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Abstract: Understanding clearly the ecological status and problems of three types of region space through the ecological
survey and evaluation is a necessary prerequisite for regional land and space ecological restoration and spatial pattern
optimization. Taking the counties and cities in the Rao River basin as an example, this study constructed a comprehensive
evaluation system for the ecological quality of territorial space. Based on the multi-objective comprehensive evaluation
method, this study conducted a comprehensive evaluation and zoning of the ecological quality of territorial space in the study
area, and explored the spatial differentiation characteristics of each zone. The results showed that; (1) The overall

ecological quality level of the study area was good, and the area above the middle level accounted for 70.6%. (2) Level I
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and Level II were mainly distributed in the northeast of the study area, and the ecological environment, ecological benefits
and social economy in these areas were in a coordinated development trend. (3) The ecological quality of the territorial
space was characterized by strongly spatial correlation and aggregation, and the area of cold spots and hot spots was
basically equal. (4) Combined with the results of the comprehensive evaluation and obstacle degree diagnosis, it was
recommended to adjust the social and economic structure, promote the healthy transformation of industry, improve the urban
residential environment, and improve the overall level of ecological benefits based on the natural advantages of the study
area. This study can provide scientific basis and reference value for land space planning, ecological restoration, ecological-

economic-social sustainable development of the study area.
Key Words: ecological evaluation ;territorial space ;ecological quality ;space differentiation
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Table 1 The comprehensive evaluation index system of the ecological quality of the land space in the study area
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Table 2 Classification criteria of spatial ecological quality of the study area
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Fig.2 Spatial distribution of land space ecological quality criterion layer index composite index in the study area
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Table 3 Moran'’s I index of land space ecological quality assessment results in the study area
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Table 4 The proportion of cold hot spots in the comprehensive evaluation of spatial ecological quality of the study area
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Fig.5 Distribution map of cold hot spots of spatial ecological quality criterion layer score variation in the study area
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B LE AR ZERE) MR SR 100 AR AR TR kg B AL R AR | B A 07 S A 41 2 % s, 25 4 R e
AR AR RS Y M 28 T R R

T AR 2500 XA & 499 MNP BATT | BRIFR Ky 449437.19 hm? | BT (5 FLE AR, N 26.19% , 4= BT 454
FEBIIME A 0.5348 , FF43A5 T HPH B AR AL A PY g 80417 4R350 25 EL DY g 3 7 4F B A6, o5t o A
43.89% .15.83% .13.43% 10.22% ; IV HAXALF 394 MEMERIG, AR B 4 S B0 E M 0.5019, F 54
i 41 E WS R e | O R e SN i E = 71 O 1 7 S A 87 P o S (VA o 6 B SRS ER
BEIXJE FL, SR FERIRIE A, S5 UURHE AR 265 va , N 2898 sl Rn Tl Ak 5% g 558 hy i 10, A4 285 FH b B R A X 570
T X AR B SR A 2 Ak K JR 1) (RIS, 7 R4 [ AR AT R B 1) 2 LR, DR o) "B 2t AR R ) 8 i e, e AR S
HA CBOR LS R FE 5 T, BT & = B if AR Sl SE TR ARk B S s [ ANl e — ke, 8%
TRTH A RS, B N RS SRl 0 B 2 Ta) 47 B, T 2 7 Hh iR A e Aol 2B =4 ) o
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Table 5 Statistical table of spatial ecological quality classification of the study area

A 7 AAT A 4 K
A SR R T it LA
o O.g e ¢ average o m?m “ Total area/hm? Percentage/ % Main distribution area
zoning score of grids
PEHAHAE) B R (W 5% fE
I 0.5972 424 381995.87 22.26 m(%ﬁm“fﬁ#) HRIlK
BPREL(BSES ) T (NS TF
I 0.5666 422 380108.2 22.15 (R ) B EL( b
HOBHEL (R B EAE)  BYLIX T AR L (B
m 0.5348 499 449437.19 26.19 &) RIHB (IS %) EXH (S 5) |
BPE (PR
HEBHE (RS ) TR R (M= 2 %) R
\% 0.5019 394 354882.06 20.68 Sl (ALK EE ) B R (R ) (2R R
(VFRTHD) RR B (TR S)
v 0.4617 166 149640.79 8.72 SRPTT (R ) CRHE (B S %) Rk

