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Recognition and analysis of ecosystem service cluster patterns in Guangdong

Province based on region division
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School of Geography and Remote Sensing, Guangzhou University, Guangzhou 510006, China

Abstract: The effective and systematic identification of the regional ecosystem service clusters and structural patterns is
prerequisite and foundation for revealing the objective laws of human-earth system. Based on the results of climatic zoning,
agricultural natural zoning, major functional zoning division, and three-level watershed unit in China, the land area
regionalization of Guangdong Province was carried out from top to bottom following the rules of unity, relative consistency,
regional conjunction and the principle of maintaining the integrity of natural and administrative boundaries as far as possible
to maximize the integrity of watershed units and ecosystems. The values and z-score of 12 typical ecosystem services such as
grain supply, raw material production, and water resource supply were calculated according to the zoning units. Finally, the
K-means cluster method was applied to identify ecosystem service clusters and patterns. The results are as follows; the study
area covered three natural zones, namely the middle subtropical zone, the south subtropical zone and the marginal tropical

zone, and was further divided into nine economic zones with a total of 34 watershed units, forming a three-level zoning
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system of “3+9+34”. Five types of ecosystem service cluster structure patterns were identified to objectively demonstrate the
symmetrical spatial distribution characteristics of terrestrial ecosystem services in Guangdong Province with the Pearl River
Delta as the core, which include hydrologic regulation and protection type, soil and water conservation regulation type,
ecological conservation park type, ecological livable and harmonious type, and comprehensive coordinated supply type.
Affected by terrain, landform and other natural geographical environment as well as human activities such as land use, each
region of ecosystem service cluster type has its own unique terrain and geographical characteristics and undertakes different
ecological service functions. Based on the research results of recognition and analysis of ecosystem service cluster patterns
under region division, we made some discussions on proposal for differentiated ecosystem control measures based on

ecosystem service clusters, which could provide a reference for regional sustainable development.

Key Words: ecosystem service cluster; cluster pattern; region division; K-means clustering; Guangdong Province
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Fig.1 The process of regional division based on ecosystem systems for Guangdong Province
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Table 1 Ecosystem services classification framework based on hierarchy of needs for better life

2374 Uy 24 i Bl
Dimension Procedure Symbol Type
YA T B R IR A g RIS F Tt
Material supply dimension Rm JERHAE
W K BEIR
IREE IR 22 LR P RIS
Environmental harmony dimension D M EZHENE
c PRI
S + Yy
AP A SR
H IRICI Y
DER R R Fer B Fergsem
Psychic gratification dimension AR R TR AR
E P E

F. &L Food supply; Rm : JERHE = Raw material production; W: 7K % Water resources supply ; P: 15+fb 335 Environmental purification; D ;4=
Y Z RS E Biological diversity value ; C: 4ERE 32 2R Maintaining nutrient cycle;S: +3EZEFR Soil conservation ;A : AR Air regulation ; H; 7K 3C

P Hydrological regulation; B: 352% 5 M Beauty ; R ; i F 1% 2Rk Recreation and tourism; E ; FHF#F Scientific research and education

P, =1 xlxT, /T, (1)
K, P B XA R AR AN 1R 5 i SRRSO 1 At s R SR BER B, T, / T S SRR I PR BT 45
(T, 9% i FRIFR SR (T,) Z I, FonGERM AR R, DL E SO A 2 28 5 6 [ Be A 5% I A ke A2
BERVEM IR R MA . Hoh R Pearl Az K 8ok Ak B RTHE S5 BER B 5 R 0
I=Lx(1+a™) -1
t=En"' -3
K, A SRR B R EG L M 1B RIUE, AR 0—1, HAEh 1 B, R B RS B BEAATTI S A
B a b WIBUE 1 HEEe o AIRXTEL e AT AR i FRORFE S 200 R SR B B ; B Rl AE & ¢ 5 RIEME S 2
B R SEIKA- RN BRA: 16 K 1 JEAS IR 2B En X,

FH T AN RIS %) 55 X6 T 2 B W 7 | A ) 8R30S e AR AT SR MR PR (B, TSR MR MY
EFRA TR B ArcGIS 5 iR FE B HE 37 Z A op X, B BURIFUSCA o 38 ] ArcGIS PRI B 47 AT W04 A
BV, 52 36T DEM A1 a5 534 B, R0 T UL A% s S8 H A A AR 34075 43 B0 5 Y 172 il i I
VAY:=9) IGIBv.N i I R e S Pl o8 A R A (=R 51 T
223 BMAEE M SRR

