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Abstract

With the continuous development of urbanization, excessive exploitation and irrational use of re-
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sources have led to the continuous deterioration of the ecological environment, aggravated the
degradation of ecosystem service functions, and escalated ecological risks. Considering the out-
standing economic growth of Guangzhou in the past 20 years, the contradiction between people
and land has intensified, based on remote sensing and geographic information system (GIS) tech-
nology, this paper calculates the value of ecosystem services, the ecological risk index and the
correlation between them in Guangzhou over the past 20 years by using the land use data of
Guangzhou in the three periods of 2000, 2010, and 2020, and based on the evaluation unit grid of
2 km*2 km. The value of ecosystem services from 2000 to 2020 decreased from 24.932 billion yu-
an to 22.416 billion yuan, a decrease of 10.09%, the area of ecological risk increased by 14.77% in
20 years, and the ecological risk index increased more and more rapidly, the study shows that the
ecological quality of Guangzhou City continues to decline and the rate is increasing.
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1. 518

B I T A R AT R R (1], I FE TR SR AN IR 1A & BER F S BUE SIS A WIERAL, I T AR
BRGMEDIRERBL, S AWZET[2]. BT A ORSREY RS FFH PR, AT AR T
TR R SR AWK, X B AR IR I TR ) FEORBOR[3], DR, JEUAA ) B SRR EE R IR, 4%
IKBRIRTT I, MR KRR, A NI AEAF I FR 8 R R IE i T M E IS [4]. &R atd gtk
Fill, ATRFSEARE[S] [6] [7] FREEARY[8] [9]- WEUEAFH [10] [L1]55AH < il A 7 A BRI 70— K HA s o

AR RS IMMEFES R VPN AES KA TR N6, TN —ERE ERPH A S RS
22 4K R RGIRS TR RS RS R YR SO DL & FI4ERE NS AEAE L AR TS 2 AR R 72
A S A A2 2R 3 R G0 S LA A o0 5 AT AR R AR s B (e REME, iR XN A A T )
TR FREDS RGN FI D BE AT B r= AR A FIRZ I o A2 28 U PRAN 2 0 AR A PR IR Tl R SR R R AR 1k
PFRA], R RS AT SR, S RAE X A 75 22 4R D

EHOSC[12]5F TR - AN A3 KGRI R )15 A ERR I T — AN RUES RGUIRSS AR o0
ARSI AR AE S s 28422 § [ 131 4548 FH AR 68 DI 7 BT S 2 D B WU 2 [ [ A DG BRI 7L AR S R G RS
R A 2 XU ) 23 8 78 2 T R DI 5 R [14] 55 35 T WU 2 (] [ A SR S = IR FE X AR S R 5%
BRI AE S RS 2 (B 2 REAT 0. BRI L, A RGBS £ S KT 0T 70158 280H
HHE R RS

AL LA Globe Land30 )R HEHE, =% TERGHATESZE, 522000 4. 2010 45, 2020 4
AT R BUREE I ERS R GRS AT AE 28 R R P AN J7 TR ) M T I A3 RGEEAT
W23 50T, I B 2 IR AAE DG HEAT T 8 7L

2. MRFBESHER
2.1. FRXHER
JUINT R ZRERE LT, TAREENA. AU, BB BEMSR L, BRI 2L
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Figure 1. Study area and evaluation unit division
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Figure 2. Land use map of Guangzhou from 2000 to 2020
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2.2.2. BEALIE

Globeland30 ) i) I H0d 1 - R 2R R o Ak . J s, A&, &R IK)IAK ARE
Bifh, HRHL. BFHL. BEARHL. AR, R NEREAKE, B NEHER. B, H. R
M B TR R O T E TR, KRR TR AR, fE IR R IR R, bRt
Tifh ., KA. BRI R R R S AN RS, 153023 R 43 HE 2 9 30 m ) 2000 4F. 2010 4. 2020 4 =3
T M T R A (] 2).

