km2) Area (%) Area (km2) Area (%) 

Forest  1790.96 20.08 1680.51 18.84 1965.25 22.03 

Ranged 6768.66 75.89 6820.11 76.46 6309.47 70.74 

Urban  290.86 3.26 387.98 4.35 561.18 6.29 

Water 69.1 0.77 30.97 0.35 83.68 0.94 

Total 8919.57  100.00 8919.57  100.00 8919.57  100.00 

Accuracy assessment of LULC classification. Kappa coefficient were used to validate 

predicted LULC classifications. Kappa is the most effective method used to measure 

accuracy between classified images and reality (62), (63). To maintain spatial 

randomness and distribute points proportionately throughout land cover classes, 

stratified random sampling was used (64). A total of 400 random reference points were 

generated within the study area and the correctness of each random point was validated 

from Google Earth Image (Figure 11). 
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Figure 11. Validating generated random points in ArcMap with Google Earth 

The overall accuracy and kappa coefficients of classified images were 0.74, 0.76, 0.64, 

and 80.25%, 82.3%, and 73.25% for the years 2010, 2015, and 2019, respectively (Table 

8). According to the level of agreement of kappa values (62), (65), classified images have 

substantial agreement with the trusted source Google Earth map (Table 9). 

Table 8. Accuracy assessment of 2010, 2015, 2019 maps 

  Types Forest Ranged Urban Water Row total UA (%) 

2010 

Forest 94 6 0 0 100 94 

Ranged 1 95 3 1 100 95 

Urban 1 14 85 0 100 85 

Water 27 26 0 47 100 47 

Column total 123 141 88 48 400  

PA (%) 76.42 67.38 96.59 97.92     

  OA = 80.25%; K=0.74 

  Types Forest Ranged Urban Water Row total UA (%) 

2015 

Forest 98 2 0 0 100 98.00 

Ranged 4 92 4 0 100 92.00 

Urban 0 24 72 4 100 72.00 

Water 21 12 0 67 100 67.00 

Column total 123 130 76 71 400  

PA (%) 79.67 70.77 94.74 94.37     

  OA = 82.3%; K = 0.76 

  Types Forest Ranged Urban Water Row total UA (%) 

2019 

Forest 100 0 0 0 100 100 

Ranged 2 94 3 1 100 94 

Urban 6 25 69 0 100 69 

Water 25 43 2 30 100 30 

Column total 133 162 74 31 400  

PA (%)  75.19 58.02 93.24 96.77     

  OA = 73.25%; K=0.64 

OA: Overall accuracy; K: Kappa coefficient; UA: User's accuracy; PA: Producer's accuracy 
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Table 9. Level of agreement of Kappa values 

Values Strength of Agreement 

<0 Poor 

0.01-0.4 Slight 

0.41-0.6 Moderate 

0.61-0.8 Substantial 

0.81-1 Almost perfect 

Soil classification. The FAO International Soil Classification Map and the MWSWAT 

database were used to create the soil data for the SWAT model. The FAO Soil 

Classification Map categorizes a total of 106 soil categories around the world, of which 

16 are found in the research region (Figure 12). After re-classification, the land use, soil, 

and slope below threshold levels are not considered in the subbasins (66). The soil types 

after re-classification in the ArcSWAT model can be shown in Table 10.  

 

Figure 12. Soil classification in the study area 
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Table 10. Soil data after reclassification in the model 

Soil code Area (km2) Area (%) Rooting depth (mm) 

