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Spatial distribution of surface soil moisture content before spring
sowing in typical irrigation areas in southern Xinjiang

LIU Yifan"?, LV Tingbo'?, SONG Renyou'”, ZHANG Xiaoyu'",
CHEN Fulong'?, FU Xinfa'?, LI Gangqiang"’
(1. College of Water Conservancy & Architectural Engineering, Shihezi University, Shihezi,
Xinjiang 832000, China; 2. Key Laboratory of Modern Water-Saving Irrigation of Xinjiang
Production & Construction Group, Shihezi, Xinjiang 832000, China)

Abstract: This study employed seven interpolation methods ( inverse distance weighting, radial basis
function, global polynomial, local polynomial, ordinary Kriging, universal Kriging, and empirical Bayesian Krig-
ing) to assess the spatial distribution characteristics of soil moisture content in the Xiaohaizi irrigation area ( typical
irrigation area in southern Xinjiang). The results indicate that: (1) The surface soil moisture content in the study
area ranged from 4.99% to 24.99% , with a coefficient of variation of 27.6% , indicating moderate variability and
moderate spatial autocorrelation, and the exponential model effectively fitted the variogram function. (2) For the
Xiaohaizi irrigation area, which was influenced by both structural and random factors, the deterministic
interpolation radial basis function method achieved high accuracy in soil moisture content interpolation. (3) Through
the analysis of the spatial distribution map of soil moisture content in the irrigation area, it was found that before
spring sowing, the soil moisture content in the Xiaohaizi irrigation area exhibited a pattern of high in the southwest
and low in the northeast, with significant influence from groundwater level and irrigation measures. The area with

soil moisture content exceeding 15% covered 64.9% of the total area. Overall, the soil moisture content in the
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southwest and central parts of the irrigation area meeted the sowing requirements, while the northeast region meeted

the “dry sowing and moist emergence” sowing requirements. Spring sowing work can be arranged in different areas

accordingly.

Keywords: soil moisture; spatial distribution; spatial interpolation methods; accuracy evaluation; southern

Xinjiang irrigation district

i S b XA Sy ] G S B Al A 5 A
Z— HEBAO AR F rh o B OCH M A, R
7, H T A+ 522 5 X, A 65 /N 13 XA
PRY ) e S A TR R X T 5 7K R TS8R AR
SRR A5 ) e 4R v TR XK B R AR R
I B AP O A 25 T AR A 2R ) TR A —
LIS KR B A A EE N R Z
— HAS (] o A ik B OC 2R B I RE e AR A=
KA ST EN

SFAPSRAE R I E 752 H AT 8 35K
RS AT RHIE Y 32 2070k 2 —  (HOR AR BE X 4
AT S IX A L 35 KR B B, O
P — R, 23 () LB AR ) 2 0 AR AT
W S TR AU A0 1 52 1) S0 T, TG S5 BT
FEX IRV e A s . IR s WA (BT
5 SR B R AR A v 2 5 o W ik
C BT BT TSRS R 2
O HURE T4l R T AR (BT 125 (R0 5 B A
J R A E A i) 2 R KR ) L (R AR B T A TR A 4
R BMBRA S UG R T e
V5 B B T5 22 pR BRI DI 5 22 pR B0 ) e 4%
WY RBRTIAIZRE, IR # O, v LA (7
IR TR AR TR B A M RE AR FE

PRI, AR SC L e s i TR 8 DX/ Nt 18 X O T 58
DX, G555 28 SUSGIE B it 7 50408 4R 36 UE P T B R
MZAREEVE HE b, LU 7 i (E 73k (S i e
KR At Rk 8ok 2/ 2k R 2 0t
i il Tk 2 s AR 2 e DU vy L4
T X DX S M IR B TN AR, 5 R e i
“EL/INEEFE DX 3 5 R 2 A A (LA S 10 7 2 5 ok
([ BURY (e wbe S < - AR I e e = & N
AL, S Ji S T0I0 A% Aol i [8] 5 222 1 8k 57
AE 5 3T R S R m A R Rl

I ObPR i

1.1 HREXEER
JINIEE - DX AL P R R L R R 3 BOR 2 v
b4 (78°56' ~79°35'E, 39°39' ~40°43'N) , i 44

A1 .49 [ 50 41 .51 A1 .53 1R/ ISR 7K 2 A 3 A 5
PANTLA AL, I H X R T R R T R A, T
BT, KR RE, 2K AU 52.4 mm,
ZAEVIZE R R EIR 2 423.1 mm, /NETHEX 3 H
By HL T KB T 4.7~ 11.35 m, # F 7K A7 fi g 2L
FH PSR A8/ . 5 K 2 850 r SR DCAR B, 12
X B M K A7 VTR, VR K R R [
JRIEIT [R] B 32 b DX 385 >R FH 6E T 358 E 1) 3 TR A
3, B T I g S A X
1.2 HIERE