FIFH ArcGIS B/, 7T X K50 v 2 km*2 km [ TTRAE, 193] 2027 MNP # G (E 1) FELLRIS
H PPN e R, S5 A R IRIRE R T, i RO SUBE R AT T B S A R S X1 AR AS AR
HEAT B 22 5T

23. MiRGE
231 ETRGRFMNERE

HeT Wl m[15] [16]%%5:%# 2015 4R “ ALTAVES REMSME LR, W8N T EAL
BAERRGAEAE, TN ES RGEMSSNE LB BATHE 51H5, 2N SRRk, 752
B RHER R AT T AES RGRSMERE TR A0

ESV=>" (A +VC,) @)
ESV, =Y (A, +VCy) @
ESV RS RGRSME: A A k FHKH;  VC, A k BT AR 1A RGN

ERE: ESV, WESRGHE f RS HEeME: VC, &L HUFIHIZEAL k (5 f RS Thae i R4 K
AR R

WRIE S SCBRILT], A I T B SEBRTE DU AR S R GRS I 2 R ECRHHTIE IE: 5] M geit
K B S AR 2 LEEEAT IS T S OB R 2R ) M T MR K 23 SRR AR, T BUAR
R Rl ARG B BHSR T R N R H KSR K R A ) R BT 34 S BRI I R 80 0
ARFIFIHUER I I R E B2 M AES R GRS O E 28 R AR (R 1):

Table 1. Correction coefficient of equivalent factor in Guangzhou

F LN HEERTFRIEERK

—RHH et Hitth Hijth Bt K3 WM SRR
e8Ik 55 T 0.29 0.10 1.29 0.66 0.00 0.01
JEA AL A 0.66 0.14 0.13 0.37 0.00 0.03
KBRS 0.34 0.08 -2.25 5.44 0.00 0.02
W IR avZNtR 2.17 0.51 1.05 1.34 0.00 0.11
SRS 6.50 1.34 0.54 2.95 0.00 0.10
RIS 1.93 0.44 0.16 4,58 0.00 0.31
KT 4.74 0.98 2.37 63.24 0.00 0.21
SRR IRSS e+ 2.65 0.62 0.16 1.62 0.00 0.13
FEIPIEIR 0.20 0.05 0.18 0.13 0.00 0.01
YERR M 2 FEE 2.41 0.56 0.20 5.21 0.00 0.12
ARSS fRALSE T 1.06 0.25 0.09 3.31 0.00 0.05
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BT MG E LB, KM T 2000~2020 4T AR &7 Bl 5159.52 kglhm?, JEF T 440
TR BAEAF R AT BERH(2020 4F 6 H, [ ARERBEMKM 2.61 Julkg, DMttt 2.72/kg, T KA
RANTC 2.2kg), FTFIX =FORE IR FIME, 15317 R4 2020 SRR EHER M % 2.51 Jo/kg. LA
2%, HiEl Ml — M ES RS E X4 &K T~ 1848.83 su/hm?. LALIHEAG I N 74 25 R G847
A ES RS M ER R 2):

Table 2. Coefficients of the ESV in Guangzhou (yuan/hm?)
F2 IINTREERESRERGRSNE

e TR Wi B Hrth K3 UM AR
b RS T 536.16 184.88 2378.02 1210.98 0 18.49
JRARLAE 1220.23 258.84 249.29 674.82 0 55.46
IKBHR LS 628.6 147.91 -4153.76 10057.61 0 36.98
W RS SRR 4011.95 942.9 1934.53 2468.18 0 203.37
B SFAT 12017.37 2477.43 997.67 5444.79 0 184.88
AL IR 8 3568.23 813.48 295.58 8458.38 0 573.14
IO 8763.44 1811.85 437364  116910.51 0 388.25
SRR [(SEmm: 4899.39 1146.27 291.25 2995.1 0 240.35
FRIMEFR 369.77 92.44 332.56 231.1 0 18.49
YERF A 2 FEE 4455.67 1035.34 366.86 9632.38 0 221.86
MARS AL FOU 1959.76 462.21 158.37 6119.61 0 92.44
Mt 42430.56 9373.55 722402 164203.48 0 2033.71