I-Bh-U-c-3098          302.7 28.52 460 

I-Dd-Rd-2-3973 144.7 6.4 690 

I-Bh-U-2c-3096 10.2 15.39 460 

I-Bh-U-c-3968 44.2 6.32 460 

Ch19-3a-4313           81.9 12.32 1000 

Kh1-2ab-3159          103.6 11.39 1000 

Kh1-2b-4232          215.7 18.72 880 

Kh1-2b-3994           18.4 0.93 300 
 

Table 11. Curve numbers based on soil and land use types in the study area 

Soil types 
Hydrologic soil 

group 

URBN FRST RNGE 

Urban 

area 
Forest 

Pasture, 

grassland 

I-Bh-U-c-3098          C - 73 79 

I-Dd-Rd-2-

3973 

C 
72 73 79 

I-Bh-U-2c-

3096 

C 
- 73 79 

I-Bh-U-c-3968 C - 73 79 

Ch19-3a-4313           C - 73 79 

Kh1-2ab-3159          C 72 - 79 

Kh1-2b-4232          C 72 - 79 

Kh1-2b-3994           C 72 - - 

Slope classification and HRUs definition. The surface slope was divided into four 

classes (Table 12) with a five percent increment using DEM (30). The threshold level of 

LULC/Soil/Slope: 5%/10%/10% was applied in the HRU definition part of the SWAT 

model which resulted in the further division of sub-basins into 108 HRUs. The importance 

of using threshold levels is to minimize the number of HRUs in the model and optimize it 

(66). Only a low threshold value of 5% was set for land use classes because maintaining 

the land use diversity was important.  

Table 12. Slope classes 

Slope classes Area (km2) Area (%) 

0-5 % 1774.44 19.89 

5-15 % 3114.96 34.92 

15-30 % 2924.19 32.78 
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30-45 % 977.76 10.96 

>45 % 128.25 1.44 

 

Sensitivity analysis. The purpose of the sensitivity analysis is to identify how much the 

selected parameters will impact the result of a model by varying the parameters 

(increasing or decreasing parameters’ values) (26). In this study, the global sensitivity 

analysis for streamflow was performed using the SUFI-2 algorithm in SWAT-CUP for 

seventeen parameters that have the potential to influence the daily discharge. The most 

sensitive parameters were curve number (CN2), minimum depth of water in the shallow 

aquifer (GWQMN), baseflow alpha factor for bank storage (ALPHA_BNK), moist bulk 

density (SOL_BD), maximum canopy storage (CANMX), available water capacity of the 

soil layer (SOL_AWC), groundwater delay (GW_DELAY), and groundwater “revap” 

coefficient (GW_REVAP). The sensitivity of the seventeen parameters can be seen from 

Figure 13. The larger t-stat and smaller p-value indicate the more sensitive parameters. 

Figure 13. Sensitivity analysis 

Model calibration and validation. The ArcSWAT model was run for sixteen years on a 

daily time step from 1st January, 2004 to 31st December, 2019, with a four-year warm-up 

period that means the model simulation period is twelve years starting in 2008, and 

ending in 2019. The warm-up period was used to stabilize the model with observed 

meteorological data. The ArcSWAT model was calibrated through the SUFI-2 algorithm 

in SWAT-CUP based on the LULC map of 2010 by adjusting the parameter range values 

to increase the correlation between the simulations and observations. The SWAT-CUP 

software was run for four iterations (800 simulations each) with the selected parameters 

for calibration. In the SWAT-CUP, new parameter ranges were recommended after each 

iteration and they were used in the next iteration. After four iterations, the model was 
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calibrated by reducing the curve number (CN2), available water capacity of the soil layer 

(SOL_AWC), increasing minimum depth of water in the shallow aquifer (GWQMN), moist 

bulk density (SOL_BD), maximum canopy storage (CANMX) and altering the other 

parameters (Table 13). The initial model simulation showed relatively high surface runoff; 

therefore, the existing CN2 value was reduced by 45 percent in all HRUs to decrease 

surface runoff. Also, the SOL_AWC value was decreased by 16 percent to increase 

baseflow. Moreover, the surface runoff lag coefficient value was adjusted at 5 days, 

which means the generated surface runoff enters the reach in a short period of time. The 

acceptable minimum and maximum values of parameters were set according to the 

SWAT manual (30).  

