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Abstract: A number of ecological restoration measures thus far have been implemented with the attempt to repair and
reconstruct the damaged ecosystems in the northwestern arid area of China. However, there is not much available information
on the effectiveness of these restoration measures. Assessment for the effectiveness of ecological restoration could serve as a
reference for scientists, project designers, and managers in related fields. The input grid data for our study were generated
from meteorological observations of 86 stations, soil data, multi-source remote sensing images, and land surface simulations

from previous studies. We analyzed these data with the universal soil loss equation, revised wind erosion equation, dimidiate
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pixel model of vegetation coverage fraction, and Carnegie Ames-Stanford Approach in order to estimate each index. In order
to obtain more accurate indices, key land surface parameters were calibrated and localized by the observations from previous
studies. Finally, a comprehensive index for the effectiveness of ecological restoration was integrated in order to assess the
effectiveness of ecological restoration in 14 mountain-oasis-desert sub-regions in the period from 1990 to 2015. Our results
showed that; (1) the ecosystem structure, quality, and functions of all investigated mountain-oasis-desert sub-systems
displayed significant spatio-temporal differences. From 1990 to 2015, the ecosystem structure of the whole study area was
improved, and the ecosystem quality of northern Xinjiang and Yili mountain-oasis-desert sub-system areas increased, while
the ecosystem functions of the desert declined. (2) During 1990—2015, the effectiveness of the ecological restoration of the
desert areas declined, but the effectiveness of ecological restoration of the oasis and mountains increased. Assessment based
on the multiple indices for the effectiveness of ecological restoration could be helpful in order to objectively assess and
understand the situation and dynamics of ecological restoration in the northwest arid area of China. The results of this
assessment could provide information on specific locations for future ecological restoration projects and they could be a

reference for assessing the effectiveness of ecological restoration in other vulnerable regions.

Key Words: ecosystem structure; ecosystem quality; ecosystem function; ecological restoration effectiveness; mountain-

oasis-desert
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Table 1 Data sources of this study

Bl Data Bl 2 FR Dataset name I Source
= IMIEAS S .
gt SUNILieE: th E S 4 BE L ZE -4 (hitp ://data.cma.cn/)
Meteorology data
e o b A5 d o - . M N
flﬁﬁlmﬁﬁ FE AL R A Y b [ o FEX R X B H 0 H 0 (hitp : // westde. westgis. ac.cn/)
oil texture
HoF 1% - . " ; ; .
AR ol R AR BRI VEBSRERUE 2T 4 (hupe//wwwresde.cn/)
Land use/cover
iﬂ%ﬂﬁ%#{ﬁ SRTM DEM b FR 2 (6] B = (http ;//www.gscloud.cn/)
Topographical data
VR e e .
Snow depth Hh S I B8 R 4R FEX R X BFEHHE .0 (Chitp - // westde. westgis.ac.cn/)
+ HEE AR GLDAS-Noah v2.0 BRI 504 [7] 1L 22 88 ( Global Land Data Assimilation System,
Soil moisture GLDAS-Noah v2.1 GLDAS) ( https://1das.gsfc.nasa.gov/gldas/)
NDVI ¥4 LTDR v5 NDVI 2 FE TR R i M 8PS 2 SR 0 H (Land Long Term Data
NDVI data v Record, LTDR) ( https://ltdr.modaps. eosdis.nasa.gov/ )
+ AR CCLLE 2.0 WU RS 9 S5 Z2 AAB AT H ( Climate Change Initiative, CCI)
Land cover T (https : //www.esa-landcover-cci.org/)
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Table 2 Assessment indicator system for assessing of comprehensive effectiveness in the northwest arid area

Hir2 N2 N LAY A
Object layer Criterion layer Weight Indicator layer Weight
: At se RN o kb 0.0667
R A A S AR R

The effectiveness of ecological restoration HERRG G 0.3333 AT 0.1097
in arid area ’ * s o T ZREEFE R 0.1097
L AR R 0.0473

T 0.1111

BRG R .

