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as the time scale of MOD09A1 product is eight days. The precipitation data was created from daily
observations taken from 1 January 2000 to 31 July 2014.

3. Results

3.1. Classification of Land Cover

Using an aerial photointerpretation classification technique, 363 of 454 dry lake beds were
extracted. This means that our classification method succeeded in identifying dry lake beds with an
accuracy of approximately 80%. Mountainous areas were found from the southwestern reaches of the
study area (44�10�~44�40� N, 107�00�~109�00� E) (Figure 4). Dry lake beds tended to be distributed
in the northern mountainous areas (44�40� N). On the other hand, desert steppe constituted the
greatest percentage of land cover. In addition, mountainous areas, dry lake beds, and desert steppe
varied greatly within our study area. Desert steppe and mountain regions represented 69% and 30%,
respectively, with dry lake beds accounting for 1% of our study area. The area of desert steppe was
approximately 56 times the area of dry lake beds.

Figure 4. The distribution of three land cover types in the study area.

We then collated the identified dry lake beds with the river network found within our study
site. The surface flows provide runoff within the lower dry lake beds through the river network
(Figure 5). Dry lake beds in lower elevations can be understood as being part of a well-developed river
network. In addition, the area of dry lake beds showed a tendency to increase (Figure 6) (R2 = 0.59,
p < 0.001, N = 109). Because of rainfall occurrence, intermitted surface flows appear within the lower
portions [13], with the area of potential dry lake beds increasing as a result of an extended river
network. Thus, the geographical characteristics of dry lake beds became clear when found in low
elevations, which developed the river network.
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Figure 5. The distribution of potential dry lake beds and the river network.

Figure 6. Correlation between potential dry lake bed areas and the length of the river network.

3.2. Formation of the Dry Lake Beds

Rashki et al. (2013) found that the dryness of lakes in the Hamoun basin was strongly associated
with changes in land–atmosphere fluxes, soil moisture, and the frequency and intensity of dust
storms [16]. In this study, the frequency of dry lake beds was compared with the interannual variability
of precipitation to identify the time when dry lake beds in the study area appeared. Figure 7 shows
the frequency of dry lake beds of the study area from 2000 through 2014 in addition to precipitation
levels. The time series data shows total precipitation of the GPCP and the number of dry lake beds in
the study area. The monthly mean frequency of the dry lake beds increased from 95.2% to 98.5% in the
period of June to September. The monthly mean frequency of the dry lake beds increased from 97.2%
to 99.9% in the period of October to May. The frequency of dry lake beds decreased from 361 to 266
in 2000 and from 361 to 301 in 2012. During this time, precipitation increased from 369 mm in the
period between August 5 and August 20, 2000 to 639 mm in the period between July 4 and July 27,
2012 (Table 1). The mean precipitation of the same period was 60 mm and 88 mm, respectively.
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Figure 7. The correlation between the precipitation and the frequency of dry lake bed formation at
each of the eight levels of pixels in study area.

Table 1. Difference in precipitation when dry lake beds decreased.

Period Total Precipitation Mean Precipitation

5 August 2000 to 20 August 2000 369 mm 60 mm
4 July 2012 to 27 July 2012 639 mm 88 mm

Potential dry lake beds were clarified from the differences in the relationship between precipitation
and the formation of lakes (Figure 8). Precipitation was extracted when ephemeral lakes were formed
for the first time in each year. The total precipitation over eight days was 369 mm in 2000 and at least
73 mm in 2010. In addition, ephemeral lakes were the largest in area in 2000 (Figure 7). It has also been
suggested that the threshold for ephemeral lake formation in dry lake bed areas in semi-arid regions is
eight days of precipitation.

Figure 8. The total precipitation over eight days transformed dry lake beds into ephemeral lakes in
potential dry lake bed areas.

4. Discussion

This study has shown that the frequency of dry lake bed formation has a strong correlation with
precipitation. Dry lake beds are one important source as well as a hotspot of Asian dust emission.
Dust affects Earth’s climate, ecology, and economies across a broad range of scales, both temporally
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and spatially, and is an integral part of the Earth’s climate system [6]. Dust sources, of natural
and anthropogenic origins, were calculated with their respective contributions to emissions, and
extensively compared against existing literature. Natural dust sources account for 75% of global
emissions; anthropogenic sources account for 25% [4]. In this study we suggest a new method to
identify dry lake beds using remote sensing. The classification accuracy was 80%. We believe that our
accuracy was influenced by low resolution images and the limitations of aerial photointerpretation.
However, it is a decent accuracy to be used in large areas such as semi-arid Mongolia. It is assumed that
dry lake beds are affected by the full length of the river network and other geographic characteristics
(such as elevation) as well as heterogeneous precipitation patterns. Lakes formed between June 2000
and September 2014 show drastic changes year by year, but it is suggested that lake beds dry up
between October and May. In other words, the state of the Earth’s surface in the area of potential dry
lake beds dries during a period with no to little precipitation, and it is thought that water areas form
during times of precipitation. To better understand the relationship between precipitation and the
formation of dry lake beds, future studies should employ the use of high-resolution satellite images.
In addition, it is necessary for the relationship of precipitation and the formation of dry lake beds to
consider the geographic characteristics of the region and the influence of river networks.

5. Conclusions

This study suggests a new method to identify dry lake beds using hydrological analysis and
remote sensing. The method may be used effectively in large areas such as drylands. Dry lake beds are
affected by the full length of the river network and geographic characteristics (such as elevation) and
precipitation patterns. Dry lake beds, which formed between June and September from 2000 through
2014, show year to year changes, but it is suggested that dry lake beds in semi-arid Mongolia dry up
from October to May, which corresponds with periods of low precipitation. In our study area, the
distribution of potential dry lake beds was 1%, with mountainous areas and desert steppe accounting
for 30% and 69%, respectively.
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