5542 B 18 W) S &~ £ Eild Vol.42,No.18
2022 4F 9 A ACTA ECOLOGICA SINICA Sep.,2022

DOI: 10.5846/stxb202110122880

Wi, R, BTE, HAE i, NG, FReve, 24-18 0, X 4E. 1980—2018 414 35 1k T b X B XU 10 AR 55 i) 2 A48 fb S L8R ) P A 8 244
2022,42(18) :7612-7629.

Huang M D, Xiao Y, Qin K'Y, Gan S, Xie G D, LiuJ Y, Wang Y Y, Niu Y N, Liu J.Spatiotemporal dynamics and drivers of wind erosion prevention
service in Otindag from 1980 to 2018.Acta Ecologica Sinica,2022,42(18) :7612-7629.

1980—2018 EFEE LT X X E DRSS ETT LK
HIRzhE &

’;5\‘_“}1}1&1’2, 1 2 ’ 7};\‘%31,2’ H %1,2, ‘iﬂﬂ’%i{}bl’z, 1 _&%_5-1,2’ I# 7-¥1,2’
AR X

1 Rl B M R 22 5 R RS A, JE 5 100101
2 ERFEBE RS JE 100049

/.

FEE . P R E P IR 45 ST T2 T R X A 25 R G R A0 S S (0 B B B e 55, 5o IRt IX % SR 30 X Sl 1 A S 3R e 28 4 HLA T
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Abstract: Wind erosion prevention service ( WEPS) is a kind of protection services provided by ecosystems in arid and
semi-arid regions, which is critical for protecting the ecological environment security of the soil erosion area and the
surrounding area. Based on the Revised Wind Erosion Equation (RWEQ) model, this study simulated the spatiotemporal
dynamics change of the WEPS and the soil retention rate. Then we used the Geodetector to analyze the independent
contribution of natural and socio-economic factors including numerical variables and type variables to the spatial distribution
of the WEPS. Also including the influence of the interaction between these factors on the spatial pattern of the WEPS in
Otindag from 1980 to 2018. The results indicated that (1) from 1980 to 2018, the wind speed decline in the Otindag area,
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the implementation of eco-restoration policies such as area rotation grazing and grassland reseeding, combined with climate
change suitable for vegetation growth, had improved the overall service capacity of the WEPS. The amount of wind erosion
prevention per unit area decreased in fluctuations which was the minimum in 2015, with the number of 13.01 kg/m’. At the
same time, the average soil retention rate increased in fluctuations and reached a maximum in 2018 which was 94.28%
(2) The soil type, the number of livestock at the end of the year, the annual precipitation and the area of artificial
afforestation were the main factors affecting the spatial distribution pattern of WEPS. When the above driving factors were in
the Skeletol primitive soils, 52.84—86.86 million heads, 404.21 mm, and 5167 hm’ respectively, the corresponding
average amount of wind erosion prevention per unit area were the largest. Among them, the soil type played the most
important role and its ¢ value was 75.15%, while the g value of the number of livestock at the end of the year, the annual
precipitation and the area of artificial afforestation were 25.20% , 24.16% and 21.11% respectively; (3) The interaction
between the driving factors would amplify the impact of a single factor on the spatial distribution of WEPS in the Otindag.
Among which, the interaction between soil type and other factors had a greater impact on the spatial changes of the WEPS
than any single factor. Thus, the soil type became the most critical factor influencing the spatial distribution of the WEPS.
On the other hands, even though the ¢ value of average temperature was not as high as the soil type, it still made a
significant difference on the WEPS spatial distribution because temperature could change the pattern of other driving factors.
that could produce strongly indirect impact on the spatial distribution of WEPS. Therefore, under the effects of soil type and
annual average temperature, the improvement of WEPS and the mitigation of the degree in wind erosion is closely related to
the changes of annual average wind speed, precipitation and the spatial distribution change of other factors, such as the
artificial afforestation area and the livestock at the end of year which are caused by the Ecological Protection and

Construction Project on WEPS in Beijing-Tianjin area since 2000.

