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Abstract: Drought is a recurring event in Mongolia due to the harsh climate condition. This study primarily 

utilized several drought indicators assessed from remote sensing and ground based information to monitor the 

drought circumstances in arid, semiarid and semi-wet climate regions of Mongolia during 2000-2014. The 

selected indicators were Satellite-based Soil Moisture Index (SSMI) and the Standardized Precipitation Index 

(SPI) at 9 month time scale. The time series results showed quite similar variations in the temporal trends of all 

considered drought indices. Severe and extreme drought conditions in Mongolia for the last ten years (2001-

2010) were usually observed during April-September based on the ground observation. Overall, the results of 

this study characterized the performance and suitability of remote sensing and ground based drought indicators 

in Mongolia which could be used by the policy makers to mitigate drought impacts in the region.  
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1. Introduction 

Drought is one of the major natural hazards affecting the environment and the economy of the countries 

worldwide (Albert et al., 2002), and lack of precipitation is usually the predominant factor triggering a drought 

event (Nandintsetseg and Shinoda 2013). While drought is fundamentally driven by precipitation deficits, 

drought monitoring is typically reported and applied via broad impact categories. These categories include (1) 

meteorological drought reflecting anomalies in accumulated precipitation; (2) agricultural drought described as 

reduced root – zone soil moisture and crop yields; (3) hydrological drought quantified by low stream flow, 

depleted groundwater and reservoir level deficits and (4) socioeconomic drought characterized by the inability to 

meet societal water demands (Choi et al., 2013). Meteorological drought is usually considered as the first step in 

drought propagation through the entire hydrological cycle and therefore is of tremendous importance in drought 

monitoring (Nandintsetseg and Shinoda 2013).  

A number of drought indices have been introduced and applied across the globe for the quantification of 

drought severity and diagnosing its adverse impacts (Bayarjargal et al., 2006). Specifically, various 

meteorological, agricultural and hydrological drought indicators used in drought monitoring are based on 

ground-based meteorological datasets including precipitation, temperature, soil moisture data and groundwater 

levels, storage in the saturated zone or streamflow datasets. However, a major limitation in the application of 

several ground based drought indices is the use of point based dataset which restricts the spatio-temporal 

extrapolation of drought estimations to large areas due to several scientific reasons (Sur et al., 2015). Thus, 

remotely sensed observations have been extensively used to monitor drought-related variables from a 

climatological viewpoint and to assess drought impacts from an ecosystem perspective (Aghakouchak et al., 

2015). The advantages of satellite-based sensors are related to conventional in-situ based observations, including 
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global data set of uniform quality, rapid data acquisition, near real time observations, consistent data records and 

improved spatial resolution (Aghakouchak et al., 2015). There are several techniques have been developed for 

routine estimation of rainfall, soil moisture, evapotranspiration (ET) and vegetation changes using satellite data 

collected in multiple wavebands, including Standardized Soil Moisture Index (SSI), Crop Water Stress Index 

(CWSI), and Water Deficit Index (WDI). Among these drought indices, the Standardized Precipitation Index 

(SPI) has been widely used to evaluate drought condition at multiple time scales (Wu et al., 2001; Nandintseteg 

and Shinoda 2013).  

In Mongolia, agriculture is the second largest contributor to the economy and it consists about 19% of 

national Gross Domestic Product (GDP), but livestock (goat, sheep, cattle, camel, horse etc.) mortality is higher 

due to combined drought and dzud (Begzsuren et al., 2004). “Dzud” event is another natural vulnerability in 

Mongolia, which occurs due to extreme cold winter, snow and ice limit forage potential and drought (Begzsuren 

et al., 2004; Sternberg, 2009). Moreover, drought effects on the natural vegetation, and hence it may accelerate 

desertification processes in Mongolia. Therefore, the accurate assessment of the drought patterns is particular 

concern in Mongolia (Bayarjargal et al., 2006; Nandintseteg and Shinoda 2013).   

Thus the primary objectives of this study are to: (1) identify a drought index, which has best performance to 

detect drought condition and define a notably drought years during the period of 2001-2010 based on the 

temporal precipitation and soil moisture; (2) compare the spatial distribution of each drought indices from 

January to April in driest year (2006). Overall the combination of meteorological and remote sensing based 

monthly normalized drought indicators used in this study demonstrates the unique monitoring of drought 

conditions for policy makers specifically under arid, semiarid and semi-wet regions of Mongolia 

2. Study Area and Dataset 

2.1. Study Area 

This study used six meteorological stations in Mongolia which are located from 40.60 to 52.30 °E and from 

86.97 to 121.35 °N (Table 1). Performance of drought indicators investigated for different climate regions (arid, 

semiarid and semi-wet) of Mongolia based on Köppen-Geiger climate classification. This classification is one of 

the most widely used system since first published by Wladimir Köppen in 1884 based on the empirical 

relationship between climate and vegetation (Chen and Chen, 2013). The study area of this study includes arid 

(Dalanzadgad and Sainshand stations), semiarid (Khovd and Murun regions) and semi-wet (Tsetserleg and 

Darkhan stations) regions of Mongolia (Fig.1). 

