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Assessment and Spatial Heterogeneity of Ecological Resilience in the Yangtze

River Basin

LIU Xiaofu, ZHANG Zhimiao", LIU Baiyin, WANG Ying, LUO Lei, QIU Wenting

Chinese Research Academy of Environmental Sciences, Beijing 100012, China
Abstract: Resilience is an inherent characteristic of ecosystems and can be measured by the time and rate at which the system
returns to its original stable state after disturbance. It is of great significance to study on the ecosystem resilience of the Yangtze

River Basin for mastering the law of ecosystem change and guiding the great protection and high-quality development of the Yangtze

River Basin. In this paper, the probability attenuation method was used to assess the ecosystem resilience of the Yangtze River
Basin. Firstly, the enhanced vegetation index (EVI) data of 250 m resolution every 16 d for the whole basin from 2001 to 2020 were
obtained, and the annual EVI data of 1000 m resolution was obtained by maximum synthesis and resampling technology. Then the
slope of EVI change for each grid was calculated for 11 years from 2000 to 2010, 2001 to 2011, 2001 to 2012 and 2001 to 2020.
Taking the whole watershed as the statistical unit, the number of grids with continuous positive and continuous negative slopes in 11
years was counted, and the decay function was used to fit, and the time difference between positive and negative decay was used to

represent the resilience of the ecosystem. The spatial differences of ecosystem resilience in the Yangtze River Basin were studied in

6767 small river basins. The results showed that the overall EVI in the Yangtze River Basin increased gradually in the past 20 years,

and the spatial distribution difference has gradually increased. The time difference between positive and negative decay was 29.48

years, indicating that the ecosystem was in a positive recovery. The ecosystem resilience was lower in the upstream and downstream
estuary and higher in the middle reaches, which was related to rainfall, topography (altitude and slope), forest and grass coverage,
human activities and other factors. The ecosystem resilience was the highest in the mountain region with a slope of 25° and high

vegetation coverage at an altitude of 1000-1500 m. However, in high-altitude and low-altitude areas with poor vegetation coverage, it



is difficult to recover the ecosystem once it is disturbed or damaged. The study have shown that the overall ecosystem of the Yangtze
River basin is in a positive succession, thanks to the national policy of Yangtze River conservation. Due to frequent human activities,
the ecology of the Yangtze River Delta is in reverse succession, while the ecosystem resilience of the upstream regions, such as
Jinsha River, Dadu River and Minjiang River, is low, and whether it is related to large-scale hydropower development and geological
disasters needs further study.

Keywords: the Yangtze River Basin; ecosystem resilience; vegetation index; spatial heterogeneity
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Table 1 Statistics of the number of EVI maintained grid with positive and negative trends in the Yangtze River basin from 2001 to
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Table 2 Classification of ecological resilience in the Small watershed of the Yangtze River

J RS 15 I FH/km? /%
RS>500 gr 164 060.30 9.47
100<RS<500 L3 dias 426 368.37 24.60
0<RS<100 — i 824 586.06 47.58
-100<<RS<0 B 299 776.07 17.30
RS<-100 Wz 18 425.86 1.06

TR AUBE & R 2 A A OV AT, A B ol 1 U P e KT s,
AR, AT UL L. KT LIRS B R, 2R TREWIKR . B
RS, JOHURBRI B . B, FORERREE, PER e, LA R
BRI M TS 1, IR TSR AT PG LK R E A KT . BRAET, TP
Wi I EORER T, TIPS RIS 2t T ST . SR, UL S S R
el VBT, TE SR O SERI 12 P A 13 628 45 25 B0 J122 M0 MRS M T AR &
KT RO ), S0bin . WIS AR, ER RISk . B, 5T, TR
WU AN, I B R T, BN, BULR . SN TR, BRI IERT . W
FHET, BTN . DL, DR . BRI, BT, Kb, BT, Kb
TR, TE GRS (0 SO 7122 A5 T DA ik 1838 4. KT MU S B A Rk E 5B . 7
PRI RGO £, KISk AT A L K A R G 7.



