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Abstract: The comprehensive index system and the single index system have been widely used to evaluate the ecological
vulnerability. However, the systematic quantification of the consistency between the results obtained by these two methods is
still lacking and the uncertainties in the spatial patterns and driving forces of the ecological vulnerability remain unclear. In
this case study conducted on the Loess Plateau which is one of the most eco-fragile regions in China, we compared the
spatial patterns and driving forces of the ecological vulnerability as estimated by a comprehensive index system based on the
exposure-sensitivity-adaptation model and a single index system based on the ecosystem net primary production. Results

showed an overall consistency in the spatial patterns of the ecological vulnerability results calculated by the two methods.
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Approximately 58%—63% of the total land area exhibited a moderate or higher ecological vulnerability level, with higher
ecological vulnerability observed in the northwest region compared to the southeast region. On a per-pixel basis, although
the estimated ecological vulnerability indices by the two methods were highly positively correlated across the space (r=
0.80, P<0.001), nearly half of the lands (45% ) showed inconsistent levels of the ecological vulnerability, characterized
by one level higher vulnerability by the single index system compared to the comprehensive index system. This inconsistency
was particularly noticeable in the southeast, central and west regions with relatively higher vegetation productivity. Our
findings revealed that the spatial patterns of the ecological vulnerability estimated by the two methods showed overall
consistent correlations with the main driving factors according to the Geodetector model. The climate humidity represented by
the annual precipitation or moisture index and the vegetation coverage represented by the annual maximum Normalized
Difference Vegetation Index ( NDVI) were the two major drivers, with the largest explanatory power by the enhanced
interaction between annual precipitation and annual maximum NDVI. On average, these two factors explained 85% of the
spatial variations in ecological vulnerability estimated from the two methods. While our findings emphasized the highly
consistency of the ecological vulnerability patterns estimated by different methods. They also highlighted some discrepancies,
especially in the regions with relatively better vegetation conditions. The single index system might be more cost-effective in
evaluating the ecological vulnerability patterns, considering the complexity of calculation methods and the large inter-annual
variability of the estimated ecological vulnerability by the comprehensive index system method. This study provided baseline

inferences for the selection of calculation methods in follow-up studies on ecological vulnerability evaluation.
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Table 1 Comprehensive evaluation index system of ecological vulnerability on the Loess Plateau
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Fig.2 Spatial variations and consistency of the ecological vulnerability on the Loess Plateau estimated by the single index and

comprehensive index systems
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comprehensive index system

5 #ig

SR T B R - MU0 N ) B BUHE R A 58 B R IE N T AL S R G I A 7 1 ) B — 48 bk | o8
T T i D DX A S P 2 ) SRR S HEBR Bl IR — Bk A B B RZR SRR AN 45
REA BRI — B, A5 R R U2t DA 25 e s YRR RE Ay | EL 52 9L AR R Py I s ) 2 TR A% ) 5 (B4R
JURUE b AR S HE S5 PR A ) o AR — 2 A — B0, B RPN B — 48 PRk 2 R — SR 4, AR AR
PR B DY AR A BT S A A X A 2SS 1 A TR SR B TR 3R R, PR ik AR B I T
AR AR NDVI AR R K IR BE 4 K, FErp AR (K A AR R NDVI XU -3 5 52 1A R etk 25
B IEPIF I AR B TR T RS PP Z R B — B, PR — R bk PR IR 3 o e S 25
FARPRES AR R SO0, Je 2R g5 V25 1Al AR SR PP O A R0T 1

http ; //www.ecologica.cn



10104 JAE = 44 %

2% 3L Hf ( References)

[8]

(9]

[10]

[11]
[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

(23]

[24]

[25]
[26]
[27]

Choi Y D. Restoration ecology to the future: a call for new paradigm. Restoration Ecology, 2007, 15(2): 351-353.

Romanelli J P, Fujimoto J T, Ferreira M D, Milanez D H. Assessing ecological restoration as a research topic using bibliometric indicators.
Ecological Engineering, 2018, 120 311-320.

FE, I, Bk, XeE, MR BTSRRI R L - BRSO B X A IS R SRS R T T. RS, 2021, 41(24) .
9729-9737.

Metzger M J, Rounsevell M D A, Acosta-Michlik L, Leemans R, Schroter D. The vulnerability of ecosystem services to land use change.
Agriculture, Ecosystems & Environment, 2006, 114(1): 69-85.

