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Fig. 1 Location of the study area




144 SPGB 354

1.2 iIIHERKILIE&ES BRI

PR SCRTLIR A KU IT Al B i 2 R I, 32 X0 v I B Tl B &
H®o 20034 (TEIRAEHHLTF R SR ) 19 A AT ARG KT 2 7 F3OR H 1) 4 T T
RMFAS , Uil A ey, iR 5K s 2007 4F (VLA T A B AR AL
R A, WLl A O T IR 1) i DX RS 5 2016 4RI T2 5 A Ji A ms 2 1
IR, ARARITA”, VLI AR ISR TS T (RIS SR
HERLI) 5 2019 AT 2 AR I BOf VTR BO B ™ R AR TR AR L 2
AU R P A R AL o (LRI e i BT e A P R B Dy S A 2 A A A Rl i
JRCT R, St XA A AT IR R R — B A i AT S

Az A U R T R AR B S R A . RVLVL IR B B K VLI A A B3 )il i
S Y DX, PR VTR R AR S R B o R E ™ 2D AR A Atk
JENTBAF R R BN, Y HTLE KL AR PRI JE . i H 2 | 297
FRCARAR ARG A “FEAL RV SRRV it ER A S a ™, {1neh
Tl A& 4 Al S 62.9%, LT KL RSB REFERE I E &
e T AR 13 747, BRI TN, SOwK L5 R BRI, @5 R
W8 Al AN BEAR SRy it — 2D R VLT R A S PR Y, B RURIRR X RS
JIX W A S LA S BN AR E— B RO AL T AL . AN IR BRI R b A7 e
AP R AT LU R U VPR R Y 25 A AR R 20 7 LAY R L TR 2SI 2
REIRALSF M AN B R LM S A 2 BEPE ORI P JE T A, Rl 28 TR AR At ok
TEE R, AN, —SRI F ARG B, AR AR R BUR il R, XS
1y 4t 22 4 R T A RE 3 AN R

BEAN, T IXIAE 2 AR SR AR A — 2P ) TRV AR A AR R el 5k — 7
TET 5 AR T ) S5 A 2 T TR BRSO /L, 55— 75 T S S5 A A T ik R e Ak
WD T XA ZS B AR 2 Loy HOMHB BE R O 32, BERPIC B 5 —, DIREANIE 5835, ARIE AL
Gi— . SERMPRAS R, TR RAFEN LRI G, R4 SO . Wriat, #0iA
R N RE, FOREH AR, KA 7 ) R R B AR S A A X H
ta e/, WS AL E

UEAFRTLIR A P XL A S M B 22 5006 1 — R 50280 . T = E 1
(A R T LS F R SR ) , 75 2018 458 i 1 [ S A A AR 40 43
E s SEHEFR ORI AR AR TR . T R AR A A SRS TR, IR TLHEAR R
BT AR FE AR S M AR U TR AR L e NN SRR
SR TR, SN TSRV R i R R N TR 7 it A5 . (HJ2 F RV 2k
A S IEUEAC R S ORI SRS, , Bt S 2T R 5 A SR 1 or JE %
H, FRISCBL AR (U JRAFAE RS s Ok, OO ARA B E GRS E T, B
PEMTEIEbR . BAGSFAIE; A SBE R EOy f—, EELU LRI &
Mepfl, K EE YR R R SO, Bz XIS W] D E] B
b, MELURARAE SRR . I, BUINPRIXRNE . R gREaESBE
MR, R BE— AP 2B ST TR (4 E A
13 “BERE—SVW—RF"EBEETNEER
1.3.1 A MBS AT HESE

Pe SRV ER B R RIRE X O 2B T 3h . KA T3 WLEHSE, DITRE. e,



114 oM A T CER RS SRR RILTLAE S ES R S xisk 145

AW, SACET B IR S8R, LB UEHER . SR SRR . SHEA A
FHMRE R, T AESBEE NS T U ARSI B B AR BT AT 3l
WA, M TESRGER-NERERG, IXHESBREAE A6 A”, HiL
BERPRRE KIS R A M AE BB R B By IHR . AU AR SRl L SRS
ARG, ST SRS B R AT N T (I812) .

