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Abstract

:

Avarga Toson Lake and its surrounding area are very important for people, wildlife, and animals in Delgerkhaan Soum of Khentii Province in Eastern Mongolia. Some research has been conducted so as to explore the medical nature and characteristics of the lake and its surrounding area. However, the adverse effects of land use have neither been studied nor reported. The fact that the water catchment area is shrinking evidences clearly that findings of various real-time studies must be used effectively in the long-term by the local government and relevant authorities in order to take immediate remedial measures. Our study focused on land cover changes occurring as a result of human activities in the area, using a Landsat imageries and water indices approach to estimate the changes of land use and land cover. The aims of this study were to assess the land use and cover change that occurred between 1989 and 2018 and to define the impacting factors on the changes of water surface area in Avarga Toson Lake area, Mongolia. Findings revealed that the water surface area has decreased by 34.1% in the past 30 years. The lake water area had the weakest, positive correlation with temperature and precipitation. We did not find any indicators suggesting a relationship between lake area and climate variables. In contrast, the area was slightly correlated with socio-economic variables, such as Toson Lake area with the number of visitors (R2 = 0.89) and Burd Lake area the with number of livestocks (R2 = 0.75), respectively. Therefore, the main conclusion of this paper is that socioeconomic factors driven by land use change, policy, and institutional failure together with the existing pressure on the lake may amplify their effect of the water surface area decreasing. Additionally, even if policy adoption is relatively sufficient in the country, the public institutional capacity to implement a successful sustainable land management model regarding land access, land development, land resources protection, land market, and investments in infrastructure remains very limited.
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1. Introduction


Earth’s land cover keeps transforming due to global climate change, intensive economic activities [1], rapid population growth, rising consumption, excessive service growth, and scarcity of natural resources, which, collectively, dramatically change the production and consumption patterns that are directly dependent on human activities [2]. Land cover exists in a systemic relationship with human uses of land. Both land use and land cover changes have been occurring on Mongolian plateau [1,3,4] for years. Exemplarily, these transformations and resulting consequences are observable in Delgerkhaan Soum of Khentii Province and lead to different land uses depending on the social context in which they operate.



Land use and land cover changes are the most important indicators of interaction between human activities and the natural environment [5,6,7]. Land use/cover changes directly influence water resources and agro-economic growth [8]. Land use/cover changes affect water resources mainly through vegetation interception, evapotranspiration, runoff, surface infiltration, soil moisture status, and so on, thereby affecting the process of watershed hydrology and water resource cycles [9]. Natural ecosystems are burdened by agricultural use, tourism development, and other activities. European scientists presented a study showing that current change trends [10] are dominated by changes in land use and land cover in two post-socialist countries: Hungary and Poland [11,12]. Numerous studies globally note the rapid changes of land use and land cover resulting from human activities [2,13], the dynamics and impacts of human activities [14], intensive land use [15,16], and loss of natural areas [10,17], and also to promote land use sustainability [18,19]. For EU members, land conservation and sustainable land use remain of primary importance to environmental policy and management [19,20]. Some European countries consider the property rights approach resulting from the Coasian theorem, as the focus has been on an interpretation of the Coasian theorem [21], which identifies an attempt at sustainable land management and land improvement syndicates [22], and clarifies property rights as the main roles of governments or local authorities.



Long-term information about lake ecosystems—especially human-induced advances—is rare, and such research is very valuable [23]. Over the course of time, shallow lakes have been suspected as being used for irritation resulting from changes in human activity, nutrient, sediment load, and hydrological changes [24].



Geographic information systems (GIS) and remote sensing (RS) are methods for analyzing long-term changes in wetlands caused by lake fluctuations or alterations [25,26,27]. Although multispectral remote sensing data have long been successfully used for land cover classifications [28,29], optical earth observation systems face the challenge of acquiring data with minimum cloud cover. The difficulty of obtaining suitable cloud-free imagery from optical systems has been demonstrated by many studies [30,31].



