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Abstract:

[ Objective] The spatiotemporal differentiation patterns of ecosystem service value (ESV) in typical

estuarine deltas of coastal regions in China Chereinafter referred to as the Pearl River delta, Yangtze River delta,

and Yellow River delta) were systematically analyzed, in order to provide a scientific basis for the formulation of

regional coordinated development and ecological conservation strategies. [ Methods] By comprehensively utilizing

multi-source spatiotemporal data and combining spatial analysis with econometric modeling methods, this study

investigated the spatiotemporal evolution characteristics of ESV in typical estuarine deltas in 1985—2024.
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[ Results] D During the study period, the urbanization levels of all regions continuously increased, but the spatial
patterns showed significant differences. The Pearl River delta presented a ‘core-subcenter’ clustered structure,
the Yangtze River delta showed a ‘metropolitan area + development axis’ pattern, and the Yellow River delta
exhibited a dispersed, point-like development pattern. @ The spatial distribution characteristics of ESV differed
substantially among regions. The Pearl River delta showed high-value clustering in the southwest, the Yangtze
River delta exhibited a pronounced south-north gradient differentiation, and the Yellow River delta formed a
concentric structure characterized by low values in the center and high values in the periphery. @ The spatial
correlation between urbanization and ESV showed regional differences. The Pearl River delta and Yangtze River
delta demonstrated a significant positive spatial correlation, whereas the Yellow River delta showed a negative
correlation, revealing the differences in human-environment relationships at different stages of development.
[ Conclusion] In response to the demands for high-quality development and ecosystem service enhancement in
typical estuarine deltas, differentiated development pathways should be adopted. The Pearl River delta should
strengthen coordinated spatial governance, the Yangtze River delta should enhance integrated ecosystem

management, and the Yellow River delta should establish mechanisms for realizing ecological value oriented

towards resource development and climate adaptation.
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Fig.1 Overview of typical estuarine deltas in China

2 Bda5iiik
2.1 HUERIE

A B 5% 25 4 vh [ BT = A YN 2 TR AR
A 45 1 R B B AR (DEMD s R Rk

B A KAt 2RI (LR D Haf
i B AR AR AR Y 7 B T 37 R R i T AR A R
ARt [ I i ) T 2I R3] 23k B A |
KL AR A M, 3 6 28 RS — 23 1]
AR AR o

F1 BERE.EERAR

Table 1 Data sources, attributes, and applications

% Bl 2 15 H] =5 [ 43 P HE Bl i
% T e R AR — 30m HuH S 8504 = (https: // www.gscloud.cn/) H i B 51X SRR AT
FHA A A EEGE  1985—20244F 30m B BUK 2 (https: /doi.org/10.528 1/zenod ) IHHESV

Kl BHESV BIF

s - - P . N
LRtigid 1985—2024 4F &GRS e
46 i 1 7R
F a2

UNEEY: s 1995—2020 4 1 km WorldPop F- 5 (https: /hub.worldpop.org/) PR F AL
GDP 1995—2020 4F 1 km WorldPop £ (https: //hub.worldpop.org/) PEAR 22 55 W 5L
RIRST 6 1995—20204F 1km [ % 3R 7 G B 24 500 0 (https: /nnu.geodata.en/) ¥4l 28 [ 34 Ak

22 WARFE
2.2.1  WAAKFIFAE

WAL S — A RN E a3 A A L
AP S el B R R ek ARRE S B
AR SR R AL 2 P N I A ) 3 4 Y £

BV AR AR AR 1 B ] 4 JEE 68 3 B Ak A BTk 22
Sl o & PR ELAL LU X GDP /AR AE - R
114 2 1] £ RO 5 A TSRS A SR N 101 %6 2 B Bk A
A (1% 22 1] P4 P e 5 2 M) 3 £l 0 32 B () 4T Dl
Kot AR A B X 25 [ B FRAE . 48 T 344 i JL ]



%2 3

X AR A5 - ey LA T = U A 2 R G0 IR 55 R 1 I 25 e B 343

FTNE T B A% 00 PR, ASBF 5 X 48 B 2R AT s 7 AL
b3, SR FH A ASCEE VR A 3R B AR K IR
FI SR BT 2 R0 2 WA A B X B, R AR
Upor + Ul + Uloy
Up = 3 (1)

S Upop N BARE UK 59N VB BE 5 ULyl B4 S
1 [B] KT 648 25 Ulon A BRI A 11 8 15 FH b HE
Bl 5 Uy R 25 6 R KT
222 AEXFZABEHIENE

