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Abstract; Windbreak and sand-fixing service function ( WSSF) is an important protection function provided by ecosystems
in arid and semi-arid regions. It is of great significance to explore its spatial and temporal evolution and its driving
mechanism for regional ecological governance. However, there is still a lack of accurate understanding of the contribution
and interaction of natural and human factors in the process of its spatial pattern formation and evolution. In this study, we
chose Xilingol League as the study area and RWEQ ( Revised Wind Erosion Equation) model was used to evaluate the

spatial and temporal changes of its WSSF between 2000 and 2015. The contribution and interaction of natural and human
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factors to the formation and evolution of the spatial pattern of the WSSF were analyzed by using Geodetector. The results
illustrated that the spatial distribution of the WSSF was significantly different, which showed that the WSSF was high in the
temperate deciduous broad-leaved forest and shrub areas in the southeast, the WSSF was relatively high in the grassland
meadow areas in the northeast and the WSSF was low in the desert areas in the west. The transfer of the WSSF was mainly
from the low functional area to the lower middle functional area. On the whole, the amount of windbreak and sand-fixing
showed an increasing trend , with the increase area of 115104 km® and decrease area of 8475 km”. Soil type played the most
important role in the spatial distribution pattern of the sand-stabilization service function, its P, o, value was the highest and
had significant difference with other factors. Vegetation type, afforestation area, number of livestock, annual wind speed
also had strong influence. The dynamically geographic detection results in the area of the function changes between 2000 and
2015 showed that both soil type and vegetation type had high explanatory power and were relatively stable, and the P, g,
values of climate factors such as annual wind speed and precipitation in the enhanced function area showed a decreasing

trend , the trend of human factors increased first and then decreased, while the variation trend of the weakened function area

was opposite basically, and the interaction between the detection factors was significant.

Key Words: windbreak and sand-fixing function; detecting factor; Geodetector; Xilingol League

F R T AL XU 6 T ™ R 9 [ A — | B SR SRy 38 0D A o i M 0 45 SR 2 P 3 e /01 -
Ik 172.12x10" km?, o7 B R EARAG 17.939% ", 6T 5FRIE TR0 X B KU VD 95 D RE 2 U0 XA A 25 R
Ge (A e AUV FH A 1 55 DR, PRy XN B AT R A7 A 72 A 36 2% AP SR FR R AH 4k St 1 =b”
B AR AR AFE AR ARG U IR B R IR P R OE AR AR R B TR, (AR R I AL D7 v
DX U0 IR 55 D REAS B L5 T, SRS, 3 [ 07 X7 A BRI 50T B Uz T3 LA &
SRR i R R N D HIE 5 E PR3 R S S5 JR it DX - S KU £ T AR 2, PRI, T DX RLJE 4 7 XL >
W2 55 D e AE LA K 3R Sh ML A1 5800 T DX A 252 i B B ks B B2

LARSR 15 2223 0 FH 22 DRI SR FRIAR ) 426 % By XU b e 55 By g vk A B Bk 8 PR 3R R 47 1 5o
(S 17 DRI 0 Al 55 DI RE ) A DR 3R T T, — 262 35 A FH AR G R B B 3 W ik R XU IR R i A
W BN 115 LU G R, N Garbrecht 8575 56 [ - J5U R A T DX 38 14 40F 5 35 WDt 22 7 oo 01 48 T 0
Do PRI FRARAAE Y i DT A b KU | AT —SEBIFE 3 M AR AR 52 By XU 7 i 55 2
REMH AR R e A RO T, Z2 T MU 53 B BEALE RS 8 Jin 43 A 55 5 VA TSR P AR B T B
b TR ] AR A 55 PR % B KT 70 Al 55 D BE A2, A0 i 2 5% 1 22 50 181 U3 23 M oA O 3t b v AR
T A 5 o DX 7 IR 0 IR 5 S et £ 2 IR 3R | Sharratt 45 & BEARHE O & JEAR VR Y 7™ 5 1 42 55 BB A% )l
e RIR A BT DR By XU 0 A 55 T s ) 437 A% Jas (4 3K sh L ) BAT R
SR SETT IR I RS TCIR A BRSO AR B | 32 BB B AR PR 249 7E S8 P24 B KU V0 i 55 D e HEAK 5
PRIER 22 A1 ST A B, R IR AN TR 3K 3y DR 3R 58 A 5 A7 A SR B2