Key Words: wind erosion prevention service; RWEQ ( Revised Wind Erosion Equation ) ; spatiotemporal dynamics

change; Geodetector; Otindag
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BT RWEQ HIRY LKz B X [ U0 i 45 5% FEAth iz 55 3K 3 DR 22 Wk 5% v B 5 B 1) 0K 39 DR 2619 o B0 2% T BE 5 465
132029990 ORTI G SRS AT K | RIS 11 28 [ 4R DR R 1 AR N A 7 JEE ( Gross
Domestic Product, GDP) | A F% 245 9 Sept o 28 55 R 3 AR R A -, 43 B ¥ 365K s b X 2000 ,2005,2010
20152018 4F-F1 1980—2018 AFAF 1 B KU VD IR 55 W oa e AR Ak i 3R B R 3R (36 2) o B Tk v S M i) S B
R0 LA B P AR RIS AT V3538 T Y SR 2 | 39880 R A A 1155k 4 2R CFJR A b bk
L) 7 ZECEFAR R AR DN FEEE EJE BRI RIS R ) 7 O L A SR TR
WIE - 2Kt KRt EhiR ) B A BRI AreGIS K EARIEIRE B A 35 B B AR GDP 43
4 25 HAR R4 R 10 28, 50T 2000—2018 AF- 1453538 5 i IX 257 T AR Sl XU Vb i it s AR AL IR B I KR

F1 HWIBRNSFLEIERALR

Table 1 Geographical detector interaction types

2 HAEM Interaction types K HE Foundation

e MUK 5T Weaken, nonlinear (X1 N X2) < Min(q(X1) ,q(X2))

AR AR PSS Weaken, uni- Min(g(X1) ,q(X2)) < q(X1 N X2) < Max(q(X1),q(X2))
WU 3858 Enhance, bi— q(X1 N X2) > Max(q(X1),q(X2))

LR Enhance, nonlinear (X1 N X2) > q(X1) +q(X2)

M7 Independent (X1 N X2) = q(X1) +q(X2)

x2 RUETFER

Table 2 Detecting factor indicators

% fﬂfi t5h7 v | %m ﬁﬂfi $5h7 B
Type factor Indicator Unit Type factor Indicator Unit
ERSIES X1 i m R 23 TSy X12 BT IR GDP Ji 76/ km?
Natural factor X2 AT - Socioeconomic X13 UNEL)S N/hm?
X3 43 ° factor X14 N TR hm?
X4 ek o X15 5 B A B -
X5 AR R mm X16 IR Y B -
X6 AEHIR < X17 AT hm?
X7 TFH A m/s X18 AT L( i)
X8 it e - X19 AR LI
X9 R &l - X20 AR E O Jik
X10 NDVI -
X11 TR 7 B -

NDVI. H—{b M #3548 Normalized Difference Vegetation Index; GDP; [ N4 = B H Gross Domestic Product

3 ERAW

3.1 B UEVD AR S i A B AR AR R
311 PV s AR Ak

AR T2 35 5 o by DX 25 4 B T AR 7 KU Vb B P S (3R 3) , AT LUK I, 1980—2018 4F, 7235 35 v b [X FR.
A7 T FRLSH XU V0 Y AR AR L R 13.01—22.90 kg m™2 a™' | 7 XUE Vb Bde g 2.18%10"2—3.81x10" kg/a, 1980
AF TR IR v A XA T AR 7 KU VD e LS S o e, B S B T — e Ve A R sl b B T R B
JE VR AE 13.01—19.47 kg m™> a™' Z [A1AE 4L, 7E 2018 4F /N B [, AH EE T B KU V0 i, V38 1R s s X
TR DX RS2 o XL e A A R B A AR Ak, 1980 4F Vs 7E XU i B 1, 1990 4F AT A KR Y R [, 1
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1995 4F - F5EEE , T 5 7E 2000 4 XA B RIEEE T, 2 i — B AR 2 ; 1980—1995 4= 52 i XU i B B A {15
Fa5E , 7F 2000 4E4 B 3% T %, Z G IR5iaE

#z3 1980—2018 FEZERHREDRSERERENE

Table 3 Average annual wind erosion prevention service and soil retention rate in Otindag from 1980 to 2018

LN VAR AV Y S = R ¥ VAT AR 5 G 8 DA T AN RN AR s i XU b A

Ay Potential wind erosion Actual wind erosion Wind erosion prevented Total wind erosion . X
Year per unit area/ per unit area/ per unit area/ prevented/ Annual soil retention