HFEB RGNS EAGEL , 1540 it 4
PE SR SO IR 55 4 T — G 2K ik — 2 Ao N
113 g e M) 55 4 W53 X 23 [) RUEE AR A, 43 3
A 2% 5 IS B0, I G T 45 A% BRLIC P AS [R) 2
AL . S5 A TN Y Tk
3 5 1985—2024 4F- # A~ X 38 9 A 167 B ESV &R 4L .
HHEARXN

1 & maq: p,
VCy=—=> —— 2
=7 (2)

VO, & 28 A M A 2 3 T 25 /o0 A 25 R 4 MR
FAEIT G BN A R E (ST /hm®) 5 m, 5 i R ARAEY)
B 6 R R Ch®) 5 p R 28 0 R ARAE W 04 °F 2 71 3 e

W CIT/0 5 ¢ R 5 i RAAE Y 09 ~F X B T AR 7
(t/hm?*) 5 M R WF 58 X A VE W) B 3% A i AL Chm®) 5 »
N EEREY RN DE . REL/7TRRAALESV Y
4T M E A Y TR O T S i (B Y
1/7,

Y TR A X A ) ROBERRR, i T &5 4t
SRR AR BUS T B ARIARE /N 2 S R T
PR 5 2000 4F B R R B, I Z X L ESVY &
1 008.73 50/hm?, 15 B AL AL ESV R A (3R 2) .
i FE T I W o T ARV (H R 8k, i — LT3R = A
PIX LA ESV i IR A Nl

ESV=Y4,vC, (3)
=
KT ESVRIHERSRGMFEMMEOT); Al reE
+ A H 2SR AL Chm®) 5 VC, o8 ESV &
(J6/hm*) .,

N AR SR BB = K =AM = A
ESV R A5 A AT 9<<1.25X10D) ik
(1.25X10°<< 1T £ <<1.71X 10D . H (1.71 X 10°<< Il %
<2.75X 107 P E (2,75 X 107<< IV 24 <C6.79 X 107 il
F(6.79X 107<CV 4(<C2.99 X 10%) ,

K2 K=ERBEMANITHEHRESVEH

Table 2 ESYV coefficients per unit land area in Yangtze River delta Hif7 6/ hm?
% 5 T HE L ESV &5
LB RGERS HF H H O K sk I 3
e Es 857.65 221.98 221.98 807.20 0
HEZ5 R 55 JEARE A 7= 403.60 524.68 332.97 232.07 0
KPR I 2 20.18 272.43 181.62 8 364.61 0
AT A 676.03 1715.30 1150.26 776.93 20.18
R s ﬁﬁiﬁh’%‘ 363.24 5 11?.63 3047.18 2310.61 0
HAL I8 100.90 1503.41 1.009.00 5599.95 100.90
KRS 272.43 3370.06 2 229.89 103 160.16 30.27
IO 1039.27 2078.54 1402.51 938.37 20.18
SRR 55 HIZRE N 121.08 161.44 110.99 70.63 0
W) RN 131.17 1.896.92 1281.43 2572.95 20.18
AR 55 LM 60.54 827.38 565.04 1907.01 10.09
Mt 4 048.09 17 687.77 11 532.87 126 740.49 201.80
2.2.3 MRS ”2 2 W,U.A,
R HRUAS 525 (0] | A G r ik R A S R 4 [ =il (4)
T 55 5 AL K R Z i 2 A4 6 2. 2R -S> w,
Moran’ s T4 M T & A1 58 X 30N I B AL K - 5 5 o
3 T B ESV 7 A~ 55 0] 30 [ 0 6 B 9 BE ) IL:U,-ZWUAJ- (5)
=

Moran’s IT8 50 TR 3 — & 78 /B =5 W e Ay 4E
B, A AKXN

o 1, R R U i 42 JR) Moran” s THE 51 ; 1, 26 78 W%
i Ja) 8 Moran” s T4 0 ; n 0 WF 5% X B 38 P o0 19 2