Lakes are necessary fresh water bodies and play an important role in the biogeochemical and hydrological cycles. Water surface area variations are controlled by water inputs (i.e., precipitation, surface inflow, groundwater inputs) and water outputs (i.e., evaporation, surface outflow, groundwater outputs) [3]. Furthermore, water inputs and outputs are affected by anthropogenic activities. Agriculture, industry, and other human activities mainly affect water surface areas of lakes via land use change [32,33].



Rich natural resources are a fundamental factor of land use and land cover change, and this has been tightly coupled to settlement and economic growth. As a result, control over land and its use is often an object of intense human interactions. In this study site, two different lakes coexist as Toson and Burd for the treatment of skin ailments and livestock water needs. Increasing treatment seekers at the resort results in a large visitor influx and livestock water demand exerts pressure on the lake’s water resources. Toson Lake is important for treating chronic skin diseases, as it has been used for a long time. Since 1977, the resort close to Toson Lake has been open for the patients all year around. There is a great deal of research on the nature of this lake. Unfortunately, focal studies on the lake changes and its effects have been very scarce.



Our study focused on the land cover changes occurring as a result of human activities in this area. The objectives of this study were to measure land cover/land use change over a 30-year period, to evaluate the environmental impact of these changes, and to define future trends of the use of land cover, land use, and ultimately identifying areas that are more susceptible to changes driven by human activities in wetlands. The aims of this paper were, therefore: (1) to examine the land use and cover change that occurred between 1989 and 2018; and (2) to assess the impacting factors on the changes of water surface area for Avarga Toson Lake area, Mongolia. In this paper, 30 years of data covering 1989–2018 for Toson Lake in Delgerkhaan Soum of Khentii Province will be calculated using the 5-year periods of Landsat satellite data with a normalized difference water index (NDWI) and a normalized difference vegetation index (NDVI) estimating the amount of lake area compared to annual precipitation and temperature data. An analysis will be made that links the factors influencing the changes and impacts of herders’ traditional heritage, such as tourism. Based on these results, suggestions will be proposed at the end.




2. Materials and Methods


2.1. Study Area


The study site was Avarga Toson Lake area, located in Delgerkhaan Soum, Khentii Province, Mongolia (109°05′–109°13′ E and 47°09′–47°12′ N). There are two lakes in the near vicinity, together with a dry pond and the surrounding grasslands. The first one is a freshwater lake with fish, and the second one is a therapeutic lake with a beautiful sandy beach. The pond has nearly dried up (Figure 1). The area is considered as a highly important place for people, wildlife, and domestic animals, as they fetch water for survival. Specifically, it is the most important place for people collecting sediments from Toson Lake for the treatment of skin diseases, which has lasted for centuries. The core area has been fenced off to keep livestock and campers out. Its water and mud are reputed to have medicinal properties and are regarded as a rare resource in Eastern Mongolia. Locals bathe, stroll, and jog around the lake. The Avarga Toson Lake area is composed of two sites: Toson Lake and Burd Lake with Avarga springs and grasslands and built-up surroundings. The elevation is 1300 m above sea level. Toson Lake stretches 300 m long and 250 m wide. Water comes from an underground source that is rich in minerals: notably, carbonate. Mud on the banks of the lake has the same composition as the mineral water of the lake. The whole area is renowned for its therapeutic values—notably, for dermatological and cardiovascular diseases. The main chemical composition of the lakes is hydro carbonate sodium alkaline and light-colored water. The lake is rich in sulfuric hydrochloric acid, with 23.03 g/L of black sulfate chloride hydro carbonate [34]. The radiation of the lake is 90–100 X-ray, with an average water temperature of 20–21 °C in June, 19–20 °C in July, 18–19 °C in August at 14–15 °C. The water temperature decreases from mid-August [35].



In 1977, the Center for Dermatology began organizing a seasonal home for treating people with chronic diseases, such as neurodermatitis and flat red, and established a 30-bed resort in the Avarga Toson [36]. From 2005, there was an increase to 205 business entities, resorts, and sanatoriums providing services to those who come to the lake, and this growth continued until 2018. Burd Lake originates from the Avarga River and Head Burd, adjacent to Toson Lake, which is a source of water for animals [37]. The impacts of tourism development and territorial diversity on the areas covered by the survey and the impacts of tourism on rural populations are shown in the examples of Avarga Toson spa resort in Delgerkhaan Soum of Khentii Province.




