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Abstract: Soil moisture is an important factor for grassland vegetation growth and its measurement is a critical
task for drought monitoring systems. In order to monitor moisture in Xilingol grassland, monthly evapotrans-
piration (ET) data from MODIS MODI16A2 and measured soil moisture data from ground monitoring stations
were collected. Correlation and regression analyses were employed to establish a retrieval model for soil volu-
metric moisture (SVM) based on the evapotranspiration deficit index (ETDI); SVM = —48. 851 X ETDI+

54.669. The root mean square error (RMSE) of this model was 3. 27%. This model can be used to retrieve soil
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moisture at regional scale. The thresholds of drought grades were established based on the national standard
and used to analyze drought dynamics in Xilingol grassland over the past 15 years (2000—2014). The results
showed that SVM fluctuated in 14% of the meadow steppe, approximating normal levels except for the slight
droughts in 2007 and 2009. SVM fluctuated in 11% of the typical steppe and the sandy vegetation areas, as
well as in the Xilingol grassland as a whole, approaching slight drought conditions except for the moderate
droughts recorded in 2007 and 2009. SVM f{luctuated in 8% of desert steppe, approaching severe drought con-
ditions except for the moderate droughts recorded in 2002, 2003 and 2012. On average, over the past 15 years
some 66% of the Xilingol grassland has experienced drought conditions, though to varying degrees. Non-
drought and severe drought areas increased, while slight and moderate drought areas decreased, but significant
tests indicate that none of the changes were significant (P>>0. 05).

Key words: Xilingol grassland; soil volumetric moisture (SVM) ; drought monitoring; evapotranspiration (ET)
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Fig.1 Xilingol grassland type and the soil moisture monitoring station and the field investigation site
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Fig. 2 The retrieval model and accuracy verification of grass yield
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M5 459 Pearson 6 3% 43> #7

Table 2 Pearson correlation analysis of soil volumetric moisture and drought monitoring index

LA K iR R E R MHCRSH R Mgk s % I B AR T R R R T R
SVM AVI V(I VSWI TVDI ETDI
0~10 cm 0.11(P=0.08) 0.17" —0.20" " —0.03(P=0.57) —0.76" "
0~20 cm 0.11(P=0.07) 0.16" —0.22"" —0.02(P=0.69 —0.79* "
0~30 cm 0.11(P=0.07) 0. —0.23"" —0.02(P=0.80) —0.79""
0~50 cm 0.11(P=0.08) 0. —0.23"" —0.00(P=0.99) —0.76" "

AVT: Anomaly vegetation index; VCI: Vegetation condition index; VSWI: Vegetation supply water index; TVDI: Temperature vegetation dryness in-

dex; ETDI; Evapotranspiration deficit index, F[i], The same below.
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Fig. 3 Scatter plots of evapotranspiration deficit index (ETDI) and soil volumetric moisture (SVM)
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Table 3 Drought grade classification based on SVM
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Grade Soil relative moisture SVM ETDI Degree of drought impact
(RMS, %) (€ZD)
Jo 5 Normal RMS>60 SVM>12 ETDI<C0. 88 HiZE1E R 8B IE . L 5 4. The surface is normal or wet, no signs
of drought.
5B 50<_RMS<C60 10<CSVM=<C12 0.88<<ETDI<0. 92 #h37% k& & /N, i #h % 25X T 4. The surface evaporation is
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Severe drought thicker, the surface plants were wilting and the leaves were dry.
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AR 5L U B PR S ) R A R R

B R Y S K B AL AR ¥ E 2003,2008 Fl1 2012 4 H Bl I, 2001 AT 2009 4F H BRI 4T . 2007
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Fig. 6 Spatial distribution of drought in Xilingol grassland from 2000 to 2014
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BR300 T R 0. 06 Y0 T 4. 48 %6, H BLRIE i B F4 BERTEERESH
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2004 .,2008.2010.2011 F11 2014 4F & 45 2% {1 1@ fA2 Year Normal Slight ~ Moderate  Severe Total
¥y 55 4R 4 (B HEAT . H b 2004 il 2010 4R 43 drought  droueht droveht
il 5 R RLAY 35. 27 Y6 A1 33. 99 %%, A S48 g A 2000 29.55 24.76 35. 64 10.05 100
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Fig.7 The changes of SVM and grass yield and precipitation
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