DAIBFE IX TR (&1 7K 3R & b ) FH 2 B 1
TR, 25 2% SR X del i T Hi 50 A B TSR |+
FIFHE TSR IR R 7 A IR 2 (8] 38 57 P 5 R R o o
P EEA R FHBEAIL A 2507 20 5 kmxS km SRR
SRR, T 2023 45 3 H da) (FAEET) KA GPS
TENEEAR AT H A SR A 7 SC PR HORE 2 B v
R ST o 175 YO0 6T SR A A 5 et Ao S X
I M SRR AR 55, 87 A 1 E AN 1( WL 270 1T)
FI7R o AESE bR RAE I, SR 4 ) 0 2 BT #FVE 7 1],
FEASRAF SSHZ IR 60 em [AIEE S 3 NHCE 5 HEIX
HATHEREEY) E BN AE RN | I FRATTZE
R A B B A6 B/ B AR L 0~ 30
em 2 H3E W3 B JS TR A 4L RR I AR &y, et
261 {7 - 4R
1.3 MIRAE
1.3.1 =R EE 5% HErx T 458 k4 a4
{7k B4y i e M7 I S M G E 2 R R
e, BEE T I AR T O A S ] A B
FE BRI H 3e % 3 S B e =2 ) Y DG R AT
BEF AR ORI R A B B, WG Ry
TR B HTRE AR 55 2 8] 19 25 8] 06 28 AR S5 A B
PEAT 43T, T AFE T A 7 B (B, AR SO 2K
WA IS T 7 BRI 7 2, 048 /iR
BEAE L (IDW) 42 7] 3 PR 80k ( RBF) | 42 JR) 2 5
KL (GPY) MR 2 I =k (LPT) 55 4 A vy
e, Dl B 4 (OK) 2 B 4 (UK) &5
D13 55 HE 4 (EBK) 45 3 RS2 07 vk
1.3.2 ME Mk AR T A IR A



266 TR A X AR

542 4

WS BRI R PR 7, LLZEA PEAG 7 R (E T
TRAE 1 KGRI AR AR TR
B U 25 508 4 00 o L el R R 70% B2 &
80% , BV 70 /™ R a5 W B 45 5 L R 20% , B
17 A RAE A

28 S5 UE R B 0 RH 4 7 B K A>T 4R
EEK&%W%%WK@@KAﬁ4%&M@%
TEARSE S, IR0 Bk S 55 5L | LU DF-£if A5 78 % g
ﬁ@@%m@wA%mﬁ”omiﬁ%%%ﬁm
S — PP B VEAL 71, K B b B s S B AL 43 A DI
SRAE RN | 3 2 b A 56 TE B0 H0s A Hh A S A
OO ESCHE B v RE R A7 P T A >R Al 2 ] 1500
AOVERRPEDS B TP R B TIOINDRS B2 DF- 45 b AL
5P IRZE (ME) SEH TR 2E (MAE) 3R E
fbiR2E (MSE) EYIRRHEER 25 (ASE) (307 iR 22
(RMSE) Y1 )7 M brvfEALiR 22 (RMSSE) ' . PEAG Ui
AR 2 FrR,

i (B 7 V%

Interpolation method

1.3.3 #E Mgt EARNGEIFSE, WFHE,
Wl e/ ME FORAE 7 25 e BE NG Bl T R 4
SRR REAE, R R B(CV) T
7 S B Y AR AR AL AR BT CV < 10% R 5578 57
10%<CV<100% A A5 5 CV>100% kA8 510
Kolmogorov Smirnov ( K—S) 77 7% FH T 3 £ 1 5 7K
ROFIEZSTE™ S SR SPSS 22.0 # 5 it i

PESET M7
1.3.4 ¥ 2% HHKDE S AR 50k K H
S R 2 A R S 2 TR 407 . GS+
0.0 M2 [ 407 4 P JH T 25 5 R BCAM T , 25 53 0
HH
N(h)
y(h) = 2 [2c) = Z0x + 1) )

2N(h) &
KA NCh) JEIE BT b B STE Z (x,) JRTE «,
I B AR B I L Z (x,+h) A TE x,+h (AT
BAL A FCSI

i FE VA 48 b
Precision evaluation
index

K 56 )5 2
Test method

fifi & M 7 vk — A8 S AIE I ¥R 22
Deterministic method Cross validation Mean error
N P S 34 2 of 15 2=
B 14 ) 2% & i % e A2
Tt o 4 Tk J'I'J\ Mean absolute error
Inverse Radial Global Local
R 73 TR dl.Stan.CC bas'_c polynomial |fpolynomial V- 1 b A Al R %
s 1!'£*s"li‘ ;2‘ Wi % weighting| | function| interpolation ||interplation e It Mean standardized I f/Lfrfl {1
Research on B %{’l’i é’é é!.':' error gels t
interpolation accuracy N T a'\' . N N — .
generated by different 2216 111 drathn:;t5 Igummy TR R lm:gt()hl;lélml
methods 7 e n 8 ata set Averaged standard
P l’!:&;L ’ﬂj ;!/t i ﬂh i, error
Ordianary Universal Empirical
Kriging Kriging Bayesian 05 M AR 2
Kringing Root mean square error
| ) L Vi1 vy
Hh B i 2 3 i b 37 K48 A 56 A B9 5 AR R %2
Geostatistical UIndependent data set}— L| Rootmeansquare ||
method validation standardized error

