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Abstract  

 

Mining constitutes an integral part Mongolia’s national economy and dominates the country’s export revenue. At the 

same time, a wide range of mining on soil, water resources and the biosphere have been documented in Mongolia. 

This case study addresses the long-term impacts of mining on soil degradation at two mining sites located in the semi-

arid steppe zone of Mongolia: the open-lignite mine of Baganuur about 140 km east of Ulaanbaatar, and the open-pit 

copper-molybdenum mine of Erdenet about 240 km northwest of Ulaanbaatar, both of which started commercial 

extraction in the late 1970s. For the assessment of soil erosion, the RUSLE model was applied in different seasons for 

the period from 1986 to 2018 at 3-year intervals, considering both climatic variation and the expansion of the mines 

based on maps and satellite imagery. Severely eroded areas were identified in the vicinity of the mining sites. Results 

show that the soil erosion rates were predominantly between 15-30 t ha–1 yr–1 with severely affected sites accounting 

for 40 to 41% of the total soil erosion in the two mining areas. In total, severely eroded areas experienced soil losses 

of approximately were found as 3400 ha yr–1 in Erdenet and more than 1200 ha yr–1 in Baganuur. Particularly severe 

soil losses were identified for the year 2013 and July 2016 around the Erdenet mining area, and the years 1986, 1998 

and October 2018 around the Baganuur mining area. The RUSLE- and GIS techniques are time-saving and cost-

effective technique for continuous monitoring of soil erosion and planning of preventing measures around mine areas.  

 

Keywords Soil erosion ·  RUSLE · Erdenet mine ·  Baganuur mine ·  GIS 

 

Introduction   

 

Over the past few decades, Mongolia’s soils have been affected by a wide range of degradation phenomena including 

soil erosion, desertification, nutrient depletion and various forms of soil pollution (Batkhishig 2013; Hofmann et al. 

2016, Han et al. 2021). Soil degradation in Mongolia is driven by the combined climate effects of climate change and 

anthropogenic activities including mining, (over-)grazing, agriculture, urbanization and offroad transportation 
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(Lehmkuhl and Batkhishig 2003; Batkhishig 2013; Chonokhuu et al. 2019). About 72% of the country’s land is 

considered to be degraded  (Eckert et al. 2015; Darbalaeva et al. 2020; Liang et al. 2021) and the country has been 

facing severe desertification (Liang et al. 2021) which according to concerned scientists affects up to 90% of the total 

pastureland (Darbalaeva et al. 2020). Previously constrained to the regions bordering the Gobi desert, land degradation 

has in recent years increasingly affected the central part of Mongolia and even extended to relatively its north (Wang 

et al. 2020). The combined annual cost of land degradation in the country is estimated at around 2.1 billion USD or 

43% of the country’s GDP (UNCCD 2018). Batkhishig (2013) therefore noted, that an accurate estimation of soil 

erosion is crucial in Mongolia, but that there is limited knowledge regarding the distinction of predominant erosion 

factors.  

In last decades, several scientific studies have been conducted on desertification and soil erosion in Mongolia. 

Studies based on Remote sensing have recently provided an overview about soil erosion and desertification in 

Mongolia and identified and mining activities as causes (Eckert et al. 2015). Most previous studies have examined 

sediment transportation and soil erosion in agricultural areas, often combining field measurements and modelling 

approaches (e.g., Pries et al. 2015). Moreover, several studies have focused on the sources and impacts of sediments 

in Mongolian river system and identified high livestock densities along the rivers as the core challenge (e.g., Hartwig 

et al. 2016; Theuring et al. 2015). Onda et al. (2007) and Kato et al. (2007) measured soil erosion and sediment 

accumulation with radionuclide method in two small catchments of the Baganuur catchment and the Kherlen Bayan 

Ulaan. During the 2003 and 2004 monitoring period, annual soil erosion was estimated to be 0.37 t ha–1 yr–1 in 

Baganuur and 0.02 t ha–1 yr–1 in the Kherlen Bayan Ulaan, with precipitation playing the major role for sediment 

mobilization and suspended transport. Batkhishig et al. (2019) showed by 137-Cesium fallout radionuclide method 

that the average soil erosion rate on a mean escarpment of the Ikh Bogd Mountains around Lake Orog is 12.57±1.08 

t ha–1 yr–1 and found a maximum soil erosion rate is 40.87 t ha–1 yr–1. Research into the causes of soil erosion has 

identified livestock and overgrazing as a main cause (Lehmkuhl and Batkhishig 2003) but also identified changing 

rainfall pattern and a trend strong convective rainfall events as a problem (Vangandorj et al. 2017).  