M BRI 452 T AU 07 TR T 2 ) 7 iy BRI R 23 [ 3 Af 4 Jey 5 R i) TR 3R 22 [ 50 R AR T (i 7Y
K 5 58 MEREE K n] iy AR 5 LR SR PR 52 A RS S S A BRI R 5 TG IR BE TS e AR A
AR | XSO U Iz S B IRV IR S5 T AR TP IX 2l 11 AR AN Ay R 3R AR P A AR
ASE 2 CIUE B oINS 5805 0 T s W7y AL S B B2 LTI 8 TS N NS b N L N T P i RE X G
T EAT MR IE S, P AT B N S B AR B DA IS X, FE A 2000—2015 4732 DX I 57 XU 7/ iz
55 DIREmt 2z AR A RERR b, W FH b BRI SRS S04 1 SR A DR300 80 RS o S 977 DRI /0 iz 55 D 8 = [ 73 A1
K& SR BIRZ IR , I8 G B B I A 48 RAR AN [RL 2 i PR~ By UL 20 i 55 D g i A i AR h S BRI
E A REE R DX S8R B AU V0 A 25 R SR 55 DI RETE AL | 5 BT DXl A 253 PR R R A 4 A B VD IX A 5
BL L A T 5245

http ; //www.ecologica.cn



2 # I 4. 2000—2015 A5 ARER ) B 57 XU V0 Ak 55 D ee AR AL IR B R R - #r 605

1 \REXE5#H#IE

1.1 A58 XA

ByMRERE AN T NS B IR KR ARERAC , B AL AR E 42°02'—47°77 FIAR 2 111°21'—120°12'
Z I8, AR 20.3 75 km®, SN 105.16 J7, J& B8 W7 52 11 10 55t s IX O S EAE g U e (181 1) o TR TE
800—1800 m Z[H] , b [ 74 pg 1] A AU AR} , e rh 38 8 s v b S T B MR 2 B v S, R P b ) AR R 2 AR TR
o)A JRTEEE U, ZFERMRE A FRE I, B TR TR TR KRR EAE A E R 0—4 C ;W
&, AR REK i 250—350 mm, B 7R e 1] PG A3 ok, LR 22 4 P A R 2R s K BH AR 9, 28 & & K (1500—
2700 mm ) H.H 2% [ P s 18 o i A PR S A o A IS Y 3 DX R iR I R s [ A A 5 K A A
YIRS, PR VU RS 2 AR IR UK Ry e B Ji | LR SR o ) o J - SR ) SRAE - A - XUAE - AR 1
hE . BRI R R R XD R A B TR Y SR AR X, AE s XD IR A B ) TR SR X IS VR
PHAE S 21500 km?, FrA & AR FR 6200 km? , 35021 7% 30 v b i AR 2 4500 km?,

R /A

Clokm

0 5

I A A

I AR

[ bk st

[ e bkt

0 s e R

0 s e B

LR s e R
. FupS

I

[ ok P

[ Dok ok )1 i [0 9

111° 114° 117° 120°E

E1 HREMEVE

Fig.1 Location of study area

1.2 Fdikii 5 ab e

AT STl FH AR it B R G R PR 3 4 R B R B b B AR B0 I 5 25 i 50 | 498 T b 5000 ke U
FHEX R X B H5 0 ey, b 25 35 55008 Db [ 25 DR B TR B 4E (1979—2016 4F ) HHR I, 25 (4] 73 5
h0.25°, 4 18 ot b BCHE R IR T b [ A SRR AR A AR S RS HE RO 1 kmg U — AR AE #4520 ( Normalized
Vegetation Index, NDVI) 4 A U5 26 1 [ S 23 LR =) (NASA ) Ik 8 K 0 1) GIMMS NDVI3g B4k,
I A3 BER g2 A ST EAT T A T DR IG5 S A0 B 5 1:100 J7 HHEZSAY [ 1:100 T HE#E 2R AL [ 1:100 J7 HiS 2
RUKCH | R AR L B GDP RN 1 %% B 500 A v LR 27 g B 5 A S5 2 500 v I i 482, 2 () 3 3
370 1 km; DEM LA S B2 B4 e U5 T M 02 ) B8 2 o ASBIF T fulf D ) 1 2 280 0T DA 15 T R DG A7 0 B Ak

