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Abstract: Soil moisture is the link between the surface and atmospheric circulation. It is an important part of hydrological
cycle and water-heat balance. And it plays a key role in vegetation growth and efficiently agricultural irrigation. Therefore,
accurate and fast soil moisture remote sensing inversion results are importantly basic data for agricultural production and
ecological environment protection. The MODIS-MYD09A1 data with a spatial resolution of 500 meters and a temporal
resolution of 8 days was used to calculate the surface albedo. The MODIS -MYD13A1 NDVI product data with a spatial
resolution of 250 meters and a temporal resolution of 16 days was used to calculate vegetation coverage. In order to improve
the estimation accuracy of the remote sensing soil moisture in the Shiyang River Basin, bare soil albedo was calculated by
using vegetation coverage and surface albedo trapezoidal characteristics space scatter plot, this is to reduce the error of

vegetation on soil moisture in remote sensing. The measured data was used to evaluate the accuracy of the inversion model.
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The inversion results of the bare soil albedo model were used to grade and map. At the same time, the spatial pattern of SM
and its influencing factors were analyzed through stability analysis, spatial autocorrelation analysis and geographic detectors.
The results show that; (1) The bare soil albedo model could yield more accurate soil moisture inversion accuracy in the
Shiyang River Basin, which provided a new method for the SM calculation at the watershed scale. (2) Soil moisture had
obviously spatial autocorrelation, Moran’s value was 0.88 (Z-score=1852.94, P <0.01). Forest land in the upsiream was
high-high aggregation. Desert in the downstream was low-low aggregation. Soil moisture was significantly correlated with
fractional vegetation coverage (P <0.01). (3) The annual overall stability of the soil moisture in the Shiyang River Basin
being good, good stability and better stability area accounted for 88.34% of the study area. (4) The spatial distribution of
soil moisture was affected by multifactor. And the explanatory ability of each factor was significantly different. Among these
factors, vegetation coverage had the best interpretive ability. Soil type was in the second place. Elevation was in the third
place and land use was at the end. The interaction between factors enhanced the explanatory ability of the spatial
differentiation of soil moisture. (5) The soil moisture of different land use types was quite different. Among them, the soil
moisture of most unused land was less than 7% ; the soil moisture of grassland and cultivated land was at medium level,

with soil moisture value of 7%—15% ; the soil moisture level of woodland was the highest, and soil moisture value more

than 25%.

Key Words: geodetector; Shiyang River Basin; soil moisture; trapezoid feature space; spatial autocorrelation
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Fig.3 Sample distribution under different vegetation coverage
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Fig. 4  Trapezoidal feature space scatter plot of vegetation

coverage / surface albedo

F1 MREBER/RTREBROTHEKSEIEREE

Table 1 Sregression model of surface albedo / bare soil albedo

£ FR Name 5 Model R?
37 B A Surface albedo model P =-26.8In(x) - 15.885 0.5136
2 HEZRAAY Bare soil albedo model P =-43.01ln(x) - 41.858 0.8007
F2 HEEHBESWSER
Table 2 Accuracy analysis and comparison of models
SR R b S HR AR B R e psi
s Measured points Surface albedo model Bare soil albedo model
iiac2 s - 3
-
Number g - SM 5 fh5HA (GEACN
Loneitud Latitud SM measured  Estimated AE RE/ % Estimated AE RE/%
ongtiuce atrude value/ % value/ % value/ %
01 103.634 39.133 10.87 10.96 0.09 0.81 10.72 0.15 1.36
02 103.638 39.132 8.57 11.10 2.53 29.52 4.63 3.94 45.92
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SEPUAE A Hb 3R AR M S R AR Y
. Measured points Surface albedo model Bare soil albedo model
N P TE = TR T T
Longitude Latitude SM measured  Estimated AE RE/% Estimated AE RE/%
value/ % value/ % value/ %
03 103.250 38.771 3.12 6.40 3.28 105.05 2.93 0.19 6.21
04 102.935 38.451 12.11 22.62 10.51 86.80 10.19 1.92 15.89
05 102.903 38.413 17.04 22.62 5.58 32.76 18.04 1.00 5.89
06 102.846 38.377 17.26 25.66 8.40 48.66 18.04 0.78 4.54
07 102.756 38.205 24.63 26.21 1.58 6.42 25.68 1.05 4.27
08 102.654 37.922 26.61 25.25 1.36 5.11 26.88 0.27 1.03
09 102.710 38.098 27.32 20.12 7.20 26.35 24.35 2.97 10.87
10 102.204 37.911 20.72 25.19 4.47 21.57 24.22 3.50 16.88
11 102.183 37.891 24.30 23.72 0.58 2.39 20.30 4.00 16.45
12 102.011 37.833 26.5 27.25 0.75 2.84 24.03 2.47 9.33
RMSE=4.68 ,MAPE =30.69% RMSE=2.30, MAPE=11.55%
,TIC=0.31,R*=0.67 ,TIC=0.14,R*=0.92
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E/‘Jﬁz W’E’pﬁo FUG E‘J%%‘@ﬁi‘% SM jL%ﬁjgf:Z:/} s % Fig.5 Spatial distribution of soil moisture
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2.6 SM %5 [H] F AH AR