BRGNS B ARA RN S B R TSR (. B L a2
AT 2 W DR B MER RIS . ASCRHEHEESANE, g 30”3 5 R 1o IR 4 98 4%
AAHTRE , FEA S B ISR NG BRI BT B, D72 A Bl b [ 30 W s R R g, DA AR 287y = RRT
EFRE ST R, Gi T 28 S ATIBUAIT 2015 AR K& FAH S8 3 AR S0 24 9 Jioehy ks,
135 2015 4F ] ARA LS RGERIEE A, T8 SCIFFT XS 728 [ B 23 L
2.3 Getis-Ord G, SEiiA5iRy

FIH Getis-Ord G, GEit LR FRI 45 A5 28 R G MR SS A0 28 (B RAERHE . % BIR R /R Jm i EE R 25 (8] 4y
A AN B ARB R IE B ST R | & TR A AH S 23 [ AT TR U DL AreGIS H5 Bl SCF a8 3¢
Bk, 5B ArcGIS YR ATHIREER (hot spot analysis) , #E4T Getis-Ord G, Geit-4#r , FAF2x F 8l MBS0

(2)

http ; //www.ecologica.cn



9390 xR 43 4

FITIRRTT G (z-score) o G, AHAZ R (HEA T BTG N ) B 25 0] 40 A A T BB S e it e br , AR E
JR TP B R YEART T RRIE R T 2/ bR 67 BB, R GE W REBE %, ¢ /N TFEHB
I, RIS S B SRR B8 L T8, R A A B s M R 2, SULFEA, WERIEIS A 3% a1t
Y B PRSP AKSE (P-value ) 0.1 ,0.05 .0.01 XF W Y z-score i FLE .

iz hot spot analysis F3 , FE T = 2050 X BICTHR AR RGNS U z-score, a7 X FRTT I KL AU ik
55 1) z-score (HAK , FoRIZ P HE I 2 IR 55 B BE J7 Mo, 8 T Ik 55 9 A IX ; )2, z-score (B W 1 H
I VZIATC)E T8 X U SR z-score (HIEVT 58 | Z IR ] B A 25 A SR L IX
2.4 EBRGMRS A

MR X W R ICE R Z P A S RGNS R ES AR RGNS, BRI IS RGNS %
BT REAN[R] , (ERAH SR BT IR 55 76 Z A A HA AR R AL EE | ik — 2D i A T A A R GRS e R 243, AT R 1)
HEEMRE, RIS TEAR R o dH ) vk . Horh K-BE RIS e —Fh B 7 S i AR B SR 20y
B0 A H Steinhaus 1955 4F Ball and Hall 1965 4F McQueen 1967 4F43 BIAE A [F] BBl W5 4735,
MSZARIY R TIEA T A SR, B T 2R, — BT R BBk 1 H R
S AR R S5l >R FHEE B AR AR RIS A, A R4S 8 B S v iy | 28 RS bl (2R A BB I 1
1) KA R BB, AR S B FE A 2 R B SE AL N 2D B

ff i SR ZEAN SR T I i SRS, HAZ O AR L B SRR K (B BG I, FEAS SRS 4 T A A 41, 4%
RIHEARNRBAE RS & B 2REAEIE 1 R IGR 22T (SSE) AHARESAE /N, it THE AR IECT
T RISHEA IR 227 )5 R (SSE ) , 231l SSE 5 REHL k (B 5C R M4, il 4249 1 007 5 2 B FE SR 284
HET TR AR B k=5 AR XA B RGN 1 s A

K-YIERIFRTIN TR SPSS B 1) K-¥(E R T HE M, o B4 35 T i A R, Tk 2R
Kt — K IE B AR RO R E PO HE SE R, AT .

(1) LRI L  BEPLIEE £k PIAXT 5 Ve ARl

(2)RPEES MR AR 5SRO ZM A ;

(3) HZE AREIE B K/ B A R IAA S Z BB R ARt BUIT A RPN — IRl k 45

(4) RFREPO GRS HER A B ) Xk DIEERS T —0ETHE R RIS O

(5) BR—HE 5L EH I BP IR (2) —(4) M FE— R, AR RO iR 2,
B IR B 0 ) AR B

BT EASEE, DU ARA SRS RS =R X AT Tt , B R ds 12 BRAES RS MRS, 1
408 (34x12) MHEAEHE . BHEARBHRCA SPSS #4:, 1E Bl K-means /AT DI REFI A BAER I E k=5 B
AR, B A5 348 20 A AR B 45 IR 55 T8 N SR &P I AR S R G55 XS ER &

