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==l Overview
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The importance of monitoring soil moisture in Vietham

Soil moisture information can be used for reservoir
management, early warning of droughts, irrigation
scheduling, crop yield forecasting, index of climate change



Study area:
Red river delta, Hanoi (important rice
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Flight experiments 2009 -2010
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= Overview(Cont.)
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e (2009-2010): Use radiometers L,C,X bands, integrated with
GPS receiver for mapping soil moisture from the aircraft

(Aerial remote sensing)
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=t Methodology

Ground Airborne - Radiometer (L, C, X)
surveying l
MODIS
Extracting Data Logging Sensor
|
Obijects classification NDVI LST
SMI

Selecting experiment algorithm

Soil Moisture Database — Mapping by Spatial Analysis » Comparing




==L Instrument

e Radiometer

RDM type | L-band | C-band

Frequency 14GHz  35-37GHz 10.9-11.2 GHz

Bandwidth <40 MHz <30 MHz <30 MHz
Sensitivity <0.3K <0.3K <0.3K MW Radiometers
Integ.time 1s 1s 1s
Antenna beam 300 150 170 == -
width —
Input range 0-320 K 0-320K 0-320K ‘ 2

ftil

Software for RDM data
receiving and processing
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&FF Field surveys 2012-2013
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* Field Experiement




5y O0Iil Moisture Modelling

1A . (Cont.) ;
N
Models for compute SMC based on measured
data of radiometers
Schmugge and Choudhury
T, (0) =[1- R, (6)] Tor A6).
Brightness Temperatue of soil (T(z) = Tg)
Tpp(0) =e, (0)Tg=[1=R,(0)]Ts,

Fresnel equation: cosd —Je—sin’al|
R, (0)= .
I cosf ++e —sin” @
R (0) |£cosﬁ—ﬁ£—sinlﬂ|_
' |E‘COSﬁ+*JE—Sinzﬁ| -

Model dielectric coefficient Wang- Schmugge ¢ = ¢(Wc,T)

e=¢ +i.¢" =¢(W,SF,CF,SLF,P)
We<W,> e=me +(P-m)e, +(1-P)e,,

WaW 2 eWe, +(m =W,)e, +(P=m,)e, +(1=P)e,



—J7 4

SPACE TECHNOLOGY INSTITUTE

Define Dieltric Coefficient Assign assumed
Ts, Tair, ThiK)vs g E(Wg,) of soil as for Model variable Wsi = 0+i0.1;
SF%, CF%, Bulk density BD:- glem? Wang = Schmugge i=12,.

.

Compute Fresnel reflec. coeff.
from Fresnel equation I'(6e)

'

Define soil emission

ey= 1T, Be,
From data measured by L
ROMs, compute soil emission N Pﬂmpare
&¢— after comection of the b= ey —ey |
vegetation cover e,

Informed
FALSE

Average & inform
Ws = AVG(Wg,)




&s'? Calibration Radiometers before flying
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e Aerial Radiometer




Weasurements by airborn radiometers & field trip
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Data register & store

Real time data

Anten:
View Angl 0 =] o
Measurement.

No. ool
Frequency ol (!

T 50 o
Display.

Max Min

F om0 (@ Hz
veM 7 0]
e I 0
ss1 | 0 2
w12 0

Bck Coker L Cokor

Cusrent Position:
1059833 °g

Lon

021.0500 N

Radiometer connected at COM3

View Map

15000

Yeasu Qut

NMEA Meszage

F (Hz)

GPS receiver connected at COM4

29-12-2008

Rudng lia

10:56:51 10152
10:56:52 Rudng lia 10177
10:56:53 Rudng lda 10224
10:56:54 Rudng lda 10258
10:56:55 Rudng lda 10283
10:56:56 Rudng lia 10323
10:56:57 Rudng lia 10363
10:56:58 Rudng lia 10398
10:56:59 Rudng lda 10421
10:57:00 Rudng lda 10427
10:57:01 Rudng lda 10429
10:57:02 Rudng lia 10438
10:567:03 Rudng lia 10459
10:57:04 Rudng lia 10450
10:57:05 Rudng lda 10402
10:57:06 Rudng lda 10261
10:57:07 Rudng lda 10128
10:57:08 21.089926 105.954056 Rudng lda 10110
10:567:09 Rudng lia 10167

