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Fig. 1 Geographical location of the study area
TE: P R T S GS(2024)0650 -5 (B T MBS SEREMERAE , WFFE X A 8 58 AT O A i AR A X 80

Note: China map review number GS (2024)0650 (determined through comprehensive land use integrity analysis, the study area encompasses

ecological regions distinguished by prominent administrative boundaries).
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Tab. 1 Datasets and sources for the PLUS model

HAE2AY Data type

T HR R

Land use data

HAhHdE
Other data

Natural factors

ARz SIS

Socio-economic factors

AR T

Accessibility factors

$E 4 FK Data name A% 2L File format >k Source
2000—2020F LORIEE Bt e R
FARCY 8 iR €7 R HERTEIREE = F & (www.gisSg.com)
WEREE PS8 s [12]
FRAE 0 BAE R [13]
a3 €1 A [14]
if;zﬁ;f; zﬁiig HERGHREAE =7 5 (www.gis5g.com)
g HAs S Ho B ZS [ 5E 2 (https://www.gscloud.cn/)
ez WA SCi: HFDEMEE IR
N Al P v R B R R SR
AIGDP WA S (http://www.resdc.cn/)
BIAKT S B A [15]
Eigz&ﬁ%lﬂw i;ii E B FFF- 5 (https://Ibs.amap.com )
A SR OpenStreetMap (https://openstreetmap.org)
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Fig. 2 Land use changes in Hainan Province in 2000 (A), 2010 (B), and 2020 (C)
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Tab.2 Optimized domain weighting factors derived from repeated experiments

i BRHL Fith Kk AR b ARF EAR 0P FepH PR
Forest Farmland Grassland Water area Construction land  Unutilized land Mangrove Aquaculture pond Tidal flat
0.58 0.45 0.43 0.2 0.95 0.25 0.68 0.32 0.6
3 TP AR
Tab. 3 Land use conversion cost matrices
AR ST 5 ZLAMRORAP 5 5% Bt -ZLR RSO 155 55

Natural development scenario

Mangrove conservation scenario

Farmland-mangrove dual protection Scenario

A B CDETFGHTIADBTCDE F

1110 1 1 1 0 0 1 1 1 0 1 1

1 1.0 1 1 1 1 1 1 0 1 1 1

(= - =
—_

1 1.1 1 1 1 11 1 1.1 1 1 1

T Q T m g O w »
oS O
[=R )

1111111111 1 1 1 11

—

61110011101 1 1 0 0

GHT A B C D E F G H 1
1 0 0 1 1 1 0 1 1 1 0 0
1 1 0 1 1 0 0 1 0 1 0 0

0 0

1 1 1 0 1 1 1 1 1 1

(-]

111 1 1 1 1 1 1 1 1 1
1110 1 1 1 O O 1 1 1

TE: A~ D3R bkt B, Bt KB, Bt RA T ZIRIAR, FRAF S MR

Note: A—I represent forest, farmland, grassland, water area, construction land, unutilized land, mangrove, aquaculture pond,

and tidal flat, respectively.
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Tab. 4 Mangrove ecosystem service value accounting framework and related data