2.2. Data Collection and Processing


The purpose of the analysis was to examine changes in water surface area and grassland area with water level changes over the past 30 years, using aerial photos and GIS techniques. A long-term study of this nature can further elucidate and document the impact of human activities on water area in shallow lake ecosystems.



2.2.1. Collection of Satellite Images


Satellite data for 1989, 1993, 1998, 2003, 2008, 2013, and 2018, as well as multispectral data acquired by Landsat satellite for the months of May, June, July, and August, with 30 m spatial resolution were acquired from United States Geological Survey (USGS) as the Earth Explorer online archive with the official website earthexplorer.usgs.gov [38]. The dates of the satellite data collected for the land use/cover change analysis are shown in Table 1. A total of 28 images were downloaded. All images contained no clouds covering the study area. They were compared to a two-dimensional representation of satellite images or land use/cover maps.




2.2.2. Primary Data Collection


The data used in this study were divided into meteorological, socio-economic, and field survey data. Meteorological data included the average monthly temperature and precipitation as from May to September collected from eight meteorological stations near Toson and Burd lakes, covering the period of 1989–2018. Socio-economic data were collected from national and local statistical offices and contained the number of domestic and foreign entities operating in tourism areas, resorts, and services, the number of individual citizens operating businesses, tourism areas, and the number of livestock in the territory of Delgerkhaan Soum of Khentii Province for each year (Table 2). Primary data on the number of livestock were used covering the period between 1989 and 2018 and the data were checked and statistical accuracy was ensured by verifying with the State Registrar and State Environmental Officer of Delgerkhaan Soum (Table 2). Field survey data included ground truth data for land cover/use classes, unmanned aerial vehicle (UAV) imagery of lakes for validation of classification, and its surrounding area. Ground truth data were in the form of reference data points collected using a global positioning system (GPS) receiver three times in July, August, 2018, and August, 2019. The field survey also helped us to understand the natural setting of the study area, as well as the perception of local people relevant to this study. During the field survey, semi-structured interviews with local people—especially older ones—were carried out with 38 respondents. Subsequently, databases were created and analyzed to understand their perception about trends of land cover. Informal interviews also helped us to understand their adaptive nature and resource consumption strategy in tourism in herder settlements, with 14 entities operating at the Avarga Toson health resort.





2.3. Image Processing and Classification


The schematic presentation of the methodology used in this study was shown in Figure 2. Satellite imageries processing was performed using ENVI 4.8 software (www.harrisgeospatial.com) in order to extract land use/cover information as efficiently as possible. Using remote sensing software as atmospheric correction with flash mode and spatial improvements in subset, LC08 LE07, and 8-channel black and white data, an accuracy of 30 to 15 m from spatial accuracy spectral sharpening was achieved. Primary data and pre-processed imagery were projected into the universal transverse Mercator coordinate system (UTM) zone 48 North and clipped to the study area. This coordinate system was also used for the whole research. An analysis on the change detection was based on ArcGIS for Desktop Advanced 10.2.1 (ESRI) and its spatial analyst extension.



Supervised classification was carried out using the maximum likelihood method for each image separately. Land use/cover was classified into six different categories. The delineated classes were settlements, surface water, sand, wetlands, bare soil/road, bare area, and grassland in 1989, 1993, 1998, 2003, 2008, 2013, and 2018. During these years, data were used for land cover classification in August of each year. For each of the predetermined land cover/use type, training samples (ground truth data) were selected by delimiting polygons around representative sites. Spectral signatures for respective land cover types derived from satellite imagery were recorded by using the pixels enclosed by these polygons. UAV data were used for validation on each classification of lake water area. Training samples were collected using UAV and handheld GPS. We measured the ground control point with GPS at the same time that pictures were taken with the UAV. Supervised classification techniques, such as the maximum likelihood, were applied to the panoramic image to generate a land use and land cover map for the study area.



