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Abstract: [ Objective] The future land use and land cover change (LULCC) and its impact on ecosystem
carbon storage were predicted in order to provide a scientific basis for regional land use decision-making and
carbon management. [ Methods] Based on the quantitative analysis of 30 m resolution remote sensing images
of Hainan Island in 1990, 2000, 2010, and 2020, the spatio-temporal evolution of land use and its impact on
carbon storage were analyzed. Combined with geographic information system (GIS) spatial superposition

analysis, the spatial patterns and mechanisms of land use changes in coastal zones and the impacts of complex
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land use changes on tropical and subtropical coastal zones were assessed. The InVEST model was used to
estimate carbon storage in Hainan Island’s coastal zone. The estimation was further linked to the GeoSOS-
FLUS model to predict the distribution characteristics of multi-scenario land use changes in the study area in
2030, and to analyze the influence mechanism on ecosystem carbon storage under different future scenarios.
[Results] @ From 1990 to 2020, the areas of cropland, forest land, grassland, and unused land in the study
area decreased, while the areas of water and built-up land increased. Among them, the areas of unused land
and cropland consistently decreased every year, while the area of built-up land increased year by year.
@ Land use/cover change led to a continuous decrease in carbon storage for the study area, reaching
1.50X10° t with a decline rate of 5.00X10* t/a over the past 30 years. The increase in built-up land and the
decline in forestland were the key causes for the decrease in carbon storage. The increase in carbon storage
due to the transformation from unused land to grassland was the most significant change, with an increase of
1.25X10° t. On the other hand, the change from grassland to forest land (artificial forest land) was the most
prominent cause for the decrease in carbon storage., accounting for a decrease of 5.68 X 10° t. @ Predicted
carbon storage in the Hainan Island coastal zone based on the FLLUS model was evaluated. The accuracy met
the research requirements verified by historical data. Among the three prediction scenarios, forestland will be
effectively protected by 2030 only under the ecological priority scenario with an increase in area of 11.91 km?.
Built-up land will increase to different degrees under the three scenarios, and the development priority
scenario had the largest increase. [ Conclusion] A large area of natural grassland with high carbon density on
Hainan Island has transformed into artificial forest land with low carbon density, and the high carbon area
has transformed into a low carbon area, which weakened the regional carbon sequestration ability. A series of
land use regulation policies should be adopted to increase the proportions of woodland, grassland, and other
land types, and to optimize the transformation of regional carbon sources into carbon sinks.

Keywords: coastal zone; GeoSOS-FLUS; InVEST; carbon storage; multi-scenario simulation; Hainan Island
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rF TR b R R A M) R M S AR
ARG A, Hrp B b — 2 152 FH b bR — 2 1%
FHH” T R4 51 146.46 km?,145.16 km?, 3t 5 & 3% 4%
B LR 59.90% , B kAT O, Wi fMSCE
7. 200 1 it o o W S T I Ak o R L R
FH b Fly 36 T 1) 9 TR G T Tk A A, R Y T XY

a 1990—2000F

st B P R L B
B 00 [N Ol [ 02

I 03
[J23 24 [J25 126 30

o4 [Jo05 CJ06 M 10
= 31

B 53

=1

45 CJ46 HE 50 [N 51 52

&3
2.3 TR R = E X X R R

BET M 2 TR 50 A [A) I 39 b ) I s
78 o B it e 72 B R AR B9 5 W HL ) (3 5) . 30 a [H]
e i Bk 494 e B A %0 5 A Sy < OR R T M — R R

32 133 34 I35 [CI36 EW40 B4
Bl s4 55 156 60 M 61

U B RN i AR S AR M I R B B A s L AR
PSR S 2 BB A U oK ek — i T AR S
17.28 km®) , KB A= 25 PR 5% 1 % A0 A2 B s, 55 %
RO R E I WA IR A BOARTE B KRB
MR LA LMWE T, KA A H# -+ 1A H oy X148
BT B 38 R R R AT R A AR

1 E12 313 314 315 16 EW20 EE21
N 42 043 44
B 64 [J65 []66

= 22

I 62 [ 63

1990—2020 FEE B iEF T L b THHT

F 1.25X 107 t.“FRH >~ F " IK Z . N 1.06 X 107 t,
fe At i a0 /D S Sk Wb 3R IS O R M — ARk ML (A
THR”, 2 5.68X 107 t5 H Wk & K Hh — K 87, R
3.62X10° t,

£S5 1990—2020 £ EHEBERT I HEBRAXNENKRIEE
PN it 1 3 Tt i 2k ik 20>

F2 A i ST 5 ALt T H M ST AR/t

HEHL— B 259 210.10 B — bR —617 323.00

1990—2000 BRCHE — b 122 986.70 R — kb —239 028.00
R i — 105 972.90 b — ki —131 095.00

