
Contents lists available at ScienceDirect

Journal of Hydrology

journal homepage: www.elsevier.com/locate/jhydrol

Research papers

Soil moisture estimation based on the microwave scattering mechanism
during different crop phenological periods in a winter wheat-producing
region
Shangrong Wua, Jianqiang Rena, Zhongxin Chena,⁎, Peng Yanga,⁎, He Lib
a Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of Agricultural Remote Sensing, Ministry of
Agriculture and Rural Affairs, P. R. China, Beijing, 100081, China
b State Key Laboratory of Resources and Environmental Information System, Institute of Geographic Science and Natural Resources Research, Chinese Academy of Sciences,
Beijing 100101, China

A R T I C L E I N F O

This manuscript was handled by Corrado
Corradini, Editor-in-Chief, with the assistance
of Carla Saltalippi, Associate Editor

Keywords:
Soil moisture
Semiempirical model
Winter wheat coverage area
Microwave scattering model
Crop growth stage

A B S T R A C T

In this research, a novel microwave scattering model-based semiempirical method for estimating the soil
moisture of areas covered with winter wheat was proposed. In the proposed soil moisture estimation method, the
crop and soil microwave scattering mechanisms during different crop phenological periods were considered to
remove the influences of the wheat crop canopy on soil backscattering. Using RADARSAT-2 images and field-
measured sample data, the validity and feasibility of the proposed soil moisture estimation method were verified
in the study region of Hengshui City in the North China Plain. Among the winter wheat jointing stage, heading
stage and maturity stage, the R2, adjusted R2 and RMSE values between the estimated soil moisture value and
field-measured value were 0.762, 0.762 and 2.36%, respectively. The results indicate that high-accuracy soil
moisture estimations could be obtained, and the proposed method had good performance in regional applica-
tions in the study region at key growth stages of winter wheat.

1. Introduction

Soil moisture is crucial for Earth's ecosystems functioning, as it plays
important roles in the regulation of water migration, the carbon cycle
and evapotranspiration from the land surface (Srivastava et al., 2009;
Legates et al., 2011; Kornelsen and Coulibaly, 2013; Sharma et al.,
2018). Soil moisture is also an essential parameter in hydrological,
meteorological and agricultural applications and is vital for crop
growth, yield estimation, and drought monitoring (Stoyanova and
Georgiev, 2013; Xing et al., 2019). Affected by vegetation factors, soil
moisture varies greatly at different temporal and spatial scales (Wagner
et al., 2008; Vereecken et al., 2014). Traditional soil moisture mea-
surements are carried out at the point scale, which has a poor spatio-
temporal resolution (Huete et al., 2002; Petropoulos et al., 2015). With
the recent development of remote sensing technology, traditional finite
point measurements of soil moisture have transitioned to the acquisi-
tion of spatial surfaces, thus providing an effective means for the rapid,
large-area, real-time and dynamic monitoring of soil moisture
(Balenzano, et al., 2010; Gherboudj et al., 2011; Lievens and Verhoest,
2011; Deng et al., 2017; Stoyanova, et al., 2019). Among the many

available remote sensing approaches, synthetic aperture radar (SAR) is
widely used to monitor and estimate the soil moisture due to its ability
to provide observations at all times and under all weather conditions
and its high sensitivity to soil moisture.

SAR mainly captures the scattering characteristics of ground objects
by transmitting pulses and receiving the microwave backscattering
coefficients (BCs) reflected by those objects (Chen et al., 2009; Lee, and
Pottier, 2009; Huang et al., 2017). The BC of the bare ground is mainly
determined by the soil dielectric constant, ground roughness and
ground texture; among these factors, the soil dielectric constant is
especially correlated with the soil moisture (Martinez-Agirre et al.,
2017). Therefore, the soil moisture of bare ground can be directly es-
timated by microwave BCs. To date, many scholars have conducted in-
depth research on estimating the soil moisture of bare ground. The
existing empirical and semiempirical models mainly include the Oh
model (Oh et al., 1992), Dubois model (Dubois et al., 1995) and Shi
model (Shi et al., 1997). Alternatively, the existing theoretical models
are mainly based on the integral equation model (IEM) (Chen et al.,
1995), two-scale model (TSM) (Iodice et al., 2011) and advanced in-
tegral equation model (AIEM) (Chen et al., 2003).

https://doi.org/10.1016/j.jhydrol.2020.125521
Received 17 February 2020; Received in revised form 4 September 2020; Accepted 5 September 2020

⁎ Corresponding authors.
E-mail addresses: wushangrong@caas.cn (S. Wu), chenzhongxin@caas.cn (Z. Chen), yangpeng@caas.cn (P. Yang).

Journal of Hydrology 590 (2020) 125521

Available online 12 September 2020
0022-1694/ © 2020 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00221694
https://www.elsevier.com/locate/jhydrol
https://doi.org/10.1016/j.jhydrol.2020.125521
https://doi.org/10.1016/j.jhydrol.2020.125521
mailto:wushangrong@caas.cn
mailto:chenzhongxin@caas.cn
mailto:yangpeng@caas.cn
https://doi.org/10.1016/j.jhydrol.2020.125521
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhydrol.2020.125521&domain=pdf

	Soil moisture estimation based on the microwave scattering mechanism during different crop phenological periods in a winter wheat-producing region
	1 Introduction
	2 Study region and experimental data
	2.1 Study region
	2.2 SAR remote sensing data
	2.3 Field-measured data
	2.4 Spatial winter wheat distribution map

	3 Methodology
	4 Results
	4.1 Analysis of parameter sensitivity
	4.2 Selection of sensitive polarization bands and modeling
	4.3 Results of the regional soil moisture and their validations

	5 Discussion
	6 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References