Mongolia is likely to play a significant but not sufficiently studied role for soil erosion in Mongolia. The 

country has more than 600 deposits of more than 80 types of minerals and ranks seventh in the world in terms of 

mineral resources (Davaasambuu 2018). The mining sector has been developing rapidly in recent decades and it is 

one of the country’s most important sources of foreign investment, revenues and exports (Baatarzorig et al. 2018). 

Foreign Direct Investment (FDI) for mining sector in Mongolia has been constantly increasing, and the mining sector 

took 23% of the Gross Domestic Product (GDP) in 2017 and its 74% was FDI (Turmunkh 2019). According to the 

National Statistical Office (NSO) of Mongolia, GDP has grown by an average of 9 % a annually over the past decade, 

peaking at 17.5 percent in 2011 due to the volatile but dynamic growth of the mining sector and associated foreign 

direct investment (Baatarzorig et al. 2018). The economy in Mongolia is heavily dependent on mining sector and 

revenues from mineral exports including particularly coal, gold and copper (Dagys et al.2020). Although the rapid 

development of the mining sector is important for the country’s economic development, it has been identified as an 

important driver of land degradation (Farrington et al, 2005). Environmental impacts of mining in Mongolia include 

landcover and land surface changes (Wang et al. 2020), water consumption and water water pollution (Batbayar et al. 

2017; Jarsjö et al. 2017) and soil erosion and soil contamination due to mining activities (Battogtokh et al. 2014; 

Timofeev et al. 2015; Kosheleva et al. 2019; Nottebaum et al. 2020). In the country, mining-related pollution has been 

linked to pollutant bioaccumulation by plants (Kosheleva et al. 2019) and several species of freshwater fish (Kaus et 

al. 2016), but also a risk to public health (Nottebaum et al. 2020), thus pointing to a nexus of mineral extraction and 

the degradation of the abiotic and biotic environment.  
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In Mongolian mining areas, most previous work on soil degradation has focused on soil pollution, but little 

work has been done to assess mining-related erosion or to investigate the interlinkages between soil erosion and soil 

pollution. It has been reported that the generation of barren lands, mine tailings and storedoverburdens has led to 

increased erosion particularly during the rainy season (Kayet et al., 2018). Some authors have described mining as 

growing concern regarding its role for land degradation (Khishigjargal et al. 2015) and observed a massive expansion 

of soil erosion due to mining (Batkhishig, 2013). For the Tuul River Basin in Northern Mongolia, Jarsjö et al. (2017) 

applied the WATEM/SEDEM model to quantify the input of metal-contaminated sediments from Zaamar Goldfield 

mining area into the river system, and found the mining activities to strongly exacerbate natural soil erosion. The rate 

of soil loss around the Zaamar Goldfield mining area was reported to be 10 t km-2 month-1, and the study found that 

mining-related soil losses contributed to pollutant transport in the mining area. In order to harmonize the development 

of mining sector in Mongolia with environmental sustainability, it is crucial to study and monitor environmental 

degradation and develop science-based environmental rehabilitation measures. This particularly includes soil losses 

due to erosion, which have not been investigated sufficiently in the past.  

In this study, we aimed to quantify the soil erosion using satellite-based techniques around the biggest mining 

areas in Mongolia based on sustainable management of the Nexus Approach. The main aims of this study are to (1) 

estimate soil erosion rate the RUSLE method supported by Geographic Information System (GIS); (2) quantify the 

soil erosion and define erosion hazard levels and (3) evaluate their spatial distributions using GIS applications around 

the two biggest open-pit mining areas in Mongolia. The final results of the study can be used by decision-makers to 

create a soil erosion prevention plan at the local and governmental level, as well as by mining officials to derive 

recommendations for rehabilitation.   

 

Material and Methods 

 

Study area 

 

This study aims at an integrated assessment of soil degradation in the two largest open-pit mining sites in Mongolia: 

the Baganuur lignite mine and the Erdenet copper-molybdenum mining complex, both of which began commercial 

operation in 1978 (Fig.1). 

Baganuur lignite mine is located in Baganuur district of Ulaanbaatar city (N 47°47’10” E108°21’40”) and is 

located 140 km east  of the city center. It has a total area of 62,200 km2 catchment, of which 41,600 km2 is pasture 

land, 19,300 km2 is settlement area is 4.71 km2 belongs to the road and another network and 14.26 km2 is governmental 

and other area (www.bnd.ug.gov.mn). The city of Baganuur is home to a total population of 29,342 (NSO 2020). 