— AR bR e/ & =77 2 WIRS Y P R
.Pm.nary S.ecc?ndary Evaluation Statistical data and sources
indicator indicator method
Pesaliess s AT B
Provisioning S 201 24F LT ARV VR S A4 274 170 0007T - km 22
. Food provision ~ MVM
services
SoL 5
BIPROSE g ORI PRUPRIE K RODA39 v 0 o0, 20084ELT R
. MVM WL AT M 99370t 12,
provision
- BISRER TIBIEE o ot Bt 125078109, 4R (R 0 A 7 i A
IS Caron  WARRRIE. (GEp) BRI GRAT) ), T LA B3 444,27
Regglatmg sequestration Tl tC-km2a™!, BRI 2 E0C32/44. 20204E Tl il U A
services and oxygen MVM, ACM, R00TE-t. HEAE 5 ik 280t
release IOPM ’ ¢
2RSSO, NOX. Fraxmz it /143518 865, 600, 1011 000
EaRE BACA L kg-km2-a ', HR4EIFRIA A A (GEP) B B AR L (Gt
Air purification ~RCM 1)), 20204F-S0, . NOKIRHMAA2.526 370 kg !, BiZRIAFEALA
0.67C kg '
AR QR AR A7 i B (GEP) AT A ML GRAT) ), iR A
KAk Bk A IEHLEYCODFHLAE 1 4110.43 t-km™>-a™, CODIFHL 2% FH 42 800
Water RCM JC-ts BRI E S350 83,570 kg M1 1.270 kg o HRAERT A
purification WS, LA T RN 4 8 W R M2 660 00070 -km 227, LB 1)
PRI 4> 5 h 17 747 . 1951.6 kg -km 22830,
MR MRIEATABIFFE , B IR A 7K 2 B A1 025 kg m B, IEIR i
Wave attenuation HE{E 4Tk 7E0.1 ~ 0.77m-s ™, B E{H0.435m- 7B, -1 5 250,904
and shoreline EAM mP BEAEFE N 2.590 sej-J 'Y, BEME T HLE A3.13x1011
protection sej It ',
" Z5E, 0.3 mILIAMAREEZ 5N, P KAYE & 2 01.39%, 14
f*ﬁ‘ﬂf’f ﬁﬁffff“ B BEERTI0 kgm0, AR RIS (GEP) B R
HPPOTTIRE oY Rem AL (RAT) ), 20204 — 08k AALH I 433 43.895,
serviees maintenance 3370 kg !, BUOP S AR A ALIE T 6%, 113,597 576kg .
N LN
FRERIE msmer WS TSR RRCE DA L 0500 Tk a
control BTM MR RE A R R E BRI E R 10%24,
WEMBHNE BORBIER g p ) g s 0 G R 9221 2207 k2
Habitat provision BTM
Mlm&l% g"ﬂﬁﬁﬁ . RRBIGE 5% Costanza®L. SHAAA R THIBIRIREN (57 400
Cultura cereationand gy USD-km 2, iR H6.8, H 45 H390 32076 km 2,
services tourism
Bl T Py £:7% Costanza®$HiF 5% , B 1 BURHLBLH AN (HHL86 100
Education and BTMé USD-km ™, #4154 585 48070 -km 2, S A A WIS, IR EMA

cientific research
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PP Ak (millennium ecosystem assessment) Fl17Af 7 44
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AL 11 FREENRSS . RHTTSMMED: (market val-
uemethod, MVM) , B LaliA (replacement costmeth-
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od, AME) . BE1H 43 #7  (Emergy analysis method,
EAM) . W3R 2 IR ¥ (benefit transfer method, BTM)
SENTE R LLREAR ESV #EATPE 4 B0, BARA
TR R AR B DL 2% 4, R8T 1k DL S A LB
I

3 HRE5HM

3 THFMAMEBRELETHSH 20004,
2010 4. 2020 456 48 25 T BLLRAR S A1 TR

R 2 AR UL R S, AR L, 20 R R T R A
2000 4E 1Y 44.11 km® #5142 2020 4F 1Y 75.84 km?,
BT 31.73 ke, IR IR 71.9%. [, £EREAK
HEAFBRKEH 263.8 km B % 313.3 km, 3415
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SR, AR AR W K F R, HE AR
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2000 43K T 101%., 460% £ 263%, H 7Bt
KERELERK, BILRE QG B0 L0R AR AR
1B, N 0.02 km?> YK & F 1.01 km?, 3 K37 50
5, Rl R4 A 300 m #EfH 2 6600 m. ¥ iH B 1Y
SRR R SE B T PR, HAZ B 3 0 R 4R
KEHA P,

- b A S B B A Ol B 3, #E 2000—
2010 4 (8], Bkih . Mcib | KSR LA K 5% 5 0 3 Ay ) 21
WS AL B 2+ A . T 7E 2010—2020 4F
By B, 3 46 - b 2 R[] 2T W bR Ak 1 BAS 1E—
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b | KDL B SR £ E X DU - i A R A
fbo LIRS RS0 5 R R 2R 2 ) A7
AR E M ST R
3.2 ESVHEZZTASH  2000—2020 4 Z1 4 bk
ESV K BTHRRUNGE 6. 7 Fias . WFFTHI A, 200
MAEBRG RS W E(ESV) Mt se il B K,
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Tab.5 Changes in mangrove area and shoreline length in Hainan province from 2000 to 2020