ARAT N ) | SR | RS RS 7

® Y2 P T Z ® YRIZ A =

Lo MEAUKE I \Tiam 4 amey | REESEEABASNE |
A l'+A%ﬁﬂ (Zamm | [(EsBE] [Eaka ] -\%ins -
> = — T —— ST o1 Tk — T =7 | 4t
iw A T o E [ ABER [ROR) [4Ee] [EE] RS RS ] [HX] ) 4

; ol | T || R || Bk | R e 2 e B | K || || RS |2
ot s T o s L) Lt | Lo | Lo | L) Lo | L) |
P Sy L | S R v
|| WE | o ypprppmm |, | e HEMGRGE | e A L [ZEA| [ A | [
JO| [ 2z e Tl = e A i @ il W B || R || 2 || 2
g | LEHA | e TENGHIBEH | @ AEAEPMY ¢ T e sy AR [ | | UK} |
14 s kot Yy T e AW dEe l i
IE IR ey s Iy R T e a5 Ui T | | 5
)| (5 | e nehitibiess e | QTR | o i | | BB | | 2
g | | 5 | @ Ak s IR L FASATIRER 31 | o kb TR | | wikidd | |

K2 A BN ERARHTHESR

Fig. 2 Framework of ecological restoration connotation
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Table 1 Ecological restoration evaluation index system under "element-landscape-system" framework
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Table 2 Weight matrix of land use type transfer pressure
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Table 3 Data source and description
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Fig. 3 Map showing element level results
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Fig. 5 Map showing system level results

R4 BRESRIERFITR

Table 4 Statistical table of cluster indexes

T T kK

gy EHL P SRS BN

fi 0 i ;ﬁ%@ GOP T W DO RN K e
B~ km? WK WEE% /10 Bt H% ey
BAEI 31  12154.66 19.05 117.08 36.90 1289.39  3212.70 0.174 5.29 AT K& X
B 10 10258.23 3.80 124.07 72.61 795.83 1832.41 0.282 8.59 VS L E i
(fLFF %1%
BEM 17 15660.15 3.00 133.06 91.95 1122.60 3589.46 0.157 2.86 HEITEX

RAEN 3 3192.08 25.11 63.97 39.83 106.02 18836 0.618 54.17 PALTF & IX
RV 5 975422 -1.03 133.90 111.62 260.35  1140.36  0.202 8.11 A= R

I SEBBE . REMAEERGENERIDAEES X P, EPEERa LBl G
Fefeflk, HArA EHAICH N E GIT R, S AR T Z A A R I7  H7 d5 R i DXk
IV H GDP ATl (EH R AR AR, HAESR U 00 T H Al X, [ AE 25 PR AT




154 SPGB 354

AXE TR BIROR, R AR IR A A SR %0 X, RV 2 BT ™
fn 27X, {H GDP AT = (3G KR iR, A BB TIReAIN AR, A T ] Gtk —
A
22 EBXEERBEXREIN

XEAERBE R IR TR, RBEUNRR S8 5. mgiEs. T
WK, SEHESFEAERE. AXRRERZ . SOWZMAR)ZWFER TN 250
SIPTEESL, AT KT A S SRS SR i, SRR R AR RIZEE ) A
DR X AESBEEX R RN ESBE MR TFEh A 4 GiF) . IS4, &
FeLL ARG R s R As, #E AESBE S (B16) . LLXAL KA IR
FEmmAMKYE, HHARIG K2 TR A B R IX . KL R AR S
BEX | IR ESRBEEIX . KIEHAESBEREIX . KITAURASE A B E X,

L ESRPBEAX
oY e

o AN TRETKX

Qi LB S
o AEBBERENR

Ko HBE B
Fig. 6 Overall structure of ecological restoration

(1) WETSRBUEA IS IC, LB AU AR M AN T SRS DLRRM | B M
KA LR, IRV AT 20 SRR B, IR Tl S b 5
WL T T AR , (GITHIK 9 RO . DT AR AT it 7 M
THOURIE A IRBE AP, (L A5 R W MRS A LR ), 0I5 R0 — 25 3 D
AR TR AL T, HEE P PR TR S R L,
FMBEC, (A=t P4 7 DX B A BT 1 5 R, Ik AR i, 42
THEBIEEIE: PR KITRERIAEE, IR T | TS A 0 S50
BT T S MY LR A s SERGI L 4R A RA 5 BB S TR, RO 275
HeHbHE . T B VUK RIETIE R T A O SO, RTHTHIK S 5o
e

(2) KITH R/ A M 0P 5 DX G S P . VTR M PSR, RV
T BT DB, AR KIS /B AFRH NIRRT . %K



114 oM AR T CER RS SRR RILTLAE S ES R Xk 155

YR UL T I, BOKIX, X WM IR XSGR G A, Rl & 70T KB T
ARV KB B, IZIX A A A, PR AE (A2 GDP I A BT
HBHIMIARD , FATHEA A SR GBS E RS RI AL SR ALK, ™
% R A2 S DD RE X BT A MG Bl s s A SR PR IP et i, E— B4R T1 501 SEARL
K&, RABSEEZAERKASIIRE; R T BP0k AR R R, 2
THEMKRBUE, &6l s SIS it o R ghl, g, d. W HhR i S
SH, BRIHIRIK S S SRR s RGO 21, il B it |
T A5 1] BB S SR R ORI AR, A IR S e, B ek BEAE Y AR Y
ML midn .