http ; //www.ecologica.cn



606 JAE = 41 %

FREN RGNS N TR AR RS A B A DG AR O b E MO G AR S, SRARE A B VE 25 1) 5 s ik, AR
WFIE LA 2 R T AR UM By RS i B S 156 19 5 2 A O Sk e sk g e L R 1k 35 80 N T Ak
AT AR A = bR P BSCHR  > A [ A s B A S L, G e 7 00 0 e R vy 7 6 et o 7 5
M A7 55 B B b ACER 4R 0.5.,0.3,0.2 BEA TR0 N T R R AR B 4L R AR 1 B R KT 6Bk TR
H AR VPR 438 0.25.0.25.0.2.0.15 0. 15 SEATE L, A FEORA B AHFST T F A BdE g —
HRAEHN 1 kmx1 km, R Krasovsky_1940_Albers 5.

2 MIRAE

2.1 B XUE TR 55 I RE DA

B AT 0 i 55 2 RE 2 i V> DX Bl A 285 2R 8 s ) KU/ P A9 BEL RS ) 55577 A ) BT P P T, XU 2
DA DX 7 KU 70 IR 55 D RE A 88007 vk, Horb , RWEQ #4812 912 I 736 [ 3 XUpOIR 20 i 974, 72
RWEQ A5 7Y v | Bj7 JXU I ity b S i It ( A0 ) A0S B XU o ) 22 £, AR5 P P B0 T AR XL
[ Y0 1) 22 SR BT XU U0 IR 55 T RE R 55 , T B A U R s, b A I BRI R B 2 G

N 21 (L2

Xrﬁk[w&l] . PWE = EPD X e (FfL) (1)
PD =109.8 x (CF x SCF x SEF x SRF) (2)
PL =150.71 x (WF x SCF x SEF x SRF) *¥" (3)

21

RWEzExRDxe*(ﬁ)z (4)
RD =109.8 x (CF x SCF x SEF x SRF x VF) (5)
RL =150.71 x (CF x SCF x SEF x SRF x VF) %" (6)
SF=PWE-RWE (7)

K, PWE fRFRIBTE TR (kg/m?) 5 PD FEWEAEX T B KERVPBRE ST (kg/m) 5 PL A TETE G M UK B2
(m) ;RWE fURIBR LR (kg/m?) 3 RD $8IEFR R B R IAIPRE S (kg/m) 3 RL 5L BRI HEH P JEE
(m) ; SF KR AR B KU 1D 5 (kg/m?) 5 LARER N KUABEES (m) 5 CF FoRSM5EH F (kg/m) 3 SCF #x +
B K N SEF o 3T (et K7 ; SR b - HERLRE B2 (K7 VF RS T,
2.2 BT IR 55 ShRe A2t o b

AT R FH A B0 43 W 88 MR 8 B s XU T 70 B 2000—2015 AR fh ka4, 2t a3k A s RO
Xt I DR T e 2 s S A A0, B 808 IS AP 9 sk B PR 57 DXL T /D e 2 A e 8 1 255 i) 43 A 0 A, iR By
KUV IR 55 e & Az 25 A8 A i X8, R ¢ R 3 i ( P<0.05) i#E 4T b vh R e, &3 A ik i i3 A =X
wr.

mY jSF, = X jY SF,
Trend = —— - FIMFI (8)
m; J - (;])2

A, m RN ; SF; 55 j AFRIAFIBT AE Vb i, 24 Trend S 1E I, 2 W32 DX BT X V0 iR 55
rtig BAE5REH ;Y Trend Ay 11 I 36 W HAT 8 55 M 5
2.3 B AU VD R 55 D REBK 5l PR 32 A2 HAE T 2 A