The remote sensing indexes were used to delineate the water surface area based on the difference of absorption and reflection of light between water and other features on different frequency bands. In this study, the normalized difference vegetation index (NDVI) and normalized difference water index (NDWI) by [39,40,41] were calculated for determining optimal water extraction. NDVI and NDWI were calculated with the following equations:


  N D V I =    (  N I R − R E D  )     (  N I R − R E D  )     



(1)






  N D W I =    (  G r e e n − N I R  )     (  G r e e n + N I R  )     



(2)




where Green is a green band, such as thematic mapper (TM) band 2, and NIR is a near-infrared band, such as TM band 4. This index is designed to maximize the reflectance of water by using green wavelengths, minimize low reflectance of NIR by water features, and take advantage of the high reflectance of NIR by vegetation and soil features. As a result, water features have positive values and, thus, are enhanced, while vegetation and soil usually have 0 or negative values and, therefore, are suppressed [42].



Remote sensing indexes were used to delineate water surface area based on the difference of absorption and reflection of light between water and other features on different frequency bands. In this study, the normalized difference water index (NDWI) [43] and NDVI–NDWI [44] were compared with each other to determine the optimal water extraction index.





3. Results


3.1. Land Use/Cover Change


A classified land use/cover map of Avarga Toson Lake area between 1989 and 2018 is presented in Figure 3. The selected survey area was 6823 hectares. Land use was classified into seven categories. These were land cover types in 1989, 1993, 1998, 2003, 2008, 2013, and 2018 as settlements, surface water, sand, wetlands, bare soil/road, bare area, and grassland. Grassland accounted for between 83.1% and 85.4% of the total area, while the sand and water class, which was the area covering the least class, ranged from 0.03% to 0.1% and from 0.45% to 0.6%, respectively, during the 30-year period (Figure 3 and Table 3). The classification results in 1989, 1993, 1998, 2003, 2008, 2013, and 2018 are detailed in Table 3. The percentage of classes based on these results showed the land use/cover practices observed in Avarga Toson Lake area. The total area covered by grassland area for the year 1998 and 2018 were approximately 85.4% (i.e., 5824.8 hectares) and 83.4% (i.e., 5689.6 hectares), respectively. Settlements were found to have significantly increased—i.e., from 0.7% to 1.4% (47.0 hectares to 92.7 hectares)—within the 30 years. Sand areas increased by 0.03% (2.6 hectares) to 0.1% (6.5 hectares) within the 30 years. The bare areas (roads) increased from 4.9% (331.7 hectares) to 5% (402.1 hectares). The total areas of wetland for the year 1998 and 2003 increased from 8.5% (578.5 hectares) to 9.8% (671.2 hectares), while the surface water area reduced from 0.6% (38.4 hectares) to 0.4% (25.3 hectares).



The results showed that a major decline with respect to area coverage in Avarga Toson Lake area was observed in grassland and water classes, whereas the area of settlements, sand, bare soil/rocks, and wetlands classes increased. Grassland shrank by approximately 0.9% for each 5-year period with a relative change of −2.3%, while the water class reduced by approximately 0.1% for each 5-year period with a relative change of −34.1% during the 30-year period. Share of settlements was 0.7% of the total area, which increased up to 1.4%; it significantly increased from 2008 with a relative change of 97.5%. The sand class increased from a share of 0.03% to 0.1% in the last 5 years of the period, with a very high relative change of 146.4%. Wetlands and bare soil/rocks faced an increment in the total share with a relative change of 16.0% and 1.8%, respectively.