(3) WP A S A MBS DR T XN AT S Tl R SR A A IX 3z — - [R]sf
e FARIIBEDCE ALY E T R X X VLI RAR T, A 5 B L R AR A B
SHGET L A7 N A8 g T VLR A AR I, ARV AR XA A 2
FEPELRA X, BA B R /K IR SR 5 B N RE o 12 DX i VAR S PR P T ) B R Y
DX, Tl A Jie 5 B M DR )™ s i JSA Tl 5 R 2 B Ok o 3% XA 22 T K
JEG AP, eI AR AR O, FElURE B, 3R A= A g 2T
2o, TR AR TRHL . KIS RS M i SOEZ IRE LSRR, TER
AR A P D RERT TR T UE— PR TR K B [ B 5 K IR IR DR s A e St 1
Mo, INPRTA IR R Sk iR RGA B, WKARERIEH, TR AR

(4) KA DA BB ORI R VLT S B B A A A5 M, B B A 2
e BUKIE AT 4R AR 2R . ADKALNZIRE, RIS ) A d 2 A R
WX B AU R K B R A B X, R Y i A B
Jifeie . MERE R DX IR XIS — A s R T TR, AR PR £
EIRH, WRAHHREH; TR SA S R, JHRIEH (OF) @i G2); &
SERMIIEGE R M BB R, R EIK . RT50s, BRECZHUNH, e hE
SHIM.

(5) KITALR ARSI B E AR M . Z8M . REACER X, 205 XN E
FEROAT A 2 DX, [ R Tl B R de DR X 12 DX T A T S T T
RIEIE , WL S RGN . DR TS L e ST A M S %
oA I AE SO AE 2S5 W . o5 BRI A i i 2y, b AR A AT ASO, 5 SR TR AR i
P, DEAOKIMEER ; SRt T HZR A 3G, TR R RS B, RTHRHAE
e A U

RIEFZ R TEE R, nT RIS SR B Z 0 X, AR RIT A D
A S FOME A IX L BAR VAL AR A S MR AP AZ O X o BTG 11 XA 25550 0
FIRE B, I LTI -t ) A0 S S50 A 25 5m WL E— 2P R o 2% DX A4 i T s
(] o] b Ff A OGTE AR SR SR A, fR T AR A AR R St . RVTAER AR
SFOMORIPAZ O DA L S A S iy, L T ek S B T M) 51 KRS, A7 ] 2 ) A
T gt e sl E AR PR X, BRIGIT R BEES [R] R5 ahA H H
T, At EAT A ST RE AR It — P He i Ao



156 SPGB 354

ST AR X N E BRI E ek KITAREL., WEBASBE R IPGER NEHESBE
AT, IR VR 2R X U AL RT3 A X, BRI AR SRRtk T 5 e
A LIUEG, BRE AL T AP AR ARG B iRk R e,
AR, IR R REL . BIR KM ROk 5, 6% iR i R R T 45—
A ERAR ; EE R 4585 Y S IR R TR H . KITHBASBER S
FRP OGN, Z XM A KB ETIEM, (BB SRS B, T
IR 2, R BRI SR ) TR Ar e o X XIS — gl K VTR 4
SR SRR, RELHH IR RSN, RBRE S IFEIWER TS L
H, SRR MR R, SOt T et 2 a5 TR, AT
/N T v 32 AR =/ N 1 RTS8

PR R ZAEBB W i m R m R TT, ( ArcGIS R R 5 T 245 5|
OT A ERME R S . AR A B Z S, SN AESBE TR, Wi
WA L ARE R TR . ST PR EG TR . 0 LR S s TR . V5 MR B T RE L UK
WEGRHLTRR | PippRiir i TR . e TS, Hrh s X sty tdtii X . By
MNFEITHIX | TRB UK | Fal PO IX A S B E B TREP X, it 5%
HERAT, £ Rt e E TR H ik,

3 g

3.1 i

BB EAE R —IARERUUE, i 7E I 3 S ST A R . B LA
BE FEIRS BT TR SR E. e 2Sar HrE Zefe . Rgefk . Xifbmd:
S8, L RE, 2k, ZRRNAGHAESBE O IHR, 1T KL
IRV T A AR SR 5 LU R JRP I i 8 I X3, AR SCEF XTI K VTR 2R
RETC, NIRRT L B HIRTT, SRASCEREEIR L T IR AR IR, (4 4 MR
Bl SOOAERSE . AMARGRIFMSCHNE 55k, . UL, RO BT T
AERBE NN, R BR—RW—R%" WS T AESBRIE I TEm ik
Z; SRIGHT Getis-Ord G /MM . K-means M55 7 il TAE R B E HUE 55
X, Mgl S, 4 CiF) . AR AE SIE AR R, I A AN [ X3k i 23 1) &
D7l SAEREEEE R, R