344 b IS EEE

46 %

B W,k 2 Tl A HR 40 B v 6 W BT 1 5 AL R B
U, R85 i A~ B 3080 0 SR K P 5 AR 5 A4S B
HOTH L ESV,

3 RS9

3.1 WENKFEREETSMTE

1995—20204F , 3k =M1 K =AM =AML S
WAL B 2 F I 2D, R et DXl
A KT 1 B AR B TR A% Ry o v, Bk A Bl Xk Ak
FE 8 H 1995 4F 1Y 5.50 3% K 2 2020 4F 1 13.34, 1 & 4b
T4 SE A, S 5 S Y S Ak R R Bl T s K A
H X A4 2.87 34 K 3 10,98, B IE o 8.11, 5Bk = £
B 22 B 7% A5 4 /N 5 B Mo Xy 3.27 38 K % 9.34,
B Ry 6.07 , %2 J B AR XN 8 28, XA R T W
) SRR Ak A B R TR A SR

H ] YT T = O IR A 2 TR A e
Oy SRR (B 3D o Bk = MM X AL T AT M R
FNARZEAR T X R A0, 1] 2 VG 19 38 40 Joe 11 BRLAZ WL ™
23 [A) 45 48 5 e I Ak DX IR vh 7 RV 2R R 0 kT
JER T AR DX ) = B 43 A 2 P VG AL L b B M AR
I b My o 4 = A X B A - T 2 - T

19954

20004

20054

GABANL B GAWAL W SEFEAL

R8I > R8I o EEmE
#:40.25 ' #:67.12 ' #:38.32
1%:0 1&:0 10

T BAM
EHE

#i:37.00 Fi:38.30 Hi:35.26

{i:0 1&:0 1%:0

54

H, N &Y
Yy 89 fi‘ e

W Teamae® PN =

W EHE EHE EHE
Hi:34.51 Fi:33.84 Fi:34.12
1%:0 1%:0 10

A7 S ) 2 AR, LA b R A TR K e I A A
DX R IPTTE PR A A A I R A A Ay Bk 1 B R
P O T S T TR JR O R SR PR s A L 2T Hﬁﬁr‘ﬁ
L DX AR A K P 3 AR T U e AR R X
PRI i T 2k 3 SR AR AL, Sl B Ak o L IX R
T N 2R I L KT S R R AR R S
DA AL 3, T A A A 7l o 32 S5 i B Ak &

J gt AR, 5 R R AR X RS A 4 ) o B 2 S
Hr mEx=sa
12 K=
& s =A
ﬂ 10 [
2 gt
&
] O6y
<o
g 4
2t
0
1997 9000 900 gt g0 a0
G g
2 1995—2020 E R EAEF O =AM
B AL 7K T B R R R AE
Fig.2 Temporal evolution characteristics of
urbanization levels in typical estuarine
deltas of China (1995—2020)
20204 1995—20204

2015%

i 0 190  380km . -
s 95

L BAWEL % sEWEL T8

EHE G’ iEHE 4
1#:79.06 ¥ #:38.91
fi:0 fi%:-8.39

’;’,, §§3§’
Y mamaK T GAESL T s
EHE EHE 5
Fi:49.13 i:65.48 Fi:66.31 :34.12
fi:0 {i:0 1i:0 1%:-8.38
> ) i A'n:s
‘.g(”ug’ Slume S
¥ a8z B | aae
%Aﬁﬁw‘ samgH saEmL
EHE EHE EHE
#i:35.46 #i:34.31 7#:36.01 #5:32.53
f&:0 1&:0 fi:0 fi:-12.65

3 1995—2020 P EHBBTO= AiMMEX T K ETEE

Fig.3 Evolution characteristics of spatial patterns of urbanization in typical estuarine deltas of China (1995—2020)

32 EBRGEREMERSHFIFE 2024 4F | bR SRR 55 40, LA R 55 D RE A (1 4R 52 T
3.2.1 AX RGBS ML R E T4 IE R o TR M55 #E ESV 4584 v 5 4 32 S A, HE 0

e ] AT A Y X ESV AR RRAE A LT 1995 4F (1 009.44278) , o5 4 B AN E 19 75%
WEER, Hd BR=MM X ESV 7E 1985—20154F HR K LR MRS o [REE 7K Sy A e Ty A+ 4%
PR BB NS ARG R R A (3R 3) . 2015—  PRHFRI T ER =M X RO RS ThREIA R A R



%2 3

X 7 A5 e [ S R 0 = o W AR S R G IR S5 B e s S B

345

L ESV BEAT50% . BRAKEIRML LS 5K SCR T 2B
B Bk b T, Ay 9 TR 55 M (EL7E 1985—2024 4F 1

LT RS o SRR Y S R R D RE AR B
I e o R

F3 1985—2024 £BE=FESV T
Table 3 Changes in ESV of Pearl River delta (1985—2024)

