N SRSIMRS IR0

XRiPIZiis bttp. //www.aed.org.cn

N

Je
ET M FRER BERGIS i R MR 2 16 S5 % 1t J B PR M

BLBERS, (1%, T4h7F, m/h

51 HIAS 3

BEERS, 11—, 40247, B /N . 35T HbHR R 28 F G IS 1 FEAD M B A1 235 [0 S5 ot B FLB i R 22 40T 0. 4l W U 5 3R 5 2 41

2023, 40(1): 178-187.

TEZR R View online: https:/doi.org/10.13254/j.jare.2021.0743

L] RO BR A A R

Articles you may be interested in

BT RL UGN AR A A A DL S
R, E3, ARIRSE, Rl #$1 3 9
AN FE S ER B AR 2021, 38(6): 967-979  https://doi.org/10.13254/j.jare.2021.0504

AT 304F JH 11 A= AR 55 M ELZS [B] 5357 S M BEERIIAF 5

M, AR, BRT5R9, X4 =
A B S F G244 2022, 39(6): 1196-1207  https://doi.org/10.13254/j.jare.2021.0617

AR “HEE” PIIXHFRE SIEA DU RIS 25 70 SRk

2R, BB, 2, 2R, SERIE, TuH
LV RS 2A4. 2021, 38(5): 891-899  hitps://doi.org/10.13254/j.jare.2020.0572

AN T) RUBE R 16 K P KA J2 bR 2 ) A8 S5

BAOCUR, BERZE, MPTAR, BREL, R5E, TH, Tk
LNV F S AR. 2016, 33(2): 157-163  hitps://doi.org/10.13254/j.jare.2015.0241

o B M S 4

JET%HB—‘%, XIEr-F
Al U5 5 IR 2. 2019, 36(5): 630639 https://doi.org/10.13254/.jare.2019.0076

PSESL (EAVINGS


http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2021.0743
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2021.0504
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2021.0617
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0572
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2015.0241
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0076

R E RS IR EFH 2023,40(1): 178-187 Journal of Agricultural Resources and Environment

BLmEng, H—ai, EAhar, 4. ST M A8 A GIS 9 FR 0 Mo i £ 2 1) S etk B FLR2 i) (R 3R A7 (). ARl B3 VRS PR 24407, 2023, W]
40(1): 178-187. :
RUAN X H, BAT Y R, WANG Y Q, et al. Determining the spatial heterogeneity of gravel and its influencing factors in a gravel-sand
mulched field using geographical detector and GIS[J]. Journal of Agricultural Resources and Environment, 2023, 40(1): 178-187.

E-. : }
TFHFEF: OSID

H T IEERM S F0 GIS B ERb AR A
TEERELREZINEZ S

BB, a3, EHEY, B

(1T R 2 5 2% B, A1 750021 ;5 2.7 5 RS A B2 B, 41411 750021)

T F RS HRN [RIRLAR Ok A 2 ) S B S LR i (K 2R, T FRAD b 102 SR A £, X AN [RPR AR B A T L AT T iR MG
T, 2y 22 RECRT A2 5y 23 (8] A AH DG A0 A SE M BE 117 VR 40 BT T PR D b A TR A2 iR A A 25 148 S AR ik FR AR, I it — 25 )
by PRI 25 AR P 30 5 AN [RD R AR R A o7 L 2s (0] 43 S 1 F2 2252 i R, 6 BRI =2 b, R T 3 5 ) R B ] et 3 A 1 05
T8 A PN R R AR SR AT 7 LU HEAT AT ARAL AR B A A R AE o 25 SRR R R R AR R A A 25 [R]85 RO K T 10%, J@ A8 7t .
AN TRPREAR B AT 1) 2 (] 57208 LR AR Y PRI K (0.26%0~83.48% ) , FL 25 W) S5t Jou 32 BEAILPE DR 3 RN 48 b 1k PR 28 L (Rl - 23 |) A AH 5G40
W R RAR B A 425 Moran ' s T35 F 0.674, H Z (YK T 1.96, RIS FIR AR A HA W 35 128 R BRAE , S R4
Ao b BRI AR T PR3] 3R W b b AN [ A A il ) 25 [R] 43 5 B4 B 1 R B/ I TR Sy P A B > 395 o) > b 2 R RS 2> 395 18>0
T T 23> T g 258> 3R AR, ol 0 R A B TR A e B 3 T AR IR 0 SR BRSE 25 1R A0 b A A DA AR B A 25 [
G3AT 22 5 W 0 H B SRARME SR AR o FIREAR B 35 o) R0 b FRAEURE 2 S PR A AN (WA AR R 25 () 23 A IR 100 ) S 252 [N .
SEHRR 4% ) 5 ST s b GE T 5 4 () AR OG5 b BIAAEI1% 5 b B [0 U5 5 FELA 5 R b