Baganuur district is located in a semi-arid steppe region at the Southern fringe of the Khentii Mountains, and the 

western bank of the Kherlen River which flows from north to south (Kim 2017). The district including mining sites 

situated in a wide valley bounded by small hilly mountains in the west and east (Park et al. 2019). The mean annual 

temperature of Baganuur district is around –2.2°C and the coldest month is January with an average temperature of –

20.7°C and the warmest month is July with an average temperature of +18.2°C (www.climate-data.org). The annual 

mean precipitation is around 250–280 mm and about 70% of the precipitation falls during the summer season from 

June to August (Kim. 2017; Park et al. 2019). The territory of Baganuur area is filled with Cretaceous and Jurassic 

sediments with Quaternary alluvial, diluvial and aeolian sediments (Park et al. 2019). The Baganuur open lignite mine 

deposit was estimated at 812 million t in 2014 (www.erdenesmongol.mn). In Baganuur mining site has mining pits, 

http://www.bnd.ug.gov.mn/
http://www.climate-data.org/
http://www.erdenesmongol.mn/
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equipment, offices and the mine uses water by portable water supply system. Open-pit mining removes naturaly 

vegetated areas and produces a high amount of waste that leads to an increase in soil pollution and soil erosion 

surrounding the area. Since the operation of Baganuur mining, 337 Mbcm waste soil and 1100m3/h groundwater usage 

were estimated (Park et al. 2019).  

The Erdenet Copper and Molybdenum complex is located in Erdenet city (N 49°03’38” E104°03’31”) in 

Bayan-Undur district (soum in Mongolian) of Orkhon province, Northern Mongolia. Erdenet city was established in 

1976 and it is the country’s second-largest city (www.erdenet.mn). The total population of Bayan-Undur district 

including the Erdenet city is 101,909 (NSO 2020). The city is located in the Orkhon-Selenge volcanic sediment area, 

which consists of alkali-rich trachyandesite, granite intrusions and Carboniferous deposits (Batbold et al. 2013). The 

climate is continental with an average temperature of 0.7°C and annual mean precipitation of 350 mm, the coldest 

month is January with an average temperature -22.2°C, and the warmest month is July with +16.5°C (www.climate-

data.org) and 90% of total precipitation falls from May to September (Battogtokh et al. 2014). The city of Erdenet is 

located between two small streams, the Erdenet and the Gavil river, which merge into the Khangal river about 7 km 

downstream of the city in close proximity to the Cu Mo mine in the South and its large tailing pond in the North 

(Solongo et al. 2018). Erdenet mine was established in 1978 and it is one of the largest copper and molybdenum mines 

in the world with metal deposits estimated as 7.6 Mt of ore of copper (Cu) and 216 600 t of molybdenum (Mo) in 

1991 (Munkhtsengel et al. 2006). The Erdenet open-pit mining consists of one tailings pond, dams, open-pit mines, 

mine waste dump, and ore processing mill complex. Environmental problems in the vicinity of the Erdenet mine result, 

for example, from the “white-dust”, which is dust from the tailings pond. White-dust affects soil and water quality 

around the tailings pond. This area is used by animals, herders, and residents to grow crops, and the Khangal River, 

as a source of drinking water and for irrigation (Battogtokh et al. 2014).  

 

 

Fig.1 Study areas: (a) Erdenet mining area; (b) Baganuur mining area 

http://www.erdenet.mn/
http://www.climate-data.org/
http://www.climate-data.org/
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Data  

 

In this study, the following data were collected to determine soil erosion and define soil contamination levels.  

 
Table 1 Data description and source 

 

In-situ data: 

Data source, description Inputs Outputs 

National Agency for Meteorology and 

Environmental Monitoring (NAMEM), 

www.namem.gov.mn 

monthly data, mm 

Precipitation data 
- Used for comparing the in–situ rainfall data with 

satellite rainfall data 

Top layer of the soil (0-10 cm) of the study 

sites (own data) 
Soil data 

- Soil texture 

- Soil erosion –K factor 

Remote sensing data: 

Data source, description Inputs Outputs 

United States Geological Survey: 

https://earthexplorer.usgs.gov/ 

Spatial resolution–30 m; 

Duration: July 1982 to October 2018 

- Landsat 4–5 data; 

- Landsat 7, 8 data 

- Normalized Difference Vegetation Index (NDVI); 

- Drought occurrence; 

- Soil erosion: Land cover management factor – C 

factor 

United States Geological Survey: 

https://earthexplorer.usgs.gov/ 

Spatial resolution–30 m 

Digital Elevation 

Model (DEM) 
Soil erosion: Topographic steepness factor – LS 

Global climate and weather data: 

https://www.worldclim.org/ 

Monthly precipitation, mm 

Spatial resolution–21 km2 

Precipitation data 
- Drought analysis – SPI; 

- Soil erosion: Rainfall intensity factor–R factor 

 

Methods  

 

Soil erosion estimation 

 

