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Towards algorithm improvement of satellite remote sensing for soil moisture by
modelling relationships of dielectric behavior and soil-water-retention
characteristics

Tsujimoto, Kumiko

3,400,000

This study aims to deepen the understanding of the relationshiﬁ between soil
water retention characteristics and soil dielectric properties, and thereby improve the accuracy of
microwave remote sensing of soil moisture from satellite. By conducting laboratory measurements of

soil permittivity taken from various locations in Japan and Cambodia, a new dielectric model was

developed which links the dielectric behavior of wet soils to their water retention characteristics.
The effect of applying the newly developed dielectric model for microwave remote sensing of soil
moisture was quantified for various soil types across the world, with information on the comparison
with existing dielectric models.



—
| =1
R
- —

100
/‘\ @ wang and schmugge {1980)
°
A% ® Dobson et al. {1985)
® Mironov et al. (2004, 2009)

\“9 ® Experiments in this study
(61

\r%‘
/ A R N
i &N
S 60/ X A °,
& / N\ 2
g/ & %
§ s/ sl %
& L J
20 Q A andy \® \ clay "5 &
/ 40 / clay w
clay loam 2lity \‘ \ A
\ . X

clay loam

30 £
/ sandy clay loam

&
20 S
\( . s;t lnam
(4l

10 aam’ loam
[5]‘53‘&5“\1 sy

% 2,
2 ® % - % % 5 % v °

<«—— Percent Sand

€

2.
2022
Ba% =
HHEKS Topp
5~30%
h Bex
HWSD / Dobson —  BREOE
Sand/Clay
Bulk Density
| Ba%
= ¥ Mironov YT sFaRoE
USDA
Soil Type / \
BEx
|  WangSchmugg™ | BREOR
3
Bex
. Tsujimoto > BRR0E
3.
— F 4 ,
% oss P T 2 <IN S 6
060 |- 5 = |3 i
. o o g[S a
E o055 z (a) ]
2 050 - Schaap et al. (2001) |
2 osst
S o040 |-
E, 0.35
@ 0.30 -
Z ozs|
Q 020
L2 0.15 -
© 010
E oo0s |
© 000 . L L L :
> 10t 100 100 102 108 10 105 108

matric potential [-kPal

4. Pedotransfer

2022



@

®

C)
O1C)

®

JAXA
GCOM-W 2012 5
AMSR2
ESA SMOS
Soil Moisture and Ocean Salinity 2009 11

©)

3
Harmonized
World Soil Database v 1.21 0-30cm
Pedotransfer
4
Dobson Dobson et a., 1985  Mironov
Mironov et a., 2004, 2009  Wang and
Schmugge Wang and Schmugge, 1980
1
@
Dobson Mironov
Mironov

5

@

Dobson etal. (1985) %sand, %clay,
* JAXA
Mironov etal. (2004) %clay
Wang and Schmugge 0 0
(1980) %sand, %clay
%sand, %clay
(2022)
0.40
(a) Mironov

Wang-Schmugge

0.15 1
0.10 1
0.05 1
0.00 i . . ; i i ;
10 20 30 40 50 60 70 80
volumetric clay content [%)]
(b) 100 1.4GHz (W)
e —
. 1z —
90 Saars )
10.65GHz (M) ——
80 f- 36.5GHz (M) —— -
70
2
S 60
E N
E 50F >
5] g
Q 40F e
80, Fespers -
B — —
10 ——::::::::=======
0

0 10 20 30 40 50 60 70 80
volumetric clay content [%]

52 oyt T T T
a
48 10MPa
100MPa
P
a
40 400MPa
36 500MPa
600MPa
32 700MPa
>28 | 800MPa
S measured €/ ©
£ 24 | measured€” 4

I Bentonite

permittivity

00 01 02 03 04 05 06
volumetric soil water content [m® m™31

0 ~ -800MPa
2022



)

Birchak

and Dasberg (1993)
50%

Birchak etal., 1974

Dirksen

Hilhorst Hilhorst et a, 2001

Dob;on r—
Mironov
i
30 /—
7.3GHz i
25
2
=
g 20
[T
2 15 |-
10
5|
o i i
0 10 20 30 40 50
SMC[%]
7
2023
2.
RMSE 7.3GHz
2023
Dielectric model \%
Dobson 0.0682
Mironov 0.0353
Wang& Schmugge 0.0197
Tsujimoto 0.0195
0.60 — T

0.55 -
0.50
0.45
0.40
0.35 -
0.30 -
0.25
0.20 -
0.15 -
0.10
0.05 -

volumetric soil water content [m3 m'a]