K3 — b 77 865.40 L — 7K —239 489.63

2000—2010 JK 38— BT Hb 77 609.35 PR Hl— 7K 5 —233 771.11
B H— M Hb 58 612.06 HF L — K 38 —154 681.15

PR — 4 94 743.57 M —FE 5 F Hb —214 953.77

2010—2020 A F) FH Ho— 5 b 88 720.26 b — 5K —129 519.39
K3 — AR 48 735.80 L — 7K I, —57 076.94

19902000 4FHF 5 DX e I foff e it £ 38 1 6.63 X
10° ., B R 5 B it ik 21> 1.25 X 10° ¢, Bk il v ik 2>
5.83X10° t, fi J5 X T 4040 Tilg O AR 7 VBT
T, R > M (N T MO WA, R
6.17 X 10° t,—J7 Ifii 7€ % I 48 BT /BB Ak T 82 5 3l
o —Jrm i TE ARG BN TR —
AR L 55 A T ORI T RE . AR (R L) —
b 2 DX SR ik i D /0 1 T b 2 AR e, i)
AT 2.39X10° tF1 1.31 X 10° t, £ CE T I R H,

RILER o3 1 XAK THAEAE AN B0 - F I 5. <
iy —> R b B it ek BN R KL A 2,59 X107 ¢, 5 IR B
ARG AE R BOR AT . Mo — R B L 38
F1.23XX10° t, Ui H AR B 1l 48] 1l Sy 50 e Y1 B 25 2 B
3 TE DX 353t WA S 1A o e A PTAIRAG VR
19902000 4F B 5% DX fifk 1 5 fifk it £ 385 i 9.37 X
10° t, BB A B Al B sl 2 1.78 X 10° ¢, B i+ e v 20>
8.39 10" t,“ W it ChRHE ) — 7K 38, B¢ it 1 0l /0 1 o 91
FIPIAL 20 30 2.39X10° t Al 2.34 X 10° t, &AL T
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SCE RN A X, K SR B R T
AR b e 25 B2, K Sl VRS 40 bR R M 3 T X R Al
BRI . ORI CHEVRD) — Bk L B A% S B kL
7.79X 10" t, FE AT AEAME N T, Hy e AT DL DR
b TR A 28 0 A — 5 AR R Y A T R AE
P TR A K AR KRR BE L VR T B b % B R
B T K I B B B NS Bl AR TR K
Xof e 9% 114 B X RT R LK e i R 6 B B
7.76X10" t, FE AR T SCE A =W T ER X
VAT 7K SR 25 38 370 /N T R M 4 R L R M L K B L A
TSR (R B RE T

1990—2000 4F-AF 5 X Ak Y1 f fitg 2 184 i 1,03 X
10° ¢, B PR A B A Bl 2 1,12 X 10° ¢, Bk fifg 2 v ik 2>
8.64 X 10" t, fcfiff et 0 3 skl /b 1) Ml 28 725 46 Sy K M —
AU M R — T L TR B 2,15 <107 ¢ Al
1.30 X107 t, EEEAEWE LT AEM T i BT T
R DI, RRCHE R M) — I b FR R R T T
Al E R0 T DX 3 e i e 1 R e/, R L 2018 4R
T U )RR S AR R ) M SR 2R B Y i
i CER ) ¥ b ) ARG O, BTk
SN TR P b R R M 2 8] Y P R L R A
(9 N Sk T Bl 5 B0 IX S R i et 2 AR Ak, N R TR X
T fith 2 P R IR T o A 25 IR 05 e R s 1 A1 M o
A6 5 0BG 7 7 A R I H R e L = RURLE
UG ST 5% s M7= 0P I R 2 B B R SO R AR
2T B PR 5 A e NS0 kot DX i Bt () BB AT
24 BBEETRAELHMEMREBEEHE