HE 425 : K903 M ERFERETG A XE4RES:2095-6819(2023)01-0178-10 doi: 10.13254/j.jare.2021.0743

Determining the spatial heterogeneity of gravel and its influencing factors in a gravel-sand mulched field
using geographical detector and GIS

RUAN Xiaohan"?, BAI Yiru"?, WANG Youqi', GAO Xiaolong"?

(1.School of Geography and Planning, Ningxia University, Yinchuan 750021, China; 2.School of Ecology Environment, Ningxia University,
Yinchuan 750021, China)

Abstract: This study investigated the spatial heterogeneity of gravel with different particle sizes and the factors influencing these in gravel—
sand mulched fields. Based on 102 sampling points in a gravel-sand mulched field, descriptive statistics of gravel with different particle
size were conducted to analyze the characteristics of the spatial variation and aggregation patterns of gravel with different particle sizes via
two geostatistical methods, semi—covariance function and global spatial autocorrelation analysis. Then, the main factors influencing the
spatial variation of gravel proportion were identified using a geographic probe model. The main influencing factors were then used to
visualize the percentage of gravel with different particle sizes and obtain their distribution characteristics via cooperative geographically
weighted regression kriging. The results showed that the spatial variation coefficients of gravel with different particle sizes were all greater

than 10%, which was a moderate variation. The spatial heterogeneity ratios of the gravel size varied over a wide range (0.26%—83.48%),
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indicating that their spatial heterogeneity and variability were influenced by both stochastic and structural factors. Spatial autocorrelation

analysis showed that the global Moran’s I index of gravel of each particte size was higher than 0.674 and the Z-values were all greater than
1.96, indicating highly significant spatial dependence characteristics for gravel of different particle sizes with aggregated distribution. The
explanatory power of the spatial variance of different particle sizes in the gravel-sand mulched fields was in the order of planting year>
slope aspect> surface roughness> slope> profile curvature> plane curvature> relief degree of land surface. The single factor explanatory
power of planting year was significantly higher than that of the other factors. The spatial distribution of gravel with different particle sizes in
the soil of the gravel-mulched field varied significantly under different environmental conditions, with the distribution appearing
aggregated. The planting year, slope aspect, and surface roughness were the main factors influencing the spatial distribution of gravels of
different particle sizes in gravel-sand mulched fields.

Keywords: spatial heterogeneity; geostatistics; spatial autocorrelation; geographical detector; geographically weighted regression kriging;