-500M pa
Debye Debyeetal.,
1929 50%
Pedotransfer
van Genuchten
2023
7 2
Pedotransfer
Pedotransfer
Pedotransfer
€))
9
ISW
JAXA Dobson
ISW 025
Dobson 18
24%
LAI
AMSR2 SMOS

0.00 i i i i i
10" 10° 10" 10% 10° 10* 10°
matric potential [-kPa]

8 Pedotransfer
Pedotransfer
0.40 (a) T T T T
0.35 -
0.30 -
0.25
=
%]
= 0.20 -
0.15 -/ Dobson
Mironov
0.10 -/ Wang-Schmugge 5
Tsujimoto
005 1 1 1 1
0O 10 20 30 40 50 60
volumetric soil water content [%]
9
ISW

2024



C)

10

11

AMSR2

Pedotransfer

Pedotransfer

SMOS

SMAP

1.0
-1.50-1.25REF -0.75-0.50-0.25

0
0.25 0.50 0.75 REF 1.25 1.50

MONGOLIA

\
T R B

2 Yo
?

SMOS-
552~
22835

0.

LAI<0.1

\
I

— + Bias
V /\>10%

vV A 510%
v s <5%

ARM
CTP

FMI
FR_Aqui
HOBE
MONGOLIA
MySMNet
OZNET-1
OZNET-2
REMEDHUS
RISMA-1
RISMA-2

10 0| 10 9| SMN-SDR
-1.50-1.25REF -0.75-0.50-0.25 0.25 0.50 0.75 REF 1.25 1.50 -1.50-1.25REF -0.75-0.50-0.25 0.25 0.50 0.75 REF 1.25 1.50 X o
Permittivity @ 1.0GHz Mironov—Topp 20%
“F con o e
0 e - BON
o o
200 200
e e
208 208
L Se—
=8 -4 -2 -1 -05 o 05 1 2 4 g
@ 1.0GHz  Tsujimoto—Topp 20%
son -
Ed
son| =
o
200
€
208
SGw 3 e 3 EQ o EC o THow 12w o EQ Sow w
————
2 1-0s o 05 1 2 4 g e o 2 o o o V 2 4 g
11 20% Topp

Dobson, Mironov, Wang-Shmugge,




75-2
2019
B1( ) 1_7-1_12
DOl
10.2208/jscejhe.75.2_1_7
Tsujimoto Kumiko Ono Kotaro Ohta Tetsu Chea Koemorn Muth E-Nieng Hor Sanara Hok Lyda 19
Multiyear analysis of the dependency of the planting date on rainfall and soil moisture in 2021
paddy fields in Cambodia, 2003?2019
Paddy and Water Environment 635 648
DOl
10.1007/s10333-021-00863-6
Tsujimoto Kumiko, Kuriya Nana, Ohta Tetsu, Homma Koki, So Im Monichoth 464
Quantifying the GCM-related uncertainty for climate change impact assessment of rainfed rice 2022
production in Cambodia by a combined hydrologic - rice growth model
Ecological Modelling 109815
DOl
10.1016/j .ecolmodel .2021.109815
151
1 36 GHz 2022
3 24
DOl

10.34467/jssoilphysics.151.0_3




78

2022

B1( ) 1_517 1_522
DOI
10.2208/jscejhe.78.2_1_517
Kumiko Tsujimoto 11
Comparison of the Dobson model with other dielectric models at the C-band microwave band 2023
Journal of JSCE B1-E0089
DOI
10.2208/journalofjsce.B1-E0089
80
AMSR2 2024
B1( ) 23-16094
DOI
10.2208/jscej j . 23-16094
150
2022
62-63

DOl




156

2024

83-85
DOl
19

64

2019
2019 2

2019
0.025-4.0GHz
2019

2019




Mironov

2019

2019

Kumiko Tsujimoto, Tetsu Ohta

Examination of Dielectric Models in AMSR2 Soil Moisture Estimation Algorithm for Japanese and Cambodian Soils

European Geosciences Union (EGU) General Assembly

2020

2020 69

2020

-2020

2020




Kumiko Tsujimoto

Addressing the Climate-Water-Agriculture Nexus in Cambodia through Field Observation and Numerical Modelling

2021

2021

GCOM-W AMSR2 Mironov

2021

2021

2021

67

2022




Kumiko Tsujimoto

The AWCI Activity in Cambodia: A “ Water-Climate-Agriculture” Integrated System.

GEO Virtual Symposium 2022 - Global Action for Local Impact -

2022

2022

2022

AMSR2

68

2023

32

2023




2023

2023
C
2023

2023

6
2024

SC-PDSI
6

2024




https://monsoon.env.okayama-u.ac.jp/




