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Note: Soil bulk density is 1.2 g-em™; Soil temperature is 15 ‘C; Soil mass
fraction of sand is 50% and clay mass fraction is 10%; Root mean square height
and related length of soil roughness are 1.25 and 10 cm, respectively.
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Fig.1 Change of vertical polarization emissivity with observation
angle in soils with different Soil Moisture Contents(SMC)
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a. Relationship between Brewster angle  b. Relationship between Brewster angle
and soil temperature and soil bulk density
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Soil bulk density/(g-cm?)
b. fiff RS IR RN R

Soil moisture content/ (cm™-cm™)
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d. Relationship between Brewster angle
and SMC

c. Aif&HRifA S H KRR
c. Relationship between Brewster angle
and H

Note: H and D are root mean square height of soil roughness and soil bulk density, respectively.
B2 AEHHE AL SMC X £ Gk aHt

Fig.2 Robustness analysis of relationship between Brewster angle and SMC
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B 505 AN—Mttk, SMC. LR LA K IR SR 24

PAE PUBSOKIR) V0 B P9 B RLECAEL, RS P2 1) 21 i 7 AL R
M ATEM BB 5 7 Fb AR e Gt o, 48
BRI FWAREOG . FHNEAOCH G x-S,
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Table 1 Input soil parameters of Advanced Integral Equation Model (AIEM)
kit TIPS AR T HERIKEE Soil roughness WLRESH B ES R NE +iR
Indexs SMC /(cm®cm™) #H2EKFE Related length/om  H/cm  Sand content/% Clay content/% Bulk density/(g-cm™) Soil temperature/°C
HU{E Y5 Value range 0.05~0.42 7~12 0.25~4.0 40~60 8~15 1.0~13 15~30
LVSIEWIRrS ' ) ” " - ) .
Method for value determination el el KL KL Ll KL Kl
#4ii i Data size 500 500 500 500 500 500 500
XF 500 BT 5 ANV IRACRSTRERRME 2.3.2 AR BB R R

AP A PR AT SR 42 515 31 L6 B F A 1 BT A, IR ER
A 400 ZHEHE T AR Re A IEVMES SMC KRB [E
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K 3a Fias, AifHirs A MIEYIME S SMC 2 1814 B (1)
XK, RPN 094, ¥HRIRZEN 0.027 cm’/em®s F
AR TFH 100 HEAR X REB ST TIE, 4558w
B 3b Fis, HEALH SMC TRINME 5B SHE MK R® IAH
0.95, ¥TRIRZEN 0.024 cm’/em®, WAFSE R LR (6)
A RO SR FR MR 35 KR

SMC = 0.10tan(6,)—0.18 (6)
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Tangent of Brewster angle
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a. Linear fitting results

Soil 1

o
o
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— 1: 1£81: 1 line
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Ture soil moisture content/(cm™-cm)
b. BRI RS,
b. Model verification results
F: *FR P<107. TR
Note: * means P <10”. The same below.

B3 R TAEN A A 69 SMC RURAEA Ay b e
Fig. 3 Establishment and verification of SMC inversion model
based on Brewster angle

LR AR B K ZE T
Estimated soil moisture content/(cm?* cm)
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0.027 em’/em’, X 3 BA FE T A 17 Wik A 1) - 387K 00 I 3
SRV 0T AN [R] 288 B 1) - 498 5 THDRELDRE B8 AR5 0E 3 A B R
MIRF I o

®2 AEHEREEBEXERBTHEIELSR
Table 2 Verification results under different roughness
autocorrelation functions

F%E Wl

RMSE/

Autocorrelation functions Data size (cm®-cm™)
1 #4195 Gaussian correlation 100 0.95*%  0.025
$8%0AH 5% Exponential correlation 100 0.94*  0.026

A FEFUFIS Transformed exponential correlation 100 0.96*  0.024
FAEARSCHUAN IS Power-law spectrum correlation 100 0.94*  0.026

x-THH2% x-power correlation 100 0.95%  0.024
x-TEHUHI 5% x-exponential correlation 100 0.96*  0.023
JF8HUHH 9% Exponential-like correlation 100 0.93*  0.027
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B3 HT, BRER 2 ff1 FE 4 B ki 2 SR A s A L 338K 4y S i
RN T 7. g5 R

1) 7E C WBL (6.6 GHz) , 384 {7 el # 6 135
2 I7K# (Soil Moisture Content, SMC) E. 45 1 5 f B
PE. SMC A B3R TR M R AR 15° 19384k, Tk
S5 R i PR RN 138 S5 2 HIO0T 9B AT AR BT R AR 1 S
At 2° .