In this study, the soil erosion in Baganuur and Erdenet mining areas was estimated using the RUSLE model. Over the 

past decades, a large variety of soil erosion assessment methods are developed to define soil erosion, and among the 

methods, the Universal Soil Loss Equation (USLE) is the most practical method which has been applied in more than 

100 countries (Alewell et al. 2019). The USLE was developed in the late 1950s for assisting widespread application 

e.g. soil conservation, cropland, urban construction areas, recreational, mine sites (Renard et al. 1991; USDA ARS 

2017). Due to some limitations of the USLE method, revised and updated USLE (Revised USLE–RUSLE) was 

developed by Renard (1991). Defining soil erosion using remote sensing and GIS has been proved effective for 

mapping soil erosion risk (Bahrawi et al. 2015). The RUSLE is a flexible tool to define soil erosion and is easy to 

integrate with Geographic Information System (GIS) based on remote sensing data (Kulimushi et al. 2021). Although 

the RUSLE model is widely used to estimate soil erosion worldwide, the model has been used in only a very few 

studies in Mongolia. The primary equation of the RUSLE model to predict the annual soil loss rate was given below: 

 𝐴 = 𝑅 × 𝐾 × 𝐿𝑆 × 𝐶 × 𝑃                                                                                                                                             (1) 

  

where, A – mean annual soil loss (t ha–1 yr–1), R – rainfall erosivity factor (MJ mm ha–1 yr–1), K – soil erodibility factor 

(t hr MJ–1 mm–1), LS – topographic steepness factor, C  –  cover management factor, P  – conservation practice factor 

(Kebede et al. 2021). These input parameters are described in bit detail in below.  

 

http://www.namem.gov.mn/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://www.worldclim.org/
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Rainfall erosivity factor (R):  

The rainfall erosivity factor is one of the RUSLE input parameters that calculate precipitation and runoff impact on 

soil loss (Kayet et al. 2018; Lee et al. 2021). The amount of rainfall and its intensity is justified by this factor (Maqsoom 

et al. 2020). In this study satellite-based TerraClimate rainfall data (www.worldclim.org) was used.  This database 

provides high spatial resolution data and long-term monthly climate data globally (Abatzoglou et al. 2017). 

TerraClimate monthly precipitation data period is from 1986 to 2018 over the two mining sites regions and its spatial 

resolution is 2.5 minutes (21 km2) (Fig.2).  

 

The annual rainfall in-situ data in Erdenet city and Amgalan district (the closest meteorological station to 

Baganuur (around 120 km) than other stations in Ulaanbaatar city) near the two mining sites were obtained from 

National Agency for Meteorology and Environmental Monitoring in Mongolia to validate the satellite data (Table 2). 

In Baganuur, a new meteorological station was established in 2019. Satellite-based annual rainfall data is similar to 

in-situ annual rainfall data in Erdenet, however, it is different in Baganuur due to the location of the in-situ station 

being around 120 km far from the area.  

 

Table 2 Comparison between satellite and in-situ based annual rainfall data 

Area 
Annual rainfall 

(mm) 
1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 

Erdenet 

Satellite based 375.8 343.2 328.1 341.80 362.5 317.8 253.4 296 324.1 435.9 

Erdenet Ovoo  

station 
306.6 391 276.1 323.3 400.3 305.6 295.4 344.1 318.7 495.9 

Baganuur 
Satellite based 266.9 228.1 279.3 263.9 328.3 207.5 175.2 174.9 227.2 293.1 

Amgalan station 361.2 180.3 301.7 317.9 269.6 201.1 260.7 185.70 239.7 259.7 

 

  In this study rainfall intensity factor was calculated based on the following equation (Gelagay et al. 2016) 

and rainfall point data were converted into raster data using the Inverse distance weighted (IDW) tool in Arcmap 

10.7.1.  

 𝑅 = −8.12 + (0.562 × 𝑃)                                                                                                                                             (2) 

 

where, P annual rainfall (mm) 

 

 

Fig. 2 Average monthly precipitation (mm) from 1986 to 2018 around the mining areas. (a) Erdenet, (b) Baganuur  

http://www.worldclim.org/
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Soil erodibility factor (K):  

K factor is one of the important factors to calculate soil erosion and it quantifies the relative susceptibility and 

transportability of the soil from the surface to erode by raindrops and runoff (Kayet et al. 2018; Hateffard et al. 2021). 