H(ADI S 5)
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Table 6 Diagnostic results of barriers to partition of spatial ecological quality in the study area

£zt JYIX 9% Partition level

Indicators 1 il m v A\
i #E Elevation 2.29 1.60 0.82 0.49 0.27
WP Slope 11.67 12.44 14.17 14.42 14.30
AR A JZIEE Effective soil thickness 11.77 8.68 9.68 12.67 13.73
A HLUT Soil organic matter 8.40 10.54 9.50 8.75 11.37
A7 H 3 LB Proportion of productive land 0.59 0.98 1.53 1.83 1.88
#HrHbiR Ak Land degradation 2.12 1.93 1.71 1.62 1.53
+ 475 Y25 5385 Soil pollution composite index 0.87 2.56 2.09 2.27 3.66
A 3% F 3 L B Proportion of living land 0.29 0.46 0.59 0.63 0.79
A% The population density 0.51 0.54 0.62 0.61 0.62
WAL Urbanization rate 1.49 0.96 0.71 0.69 1.18
GDP 3K % The GDP growth rate 8.35 8.45 7.72 7.48 6.18
IR T L Area of forest and grassland per capita 0.95 3.84 5.89 6.20 5.88
NIGHLE 7= B Per capita food production 0.70 0.81 0.48 0.34 0.45
AEI KK B Average annual precipitation 2.37 2.02 1.92 1.59 1.38
7K W% B Water network density 3.21 3.16 3.49 3.31 2.42
R 76 55 Vegetation coverage 2.85 3.02 3.48 3.42 3.44
ML LT Vegetation coverage index 1.16 1.98 3.01 3.53 3.77
SO L EEMEFEEL Landscape diversity 9.64 7.28 5.05 3.49 2.42
BEHL2 BE Patch density 6.94 6.05 4.91 3.96 3.09
SO AL HEEL Landscape aggregation index 3.30 3.72 4.32 4.89 4.91
SEXLE B 6 U Landscape fragmentation index 2.13 2.23 2.72 3.14 3.45
HHs AR ZR Annual degradation rate of forest land 1.03 1.01 0.96 0.94 0.82
HEHAF IR AL Annual grassland degradation rate 9.98 9.00 8.45 8.01 7.36
K IBIE HIE AN Increase rate of water area wetland 3.88 3.53 3.22 2.98 2.61
A LI Increase rate of ecological land use 3.53 3.23 2.96 2.75 2.48

V oy XY /N A ST AR 8.72% , A A BT ZEA HR B ECN 0.4617 , B M T AR KTl h BT A
VAR BH B PG R, Herh BH B 2 0 E R AR . 322 DI B A T SR X R Tl el DR i, e ey
TS B SRR MR S5 A 00T B, AR AT U™ B 2, NSRS Sl E AR FOULRI AR A IR A TR R
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Table 7 Obstacle degree of spatial ecological quality criterion level in the study area

I3 X H SR SR A A=A A AR
Partition level The natural basis The ecological structure The ecological stress Ecological benefits
I 42.55 24.04 24.35 9.06
I 41.46 22.69 24.45 11.4
i} 43.06 22.13 22.26 12.56
v 44.65 21.46 21.61 12.27
\Y 46.91 20.31 21.36 11.43

4 HiRSitE

a1 s

ST LR AT B IR T A, i =
Fers I BLSETR R, VIR R IR PE AR A2 R 7
ML A2 1A DA U2 A e e ik - s
12k 25 T VT AP 2R X AT AL b -2 ] 2 26
BERIE T 45 WA B 1 50 SERIE , BRI F

(1) BF5E 1K AR L 5 B X - 2 i 2 7
TP A X F bR BT M (A
S - EL R 4 X (TG DU 243 (A
T L A M A ) ELAT 5 s 1 R A5
AT BV B 43 2 T B S P

(2) BFFEIX B 25 ] 2 A5 R B T G4 K 2 75 2
] 0.5972, 5 1 22.26% , A LA TIFRE, v
Yok A5 48 K T BUR A, (3 8.71% 5 465 it 98 B7 BREELzAESRREESETEE
0.4617 . T 5435 T 5 51 A B L L Toll A B9 6 Fig.7 Schematic diagram of land space ecological quality
R T BT B A I B AR B | I MK Ry enon in the study area
P (RS B RS2 SR - IEBF 87 e B BEATI R 0 DI 000 2 A5 R 2 4