2.3.2. TMFIAESKEEHER

AFE ARG A FRES RSN E, — o2 @ % IR S EEAR, MR, Kk
SRS (B 0 o ST BT B[R] R 28 B (R 245 DA S 7 B2 B2 DA B0 G PR A 25 AR 15 00
T, Z2HCHMFRE[18], HRIEVEA # o0 A R SR R [A) R LT AR b b, A R AR RS
AR 184 (Ecological Risk Index, ERI), FfLAULTEHY M i &P B IC I AES RGN, AFA:

Ema=ZL%§q (3)

ERI, N a MM B IoH N BRI A S KBS FEEUE: S, N a NI B ok N R RIS AL
Ef;  C AARERES i SR IR Y (1 A= 25 R 58 S 40

A2 ARG 5 P 2 B0 A 2 RGNS R IO RE 7, AR LRI AT HE T, 2% LRI 2R
RUIREE M /N B RAR O B < RAIHH < B < B < ki < i, @it —fbab
[19] [20143 3 & Tt F] FH SR B R 8 B SR B2 S 80 il R Bkt 0.1471. AkHb 0.0454. Eifh: 0.1113.
K. 0.0772. WM 0.3965. AF|FHH: 0.2225.

2.3.3. NEEBZT FHHEXERR

2% [ [ R DAY 05 e e B o DR 3 1 2 TR 7 BB PO R SRR B, 40 D 4 T 2 1) R AR Ry 38 2 1) F A K
N T ERFUERS R GUIRSS B AN A 25 ARG (9 2 [ AH DGR, SR ARV &% [R] A A 284 [21] [22], R4 )= E
HA5< % Moran’s | 5 505 BB 1 25 o) S B AN 22 SR, A
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I = — @
(n _1) Zinzlzrjl:lwii
|, S RTI U AS RGOS U s A TR ¢ OV R AR E IRy, Ay, M9 1 A
VAT LR B A R GRS O B R HE o, W10, T2
T A LR ST I % 04 2 22 Rt ST LISA (7 oAl AR A 17, LA
T R R B BORISE . 8 22 04045 5 o ) B FL U R0 W B H-H) s RS (HAL)
M R AL H) B (G BAE(LL) 4 RSB

3. LRI
31 EBRGRZNENZZLIH

FIH ArcGIS10.2, 454G MRS RGERALA SRS IMER, 193] 2000 4:~2020 )M i & 1
R 2RI AE S RGR S I 450 S AR AR R (% 3). BT 3 r#r el 48, [T 2000 4:~2020 4=
BRGMSNE H 249.32 14TTF % 224.16 1270, WD T 10.09%. BFFLIX A & LR 28R A 38 R 5
MRSSAE S /NI R, R B B, AR, M. FRIXH, BHbRES RS
HRES AN EFESk /D, PR R H (1) AR 25 R G0 SS I (B S IS 3 JE IR 3, KB AR 78 R G RS A U
SIS s SR, 2000~2020 FERFITX P B ARHL. FHL A S R GRS N E IR
A2 4y R -1.15%. —0.68%. —0.35%, 7KIK[IEZS RS RS MAEIE I, 28102 Fy 2.18%.

R e

Table 3. Value structure and change of ecosystem services in Guangzhou

=3 IIiNTE L F ALBESRERSNMESHETUERER
EERERSMEWAZIT) AERESNEB LR
FE A iKiER P - - N
TR 4 2000 4F 2010 4 2020 4 2000;010 201o$2020 2000;020
P E & 18.45 17.73 14.01
i U -0.12% -1.04% -1.15%
Ee 1) 7.40% 7.29% 6.25%
I=h=x 123.64 123.17 109.65
i 1.03% -1.71% -0.68%
L1 49.59% 50.63% 48.92%
RIEREy 3.08 3.23 1.98
B, U 0.09% —0.44% —0.35%
e 1.24% 1.33% 0.88%
gI=h=x 104.13 99.17 98.52
K3 -1.01% 3.19% 2.18%
e 41.77% 40.76% 43.95%
MEE 0 0 0
B U 0.00% 0.00% 0.00%
e 0.00% 0.00% 0.00%
I E & 0 0 0
A H S 0.00% 0.00% 0.00%
e 0.00% 0.00% 0.00%
. P E & 249.32 243.3 224.16
&t 0.00% 0.00% 0.00%
Et 5l 100.00% 100.00% 100.00%
BT E N O R SR A AR S RG R SINE, a0 sREE, B GIS BT w B S