LB RGWR N

High :13628
0 300 km -

1 B Low : -838

Kl 4 KIL/NRSSAES R G 125 0554
Fig.4 Spatial distribution of ecological resilience in the Small watershed of the Yangtze River
3.3 it
33.1 KT ESAGRE 104

MIN TR 7, 2001—2020 FFATiis ek [ EVI 2 8INE S, EVI4ERy NS i b
B, AT AR SR A R R, 288 ST aoR = — 8L WU A,
PR ot 25 (A3 Ah 22 A AR RO, AR e ey T AR T2 S A e DT Ll I B (R
TEEA) BITH M FAEBPKA LFAOKXE, S Eppi & (0L B« s, WEACE R
HRTTRI S AR R AR ZRT A AR S O T R A S A A K AR VA
MRTETT s B, dn bignn, TR . e FN, PO e i A DI, bt Al
FEARCAIF T2 24U 2 A EIIE,

KA EAS R G IE o0 IR NG AR b i AR 81.64%, BT TR oy DS A= 25
AGEAT—EIREE, VIR A R Ge R TR i/ N A1 SR O i 2 A i DOk
AHE, LT Bl I EFCE S E T BB, R R i A SISOy S R g e vk
PP T OREE. AWK AR m4rit, DARJSEST . JE LT el SE X S R Rk E 175, XL
51 P o VA IR T NI SN S ) | U i IRy 0 NS o ST ) T R it VI U PN N D T 1192
THRESRGIRE DHBIGEN, T IB—EREASRGR LR 20T iR TR
ABARGIKE NN MR, OATSES ARG R . BRI S0t AR IR R 2% . A,
AT N A A T A e AU E SIS R RIE S, TSRS MR S . ZEm st
37]

332 ESRAWE IR TS T

BERPRIT IO A R AR SR R, RS TR 2. SRS 7 2 T2
RAMIIERE S IR T IR, BT, 6 767 A NAEARI S, SMHT N A
GWE TSR WP BRGE . ARSI N R IRARSCNE, IR R N AR S AR G 2 T T
SME UL
3321  PENTEAEETE

o3 BRI/ A S R SR 5 2013—2020 4R 2 45V IR DL S B R B 2 RN S A (L1
5), AIUEFELELE 800~1 200 mm YEFENI/ N, AEASRGWE Tk AFRERTEE<1 200 mm I,
ERENEIOR, ASARGKE T ERERIES ;s Bl >1 200 mm 5, ASRGEIKE ARV AL
ARG 1SR R Z TR U] BAR ORI

8



300 500

< 250 | A [ o 7
= <€ 400 |
= = =
o 200 | ol
P =~ 300 |
150 é
W& | WG 200
¥ 100 ¥
H 50 | 100 |
O @ | = | 1 1 1 1 1 O )
{5‘0\ ‘-‘Q’QQ.-J%“Q____\QQQ o® \b*QQ \@Q \@Q P\ NI N _,“,\\ I N N b“
D«QQ @ %QQ \\\'\‘z\ '\QQ 5})“ - _b'\\_" ,b«Q’ a0 Q ";,' N 7
LA B B Y i /mm EEER T
(PR (b)FEFT AL AR

5 KIS R ARG 115 ZAE-F RN R R R
Fig.5 Relationship between ecological resilience and perennial mean rainfall and annual rainfall variation slope in the Small

watershed of the Yangtze River

3.3.2.2 O 5 o

OHTINFIBAES R E 15 P81k . PSR LR 6) LI, FEEIBHRI S, 8RRk
8RR/, WA 1000~1 500 m 75 FE N IR/INAUE A S R Al 2 1R 1R AR T 1000
m i, FEEERT S, ESRGWE Em T BkE T 1000 m s, MEERAS, ASRARE
JIE TR, I <30°mf, BEEBEIA, ESRRRE 2GS, B e T 30° N A4S RARIKE /)
AR TR, BT 25°0~30° NI/ INFS A S R e Tk

