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Agro-Metrological Disaster lost in China

Drought Lost 75.69 bn RMB/a, 1.2% of GDP
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Meteorology Observe in China
(manual observation)

 National station ,241

* Basic station, 620

*Normal staiton,1562




Meteorology Observe in China
(Automatic observation)

H3hWEY, 612914

Approximate number is 61291 CMA Precipitation
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Meteorology Observe in China
(Automatic observation)

HESEWM, 483024 44

Approximate number is 48302 CMA Temperature
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Meteorology Observe in China
(Automatic observation)

H 3 XEM, 349514k

Approximate number is 34951 CMA Wind Speed
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Meteorology Observe in China
(Automatic observation)

H AR E N, 18718 uh

Approximate number is 18718 CMA Relative humidity
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Meteorology Observe in China

HEISEWN, 1606410

Approximate number is 16064 CMA Pressure
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Meteorology Observe in China

98

Radiation station:




Meteorology Observe in China

Now?
Radiation station: 187

Approximate number is 187 CMA Solar Radiation
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Crops Growth Observation and SM Observation
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Crops Growth Observation and SM Observation

Soil Moisture
2438 stations
1meter deep
8 layers
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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)

Coverage of Regions




Remote Sensing Satellites. in.China

Satellites with high-spatial GF(0.5m)
(0.5m-50m)

@ Series from GF1 to GF12 (0.5m)
€ Jilin-1 Gaofen Series(0.7m, more
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Soil Moisture Remote Sensing

(1)Optical RS (2) Microwave RS




Soil Moisture Remote Sensing
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VOD and NDVI: which

Is more reasonable?
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Aciive amnel passive micreweave RS

Synthetic Aperture Radar
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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

Sentinel-1

0
Ocanopy

K=EEAE (vwC)

IEM #R L&A




a)

Retrieve SM of Sentnal-1

Flight Direction

Sub-Satellite Track
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Field observation in wheat grow duration
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soil moisture measurements

Volume soil moisture

— TDR, hand-held sensor; ‘
— accuracy: ~1%; m‘

Mass soil moisture

ML3 Zoil Moisture Sensor

 Soil cutting ring (100 cm?3)

* Drying oven: ~24 hours

" Soil cutting ring -




Vegetation water content(fresh-dry/dry Bio)

NO 1R HF2& H3K H4XK FS5K HFHeRK HFTKR HS8K

1 0 62.6 190.9 2416 365.1 506.1 4357.7  2759.6
2 0 58.3 187.5 247.0 104.8 355.6 3264.0 44511
3 0 65.2 184.0 242.0 144.0 467.0 3099.7  2660.5
4 0 69.3 193.2 244.6 140.5 403.2 3332.0 41083
5 0 67.0 188.2 232.0 216.5 731.9 2892.8 35105
6 0 61.5 190.2 2433 344.7 888.4 2181.7 39525
7 0 56.8 186.0 2507 2104 7279 3368.8 30458
8 0 72.3 182.2 2427 357.3 546.0 3380.2 35388
9 0 75.3 190.9 2323 2304 704.2 5086.2 4040.3
10 0 65.6 189.7 239.0 133.5 257.5 2567.0 1768.0
11 0 60.1 196.0 237.5 95.8 267.8 2867.3  3300.8
12 0 71.0 194.0 2419 185.6 2754 3289.5 20088
13 0 62.0 195.3 2421 164.5 745.8 2977.8 53833
14 0 62.7 186.3 242.0 326.3 514.5 3213.0 5403.1
15 0 69.4 185.3 2382 140.4 400.7 3822.2  3788.1
16 0 58.1 183.7 237.0 306.9 473.6 2637.8  2802.1
17 0 55.2 192.5 2371 169.2 338.3 3459.5  3136.5
18 0 67.1 2039 2443 280.7 796.7 5536.3 4816.6
19 0 67.0 193.6 230.7 96.3 757.1 4669.3 25726
20 0 65.5 186.1 239.0 2321 406.7 3725.8 47231
21 0 67.5 194.2 2414 209.2 651.7 5423.0 31225
22 0 704 184.4 236.7 178.6 542.0 3431.2  4281.1
23 0 69.9 182.9 2424 239.0 12858 30940 511938
24 0 62.2 193.6 2396 138.7 4133 3400.0 23854
25 0 69.0 186.1 2353 290.0 711.1 6465.7 4516.3
P 0.0 65.0 190.3 2393 212.0 566.7 3641.7  3647.9
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Sampled soil surface roughness

0 10 20 30 40 50 G0 70 80 0 10 20 30 40 50 60 70 80

75 samples 22 samples



Canopy Backscattering

a)