WA, JREsa BRI SGE, KNSR BT AR S R GRS M (B %) 7 9 1IK[0,883) . #41ik[883,1325).
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Figure 3. Distribution of spatial patterns of ecosystem service values per unit area
3. BUEMESRERSNETEIRENE

JON T A AR AR S R GUIR S I E AR LB SO0 ., IR H. 2000~2020 RS A BIE N,
20.85%1 %% 33.62%, MIHAK. ' BRI A ABID, wERmASeIE ns b, AR AR

H 1.14%35 % 1.16%, [MARASANE L . EESIX I PERE &0 MG IX I ZR AL R B D IX AR S R GRS B
R, F BN PR S TN S A K AR RS R AR S R RSIME, HIALELE
BRI, Bk EE, M 2000 FEZ 2020 M T ERALTIA AR S R RS MHEEA WD, HAEMES
SIS .

3.2. SRR

I ArcGIS B, DLUFTRISI 2027 ASPPAN PRI ZERL, X BT TR H SR B VAN R TG AR A8 XU i K
1750 BRI, EREEIR, THE I = W BRI A4 45 KUK FR 40 7E 0.0454~0.3965 2 7], KiAE A4S KUK 45 4
RN T HAES:: K(<0.1). #£(0.1~0.15). 1(0.15~0.2). %¢#5(0.2~0.25). #i(>0.25). i =M@ A [H
NP3 M T AR S R i K 1) 40 A B (1] 4), FFai I 1545 31 2000~2020 4F T N 7 AR 748 XU S5 2 25 1 2 (¢
4)F1 2000~2020 4R P T A= 2 KU 5 4 Ak a5 1 (] 5).

MG 4, BT LU I e AR A RS PR ) X 35 EH S R S I AR R R, A DX A A XU i
WAARFERER TS BT IR, FES T v S RN WG N i (RIS, Ak, R, B
HO P THIARAE A BT 120k, SBCES KRGS KRNI, A& R G fae ML .

AR 4 FOEN 5 BRI, AR M T e A 2 XU Fi B DXCSAE AN W35 00 1 2000 4 ) 4.85%H 2 2020
HER) 19.62%, RS iR O e XU 4R 501 DX ST AR 7 LU I REAESE N, AR XU i BORI AT LR IR 8 iy [X
BRIRTAR 5 ELE IR AR/, 5 2000~2010 4EAHEL, 2010~2020 4E (AR S XS FE R R W i, i 2E 28 KU
FREX IR AR o5 LEAR T 9 B3 . SR B IR T R I, AR R Gt DL PR 1 e AR AL
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Figure 4. Spatial pattern change of ecological risk in Guangzhou
4. INTES KRG E B EEE 5 E
Table 4. Area proportion of ecological risks in Guangzhou from 2000 to 2020
7= 4.2000~2020 M LSRG FRER L SELR
ARG B oA B R o AU
2000 41.63% 31.91% 14.52% 7.09% 4.85%
2010 39.25% 30.06% 16.52% 8.56% 5.61%
2020 27.46% 19.26% 20.16% 13.50% 19.62%
0.45
0.4
0.35
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Figure 5. Change trend of ecological risk levels in Guangzhou from 2000 to 2020
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3.3. EBRGRFMESESREBE XS

it GeoDa, K FHXUAR & 2% 8] [ AH AR BGHIIF 72 X P9 A2 25 22 Gt AR 45 401 0 A= 245 XU i 50 1 2 T A 56
PEREAT 43 #2000 4F, 2010 4. 2020 AFHF5TIX (142" Moran” | 435)2: —0.181. —0.198. —0.27, Z 135
¥)/hT-2.58, PEHI/NT 0.01, REAZRAE.