To evaluate the results of land use/cover conversions, land cover changes from 1989 to 2018 were also created and shown in Figure 4. A comparison of each class of 1989 and 2018 showed that there were a marked land use and land cover change over the 30 years. There were two kinds of trends— increasing and decreasing—that occurred in 1989–2018. An increasing trend of land use/cover change in the Avarga Toson Lake area changed by 0.07% for sand, 0.7% for settlement, 1.3% for wetland, and 0.01% for bare soil, while the classification results supported the aforementioned decreasing trend over the past 30 years by 0.2% of water and 2.0% of grassland from 1989 to 2018. Figure 4 further shows that about 2.0% of grassland converted to settlement, wetland, and bare soil land between 1989 and 2018. At the same time, water, settlement, bare soil, and wetland converted to grassland. The relatively large amounts of transformation were observed in grassland to settlement, wetland to grassland, and grassland to wetland.



The conversion between grassland and wetland areas may have changed from year to year due to varying precipitation and temperature (Table 2). The change detection analysis showed that 1989–2018 was associated with the dynamic of normal to above and above to normal rainfalls and continually increasing (8.5% to 9.8%) grassland to wetland in Avarga Toson Lake area (Table 3). The grassland percentage area converted to settlement in area increased by a relative change of 97.5%. This increasing trend of settlement land use change in Avarga Toson Lake area showed that human and economic forces are commonly a major stimulus on the anthropogenic change of land, and this was the main reason for the increasing number of resorts of therapy services for visitors (increasing number of visitors from 1989 to 2018, shown in Table 2) near and around the main water body of Toson Lake.



From 1989 to 2018, about 0.2% of the water body transformed into sand, bare soil, and grassland. Approximately 0.07% of the total changed area dried up to sand and approximately 0.13% to bare soil and grassland. The water analyses resulted in a depletion of water and ended up dried up and replaced by either compact surfaces or barren land.




3.2. Changes of Water Surface Area and Impacting Factors


The changes of water surface area maps shown in Figure 5 and statistics shown in Table 4 were also generated from the aforementioned classified images. To evaluate the results on water bodies as Toson and Burd Lakes area conversions, the change maps were illustrated for 1989 to 1993, 1993 to 1998, 1998 to 2003, 2003 to 2008, 2008 to 2013, 2013 to 2018, and 1989 to 2018 (Figure 5 and Table 4). Table 4 observed that the Toson Lake water area changed (1.4%) between 1989 (16.1 ha) and 1993 (15.9 ha) and marginally changed by 12.5% from 1998 to 2003 and 21.1% from 2013 to 2018. The Burd Lake water area was constant between 1989 and 1998 (with about 22.3 ha). The water covering area significantly decreased by about 6.3% from 1998 to 2003 (20.9 ha), 11.9% from 2008 (22.7 ha) to 2013 (20.0 ha), and 23.5% from 2013 to 2018 (15.3 ha) during the 30-year period.



Moreover, changes of the surface water area in the Toson and Burd lakes area are also shown in Figure 5. These results indicated that during the twenty nine-year period (i.e., 1989–2018, Figure 6), the area of Toson Lake was shown to mainly decrease. Increased cases were obtained for Burd Lake from 1993 to 1998, 1998 to 2003, and 2008 to 2013, while significantly decreasing changes occurred between 2013 and 2018. The classification indicated that Toson Lake covered 16.1 ha area and Burd Lake 22.3 ha in 1989, and these areas reduced to 10.0 ha for Toson Lake and 15.3 ha for Burd in 2018. Thus, the areas of Toson Lake and Burd Lake diminished by 21.1% and 23.5%, respectively, within 30 years.



The lake area, to compare by each five-year period, was estimated from the classified images of the Toson and Burd lakes. Yearly data were calculated by taking the average monthly water covering area (Figure 6) and comparing them. A graphic analysis was performed by deriving the root mean square error (RMSE) and R2 values as 0.88 (Toson) and 0.56 (Burd), respectively, for a comparison between the observation of lake area and the years of 1989, 1993, 1998, 2003, 2008, 2013, and 2018. The correlation suggested that the lake covering area in and around Avarga Toson Lake continued to decrease at a rapid rate as observed now, and resulted in decreased surface water in 2013 and 2018. Similar trends have been observed in both water of the Toson and Burd lakes, as shown in Figure 6 and Table 4.



