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Drought Lost 75.69 bn RMB/a，1.2% of GDP

Agro-Metrological Disaster lost in China

(房世波，等. 2011, 自然灾害学报)
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•  National station ,241

•Basic station, 620

•Normal staiton,1562

Meteorology  Observe in China

(manual observation) 



自动雨量站，61291个

Meteorology  Observe in China

(Automatic observation) 



自动气温观测，48302个站

Meteorology  Observe in China

(Automatic observation) 



自动风速观测，34951个站

Meteorology  Observe in China

(Automatic observation) 



自动相对湿度观测，18718个站

Meteorology  Observe in China

(Automatic observation) 



自动气压观测，16064个站

Meteorology  Observe in China 



Meteorology  Observe in China 

Radiation station：98



Now?

Radiation station：187

Meteorology  Observe in China 



Crop growth，
653 staitons

Yields,  yield components, 

phenological phase, 

Biomass ,etc.

1981- today

Crops Growth Observation and SM Observation 



Soil Moisture 

2438 stations

1meter deep 

8 layers

Crops Growth Observation and SM Observation 



Remote Sensing Satellites in China 

Meteorological satellites of China:

          Satellites in polar orbits  covered the whole earth in every 

day(FY-3 series).

Satellites Geostationary Earth Orbit covered areas of belt 

and road (FY-2 and FY-4 series)



Satellites with high-spatial 
(0.5m-50m) 
◆Series from GF1 to GF12 (0.5m) 

◆ Jilin-1 Gaofen Series(0.7m, more 

than 40 Satellites) 

 

Sentinel-2(10m) Jilin-1 

Gaofen(0.7m) 

GF(0.5m)



Soil Moisture Remote Sensing

(1)Optical RS (2) Microwave RS  



Soil Moisture Remote Sensing

(1)Optical RS (2) Microwave RS  



Cloudy- Free Probability  



VOD and NDVI：which is more reasonable?



Active and passive microwave RS  

Synthetic Aperture Radar 



Retrieve SM of Sentinel-1 

A dominant physical model that is developed, based on 

the above models, is the Integral Equation Model (IEM).



Retrieve SM of Sentinel-1 

Water-cloud model: two important parameters , 

NDVI(or Vegetation water content, VWC) and soil 

surface roughness 



a)

 

Retrieve SM of Sentnal-1 

±

固城试验站
#

北京|北京

河北

河北

天津|天津



Field observation in wheat grow duration



Volume soil moisture

– TDR, hand-held sensor；

– accuracy: ~1%；

Mass soil moisture

• Soil cutting ring (100 cm3)

• Drying oven: ~24 hours

ML3 Soil Moisture Sensor

Soil cutting ring

soil moisture measurements



Vegetation water content(fresh-dry/dry Bio)



22 samples75 samples

Sampled soil surface roughness 



a)

 

（r = 0.7966; rmse = 0.0709)

Retrieve SM of Sentinel-1 



Satelites of PM

Passive Microwave RS 



SM FY-3B/MWRI 

5days product was combined by each days of 5days

SM of Ascending and Descending orbit

SM of Descending orbit

SM of Ascending orbit  



1. Jan. –Dec., 

2. Field observation

（CASMOS）：158

3. 0-10 cm(surface SM)

Field observation



R

AMSR2 -0.15 0.17 0.07 0.27

FY-3C -0.02 0.12 0.11 0.21

SMAP -0.12 0.13 0.05 0.63

O2342：SM of FY3C,AMSR2 and SMAP compared with the field SM

SM between passive microwave and the field



FY-3 Soil Moisture and NDVI in a Year
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RMSE、MAE  R

between  FY-3C VSM and field observation

             

Error 

Month 

R RMSE(cm3/cm3) MAE(cm3/cm3) 

January 0.467 0.116 0.092 

April 0.500 0.114 0.094 

July 0.621 0.164 0.120 

October 0.558 0.147 0.113 

 1 

soil moisture (0-5 cm)

FY-3C VSM Vs field observation 



Error

Model
R

RMSE 

(cm3/cm3)
MAE (cm3/cm3) MRE (%)

MLR-1 0.640 0.050 0.039 32.0

MBPNN-1 0.690 0.056 0.044 38.0

MLR-2 0.661 0.049 0.038 30.4

MBPNN-2 0.708 0.054 0.041 35.2

MLR-3 0.694 0.047 0.035 27.3

MBPNN-3 0.871 0.034 0.026 20.7

How to improve SM

Multivariate linear regression (MLR) and multivariate back-

propagation neural network (MBPNN) models with different numbers 

of input variables were built to improve the SM monitoring results. 

Multiple factors, including vegetation coverage, location, and 

elevation



a) FY-3C VSM （Left）
b) MBPNN-3 SM（Middle ）
c) Field SM （Right）
Up to Down is Jan. to Dec. 2019

(Wang Lei, Fang Shibo* et al.,

 Remote sensing, 2020,12,1038)

Precision of SM was improved After MBPNN



SM blended and merged

SM blended and merged from 2075 filed observation stations 

and passive satellite 

2075 filed observation stations
SMAP

SM after blended and merged

R

SM 
Merged -0.015 0.04 0.79

SMAP 0.13 0.05 0.63



SM  online (after merged )



SM  online (interpolation of field stations)



Waterlogged Field:  SM > maximum field water 

capacity（Soil water saturated） more than 10days 



2022年7月土壤相对含水量

2022年8月土壤相对含水量

2021年7月-9月总涝渍害天数的比例

2021年10月-12月总涝渍害天数比例

Reports of Sustainable Development goals of  United Nations, reported by CCTV13.

Drought : Soil relative humidity <0.5

Minotoring Drought and waterlogging in China 



Disasters Monitoring  and Crops Health Diagnosis by Satellites and 

Ground Observation

Temporal Data

Crop health 

Diagnosis and

Yield predict

Crop mapping and 

Monitoring

Drought & Floods,etc

&



Crops mapping



Disasters Monitoring and Mapping



Drought & Floods Monitoring  and Crops Health Diagnosis by Satellites 
and Ground Observation The three practices in south  and west Asia. 

2. Soil Moisture  averaged in 2008–2019 with Tropical 

Cyclones 

3. Crops or Vegetations damaged by DeserLocust

1. Drought & Vegetation Monitoring in 

Indochina Peninsula 

   https://www.wmc-bj.net/lm-en/index.html

SPEI Drought 

Monitoring                            
Relative Soil 

Humidity9

月
上
旬

Vegetation(NDVI) changed
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