600 400
] P | T
< 500 | Y i ]
€ — =300 f
oy 400 b w 250 |
I = 200 |
= 500 | 23 200
g 54 2 150 ¢
by 200 | ; 2 100 | E% @
14 i : ; 5 50 F 7]
=1 100 ; ! I N 0 — p" 1 1 1 1 1
O @ 1 -J-‘- 1 1 1 J-* 1 h @ _50
zq}\g r-.\\Q QQ\ ‘?\\Q q(@ '1') '500\ "50{‘@ 5 . A\ ) S . )N A __.-".—5 . 0 .7"50
"‘DQ f-)QQ \Q@ ,‘Q,GQ ,.‘:..QQ 5 N \D 0 %
il /m I g
()it (b

K6 KIL/NmA SR RIRE ) 5 PR PSR
Fig.6 Relationship between ecological resilience and average elevation and average slope in the Small watershed of the Yangtze

River

3.3.2.3 MM
DA 26 2 SR AE NI B 78 S R, 0T KV NI AR AS RGeS S i s 2 RIS & (I
K 7), KIVESRGIRE IR SR R T .



L¥¥]
]
]

) B
© 250 K
= 2
o 200 b
= 150
:.:*,:,\ <,
& 100 | :
= 0 I@I .‘ I I I I I I

-50 v

e \a (&
& R
L A2 = ) ./ I P
ol ol ole ale ol ol \
PP O

¥

5700
00
D
7
%

IR

7 KILNRISAES R G T SR SR I AR
Fig.7 Relationship between ecological resilience and perennial mean vegetation index in the Small watershed of the Yangtze River
3324  AnEhRmE
PSSR F I O RAE/ INAD A ST B9 8, 3 MR/ Nt s AR S R e 70 5 AR5 2 2 TRT AR oG
VECLIE 8), IR IS EEAE 10%0L FIN, /INAHE AR S R Gt iR T E R I EE R s )N, BB AR
BAGIE 122 NIHEERIEEN.

500
)

= 400 |

™

o

= 300 R

W& 200 F %

¥

H 100 [ o

]

o]
O % 1 1

oSt 8t gt 8t o8 88
ﬁ> o ) b ) 3 ey &)
9| e'-,el gle alo Q'.Ie'
NP T
iﬁlx._ |JfU||[L

8 KN RERS RGe  S E  H e R
Fig.8 Relationship between ecological resilience and proportion of construction land in the small watershed of the Yangtze River

WAL NSRRI, SR GIKE SRR PR B MedE . AJEE
EHEAT—EWAROCHE, AR GWAT IR . MRS RAOT s R, B, Bh 58 B A A I
/N, BEEER IS IN S e R TR R NR B 20T 3R], RS R G ISR R A BRI 2= 2 7
JEF4AE 1.000~1 500 m, JEJEAE 20°~30°, AR A 1 000~1 200 m [/ NS R Gl & 0B, U]
RS RGN TS 2 MR SR R ER G 5N, ANIR] DX PN S A 3 O P B R 7 17 & AN . 231
ST AT RS E 1/ NS A E S R e TS IR A RFAE , AT NI Bl (TR S
MR-« FoKsSil . e, TR S, B R DR R LS R e R A e
%
4 g

a) 2001—2020 4F, KITHierk b EVI B FTREY, S RIERA, AR =S 2E
FEBIIER. KT F et o — B, HISGERE A TN AR DX o o2 B
SN

b) KITIIEN 81.64% XA AR GAINASE A FPIRAS. KT ES R e I 22 R o A
APEIRHE, B FHESE . ARESAIDEERS, KID NGRS X A S R RIS T . B R GIK

10



SNZMICGER . B B . AhE. PR, AESARWE 1580 . WRE SR
EIEAER, SAERSE R, SHEHLEIAAC. KITRSES R G E 715 2 MRS =L G
SO, AR b L MR RO XA B IR, A B S AR R R F RS
AR

o) KILHAS A G RAR 2 IEFEE, Rrale UL, X3 5 THIR IR AP LA PHT FUKIR i
FIPRYT, Toie W KBRS ZATRN SARIOTITHS P AT BIEIIE . RS R el T i I BT Ml
BRI, XD AR TR, EERGRENZE, A e R SR 5B E
B A RS EIR AN PTG . RIS | URTE iy A IR E TR, 25 S RADK
P . MR BHIBUREADS, Fdt—2P 05,

S ffik(References):

[1] HOLLING C S.Resilience and stability of ecological systems[J]. Annual Review of Ecology and Systematics,1973,4:1-23.