FIIF ArcGIS il Geoda BRAF/ HbIF 5% X 37K 43 19 25 A SR AEHRAE , 42 )7 Moran’s T REUH 0.88( Z-score =
1852.94, P <0.01) , R WA I SM AAAE R B Y 42 Jmy 25 6] [ ARG 3 Moran's T #0s EIANEL 7 Fis B i 3=
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Fig.6 Characteristics of soil moisture stability
B v (IEZS 8] HAHDG, 4 21.95% ) , EBE0AG T A7 300 e R e R P07k B A5t ARG ( 1E 23 1] A

A, 15 30.33%) , EEFE A0 T T i BB e 8 X MR- (T ZS 6] FH AR C, 5 0.04%) -k (HaZs [6] [ AH
%, 15 0.01% ) XA 5 FERRAG , LR PR AR AR . v iy X s U)o 00 M I 38 1 s i) A S ARAE

W5 0 138K 43 Lag soil moisture/%

+37k 4 Soil moisture/%

7 13#EK454ESE Moran’s 1 REHAE
Fig.7 Scatter plot of soil moisture global Moran’s I coefficient 8 TEANSBENSHE

Fig.8 Soil moisture cluster distribution
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I (¢=0.42,P<0.001) >+ M (4=0.37,P<0.001) > 2 (¢=0.22,P<0.001) >+ H | (¢=0.09, P<0.
001), M FVC RiZHLIX SM 25 [M] 73045 i - R 2, BRI . KSR 2041 (6] 9) FAg BRI 25 5Bt
(3% 3) R AN[E] L HO R IR SM B SE M A 7E 22 57, e rpobkit SMOSE R BF R 2 R AR/ . AN TA] -
HERAIN SM WS MAF R R 22 5% . H SM TEAEAZ A FAEHT, M2 2 I E RS B, 38 3 15,38
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fRRE S, T2 B TR Y g A, RIS DR 28 AR PR I R ik i) 2k PR 1 088 S8 A, EL VIR
SM =5 8] 73 A B E A 8 35 28 5

9 REEIRMZRLER
Fig.9 Results of risk detector

£3 ZERVBMETRENRER

Table 3 Results of interactive detector and ecological_detector

+ 1A H et =<3 T i
Land use Soil type Vegetation coverage Elevation
T A Land use 0.092
LA Soil type 0.404" 0.374
FHYL7E 35 Vegetation coverage 0.430" 0.503 * 0.420
=72 Elevation 0.253* 0.458 " 0.473" 0.223

FORARLAE IR, ELWIR 0 SM 23 A1 53 A1 AR I AA e S 35 22 5 (R MKSF0 0.05 /Y 1 KRB )

3 iTtig

23 I GETHANR] L 2R TR ) SMARAE (36 4) I A7 303 P 2 b b v AR/ D | 2 203 A A T 4R 505
A LA TR, e SM (R =5 24.28% , 4%)Z A5 MU S A i 48T o3 A1, e SM B (R AR X 45
o B AN E T B R T OR X, 12 S Y DX N TR 23 S, RO A, 2R B R s AL
SM AR A B FE A 7 s A B 2 1D 21X, AR A0 75 A0 A h A8 i ey, R e % 2y
AR E b SM AR S BAR . AN LA FE v e, 3258 IR T ZE A, e 1y e A 00 J N T AR e v
ARG AL g L X, 32 DI AR LB, AR AP BB P B2 Ao, LSRRI SR BUZ IR, 28 /N, 5 T SM AP FF
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XM HH SR IAPERT $IE R R S R AR A B2 55 A5 G, IX BB X S8 A7 R DAy A 2 1]
SIATERTE A T BT

R4 AFAGRBEELELRN T KSR

Table 4 Soil moisture characteristics of the main soil types in the Shiyang River Basin

e £ THIAH B/ME HRRE F-H1E FrifE2E
Soil type Area/km? Minimum/ % Maximum/ % Mean/% Standard deviation
A% £ Semi-leached soil 964 3.05 63.85 24.28 10.23
#5214 Calcareous soil 4994 0.18 71.21 14.17 6.57
FE+ Arid soil 3571 1.59 32.77 9.37 4.98
% 1 Desert soil 5911 0.72 32.26 4.27 4.75
I + Primary soil 14080 0.30 30.52 4.11 4.30
27K £ Semi-hydrated soil 1299 1.85 34.43 4.79 3.92
558+ Saline soil 1442 0.68 24.83 2.08 4.76
AN+ Artificial soil 4023 1.95 28.62 9.03 3.13
Ei1li £ Alpine soil 4006 2.23 56.67 11.14 10.77