(kgm™?a!) (kgm™2a’l) (kgm™?al) (10" kg/a) rate/ %
1980 36.85 14.06 22.90 3.81 70.79
1990 23.97 9.23 14.74 2.47 72.48
1995 26.19 10.46 15.22 2.63 71.32
2000 18.00 2.49 16.04 2.68 89.11
2005 18.57 4.45 14.12 2.36 83.31
2010 19.28 3.36 15.93 2.67 89.49
2015 16.47 3.46 13.01 2.18 88.61
2018 21.58 2.12 19.47 3.26 94.28

23 [R] I VR T DX (57 IR P IR 55 A A 36 B R P L BB i 5 rh R v b LA K g 0 A 3 3k e A i 1X
S A1 AAR Jey (181 2) o o T e | TF 78 ML | 5% J8 AR 2 A S A6 T AR B IR T VD S 3 v, BB 3 7E 20 ke
m™ a” DAL aRAC B R B R R | SR B KUE VS ARG, AR 4—10 kg mTP a7t AR, B TIAR
55 DR T 7> 4D o 1L DX S 47 DA R 350 00 2 s IX 1) P b M X RS B, 1980—2018 4, ¥ 3 1k o b IX [ JXU [ V0 IR 55 155
{8143 T RS A4 S IR S/ B A 1980 4F , B X4 ( =30 kg/m?) IR K, N 4.63x10* km? ;2005 4E
AR R /1N, 2.14x10° km® o A, 2015 45 547 TTRRLBTS IXULE V45 A 40 125 L IX IR ( =40 kg/m” ) TR ik
Flfz/, AN 0.63x10% km” ;11 2018 A7 IR S AT [ 3 157 (L X BUH K 28 4,41 km®, Horp RS fELIX
BRI AN 1.85%10* km?,

19804

AL RE VDR (kg m™a™!)
<5 [J5—10 [E010—20 [EW20—30  WEN30—40 [ >40

2 1980—2018 FEEXERXE D EE B HIEE
Fig.2 The spatial pattern of wind erosion prevented amount of the Otindag during 1980—2018
Z54 1980—2018 AF- 175 1A o it DX L7 TET AR 77 XU D s (9 235 2R W DA & 9L, 38 A4 Sfe ¥ 3 3K o it DX i) XL ekt
FRBEAG I i VB AE AUl 5 S B AU I 0 350 A AN [ 2 B 1 T e 77 UL 0 S st A /N R R (36 3) o X ATl
55N 5 i X Ui A AR 1 Sl 07 (BIRUER ) B2 A, DA KE AR B [ VDR T B S S5 1 AR A G, 23K R
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7 17 TP 55 oy ML DX T 30 4 Sfe XU Al /N2 fige T V35 08 o ot X XUk I & 120 AR 9 45 SR A (7, 2000
AR LUK TS AE KU i | SEBR KU i A L AT 5835 T BRI AR FFARE L 31X 5 2000 4F DR IR BRI MR B R HE XD
VRSB TR SR AT B R R Y
3.1.2 B RUEV A RS ARk

1980—2018 4F-, ¥ 353K oo M DX B AU VIR 55 AR A % [ 1980 4F AR 70.79% % 8l Tt , 2 2018 4F-35 ]
B KMH 94.28% (£ 3) . Hrh,1980—1995 4F AT RAZARME BB/ N, R FFTE 70% 26 47,2000 4F 355 89.11%
J& , I FREE YR % ,2005—2018 4F, B KUEI VPR 2 DL 83.319% Ml s, REUE B NS 1Y BT