Figure 7 describes the relationships between lake water area and climate variables. The correlation analyses showed that among the meteorological station data near Avarga Toson Lake area, the water area had the weakest and most positive correlation with temperature (R2 = 0.11 for Toson and R2 = 0.0004 for Burd) and precipitation (R2 = 0.006 for Toson and R2 = 0.09 for Burd). Thus, it did not show an affecting indicator between lake area and climate variables. In contrast, Toson Lake area was most strongly correlated with number of visitors (R2 = 0.89). Burd Lake area was also strongly correlated with number of livestock (R2 = 0.75). Lake area had slightly high correlations with socio-economic variables, such as the Toson Lake area changes with number of visitors and Burd Lake area with number of livestock (Figure 7b). Socio-economic variables and their impacts were directly and indirectly associated with changes in lake surface water area from 1989 to 2018. It can also be noticed that a rapid decrease in water surface area occurred from 1989 to 2018 due to intensive human activities and tourist camps near lakes, which occurred due to the absence of authority regulation, while from 1989 to 2018, no substantial increases were observed, as the tourist camp encroached on the area of the lakes.





4. Discussion


The number of livestock has increased over the last few years and there is a lack of grazing capacity throughout the country. Around the lake and rivers, a large number of livestock have concentrated in these areas and they have suffered overgrazing. The monitoring of changes in land cover/use in the lake catchment areas and the subsequent environmental responses are essential for water resource management and water quality assessment [45,46]. Our findings indicate that an increase of tourism combined with intensified irrigation possibly increase land degradation. This practically means that the impact of socio-economic drivers is higher than the impact of climate change. Moreover, although climate change will affect water surface area conditions, these changes in the land uses were expected to have a significant impact on water quality and the ecology of the studied lakes. Land cover varies with weather factors, but at the current time, this change is due to harmful human activities. In 2016, the local government studied the possibility of the proper use of land and natural resources in the Soum territory, assessed the suitability of the land, and developed a territorial development plan based on it. As part of this work, the lake has a designated normal protection zone (200 m) and a special protection zone (100 m). In order to pay special attention to Toson Lake and preserve its original appearance, a decision was made not to allow livestock to enter the lake within a 5 km radius between 15 June and 20 August [47]. It is interesting to note that in our study, an absolute change in the area of the lake increased by 2.7 ha from 2013 to 2018, which is a significant change. This suggests that the decision not to allow livestock into the lake for 5 km was right, but the fact that it is seasonal means it does not significantly reduce human impact on the lake. Our results demonstrate that from 1989 to 2018, Mongolia’s Avarga Toson Lake areas (particularly, changes of water surface area and impacting factors) have changed towards a more human-dominated landscape (Figure 6 and Figure 7). The land use/land cover changes seem to be associated with changes in human activity [7,32,45], which appear to be inversely related to the increase in bare land cover and decrease in water surface. Similar patterns of land use/land cover change have already been found in other parts of the world [6,23,32,33,41]. In the case of the research focusing on the analysis of changes in land cover and land use, and even more so in the case of studies comparing the situation in surface water area from different countries [6,20,23], the rapid pace of land use and land cover is impacted by human activities [2,13,32,33], loss of natural areas [10,17], and also to promote land use sustainability [8,18,19].



Based on these results, we recommend that it is necessary to conduct a specialized study in the field of geoecological and hydrogeological research to reflect the natural features of the study area, the ecology and current general status of natural resources, and to provide a professional evaluation. Moreover, the local government needs regulations and has implications for land use control. Recently, they have started to play a necessary role in the protection of lakes at a government level by limiting tourism for one year and trying to find solution of sustainable management. However, no significant action has been taken in practice land use zones in and around water bodies. In the meantime, the protection of lake water bodies is still largely ignored. The time-break policy processes for lake water protection and the tourism business has made it difficult for business entities and water protection managers to adopt effective measures to address the water-related problems in an integrated and coordinated manner. With regard to policy, social impacts could be substantially reduced if the information flow between government, herders, and business entities for tourism was optimized. The study highly recommends that the government considers the use of the requirements for land management system and policy in this region.