Soil erodibility factor K was classified based on soil texture (Angima et al. 2003) and method with both soil texture 

and organic matter (Parveen and Kumar, 2012). K factor ranges from 0.02 for the least erodible soil to 0.64 for the 

highest erodible soil (www.nrcs.usda.gov). A high amount of clay in soils has a high K value due to its erodibility is 

high and loamy soil has moderately erobility (Maqsoom et al. 2020). Coarse textured soils such as sandy soils have 

lower K values from 0.05 to 0.20, medium fractioned soils such as silt loam and sandy loam have medium K values 

from 0.25 to 0.4 and high silt content of soils have high sensitivy to erode with K values from 0.4 to 0.64 

(www.nrcs.usda.gov). In this study, the K factor was determined according to the soil texture type. Soil samples were 

collected from the top layer of the surface (0–10 cm) inside and outside of the fences of the mining sites (Fig.1). A 

total of 48 soil samples were collected from Erdenet mining sites in September 2020 and a total of 50 soil samples 

were collected from Baganuur mining sites in June 2020. Soil sampling points were georeferenced with a global 

positioning system (GPS Garmin 64) and are shown in Fig 1. A total of 19 soil sampling locations were covered by 

Knippertz (2005). Other sampling locations in Baganuur and Erdenet were selected randomly but represented different 

land covers including open-pit mining areas, urban and ger settlement areas, and the industrial zone. The simple 

random method was applied as it provides unbiased estimates of the mean and variance (Worsham et al, 2012). In 

addition, it time saving and thus allows for a greater number of sampling points to be covered during the same time.  

All soil samples were air-dried under a normal air condition for 48 hours in a laboratory of GMIT and sieved to less 

than 2 mm. The soil samples were prepared by air drying, separating organic matter, sieving (a sieve with a mesh 

diameter of 2 mm) and grinding according to the Mongolian standard of Soil quality, preliminary processing of soil 

samples for physiochemical analysis (MNS ISO 11464:2002). The dry sieve method was used to determine the particle 

size of the soil. In the process, 100 gr of soil was placed in a sieve of 3 different diameters (0.05–2.0 mm, 0.002–0.05 

mm, <0.002 mm) regarding particle sizes classification of U.S.Department of Agriculture (USDA) and Mongolian 

standard of Soil quality, maximum approvable levels of contaminants in the soil (MNS 5850:2019), and shaken in the 

shaking machine for 8 minutes. Then the dry sieved results were used to determine soil particle sizes based on a 

triangular diagram of basic soil textural classes according to USDA particle sizes.  

 

Topographic steepness factor (LS):  

Topographic steepness factor is used to estimate the impact of topography on soil erosion. Soil loss amount per area 

is directly correlated with the length of the slope (Tessema et al. 2020). The higher and lower slope has high risk of 

soil erosion (Kayet et al. 2018). It can be estimated by field measurement or a Digital Elevation Model (DEM) with 

GIS (Maqsoom et al. 2018; Kayet et al. 2018; Hateffard et al. 2021). In this study, satellite-based DEM data was used 

(Fig.1). This is the Shuttle Radar Topography Mission (SRTM) DEM data and it was downloaded from the U.S 

Geological Survey website (www.earthexplorer.usgs.gov). The spatial resolution of the SRTM DEM data is 30 m. In 

this study following equation was used to calculate the topographic steepness factor and it is quite suitable to work 

with the GIS technique (Parveen and Kumar. 2012; Saygm et al. 2013; Hateffard et al. 2018).  

 𝐿𝑆 = (χ × λ22.13)0.6 × (Sinβ/0.896)1.3                                                                                                                       (3) 

                                                                                                                                        

where, χ – flow accumulation, λ – raster cell dimension, β – slope inclination in degrees (◦) 

http://www.nrcs.usda.gov/
http://www.nrcs.usda.gov/
http://www.earthexplorer.usgs.gov/


` 

8 

 

Land cover and management factor (C):  

Land cover and management factor is used to estimate soil loss from an area of a particular vegetation cover. C factor 

is one of the most important factors that represents soil erodibility (Panagos et al. 2015). Vegetation cover protects 

the soil surface from the intensity of rainfall drops, reduce runoff velocity and surface pores. There is a huge difference 

between a partialy covered and uncovered ground surface and vegetative cover provides excellent protection against 

soil erosion (Boussaadi and Mauzai 2021). In this study, the C factor was calculated based on the Normalized 

Difference Vegetation Index (NDVI) using an equation (Durigon et al. 2014) below.  

 𝐶 = 0.1 × (−𝑁𝐷𝑉𝐼+12 )                                                                                                                                                  (4)     

 

         

The NDVI is one of the vegetation indices, that estimates the amount of green vegetation cover in a particular 

landscape. It ranges from -1.0 for to 1.0, where higher values represent higher vegetation cover and lower values 

represent low vegetation cover or barren land surface. In this study, the NDVI was calculated in three different seasons 

such as spring, summer and autumn from 1986 to 2018 using the following equations regarding its band type of 

Landsat 4-5 and Landsat 7-8. High spatial resolution (30 m) data of Landsat 4-5 and Landsat 7-8 were downloaded 

from the U.S Geological Survey website (www.earthexplorer.usgs.gov) for calculating the NDVI.  