gravel-sand mulched field
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Figure 1 Sampling point distribution and elevation of the study area
F1 ERM AR EFFABL (%)
Table 1 Proportion of gravel with different particle sizes in gravel-sand mulched fields (%)
ﬁ‘*ﬁ@ﬁﬁ >50 mm 31.5~50 mm  25~31.5 mm 16~25 mm 10~16 mm 5~10 mm 2~5 mm <2 mm
Planting year/a
2 4.68+1.52a 4.56+1.38a 5.73+2.36a 8.21+1.28a 13.73+2.28a 16.79+1.28a  21.05+2.81a  25.25%3.76¢
5 4.21+1.60a 4.32+1.46a 5.50+1.90a 7.77+1.92ab 11.41+1.85b 14.78+2.84a  23.71+£5.05a  28.30+3.74bc
10 3.38+2.05ab 3.91+1.42ab 5.04+£1.77a  7.34x1.64abc 11.61£1.93ab  14.77+2.76a  24.12+5.64a 29.83%5.53abc
20 2.7+1.48hc 3.41+1.18ab 4.72+1.78a  7.17x1.84abc  11.30+2.55b 14.19+2.46a  24.78+4.05a  31.73+5.22ab
30 1.68+0.55¢cd 2.63+0.65b 4.35+1.52a 6.09+1.45bc¢  12.67£1.69ab  15.91£1.98a  24.49+3.65a  32.18+4.28ab
40 0.84+0.32d 2.99+0.81b 3.61+1.58a 5.66x1.44¢ 12.45+3.40ab  15.66+1.66a  25.01+3.13a  33.78+8.24a
TE : [FIZA )7 B3R A R AR BRI 22 57 3 (P<0.05) .
Note : Different letters in the same column indicate significant differences among planting years (P<0.05).
—180— http://www.aed.org.cn
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Table 2 Descriptive statistics of gravel proportion with different particle size

TiH ltem >50mm  31.5~50mm  25~31.5mm  16~25mm  10~16mm  5~10mm 2~5 mm <2 mm
IR AAE Max 10.93% 7.53% 9.99% 14.22% 18.01% 22.70% 37.16% 45.54%
/M Min 0.37% 1.06% 1.69% 2.94% 7.49% 7.49% 12.44% 18.63%
F-34{E Mean 3.40% 3.98% 4.76% 7.33% 11.56% 15.09% 22.36% 31.52%
FRUEZE Standard deviation 0.020% 0.016% 0.020% 0.019% 0.024% 0.030% 0.056% 0.062%
SRR CY 59.62% 40.78% 42.49% 25.99% 20.71% 20.08% 25.22% 19.82%
fiil & Skewness 1.096 0.161 0.738 0.529 0.684 0.020 0.404 0.199
WEJ¥E Kurtosis 1.719 -0.880 -0.303 1.039 -0.043 -0.354 -0.792 -0.662
5343267 Type of distribution A XEOEDS  XHOES XHOESR XEGES IEA XPHOERS IEA

R3 ERMARAERA SN A ERBSH

Table 3 Semivariance model parameters of gravel proportion with different particle size in gravel-sand mulched field

IV ay X A ROy Hegx(H eSS (ISR AEE Y B2
Gravel size/mm Model Range/m Nugget Sill (Nugget/Sill ) /% R RSS
>50 TR B 44.00 0.040 0 0.4150 9.64 0.45 1.18x107
31.5~50 2 AR 9.00 0.000 1 0.000 3 17.86 0.56 7.54%107°
25~31.5 gl gAY — 0.3115 03115 — — —
16~25 TR B 240.00 0.000 1 0.000 4 14.59 0.54 1.91x10°®
10~16 e P 1300.44 0.034 7 0.041 6 83.48 0.34 1.85x10™
5~10 fo iy i 133.17 0.000 1 0.000 9 13.60 0.68 1.05%107
2~5 5y kil 1300.44 0.064 1 0.0770 83.29 0.14 1.37x107
<2 BRI 156.00 0.000 0 0.003 8 0.26 0.79 8.10x107
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T8 R T2 R AL ] 1 (250 m) , 156 WA AR 48 T oAt ki 42
BRAT, 10~16.2~5 mm B A7 (14725 [8] 34 227k (14 RO i [l
K,
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&1 2 Sy il 3k GeoDa 3 A 4K B AN [a] R AR Bk A7 4>
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AL S X RS AN [R)RE AR Bk A 2R A7 4 JR) 23 1] [ 4
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TH85043 5 4 0.892.0.717.,0.928 .0.924 .0.923 .0.674 ,
0.944 F10.779 , £ R A2 15 A7 142 J5) Moran ' s T{E 45T
0.674, P34/NT 0.01, KB HD AN [FPR A2 Bk A7 ¥
HARSR A2 [RIEAR G, H Z KT 1.96, =R 25 [ 4
R 2, B RE 55 R AR S A {E AR . 7€ Moran
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Ktk B A T2 = B DU 4 PR R OR B i 23 ] 3 AH G
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AR TR — B = SR, Ui HAE 23 8] 40 A
IR ARERL, TR EAA A 2 1A AR, B
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24 ERihARNEFAZESRHEZIRS

