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Simulation analysis of vegetation restoration and ecosystem wind prevention and

sand fixation service along the Great Wall in Northern Shaanxi
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Abstract: In order to explore the mechanism between vegetation restoration and the ecosystem service capacity of the wind
prevention and sand fixation (WPSF) , this study selected the region along the Great Wall of Northern Shanaxi which is in
the edge of Maowusu Desert as the study area to ensure the sustainable development of ecosystem WPSF services. By using
Theil-Sen slope estimation, M-K significance test, the Revised Wind Erosion Equation (RWEQ) and scenario analysis
method, the paper evaluated and analyzed the effects of the implementation of the Sand Dust Control Project and the spatio-
temporal change of ecosystem WPSF service in the study area from 2000 to 2018, and focused on the effects of vegetation
restoration on soil wind erosion and ecosystem WPSF service capacity under the condition of changing wind erosion factor.
The results showed that: (1) the vegetation restoration along the Great Wall of Northern Shanaxi has improved significantly
during the period from 2000 to 2018, which indicates that significant effects have been achieved in the Sand Dust Control
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Project over the years.(2) In the real condition, with the continuous improvement of vegetation restoration from 2000 to
2018, the overall risk of soil wind erosion has been decreasing, and the wind erosion factor is the main reason for the
significant change of the actual amount of wind erosion. From the point of view of ecosystem WPSF services, the total
amount of WPSF in different years changed significantly. The amount of WPSF reached a minimum of 45.691 million tons in
2005, but a maximum of 641.644 million tons in 2010. As a result, the service capacity of WPSF also reached the lowest
and highest levels in 2005 and 2010. ( 3) Through scenario simulation, it indirectly indicated that vegetation restoration
could restrain the occurrence of wind erosion under the condition of the minimum wind erosion factor. However, under the
condition of the maximum wind erosion factor, the wind erosion was still serious, and the ecosystem WPSF service ability of
vegetation was more significant. (4) Under the three scenarios, the order is the annual potential wind erosion > wind
prevention and sand fixation > actual wind erosion, which shows that the ecosystem WPSF service has obvious effect on the
maximum disaster risk degree. In a word, the study proves that the vegetation restoration is not only a necessary condition
for the sustainable development of ecosystem WPSF service function, but also plays a vital role in the further development of

wind-sand region.

Key Words: ecosystem services; wind prevention and sand fixation; sustainable development; wind erosion
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Fig.1 Geographical location of the study area
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AR SO A B4 3 NDVI B8 8 i AR ( Digital Elevation Model , DEM) | 3088 | 25 36 B8 A<
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B.(5) ig{ﬁgﬁjﬁﬂéﬁ?ﬁﬁ%f@*/b( https : //www.worldweather.cn/) , sXEPER K 0.1°, &G
HHasi— 0 CGCS_2000_Albers 2845 3, FIHT ArcGIS *F- & HURAEN 1km 3 HER

2 HIRAE

2.1 Theil-Sen FEREMF S M-K B EMHER R 5

R T A AR ST XA AR T 1 S SR AR AN BN B S A B AR 4 B i 7, T Theil-Sen
AERAGE Mann-Kendall 535 VER IR BRAESBOGE 5 12, HATE L8 8] Z MR A RESTRR0R
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S =150.71 x (WF x EF x SCF x K' x ¢) """ (11)
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JE (m) ; SL s BAL T AR SEBRIXUEE (kg/m®) 5 Q,,, AR ECRETTPEE ST (kg/m) 5 S A RHEMBHACE (m) 56
FEoR BT TR KUE VD B (kg/m?) 5z Fn FIRAEES (m) , AR SCH L 50m; WF Fm AU A T (kg/m) ; EF
FR IR PR R (TC R AN) s SCF 3RoR A BB e A (e ) s K Fom o H B EE I+ (B 4) ; C
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o, o FR WL,
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NDVI-NDVI_,
" NDVI,,-NDVI,
o FVC USRI B 354 (%) ,NDVI, Il NDVI, 73551l 7 A 908 o 1) e KR e /IMEL, AR SOR B 848 %X
5 HETARIT BRI EAS ) 95%F1 5% 1) SRR I T B4 o6 e KA ME T
S R GERT AU YR S5 D RE AT LA MR B SR B Vb R R o RS IR AR, S A By L
Wysi | LR PP AL DX AR 25 3 G B XU VIR 55 R T i K/ . R AR
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Ag = Qgp/A (21)
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3 HBREHS