ESV {H/10°5t

— G TR
19854F  19904F  19954F  20004F  20054F  20104F  20154F  20204F 2024 4F
Ty tre 28.78 27.70 27.26 26.77 24.86 24.06 23.77 23.47 23.14
B s R RE S 28.04 27.22 26.93 26.66 25.59 25.11 25.02 24.77 24.13
IKCFE PR 48.88 51.32 52.60 52.32 51.04 49.92 46.86 48.42 47.65
SRSLE 79.16 77.36 76.84 76.27 74.04 72.97 72.65 72.15 71.32
_— A g T 202.94 199.90 199.39 198.54 195.16 193.24 192.24 191.57 191.43

WS

H L FR B 82.44 83.07 83.70 83.31 81.66 80.49 78.41 79.16 78.92
IR SCYE Y 603.69 633.71 649.46 646.06 630.13 616.38 578.60 597.87 595.05
+ LR 100.26 97.77 97.00 96.19 93.06 91.60 91.22 90.51 92.39
YRERS YRR 8.57 8.32 8.24 8.16 7.83 7.69 7.66 7.59 7.44
Y Z R 83.30 82.72 82.80 82.44 80.96 80.04 79.05 79.13 80.11
AR g  EEEM 40.03 40.02 40.18 39.99 39.24 38.74 38.02 38.20 38.04
4 it 1306.10 1329.10 1344.40 1336.70 1303.60 1280.20 1233.50 1252.80 1170.70
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Table 4 Changes in ESV in Yangtze River delta (1985—2024)

ESV {#/10°5C

— g m YA
19854E  19904F  19954F  20004F 20054 20104 20154F  20204F 2024 4F
'Y 138.11 136.88 134.28 132.48 129.16 125.71 123.42 121.81 121.19
B RS R R AR 88.13 87.96 87.51 86.95 85.50 83.45 82.21 81.57 83.35
K BRI L 184.41 182.97 185.16 187.76 192.79 196.75 191.69 189.42 187.94
AT 213.42  213.50  214.09  213.13  210.60  207.13  204.46  203.41 = 202.44
o G 438.14  439.60  447.87  447.27 44559 443,54  439.07  438.72  436.03

WS

He AL PR B 225.28  224.85 22812  229.51 232.06  233.93  229.78  228.31 224.11
IR I 2277.61 2259.90 2286.89 2318.85 2380.78 2429.54 2367.11 2339.06 2325.32
T B 284.52 284.42 284.37 282.91 279.07 273.76 270.05 268.43 269.32
TEER S R 26.82 26.78 26.63 26.46 26.02 25.41 25.03 24.84 25.29
) 2R 197.05 197.38  200.49  200.80  201.22  201.30  198.67 198.07 199.78
SCAEMRS EESW 101.71 101.71 103.21 103.59 104.25 104.66 103.05  102.56 104.17
4 3t 4169.80 4151.00 4193.80 422570 4283.70 4321.30 4230.60 4192.30 4178.90
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Table 5 Changes in ESV of Yellow River delta (1985—2024)

ESV{A/10°Jt
— A TR
19854F  19904F  19954F  20004F 20054 20104F  20154F  20204F 2024 4F
Tt 17.60 17.52 17.39 17.64 18.18 18.87 18.75 18.66 18.54
HEh RS AR A 8.27 8.33 8.21 8.34 8.40 8.34 8.27 8.22 8.31
KRR 2 30.43 28.74 31.66 30.88 33.98 41.03 42.18 42.05 41.14
ST 16.53 16.72 16.62 16.82 16.68 16.26 16.21 16.12 16.08
o ARV 20.93 21.38 21.85 21.82 20.97 19.70 20.03 19.92 19.79
o LI 23.97 23.06 24.94 24.44 25.97 29.63 30.41 30.30 29.75
IR ST 375.77  354.92  390.87  381.22  419.52  506.38  520.62  519.05  519.43
R 23.69 23.93 23.71 24.03 23.96 23.49 23.38 23.25 23.43
TEER S R 2.50 2.53 2.49 2.53 2.54 2.51 2.49 2.48 2.52
Y 2R 14.11 13.95 14.72 14.55 14.79 15.63 15.99 15.92 15.78
RS EEE 9.01 8.78 9.39 9.24 9.64 10.68 10.95 10.91 10.97
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Fig.4 Spatial distribution of ESV in Pearl River delta (1985—2024)
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Table 6 Changes in Global Moran’s I of comprehensive
urbanization in deltas (1995—2020)
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