ASAIF G I FH b BRI 25 11 PR 00 25 45 21 A A
AERR B RE Iy SRR FE R AR B T
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ISR R g (IR AT THE Y (2 4) 54+
() g R 1 Y03 3L T 19 19 2 3 KR 56 . X 45 I
T 1T g (ELE A 43 BT 0T AL, 520 FE A M AN AR A2 il
A1 23 [1] 43 55 8 R 4 5% W) /IR U Sy o A 4 IR > 3
[r1] > by & KEUAE 2 > 3 J82 > 701 T iy 238 > T i 238 > b 36 i
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2.5 ERAREREIRA NS B2 RIS ERABE TN
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20 R S ) 2 TR AR REAER DR W DA o B
7 R SR TC BU 19 25 8] S0 A RS AE -

AR 5T A BRI 25 R ) A A [R) R A2 B A
25 [ 43 S DT Y Ak BEER o (H % i =N R
(PR A B 33 1) 0 b R AELRE B ) /S GW R ABE 7R 1) 2R
BEAR i, 0 e s A [ )9 5 LA 1 (GWRK) R {E
R T X R A H Bk A7 73 A 6 (B 3) o <2 mm A
o7 LR TR A T AT DX S P R A
2~5 mm B A o H R DXORIAR AR X 2 2 i e Ak L 43
5341 o 5~10 mm F 10~16 mm B A 5 A3 S 30 AR
LY 53 A A% Jmy | i ALY o3 A T A AR, IRAE AR h o3 A
Frp 85 16~25 mm kA7 (i Hb i {8 X = 225504 F P
FPU R R, IRAE X 3 2 AR T ALK 5 25~31.5 mm Bk
A1 H R A T R R, AR A O
A F 2405 T35 31.5~50 mm Bk A7 o5 AR
BT T ARALES , o 4 YA W 8 (8 43 A 5 >50
mm A7 (7 LA g A T RS P A R

AW 58 38 2 75 22 AN 55 UE 5 ) MRE F1 RMSE
A 1 GWRK (R4 B B2, PR 25 R A3k 5 i .
>50.31.5~50. 25~31.5 . 16~25,10~16, 5~10. 2~5 mm
<2 mm R A2 6RA & H 9 MRE R RMSE ¥ #4365 F 0,
VS AR A R 35 1] 01 s FERURE BE = AN 5 [H] 1
() GW R K A5 75 RE A% 558 Ay A v U ASE 401 i b AN [ e 428
B 23 1] 2 A7 IR B0 T Bt ] A6 SIE Rl 4F BR 3%
Tia) 1 s 2 KEURE 2 oA R 0 3t A TR 7 A2 Bk 1 A9 =8 2 5 1)
HF
2.6 AEIRIZEIRA & LR = 85 AE R E 57