3.1 Theil-Sen ARG S M-K £5

K H Theil-Sen FPRAGFA M-K B E MR IARSS G 097572, AL NDVI BE 15 2 09 Pedb K IR 4 X b ik
G IXAHP A B (] 2) o S5 .2000—2018 4EHF5E X N 98.74% Y X A B An (b R 8 hy iz, Hir, 24
H 90.34% FHE W 55 X A BOIR O S B0 A A AR S AR R T R M BH X AR T A R
BT R, S E R IR AN B e AR T R BAE A i B HURR T R 1 5 b DX ) A A T O —
EZIN

AR Theil-Sen RPERARSAT M-K K50 5 A THERCE & ARG FT 8 SRR R m SO0, l— ootk
[ = R ARG 565 2 [ A8 P B A SR, AELAR SRS 1) 8 B A b IRV 42 XL 30 5 b DX AT 0 A8 b 28 ] A A 2 5 3
TR [ T 437 5 326 D00 1) e 2 1) A8 AR AR R ik B —3,
3.2 KUY P 5 28 A JR)
3.2.1  KUphH T4

M1 ATLUE H,2000—2018 45 JAUfh R 7 52 80 H k2388 22 -/ (e 34, ELXUER R - 906N 24.02m/s I
G E 12.26m/s, AR AR/, 7E 2010 48 KUk 7 S0 {E 3k B 5 K, A 74.13m/s, 2005 4F 5 AIK, R
6.32m/s, M4 KT Sm/s IEHEMRBOEE 2010 4E AN 22 T HABAE 4 , 80 2010 4F 4 KUk B - 1 B0 4
KAE,

F1 2000—2018 FERHEFIEN
Table 1 Changes of wind erosion factors from 2000 to 2018

E0y RRM/ (kg/m)  T/MA/ (kg/m) P/ (kg/m) Efy mARMH/ (kg/m) /M (kg/m) P/ (kg/m)

Year Maximum value Minimum value Average Year Maximum value Minimum value Average
2000 72.85 2.28 24.02 2015 61.89 0 17.17

2005 44.94 0 6.32 2018 38.62 0 12.26

2010 277.44 0 74.13

FEZS T A R (B 3) RV R A 2 5 BH b, EL XU R 3 4 A7 ZE A P DRI AOR B i, X 4y
BT ,2010 AEEHADAE 22 S M E R W3, 7E 2005 45 i1 B XU R - 5 A A B X, St o X 2 B T
AR E I B R SRR B SR TR VD R B B ) R ECR B 2
322 bBERHIP TSR

T i R - R A IEHEHUR R RE T RN, - X KU e R SRR B R, T kR R BRI
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Fig.2 Vegetation change trend and significance test from 2000 to 2018
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Fig.3 Spatial distribution of wind erosion factors from 2000 to 2018
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32 7 N5 - 45 52 N AR i B R B, B - 3 3 2 45 By b I ], 34k B N7 SCF ik, +
BB Sy 32 B Mgl . RN ITSEIX SCF BIHUEL (18] 4) 78 0.06—1.00,*FHI{E N 0.56, SCF 8 4 XU BE
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J1i2E . WS RF , SCF B /MR AE K IRITE 7 FIZ DAL, 5 N 5 B 5 R U IR AR A8 HARST A fE
BE, MWASEBAEPEFORE 2000 SRR St FA AL & R, T8 SCF ey, o 0.837, HUAUMBE 1 52z
i B BRPREP R R BILR B A 805 | SCF A, UETHTT XU RE Ty etk , AN 2 A Ui

MR E [N 7~ K7 S 1 S o8 U B2 R/ NS, OTT 2R K (181 4) BB LA 0.004—1.00, 3
{69 0.65, =z [\ 3 L, RIATL T AU s FOMURE I o R0 73, F2 2o A A i1 BAL T I B B IX
MAREL MRS BEAIIE AT | R 1 S AN i Btk AU R w5 A PH DX iR B P b R B iR, H i &
DX e {FL DX AR B AR , 36t Rt S LR B2 g | S 5 TR iy A, L 300 L 0 320 g 0 Ll T 3650 v S
IREER AF TR A