B2 fEFETGRE

Fig.2 Interpolation accuracy evaluation process

2 WEREER

2.1 kSR ERIT AT REEERNE
FIFFIE ST 1T
LIV TN T HE X ST DX I 87 AN RAT A5

TIEEKRM ARG THE B, RZ LA AKRAE
TBIE A 4.99% ~24.99% , -3 {H (15.44% ) FIH iz
$(15.69% ) Bzt . £3EKAY CVAEN 27.6% , 7EIX
ORI @ T AR S RO L, RN TR IX

T KCRA R RS K-S KR Y
TR E R -0.169 , #5235 T 0, I 0 2.694 , #:35 F 3, P
HY KT 0.05, F W RAE - B KB IR M IES 5310
WO IR T2 0 25 sRBOT B IR 5 B TR 40

Bl 3 H BURE 2 5 7 S8 T 87 MRE L Y £
Bk, RS K SAE AR SR Z R A EAS
KU sl , I 2 B B S 00 R SR AR AL RR AR, il dn,
S K RAE SR 30 Al 40 AN RAE S Z 0] LIRSS 73
83 M RAE M Z AR KWW, hFAETHEA



52 3

30— FL% B SURE X 45 T 28 2 0k 32 ) 53 A 5 27

S FR BN AT 5 B A3 (AL B A G 2R IX 8 JRy A8 S
PRI IE R TR R BN 28 ek, PRI, A
MM 25 ) 5 R WAL GE e THRE R (e Pk [T )9 07
) FEAIF TS BAT B KR i i) A2 P SRR i ) Rk
J3 S [ 5 JBT PAR B, AN B A X 52 o 2 i) ] 728 A Al o B
HERR T

KT GS+9.0 BRAHUG WFFE X 1 HE 5 /K F Ay 28
PEpRB, ARG GO0 P sE RE(RY) 2 B
SEARARTE TR Y 4R RO B AR AR PR T
PR U~ 05 22 RIS B,

F1 RE(0~30 em) HEAKRYIRAITER

Table 1  Statistical results of soil moisture content
data in surface layer (0~30 cm)
FE8475 Indicator & Value
FEAZL Number of samples 87
#%/IMBE Minimum value 4.99%
5 KA{H Maximum value 24.99%
SEA4{EH Mean value 15.44%
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& Kurtosis 2.694
1% Bias angle -0.169
A7 5 PRAY Variation function 27.6%
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Fig.3 Distribution of soil moisture content at 87 sampling points

x2 TEAKENFFERYEM
PEEARIERXSH
Table 2 Optimal semi-variance function fitting model

of soil water content and related parameters
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Table 3 Validation error of the deterministic method for estimating soil moisture content

HfiOE J B R R

Interpolation = lx . Cross—validation error Independent dataset validation error
Parameterization
method ME RMSE ME RMSE MAE MAPE
IDW a=1.26 0.0741 4.0916 0.0185 0.2210 0.1746 0.0127
LR 4 PR %
RBF %L)‘J#,A\mﬁ . -0.0046 4.1704 0.0098 0.0444 0.0358 0.0023
Regular spline function
GPI Order=1 0.0013 4.1315 0.0425 3.2554 2.6238 0.2094
LPI Order=2 0.0518 4.1573 0.2278 3.0158 2.5493 0.1885
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Table 4 Geostatistical method to estimate the validation error of soil moisture content

ﬁﬁﬁ& N EGHIEDR 2 Cross-validation error ST HARAEKAE Independent dataset validation error
]mz:f;]::; . ME RMSE ASE MSE  RMSSE ME RMSE MAE MAPE ~ RMSSE
OK 0.0079 4.1420 4.1026 0.0020 1.2090 -0.1025 0.6687 0.5803 0.0490 1.2090
UK -0.0118 4.3684 3.5645  -0.0032 1.2082 -0.0603 2.5915 2.1672 0.1569 1.2082
EBK 0.0585 4.2350 4.1407 0.0143 1.0179 -0.2543 3.5843 2.9950 0.2532 1.0179
x5 TERKEFNERMSITHFE
Table 5  Statistical characteristics of predicted soil moisture content
TiH W/ ME % WRAE/ % FIE % PR/ % RREE ¢
Project Minimum value Maximum value Mean value Statistics deviation Coefficient of variation
IDW 5.04 24.83 15.45 4.10 0.265
RBF 4.99 24.94 15.44 4.24 0.274
GPI 12.82 18.76 15.44 1.50 0.097
LPI 11.94 22.79 15.37 1.95 0.126
0K 5.64 24.05 15.43 3.68 0.238
UK 11.95 20.36 15.42 2.02 0.131
EBK 11.96 20.22 15.51 2.02 0.130
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(d) J&y#B 2 11X Local polynomial interpolation

(g) 2856 DU #7 ve B 4> Empirical Bayesian Kriging

(b) 4% [ % B8 % Radial basis function

(e) ¥ Jl v, B 4 Ordinary Kriging
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