ASBIF 107 P b FHLER I 25578 S5 B 555 b 08 5 L g DT 00 e 55 20 B A8 Ak aok B b S TR B Bl IR 3R 9 28 HAE I,
BT a8 )5 22 03B A S AVECE (a0 + 32 AY) FgE SEBE (AnREmT ) A4 00 S S PR 4RI | 52 B AR
T JRURS: DXAR I AN A Z5 380 DU 43 Chittp : // www. sssampling. org/ GeogDetector/ ) (20.28]

(1) R0 5 v e 52 Wi R % By IR 70 i 55 R A il 8 3SR i F

http ; //www.ecologica.cn



24 SKRIH A :2000—2015 A7 B bk S B B XU il 55 D) BEAL AL 3R Sl I 3R 2B 607

Z :nzl npy; Vary,
Pygp=1-—"""" (9)

nVar
K, P, o RARTEAERZ M B T D XF B K& V0 i 55 DI RE SF RS 5 n RN Var 5355 A5 X SR A EORN B XU
Wi BT 25 ny, M Var, WFRREATF53 X Di IIFEARBORTT 22 5 m ARR 43 XECH (BIAnE R 2 Hhxd T 52

m

2 _ny, Vary,

W CHDINE, m=4), H—THEFHT0 X0 LMRE T HA B RO AMR R, Jaf _;T H0,
Py g =1

(2) 28 FAE FHAI FH 0 WA [ 52 o PR [R)4 FH 1 B IRU T 0 A 55 D) RE AR A9 28 B3R, TR 52 g PR 3
(R4 FE AT 77 AU 0 IR 55 ) e %) e e 0 2 5 A 38 o sl s 55 VR, sl R e e o sz iy, s VR 2R AL AN ] 2
v

(3) JAUISE DR FH 40 0 9 1 52 i AT~ DX ) 7 Ja PR S4B 5 S 3 0 22001, AT 148 7 B KU b Al 55
Ty Re i DX ) B 43 XRRAE , ¢ et Rk 5

Yh:l - YhZZ

t = 172 (10)
{Var(Y,_l) Var(Y,_,) }
+

n, =1 n, =2

A, Y, AT XA AR RE R E ; n, T XA WREARRC; Var FRT7 2%,
(4) A= BT TIFREPRZ I A 1~ X, BE X, X B KU B2 6] A i s e 75 BT P22 5%, LAy 48
TR .
SX,, X (SX,, - 1) x VX“

y = (11)
SX,, x (qu - 1) X VX,,

V, = 2 N, oV, = ﬁ N, o’ (12)
h=1 h=1
X, S, 5SS, ANEMEAET X, 5 X, WEEAEH; v, BV, SRIRRET X, 5 X, 522 2N %
i, N, BN, FRRERF X, 5 X, )2 5H .

By IXUFEL VD i 55 D Y 7 A 57 31 - B8 bR 45 [ SRAS I D 22 A il 24, Tl B A0l XU A5 0088 DR 3R D I 2 i i
MREE N2 B 2 XL = A s i) DR AS I 5 e IROCELHE 1 SR R R IR 28 1Y 12 A58 i DXL 43 B 8 MRS iy B
B7 XU 70 AR 55 S RE AR AL BRSHAILH (22 1) . 18 ArcGIS 10.2 HAI ] A SR I S B4R B KR ARSI EE AE 34 K
R B PEERGE GDP N N T AR 53 6 285 RBP4 388 A0 R S Hb S5 2 A8 43 J3l)
53R 7 27 FERN S 2, IR AIRETT B AR ER h 2R B5 XU VD R 55 D RE R 2 A8 AL 9K s AL il A AN [ 52 i PR 2576
2550 ARG B XU VD IR 55 T i 2 [B)A% Jry T 1 A i [0 28 Ak 79 4 B2 A T b BRI 5 ey | 728 A XS I e
77 IR 7 B 55 S0 R4 o DXl A6 A A X 0 3910 O 2

x1 HRUETFIER

Table 1 Detecting factor indicators

o o s || % . s b i
Type factor Indicator Unit Type factor Indicator Unit
AR T X, SRR RRK mm X5 A -
Natural factor X, AEYIRE < Xg Mo gAY -
X5 AR R m/s AN HHF Xy PR B %
Xy =it m Anthropogenic factor Xio GDP J3J6/km?
Xs Yo ° Xn UNEE:): 3 A/km?
X6 TR - X PNER v NINpA hm?