Nelson R, Kokic P, Crimp S, Martin P, Meinke H, Howden S M, de Voil P, Nidumolu U. The vulnerability of Australian rural communities to
climate variability and change: part I[I—integrating impacts with adaptive capacity. Environmental Science & Policy, 2010, 13(1) . 18-27.
W, B, PR WS PERT SR . WIS RILE & SEBR. AR AR, 2019, 39(2) : 441-453.

Gy, AR, Xt skHEan, 2R R, SR AL X B i 55 1 5 R 64 2 21 43 W A —— LA L A SR ). AR AR AR, 2023, 43(8):
3181-3191.

XIHERE, 255, g, 4R, £59, FES, PIET, 26K R0 KA SR L8R e T 0t ——3 T 2R A BT oR 5 M 55 1
fili. A4k, 2021, 41(14) ; 5825-5836.

B, WY, s, MR 5T 5 R - GRS R AR 1 A 25 e 35 28 AR AT RO S AT —— LA P E S T 95N B ). 2R S AR
2022, 42(6) . 2281-2293.

IO, KA, EA, 2TE, VRREA, 22BEGE. 20002018 AF NS TP IX AR AL AL &7 ST RGNk A SO BE R [ R
R, 2023, 43(6) ; 2271-2286.

SRAEIN, BRAR, JAse, SRR, AR, K, SRR, PYILT R AR SN S I 2 AR A, A AR, 2021, 41(12) : 4707-4719.

Gu H L, Huan C Y, Yang F J. Spatiotemporal dynamics of ecological vulnerability and its influencing factors in Shenyang city of China: based on
SRP model. International Journal of Environmental Research and Public Health, 2023, 20 1525.

Wang X D, Zhong X H, Liu S Z, Liu ] G, Wang Z Y, Li M H. Regional assessment of environmental vulnerability in the Tibetan Plateau:
development and application of a new method. Journal of Arid Environments, 2008, 72(10) : 1929-1939.

PUTH, FEBRE, XA, XVHERT, VR, 25, BHORT, IR NS AR KT RIS IR, AR, 2020, 40(24) : 9070-9082.
Polsky C, Neff R, Yarnal B. Building comparable global change vulnerability assessments: the vulnerability scoping diagram. Global Environmental
Change, 2007, 17(3/4) . 472-485.

Acosta-Michlik L, Espaldon V. Assessing vulnerability of selected farming communities in the Philippines based on a behavioural model of agent’s
adaptation to global environmental change. Global Environmental Change, 2008, 18(4) : 554-563.

WHTR, 2558, Wb, EMTE. < —a—F" Urek M 5K M A RGN 55 Pk S o AL ryma . IR A5 8R4, 2020, 22
(4) . 877-886.

fate, JEAER, BIRT, XUTUR, sk Rk BT AR AR 7 00 0 B v e DX A 2 s e B LR R R B, AR S IR AR AR, 2022, 31
(10): 1951-1958.

i, EREHS, IMEDET. FET AR A 7 0 P R DX A S R G S PERAE. BT AR AR, 2019, 30(2) : 429-438.

ZEOAMK, BRI, W, TKRER, BB, MRk, THEM. e EBUMT SN RERGENEE N —— IS T R UL O 0. RS,
2023, 43(22): 9164-9176.

TotH, ROGR, ERR, FRAE, BOR, WA, R x AR AR HE S X B IRBR IR AR A B R ST, P E SRR AL, 2017, 19(6) -
19-23, 35.

Zhang J ¥, Sun J, Ma B B, Du W P. Assessing the ecological vulnerability of the upper reaches of the Minjiang River. PLoS One, 2017, 12
(7): e0181825.

PHICSL, BRaEE, M. B R RS R GUK HARFIRSS DIRETPAT. A ARBEIREA, 2014, 29(3) : 365-376.

XuM H, Li X L, Liu M, Shi Y, Zhou H K, Zhang B G, Yan ] L. Spatial variation patterns of plant herbaceous community response to warming
along latitudinal and altitudinal gradients in mountainous forests of the Loess Plateau, China. Environmental and Experimental Botany, 2020,
172 103983.

W, JJ M, 225838, SRR ARS8 ORI AR SR E EPE RIS k. 52740, 2023, 43(8) : 3348-3358.

TLEC, BT, BRI P B R AR IR XA S RO ZR R PR LA - BERASIREE, 2018, 28(S1) : 54-59.