I Water Cloud Model
0.3 ® vs. xData, yData

Soil Backscattering 005 0

Wheat Water Content (kg/mz)

(r=0.7966; rmse = 0.0709)
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SM retrieved, m3/m
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Retrieve SM of Sentinel-1

fitted curve

1 1 1 1 1 1 1 1
0.05 041 015 02 025 03 035 04 045 05
SM Measurements, m®/m?3



Passive VMicreowave RS
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SM FY-3B/MWRI
SM of Ascending and Descending orbit

SM of Ascending orbit

T e e SM of Descending orbit
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5days product was combined by each days of 5days
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Field observation

¥ CASMOS N
¥ Weather stations w@,
- FY-3C footprints 4
s Province boundary
- Agricultural regions
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(CASMOS) : 158

3. 0-10 cm(surface SM)



SM between passive microwave and the field
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02342: SM of FY3C,AMSR2 and SMAP compared with the field SM

-0.15 0.17 0.07 0.27

FY-3C -0.02 0.12 0.11 0.21
m -0.12 0.13 0.05 0.63




NDVI

FY-3 Soil Moisture and NDVI in a Year
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FY-3C VSM Vs field observation

RMSE. MAE R
between FY-3C VSM and field observation

Error R RMSE(cm?/cm®)  MAE(cm?/cm?)
Month
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

soil moisture (0-5 cm)



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

rror RMSE
R MAE (cm?/cm?) MRE (%)
Model (cm?/cm?)
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 0.038 304
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




Precision of SM was improved After MBPNN

a) FY-3C VSM (Left)

b) MBPNN-3 SM (Middle )
¢) Field SM (Right)

Up to Down is Jan. to Dec. 2019

00 (1.2) 0.30 fem e’

(Wang Lei, Fang Shibo* et al.,
Remote sensing, 2020,12,1038)




SM blended and merged

SM blended and merged from 2075 filed observation stations

and passive satellite
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SM online (after merged )
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SM online (interpolation of field stations)
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Waterlogged Field: SM > maximum field water
capacity (Soil water saturated) more than 10days
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Minotoring Drought and waterlogging in China

Reports of Sustainable Development goals of United Nations, reported by CCTV13.
Drought : Soil relative humidity <0.5
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Spatiak-temporal distribution of water-logging and its impact on crops in China

Targe 131

1 i case study, e cbiervation dus of 2075 ausomut soll
moisture stations in Chins and 13 9-km dadly soil moisture
producs from the Soil Moisture Active and Passive satelite
(SMAP) were combined 10 genecsse 3 high-peecisica data sec
o duly volumetric sarface il (0-10) cm) moisture in Chine
fromm 2016 t0.2021. The preciion is % Ficld wasr capociey
et (Wi o o, 2021) were s s culeulae e ebtive water
coment of s e The secs of watr-logging wan obtsinod

The area of water-logged cultved land in China from July
o Septermber 2621w about 26 fimes tht o the same period
1 am average yoar from 2016 o 2029, Frocs July o September,
2021, the aen of waser dopging ascousand fo about 0% of al
caltresed b, wgmfcanly hgher than thot in e yesen More
pecscally & was sbout 26 imes he annal average fom 2016
1 2000 The wite-loging dnsscrs 52 Norsicas unt Norh Ching
were reltivly wevere (Figure - Ia), which had a segeine impect

by mapping the dain with 3 comeat greater
thn o e 10 90% for 10 comexuiive day to the distibicn.
of coivac b (e faermn exchadod). The imact of the moat
severe waterlogging on culivased land in 2021 was snalyzod
hascd ca the sol oksture .

The ares of water-deggiog in Ching's eulthvated land from
Octuber o Decrasber 2021 wan Larger (ks that s the sasme
period of previous years and affcted wheat sowing, The arcas
of wates-logged culivated lnd ia Hebe, Henss. Shandoag.

Lol A
~N
'
Y o ¥ .)_ N J
A o~ T
B % 3 ’ i
} =
B . -
[ §d \,—\
03 g £
02 14 2 Figure 61 Ratio distriburion of sy affected by water-logging in cultivated land from July to September and Oxctober fo
at c— Y Decermber, 2021

n

Py st

T 2022488 H LM A AE 20214F108-12 B BB HERLILL e v




Disasters Monitoring and Crops Health Diagnosis by Satellites and
Ground Observation

Temporal Data

IOT N pmer e Q
Agricult

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

1. Drought & Vegetation Monitoring in 2. Soil Moisture averaged in 2008-2019 with Tropical
Indochina Peninsula Cyclones
https://Iwww.wmc-bj.net/Im-en/index.html
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