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Analysis of soil moisture retrieval and response to meteorological
factors using AMSR-2

WEI Baocheng', YU Shan®”", JIA Xu®, BAO Yuhai'?, NA Risu', YIN Shan"*"

(1. College of Geographical Sciences, Inner Mongolia Normal University, Hohhot 010022, China; 2. Inner Mongolia Key Laboratory
of Remote Sensing & Geographical Information System, Inner Mongolia Normal University, Hohhot 010022, China; 3. College of
Ecology and Environmental Science, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract Soil moisture is an important component of the hydrologic cycle in terrestrial ecosystems and it is critical for pre-
dicting and understanding various hydrological processes, including changes in weather conditions, precipitation patterns,
runoff generation and irrigation scheduling. Soil moisture is a function of the total effect of environmental factors. The Mon-
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golia Plateau is an ideal area for studying the interaction between soil moisture and environmental factors, because of its arid
and semi-arid location and its high ecological fragility and sensitivity to global climate change. Therefore, it was necessary to
study the response of soil moisture to environmental factors, which was favorable to monitor and predict droughts, adjust ag-
ricultural production structures and improve regional eco-environment in the Mongolia Plateau. A soil moisture retrieval model
for the Mongolia Plateau was built using microwave radiance transfer function and Qp model based on AMSR-2 brightness
temperature and SPOT normalized difference vegetation index (NDVI) data. Soil moisture was retrieved, and the retrieval
precision was verified during vegetation growth period from April to October 2013 in the Mongolia Plateau. Combination with
TRMM 3B43 precipitation and air temperature data acquired by meteorological stations, the study explored response charac-
teristics between soil moisture, meteorological factors and vegetation. The results showed that 1) the coefficient of determina-
tion (r) between retrieved and ground-based soil moisture was 0.680 6, with a root-mean square error (RMSE) of 0.031 6
em’cm”. The retrieval result was much better than soil moisture product data of JAXA (RMSE = 0.044 1 cm*cm™). 2) The devel-
oped model had a high accuracy and was applicable in surface soil moisture estimation. The regression coefficient of the linear
fit of the TRMM 3B43 precipitation measure (rainfall) was 0.859 8 and with a slope line of 0.941 5, which suggested that
TRMM 3B43 data were applicable in the Mongolia Plateau. 3) Total precipitation, mean NDVI and soil moisture during the
growing season decreased gradually from north to south and from northeast to southwest. In the arid region of the study area,
soil moisture was significantly and positively correlated with temperature, followed by precipitation and vegetation. In the
semi-arid region of the study area, vegetation was the key factor driving soil moisture, and the effects of temperature and pre-
cipitation on soil moisture showed seasonal variations. The response of soil moisture to the three factors was in the order of
vegetation > precipitation > temperature in the semi-humid region of the study area. In conclusion, the response of soil mois-
ture to both environmental factors and vegetation could provide scientific basis for constructing healthy regional
eco-environments with reducing disasters risk.

Keywords Soil moisture; Meteorological factor; Vegetation; AMSR-2; Mongolia Plateau
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Fig. 2 Scatter diagrams between measured and AMSR-2 retrieved soil moisture (a) and between monthly precipitation derived
from TRMM 3B43 and in situ precipitation (b) of the Mongolia Plateau
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Fig. 3 Spatial distribution of soil moisture, precipitation and NDVI during the growth stage of vegetation of the Mongolia Plateau

1 (SM) (TS) (PT) vn
Table 1 Correlation coefficients between soil moisture (SM) and precipitation (PT), air temperature (TS), NDVI (VI) in different
climatic regions of the Mongolia Plateau

Climatic region 4 Apr. 5 May 6 Jun. 7 Jul. 8 Aug. 9 Sep. 10 Oct.

Arid TS-SM 0.252" 0.440" 0.264" 0.086" 0.008 0.090" 0.264"

PT-SM 0.232" -0.103" -0.083" 0.385" 0.492" 0.048" -0.092"

SM-VI 0.170 -0.202" -0.017 0.341" 0.407" 0.155" 0.146

Semi-arid TS-SM 0.078" 0.264" -0.134 -0.112" -0.490" 0.260" 0.538"

PT-SM -0.019 -0.166" -0.057" 0.393" 0.426" 0.019 0.273"

SM-VI 0.049" 0.090" 0.558" 0.772" 0.766" 0.674" 0.125"

Semi-humid TS-SM 0.390 0.021 -0.485" -0.085" -0.320" -0.198" 0.118"

PT-SM -0.549" 0.081" 0.305" 0.416" 0.400" 0.219" 0.162"

SM-VI 0.333" 0.606" 0.831" 0.788" 0.628" 0.717" 0.259"

* 0.01 ( ) * correlation coefficient was significant difference at 0.01 level (2-tailed).
5 0.440 PT-SM , , 8 PT-SM 0.492
6—8 9—10 , R
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