3 ZBRES

3.1 JRAEREIX L

BEFIE X5 R 3 A H AR T |9 280k A XA 34 AN TTIX (B 3 I 2) o 3 4~ [ SR s 40 5l e v I
PPV g Frbe My (1) | 5 W ARG (8] B Fr g oy (10 ) RNl 5 30 B i s (D), 43301 o ) AR 48 el i AR
24.0% .65.7%H 10.3% , Hrr, il VIR Fr b i 400 438 2 A28 Fr X, 43 51 o B b g 8 A A8 T g IX
(a) FIEALZSBE X (b)), B 5 T AR G20 5112 80.0% i1 20.0% 5 11 2 #ath Bl vt % 40y 2 N A X (h,
1), e PR T i IXORIE N 22355 R X, TR L8143 3112 60.9% 1 39.1% 5 Xl 4 BT B 22 1Y) S T U 34T
] B Fr g T 35 S N R X (e—g) , M BUEER = AAUE AT R X PEEBA U A X D& T X RERL
T v DR AR Ve Y e il 22 0% e IX TR EE A 93 0l 2t 16.8% ,30.0% ,19.9% \25.4% F1 7.9% , 5 =4 X K]
B, PR DI 43 K0 34 9 .20 TS AN TT , & TR T 44 AR B TR AR o L LR 3 R

http ; //www.ecologica.cn



22 4 SRR A BT U A ) AR A AR 25 R G s e S AR 9391

— ZHHKX N — ZHHX
A 20 a3 a4
a al a8
b b a5 a6 a7
c R R IR
f e3 c5 &
g 2 gl
P e d1 o o4 3
o o3 dd ki
S o A R
[
J 7 h2
— %o XL TERS KR
MG R LB — RGP E — ZHHa KR
T Y 1) B [ o =7 dreut S

B3 I REREhE X X E
Fig.3 Region Division for Guangdong Province
LGS a b ARE VLR Fe B M 20 43 11 1 2 A 8 F X, o—g AR AT 8] B Fr B e ) 53t 1Y 5 ASF X h J R iy 3
TR 2 AF XA al—a8 AR R RIT o FIARYE —Z0iigil s th 8 A~ =% F X, B c1—c5 . d1—d4 .el—ed f1—f5 gl—
Q2 REZHT X o—g FITHRS M =R T X BT 5 44,52, h1—hd REZHTX h HIUHRIE 4 =97 X, Tkt
HERREY T,

®2 —ZREXWREARBESE

Table 2 First-level and second-level regional division and the area percentage per division
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Table 3 Comprehensive division on ecological services of Guangdong Province
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Fig.4 Spatial distribution map of terrestrial ecosystem service value in Guangdong Province
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Table 4 Average ecosystem services value per third-level region division cell

i LB RGRS M (HIIME Ecosystem services value/ ( JG/hm? )

Code F Rm w P D c s A H B R E
al 1670 1926 -1032 5909 7008 675 20469 6706 50724 3136 2811 1
a2 1509 1865 716 5727 6745 635 18509 6358 52146 3028 2798 3
a3 1786 2020 65 5653 6810 684 12876 6658 37816 3034 2593 3
a4 1611 1961 -538 6255 7266 685 13243 6829 46642 3275 2169 6
ad 1980 2072 -1298 6348 7419 740 18630 7193 48729 3344 2016 7
ab 1428 1994 =301 5765 7134 672 20420 6794 38049 3129 819 9
a7 1423 1977 476 6026 7192 663 11271 6705 42979 3215 2120 4
a8 1702 1995 -633 6013 7139 695 9777 6844 41161 3197 2232 4

b 1996 1828 -1660 6088 6697 673 18411 6452 61666 3093 3076 1
cl 1755 2211 1462 7150 8045 743 20935 7431 62585 3672 3732 2
c2 1982 1954 —248 6930 7373 702 23416 6842 73705 3454 6208 4
c3 1990 1641 -2425 5484 6062 632 16359 5945 74445 2813 4668 5
c4 1499 2195 138 6336 7903 733 26630 7444 44220 3482 3119 7
c5 2233 2109 -1651 6896 7664 772 21948 7392 60879 3527 7700 5
dl1 1768 2123 1079 6626 7574 715 17016 7091 53226 3449 3369 1
d2 2195 2074 3 6845 7251 735 7629 6994 51747 3358 960 1
d3 2536 2384 -1623 7513 8493 869 16838 8290 47215 3882 2966 1
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Yt B RGENR S HIIH Ecosystem services value/ ( 7G/hm?)