(1) EBBERAZRENE. RESHLEREM, ZUREASBRE RET
SRVRIES G S R G IR S XA S E R, i e A S RS g . SEE
AR BRERES TRIIVES RGNS ; T2 EAS Sk, 8
I [ s R R R - R R R AR R, SR THESEE M SR MOMREASBE
TS TRED H &, AR AT S iE . AR ENESBE
T 3 AN [ R3] A5 RS SR A 42

(2) MRXBERZESBE W I1EH/MERN0.319, T RMEHR0.772, FIIE N 0.460,
BRIZESBER NN MHE KO /DMER” BRE, ASBE RN X FEHFh
Frg AR BT NI VLI R B 38 i AR TRV X, A SRR X £ 2
TRICVIL M B8 SRR RSB 5/ ME R 0318, KA R 0.751, F



114 oM T CER RS R KIS RS R SR 157

PIEH0.435, 5oU)ZERBER ST BA —E S BERRE, #OlX ETZEDTFAKITA
WX, R KEPTFHRTRX; MERRITRGEZIEN S R I TR, 58 H
DX, FEANAST ARG T ERHEE . SR8, BOK 7 W %57 H H A R0
FEAIE

(3) ARIETEAT SR AT DA “HIX . —a . L7 MAESBE LR R, G
IR A SBE X . KILERASERAAEE X | B R TASBEX . KiJHE
WAESEBEIX , KiTdtEARER B IX, WITARBRESMEEW | 7B ARSI
BT . T BUESSOAR I ST DA AT A AR S SOIME E %O X KITbRAE
BEMAI R IX, BN 97 MESBE S, D4 ESBE E S TRE
X BN EA BRIk, AR XIRRRIE, nT R R m) . S [ T ) . SREE
BXI% . ARBE TR G A SBEXR,
3.2 i

AEBBE AR NS [ 5 5 EA s R 58, B AMAS L RN
KW ER . ESBEMEEWN SR AR, HHBERARBEENZ R “N7. AR
B i) LT G At S 2 AR SARRP TG, RS AR EEL
b BRI FRE, NEFEACASE X RS A A RN, A P Re Sl n +f
2L, REMERAERBRE . Hit, ASBEAURD NS 3 E 208 s by S R, 5
T [ AR A LR o VLS RITIR R XU KT AT 20 BB 5 A SR P JE 5 %
DI, SR S T2 DA DGR (= R SRR . F AR RE DR . A SR
LAARINAE) hiREt ek, RIBERET nERg . A —or s, B eEn
RIS, WRRGE . £ WHENAT LR HYORTEH—45 F 23 [
SR RA S E S A A AL s 5 R XS R A S AMEDL IR 2, B R AR
DRI 5 2T A J i X A A

RS Y ET T EA S SR BT K, AR IR RV TIR4R IXX — S X
W, HEASBEWRGE, RIEWERHE, @57 THERT "B —FU0—R5%" ERY
AESBERIITMAR, WE T A & GF) . MESWA R ESBEERK R, IR T
AHIE X S, A SC] RN IR A KT U R AR A Tm i P A s 2 R 4l 5 T
AR SE, RN RRESBERRNE . F 5 ESBE AT R R AR
BEARSE . AW —EA R MG R E SR Z MR EA B R Y HEE N
25, TR AEE M AERRIT, WYR L E T Xl 1 7 A 2 X 2 4
ST, DSBS R AR R A5 (B2 B AR BB ], A SO SR A3 3 o AR A T AR S R 4%
T, BEAMA SN R bR IR R A U S HEAL LB, Fepri OME LA AR B, 45 Ni7E S
B i FH R 45 DXIRRRAE AR T 3RAS 1, Fe BT HESR S AT e 22 Hb v LA AR 10 48
b, VRO 2E SN =E ERE A

2% 3 ik (References):

[1] ROMANELLI J P, FUIIMOTO J T, FERREIRA M D, et al. Assessing ecological restoration as a research topic using
bibliometric indicators. Ecological Engineering, 2018, 120: 311-320.

[2] LIUJ, DIAMOND J. China's environment in a globalizing world. Nature, 2005, 435(7046): 1179-1186.

[3] SBIEZR, WA Ar. B i 48 b A A 3 25 & R Y S b [ A MR 2, 2018, 32(12): 1-6. [GUO X D, XIE J Q.



158 SPGB 354

Thoughts on the recent development of land ecology in the new era of China. China Land Science, 2018, 32(12): 1-6.]

[4] PRME, Do, A, 5. A S i Rk 2% N A SEASHE L. BE R, 2018, 40(6): 1130-1137. [CHEN C X,
MA Y H, WANG N, et al. Scientific connotation and basic paths for constructing ecological land. Resources Science,
2018, 40(6): 1130-1137.]

[5] ROMANELLI J P, FUIIMOTO J T, FERREIRA M D, et al. Assessing ecological restoration as a research topic using
bibliometric indicators. Ecological Engineering, 2018, 120: 311-320.