Table 13. Model calibration 

 

Parameters 

 

Description 

 

t-stat 

 

p-value 

 

Fitted 

value 

 

Calibration 

range 

R_CN2.mgt SCS runoff curve 

number 
-21.574 0.000 -0.45 -0.5-0.24 

V_GWQMN.gw Threshold depth of 

water in the shallow 

aquifer required for 

return flow to occur 

(mm) 

9.500 0.000 2302.82 0-5000 

V_ALPHA_BNK.rte Baseflow alpha factor 

for bank storage (days) 
-6.749 0.000 0.60 0-1 

R_SOL_BD(..).sol Moist bulk density 4.910 0.000 0.25 -0.5-0.6 

V_CANMX.hru Maximum canopy 

storage (mm) 
-4.648 0.000 20.37 0-100 

R_SOL_AWC(..).sol Available water 

capacity of the soil 

layer 

4.213 0.000 -0.16 -0.8-0.8 

V_GW_DELAY.gw Groundwater delay 

(days) 
4.201 0.000 6.33 0-500 

V_GW_REVAP.gw Groundwater “revap” 

coefficient 
2.574 0.010 0.15 0.02-0.2 
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V_ESCO.hru Soil evaporation 

compensation factor 
-2.453 0.014 0.97 0-1 

V_RCHRG_DP.gw Deep aquifer 

percolation fraction 
2.446 0.015 0.23 0-1 

R_SOL_K(..).sol Saturated hydraulic 

conductivity 
1.801 0.072 0.39 -0.8-0.8 

V_CH_N2.rte Manning’s “n” value for 

the main channel 
1.688 0.092 0.17 -0.01-0.3 

V_REVAPMN.gw Threshold depth of 

water in the shallow 

aquifer for “revap” to 

occur (mm) 

1.041 0.298 616.65 0-1000 

V_ALPHA_BF.gw Baseflow alpha factor 

(days) 
-0.303 0.762 0.15 0-1 

V_EPCO.hru Plant uptake 

compensation factor 
-0.144 0.885 0.41 0-1 

V_CH_K2.rte Effective hydraulic 

conductivity in main 

channel alluvium 

-0.144 0.886 197.75 -0.01-500 

V_SURLAG.bsn Surface runoff lag time -0.043 0.966 5.72 0.05-24 

v=replace, r=relative change: the existing parameters’ values multiplied by (1+a given value). 

The simulated results of discharge by means of the ArcSWAT model were compared 

with the observed data (lower) and in contrast to the precipitation (upper) at the Tuul-

Altanbulag gauging station (Figure 14). The calibration of discharge is illustrated as a 

95PPU graph in Figure 14. The calibrated model achieved P-factor of 0.5 and R-factor 

of 0.75, which means 50 percent of the measured discharge was bracketed by 95PPU 

within model prediction uncertainty. Overall, the simulation of discharge showed 

satisfactory agreement with the measurements with correlation coefficient (r) of 0.77 and 

0.82, Nash-Sutcliffe efficiency coefficient (NSE) of 0.56 and 0.66 for the calibration 

(2008-2013) and validation (2014-2019) periods respectively. Moreover, the percentage 

bias (PBIAS) between the simulated and observed data was -10.3 which means the 

model overestimated the discharge. The simulated mean annual discharge was 11.18 

m3/s and the observed mean annual discharge was 10.9 m3/s from 2008 to 2019 at the 

Tuul-Altanbulag gauging station (Table 14). The ArcSWAT model simulation results fall 
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under a satisfactory category (Table 15) according to the performance criteria of the 

model (58). However, some differences between measured and simulated discharge at 

a few time steps can be observed. These variations can be explained by human error 

during field measurement of streamflow and uneven distributions of weather stations 

within the study area. Furthermore, the calculated average annual precipitation was 

264.6 mm, which falls within the measured range of 253-275 mm (45).  

 

Figure 14. Observed and simulated daily discharge graph with 95PPU for calibration (2008-2013) 
and validation (2014-2019) periods. 