http ; //www.ecologica.cn



608 JAE = 41 %
PR 5B A E AR
" % AR ¥R
—— —o— LR
[? i L % —_— BT A5
- 0 T3
SF, | SF,| SF3 C3 DI —.—O—g—o bR
Cl D4
D3 —o— 00—~ e k1
o cal| P2 ® WiHT2IPosel/ME  © FIET-2I% HPpse
@ WilHFZHPpsefi KAA O WiH¥ZMPpsrzFil

B2 #EFENRRERES T EERRERS
Fig.2 Geographical detector principle diagram and interaction types
M FEABFIE IR IR SF (SF, (SF5 - F T80 04 B AR 5, 3] e A S b ok Bl KLD i 5 €1 C2,C3 G4 52 B F C #9143 X ; D1,D2 D3 D4 5% 1
BT D BT 93X 5 Py g 2 5200 L7087 XU 0 25 D RE 1) e

3 GHRSW

3.1 B RUEVD AR S5 Dy R 25 AR A A B

BRI 2000—2015 AF LA TR B AU VD AR 25 (8] 43 A 1 25 S B A0 A b 3R A 7R T s i ol v
] PR B T A DX S5 875 XU T 0 IR 55 I B v A A 2 ) R i DX 577 XU T 70 il 55 2 B 8 v DA 3 6 DX 3l B XL
U RR S5 DIREAR I 3 Ak Jms (1 3) o AT RISKRE , 1E 5 V- 34 07 XU V0 de 5 , 36 14.68 kg/m”, IE43 (I
240 EL AR 13 BRSO P 24 935 XU 1 0 A s, U7 6 kg/m? DA b SRR | 3 T AR T RN OR JE B A AR A, A
4 kg/m2O

T I MRS ) B 2000—2015 A B [T B AU v i AR b R 3 Kt 2E M A, vT LR B 2000—2015 4F
57 JXU [T b B b S sk A 10 X s AR R 115104 km? | e rb I 2508 00 A9 1 AR A 27839 km?, 5 A 184 i i
T 24.19% , EE D AAES E R 2T P AT 248 B AR S ERB IO R4 X 38, 5 0 ATk 7 JRU I8 0 e 2 Uk
DAY FR N 84756 km?*, Hodb i /DAY T R R 24985 km? (b RIS/ TR 29.48% , B WAy A AE KA ME
JHEE TR S | Y S RS D RN R R T R A Xk (T 4)

>z

o BN
T4
O FBIX A
QLT B3R
bR/ (kg/m?)
04
48

1 8—12

B 12—16
16

0 100 km

[—)

B3 2000 F0 2015 & 5558 26 8 22 75 WU E 7D AR 55 ThBE = (6] 48 /=
Fig.3 Spatial pattern of windbreak and sand-fixing function in Xilingol League in 2000 and 2015
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Table 2 Statistical significance between detection factors

SR

Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

X1

X2 Y

X3 Y Y

X4 Y N Y

X5 Y Y Y Y

X6 Y Y Y Y Y

X7 Y Y Y Y Y Y

X8 N Y Y Y Y Y Y

X9 Y Y Y Y Y Y N Y

X10 N Y Y Y Y Y Y Y

X11 Y Y Y Y N Y Y Y Y N

X12 Y Y Y Y Y Y Y N Y Y
Y ZORPIA N T A HA Gt BV (BARE N 95%) ;N Fn B # 2R
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Table 3 Factor zoning characteristics of the maximum mean value of windbreak and sand-fixing amount ( confidence level 95% )

B AU Vb 34

73Uy

Detecting factor

73 XCRFIE

Zoning characteristic

Mean value of windbreak and

sand-fixing amount/ ( kg/m?)