] 1210161033.txt - Notepad

File Edit Format View Help

Space Techuology Tastinuie - ST, VAST

Data file created for passive Raciomerer

F 502008

Blue iy calibration frequency = 1674F:

Blue sy temperatare= 5

Absorver catibration frequency = 115915z

Absorber temperature 31.2

Object— soit

Object temp. = 316

Surface roughness paramerer— .2

- 5%

- 10

BD= 1

Vegeusion temp.: 0

Vegetition param: 115

Satinity: Opsu

o Time  Ast | Freq | Eeim vSM SST WV Len  Lac

001 1033 o o 100 000 000 0000 1038533 0210333

002 1033 o o oo oo o000 0000 1058533 0210333

00z 1033 o 11054 095 003 000 0000 1053533 0210333

00: 1033 o 11054 095 003 000 00,00 1058533 0210333

005 1033 o 11055 005 000 0000 1055833 0210357

005 1033 o 11060 002 000 0000 1055633 0210337

007 1033 o 11003 002 000 0000 1055833 0210333

005 1033 o 11073 002 000 0000 1055633 0210337

00 1033 o 11051 002 000 0000 1055833 0210337

o1 1033 o 11085 095 002 000 0000 1058833 0210333

011 1033 o 1095 095 002 000 0000 1038533 0210333

012 1033 o 11054 095 002 000 0000 1058833 0210333

01z 1033 o 12079 095 002 000 0000  103.5533 0210337

01z 1033 o 11075 095 002 000 0000 1055533 0210333

01 1033 o 1070 093 002 000 0000  103.3533 021.0337

015 1033 o 1073 095 002 000 0000 1055533 0210333

017 1033 o 11072 095 002 000 00,00 1058533 0210333

015 1033 o 1072 095 002 000 0000 1058533 0210333

015 1033 o 11072 095 002 000 00,00 1058833 0210333

020 1033 o 1075 095 002 000 0000 1058533 0210333

021 1033 o 11075 095 002 000 00,00 1058533 0210333

022 1033 o 1051 095 002 000 0000 1053533 0210333

022 1033 o 11055 095 002 000 00,00 1058533 0210333

02: 1033 o 11055 095 002 000 0000 1053533 0210333
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* Frequency measured during flight
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= n Objects classification

e Classification and treatment of emission objects
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Data Processing
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e Calculate Soil Moistrue

itute - Space Technology Institute - STI, VAST
Epace. Technology |nStItL.lte STI., VAST — y— Th(Sky) —Th(Abs) THUC NGHIEM HOAI BUC.HA NOL20-6-2013
ata file created for passive Radiometer Gia Lam 16/10/2012 ——

. 2626 o f(Sky)— f(Abs) File EMIS_WS.XLS e

Fbluesky= 1674 Hz RM coeff. Angle = 0 i

Tbluesky=__|5 deg. K 0.0302 [Exp data " Emiss_bvsiest

Fabsorber=  [11501  |Hz He so A= 0.03017 0.6481 0,120

Tabsorber= [31.2 deg. C 0.6107 0.145

Object Soil 0.6257| 0135

Object temp. [33 deg. C Object temp. Thi :Tb(Sky)+Tb(SKY)—Tb(AbS)(ﬁ7 (sky)) | 05738 0170 1

Sur. Roughne .2 Rice 33.1  |deg.C f (Sky) - f (Abs) 0.5552  0.185

SF "58 Soil 33 [deg.C 0.5337/.0.205

CF :16 River deg.C avg = 0.160

B0 L Input data Freq, Hz

| R I Procsengia | FreqGHz=| 1.4  1.40E+09 epsr'= 55 Pure water dielectric model (see Ulaby et al., vol. 3, (E.14)-(E.19))