A bmmEs g & ¢ o A8 AR
p r=x k. </ ) - =3

{%: 0.004

0 50 km
[E—

E4 TEEFHH

Fig.4 Distribution of soil factors
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L PRI - TIE AR A IR o o R B 10 TR/ DN LA A e At el DU Py 0 s R R i s il A 2 R 8 7 XL
[EVPEE ), WX C HFHUETE RN 0.007—1.00 , A8 8 2 AR 2 AT B 3 (R R0 Bt 3, R b A7 A
Wedh, 2T (B 5) ¢ BB 3 2 A 7e MR T R BH XS5, =B 2 g WU =0k, ¢ B3R
TELDAH S
3.3 B RUEI DY BT B i S A R
331 BE S PR A s AR

TELE KU RE A S e 398 M BB Y fe K KUk i, B S Ul fe B 1 < fa B AR ™ . 3R 2 A& Y, 2000—
2018 FIETE N EETE 4569.18—64164.44 J7 t,2010 4F 35 B W7 KU &2 064, 2005 4Fix /b, 5 2000 4EAH I,
2018 4F /0 T 13160.93 J7 t, AT ULBRALI i 2 -39 XU fe 3 1 < fa R B 7 22 B =X RRAIK . 5 2000 4FAH
EE,2018 4725 v o AUV 7E KU & T % T 3.92ke/m?, R 52 < ik /D38 -k 2D 19 9% 8l X ARk, 2000—
2018 AFSL PR A 7E 1056.31—24211.89 T3 t, 7F 2010 43k B 52 b KU sk 1 16 (24211.89 J7 1) ,2005 4FH /b,
52000 A EE, 2018 4FHEN T 894.94 J1 t, 5 2010 4FAH L, 2018 4R/ T 20161.58 J7 t, -3 #A{3 fi AURUflt
I T 6.0kg/m? Bl MR BERE A ol -3 - b () AR AR A

2000—2018 AFETE7E WUt 30 10 5 1y s ) 2 S, AR 25 R TA) A, 7 XUk R 1 23 A 0K 3R 4%
FERE | 38255 Rz 5 I b DX s e DA b i e Ay TR B0 L2 A B B o LS, S BH DRI T T i B o
BRI A BV e KUk s BE A%, SEBR XUHUAR Brozs (A1 46 -, A7 7E I S i 9 s A8 Ak, AR KRR 1 X
Tt 73 2R (SL190—2007 ) ) 4 - 438 KUt 43 S 1% (<2001/a) 4% B (200—25001/a) | FJE (2500—50001/a) |
5151 (5000—8000t/a) 51K ( 8000—15000t/a) JFIFL (> 15000t/a) ) MG /2G0T, o 4 98 XUk ik
UM T 16.16% , 525 W A>T 15.94% ,2010 4F5mE0 ARz el 20 R AR 07 b i ok, 5 X Rz AR
BRI F ook, S EUAR LG ™, 2010 3 2018 4, KUk 72 ik /)y | 38 XU ki B g i 1 I B Ay
M, B A BRI AR B ORE VIR FE o LR 22 5 i BH DX R AR T P A XU 5 oA i 2 L 7R A B2 S

http ; //www.ecologica.cn



7892 A E = 2%

0 50km
HHEHT

-"‘,%j:l

- I%: 0.007

B 5 2000—2018 ## EF
Fig.5 The vegetation factor from 2000 to 2018

B A B TR ARSI B XUt ™ e P Xl (181 6) o IS TRN G 2 (] A LU O , AR A T Uk >
B DR V- > S B IRk it 156 B A e KA 35 R B O, B XU VD IR 55 #E I SR A T AR AN Bk R 7E
2000—2018 4FREA Il I e B AU V036 B R v, -3 XU 42 €45 21 S 2B ] . AF LR ZE XU, S BR R
T2 2 R T, A PR AN A | T2 KU R PR o XUt 1 5 v e 25 1)

£2 2000—2018 EFHRES M REBSIT (kg/m?)