(3) GE AT LR A P RGBT 25 5 2 X 00 B 38+ S0 265 1 SR 26 P, DB 1 2 22
Fig At A 0 TR 1 B 7 R AL 22 75 o 6 1 I 7 25 R A0 Tl fe 0
GRS A T TS , 2 B 1 PE i S LM B 5 ol 2 4 5 2 62 4 880 1
GRS | DR ALIR G2 1B PR | 8 iR 5 BT B 25K T
42 it

1 - M 2 5 TR S A 2 e A B SRR ML 2 -2 TR 1 9 M5 6 15 5 1 1
FRAEPZE | 25 T 1 D1 52 B A A TR PE RSN 21 22 TS0, ARG 1 2 B Ml 3 P4 BT X £
SRIER A6 P RV 20 265 HE VORI BERI |-, 57 R 40l BRI A: 25 = 225 ] 1925 49 Tl SO ROME AT, 78
HR - R T o 0 MBI Y R RE ) AT ) T Mo 2 A 2 T R A S AR
B FRFOIFIE IR [ 2 [0 A5 B2 ] S R I S R 2 6 A 5 2 5 43 X (9 5 W L 42 £ R [
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R B TSR WIS AR R WIE ST A R AT 52 B, RIS DX — 20T e ] s [l ) AR ZSE A ok
ARHT R 25510 BEAT TARSR BEREAR Bl 4% . (BAFAE LU AN R Z AL (1) 8 hn e HOR A1 Xk, B T 4R 22 Ik
JIHN BRI ORI A A 25 TR R S, AEL e TR AR A AR IR, A R TR R E R RS AR
Fe AT AR T A2 IR T, Bl T A 2 250 Blle 2 AR O B0 fe— e R L EISS TINS5 2R 1Y
D22 S, O BLAE VS R A BEAT AR A 04T , Z2 S B A SC T T SCRR TR, 165 2 e vh o TE E
WARPRRERNE ZERPEMZE G, (2) PENEEEY DT I, AR FFE 6 HTZ U ik FIEE R SEE T B4 b A AT
TR ) L | I BRI R O 2 W 5 B AN T 1% | R AR P — ML R B 22 , T 25 5 Z 25 51T
W&t Rt — A am FHPTINAS TR | 3o DXl ] 4 22 i) AR AR B EA T AU T, (3) AT AR B Sk 5 45 R 1o 7 T
WA RS TORAE S E P R bR R B RERI 2 b HEAT 22380 O 253 AT, D P00 R R ] 2 ) A 2 o
FAF A5 XBORI  AR AB E AF B T7 15, TS X S [ s (AR AR A8 S X A 0 H e IR} 7 m g
AR S

2% 3L HR ( References)

[ 1] T4, BRear, 4, R, B 5T GIS Fl Fragstats 1 3 A 5 BT £5 A PP —— DAL A ARk T o). A= 252541 , 2020, 40(9) :

2932-2943.
[ 2] WR, BU- 2, R, SEN, ol ST E bR A RIS Bk ) == R 4 T s —— LA e A D . b A, 2020, 39(1)
138-145.

[ 3] XUMSTE, PvakpR. b ST A AR AR S ) IR KPR Jm) S AHDG IR R 40 #r. M 3EWEST, 2020, 39(1) : 13-24.

[ 4] Bl BT SCE G E 25 B A A PR & e . 0L Hh E b5 R %, 2019.

(5] BB, BT, T, L, A, T A AR I A A A — BLER M ATTEE DO B, RV,
2020, 35(1); 204-216.

[ 6] Westing A H. The environmental component of comprehensive security. Bulletin of Peace Proposals, 1989, 20(2) ; 129-134.

[7] @iz, 7. REWRT LHAESZ IR, LR, 2020, 26(6) : 105-109.

[ 8] ARSci, #ik, A, MRS ST RS & GIS (9 m Bl LML L 2F BT Koy X, KL REFITS, 2018, 25(4): 244-249,
256-256.