2) JEIER AIEM FBEAEEE 1 A R, A A
FEMIEVME S T3 EKEBEFRIFM—8UE R R, it
WA RE RECN 094, BITREZEN 0.027 em’/em’, JE
TUCHR T T e SR AR S A 175 R A ) g Ak
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Inversion of soil moisture based on Brewster angle of soil microwave
radiation

Ma Hongzhang?, Ai Lu?, Liu Sumei®, Sun Genyun?, Sun Lin
(1. College of Science, China University of Petroleum, Qingdao 266580, China; 2. College of Oceanography and Space Informatics, China
University of Petroleum, Qingdao 266580, China; 3. Geomatics College, Shandong University of Science and Technology, Qingdao 266590,
China)

Abstract: Soil moisture plays a major role in the water and energy budgets of continental surfaces. In the inversion of soil
moisture using passive microwave remote sensing technology, soil roughness is the most critical factor restricting the accuracy
of the inversion algorithm. Multi-angle remote sensing data has certain advantages in obtaining surface roughness information.
Therefore, multi-angle passive microwave observation data has greater application potential in soil moisture inversion. At
present, there are few studies on how to use multi-angle passive microwave data to reduce the effect of roughness on soil
moisture inversion. Therefore, this study explored the application method of multi-angle passive microwave remote sensing
data in soil moisture inversion by analyzing the multi-angle simulated data of soil microwave emissivity. In this study, the
Advanced Integral Equation Model (AIEM) was used to simulate the multi-angle microwave radiation of the soil with different
Soil Moisture Content (SMC) and roughness. The Brewster angle was calculated based on the trend of the V polarized
emissivity with observation angle. The calculation results of Brewster angle showed that Brewster angles of soils with different
moisture content distributed in the range of 60° —80° . Based on analysis of the simulated data, Brewster angle had a good
consistency with SMC while Brewster angle was not sensitive to parameters such as soil temperature, soil bulk density, and
soil roughness. The Brewster angle would change by 15° with SMC changed from 0.05 cm*/cm® to 0.40 cm’/cm®. When the
root mean square height of soil roughness increased from 0.5 cm to 3.5 cm, the Brewster angle value increased with the
increase of roughness, but the maximum change in angle did not exceed 2°. When the bulk density of the soil changed from
0.9 g/em’® to 1.4 g/em’, the Brewster angle value increased by no more than 1° . The soil temperature changed from 10 °C to
35 C, and the Brewster angle changed with the increase of soil temperature. When the root mean square height of the soil
roughness and the soil bulk density were combined with different values, the maximum change of Brewster angle did not
exceed 2°. This showed that the total influence of soil roughness and soil bulk density on Brewster angle had no obvious
accumulation of errors. This study presented an algorithm for inversion of SMC by using the Brewster angle information of
soil microwave radiation. Through the analysis of simulated data, a good linear relationship between the tangent value of
Brewster angle and SMC was found. The regression results based on simulated data showed that the coefficient of linear
fitness between the tangent of Brewster angle and SMC was 0.94, and the root mean square error was 0.027 cm’/cm’. The
verification results based on simulated data showed that the coefficient of determination between predicted value of SMC and
theoretical value was 0.95, and the root mean square error was 0.024 cm®/cm’. The inversion algorithm proposed here had
robust characteristics for different types of soil roughness autocorrelation functions. The prediction accuracy of the algorithm
for SMC was little affected by the roughness autocorrelation functions. For different types of roughness autocorrelation
functions, the root mean square error between the predicted value of SMC and the theoretical value was 0.023-0.027 cm®/cm’.
The SMC inversion algorithm based on Brewster angle utilized the relative change of multi-angle soil emissivity rather than its
absolute value and this research provided a novel research idea for the inversion of SMC by using multi-angle passive
microwave remote sensing data.

Keywords: soils; moisture; remote sensing; soil roughness; passive microwave radiation; Brewster angle
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