EERRIE 03333 E I Cp) 0.2222

B KL 70 T 0.1797

HBRGIIRE 0.3333 TR I)RE 0.0991
SR D RE 0.0546

1.2.2 fHYE BRI
1870 A3 BRI T PG 5T PR RS AR R A AR A (BT TR A A T PR AR K T 1R OT Y
M1 78 55 foe FAE A5 IT (ALHG4l 131450 NDVI, M4 g% o0 NDVI, ) 5 H 51450 NDVI Z [l &,
R
fve=(NDVI-NDVI_)/(NDVI,-NDVI ) (1)
YT 200 NDVI ARIURA —E XERE 3l 5 R ] BRI 5% F1 95% 4E 1) NDVI 5337k 48 1 5845 50
AAEWAS TG, AR T ARBCE I AR 00 NDVI, DA K 220 - i R T 26580 R A 1A% o0 R 4, Bt
KK 95% 1) NDVI (R A% 01 NDVT; LR AR K 22 =B i 4 = bR 2R R 1500 st 4, REBURR A
50% (1) NDVI fH >~ 2l +- 44508 NDVI,
1.2.3  FETOGREAI 2 3 g [ e e A A4
ARG 5 KRS EAE R AR [ TR R v DA HE g B 2B S R A R RR A R, AR
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FRSH IR H L R e s & R SEBRCRERI TR (gC/MY) |, 8 A 0B I W A 1) S A 00 S e Ak K A LR
PR, F B2 BRI SR AR P ¢ FOREE]; « FoRE RN E , FERANITTES RS A XS
H5 3 BYRIFSY  BAE A 2 2R M R P22 43 R4 16 250 8 25, 52 NDVI, NDVI . SR SR Ik
SeHe I FRLE 5 A SHI A AL
1.2.4 BIER IR
I T 7 S 524 5 X DA R T T M X A AR S R GRS T RE L 1B IE Y 5 X el A AR
( Modified soil erosion equation, RWEQ) J& H Fi4 b s B )2 9 € & EAE KR T 2 —, HE
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ST, =109.8[ WF x EF x SCF x K'] (3)
S, = 150.71(WF x EF x SCF x K') - 0.3711 (4)
2Z =(z/s
SLy = 38T €7 (5)
0
ST. =109.8[WF x EF x SCF x K' x VEG] (6)
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R=a Y (P)" (11)
j=1
B = 0.8363 + 18.144  24.455 (12)
Pd12 Py12
a = 17.554 x g7 (13)

A, R WA JUZ B P W BERE S E ) REFEN o 1B #0935 B R EAL T 25 R
B Py, P, A3 R K T4 T 12 mm 09 HF 09 BP0 FAR PR

. 0.3
K=1[02+03x o~ 0:0256xsandx (1-5ili/100) 1 x silt <11 - 0.25 x oc %
clay + Silt toc + 6’3472—2A95><1uc

22.9xsni-5.51

0.7 X sni
[1 —Sm}xo.1317 (14)

sni + e
A, sand | silt | clay F1 oc 535 0 LR RL Ry D KR L8 E 2 AR T E S E (%) sni = 1 -
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m=0.5,0=9
A Y m=043<6<9
g
22.13 m=033<6<3
m=0.2,0 <1
10.8sinf + 0.03 6 <5
S =1416.8sinf - 0 .50 5 <0<10 (16)
21.9sin6 - 0.96 6 =10
1 Joe =0
C =40.6508 - 0.3436 x lgfvc 0 < fve < 78.3% (17)
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SERRIZ AR o, IR LRI ; EcoEff 3 A5 A5 47

2 BRI

2.1 ABRGAM RN AR

AWFFESETT T 19901995 2000 ,2005 2010 % 2015 AEAF5T X M HAS T X A 25 RG4S F 45 b 11 P B i (bR
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Fig.2 Tempo-spatial variation of land use types in study area
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F 14 AF XM F DAL DLy b P D5 %) AR 7 5 3805 0, A 5 RIS 7 28 — Y S 2 JR b DX ) R L e, DA
T A SREFIT i R 11 e D e 7 P AR 2 TR A LA R G, I AR SR B 7 3 Y Y S JER 1) S M X, K b
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Fig.3 Tempo-spatial variation of vegetation coverage in study area