[9] LiJX, Chen YN, Xu C C, Li Z. Evaluation and analysis of ecological security in arid areas of Central Asia based on the emergy ecological
footprint ( EEF) model. Journal of Cleaner Production, 2019, 235. 664-677.

[10] BEHEETE, RS, 2T DPSIR BRI L HTT 3l E S22, B L5 [ RYRSE, 2020(3) : 36-37.

[11] Bk, BEZE, WRAkA, X844, JET DPSIR-EES-TOPSIS A5 (1) i PR 7 b i A 2542 2T O 25 43 57t K EAR$EBIESE , 2019, 26(6)
249-258, 266-266.

[12]  Whafl, &I, 5%, BT R, 5, 200, gL iE S5 EE 0 E 425 BAE ST MR m . B8R IR, 2019, 34(10) .

2244-2256.
[13]  JEAEME SRVL, R R A, 22 PR, 22 XURG JR R 3l A1) b b A= 25 KURS 3T A —— LA L 0548 58 BB S 1. 98 BE R~ 41, 2016,31(8)
1264-1274.

[14]  mHRBE, IR, JET b A AR BRI = AN AE S XS TR Rk TR 24z, 2013, 29(19) « 224-232.

[15] De Lange H J, Sala S, Vighi M, Faber J H. Ecological vulnerability in risk assessment - A review and perspectives. Science of The Total
Environment, 2010, 408(18) : 3871-3879.

[16] HREIK, PRk, EIFUK, BRI, b0 27 RM AR A4 IR Bk 23 B R A A s PE U 0. JUBEAIESE, 2018, 37(12) : 2517-2527.

[17] k=2, sk3%, 4104, BT 500U R BT 1L AR S M 55 M 2l A5 TR S IR 0 SR 2T VPG Al R %248, 2018, 40(5) : 1021-1029.

[18] GRIEEL, 45t, ¥PA0X, Ea, PR BT 2Nk RKIILE T B L2 RIS 5K E 5. 8RR, 2020, 35(1):
95-105.

[19] RE, B8, T, BRI, BT 5 RE0E N R £ T A SgUEE . #idfal R, 2018, 57(14) ¢ 32-37.

[20] Thomsen M, Faber J] H, Sorensen P B. Soil ecosystem health and services - Evaluation of ecological indicators susceptible to chemical stressors.
Ecological Indicators, 2012, 16: 67-75.

[21] AF9F, AR, B8, K —&F. ST RO BB AL (1) 4 Mo 28 2558 TP —— DA BT A B o Al R 225 4], 2019, 24
(12); 136-144.

[22] W%, 458, & —W ST PSR BN VI A AL X T b A S 4 2 ah TP, K AR FRIAR, 2018, 38(6) : 315-321.

[23] #FFAE, I2E S, BREREG, X, HeT PSR-CPM BRI L A 52 0P, K LARFFHESE, 2017, 24(4) : 108-112.

[24] Wb, BIFOE, BIRIE, 250, BRI, JEFRE TOPSIS J7 ik i = 7 (X AR 25 URR X+ b R R G4 T f. A= 8244z, 2015, 35
(24) . 8016-8027.

[25] A%, WM, LAAE. 2005-2018 ARV YL T IFR U AR S 2 A s A8 b R B M & . oK B4Rz, 2020, 40(4) . 219-227.

[26] BWEtR, Jried, Gent—. BT AR 25 R i VG 2 T A A5 e Fl s R AL B 9T . 3B 9T, 2018, 37(2) : 281-291.

[27]  BR3E, IR, ST RE, IS, PHER 355005 A5 18] A ADE T —— L2 e RS 2 200 ). T 5 R0V F5% , 2016, 34(1) :
66-73, 107-107.

[28] &%, Mosth, BME, 295632, REER. 1980-2018 4Rl 5 & LRI S5 AE S ARG S MBI 2248 4k, A 35244, 2020, 40(14) ;
4760-4773.

[29] HWF, Qiu R, XI5, FFRAL TOPSIS B ) X IR 4 b ) ISRV KR As R 2. Aol T3], 2016, 32(13) : 243-253.

[30] kB, XAk, REBHA: L2V SRR T2 KIDRBEGHE 535, 2013, 22(7) : 945-951.

http ; //www.ecologica.cn