[6] FRL, B30 AR O N E L5 E SAERMI B E. b E L1, 2019, (5): 29-31. [WANG W, JIAW T.
Integrated territory consolidation and ecological protection and restoration under the concept of ecological civilization.
China Land, 2019, (5): 29-31.]

[7] rhbrbge 45 . SCFHE ST A A R R 2 01 W B St T35 L. http: //www.gov.cn/zhengee/2019-05/23/con-
tent_5394187.htm, 2019-05-23. [CPC Central Committee & The State Council. Some opinions on the establishment and
supervision of the implementation of Territory Space Planning System. http://www.gov.cn/zhengce/2019-05/23/content
5394187.htm, 2019-05-23.]

[8] HORPPILA J. Sediment nutrients, ecological status and restoration of lakes. Water Research, 2019, 160: 206-208.

[91 AWASTHI A, SINGH K, SINGH R P. A concept of diverse perennial cropping systems for integrated bioenergy produc-
tion and ecological restoration of marginal lands in India. Ecological Engineering, 2017, 105: 58-65.

[10] VOLIS S. Conservation-oriented restoration: A two for one method to restore both threatened species and their habitats.
Plant Diversity, 2019, 41(2): 50-58.

[11] WALTERS G, BARUAH M, KARAMBIRI M, et al. The power of choice: How institutional selection influences resto-
ration success in Africa. Land Use Policy, 2019: 104090. https://doi.org/10.1016/j.landusepol.2019.104090.

[12] GOCHEVA K, LYUY, LI F, et al. Ecosystem restoration in Europe: Can analogies to Traditional Chinese Medicine fa-
cilitate the cross-policy harmonization on managing socio-ecological systems?. Science of the Total Environment, 2019,
657: 1553-1567.

[13] RYDSTEDT L W, JOHNSEN S A K. Towards an integration of recovery and restoration theories. Heliyon, 2019, 5(7):
€2023. https://doi.org/10.1016/j.heliyon.2019.02023.

[14] WANG J, LIU Y, L1 Y. Ecological restoration under rural restructuring: A case study of Yan'an in China's Loess Plateau.
Land Use Policy, 2019, 87: 104087. https://doi.org/10.1016/j.1andusepol.2019.104087.

[15] OUYANG Z Y, ZHENG H, XIAOY, et al. Improvements in ecosystem services from investments in natural capital. Sci-
ence, 2016, 352(6292): 1455-1459.

[16] YU B, XU L. Review of ecological compensation in hydropower development. Renewable and Sustainable Energy Re-
views, 2016, 55: 729-738.

[17] A-dmeoe, BREEAR, BAEAR, 45, BTR 4 Ll ZR b D3 AR SRR AE AR CFSY. k1T ZR £, 2019, 41(2): 275-281. [NIU
Z R, CHEN X L, HUANG W D, et al. Study on the restoration model of ecological environment in the northern part of
the eastern end of the Altun Mountains. Journal of Glaciology and Geocryology, 2019, 41(2): 275-281.]

(18] =ik, Wi/ ut, IS, 45, P Al U L Kb T80 0 A 25 P 3 18 52 8L 5 S B BRI TR R 224, 2019, 9(5):
482-490. [NIU Y, HU X Z, WANG L J, et al. Ideas and practice of ecological protection and restoration of mountain-riv-
er- forest- farmland- lake- grassland system in Lake Fuxian Basin. Journal of Environmental Engineering Technology,
2019, 9(5): 482-490.]

(19] Rz I, WHEAE. SO LR W) R A 25 AR b 8 S 1 ni i S B 5 G087 BRBE AR, 2018, 46(13): 80-83. [WU Y L,
XIE G H. Practice and innovation of ecological protection and restoration of mountains-rivers-forests-fields-lakes-grass
in Ganzhou. Environmental Protection, 2018, 46(13): 80-83.]

[20] RHBsaB, 130, XM, 45 AP AR B AT -G08 S BCHR IR W B B8O AT 7Y - B T e bt DX ] e B30 14 SR 4347
FERIX IS5, 2018, 32(6): 57-63. [LANG L G, XU T, LIU G B, et al. The mutual effect between farmers' ecolog-
ical restoration and social-economic benefit of restoration project. Journal of Arid Land Resources and Environment,
2018, 32(6): 57-63.]

[21] AR, I, X224, S5 G2 AR BB XU ITIER ST AR A2, 2018, 38(22): 7879-7885. [CAO S X, LIU
W, ZHAO M H, et al. Test of a win-win path for ecological restoration in Yan'an city. Acta Ecologica Sinica, 2018, 38
(22): 7879-7885.]

[22] SUN J, YUAN X, LIU H, et al. Emergy evaluation of a swamp dike-pond complex: A new ecological restoration mode
of coal- mining subsidence areas in China. Ecological Indicators. 2019, 107: 105660. https://doi.org/10.1016/j.
ecolind.2019.105660.