£33 1990—2015 FHAREX RS HEIEH
Table 3 Landscape metrics of study area during 1990—2015

iﬁfﬁﬁ% Sui’iﬂ 1990 1995 2000 2005 2010 2015
R 2= 8 iR BJ 1.173 1.172 1.180 1.196 1.203 1.223
SHDI NJ 0.903 0.903 0.919 0.928 0.930 0.944
DJ 0.523 0.524 0.528 0.532 0.534 0.540
HX 0.725 0.808 0.721 0.728 0.730 0.743
YL 1.237 1.240 1.262 1.281 1.284 1.297
£IX 0.933 0.944 0.942 0.951 0.954 0.969
LFEfE BJ 53.465 53.521 52.628 51.935 51.617 50.488
CONTAG/% NJ 63.762 63.784 62.884 62.590 62.508 61.882
DJ 80.745 80.706 80.488 80.306 80.224 79.876
HX 69.218 65.529 69.353 69.103 69.011 68.370
YL 46.042 45.759 44.265 43.589 43.465 42.584
£IX 62.732 62.131 62.139 61.778 61.652 60.937

HIZE 3 AT P B DRI G ) A AR RS R T At 3 4> 1 DX R DX 4K, 2 BIT5 1 i IX )
SRR R T HAL T IX, 2, B AR R HE RO IR ) ZR S S UL e B — . 1990—2015 AF 4 X A 24
PESE RGN T 0.036 , 15 W5 0L b 20K DR 3842 1 2 8 1) 22 DR R P2l e A8, S5t ML) S ST T 48 v, O ) 46 2
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2.2 ABRGER AR
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JER K, P AR MR TR FR R, & 4 B BF 98 X N 4k 19 383 2 Bk > 1 b 9 32 2 £ 3k
TSR IR Ak, A EE 8 0.17,0.15 m*/m* A1 0.13 m*/m® . AR T4 X 45 & KR
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Fig.4 Tempo-spatial variation of soil moisture in the study area
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Fig.5 Tempo-spatial variation of net primary production productivity
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Fig.6 Tempo-spatial variation of soil conservation ecosystem service in the study area
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Fig.7 Tempo-spatial variation of sand fixation ecosystem service in the study area
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Fig.8 Tempo-spatial variation of annual precipitation in the study area

http ; //www.ecologica.cn



12 JAE = 39 %

BEZI N 374 mm , 29 0 B B I A0 g S 2 A Y K Y 3.6 %5, AR E DR BIFSE X A 40 R 1 b 2
Gl K it S IR TS E Y K R DU BB A1 s BN R IX P LU B TE08E 3 S R G0 A R 7K e i o ]
ML RA AL, T2 AP AE -5 KX 22 ) o P A b X0l 30 %) Ly -2 W S 8 2 e R /K e 349 38, oAl 3 4>
IR 1L b -2 P - ST T R GE R /K B X TR e 2 SR AR BT BP A2t DRI i S 1) <A 28 W 5 [ 600, T AL s R s A
o735 — Y] TG e G DX 198 DO s A 28 e ) 4
2.4 HABWKE R A AR

AWFEE T2 X H R A S RGN S5 FIAE S R G RPN Th A 3= 5 250 1 % GBS 1 b AR G
FEEAE IHE BRI BI85 R A 456 0 — L5 S FE AR 8, L RvE Jb T R X A S E 325 1R
i, HLE2s A AR f i an el o A 10 fras, B9 R PG X AR SR sk as i 4 22 5 i . AAZs [a] 1
KF IR L AN SR 14 22424 AR A A0 e i (0.52 F10.50) , i e 8 19 A 2SR B 3 4 #e M1 (0.42)
MNBF] bR LS BE- 2R N 25 1 R 408 B0 A I RN — 350, IR R) A SR E R[] 25 . P bk IX K
543 LU M 1 e e 2B AR 045 I E 2010—2015 4F, S P 19 A5 25 Wk &2 300 25 B 3 W) HE BLZE 2005—2010), 37 e 7
2000—2005 43 1] 35 3 5z e 9 2B RS2 Rk 4

19904 199545

AR LN VL End AR Yk
| | | s
0.209 0.502 0.169 0.674 0.286 0.649

AR 4 RS 3Y 4 UV R G
| ] [ oees EEEEST |
0.386 0.693 0335 0.797 0.188 0.693

9 BILFRERESHRESGEHERNESDH

Fig.9 Tempo-spatial variation of ecological restoration effectiveness of study area
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