5. Conclusions


Human driving forces were identified as the main factors causing the social–economic situation in Avarga Toson Lake area, especially from the 1990s. In this study, we performed an assessment of the relative effects of human activities on the changes of lake water surface over the past 30 years. The temporal and spatial distributions of the lake water surface area from 1989 to 2018 showed that this decreasing phenomenon began in 1998 for Toson Lake and in 2003 for Burd Lake. The land use/land cover time series indicated that the grassland around Avarga Toson Lake area was replaced with residential land and decreased water land changed to bare soil. The area of settlement land increased by 97.5% and water surface area decreased by 34.1% during the 30 years. The increase in settlement land was very fast, particularly when 2003 decreased in water surface area until 2008, respectively. The contribution of human activities to the changes of water surface area was very significant in this case study.



The water area of the two lakes—Toson Lake and Burd Lake—has decreased year by year. On a month-to-month basis, there is more change in Toson Lake in July. This indicator can be linked to frequent activities at the health resort of the Avarga Toson. There are many factors affecting the Burd Lake area. Local citizens migrate closer to the Avarga Toson resort between 15 June and 15 August and a sociological survey has revealed that they (local community) provide guests with accommodation, food, horse riding, dairy, and meat. Furthermore, water from the Burd Lake is used for livestock.



The findings revealed that significant decreasing changes occurring in the lake surface water area were caused by human activities in the Avarga Toson Lake area. Lake water protection policies have quite recently been initiated in Mongolia and their importance is gradually being recognized by the local government. As important ecological entities, surface water bodies should be more carefully considered both at a strategic level (i.e., use of water resources with herders’ livestock, therapy business, and settlement planning) and at a local action level (i.e., zoning and on-site design). At a strategic level, proactive land use planning for settlement and business development should consider water issues at the initial stage before negative impacts occur. At the local level, an on-site water-sensitive design approach should be advocated so as to eliminate the negative cumulative effect by local incremental construction.



Therefore, the main conclusion of this paper is that beyond socioeconomic factors as driven by land use change, political and institutional failure may amplify the decreasing effect of the water surface area. Additionally, even if policy adoption is relatively sufficient in the country, the public institutional capacity to implement a successful sustainable land management model regarding land access, land development, land resources protection, land market, and investments in infrastructure remains very limited.
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Figure 1. Study area of Avarga Toson Lake area, Delgerkhaan Soum, Khentii Province. 
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Figure 2. Schematic presentation of the methodology used in this study. 
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Figure 3. Classified maps of land use/cover for 1989, 1993, 1998, 2003, 2008, 2013, and 2018 in the study site. 
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Figure 4. Major land use conversion in Avarga Toson Lake area from 1989 to 2018. 
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Figure 5. Changes of surface water area in Toson and Burd lakes area for 1989 to 1993, 1993 to 1998, 1998 to 2003, 2003 to 2008, 2008 to 2013, 2013 to 2018, and 1989 to 2018. 
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Figure 6. Lake area for every 5 years of changes (from 1989 to 2018). 
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Figure 7. Identification of impacting factors for changes of each lake covering area: (a) climate; and (b) socio-economic condition. 
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Table 1. Information of Landsat satellite images (specifications of the imageries used in the study).
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	May
	June
	July
	August





	1989
	1988.05.01 TM
	1990.06.24 TM
	1989.07.15 TM
	1989.08.07 TM



	1993
	1993.05.22 TM
	1992.06.04 TM
	1994.07.21 TM
	1993.08.10 TM



	1998
	1998.05.29 TM
	1998.06.21 TM
	1998.07.07 TM
	1998.08.24 TM



	2003
	2003.05.19 ETM+
	2003/06.12 TM
	2003.07.29 TM
	2003.08.31 TM



	2008
	2008.05.16 ETM+
	2009.06.11 ETM+
	2008.07.18 TM
	2008.08.11 ETM+



	2013
	2013.05.29 OLI
	2013.06.06 ETM+
	2013.07.09 OLI
	2013.08.21 ETM+



	2018
	2018.05.20 OLI
	2018.06.28 OLI
	2018.07.07 OLI
	2018.08.24 OLI







Thematic mapper—TM; enhanced thematic mapper plus—ETM+; operation land imager—OLI.
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Table 2. Meteorological and socio-economic data between 1989 and 2018 in Avarga Toson Lake area of Delgerkhaan Soum, Khentii Province, Mongolia.
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Year