T AR R GRS A BRI A 2 AU 25 ) 1 AH G B U B LISA BB 6 Fior . AR4E ] 6wl A,
MR ENXREBEEALKX, WX FEX. HEX. BRXEFHX, KiTX. MUXERIEX
AEHE X AR . REBE AT DL AL N Ikl AEE . mNE - @A, &I E - R RME
AR AR - SRS R E S AR X S A AR T IX, X L R A, 3L
Pt i A RS ME EZ LB S NRMTHE R A E, b TEOFRERPRE: RAME - (R X3+

BRI AR X RGN LZ, BT aghss, wix—XEHr LD, THImRERN, 2ERS
MRAANMEAR, A RB AR ARAME - = XU DX B A A A X A i, BT M X, il i
YA HOEH 9K, X — IR TF & 1K BREE 524y, DIGIX SR e AL 1 A 28 R AR S5 I EAIK,
KRENIGEEF, MAEBREH TR, FHAESKK . S0 E - R X %3 B AR 7E R X
M ZRAGES A S R, 280 AR X S R BRAE AR N, NZEsh Dy, RS RS RS E
AR ARG . A8 KRR R Z X S RS M EMES R ER KRB RE, HFAX
1) 41.75%~48.95%, XX EE AP, KA, AR R GRS U B A AR 25 U 48 B0 40 A1 A AH
S LB A), A BB AR 0. AN 2000 £EF] 2020 4E, ARAME - R X IGE R R, sEAME - K
PR X35 98/, S B A7 9 X P9 AR S PR BN T AL

s

45

B = - = R
| KERR R RN
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[ &0E - IR
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[

Figure 6. Bivariate LISA clustering of spatial autocorrelation of ecosystem service value and ecological risk in Guangzhou

B 6. ML RGBS N EFE SRS E E LR NS LISA BXE
4. &g 5118
4.1. &ip

2000 4:~2020 FAHR RGRS N E H 249.32 {4T0F% % 224.16 1276, /0T 10.09%. fKEHKAER R
GRS I E X IR T BUR AR N, BUR. P B SR XEHARTE A WIR>, DR 28 E TR
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WA EAME - AR X IR AR S e X, MRS RGO E ) 1 R AL, XL R T A
s > ER BATEGE B RS R G RIRY, DA AR A7 AR .

4.2. ¥ig
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SEHREAT ANATHIRTE R IX 3 45 A RE 6 S A Sty N SR AE P im sh W AR A R G RIRE R, N AR IR Y
RIS H TR

SE 3k

[1] 756Uk, skIE &, BEfit. ob B IR B o i K R S R P (R GHT 3L R 4 g 1 [J]. HhEE AR 4R, 2021, 76(12):
2898-2908.

[2] GkEEE, ERE, L4M. AT R B RS TR AES KT T[], £UFHi3E, 2010, 30(3): 489-493.
https://doi.org/10.15957/j.cnki.jjd1.2010.03.021

[31 Wang, J., Zhou, W., Pickett, S.T.A., Yu, W. and Li, W. (2019) A Multiscale Analysis of Urbanization Effects on Eco-
system Services Supply in an Urban Megaregion. Science of the Total Environment, 662, 824-833.
https://doi.org/10.1016/j.scitotenv.2019.01.260

[4] BRA2E. WlASEE SR Rl R RS SR (2R R), 2015, 9(6): 19-22, 31.
https:/doi.org/10.14067/j.cnki.1673-9272.2015.06.004

[5] 2805, RS T HEA ST R R R I BOR VPN ——2 T DPSIR-TOPSIS BiZU[J]. AEASLATF, 2022, 38(5):
107-113.

[6] INEZE, B F%E, BRE, KA. EBMEIX 2 FR T RFEE R I K sgm R & o i —— LR T R )1 X
RBI]. AEZHR, 2022, 38(3): 157-163, 170.

[71 ERRZE, FéaH, DU, e, sk, 5T ReEAES SRR 9 A X ARSI BN [I]. BB,
2023, 43(3): 138-151.

[8] FhZY, R, WRREAR, skaREE. s R E R ST R EAY S5 @[], HhElEEH, 2012, 67(1): 3-12.