Table 2 Quality statistics of wind prevention and sand fixation materials from 2000 to 2018

£ e A5y Year
Types Item 2000 4F 2005 4F: 2010 4F 2015 4F 2018 4F
TEAE KUk LRy s S yN(E] 51.45 36.07 60.86 45.25 30.94
Potential wind erosion L TEARAE U ME 0.00 0.00 0.00 0.00 0.00
B TR RRAET- 24 7.52 1.36 19.11 6.04 3.60
BRI 25252.71 4569.18 64164.44 20293.98 12091.78
S Ul B T FRAE B R A 47.05 32.20 60.86 45.11 29.67
Actual wind erosion o E AR ME 0.00 0.00 0.00 0.00 0.00
AT AR T B E 0.94 0.31 7.21 1.96 1.21
BE/JT 3155.37 1056.31 24211.89 6593.25 4050.31
i XL 7> BTSN 50.98 35.69 60.73 45.09 30.92
Wind prevention and sand fixation BAAS T AR Fe/MEL 0.00 0.00 0.00 0.00 0.00
AN R 6.54 1.03 11.98 4.05 2.38
B/t 21944.56 3461.06 40206.75 13592.92 7987.44

3.3.2 BBV IR SS W i i s AR Ak
T AE 55 S R XUk 25 R AE - 338 XUt AR 880 (A7 1t AR B XU v B ) o BF R 2R B . 95 XUIE b ) 5 HE
2000 4EHY 21944.56 J7 t W8/ 3] 2018 4FfY 7987.44 T t, 2010 4FEAE AL shdg K K Hak B i R VD&, K3
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Fig.6 Spatial distribution of wind erosion intensity from 2000 to 2018

BRI A AU VDR 55 BB T A 40 IRIHIX (A < Sv/hm® ) BEARIK (5 < Ay, <200/hm?) ,— R IX (20 <
A <60/hm”) BERHIX (60 <A, < 1200/hm’ ) FIFGLIK (A, = 1200/hm”) o B XU U0 % 456 91 431X S5 33K
B W13 3 773, 2000—2018 4528 25 R G55 U 10 IR 45 A 75 (8 DX T4 25 (6L X £ B0/ 25 /S 2 A
S LA A 1IN B8 | L LB AR 14553 0 57 XL 1038 B 43 L AP AE AL AP AE 22 5, KO
VR 25 2R 0 PRI IR 45 2 B I 0035 0 5 I e 93 LI 0 I 45 80 4 3 Bl e bl Tl i
BB, IR 7 % AR MR A7 , SR U PR (ke LB DR T AU, B P73 5 B S50 XL b 1 3
Wb R AR 2 S BRI T4 5 B R 2 | ST 9 SR 0 I 3 02 0 43 A 7 A e A
SR, ZEA L ORGSR | VDR ST AR 5 SO I LA T A A

&3 2000—2018 B XUE i BE F1 % 8] 43 4R/ kem®
Table 3 Spatial distribution of wind prevention and sand fixation capacity from 2000 to 2018

X A Year
Zoning 2000 4F 2005 4F 2010 4F 2015 4F 2018 4E
577 JXU I 7> g FEEIX 6549 737 11135 4111 1988
Wind prevention and sand BREX 2336 490 3212 2562 1883
fixation capacity — X 5372 3061 4518 4158 5408
BARIX 6640 5439 4165 4750 7015
fIRME X 12578 23848 10545 17994 17281

3.4 AEPLK ST 3 XU R B IXUREL VD il 555 il

R T 2 A R TR A AR R X IR R G A 2 R e B KU VD Al 55 () s i), R RIS SRl
PhEe/N(2005 4F) B KAk (2010 4F) 7 3600, i AR IS e (RIS 52 1 A 2) o Bl T o050 e XU i vz
B T, LA PR [ e AN /I 2005 A 7 26 KUHUA I 5 1 2504 B8 8 AUk, 2010 45 I T AE XL
TR 17 502 45 44 T A A6 XUk ) DA 0 sk 0 B A B8 0 R (364 ) 8 1) X BRI ¢ LA L e/ XU R 715
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Fig.7 Spatial distribution of wind prevention and sand fixation capacity from 2000 to 2018
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Table 4 Quality statistics of wind prevention and sand fixation under different scenarios from 2000 to 2018