[2] WOHLGEMUTH T,MORETTI M,CONEDERA M,et al.Ecological resilience after fire in mountain forests of the Central
Alpsl[J].Forest Ecology and Management,2006,234:S200.

[3] OSTROM E.A diagnostic approach for going beyond panaceas[J].Proceedings of the National Academy of Sciences of the United
States of America,2007,104(39):15181-15187.

[4] NORBERG J,WILSON J,WALKER B,et al.Diversity and resilience of social-ecological systems[M].New York:Columbia University
Press,2008.

[5] OSTH J,REGGIANI A,GALIAZZO G.Spatial economic resilience and accessibility:a joint perspective[J].Computers,Environment and
Urban Systems,2015,49:148-159.

[6] COWELL M M.Bounce back or move on:regional resilience and economic development planning[J].Cities,2013,30:212-222.

(71 AR, AR, BT B ISR R M AL 2 - AR A 28 G Vi 2 04 B A P RS2 i DR 38 - AT 48 88 T D B0 0. 1 B IX
TH,2022,45(3):935-945.

LI G FJIAO H FWANG Q.Interannual variation and influencing factors of social-ecological system resilience of cultural tourism
destination in arid area:a case of Dunhuang City,Gansu Province[J].Arid Land Geography,2022,45(3):935-945.

[8] LI Y ESHI Y L,QURESHI S.et al.Applying the concept of spatial resilience to socio-ecological systems in the urban wetland
interface[J].Ecological Indicators,2014,42:135-146.

[9] PIMM S L.The complexity and stability of ecosystems[J].Nature,1984,307(5949):321-326.

(107 <5, I, XSFEAE, S5 AR ES R G 2 oP: LATE P B A EoU B0, B AR 93 U 7741%,2012,27(8):1304-1315.

ZHAN J Y,YAN H M,DENG X Z,et al.Assessment of forest ecosystem resilience in Lianhua County of Jiangxi Province[J].Journal of
Natural Resources,2012,27(8):1304-1315.

[11] CARPENTER S R,WESTLEY F,TURNER M G.Surrogates for resilience of social-ecological systems[J].Ecosystems,2005,8(8):941-
944.

[12] WALKER B,SALT D.Resilience Thinking[M].Washington DC:Island Press,2006.

[13] REGGIANI A,de GRAAFF T,NIJKAMP P.Resilience:an evolutionary approach to spatial economic systems[J].Networks and Spatial
Economics,2001,2:211-229.

[14] EBISUDANI M,TOKAI A.Resilience:ecological and engineering perspectives present status and future consideration referring on
two case studies in U.S[C]. Kyoto,Japan:The Society for Risk Analysis,2014.

[15] LIU X FJIANG W G,LI J,et al.Evaluation of the vegetation coverage resilience in areas damaged by the Wenchuan earthquake based
on MODIS-EVI data[J].Sensors (Basel,Switzerland),2017,17(2):259.

[16] BISSON M,FORNACIAI A,COLI A,et al.The vegetation resilience after fire (VRAF) index:development,implementation and an
illustration from central Italy[J].International Journal of Applied Earth Observation and Geoinformation,2008,10(3):312-329.

[17] van LONKHUYZEN R A,LAGORY K E,KUIPER J A.Modeling the suitability of potential wetland mitigation sites with a geographic
information system[J].Environmental Management,2004,33(3):368-375.

(18] BASCEK AT RS 11 GIS MBI AE S R el 2 TR AT ) = St A 491D 1355 i LU AR YK 24,2013

11



[19] CUTTER S L,BARNES L,BERRY M,et al.A place-based model for understanding community resilience to natural disasters[J].Global
Environmental Change,2008,18(4):598-606.