Li Q, Shi X Y, Wu Q Q. Effects of protection and restoration on reducing ecological vulnerability. Science of the Total Environment, 2021,

http ; //www.ecologica.cn



22 4 SRRk A5 B g D DX AR A S ) 2 18] A1 A SR B S A R P0G R i — bk 10105

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]
[37]

[38]
[39]
[40]

[41]
[42]
[43]
[44]
[45]
[46]

[47]

761 143180.

SRR TR, SFBET, SR, T, T, MRSEH, ERGET. 1992—2015 4FEITA6 DU/R B K AR [R] 50 4 288 70 4 A B5f 4 A8 (L 38 I 4 AT
tE R, 2020, 53(13) ; 2715-2727.

Renard K G, Foster G R, Weesies G A. Predicting soil erosion by water: a guide to conservation planning with the Revised Universal Soil Loss
Equation (RUSLE). Washington: United States Government Printing, 1997.

Fryrear D, Bilbro J D, Saleh A, Schomberg H, Stout J, Zobeck T. RWEQ: improved wind erosion technology. Journal of Soil and Water
Conservation, 2000, 55: 183-189.

BFEIE, MBS, SRS, A, i E RS R GRS D RE MBI, A= 52%4H, 2004, 24(6) : 1101-1110.

FRIR, ZRI4L, YU, 1145, 258N, Pavel V.Rykov. T VSD AT A H - 13 Fr b 18 ARX A A 25 M 55 P 0P M —— LA H 7 2 i ok 2
. RSB, 2018, 32(11) ; 74-80.

Bz, HOKSL, kI, X, ORI, TR I E R F A RO XL FS KR SRS PN 2 A R AT ST, ZESFE, 2019,
38(5): 78-85.

IPCC. Climate Change 2014 ; Impacts, adaptation, and vulnerability. Part A global and sectoral aspects. Contribution of working group II to the
fifth assess-ment report of the intergovernmental panel on climate change. Cambridge. UK: Cambridge University Press, 2014.

Liu D, Cao C X, Dubovyk O, Tian R, Chen W, Zhuang Q F, Zhao Y J, Menz G. Using fuzzy analytic hierarchy process for spatio-temporal
analysis of eco-environmental vulnerability change during 1990—2010 in Sanjiangyuan region, China. Ecological Indicators, 2017, 73 612-625.
T, BRAR. IR ES . RIS R, PR, 2017, 72(1) : 116-134.

Hou K, Li X X, Zhang J. GIS analysis of changes in ecological vulnerability using a SPCA model in the Loess Plateau of Northern Shaanxi, China.
International Journal of Environmental Research and Public Health, 2015, 12(4) ; 4292-4305.

WRtE, W%, THF, RALAR. T VSD HERRAR T R M DA S— LS RS MR AL SR HuBH2E4E, 2016, 71(7): 1172-1188.
SRR, AL, EARE, XU, B R e AR o0 IR M PSR M ERBLA R, 2017, 32(10) ¢ 1093-1101.

Sun WY, Song X Y, Mu X M, Gao P, Wang F, Zhao G J. Spatiotemporal vegetation cover variations associated with climate change and ecological
restoration in the Loess Plateau. Agricultural and Forest Meteorology, 2015, 209/210; 87-99.

WM, REJR, DEE, XA, BREGE. BERUH IR A B 8T K R AHFUEST, 2007, 14(2) : 104- 105.

EE, kHh, 2. B b RO T S KA A AR AT AR AR, 2023, 43(2) : 719-730.

THE, B84SR R AR S R GRS I s AR RS . A IR0, 2020, 39(4) : 774-785.

RAFHE, VFAT, MRBOME, BRILR. 8 o AR Bd ) 2 A 7 it 2 AR AR AR S BB X - 43 # . Bl 24240, 2023, 45(8) ¢ 29-42.
TI, FRECE, SR, AR RO R R AR T O R A/ NSRBI YD e P R ARl TR, 2022, 38(12) : 127-134.
FRMOT, I, AFEE, SRS, 1O, FLUS-CSLE BE7) 5 3 - o5 et B g A 1] - st ) AR A 7 St AR ol Aol TR 2740, 2022,
38(24) . 83-92.

ke, BIEME, SARRE, B EAR, XIBE, SROE. 8w el R i DA R A B i T S 3R B (A 5. K R AR RRAEAR, 2023, 37
(2): 187-198.

http ; //www.ecologica.cn