 𝑁𝐷𝑉𝐼𝐿4−7 = ((𝐵4−𝐵3)(𝐵4+𝐵3))                                                                                                                                                 (5)     

 𝑁𝐷𝑉𝐼𝐿8 = ((𝐵5−𝐵4)(𝐵5+𝐵4))                                                                                                                                                     (6)     

 

 

Conservation factor (P):  

Conservation factor represents the effect of precautionary measures for reducing soil erosion rate such as land 

treatments of countering, compaction, constructing and engineering buildings to control runoff and sediment transport, 

and so on (Maqsoom et al. 2020). It ranges from 0 for high-quality preservation practice to 1 for poor protection 

practices (Kayet et al. 2018). In this study, the P factor was used as 1 for calculating the RUSLE model regarding no 

prevention practices over the two regions, except a few drainage systems are in the urban area around both mining 

regions.    

 

Results and discussion 

 

In this study, the dynamics of soil erosion between 1986 and 2018 has been investigated in the vicinity of the two 

largest open-pit mines in Mongolia at different growing seasons. The results of the RUSLE input factors such as R, 

C, K, and LS calculation are shown. Among these factors, K and LS were calculated once as a constant based on soil 

texture and DEM, while R and C were calculated in different months for each period from 1986 to 2018. The spatial 

pattern of C factor of the RUSLE model in the example year 2018 is shown in Fig. 3.  

 

R factor estimation: The result of the R factor showed the higher areas around the two mining sites have sligthly 

higher rainfall erosion rates in terms of annual rainfall distribution. The average value of the R factor from 1986 to 

2018 ranges from 223 to 260 MJ mm h–1 yr–1 around the Erdenet mining area and from 157 to 190 MJ mm h–1 yr–1  in 

http://www.earthexplorer.usgs.gov/
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the Baganuur mining area. The highest erosion rates were observed in both mining areas during the growing season 

(June to August).  

 

C factor estimation: The values of the C factors in the two mining areas differ according to the density of vegetation 

cover. Average C values range from 0.02-0.073 around the Erdenet mining area and from 0.03-0.068 around the 

Baganuur mining area during the period from 1986 to 2018. The value of the C factor is higher in the vicinity of  the 

tailings pond and open-pit in both mining areas (Fig.3 and Fig.4). The higher values of the C factor represent higher 

vulnerability to erosion. In the calculation, the C factor decreases around both mining area in the growing season and 

in the higher precipitation period of the country.  

 

K factor estimation: In this study, the values of the K factor were (0.12-loamy sand; 0.2-sandy loam; 0.16-sand) were 

calculated considering the in-situ soil texture and also previous studies. The spatial pattern of the K factor was created 

in ArcMap 10.7.1 using the IDW technique. The soil textures of the sampled soils are generally sandy soil, 92% of 

the total samples are sandy and other samples are loamy and sandy loam in Erdenet mining area, while in the Baganuur 

mining area, 94% of the total samples are sand and other samples are loamy sand and sandy loam. In the Baganuur 

area, the soil samples were previously identified as sand due to their primary components of quartz, albite and 

microcline (Park et al. 2019). 

 

LS factor estimation: The LS factor describes the combined effects of slope gradient and slope length (Maqsoon et al. 

2020). If slope gradient increases, runoff rate and sediment transport will also increase. In this study, the LS factor 

was calculated using Digital Elevation Model (DEM) data. The results of the LS factor ranged from 0-9.6 around the 

Erdenet mining area and 0-5.7 around the Baganuur mining area. In both areas, higher values of the LS factor were 

observed at higher altitudes.  

Fig. 3 Spatial pattern of the C factor around two mining areas: (a) Erdenet, (b) Baganuur 
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Soil loss was calculated in three different seasons (spring, summer and autumn) based on NDVI in different 

season data from 1986 to 2018 and the results for both mining areas are shown in Fig.4. Soil erosion results were 

classified into different levels according to the classification of Maqsoom et al. (2020): very slight (0-5 t ha–1 yr–1), 

slight (5-15 t ha–1 yr–1), moderate (15-30 t ha–1 yr–1), severe (30-50 t ha–1 yr–1) and very severe (>50 t ha–1 yr–1). 