(23] Jfh. AASERBE R SIS i 20 ERMAIA B LARIE L. Hdrt 222, 2018, (2): 250-255. [ZHOU W. Co-
ordinated management of multiple subjects in ecological environment protection and restoration: A case study of Qilian



114 oA T CER RS R KIS RS R SR 159

Mountain. Gansu Social Sciences, 2018, (2): 250-255.]

[24] &L, S/, ERCAE, S AEIRBEEAR VPR R R . A2, 2019, 39(16): 5766-5777. [LUO H, HU X N, XIE
Y S, et al. An evaluation index system for ecological management technology. Acta Ecologica Sinica, 2019, 39(16):
5766-5777.]

[25] XU X, ZHANG D, ZHANG Y, et al. Evaluating the vegetation restoration potential achievement of ecological projects:
A case study of Yan'an, China. Land Use Policy, 2020, 90: 104293. https://doi.org/10.1016/j.landusepol.2019.104293.

[26] QIN H, WANG Y, ZHANG F, et al. Application of species, phylogenetic and functional diversity to the evaluation on
the effects of ecological restoration on biodiversity. Ecological Informatics, 2016, 32: 53-62.

[27] WU Z, WU X, YANG Z, et al. A simple thermodynamic model for evaluating the ecological restoration effect on a man-
ganese tailing wasteland. Ecological Modelling, 2017, 346: 20-29.

(28] ki, W, XUBR, 4. ST SCHRIT W i AR B BRI FE . A= 255441, 2016, 36(8): 2442-2450. [CAO Y Q,
GUO M, LIU S R, et al. Research on the current situation of ecological restoration based on bibliometric analysis. Acta
Ecologica Sinica, 2016, 36(8): 2442-2450.]

[29] &F, Fudh, ZEE E s ARG E: MRS BIS A AL, B E R 24, 2019, 33(7): 1-10. [CAO Y,
WANG J Y, LI G Y. Ecological restoration for territorial space: Basic concepts and foundations. China Land Science,
2019, 33(7): 1-10.]

[30] XU4R ), & FErE, mat, M2 5 X e AR A R T B A B AR PR SE. A A 2R, 2019, 39(9): 3019-3025.
[LIU J G, ZHAO D D, YE B. Ecological attributes, restoration, and protection of the Baiyangdian in Xiong'an New dis-
trict. Acta Ecologica Sinica, 2019, 39(9): 3019-3025.]

[31] AR, B4l RAILATl 20— IR BT WI R & A% Jn S 8. H PR, 2016, 36(9): 1408-1417. [ZOU H, DUAN X
J. Pattern Evolution of economy-environment coordinated development in the Changjiang River Economic Belt. Scien-
tia Geographica Sinica, 2016, 36(9): 1408-1417.]

[32] TRAPH:, X4, B, S, RULEH A SR AR ARG X A A5 1B A2 AU ARAP IR SOW SIS, BRI IRAP, 2017, 45(16): 50-
53. [XU M J, LIU D, GE F, et al. Study on the ecological restoration and protection countermeasures in the typical eco-
logical fragile zone of Yangtze River Economic Belt . Environmental Protection, 2017, 45(16): 50-53.]

[33] MBS =, kg, iR, AF RV P A ST B R B E 10 B B 25 15 ). PREE AP, 2018, 46(9): 13-17.
[GAO Z Y, YAO R H, XU Y X, et al. General thinking and planning of promoting the ecological environmental protec-
tion and restoration in the Yangtze River Economic Belt. Environmental Protection, 2018, 46(9): 13-17.]

[34] ZFMe, W4, SRR, 5. RITE TR K B L 7RSI BF9E. £33, 2017, 37(1): 181-186. [L1 H, HUANG X J,
JIN'Y Z, et al. Population carrying capacity of water resources in the Yangtze River Economic Belt. Economic Geogra-
phy, 2017, 37(1): 181-186.]

(351 AR, MRS, X2, VL5 T V10 XA 5 PR AP 7l 23 A1 25 (8] DR A Jeg 23 Br. B ERLBIE 5, 2011, 30(2): 269-277.
[CHEN C, CHEN W, ZHAO H X. Spatial matching pattern between industrial space and ecological protection in areas
along the Yangtze River in Jiangsu province. Geographical Research, 2011, 30(2): 269-277.]

[36] VIAL, BRME M. VLR E RIT R 285 4 X SR, FREE 2 0TIEAN, 2019, 41(4): 16-19. [JTANG H, CHEN W X.
Study on delimitation and control measures of Yangtze River shoreline resources in Jiangsu province. Environmental
Impact Assessment, 2019, 41(4): 16-19.]

[37] WEANA:. VEAR VTR ZR NG D7 S0 AR S VLI e B W ). g st b B, 2007, (0): 212-219. [SHI H J, The historical
changes of Jiangsu Yangtze River Coastline and the problems to the development along the Yangtze River. Historical
Geography, 2007, (0): 212-219.]