 

TABLE I: Geographic and Meteorological characteristics of six stations. 

Climate zones Name Notation Lat.(°N) Lon.(°E) Elev.(m) P(mm) T(°C) Soil type 

Arid region 

Dalanzadgad DZ 43.58 104.42 1462 123.5 5.4 
Desert-brown 

sandy 

Sainshand SD 44.9 110.12 936 119.13 4.7 
Desert-brown 

sandy 

Semiarid region 

Khovd  KH 48.02 91.65 1405 135.1 1.2 
Light-brown 

sandy 

Murun MN 49.63 100.17 1288 261.96 -0.1 
Dark-brown 

medium silt 

Semi-wet 

region 

Tsetserleg TS 47.45 101.47 1695 325.7 1.1 
Dark-brown 

medium silt 

Darkhan DA 49.47 105.98 709 331.98 1.1 
Dark-brown 

sandy 
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Fig. 1: Study Area and Location of each Sites. 

The northern part of Mongolia is covered by forested mountain ranges with a dry and sub-humid climate, 

whereas the southern part encompasses the Gobi Desert at lower elevations with a drier climate. The elevation of 

the country ranges between 800-1500 m. The continental climate of Mongolia is very harsh with sharply defined 

seasons, high annual and diurnal fluctuations in air temperature and low precipitation (Bayarjargal et al., 2006). 

The average annual air temperature is approximately 4 °C, a range of temperatures from -33 °C (Jan) to 34 °C 

(July), and total annual precipitation is 100-250 mm 

2.2. Data Set 

The Information and Research Institute of Meteorology, Hydrology and Environment of Mongolia provides 

data on meteorological factors such as monthly mean air temperature (Tm) and amount of monthly precipitation 

(Pm). The Pm were obtained at monthly intervals from in-situ observations, during 2001-2010 (from January 1st 

to December 31st). In this study, Pm were normalized and used to calculate the SPI in each sites. Also, the 

amount of monthly precipitation data observed in same month were interpolated with spatial resolution 0.25 of 

geographical degrees by Inverse Distance Weight (IDW) method to compare with other remotely sensed data 

spatially. 

Remotely sensed data were obtained from Global Land Data Assimilation System (GLDAS). More 

specifically, GLDAS is a global range, assimilation system which by means of both ground and satellite 

measurements, provides information about land surface states in near-real time. It drives four Land Surface 

Models (LSM) to describe the atmosphere, biosphere and hydrosphere interactions. In the GLDAS website 

(http://ldas.gsfc.nasa.gov/gldas/), the recalculated datasets of the common land model (LSM), the Noah LSM, 

and the Variable Infiltration Capacity (VIC) model were provided in spatial resolution (0.25° and 1°) and 3 

hours and monthly based temporal resolutions. The NOAH model was used in this study, including soil moisture 

simulations for first depth (0-10 cm) products of GLDAS data with spatial resolution 0.25 of geographical 

degrees during the period of 2001-2010 in the selected six stations. 
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3. Methodology  

3.1. Drought Indices 

In this study, we have determined two drought indices including one ground based the Standardized 

Precipitation Index (SPI) and Satellite-based Soil Moisture Index (SSMI). All of the selected indices were 

standardized using a normalized gamma distribution to provide a better estimation. A brief introduction of each 

drought index represented below. 

3.2. Standardized Precipitation Index (SPI) 

The Standardized Precipitation Index (SPI) is one of the widespread drought indices, which is developed by 

McKee et al. (1993) to monitors drought at multiple time scales and has ability to compare drought in varied 

climatic zones (Sternberg et al., 2009). The SPI is calculated based on monthly precipitation data series which 

are fitted into a proper probability distribution. Positive SPI values indicate greater than median precipitation, 

while negative values of the SPI indicate below median precipitation. In other words, a drought event occurs 

when the SPI value falls below zero and ends when the SPI value becomes positive (McKee et al., 1993; 

Sternberg., 2009). 

3.3. Satellite-based Soil Moisture Index (SSMI) 

Soil moisture (SM) is one of the most important hydrological variables used in a wide range of scientific 

studies such as to examine and predict the flood and drought conditions (Zawadzki and Kedzior, 2015). Satellite 

based soil moisture index (SSMI) is calculated as a standardized anomaly of remotely sensed soil moisture (SM), 

using following equation as: 

stdev

meani

SM

SMSM
SSMI


                                                                     (1) 

Where, SMi is the value of each month, SMmean is mean value, and SMstdev is standard deviation (Bayarjargal 

et al., 2006). In this study, monthly based GLDAS NOAH soil moisture simulations produced for first soil depth 

(0-10 cm), with spatial resolution of 0.25 of geographical degree. The retrieved soil moistures value are 

expressed in m3/m3. 