Code F Rm W P D C S A H B R E
d4 2059 1762 1686 6262 6277 621 13765 5841 70449 3038 5346 1
el 1817 1005 3284 6332 4767 406 9577 3742 139115 2670 11901 8
2 1439 701 11288 5085 3468 288 6218 2596 224419 2027 8567 4
€3 1662 1183 -800 4613 4516 466 13664 4299 82777 2201 7398 20
ed 1383 1092 1648 4249 4115 401 10739 3761 72187 2031 8367 7
1 1637 2196 4141 7017 8077 736 17261 7443 91027 3657 2899 3
n 1858 2297 562 6580 7934 772 25101 7617 39735 3537 5445 7
3 2458 1983 -131 6631 7134 738 19285 6922 50070 3356 3846 5
4 1711 2186 780 6589 7724 726 14361 7258 41947 3476 3477 1
5 2935 2134 -989 6650 7020 796 11646 7197 43472 3295 2654 1
gl 2264 1635 167 5064 5226 593 8493 5317 41326 2487 5198 1
@2 2194 1528 -902 6147 5759 581 10742 5371 54979 2868 7514 2
hi 2684 1753 569 4961 4988 643 1604 5458 60193 2370 1761 5
h2 2054 1229 1446 3650 2807 403 522 3152 30527 1450 4124 11
h3 2688 1492 -1500 4072 4100 582 4051 4733 40511 1983 3084 2
h4 2668 1948  -1714 6457 6814 753 9498 6849 54272 3214 3569 1
J 2358 1584 722 4084 4009 532 1411 4402 26456 1952 4635 2

322 BHSRERE

BB RGEMFSMER 67 B0 PR RE I EIRME 5, |7 RE BRGNS M ELIBA BE LN
DX i 22, B0 P v € XSRS Py EL R o 44 X A EE 81 TR 0 HEAE 69.9%—89.6% Z [ (3 5)
PORE DI G o e, ol i — 2 R B R B 0, I W 2 KBTI AL BR A | A Sr

IKSCHRAY 26

e, =
=B

WL PR R MBHIT 2R It 8 NSRBI TR AL AV mUR B M T A 7 FEAE R

K5 ESRGEBRENERARREXALIRBZERNBES L/ %

Table 5 Area percentage per cold/hot spot to the study area for each ecosystem service

o RIS

ARG MG AR

Ve P RIEBEA RS T T 2 TR 5

Cold/hot spot Aggregation mode and test of significance

Types of ecosystem o BB ok B
services 99% 95% 90% AL Kgébi%% 99% 95% 90% HA
i LI LS
F — 4.4 — 4.4 89.6 — 6.0 — 6.0
Rm 55 7.0 — 12.5 81.7 5.9 — — 5.9
W — — 1.1 1.1 89.2 — — 9.7 9.7
P 4.8 1.9 — 6.7 76.9 — — 16.4 16.4
D 4.8 6.7 2.3 13.7 80.5 5.9 — — 5.9
C 55 11.0 0.7 17.2 70.5 12.3 — — 12.3
N 8.2 3.2 — 11.4 69.9 11.4 1.3 6.0 18.7
A 6.2 8.3 2.8 17.2 76.9 5.9 — — 5.9
H — — — 0.0 87.5 — — 12.5 12.5
B 4.8 1.9 6.2 12.9 70.2 16.8 — — 16.8
R — 5.1 6.2 11.3 68.5 2.9 — 17.3 20.2
E — 1.1 53 6.4 86.1 4.6 — 2.9 7.5

FARRY S A A IE U AE B RS GS B R (£ 5) . . EYHEA IS BB FRMR, BEA D EKX
Bk 89.6% , AV EA IS AL A INAE XA 4.4% V% 5 X8 (a5 .a6) , BT Z2 55 7 IX (hl hd) A 6% IG5
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Fig.5 Hot spot analysis chart of terrestrial ecosystem services in Guangdong Province
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Table 6 Identification of terrestrial ecosystem services cluster in Guangdong Province
WAL X RS R g T X E A
Zone code Partition type Prefecture-level city County
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a3 SR A e
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Fig.6 Spatial distribution patterns of terrestrial ecosystem service clusters in Guangdong Province
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Fig.7 Z-score per ecosystem service cluster schema diagram in Guangdong Province
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