[O1 #Jrse, VRELEl. “+ D0 oA WA SIS 5 BIRSG &R H K R AA 08T [0]. T EB R, 2021, 47(5):
73-82. https://doi.org/10.19880/j.cnki.ccm.2021.05.012

[10] ZER. THETHEFRI S ESHERY 2 B G R R RARAT T[], A4 HF, 2013(9): 77-81+86.

[11] k83, SE%. KDL 7K 585 A RS 10 25 8] OC 1 9 2% R % VLI [J]. b B 224, 2022, 77(9):
2353-2373.

[12] HHOC, TRIESC, Sukd, A4, SOl AS KBS AT 7Tt B I T A8 R GRS AT HESE: ESRISK [J]. Hb3E
2£3), 2018, 73(5): 843-855.

[13] ZRE, =W FH. EMNTAESRARS N E S ES R 258 A8 & HCBPE[]]. A%k, 2019, 39(21):
7815-7828.

[14] Z=#E, BB, 25, B, TAEE, B4R, T 30 F =IRE X AR KRGS E 5 4 S XS I 2548 0k A 9
AL, KL B R S5 3R, 2021, 30(3): 654-666.

[15] ifwmth, FkBE, kB, BOOE, 43 BT RAmMBENEYERTRIASRAERS M EL T ESGED]. |
SRYEYE 23R, 2015, 30(8): 1243-1254.

[16] iwmith, SKEER, KA, BE, GFH TEASRAMSHIMELD]. FIRELY, 2015, 37(9): 1740-1746.

(171 AR, Bk, BT 5, REW, FEE, BRE. TNTTES ARG RS E 2 W R FAEAE L], A0,
2018, 38(4): 475-486. https://doi.org/10.13284/j.cnki.rddl.003059

[18] Jali&AE, sKoKkdR, (g, BT bR AR Shaoiig 2 i A 28 KU PEAN [J]. B A 5%, 2016, 35(6): 1017-1028.

DOI: 10.12677/gser.2023.126078 828 PRI


https://doi.org/10.12677/gser.2023.126078
https://doi.org/10.15957/j.cnki.jjdl.2010.03.021
https://doi.org/10.1016/j.scitotenv.2019.01.260
https://doi.org/10.14067/j.cnki.1673-9272.2015.06.004
https://doi.org/10.19880/j.cnki.ccm.2021.05.012
https://doi.org/10.13284/j.cnki.rddl.003059

KL

[19] AR, HHEZF. BT R AR I BRI = A N A S KB AT [I]. ARl TAR 4R, 2013(19): 224-232.

[20] XIBIR, skEA, TRA. BT FUA -5 0T A S IR —— LU T vl [3]. 4245273k, 2020,
40(10): 3295-3302.

[21] B, SK=ER, RAME, AR, #R%. HheERX ARG RS E S 5OW RS KB 75484k K H Bk
—— LTS X ORBI[I). SRS 224k, 2021, 32(5): 1623-1632. https:/doi.org/10.13287/j.1001-9332.202105.030

[22] FHE&E, VRS REXR, 2503, Bk, B/ B SR LR 5448 RGNS 018 23 18] 5 HH 5% R
M. AR, 2019, 39(7): 2366-2377.

DOI: 10.12677/gser.2023.126078 829 PRI


https://doi.org/10.12677/gser.2023.126078
https://doi.org/10.13287/j.1001-9332.202105.030

	广州市生态系统服务价值与生态风险时空变化及相关性分析
	摘  要
	关键词
	Spatiotemporal Change and Correlation Analysis of Ecosystem Service Values and Ecological Risk in Guangzhou
	Abstract
	Keywords
	1. 引言
	2. 研究方法与数据源
	2.1. 研究区概况
	2.2. 数据来源及处理
	2.2.1. 数据来源
	2.2.2. 数据处理

	2.3. 研究方法
	2.3.1. 生态系统服务价值模型
	2.3.2. 土地利用生态风险指数模型
	2.3.3. 双变量空间自相关模型


	3. 结果分析
	3.1. 生态系统服务价值时空变化分析
	3.2. 生态风险时空变化分析
	3.3. 生态系统服务价值与生态风险相关性分析

	4. 结论与讨论
	4.1. 结论
	4.2. 讨论

	参考文献