	
Temperature (°C)

	
Precipitation (mm)

	
Visitors Number

	
Livestock Number/Thous.Heads/




	
Horse

	
Cattle

	
Camel

	
Sheep

	
Goat

	
Total






	
1989

	
18.1

	
72.7

	
200

	
5.7

	
4.1

	
0.4

	
41.9

	
9.0

	
61.0




	
1993

	
17.7

	
173.3

	
200

	
7.5

	
7.9

	
0.4

	
62.0

	
15.6

	
93.3




	
1998

	
20.0

	
47.0

	
1860

	
10.7

	
11.3

	
0.3

	
72.9

	
27.0

	
122.1




	
2003

	
19.7

	
42.2

	
2341

	
10.8

	
6.3

	
0.3

	
64.9

	
38.4

	
120.7




	
2008

	
22.0

	
20.7

	
6720

	
10.2

	
7.4

	
0.2

	
82.3

	
68.2

	
168.2




	
2013

	
18.6

	
110.1

	
10,315

	
11.1

	
6.8

	
0.1

	
83.3

	
77.3

	
178.5




	
2018

	
19.8

	
114.6

	
13,184

	
20.1

	
15.6

	
0.1

	
139.0

	
115.7

	
29,065.0
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Table 3. Detail of land use/cover classification area estimates for every 5 years from satellite images.
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Land Use/Land Cover Class

	
Settlement

	
Surface Water

	
Sand

	
Bare Soil

	
Grassland

	
Wetland






	
1989

	
Area (ha)

	
47

	
38.4

	
2.6

	
331.7

	
5824.8

	
578.5




	
0.7

	
0.6

	
0

	
4.9

	
85.4

	
8.5




	
1993

	
37.9

	
37.1

	
3

	
302.4

	
5718.7

	
722.8




	
0.6

	
0.5

	
0

	
4.4

	
83.8

	
10.6




	
1998

	
42.2

	
38.1

	
3.2

	
359

	
5780.5

	
600




	
0.6

	
0.6

	
0

	
5.3

	
84.7

	
8.8




	
2003

	
51.8

	
36.7

	
3

	
368

	
5717.5

	
646.1




	
0.8

	
0.5

	
0

	
0.4

	
83.8

	
9.5




	
2008

	
70.4

	
33.4

	
3.3

	
376

	
5739

	
601




	
1

	
0.5

	
0

	
5.5

	
84.1

	
8.8




	
2013

	
76.8

	
32.7

	
3.1

	
402.1

	
5669.6

	
638.7




	
1.1

	
0.5

	
0

	
5.9

	
83.1

	
9.4




	
2018

	
92.7

	
25.3

	
6.5

	
337.7

	
5689.6

	
671.2




	
1.4

	
0.4

	
0.1

	
4.9

	
83.4

	
9.8




	
Relative change (%) 1989 and 2018

	
97.5

	
−34.1

	
146.4

	
1.8

	
−2.3

	
16











[image: Table] 





Table 4. Surface water area of Toson and Burd lakes from 1989 to 2018 and changes in area between the successive years in ha and %.
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	Year
	Toson Lake Area (ha)
	Percentage
	Burd Lake Area (ha)
	Percentage





	1989
	16.1
	
	22.3
	



	1993
	15.9
	−1.4
	22.3
	0.0



	1998
	15.9
	0.0
	22.3
	0.0



	2003
	13.9
	−12.5
	20.9
	−6.3



	2008
	13.8
	−0.9
	22.7
	8.6



	2013
	12.7
	−7.7
	20.0
	−11.9



	2018
	10.0
	−21.1
	15.3
	−23.5











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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