4. Results and discussion 

4.1. Temporal Distribution of SPI-9, SSMI, and Precipitation 

Fig. 2 shows the temporal patterns of SSMI, SPI-9 and anomalies of monthly precipitation as the preliminary 

results in arid, semiarid and semi-wet regions of Mongolia for the 10 years (2001-2010) period. The results 

showed relatively similar temporal trends between two drought indices and anomalies of monthly precipitation 

for both identified dry and wet periods. 

The variation of SPI-9 was highly related to accumulation of the monthly precipitation. Especially, two arid 

regions (SD and DZ) showed more significant negative SPI-9 values than other regions since SPI values are 

estimated based on the precipitation data. The measured mean monthly precipitation in all three climatic regions 

of the country was usually lower than 100mm (Fig. 2), which resulted in dominance of longer dry periods over 

the wet conditions for the last 10 years in Mongolia. 

When it comes to the trend of SSMI, it showed the immediate fluctuation after precipitation occurred, so its 

variation showed highly similar trend with anomalies of precipitation (Fig. 2). SSMI also showed capability to 

capture the drought condition in three different climate zones. Especially, frequency of drought condition was 

higher at arid region than any other climate regions. However, trend of SSMI and SPI-9 sometimes captured 

opposite conditions. For example, at the Darkhan site, SSMI represented positive value while negative value of 

SPI-9 was observed from winter of 2005 to summer of 2006. Thus, additional analysis need to be conducted to 

confirm which drought indices have better capability to capture the drought condition in Mongolia. 
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Fig. 2: Temporal variation of SSMI, SPI-9, and Precipitation at six sites 
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4.2. Spatial Analysis 

Among the study period, severe and extreme drought condition was captured by both SSMI and SPI-9 at the 

most of selected stations in 2006 (Fig. 2). Based on this result, this year was selected in order to analyse the 

spatial distribution of in-situ and satellite based drought indices in Mongolia.   

Fig.3 shows the spatial distributions of SPI and SSMI in Mongolia during the driest period (January-April) 

of 2006. Spatial variation in SPI-9 represents that eastern part of Mongolia endure more severe drought 

condition than western part of Mongolia because of the significant deficit of accumulated precipitation. 

Especially, south-eastern part of the country classified as the arid region revealed as the place enduring the most 

severe drought condition. In the mid-northern part of Mongolia, drought condition was represented in January 

but it gradually lessened in April.  

Spatial patterns of SSMI showed similar patterns with those of SPI. Comparing the drought condition in 

western and eastern region, both of the drought indices represented that eastern region showed more severe 

drought condition than western region. However, when it comes to the spatial distribution of SSMI and SPI-9, 

several discrepancy was observed in the western region. SPI-9 showed less or no drought condition while SSMI 

represented less or severe drought condition. This difference was caused by the deficit of the observing stations 

at western region. This region is not only mountainous area but also the distance between each stations is 

comparatively far. Because of this reason, SPI-9 derived from the interpolated precipitation data has difference 

with the SSMI from GLDAS having the advantage in spatially. Overall, both spatial distribution of SPI-9 and 

SSMI had the similar pattern, showing the severe drought in eastern regions and relative wet condition in 

western regions. 

 
Fig. 3: Spatial distribution of SPI-9 and SSMI from January to April at 2006. 
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5. Conclusion 

This study used SPI and SSMI to assess drought conditions in arid, semiarid and semi-wet regions in 

Mongolia during 2001-2010. The following specific conclusions were drawn from the results of this study:   

• There is a good agreement between the ground-based SPI and SSMI derived from remotely sensed data 

in terms of temporal and spatial estimations. Temporal variation of two drought indices confirmed that drier 

periods were observed in all the regions during every November-March for whole study period. Spatial patterns 

of two drought indices showed similar distributions at whole study area, but sometimes they appeared the 

different conditions. The reason of these difference comes from the characteristics of each indices. In the case of 

soil moisture, they are changed by precipitation immediately and it affects the fluctuation of SSMI directly. 

Otherwise, SPI-9 is calculated from the accumulation of long-term precipitations and its characteristic is less 

sensitive to intensive rainfall. 

• Based on this study, it can be concluded that most parts of Mongolia are dominated by dry tendencies 

and the rainfall period are becoming shorten. Especially, the eastern arid and southern semiarid regions of 

Mongolia are revealed that those areas are under severe drought condition and more vulnerable than the other 

regions. These results suggest that these analysis will be helpful for practical drought monitoring as well as 

developing the policy to relieve the drought damage. 
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