(38] JAIEUBE, {4 B, BOWE . VLR T TG B S 4 SR 5 — I Al 0 SR 5. T4 9 55 PR 35%, 2018, 27(3):
493-502. [ZHOU S Y, HE J L, HUANG X J. Competition pattern and integration development of inland ports of Yang-
tze River in Jiangsu province. Resources and Environment in the Yangtze Basin, 2018, 27(3): 493-502.]

[39] Jifi /4, Bk L, MR Bh. KT T i T T R 2k A EE 3R 5 T &R L. M BERL 2, 2002, 22(6): 700-704. [SHI S H,
YANG G S, LIN C K. Governing and explore the water front resources at middle and lower reaches of the Yangtze Riv-
er. Sceience Geographica Sinica, 2002, 22(6): 700-704.]

[40] BRI, B MG, VTIRA KIT L IR AR L 5 BRMEIAT. F IR B IRA 4R, 2014, 29(4): 633-642. [CHEN C, ZHEN
Y P. Analysis on the waterfront resources utilization change and reasonableness along the Yangtze River in Jiangsu prov-
ince. Journal of Natural Resources, 2014, 29(4): 633-642.]

[41] X3, EX VR, ¥ Y TR 38 Ml 22 AU RS SRy T8 28 (0 R iE K i DR 28 3BT AR YL B0y o T Tt XA 431,k 5t st AT
7%, 2019, 28(4): 96-104. [LIU Y, ZHAO H X. Characteristics and influencing factors of spatial evolution of polluting
manufacturing: A case study of the Middle and Lower Yangtze River Economic Belt. World Regional Studies, 2019, 28
(4): 96-104.]



160 SPGB 354

[42] PRXK, BRSe, AR, 5. TLIRIR T 3 T BT R 2B IR AR AR AL S SR Sl PR TR e IR 5 B0, 2015, 24
(5): 711-718. [CHEN H, CHEN W, CAO Y H, et al. Changes of exploration of riverbank resources along Middle Jiang-
su Reaches of the Yangtze River and its driving mechanism. Resources and Environment in the Yangtze Basin, 2015, 24
(5): 711-718.]

[43] Beop e, ARnE. KT R LR A 2S 181 ShAE T & ) B R A% BEGS 5F6. HL B2, 2016, 36(12): 1822-1833. [DUAN X J, ZOU
H. Development problems and management countermeasures of waterfront resourses along the Changjiang River. Scien-
tia Geographica Sinica, 2016, 36(12): 1822-1833.]

[44] XIONG X, QIAN Z, MEI Z, et al. Trace elements accumulation in the Yangtze finless porpoise (Neophocaena asiaeori-
entalis asiaeorientalis): A threat to the endangered freshwater cetacean. Science of the Total Environment, 2019, 686:
797-804.

[45] ZHAO X, BARLOW J, TAYLOR B L, et al. Abundance and conservation status of the Yangtze finless porpoise in the
Yangtze River, China. Biological Conservation, 2008, 141(12): 3006-3018.

[46] PENG B, L1Y, ELAHI E, et al. Dynamic evolution of ecological carrying capacity based on the ecological footprint the-
ory: A case study of Jiangsu province. Ecological Indicators, 2019, 99: 19-26.

[47] JUERS, GxMEil, TEARAT, 45 35 15 a VT IR /K IRIR SR I REIN 23 28 Ak 5 S PRUR R AT, T3 IR 5 3105, 2018, 27
(11): 2453-2462. [GU Z M, JIN X B, SHEN C Z, et al. Variation and influence factors of water conservation service
function in Jiangsu province from 2000-2018. Resources and Environment in the Yangtze Basin, 2018, 27(11): 2453-
2462.]

[48] GAO J, YU Z, WANG L, et al. Suitability of regional development based on ecosystem service benefits and losses: A
case study of the Yangtze River Delta Urban Agglomeration, China. Ecological Indicators, 2019, 107: 105579. https:/
doi.org/10.1016/j.ecolind.2019.105579.

[49] VLIRE B IET. LI KL T A S A SCiti LK. http: //hbt jiangsu.gov.cn/art/2018/3/15/art_51347_
7676784.html, 2018-06-12. [Department of Ecology and Environment of Jiangsu Province. Implementation Plan Of
Ecological Environment Protection In Yangtze River Economic Belt of Jiangsu province. http://hbt.jiangsu.gov.cn/art/
2018/3/15/art_51347_7676784.html, 2018-06-12.]

[50] At M, Bl AT =AM I TR 3R FH B A 25 R G R 55 I (A 2 AR B 9T . R TTIR e I 5 2105, 2019, 28
(7): 1520-1530. [ZHU Z Z, ZHONG Y X. Spatio-temporal evolution of land use and ecosystem service value in Yangtze
River Delta Urban Agglomeration. Resources and Environment in the Yangtze Basin, 2019, 28(7): 1520-1530.]