(201 25757, P4 g L3R A= A RPN R A3 A7 5 35 A A K [D]. W B BT EE TR 7,2021.

[21] LANFREDI M,SIMONIELLO T,MACCHIATO M.Temporal persistence in vegetation cover changes observed from
satellite:development of an estimation procedure in the test site of the Mediterranean Italy[J].Remote Sensing of
Environment,2004,93(4):565-576.

[22] 5K B X2, B, A A TR R EOT R DU LI B85 A P e D] 3 TR EOR7417,2022,12(2):436-442.

ZHANG Z M,LIU X F,QIU W T,et al.Evaluation of ecological resilience of Hanjiang River Basin based on vegetation index[J].Journal of
Environmental Engineering Technology,2022,12(2):436-442.

[23] LIU X F , JIANG W G, LiJ, et al. Evaluation of the vegetation coverage resilience in areas damaged by the Wenchuan earthquake
based on MODIS-EVI data[J]. Sensors, 2017, 17(2).

[24] 145 55, B35 080, IR 2R, 25 2000—2020 AT LiAs e 4 NDVI S48 (b K sgni R = 01 B 71,2022,43(7):3730-3740.

XU Y,ZHENG Z W,GUO Z D,et al. Dynamic variation in vegetation cover and its influencing factor detection in the Yangtze River Basin
from 2000 to 2020[J].Environmental Science,2022,43(7):3730-3740.

[25] XUEEPF, 200, R B, 5. 2000—2015 4K T4 A L 7 i N 28 AR M2 EX 3293 T (017K -+ PR FEIF5T,2021,28(6):330-
336.

LIU L D,LI J,LIU C X,et al.Analysis on the characteristics of temporal and spatial changes and influencing factors of vegetation coverage
in the Yangtze River economic belt from 2000 to 2015[J].Research of Soil and Water Conservation,2021,28(6):330-336.

[26] Tt Mg S, 1 IRE, A AL B AR S 5 G NDVI I 2 RFIE K FON KBS A IR 2 [0 AT LR B 417,2019,36(11):7-
15.

YUAN Z,YU Z Q,FENG Z Y,et al.Spatiotemporal variations of NDVTI in terrestrial ecosystem in Yangtze River Basin and response to
hydrothermal condition[J].Journal of Yangtze River Scientific Research Institute,2019,36(11):7-15.

(271 5o, T W4, SRACHE 5. 1982—2015 AT TInt AR A o FE I 2 e AT [0, 1 AR 9 U541, 201.8,33(12):2084-2097.

ZHANG L,DING M J,ZHANG H M,et al.Spatiotemporal variation of the vegetation coverage in Yangtze River Basin during 1982-
2015[J].Journal of Natural Resources,2018,33(12):2084-2097.

[28] A1 bk, FRAE P, K SC#E AL |- MODIS s 27 Lift s 7 o A A 5 U A PO AP DML R RV P, 2017(1):127-134.

SHIY Y, YIN Z T,ZHENG W E.Study on the response of vegetation cover change and climate change in Wujiang River Basin based on
MODIS data[J].Forest Resources Management,2017(1):127-134.

[29] /B, M 4K, i 3i.2000—2017 47 ) i HBIX A A, NDVIRFAE K O ARy e RO 2 [0 A= 285724 35,2020,39(7):2316-2326.

FENG L,YANG D,HUANG Y Y.Vegetation NDVI characteristics and response to extreme climate in Sichuan and Chongging from 2000 to
2017[J].Chinese Journal of Ecology,2020,39(7):2316-2326.

[30] ABTCAS, WU e BH, 5 AT D b LA NDVI I 2825 (b S H P 23 S5 8N [ AT Ttk 08 D 55 P4445%,2020,29(1):66-78.

DENG Y J,YAO S B,HOU M Y,et al. Temporal and spatial variation of vegetation NDVI and its topographic differentiation effect in the
middle and upper reaches of the Yangtze River Basin[J].Resources and Environment in the Yangtze Basin,2020,29(1):66-78.

[31] T2k, M AESC, e ay, 5 KLt 2000—2015 A=A 3R Go ot MR S5 A HURFIE L. BRI 40019, 2020,33(5):1308-1314.