RIS [F] = R FH 2 AL G = K R 480 R 1 (& 10) 28 (R SE 45 oo A Y SMOIRIE (3%
5) o FHBRHB AL T A4 DL R KR e X 29.79% , FR AR X 53.48% . #i SM KER AL T
FAE K o R X B 69.92% , 451K 6, K BLELHL S8 AT SM F2E PEARUT . MR SM OB IR
FR 2R N DL A 80.97% o ARH ML RT3 1Y SM A, Horb T 38 44.7% 5T 33 49.63% ., AS[A] ()
- H A2 AIXF SM AG E LRS00 , MR 7 396 55 = K o i T HE A B

R5 ARTHFAANTELEXSESLT

Table 5 Different soil moisture percentages for different land uses

- 25 4 #2538 S P8
LHFIH Land use Dryl/% Drzi%r I/% Med?zf /% W:ﬁj% M&f% Tmalir%
il Grass land 5.57 29.79 53.48 10.80 0.34 100
#iHh Arable land 1.94 23.53 69.92 4.55 0.04 100
Mt Wood land 11.19 7.79 27.96 34.06 18.95 100
FHHIHL Unused land 44.70 49.63 5.54 0.10 0.00 100
JKAA Water body 33.97 7.94 16.19 15.24 26.67 100
H 5 M Construction land 0.00 9.38 19.53 60.16 10.94 100

- 5K 3 FAF DY A 55 B 23 [RIAH DG 20T (&1 11) 3R . SM FI FVC HAT B0 (A DG | Al 7 o B %) + ¢
ARGy AE T E S T DX B B B R DX R B R 17 [R5 AH O (R =-0.57,P<0.01) , o B
66.51% ,HfHh 5 25.96% , F LR IR X SRR D ZEHUL SR AL, AR RAEBOK 7l DUt + 38K o 3 R
FITF K A PR3, (b A 138 o A 4 HL A FEE KR, DR B il o e 3/, FVC 5 SMAEFE Al
K(R=-0.37,P <0.01) X IR B /0HOFE T U, 72 DXIREE T B FF 35 FRUD ISR 1S 45 B VDB VI AL 300 52 i 55
Ko G SMIFESHIE S HEA 3, EirmESR IX I SM 5 FVC Ik 1E (758 41 3¢ (R =0.49, P<0.01) ,
PR 5 80.16% , 4R A = IX I FVC 5 SM M IEAHXE (R=0.13,P<0.01) , Hfbkhb 5 38.25% , K LMl
XFSM B T IE [ 5 0

WA S O AE R, - HEAK AR H A B K S I R R R DA R A28 TE S AR R AR, H
TE/NRE ARG K SCE R FAR—F I AR b FH A% A2 A0 0 B A B MR SM A543 R AR Ak i) B R &R
B 7 i v 1) DX 3R ZE U BN AR T SMUAREE RIS ASTR] i Rt A s ma VR i v T DX Sl 7 2
AR H 2 g picHl fifi i 3RO TN, AR 2 R RBER IR R LG K Wi 208 T 0R)2 3 1 B Ui
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Fig.10 Types of land use Fig.11 Correlation between soil moisture and vegetation cover

FR T 7K, i L DX ok AR S5 %k K 3 IR B B 2 WA 15 TR SR AT ST, DU — 254 i +
B o3 B TR A SRS BE

4 it

(1) 30 0 1 3 2 BRI BY 7 25 ) B0 T AR 0E 4 () 1B i B, T T A B3 3 = 398K 4%, T B
b I 53 T i St R R - K A SR B A TR OB Y SM TR L T O S AL
TG, 25 R AR X S PRI L

(2) AT IR A 8K 73 R VU RS = AR LR A 3, Ui 2 R Ui SM (BB B REAIK, SM B R T 15% 1 IX.
WA 11.77% , FE50 A AE I e vk X s, SM . 7% —15% 1 IX 8 UM 33.91% , 3 430 A 7 2a 4
FT R BN ZR N AR K PETR 3, SMAE/NT 7% W X IR AT Ry 54.32% , FE A #E T il RN P BT i IX.

(3) A MR SM 25 18] [ A SCRRAE B3, - R AR E 20040 T4 20T Bl AR L, 9T X 21.95% , fi%-
R F BN T TR BIFE, H0F5EX 30.33%, FIEpkibIX SM 2 m AR, FUFe X SM &
MRACIREE . 330K o RO w7 5 P A A S 8 AR S ER TR] - bR RS 2 B A e 22 5%, ik 5 SML &t &
FIEAHX (R=0.49,P<0.01) , FiiFRE k5 SM &2 & TAAHOC (R=-0.57,P<0.01) ,

(4) f1 Tt AR Bl 7 5 PR 2% SML 1428 ) 22 S A B ) e, 25 IR % SML 25 (1] 43 S A i e e ) A2 7 i
25, HIH R 32 BAE RSG5 T X SM 25 [ 2 S g R T

(5) A 2R 4 K A A MR R, TP R iR R BN R E . AR R 2R ALY SM 252 Ak, R
FIH LR 53 SM /NT 7% , K3 B i AT SM AL T i 858 7KSF, SM(ER 7% —15% , #iib SM{H K T 25%,
IO REAR B R
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