 

Average areas of each classified erosion were compared with the average total eroded area from 1986 to 

2018. 17.1% is very slight, 27.4% is slight, 41.34% is moderate, 13.33% is severe and 0.83% is very severe around 

the Erdenet mine area; and 19.23% is very slight, 34.85% is slight, 40.25% is moderate, 5.13% is severe and 0.54% 

is very severe around the Baganuur mining area. Generally, the average eroded area is higher in the Erdenet mining 

area than Baganuur mining area. The average moderate soil erosion area is 6710.23 ha yr–1, average severe erosion 

area is 3399.95 ha yr–1 and average very severe erosion area is 205.6 ha yr–1 around the Erdenet mining area; whereas 

around the Baganuur mining areas, the average moderate soil erosion area is 9531.68 ha yr–1, average severe erosion 

area is 1216.41 ha yr–1 and average very severe erosion area is 135.44 ha yr–1. Maximum moderate soil eroded area 

was found as 13473.3 ha yr–1 in April 2004 and maximum severe soil eroded area was found as 10567.81 ha yr–1 in 

April 2013 around Erdenet mining area. Around the Baganuur mining area, the maximum moderate eroded area was 

found as 12786.8 ha yr–1 in October 1986, and the maximum severe eroded area was found as 4742.59 ha yr–1 in April 

1998. The annual eroded area was calculated using three different months’ vegetation index (NDVI) input data and 

the classification is shown in Table 3.  

 
Table 3 Soil erosion classification comparison in different seasons around two mining areas 

Study area 
Annual soil loss 

(tn ha–1 yr–1) 

Soil erosion 

classification 

Area 

(Spring: Apr, May) 

Area 

(Summer: Jul, Aug) 

Area 

(Autumn: Sep, Oct) 

ha % ha % ha % 

Erdenet 

mining area 

0-5 Very slight 3573.33 14.44 4968.83 20.11 4057.29 16.53 

5-15 Slight 5326.26 21.53 8539.27 34.57 6308.58 25.71 

15-30 Moderate 10517.85 42.52 9535.03 38.6 10426.66 42.49 

30-50 Severe 4798.08 19.39 1578.06 6.39 3614.67 14.73 

>50 Very severe 524.99 2.12 82.68 0.33 131.93 0.54 

Baganuur 

mining area 

0-5 Very slight 4559.13 18.93 5146.75 21.68 4474.22 18.78 

5-15 Slight 7680.44 31.89 9637.86 40.59 7506.56 31.51 

15-30 Moderate 9962.03 41.37 8127.94 34.23 10423.96 43.75 

30-50 Severe 1554.26 6.45 742.26 3.13 1383.42 5.81 

>50 Very severe 325.47 1.36 88.04 0.37 38.03 0.15 

Fig. 4 Spatial distribution of input factors in RUSLE: R factor, C factor (Baganuur mine sites, 2018) 

Fig. 4 Soil erosion classification from 1986 to 2018 around two mining areas: (a) Erdenet; (b) Baganuur 
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Areas with moderate, severe, and very severe soil erosion decreased during the summer season while the 

areas with very slight and slight soil erosion increased in both mining areas. In spring and autumn, the areas with very 

slight and slight soil erosion decreased but moderate to very severe soil erosion increased in both mining areas. This 

can be explained by the distribution of annual rainfall and the duration of the growing season. In Mongolia, 85-90% 

of the annual precipitation falls during the growing season from May to September (Batkhishig 2013). Vegetation 

cover reduces surface runoff intensity and soil loss rate (Sun et al.2021). Figure 5 shows the long-term average of the 

classification of eroded areas in percent. The result show that very slight and slight eroded areas are larger in the 

Baganuur mining area, while severely eroded areas are larger in the Erdenet mining area. Moderately eroded areas 

accounts for 40-41% of the total area of soil erosion in both seasons around the two mining areas. Very severe eroded 

areas and the amount of soil loss are shown in Table 4.  

 

 

Very severe soil loss occurrences were recorded in 2013 and in July 2016 around the Erdenet mining area 

and in October 1986, 1998, and 2018 around the Baganuur mining area. The largest amount of eroded soils was 

redorded in April 2013 at 26249.5 t yr–1 in the Erdenet mining area, and 30941 t yr–1 in April 1998 in the Baganuur 

mining area. The spatial patterns of very severe and severe soil loss in the two mining areas are shown in Fig.6. In the 

Erdenet region, there was severe soil loss, and very severe soil erosion from higher elevations to lowlands. In the 

Baganuur mining area, severe soil erosion seems to be more prevalent from the northern part of the open-pit mining 

area to the southern part, which is related to the change from higher to lower elevations. In the vicinity of both mining 

areas, soil erosion is very severe near the mining sites, ger areas, and other industrial areas.  