[51] XU W, JIN J, JIN X, et al. Analysis of changes and potential characteristics of cultivated land productivity based on MO-
DIS EVI: A case study of Jiangsu province, China. Remote Sensing, 2019, 17(11): 2041. https://doi.org/10.3390/
rs11172041.

[52] R, BRI, BhOROR, A B B DX e S i s 0] AR OGS0l AR 7 40 XL H AR SRR A=A, 2017, 32(11):
1930-1941. [GAO F J, SHAN P M, MA Q L, et al. Spatial autocorrelation of soil moisture and agricultural zoning in a
mollisol tillage area of Northeast China. Journal of Natural Resources, 2017, 32(11): 1930-1941.]

(53] WRITIE, ZEV0 A, RGN, A, o ] - 0] A4 (A 25 PR AR 1) 2 18] 2 S P 5 0 LI, b FRAE 5, 2019, 38(9):
2173-2187. [CHEN W X, LI J F, ZENG J, et al. Spatial heterogeneity and formation mechanism of ecoenvironmental ef-
fect of land use change in China. Geographical Research, 2019, 38(9): 2173-2187.]

[54] XIE H, ZHANG L, LIM C P, et al. Improving K-means clustering with enhanced Firefly Algorithms. Applied Soft Com-
puting, 2019, 84: 105763. https://doi.org/10.1016/j.as0c.2019.105763.

[55] OMRANI H, PARMENTIER B, HELBICH M, et al. The land transformation model-cluster framework: Applying K-
means and the spark computing environment for large scale land change analytics. Environmental Modelling & Soft-
ware, 2019, 111: 182-191.

[56] FKIEHF, Wik, Ml i, 55, 1995-2015 4RI 754 - MU FH D RE e BURHIE BRI 0. 11 AR BEIR4R, 2019, 34
(4): 689-706. [ZHANG X L, JIN X B, FAN Y T, et al. Spatial-temporal characteristics and coordination status of the
land use function transition in Jiangsu province from 1995 to 2015. Journal of Natural Resources, 2019, 34(4): 689-706.]

[57] SR, 4k, 5405, 45 VLIRAE LR A — A W — A 2 e S A R A AR S AT, A VLB R S PR,
2019, 28(7): 1541-1551. [SHAN W, JIN X B, RAN N, et al. "Production- Living- Ecological" function evaluation and
coupling coordination analysis of land use in Jiangsu province. Resources and Environment in the Yangtze Basin, 2019,
28(7): 689-706.]



1] oM AR T CER RN RS R KIS RS R SR 161

Exploration of ecological restoration pattern and countermeasure
along the Yangtze River in Jiangsu province based on the
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Abstract: As a global issue, ecological restoration demands for urgent practice and research in
the way of Ecological Civilization construction and green development in China. In a narrow
sense, ecological restoration mainly refers to ecological engineering and environmental
protection measures. In the face of increasingly complex, systematic and regional ecological
problems, it has become a consensus to implement multi-scale, multi-path and multi-element
systematic ecological restoration. Aiming at the area along the Yangtze River in Jiangsu
province, which is the most contradictory area between ecological protection and economic
development, this paper used the methods of qualitative and quantitative to identify ecological
problems, and used the relevant theories and methods of land use science, landscape ecology
and human-land system to construct the evaluation system of ecological restoration potential
from the perspective of "element-landscape-system". Based on Getis-Ord G, hot spot analysis
and K-means cluster methods, this paper identified ecological restoration zones and hot spots,
so as to build an ecological restoration pattern structure composed of points, lines (belts) and
areas, and put forward corresponding countermeasures. The results show that: (1) Ecological
restoration has multi- scale character, complex- objects character and multi- approaches
character. Different scales of ecological restoration have different objects, approaches and
objectives, which are connected by different levels and types of planning; (2) The average
value of ecological restoration potential at the factor level of the study area is 0.460, and the
spatial distribution is characterized by "large scale dispersion and small scale agglomeration".
The hot spots of ecological restoration potential at the landscape level are distributed around
the Yangtze River Estuary, and the cold spots are distributed in the Yang-Tai plain. According
to the evaluation indexes of social economy, ecological function and planning response, the
study area can be divided into five clusters; (3) According to the evaluation results, the
ecological restoration structure of "five areas, three belts and two cores" can be constructed,
and the countermeasures can be put forward in the aspects of development orientation, spatial
control strategy, restoration object, engineering measures and so on. This study can provide
reference for the compilation of ecological restoration planning of the area along the Yangtze
River in Jiangsu province, the exploration of connotation and implementation paradigm.
Keywords: ecological restoration; structure analysis; ecological planning; Yangtze River; Jiang-
su province