[ _No. [ Time | Freq. | Lat. | Lon. | Object | Tb(K) | Tbn |Emiss [Vmest |doam %| Zi'"n:’jc - 535513‘ :; EPS?:)S:} TX:EZ) ZN":‘YM Epf:m EPS:;DE
1166 11:14:43 10656 rw?ng 275.9907 275.991  0.9016 0.33000 33 CFz P 22:85 0:1 we rc - G wr P
1167 11:14:44 H0ES2 ruong REShy U587l 0012 0.33000 3 BD, glem3 =~ 1.06  Angle, rad EPSa’ 1 0142 02867 0400 023 0600
1168 11:14:45 | 10665 rugng 2762622 276.262 0.9025 0.33000 33 Angle, dog— 80 1007 eron— TS
1169 11:14:46 10674 21.0988631 106.012026 ruéng 276.5337 276.534  0.9034 0.32000 32 h= 01
1170 11:14:47 10667 rugng 276.3225 276.323  0.9027 0.33000 33
117111:14:48 [10650  121.0985065 106.012078 rugng 275.809 275.81  0.901 0.33000 33 Wc=VSM  EPS'x,r1 EPS'x,r1  EPS',r2 EPS"x,r2 EPS's  EPS"s A=sin"2  C=cosf{tita r  Re(B) Im{B)  Re(Sqrt(B]IM(Sqrt{BZNAMh ZNAMv TCHISv"2
1172 11:14:49 10617 rudng 274.8140 274.814  0.8978 0.35000 35 0 3.20 010 3171 162 280 0.08 0750 0500 2052 2050  0.080 1432 0028 373 8025 0.01
1173 11:14:50 10580 rudéng 273.6977 273.698  0.8941 0.36000 36 0.01 4.42 0.17 3171 162 283 0.08 0.750 0.500 2.086 2.084 0.082. 1.444 0.028 3.780 8.190 0.00
1174 11:14:51 10552 rugng 272.8529 272.853 0.8914 0.38000 38 002 563 0.23 3171 162 2.89 0.08 0750 0500 2144 2143 0085 1464 0029 3858 8475 0.00
1175 11:14:52 110516 rubng 2717668 271767 0.8878 0.40000 10 0.03 5.85 030 3171 162 298 0.09 0750 0500 2227 2225  0.089 1452 0030  3.969  8.385 0.00
1176 11:14:53 10472 rong 2704393 270439  0.8835 0.42000 n 0.04 8.06 036 3171 162 3.8 0.09 0750 0500 2335 2333 0094 1528 0031 4112 9424 0.00
ww  dswe e den oow o @ smes an imw  om o om sw tw sm imowm moom e
1178 11:14:55 10292 NG fey 265009 08658 0.50000 50 007 1171 056 3171 162 355 0.12 0750 0500 2802  2.800 0119 1674 0036 4726 11802 012
1179]11:14:56 B 210953988 |106.013099 WQHE B 203308596 0.50000 50 008 1293 062 371 162 375 043 0750 0500 3007 3004 0430 173 0037 4991 13048 0.26
1180/11:14:57 |y rugng B 2652595 0.50000 50 003 1415 063 3171 162 398 0.14 0750 0500  3.236  3.233  0.42 1799 0039 5285 14377 0.53
1181 11:14:58 10243 ruong 263.5303  263.53  0.8609 0.50000 50 01 1536 075 3.7 162 424 0.16 0750 0500 3490 3486 0155 1868 0041 5607  15.00 099
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=t Spatial Analysis
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* Mapping soil moisture from aerial remote sensing

$°84
§

S8BIBHRUSSUEUBLEE

TRRRNNRUNN00000% <25




Soil Moisture Index using MODIS data
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LST

MODIS

Dry edge & Wet edge | ——

/" \

NDVI I




i SMI Methodology

e Dry edge and Wet edge detection based on
scattering of LST and NDVI using MODIS data
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SMI Mapping
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RESULTS
SMC map of Red river delta, Hanoi - 2013
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Legend Soil Moisture Index. Oct 2012
field_bn_utm|
°
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Red river delta, Hanoi (important rice

Study area:

fields, SMC changes)

* Site Location
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= Future work for SMAP CAL/VAL
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Cooperation with UPC (Universitat Politecnica de Catalunya-Spain) or
other for Radiometer sensor ?

Using UAVs for monitoring soil moisture on wide areas (rice, coffee
plantation, etc)

UPC radiometer
UAV

UAV(VAST)
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THANK YOU FOR YOUR ATTENTION !

Contact: dmchung@sti.vast.vn
chung sti@yahoo.com
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