B3| I § Ay Year
Types Item 2000 4 2005 4 2010 4 2015 4 2018 4F
Ha1 SR Ay LAY LS TN 35.38 32.20 34.52 33.65 33.48
Scenario 1 B T AR AR SR/ IMEL 0.00 0.00 0.00 0.00 0.00
AN T FRAE T 0.32 0.31 0.28 0.33 0.25
MR/ TT 1066.56 1056.31 956.01 1104.19 825.38
57 XL > LAY LS YN 35.41 35.69 35.46 35.59 35.62
PR T AR AR R/ IME 0.00 0.00 0.00 0.00 0.00
AL IR 1 1.03 1.03 1.06 1.02 1.10
IS8Vl 3449.60 3461.06 3563.04 3408.06 3703.58
T2 SRR AUy LR ATy s S yNE] 60.86 60.86 60.86 60.86 60.86
Scenario 2 P TR fre ME 0.00 0.00 0.00 0.00 0.00
Hp AR EIE 3.5 7.69 7.21 7.64 6.75
IS8Vl 11764.29 25807.78 24211.89 25648.76 22649.44
57 XU 7 LRy s yNE] 60.73 60.73 60.73 60.73 60.73
PR T ARAE R/ IME 0.00 0.00 0.00 0.00 0.00
A R AR 15.54 11.51 11.98 12.68 12.43
IS8R 52175.12 38648.90 40206.75 42569.73 41720.75

BT AR A B R P SR AR, AR PR R AG , FIE T AUk B 3, S B XUk it DA 1066.56 J7 8/ 51] 825.38 J7
t, A U0 T 241,18 J7 v, B KU V0 B A B AR B T 0[] Bsf B XU 70 IR 45 B Tt i 2 4R T SR R 1 AL T
2 Fp XUk PR AR BROAR (45 - 398 XUk A 2000 4EAY 11764.29 7 t IR ECHE AN S 2018 4E 1Y 22649.44 J7 t, Vi
LR AN A2 5 0 JXU ot %) 2 PR TR0 XUt PR 1) I 3 R T 3 285 5 TR 1 1 el 2 45 1l 2% T AS 5 1K XL
Tt ARG X EA 5 1 RN 2 . Bl RV PR 1 S 3 AR AL 3B XUk S T Y S R R B 3R Bl B R (R AR XUh) L, LA
2000 4], SEBR R 1066.56 T3t B F KR 11764.29 J7 t, B XUE V& 3449.6 J7 t 7285 52175.121
A AT D A R 2R SR RS B LN 5 kA - S XUk, AH PRI 55 N A B4 B XU VD 6> 52
B XUk e R AR [T 90 8 255 SRt ofe e ) e, A 2 R e B XU VD R 55 Dy e LA 38 i

A E (K 8)  FERUMAF 5% T (15 1) AHBKE ,2000—2018 4 XU G5 Wk ik, 7E iR
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Fig.8 The amount of wind erosion under different scenarios
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PR R (137 2) AR ™ 8, B3 2 P et FHIX AR B S BUE i B B2 B X
ASELXA B XU Vb f L B 22 5, AT UL XU 7 32 S S U ) 2 R RO R I Bl
KBRS e A, ELRE A XU DR B B R 7K 3 2 3 BRSSO S W S A 2 AR 0 B XU 0 i 55 E
LB B S R IR 2 1) - S XL ot A A X AR 2 AR GBI AU YD i 55 R B T — S Y SR AR
o B PR 7 XU T A T B2 TG R, R BRI SRR S A ORI 53 2 25 R e B KU T RE T