 Table 4 Very severe soil loss and its area around the Erdenet and the Baganuur mining areas  

Fig. 5 Eroded soil area’s classification based on area of average annual soil erosion from 1986 to 2018 
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Fig. 6 Severe and very severe soil loss spatial patterns around two mining areas: (a) Edenet, (b) Baganuur 

(a) 

(b) 
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The eroded soil is transported to the Ger settlement area of Erdenet through the tailings pond, while in the 

Baganuur mining area, the eroded soil is transported to the southern pastureland through the Baganuur open-pit coal 

mining. This could pose a risk to the surrounding soils, landscape and ecosystem. Wind and water are the major factors 

that increase soil erosion rate (Borrelli et al. 2020). In this study, a stream network model was created to visualize the 

surface runoff distribution in the two mining areas (Fig.7).  

 

The stream network model was created based on DEM. In the Erdenet mining area, surface runoff flows from 

the northwest to the southeast while it passes through the tailings pond and the open-pit mining area. The runoff 

continues to flows into the Khangal river in the eastern part of the region, and there is a risk of contaminated sediments 

entering the river, soils, and ecosystem. In addition, several streams flow through the tailings pond into the urban and 

ger settlement areas of Erdenet city. Around the tailings pond, there is dam with a 5 km long embankment and it 

contains 400 million tons of mining tailings and 15 million m3 of waste water. However, seepage waste water flows 

to the Khangal river continuously (Solongo et al. 2018). In the Baganuur mining area, however, surface runoff flows 

Fig. 7 Slope and Stream network model around two mining areas: (a) Erdenet, (b) Baganuur  
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from the northwest to the southeast by through the open-pit mining area. It continues to flow into the Kherlen river 

and; therefore, poses a risk of pollution. The southern part of the Baganuur open-pit mine borders the town of  

Bayandelger city (soum), where livestock and agriculture area practiced. It is noteworthy that there is high risk of 

pollution of the soils and river due to soil erosion and sediment transport from the mining sites. This may further 

adversely affect the health of local people, livestock and wild animals.  

Conclusions 

 

In this study, the RUSLE model was used to estimate annual soil loss for a long-term period from 1986 to 

2018 around the two biggest open-pit mining areas in Mongolia. In general, the level of soil erosion rate is higher in 

the Erdenet mining area than in the Baganuur mining area. The annual soil loss rate increases in spring and autumn 

and decreases in summer, and the highest number of soil losses were found in April in both mining areas. Moderate 

soil erosion predominates, accounting for 40-41% during the study period in the two mining areas. Very severe soil 

losses were observed in 2013 and July 2016 around the Erdenet mining area, and in 1986, 1998 and October 2018 

around the Baganuur mining area. Soil erosion is severe in the vicinity of the mine sites, in settlement areas and other 

pastureland surrounding the mine sites due to wind erosion, runoff, and anthropogenic activities.  The eroded soil 

reaches the residential areas of Erdenet city through the tailings pond while in the Baganuur mining area the eroded 

soil reaches the pasture lands in the south through wind and runoff from the Baganuur open-pit. According to the 

stream network model, in Erdenet, surface runoff flows from the northwest to the southeast through the tailings pond 

and the open-pit mining area, eventually entering the Khangal river in the eastern part of the region. In the vicinity of 

the Baganuur mining area, surface runoff flows from the northwest to the southeast as it crosses the open-pit mining 

area and enters the Kherlen river. This poses a risk of contaminated sediments entering rivers, soils, and ecosystems. 

Contaminated sediments can also affect residential areas, livestock, and pastureland areas. Therefore, it is crucial to 

analyze soil contamination around the mining sites along with the stream network and slope of the regions. To 

summarize, the level of severely soil erosion in and around the Erdenet and Baganuur mining areas is significantly 

higher than those described for soil erosion from other causes in Mongolia (Onda et al. 2007, Kato et al. 2007; Jarsjö 

et al. 2017; Batkhishig et al. 2019). Previous studies have shown that the RUSLE model provides the highest accuracy 

in estimating soil erosion (Bahrawi et al. 2015; Alewell et al. 2019; Kulimushi et al. 2021). In total, around 25% of 

the territory of Mongolia is covered by almost 5000 mining licenses (Mijiddorj 2011). Large areas are affected or 

destroyed by mining activities. For mining regions in Mongolia, there is well documented knowledge on mining 

related pollution (Knippertz 2005; Timofeev et al. 2015; Chonokhuu et al. 2019; Kosheleva et al. 2019), but rather 

limited and case-specific documentation of mining impacts on soil erosion. The results of the study show that the 

RUSLE model, GIS, and remote sensing techniques are very useful to determine soil erosion and its spatial 

distributions at large scales. It could be useful in any mining and industrial sector for continuous monitoring and 

planning of construction projects to soil erosion, sediment transport and to cooperate with local authorities to achieve 

environmental sustainability. In addition, it is a time-saving and cost-effective technique that can be implemented in 

any regions of the country.  
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