Sy T UE A T R R AN [A) 5 Bt LULCC K Hox A=

B R G x5 . A SCHE T SR ] R Bk
GeoSOS-FLUS,2010—2020 4F + i F1] F %% #2440
P R R AL 2 T 45 A 58 B 2030 4Rk L R SR AR 4
AL 3 MR [E G 5 F LULCC & S Bl (£ 6
FEL 4D, B30 K B2 43 5 R 92.26 %, 94. 37 % Al
93.32%0 . ARILGE S R A 5E DX AR TH DK b A Hb oy
F B A WA FHEE G A A IR = b 254 . bR b A
3 FIIE 5T H o5 PR S 4 1 B 43 B R 36.67 %0
36.70 % F1 37.92% . 2020—2030 4F , 15 A4 A S 1 5
A AR S M AR AR B T A O PR TR
T 11.91 km® (0.11%0) , 78 H: At P A 17 5% F 1 AR ZE 45
Oy B Uk 2 161,45 km?® (1. 14%) 1 157. 57 km®
(1.11%) . FHE 2020 4, Br b 7E 3 A i 5t T 28
FEHESPL WAL E N 120,40 km?,133.78 km?,
120.34 km” , HAE & J AR Je 4% 5 5 vl e K, il oy
T LA R AR IR . R R M T BLE 3 R
T A SRR L E A R AR S R 2.90 km”
3.25 km*,2.91 km*, HHIFERJRILEE R AR 10 a
) 5 PR 25 4 A A, AU D 2,41 kem?® L fE HoAl 2 B
SRR —E WY R — 2 BT SKARAE L AR
Ay BIBEHN 11.70 km?,10.34 km? , & W 45 1] 25 #b 1] #F
b 0 A 15 FH b 1) U 2 T DA S b T ARG . IR
FHHAE 3 FhiE s F 2 ARREY R SE R LI
R SURET s (1 B R AL ) Ak . R R AR S
155 S T K I S5 L N T AL 295,01 km” , SEMEE 5
WZ sk 269.04 km” A G SE 1 5t N 95K R W %
HkiE e/~ 96.88 km?, 43 Bl & 2020 4F 8 % FH H
AR 1.35,1.32 1% A0 1.14 1%,

6 2030 FEHABETESBREEM LA ABR
i H W km? HEHL/ km® ML/ km?® B /km® K3/ km? A M/ km® A FH Hi /km?
IV B 3127.31 3 388.97 5076.13 420.42 632.54 1120.93 76.42
KB 3126.78 3 375.59 5 080.01 406.31 631.06 1146.9 76.07
A 3127.42 3 389.03 5 249.49 419.06 632.54 948.77 76.41

20202030 4F Ui A AL B A AE L S 3 A
T B RAE = 2 0k 4.20 X 107 t,4.18 X 107 t
A1 4.22X10" ¢ (B 5). 5 2020 4 M He, 4 B s 2>
1.29X10° 1,2.45X10° t, 34 /0 1.34X10° t, HAKIE N
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(1) WG . “MoH— i A Ho e R
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S H B R BB it s 3G 0 2,14 X 10° t, 7647
FAER M S T, 1R R AR BRI T — 2 AR
R AE AR bl S Rl it 1 AT 2 BT R

(2) RIS, BELEE R W oR OF 58 X3 T
R AN W 1) SRk, SR 43 A R A O RIROE
S W AR Oy — A 2 HOR A M HOR Xk, i =22 1
A IR F8 3 2 B A PR e i T A S ) B R
P TL AR IR . i FH b A R ER BT 5K DL S K Ml R R
5 2 A i R it B RNl 2 BT B L R PR X
e 2% £ ) P b, 288 TR0 AU e 25 B 1 N T A S A ik
T DX 728 SRy Bl 5L X Al i it ) S0/ PR ML (R D
= Hb g2 O R 32 B A R, 3L B R ik i i
2.67X10° t, SR/ H Y 63.88%0,
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(R 42 1o X DX S AR Rl i K COF Y B e LR T
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3 W

AT aE R R, R IX 30 a Rl T T
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T[] VTR 5 A e LA v A U R X Rk SR A

Fu 55 B 58 3% W & JR vl 8 3k T b, DX R S 40K T £ Y
BOOE DIl B A 1) 52 0 e K 28 B e kR 4 AL T
T Ay DX 3l b ] %) R R B 2 2 e, 4 5 e [
B O SO AR AR A FRIR B IE T Jiang Fil He
ARS8 B BIF 5 R

Bl — MR b N TR 7 X I A i DR D B K
1) - bt ) e A R 520 bl 46 ) 3R A R A R
SR 25 56 1) 25 AH DG L 2003—2018 4FE 4248 A Tk 1 A1
F A TR R e Al 2 119 K 9K e b B e oA A1 ok 8 R 1 N
MR e e X A SR A e DX, DX [k RE T IS
A Ja R R BUHE R PR | R M A M 2R L A — R
1) ) - b ) ] R4 SRS o oA DX sl e R 1) itk 9 4 1)
A& JE

FEA SR SR e, BE Atk A% 50 R R R A 5 R R i A
) 2 5K (1.94% M1 2.13%) . 12 5 T KKk
(111 % F1 1,14 %) FIAk s (0.87 % F1 0.97 %) , S8 X
Wkt > B AR RGNS DR wiss . JUH kR
TR, BRI B b ) 2 SR R e (H i
Hu AR THAS 2 7 B 5K L 3 3 AR Hb | 50l R B b 4 =
f7 HL DX e it 2 b . S BOR ORI R A
A T 5t B A 2SR A T DT 5 | % 3 T R 05 &
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S, S2 B DX 3 I e T R A VR B e 19 1 b
K&,
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(7] - i ) 1T 2 78 22 ) 1 it 28 B 22 S, R S A ) 288
TR (10 b, 285 Rl 85 3 R Ak e it kL A0 200 T - b R 2
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