23 ()L, VAR R e ML DX 875 XU U0 AR 45 (R AT R A AR S B 1) A e [ P basb Dol P 25 [B) 43 A R AIE . AR =F
TG AR B SE E A R BRSO S L O A R 4 T AL X VL IR R R AT R e R A
A P14 3 Y R 78 i e DX ) R AT SR U AR XA (L 3) o 1980—2018 4, Bl U U0 il 55 PR AT R A IX (i
B R <60% ) Z W10 95 JE B AL 3RS rh PR v s i b IX A v | ELTE R 350800, Herp | BRARR A IX B (A %
<40%) AL A 1995 FIF4G B35 08/0 1980 4 IR X 1 A e A, DAAR IR DX 3k Ay ==, PR X 1 A k483 % 10°
km? AL FERARA T 3.07x 10 km? ;2000 4F, 57 XU 70 IR 55 O SR8 AR S 250800 | T 2005 45, AR LK
£ 3.06x10* km®, {EAFE R B ARAE A9 AR AT B B2 [ T, FL 2005 4 22 J 10 AL T B fL AR AN
K, 2018 4F | 4 XARA FARAE X SR i AR /N, o 0.19%10* km? , Herb AR AR IX BRI AR A 0.02x10* km?

20004F

19804F

19904

N 19954
;

0 350 km
|

B XU VD R AT 3/ %
B <40 E40—60 [160—80 [ 80—90 MM 90—100

3 1980—2018 FEEZXTERRENRAXRZE S HIESE
Fig.3 The spatial pattern of soil retention rate of the Otindag during 1980—2018

MR | VTR v M DX B KU VD R 55 PR R B B 25 42 5, AR S O RN 82.42% , JUHLE 2000 4
2 JE AR AR A DX 3 v AR J 25 8 T BB 2000 4F 2 5 AT I U E KD TG BE TR R B MOA TSR AR SIR R
TRRAH G, U BAAE BT XD A B 20 3, AR SRR S T W25 BRI 5 11T 2005 45, PRA 58 04 i 2 14 P
%, AT e -5 24 EAR R T 52 BELAS TREEE A A= 1, 1155 1 B XU 70 IR 45 S g o6 ),
3.2 BRSO AR SS R H AR
3.2.1  H A AR B XU VD i 55 AR b e

SR, 1980—2018 474235 38 T b IX A7 T AR B XU VB LA 0.43 kg m™ o' BRI /D . Hidr, 1980—
2000 4F . 2000—2010 4F:, 1437 i AL KU 705 43 ML 1.38 kg m™ a™ Al 1.04 kg m™> ™ {4 58 J& U /0, 2010—
2018 4F , BAf7 1 FRBT KUE VDR L 1.77 kg m™ a ' B EERG N (£ 4) |

http ; //www.ecologica.cn



18 BEA 5519802018 AEVE R v X B XU V0 R 45 B 25 AR Ak e HBR Bl A & 7621

R4 TRMEEELRHREDEURRARFHENES

Table 4 Change trend of average annual wind erosion prevented amount and soil retention rate of the Otindag in different period

. . iﬁﬁﬁilﬁiﬂ‘i’/"%‘ l@?ﬂ(’)‘é% USRS
Time Wind erosion prevented per unit area/ Total of wind erosion prevented/ Soil retention rate/
(kgm?a!) (10® kg/a) (%/a)
1980—2018 -0.43 -721.91 3.46
1980—2000 -1.38 -2308.73 6.29
2000—2010 -1.04 —-1511.18 -1.34
2010—2018 1.77 2965.82 2.39

23 RS R AR AL A H R R, 1980—2018 4, 1835 1K 7 il o3 b DX 537 17 AR 7 XU I 70 B0 1 [
S, 3 -5 S R DX R A I e R A T TR JE R A IEE, DA B T R | G e 5 M EE ) 36 3 X S
(E4).

1980—20184F 1980—20004F 2000—20104% 2010—20184¢

v Wl RS RS D m B
4 1980—2018 FEMBEZEFTAMARBXE D EFHTETLER

Fig.4 Spatial change trend of average annual wind erosion prevented amount of the Otindag in different period between 1980 and 2018

1980—2000 4F- By [fi £R 57 XU 1 70 1 AR A 1) B A4 23 (R % SRy 55 1980—2018 4 i & A% Jmy KB R (K] 4)
VLA 2000 4 DAV 35 35 T i X057 T RS XU V0 s A AR E . 2000—2010 AFBR 55 JE 4% A2 I | 14835 38 7 Vb Ml
T 320 M DX Ay AR i 3 AR AR R B A1 S 4 b DX B S TG AR 917 IR0 [T 0 s Sy 3 i ek 2 G (& 4)
2010—2018 AF- B4 IR B KU VD R B AR B a3, B ke 344 v X6 6 2 5 e R Ze L 30 | oy 2t Mg e
PLS R TR v YD M X (1 4) o FERTA BB, SR SRR A T | 95 J& e 20 TE DL R T 8 3K e v/ i b, DX BRLAS7 T AR B
DRV Vb e 24 A S A ke 3, B VB VD e 0 A5 31 T R HaE gk .