DING Z W,XIAO N W,GAO X Q,et al.Changes of ecosystem quality and services between 2000 and 2015 in Yangtze River
Basin[J].Research of Environmental Sciences,2020,33(5):1308-1314.

[32] 5KIESE, 5, BRI, 45 61 2 M WP SRR T2y ] s (R e 59 e S5 I iP5 0], B 2R B 7412, 2020,35(1):95-105.

ZHANG Z Y,JIN G,GUO B S,et al.Research on the spatial vulnerability and resilience of land in the Yangtze River Economic Belt based
on multi-criteria decision[J].Journal of Natural Resources,2020,35(1):95-105.

[33] A4 B AT 2R T AR B R = i e S M PN BT ST D). A FR LA R (2 2K), 201 2.

[34] WA, VR A7 AT SRP IR PY 114 A= SS9 TE PP 0] AR 857, 2022,41(2):156-165.

JIN L J,XU Q L.Ecological vulnerability assessment of Sichuan Province based on SRP model[J].Ecological Science,2022,41(2):156-165.

(351 ¥, i i =%, FAE 5 A SIS M ELR S WP A S T 0. IR TR #0115, 2008,21(5):117-123.

QIAO Q,GAO J X,WANG W,et al.Method and application of ecological frangibility assessment[J].Research of Environmental
Sciences,2008,21(5):117-123.

[36] A2 <, NI A, 55 T A A AR e TS RIS [ BRI R0 9T, 2020,33(5):1091-1099.

YANG R J,SUN M Y,FU B Jet al.Sustainable management strategy of ecosystems in the Yangtze River Basin[J].Research of
Environmental Sciences,2020,33(5):1091-1099.

(371 45z A, 0, ok, A AT L s A A IS PR AR AU SN S 1T D] 3R R 201 97,2020,33(5):1262-1267.

LIY S;WANG H,WANG X H,et al.Analysis of bottlenecks and countermeasures of ecological environment governance in Yangtze River

12



Basin[J].Research of Environmental Sciences,2020,33(5):1262-1267.
[38] 045 BERA T A= SERF NG S PN 234 R A M X E) 71 53 AT D] el e A Tk 7, 2019.

13



	1 研究区域
	2 技术方法
	2.1 数据源与数据处理
	2.2 概率衰减法
	2.2.1 基本原理
	2.2.2 技术方法
	2.2.2.1 时间段划分
	2.2.2.2 栅格斜率计算
	2.2.2.3 斜率栅格表面计算
	2.2.2.4 维持性栅格表面计算
	2.2.2.5 指数衰减拟合
	2.2.2.6 生态系统恢复力计算



	3 结果与讨论
	3.1 长江全流域生态系统恢复力
	3.1.1 EVI年际变化
	3.1.2 维持性栅格数量变化
	年份
	斜率维持正的栅格
	斜率维持负的栅格
	数量
	比例/%
	数量
	比例/%
	2010
	1 376 924
	100.00
	404 827
	100.00
	2011
	1 301 536
	94.52
	312 989
	77.31
	2012
	1 251 191
	90.87
	268 601
	66.35
	2013
	1 221 911
	88.74
	230 983
	57.06
	2014
	1 186 519
	86.17
	210 595
	52.02
	2015
	1 148 676
	83.42
	193 284
	47.74
	2016
	1 122 128
	81.50
	175 659
	43.39
	2017
	1 101 464
	79.99
	163 889
	40.48
	2018
	1 083 360
	78.68
	153 380
	37.89
	2019
	1 070 524
	77.75
	144 596
	35.72
	2020
	1 054 459
	76.58
	136 925
	33.82
	3.1.3 生态系统恢复力

	3.2 分流域生态系统恢复力
	3.3 讨论
	3.3.1 长江流域生态系统恢复力分析
	3.3.2 生态系统恢复力空间异质性分析
	3.3.2.1 降雨量的异质性
	3.3.2.2 地形异质性
	3.3.2.3 植被覆盖异质性
	3.3.2.4 人类活动异质性



	4 结论