X 20004 Year 2000 20104F Year 2010 20204F Year 2020
Region HAm®  FERKE/AD  EHkm®  REREKEAn @A FEKE/An

SRR Changiane Area Shoreline length Area Shoreline length Area Shoreline length
E‘ Autonomous County 0.02 0.3 0.30 6.1 1.01 6.6
P& H Chengmai County 2.34 26.4 291 22 4.87 21.8
&M T Danzhou City 6.39 49.5 7.98 55.8 12.87 61.4
ZRJr1li Dongfang City 0.32 6.5 0.71 9.8 1.14 10.5
1% 1T Haikou City 17.10 51.7 19.66 432 22.42 542
IRREE AR
Lezzn;ﬁfiiﬁognomous County 0.00 0 0.00 0 0.19 14
Ifi=5 & Lingao County 1.60 20.8 2.73 213 4.10 23.3
ke 20 T NAN
%;jg( S%fffuﬁmmous County 0.27 3.4 0.38 4.4 0.96 8.3
BT Qionghai City 0.72 10.5 1.93 20.2 4.02 24.6
=¥ T Sanya City 0.94 1.8 1.16 2.8 3.42 3.6
Ji T Wanning City 0.58 8.7 0.91 15.8 1.21 12.9
SCE T Wenchang City 13.81 84.2 15.64 83.9 19.63 84.7
744 Hainan Province 4411 263.8 54.30 285.3 75.84 313.3
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Fig.3 Sankey diagram of land use transition (2000—2020)
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PN [EAK Ja o, AT GEA% O DX 35 AN g 11 7T F S
BT ESV STERZA T TR, 435I 2 27.86% Fil
26.04%. SUCFEIEE, M | BRSO AE R
KX &k, H ESV sTmk Ay Ll F 4Tt o
R, BVLER FiR B SRR RE AR B R
A AR X SIS RS, BV LTIk R 0.07%
BRTF 2 1.44%, KA 0.01% 3 = 0.28%, (KB T
U JUAR LA AR SFe 1) db 2 18
33 ZERTLMFIAF ESV TS
331 BWHFTURKRELRBEKEZMSH
WA 25 S AL TR 25 51 (1] 4), 2030 45 2050
AR 2 AR BR T AR K 2 B BE AR AR B B 1 - 004
2020 A LRy, RAARTE R R 75 km?, 7 B
KR 313 kmo 1E H AR KRR FT, 2020—2030
AELT AR PR SR A3, TR KT 15 km?,

R 6 20002020 FiFFE LRI ESV Rl E
Tab. 6 ESV and contribution rate of mangroves in Hainan province from 2000 to 2020

WX 20004F: Year 2000 20104F: Year 2010 20204F Year 2020
Region ESV/JiJG ﬁﬁkz ESV/JIJG j“: ﬁk}: ESV/JTJt ﬁ ﬁkz
Contribution rate Contribution rate Contribution rate