ZEAF 3 AT LA H, 1980—2000 4F ik AE X fh 5 52

o XUk 47 552 % Sl ek /s a4 2000—2010 4F 3% | A \E v PR —e— SRR . g
PREEREE . PO BF [) B B o7 T AR XL 1 0> 728 A e £ 350 40 3
P % 5 (9 4), ATRE T 19802000 4E IR 25 0% M gg %2.‘2
EFWE, MORKAERR A IR K, A3 S S A § 5 %0 2085
ST SRR KU U B R RS %5,2000 4 BLE, 2 02
WG BEA DRI RGE , FEK 3G Z 0 ik T AE B B SRR A, 20 1580 1950 1993 2000 005 WO 5208 | £
MK 22 2000—2010 4R BB KA b0t w4 Ve i
Mg (ES) . B 5 1980—2018 £ EHMEABSFHRETL

3.2.2 B REV A FAR L B Fig.5 Changes in annual average precipitation and wind speed

1980—2018 4F 7% 3% 35 7 i [X 7 KU v (5 A5 = ), from 1980 to 2018
3.46%/ al B JEIEIN (3% 4) o Mo, 1980—2000 4
BEPR, 2 6.29%/2;2000—2010 A=A g i/ NS HL R LA X408, S —1.34%/2;2010—2018 AR (AT RIK I
I H 2.39%/ a,,
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1980—2018 4774 38 1k v b X 7 XU V0 IR 55 DR AT 5 AR S R ke 34, b P AL 5E 8l X HE 5 rh R v
b3 3 b DR s #2181 6) o LA 2000 4F 2010 AF R B[] 7 5, & IR B BL oA, B XU VDO A8 b
P ASTA] - 1980—2000 AF- 14 35 35 b 2 R 70 i X AR AT SR 3G m ka3 Horp IR Je AR A 5 e e A2 T L) R OE
I A 2 e 4  2000—2010 4R AT SR REA L 75 JR 20 R B | OE A I Dy FE LR | rh AR b X
SRR B 100 B2 A B3 PR X B XU Bl 55 114 52 el D 559 5 2010—2018 41742 35 38 e iy IR V0 i 55 U %
S AR S S8 T A S S T DA B S e R A T R L N b X (B 6)

1980—20184f 1980—20004F 2000—20104¢ 2010—20184F

s W BT R T . B

B 6 1980—2018 EFEMBEFEEERHREDRSRERENZATUER

Fig.6 Spatial change trend of average annual soil retention rate of the Otindag in different period between 1980 and 2018

FH T L, 1980—2018 AF- ¥ 35 1k v b IX 2B 2% 22 495 B KU V0 il 45 BB 0 AT T 8 b 25 i 88 1, 7 2010 4R 2
S, 300 R TIT IX S0P DR I i/ BV 3k e M DX A 25 3R e B U P g 0T & R 4R R AE — AR X RS RS . i
2000—2010 4F- | f T XU 238 i BOE e KUk i 3G 00, 76 50467 1 FR B KR P AR A RS e B 0 T it B
PRI BT XU T Bl 55 R A 58 S IR 1 I
3.3 B XUEVD RS IR B R R A A
331 HRREREHT

2000—2018 4 A4 1 S R AR S5 3 o, X Bl XU Vb 8 2 (0] A8 Ak 1 s i A 32 (B AR RE ) ¢ 1B ¢
RAGERIN B 7, HE 52 mo) B2 B p R B /MR IR . T8 2E A (75.15%) A R PR & B (25.20%) | 4F %K &
(24.16% ) N THEMRTEA(21.11% ) AFEHE 5 (18.96%) AEAREREFNAN(18.04%) NDVI(16.80% ) JH#
B (16.74%) AFRZE 8 (16.12%) AFEYIHE (13.98%) SFEHIRGE (11.10%) =R (10.41%) (E 7). %5
42000 ,2005 2010 2015 2018 4 AY44EIIZE S, AT DL & BR, - HES AU IR 22 b5 XU V0 iR 45 25 11 A48 Ak Y 3 220K 5
K&, BB ERRELE T0% A A7 o [AIREZ M HL A2 B (1458 A ) R 340 A0 435 A1 38 K o 728 XU, A R
15 9IAE 24.16%F1 11.10% 547