Table 14. Performance of the model simulation 

 r NSE PBIAS 

Calibration (2008-2013) 0.77 0.56 -10.3 

Validation (2014-2019) 0.82 0.66 -22 

Table 15. General performance ratings of SWAT model (58) 

Performance rating 
NSE PBIAS (%) 

Streamflow 

Very good 
0.75 < NSE ≤ 1.00 PBIAS < ±10 
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Good 
0.65 < NSE ≤ 0.75 ±10 ≤ PBIAS < ±15 

Satisfactory 
0.50 < NSE ≤ 0.65 ±15 ≤ PBIAS < ±25 

Unsatisfactory 
NSE ≤ 0.50 PBIAS ≥ ±25 

Water quality simulation. The ArcSWAT model estimates the number of pollutants 

such as nitrogen, phosphorus, and nitrate within the basin. These contaminants are 

distributed from their sources through surface runoff and baseflow (30). In this study, 

monthly loadings of phosphorus and nitrate were simulated by the ArcSWAT model with 

LULC of 2010 (Figure 15). The water quality monitoring station near the Tuul-Alntanbulag 

gauging station was used to evaluate the model performance. According to observation 

data at Tuul-Altanbulag gauging station, nitrate levels are less than 1 mg/L with seasonal 

increases in the summer months and the phosphorus levels range between 0.05 and 

0.41 mg/L. The correlation coefficients between simulated and measured nitrate and 

phosphorus were 0.81 and 0.74, respectively. The results of monthly simulations of 

nitrate and phosphorus adequately match with observed values.  
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*SolP means soluble phosphorus. 

 

Figure 15. Observed and simulated monthly nitrate and phosphorus loads 

The effect of land-use changes. In order to evaluate the effects of land-use changes 

on surface water quantity and quality for the Tuul river basin, two land-use maps in 2015 

and 2019 were used as input data to the ArcSWAT model. The hydrological and water 

quality components are predicted separately at each HRU and routed through the 

hydrological network to the outlet (30). The HRU is the major influencing factor on 

discharge and nutrient concentration because it is created based on the soil, land use, 

and slope data. The numbers of HRUs are different for each LULC maps due to land use 

changes (Table 16).  

Table 16. HRUs of LULC 2010, 2015, and 2019 

 LULC 2010 LULC 2015 LULC 2019 

HRUs 108 119 120 

The dominant land use type was pasture land area (76% of the total study area in 2010). 

However, about 5 percent of pasture area was converted to urban areas in 2019. The 

urban area increased by 3 percent in 2019 compared to LULC of 2010 (see Table 7). 

The urban extension leads to land degradation. After calibrating the model with the best 

fitted parameters based on LULC map of 2010, the model was re-run with LULC maps 

of 2015 and 2019. As a result of land-use changes between 2010 and 2019 (Table 17), 
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surface runoff increased 1.6 percent, and lateral flow and water yield decreased 12.3 

percent and 8.4 percent, respectively. Overall, the mean simulated streamflow 

decreased from 11.18 m3/s in 2010 to 8.8 m3/s in 2019.  

Table 17. Effect of LULC changes on the hydrological components 

 2010 2015 2019 
Change 2010-

2019 (%) 

Precipitation, mm 308.9 308.9 308.9 - 

Snowfall, mm 26.74 26.75 26.69 -0.05 

Surface runoff, mm 0.57 1.52 2.18 1.61 

Lateral flow, mm 19.94 7.84 7.68 -12.26 

PET, mm 367.9 367.9 367.9 - 

ET, mm 204.4 204.7 205.2 0.8 

Water yield, mm 39.85 31.17 31.45 -8.4 

Mean simulated 

discharge, m3/s 
11.18 8.72 8.8 -2.38 

For the effects of land-use changes on water quality, annual nitrate and phosphorus 

loads are predicted to be increased. The annual nitrate and phosphorus loads have 

increased by 21.8 percent and 21.6 percent, respectively, under land-use changes 

between 2010 and 2019 (Table 18). These increments in loadings can be explained by 

the land degradation and increase in impervious surface area due to expansion of high-

density urban areas. In high-density urban areas, sewage, road dust, road salt, 

application of fertilizer to vegetated areas in the street, household pet waste, and 

automobile detergents are the major sources of nitrate and phosphorus to waterways 