4 iR

ARSCIHET RWEQ LA AT T WAt A Ik I 2 517 XU 1 10 iR 55 4 B4 6 A s 23 5, S B RV i 5 bl IX AR 28 R
3t B A& VD IR 45 ) A, T PAk XUk AR DR AR AT o A 25 28 48 B UL VD I 55 40 28 o IR 45 16 A 2
BTN ESE . (1) W8T 2000—2018 4EREIb K3k T 26751~ B X AEFR NDVI i 23 4840, WUvb X Py AE B 2
HH dd 3 s #4; (2) 2000—2018 AF & AN KUV IXSE I T M btk AR ™ 2]« Gl ViR " i % A8 | 8 AU AE 35 1Y
“fERa TR WAE B P AR, 52 BR XUORT AR 2 2R SE B XU VD S E 2005 4F F 2010 4F 43 0 oh 4569.18 J5 t Al
64164.44 J7 v, HIEEAE XUk i > B AU V0 it > 52 s KU i, A6 35 RSB KUV AR 55 A3 BB, (3) IS 5
AL RE AT IR RAR R R 1T A — e FEE LIRS, e/ DU IS B R, AN o0 1 438 4k 4l
1 B AU V0 R 55 B R R FE AN B, L — s A B 0 o) Ui B 2 %) & A o XU PR el 238 o A 5 DX 458 KL
Tt AR T R A I AR S R G KU VD R 55 A B T PR ARG S (RDSE B s O0 T B KU ), KUph L
F2 A T A 1 XU R B AU VD s i VR AR AN R LS A 2 4017 5 T A AU, A 2 R e B AL
DR 557 0] 22 5 S 2, A P DX RR A 7T ) - S9 XUBh I G2 e oy 7™ o, 02 A 2 2R 40 B XU T 0 e I i R RE ) v
HAEPIX, B2 WK A S B DX b 31 T A 00 s AR i 3 A 25 2R 40 B IR 0 IR 55 5 6 0 1R b B 451 K 52
FER AN AT DAY/ A 38 XU |t AT DA 3 A 25 28 40 B XU 70 Al 55 B

5 itig

(1) 24717 38R A= b ) 5 o P 360 UF 3 A7 — P DRI S I 174 4 XL o 2 T JRAUE 5 245 R B4 11 ik
Bt R0 S A - R i Al I X AR AR AL f) S o XU i 5 SR EA T 90IF |, SR S mT ik — 2R FH VD
2R TR R AR UEA SO AT S . ST, SCHPOR T SR ARl vT DA TRIEE R AT 30 E , XoF L A3 BT A A K 52 0T
RV G2 A — 2 i3 VR, S XA AE S R g8 45 e — 3, FE it KT B P I, XU B0 42 4R TH B 48, il &
FERAEZS R e KU VD IR 55 S 4 s

(2) BRI rE . 7ESEIRBE AL K IR HT 2R 2000—2018 4F A= 2% 2 42 B KU v i DL R IR 45 fiE i T
SN A G TR D X e 1 2R A A (i B S e ) T T BIR ), A BE K st i 3 BB AR 10 5 %
FZEAE LI 0] 3 BE R ALK, HA 349 AN 43 A7 04 050, 7628 FH 2 (8] 43 BE R SR A Them 25 0] 43 B (ELXT T
T RSN, Thm S PE R DL zs [B] 22 5, 7RSSR s R i i A b s i R 4R RS A
FEMER A2 R Wk, 78 S5 I oe i fb it 1] RUBE DA A RUE 2% i AR 285 22 45 B X Vb 4 o 0 i 55
RET.

(3) ARSCIBIFE L5 AN A 25 R G0 by IKUE V0 e AR 55 B8 00 # B8 10 & ZE 37 1 e T A 1) T U0V FH K
A AR R KU R F- 25T AR i XD R 31, B XU VSO R BRI 8, =i e AR T A
AU > B XU V0 f > S B Ui e KU R34 O Ve XU o S s XUt 4 B RN Vb RS I, 2R S R S
B AUV IR 55 D RE IG5, X SR TP ARG B B DR V> AEA AR TR LOR A AR — 3, Uik R
) RAEVPIR AR SRR AR T T 5T RS B T B SRV L, BN AR, E SRR H
BT AR , BRI s e iR A B [ . (R SeyR H SR SR N T, o F5 I By X A 28 R GE Y 1E [ 3 8, 5K
A FRAGIA L, PMARZR b A8 Vb X A= A TS

A SCOFFERFEOAE T« 2R v 6] DX Sl TR 3R A5 AI 4R T 4 190 S92 A 0 28 IRkt PR 5 19 25 () 43 A, (IR AF
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