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Abstract: Rapid urbanization has accelerated changes in urban ecosystem patterns, leading to a decline in the value of
ecosystem services and posing an obstacle to sustainable urban development. To explore which urban development patterns

create higher ecosystem service values, Shenzhen is used as a case study to set up three different development patterns-
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economic, inertial and ecological, using data on ecosystem types in 2010, 2015 and 2020, and to predict changes in
various ecosystems in Shenzhen in 2025 using the CA-Markov model. On this basis innovative accounting of the value of key
ecosystem services under different models was carried out and compared. The results show that: (1) From 2015 to 2020, all
kinds of ecosystems show different change trends. Human settlement ecosystems grow rapidly, causing occupation of all
kinds of natural ecosystems. Forest and farmland ecosystems decreased significantly. Urban green space shows an increasing
trend, which is mainly reflected in natural reduction and artificial increase. (2) In 2025, the three development modes will
have a significant impact on the changes of ecosystem types. Under the inertial development mode, human settlements,
urban green space and wetland ecosystem will expand compared with 2020. Under the economic development mode, human
settlements and farmland will further increase, the area of natural ecosystem will be significantly reduced, while the area of
natural ecosystem under the ecological development mode will be restored. (3) The changes in the value of ecosystem
services under the three modes differ significantly. Under the inertial development mode and the economic development
mode, the value of ecosystem services decreases significantly due to the reduction in the area of natural ecosystems and the
lowering of ecosystem quality, resulting in a decrease of 2.67% and 5.25% respectively compared to 2020. However, under
the ecological development mode, the area of natural ecosystems is restored and the quality of ecosystems is improved. The
value of ecosystem services increased by 5.5% compared to the economic development model. The difference in the total
value of ecosystem regulation services between the three models reached a maximum of 3. 81 billion RMB. In a
comprehensive view, the future development model should give priority to the development model that prioritizes ecological
protection, and improve the area and quality of urban ecological space through the formulation of effective ecological space
protection measures such as the delineation of ecological protection red lines, the adjustment of potential urban development
zones, and the implementation of ecological projects, maintain and improve the value of ecosystem services, and achieve a

harmonious parallel between economic development and ecological protection.

Key Words: ecosystem service value; regulating service; city; CA-Markov; multi—-model simulation
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Fig.1 Spatial distribution of ecosystems in Shenzhen in 2020
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Table 1 Three development model settings

3 N

Mode of development

P B

Mode settings

RESH5
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Table 2 Accounting parameters for the value of various ecosystem services in Shenzhen
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Table 3 Type and number of ecosystems in Shenzhen 2010—2020

, WX i A A RS ; ANERELEERSE ,
W KIESRSE  RHESES B wmrsrg  ORESR B
Urban green Human settlement
Year Farmland ecosystem Forest ecosystem Wetland ecosystems Bare ground
space ecosystem ecosystem

2010 71.20 732.95 198.54 112.24 708.63 129.56
2015 79.93 691.90 226.98 103.01 798.14 52.76
2020 68.21 661.12 258.50 104.52 821.98 38.81
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7 3 AR A MR (K2 B 3 - 4 K 4) , 5 2020 M HE , ARRIEES RS MIX S E B RS0
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K2, Ak 112,71 km® 87.16 km* 5 50.36 km® , \FRMAES RGE AU KE , KA R PAES KR
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Fig.2 Inertia development model in 2025
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Fig.3 Economic development model in 2025
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Fig.4 Eco-development model in 2025
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Table 4 Area of different model ecosystem types

R 2025 A4S K R 2025 1 A AR 2025 £ K R 2020 4F % JEAES
KRB . . .
Devel * model Ecological development Inertia development Economic development Development model

evelopment mode model in 2025 model in 2025 model in 2025 in 2020

BRY

RIS AR5 54.36 60.70 61.61 68.21
Farmland ecosystem
BRESRA 576.86 561.49 564.02 661.12
Forest ecosystem
BRIX 2 BRY
B RHESRG 371.21 345.66 308.86 258.50
Urban green space ecosystem
M E SR Y
BBLETRA 108.25 105.54 102.11 104.52
Wetland ecosystems

%‘&? :' 3 ?}5/ \r‘
NERIELEBRG 819.48 860.72 889.91 821.98
Human settlement ecosystem
#ith Bare ground 22.99 19.02 26.64 38.81
B3t Total 1953.14 1953.14 1953.14 1953.14