T H AR S ST SR AR TR, A48 B XU V0 1 3 252 0 R - A7 76 25 5% 2000 4R HFE pRIR
B DRI B A AR AN TR Y S, AR B AR R IR A AR A B ki D R N T AT RO B XU D IR 45 25
[ AR A SE AR . AH LT 2000 4F,2005—2015 AFA4F R 7K B 5 5738 XUGHURT 77 IR VD i 525 Tl Ry A8 4 19 5%
M 2 A 25 Dy D S ) B4 T, A B K Bt 1) 5 e ARG RS A B 0 DRISETE 25% 20 A7 5 1 34 XU 174 52 i) 78 B8 D)5 4
SR 3T i I ) B P AR R K AR, X O S BT O, 2000—2018 4F, i TR MO B & X
SO B AN AR AR A TR A S, VS 8 v b DX AT AR A B R B D IR AE 2010 4RSS IR FRRUE B R RS
MR ALA TR, BRI, A4 B8 308 %o Bl AL v FIR 55 225 ) A8 b 14 5% i) i B 20 A 557 , 1T NDVI A 7 55
JEE P 2 o R DULA TR A

W 8 JIr , B T AR [ PR T 0S4 AN TR0 PR 118 2 50 %) B85 T 2 26 AR T) 1 72 Ak (1 PR 7
Sy ZRIRIBE UL 5) - S AR AU VD S S5 (A B NDVI AR 608 S8 GRARE N D% S mif GDP 1Y)
BN Sh N R, Horh AR R R NDVI AESS 3 2324 Xof 7 () SR T AR B R v i Y K, B S A B i
W 2T B N 1 %5 B 5 7 T AR GDP A 4 238 ol B4 RS 7 XU > e 12 1 S AN T) i B2 ) 4R T
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Fig.7 q value of detecting factors in different year

X1. 7% Digital Elevation Model ( DEM) ; X2 Hi {1287 Geomorphic type; X3: 3 & Slope; X4 : #Z R & Prominence ; X5 : 4 [ /K & Annual
precipitation ; X6 : 4F Y47 Average annual temperature ; X7 ; F-3JJXi# Average annual wind speed ; X8 : fE# 25 Vegetation type; X9 . 13 #Y
Soil type; X10: JH—fLFEBEFEEL Normalized Difference Vegetation Index (NDVI) ;X11 . FE#% 35 & Fractional Vegetation Cover (FVC) ;X12:
AN T AUE A S BE Gross Domestic Product ( GDP) per unit area; X13: A 1% & Population density, X14: A T.3& AT AL Artificial
afforestation area; X155 1B B % Distance from the road; X16: 5AF ) EES Distance from the town; X17 AR EFEM AL Annual total
grain sown area; X18:4EFS B 775 Annual total grain production;X19:4FA2&/= & Annual total meat production; X204 K47 ¥ Number
of livestock at the end of the year
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Fig.8 Change of average wind erosion prevented of different detecting factors
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PRI IR 42 (Y- 249 X 5 R B T 53 P R PO I R B S BT RS BEE A
T AR AR R AR R R A R L BAR PSS R S i AR S I v i S (E AR AR — B, 2
RS E I AER— AR B K2 G L TR S R X R 1 LRl
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Table 6 Statistical significance between detecting factors
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A5 R PG E KU AR IR L T 936 5K v b X 1980—2018 4E 7 XU V0 IRk 55 AR A Ze iy s 23 A8 4k, LU
A AR S S AR 0y Ry s 1] A5, AT A 5] s B PN 3 738 Ak ka3 33 okl BRI S R ST AR ok = N1
WA 20 T AR5 N R R TR 22 (8] A 28 EAE G2 b DX XU VD IR 55 25 1A JR 2R Ak s e, 45
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55 25 [0 o A 22 HE B i 46 /)N 5
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