H G843 W 2% BHAS [R)RE A B A A 2 i) 5 o 1k 2
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(] 437 7 HE AN TR R B B4 50 o
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R N R Sl 402 98 KAk F T 22 T 24k, B
AR B, F AR 2T XELUE B A2 3, B A 71
AR TR A R 0] REAE AL AR R ) R S
AU XA E FE AN TRIRE AR B A 43 A AT S 35 5 ), 3%
Ti1] 2 55 W) K [T 20 S8 10 e 38 AR s ], by AR 3 2 b
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Figure 2 Spatial autocorrelation analysis of gravel proportion with different particle size
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Table 4 Factor detection results of spatial differentiation of gravel proportion with different particle size in gravel-sand mulched fields

T >50mm  31.5~50 mm 25~31.5mm  16~25 mm 10~16 mm 5~10 mm 2~5 mm <2 mm ¢ M A
Factor HeP HEF HEFF HeF Her HEFF HeF HEfy Average General
q Rank Rank Rank Rank Rank Rank Rank Rank q rank
Tl A PR 0310 1 0018 4 0201 1 0071 1 0167 1 0034 2 0115 1 0169 1  0.136 1
Planting year
7 Slope 0045 5 0070 1 0048 6 0019 6 0095 2 0012 5 0015 7 0013 5 0040 4
P17 Slope aspect 0.074 2 0018 5 0127 2 0017 7 0053 3 0012 6 0046 4 0004 7  0.044 2
W FMIBERE 0068 3 0.056 2 0051 5 0024 4 0008 6 0040 1 0.047 3 0049 2  0.043 3
Surface roughness
WFERE 0027 7 0003 7 0077 3 0023 5 0036 4 0010 7 0021 5 0.00 6 0.026 7
Relief degree of
land surface
Ty 2% 0039 6 0022 3 0029 7 0026 2 0003 7 002 3 008 2 0045 3 0034 5
Profile curvature
RATTiES 0045 4 0014 6 0074 4 0025 3 0035 5 0018 4 0018 6 0021 4 0031 6
Plane curvature
&S5 CWRKFBEIEH
Table 5 Accuracy evaluation of GWRK
A B ey
ﬁ_ﬁ'\h_m‘_ >50 mm 31.5~50 mm 25~31.5 mm 16~25 mm 10~16 mm 5~10 mm 2~5 mm <2 mm
Evaluating indicator
RMSE 0.026 0.015 0.019 0.025 0.021 0.033 0.052 0.058
MRE 0.036 0.007 0.011 0.006 0.003 0.007 0.013 0.012

Ml i b A7 B — B R R A 1) A7 AR 22 5 TR I F
T XA A i T ALk A7 8 14355 1) B 2 T 4 b R AU A
R D] 1, XA 14225 ) 3 A 7 AR R . P
SRR B g (E W] i T AR 1, Ul WA [RDRLAR R A7 7Y
23 [a) S o 52 AR AR BRI BT O 2 25 o X aT BB
FRAEAEBRIG I, BV AR A U S A i B 2
IR RRAT HhOREAR ]/ NRL AR R AL R A, S BOH IR
FELAF BR AR A7 e PR AT S, DL v /AR iR
£ F R g A B G , TR ZE R S5O A B B 1 b A
ARPRAEA , A0 i ROREAR AR A H DD, /AR B R
A%,

ABFTENZA LS AT 1 A H A R AR [R)AE
FERRAT )25 18] - S e PR 2R (AN [] [R5 ) HL A
VERATIA fr e — AR5 o IRl AT o B XA [R] M AR
AR PR b - SR T | 3K 738 3 S s %
ARG S BE— 255, DU SE B R st Al T 452
R R DX I A A T RESR L BIS 34

3 #ie

(1) A [l KL A% B A7 23 8] 722 5 28 500 19.82%~
59.62%, Jgi W 258 S, HAs 1) A8 Sk A2 B AL TR 3
SRR N R IR R
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R AT 14 R Moran ' s T{EY 5 F 0.674, 74518
T W S PERG 5 (P<0.01) , R IATE 42 Jiy RO b fibith
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Figure 3 Spatial distribution of gravel proportion with different particle size
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