£R5 2020 £5 2025 £ThEEEXTEE
Table 5 2020 vs. 2025 functional volumes

5 st [ 72 — 4k WD IR AT TR IR AR T AR IR Y
SEAy Devel > Carbon Sedimentation Climate Water Storming rain
Year eve O(I;Tem sequestration/ reduction/ regulation/ retention/ run off/
m .
oce (x10*1) (x10%1) (x10%kWh) (x10%1) (x10"1)
2020 BN, 24.54 11.34 742.23 17.98 49.26
2025 L0 R R 23.99 11.36 701.71 17.25 47.27
B A SR AR 24.33 11.31 721.41 17.63 48.15
AR R 24.78 11.36 743.53 18.09 49.68
*x6 TAEREATESRERSNEER/CT
Table 6 Differences in the value of ecosystem services under different development models
> G b s Y /Y “/l\‘”‘{ sl A5 AT A QA S AR L E A R
i R IRAR B — S W TETIR 11%1H11 ISR %Fﬁ{xmhﬁw B
Development - Reduced Climate Water Runnoff
Year CO, fixating ) ) K K L Total value
model sedimentation regulation retention mitigation
2020 SR 0.062 1.395 488.24 102.37 47.66 639.73
2025 KU R R 0.060 1.398 461.58 98.24 44.88 606.16
P& R =X 0.061 1.392 474.54 100.42 47.15 623.56
AR A 0.062 1.398 489.09 103.04 50.68 644.26
3 O

3.1 BYIE AR S R G R AS LR S A

TN R FARAE S R RBN B E AR (R 7) , BRI (1) WX Sktb S 0, e s &
Hiy B FEINAE e b X R XS RIS X, TR e b X R S A GA R 10.5 km®, HoAFE A X 4854551
BN 5.21 km*,5.12 km?® | R U P IF 20 ORI T, (2) BRARMBU T 0 2%, B S
s g 30.67 km® A DUE R IXIR/D B2 | 5 S EE R 36% , AR AR B AL N HE F L, FE RS ik
£ 17.01 km?®, (5 S 5 55% , 290 B XI5 RIS BRI I, 3Tk 1) A 5K i AR MR T AR
PR FRE, (3) KSR A T, IR E S H KA B A MR, 3T HAEX KI5 46 35 K RO 3k
RAGRNERI, (4) NRERIEES ARG R S0P 5k 8 EZE PRV, IR % X DB X JpRIX
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Table 7 Area of ecosystem transfer in 2015—2020

2020 4F

2015 4 wes ks OO0 mwes MEE

5 /km?  R5/km? L R/ km? ‘Imz km?
A& I A2 25 & 55 Farmland ecosystem 61.62 2.57 4.72 2.51 6.40 2.10
TR R GE Forest ecosystem 1.75 644.54 17.62 4.05 17.01 6.82
WX Gk EZS RS Urban green space ecosystem 1.95 4.43 160.11 3.33 48.31 8.79
RS RS Wetland ecosystems 0.37 2.02 3.97 88.89 6.09 1.66
NRBEIE S RS Human settlement ecosystem 1.43 5.07 50.43 2.58 726.50 12.08
#4th Bare ground 1.04 2.42 21.50 2.83 17.62 7.35

3.2 2025 4% 3 ik RG2S R G A AR LI

(DM R REIUT 852 2020 AR A RE AR REY o FE R EAE i X g Ll XRS5 22 X 3T
SRS RGEY KRB LA X FLXHDEH X, AN RS B> R BRI IX  FLX M
FRMGHTIX R 2 RGN 2R A AT IX e X, AR H A R G0 32 B b XSGR ORI AR X

(2) & KRBT B e R R BAIR T ARG R R 2 KA Ie K X e X AR L X, #RpkA:
BDRGAERMEF X TR XK I B TR S RISk 28 Ge 40 ok 3 2k A= 7 e b X e A2 XL T X, {8
ARG A E A 52 DX PRI X R FH X i = s 1 DI A FH D RS X B2k FH X

(B) DR ERT B E R R A T AR RE RG> TR R R L X SO X, R ES R
SRt & Ak TR B Rk A A e e X Bl FH DX 30 DX S b AR S R e 0 2 B R AR AR A X RIS T X R
FRIX A HARZS R G000 A e RSB X 54 X, AR S R G R B INE R L X OB IX