(67), (68). The pollutants are generated from their sources and cumulated in the 

impervious area. Then the cumulated pollutants are transported to a river via surface 

runoff. The results of model simulations with land-use changes from 2010 to 2019 

showed the increase in surface runoff due to urbanization; hence the nitrate and 

phosphorus increased as well. The excess amount of phosphorus and nitrate causes 

eutrophication, which results in deterioration of water quality (67). 
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Table 18. Effect of LULC changes on water quality 

 2010 2015 2019 Change 2010-2019 

(%) 

NO3, mg/L 0.2171 0.2618 0.2645 21.8 

SolP*, mg/L 0.1224 0.1436 0.1486 21.6 

*SolP=soluble phosphorus 
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5. Conclusion 

The main objective of this thesis was to evaluate the effects of land-use changes on 

surface water quality and quantity of the upper part of the Tuul river basin through the 

ArcSWAT hydrological model. To accomplish the main objective, the input data for the 

SWAT model were prepared and the model was calibrated and validated in the study 

area to increase the correlation between the simulation of the model and measured data. 

After calibration and validation, the impacts of land-use changes on the Tuul river surface 

water quantity and quality were analyzed from the model’s simulation results. 

For the input data, the land use classification maps (2010, 2015, and 2019) required for 

the model input data were classified by the supervised classification method using 

Landsat images, and the soil data were prepared based on the FAO international soil 

classification. Moreover, weather data were acquired from the National Agency for 

Meteorology, Hydrology and the Environmental Monitoring.  

In the SWAT model, the Penman-Monteith approach was used for estimating potential 

evapotranspiration, whereas SCS curve number method was used to calculate surface 

runoff of each subbasin. The study area covers an area of 8919.6 km² which was 

subdivided into 6 subbasins with a total of 108 HRUs. The model simulation period was 

set from 2008 to 2019, with a calibration period from 2008 to 2013 (6 years) and a 

validation period from 2014-2019 (6 years). The simulation of the model was calibrated 

with LULC of 2010 by adjusting seventeen parameters using the SWAT-CUP software 

and daily observed discharge from 2008 to 2019. After calibration, the results of the 

model showed satisfactory performance for the simulation of streamflow and water 

quality. The simulated streamflow reasonably captured the measured values at the Tuul-

Altanbulag gauging station with statistical results of 0.77 (r) and 0.56 (NSE) for calibration 

period, and 0.82 (r) and 0.66 (NSE) for validation period.  

In this study, different land-use maps with 119 HRUs for 2015, and 120 HRUs for 2019 

were inputted into the ArcSWAT model to evaluate the impacts of land-use changes on 

discharge and water quality of the upper part of the Tuul river basin. After running the 

model with different LULC maps, the results showed that land-use changes lead to an 

increase in surface runoff, and nitrate and phosphorus loads. Contrastingly, streamflow 

decreased from 11.18 m3/s to 8.8 m3/s due to the rapid urbanization between 2010 and 

2019. For assessing the effect of LULC changes on water quality, phosphorus and nitrate 

content in the streamflow was simulated at a monthly time scale by the ArcSWAT model. 

The simulation showed an appropriate model performance with correlation coefficient of 

0.81 and 0.74 for nitrate and phosphorus, respectively.  
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In conclusion, the simulation results of the ArcSWAT hydrological model proved that this 

model is applicable in evaluating the effects of land-use changes on surface water quality 

and quantity in Mongolian semi-arid region. Policymakers could use the outcomes of the 

study as a decision-making tool in developing a proper land use management. Because 

streamflow and water quality tend to be very sensitive to land-use changes. 
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7. Appendix 

 

Figure 16. The simulation of ArcSWAT model 

 

Figure 17. Inserting the calibrated parameters into the model 