AEHY[HIK B Average annual precipitation/mm 357—490 8.823
AEI YR JE Average annual temperature/°C 2.45—3.22 8.030
AEPIXH Average annual wind speed/ (m/s) 2.78—3.08 8.397
i Elevation/m 1249—1371 9.328
Wi B Slope/ () 1.22—2.75 6.642
+- 2 Soil type Wb+ A A 18.080
M 22 Vegetation type SR TR REE AR N B AR 17.289
Hi 52T Geomorphic type ARV B IR BB 8.585
¥EE Bt number of livestock/3k 122—270 12.035
GDP/ ( JiJt/km?) 42—101 8.807
N 1% Population density/ (1~/km?) 4—16 8.972
AT M afforestation area/hm? 8.51—11.35 10.548
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Fig.5 Dynamic changes of P, s value in the area of windbreak and sand-fixing function changes between 2000 and 2015

X1.X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 F/R-HEM HF, Bk L3 1

77 XT840 ke 55 EI RE 8 56t DX IR AE EL AR e 2 R S s 45 DXL 0 BB b o S )7 XU VD D BE s il A A S A
HARE PRI T BAR BB T A7 (R 4) o R 4 ATLUR HBRIBHIZEASN, + 17 5L
ERT AR R AR LN 8, P, o Af e, 28 W A SR DX By XU 70 il 55 D e 2 ) Ak
Jay v A% 3 o B AN P 5 B e AR RSB BE PR 1 b, S 5 L TN A9 5 B R D SN 735t , R
TIRIX AN TR 2V ISR IR 65 3, 25 8] St SO AS R ) 5 (A 1 A SR RAR W AR B P, o BB/ (H
5 T 05 BAE IS RS BRI R 55 0C R | 33X 3 1Y ot o 52 My AR A A RO 3 2 IR 3R AR I X
S BT IR 0 R 55 R RE S AT AR SR bt B AT BT 5 A TN 8] B S B 32 2 XU a5 G &% 45
NHHEFHIP,, o ME AT LA BRN R R 512 DO B XU 7 il 55 2 RE B 52 i AR 7 AR AL 7

x4 BXEDRSEEEEREERFLEERAER

Table 4 Factor interaction types in the windbreak and sand-fixing enhanced area
AT
Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
X1
X2 NL
X3 NL NL
X4 NL NL NL
X5 NL NL NL NL
X6 NL NL NL NL NL
X7 NL NL NL NL NL NL
X8 DF DF DF NL NL DF DF
X9 NL DF DF NL NL NL NL DF
X10 NL DF NL NL NL NL NL DF DF
X11 NL DF DF NL NL NL NL DF DF NL
X12 NL NL NL NL NL NL NL DF DF DF DF

NL. JEZe 1t ,Non-linear enhancement ; DF ; X{ [ 735 | Double factor enhancement
3.3.2 B XUV R 55 D Re s 55 X 4
FEAG R B 2000—2015 AF (A1) XU 70 R 55 D Re s 55 DX 3, 45 R =5 iy XU Vb Sk (R A e 1 (P ) HETR

H ISR (T76.1% ) ST (24.55% ) > N T 1EMRTHTFL (22.51% ) >PE B FE (16.35% ) >S5 (12.72%) >
AR (12.15%) > N T3 JE (11.98% ) >GDP (11.29% ) >4E ) XGHE (10.98% ) >Hi 52 A (10.82% ) >4 ¥ [%
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Table 5 Factor interaction types in the windbreak and sand-fixing weaken area

M7

Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
X1

X2 DF

X3 DF DF

X4 NL NL NL

X5 NL NL NL NL

X6 DF DF DF DF DF

X7 DF DF DF DF NL NL

X8 DF DF DF DF NL DF NL

X9 NL NL NL NL NL NL NL NL

X10 NL NL NL NL NL DF NL DF NL

X11 DF NL DF DF NL DF DF DF NL NL

X12 DF DF DF DF NL DF DF DF NL NL DF
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