FRAE RN T D AR SR YI T 2025 B & R LR, £ 2025 457 5280 B AN FH L 10 km? , fiff 75 FH H
40 km® PR A& SRR S 22 0% e R AR X ) ek B DU R o - R AR T & RE SR AR TR
F AR T B SRR 2R B 2025 AR IX SR A0 B 55 38R B 50% VA L, 285 kA RS M kX
T b A PR A ke T 30 AR AR A TR0 b AR PR AR T JE kA B 2025 ARSR AT R 1Y oK, 7 22
X HT B A SR BOR 5 40 R JRBUR A TR, SEPR BN 3 Bk RS2 Ok E A S A R T K
B A 25 ZR G T BRG0P b 18 P P 1R ek A A AT 1R AR BN | R 1) & SR A Xy 24 418
e RELIA ARl F 0 A SR AR R X T B S B e R T SR AT BOR (W R K, LS T kR 5 A AR
PHOUMEIEAT
3.3 2025 4F 3 Bk JRAR OO AE R R G IR S5 I 52

(1) 4% BB A A RN 22 05 e S B oX0 ) AR R R Ge IR 55 0 R0 11 30 W02 35 o Bt PE R R i o4& T B
2.67% , 205 KR T B 5.25% , FRARAY 32 22 J5 2 [ 4K 20 25 2 1) i AR 20, JH: rp 18t 1 e 88 =ik 20
11.44 km® , 05 KRR D 49.15 km?  [RIBS , A S TR, 2605 A RIS, A SR 25 R0 T AL NPP R %
3.7% ,NDVI F[%0.8%.

(2) B R R RS (L i A B R GRS M ER T, S ERTE 0.7% , HAs /e VIR T 0.2%
[ AR T 0.9% , SAEIH T T 0.1% , KIETRFREE T 0.6% , 22 AR T 15 82 6.3%, $-FHA) 22 s
FH RS AR WK 32,17 kn®; [FEE, A S TR BT, A R4S [ HA7 1 AL NPP T+ 0.02% , NDVI
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EF0.3%,
4 HR5EW

AHFFE Y B LE S AL

(D) BEREBRFEERAR IR, NRRFES RGP 5K, mBLGAS] 23.83 km?, XA H ARAR IR
X LR 385 R TRV RE BE A 4R o, Herp R AR S RGPk A S R G0 & 1R 5, 20 B F R 17.01 km® F1 1,75
lem?® | 30 X 453 b Bt B A S B8 i, (LS B 1 R0 N T3 i, 1A S RS 2K E K E 1Y 1.50 km?
F B LK B IR

(2)3 Pk B AE A R G AR i i 2 B0 R AR ST, 85 2020 42 AR VR IR X Sl i
ERRGHBY 5K, /0K 38.74 km® . 84.16 km® A1 1.02 km®, ZRARAIAR [H A= 25 22 45 H P46 s, 40 1) 406 Dl
99.63 km®F17.51 km®, FEMCIERN I 28 0 & AR N2 3R V% A Itk — 20 975K, 23 S35 K 29,18 km® 1 0.9
km? | AR AR 25 2R G0 AR A B4 s, JE40 37.72 km? AR S R AR & R AR A B R G E
WA HERGR ] 43.61 km® , AR KA H 46 vk A 4

(3) M0 PE A SR AV RN 22 05 e JR BT AR B R G55 (8 Hh B T B, 20 501 T [%2.67% R 5.25% , R AE ST
U 2 T RSN, AT W R IR S AN KRB A RS ME K 32.17 km® SRS R
SAME B E T BT R R T 5.5% AL TR T

ST BERES IS A SCEE RN A 28 R Ge IR 55 M (B4 T+ DL B A e 28 B) & J 4t DA . (1) AR
P2 R G Ss I S A TT A S AR 2T 26 R 5 W E SR T TP R A R, (2) R RS R GRS th
{ELAY 25 18] 43 A0 REAE , A 0] AR SE B BRI AR S R GRS (i XA T T R 6 80, (3) FEARRE AR R
B K LR T M DX T LG I R4 T AR e TR A S A 5 T AR i — 4R T B AR A 2 S R IR S L4 fie g, 4R
T o7 T AR A S RS N (E ™
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