E‘ Yiﬁiiﬁigﬁ;‘gﬁmg 74.58 0.07% 1181.46 0.83% 2750.98 1.44%
&1/ 8 Chengmai County 7040.81 6.19% 8234.53 5.76% 12377.49 6.49%
ff& M 1ii Danzhou City 17403.47 15.31% 22212.74 15.52% 33055.97 17.33%
7R )71l Dongfang City 1210.68 1.06% 2400.06 1.68% 3357.89 1.76%
{¢ 11Tl Haikou City 39928.16 35.12% 46629.16 32.59% 53121.81 27.86%
L;iﬁﬁfiTiiomous County 9.26 0.01% 7.95 0.01% 536.65 0.28%
IIfi 7= £+ Lingao County 5054.19 4.45% 7797.74 5.45% 10855.87 5.69%
%f; iﬁﬁ?ﬁiﬂomws County 849.83 0.75% 1199.58 0.84% 2779.78 1.46%
BT Qionghai City 2357.98 2.07% 5943.77 4.15% 10784.34 5.66%
=117 Sanya City 2118.44 1.86% 2777.88 1.94% 7706.51 4.04%
7371 Wanning City 1922.71 1.69% 3334.62 2.33% 3718.07 1.95%
CETT Wenchang City 35733.87 31.43% 41365.34 28.91% 49658.94 26.04%
348 Hainan Province 113 698.69 143079.08 190698.31
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Tab. 7 ESV and proportion of each service indicator
— R FEFR - E i) 20004 Year 2000 20104 Year 2010 20204 Year 2020
Primary Secondary - 5 H/% - 5 H/% - 5 H/%
. o ESV/ ESV/ ESV/
indicator indicator AT Proportion AT Proportion AT Proportion
I\ ..
AT ErLL Food provision 16059.452 14.1246% 20648.627 14.4316% 28467.693 14.9281%
Provisioning
Services JEMBHIELS Raw material provision  1796.395  1.5800%  2309.736  1.6143% 3184369  1.6698%
R BEE A {H Carbon equestration
il q 4452580 3.9161% 5939.102 4.1509%  8893.087 4.6634%
and oxygen release
;J;J “?E‘% 235 ¥%Hk Air purification 2697470 23725% 3468303 2.4240% 4781.654 2.5074%
egulating
services K+ Water purification 13541.643 11.9101% 17410.769 12.1686% 24004.132 12.5875%
THYRIPE Wave attenuation and
& T ave atient 21651.189 19.0426% 24514.473 17.1335% 26531358 13.9127%
shoreline protection
N FRAEMH Soil fertility maintenance  49418.685 43.4646% 63540.648 44.4095% 87601.741 45.9373%
SIS IR L E BTG M H pest and disease
Supporting control - 2.706  0.0024% 3358 0.0023% 4425 0.0023%
services
1 B Hb4/{H Habitat provision 981.157 0.8629%  1261.534 0.8817% 1739.243 0.9120%
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Fig. 4 Changes in mangrove area and coastline length
under multiple scenarios from 2030 to 2050
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A—C illustrate the increases and decreases in area under the natural development, mangrove conservation, and farmland-mangrove dual protection
scenarios from 2030 to 2050, respectively; D—F show the area comparisons in 2050 between the farmland-mangrove dual protection scenario and the natural
development scenario, between the mangrove conservation scenario and the natural development scenario, and between the farmland-mangrove dual

protection scenario and the mangrove conservation scenario, respectively.
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Fig. 5 Comparative analysis of mangrove changes under different scenarios
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Tab. 8 Changes in ESV of mangroves under multiple scenarios
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Simulation and projection of the ecosystem service value of
mangrove forests in Hainan Province under

multi-policy scenarios

Gan Xiaolin*, Liu Minggui, Ge Chengjun”
(School of Environmental Science and Engineering, Hainan University/Key Laboratory of Agro-Forestry Environmental
Processes and Ecological Regulation of Hainan Province/ Haikou Key Laboratory of Environmental Toxicology, Haikou, Hainan
570228, China)

Abstract: Mangroves play a vital role in coastal ecological security and blue carbon ecosystems. Quantifying and predicting their
ecosystem service value (ESV) provides a scientific basis for ecological conservation and spatial planning. Based on land use and
mangrove distribution data from 2000 to 2020, the PLUS model was employed to simulate spatial pattern changes under three
scenarios (natural development, mangrove conservation, and dual protection of farmland and mangroves) for the period from 2030
to 2050. An ESV evaluation system encompassing 11 services across four major categories was constructed to analyze value
composition and spatial variability. The results indicate that from 2000 to 2020 the mangrove area in Hainan expanded from 44.11
to 75.84 square kilometers, and the total ecosystem service value increased from 1.137 billion to 1.907 billion yuan. Support
services (centered on fertility maintenance) accounted for 43.5%—45.9% of the total value. Multi-scenario simulations suggest that
under the dual protection scenario, the mangrove area and its associated ESV could reach a total value of 2.68 billion yuan by
2050, highlighting its synergistic conservation potential. This study highlights the critical role of policy intervention and proposes
strategies such as the “ farmland-mangrove cooperative protection” model, offering a valuable reference for mangrove
conservation, restoration, and the implementation of the blue carbon strategy in Hainan.

Keywords: Ecosystem service value of mangroves; PLUS model; multi-scenario simulation; land use change; spatiotemporal

evolution
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