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Spatiotemporal evolution and prediction of ecosystem carbon storage in
western Guangdong Province by coupling FLUS and InVEST models

Teng Feida, Kong Lingling, Zhang Xiuyu, Chen Xingyu
(Guangdong Academy of Environmental Sciences, Guangzhou, Guangdong 510700, China)
Abstract: [Objective] Under the dual context of the “dual carbon” goals and the “green and beautiful
Guangdong” ecological construction initiative, the response mechanism of ecosystem carbon storage to land use
transition was investigated, and its future evolution in western Guangdong Province was simulated, in order to
provide a theoretical basis for regional spatial planning and low-carbon development. [ Methods] The multi-
scenario land use simulation capability of the FLLUS model was integrated with the carbon storage assessment
function of the INVEST model. Based on land use data from 2006, 2014, and 2022, the two models were coupled
to simulate future land use patterns for 2030 and 2038 under three scenarios: natural development, ecological
protection, and rapid development. The corresponding responses in carbon storage were then assessed. [ Results ]
The results indicated that: O from 2006 to 2022, the land use structure in western Guangdong Province

underwent a significant transition, marked by a continuous decrease in cultivated land ( —895.10 km?) , rapid
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expansion of construction land ( +375.86 km?®) , and a steady increase in forest land ( +810.74 km?) , which
served as the primary carbon sink. @ Carbon storage showed a steady upward trend, increasing from 1.252 5> 10° t
in 2006 to 1.280 7 X 10° t in 2022. Its spatial distribution exhibited significant heterogeneity, characterized by high
values in the central hilly areas and low values in coastal urban areas. @ Multi-scenario simulations demonstrated
that the ecological protection scenario yielded the most significant carbon sink gain (reaching 1.283 1X10°% t by
2030 and 1.285 8X10% t by 2038) , followed by the natural development scenario. In contrast, the rapid
development scenario resulted in very limited growth in carbon storage due to extensive construction land
expansion. [Conclusion] Enhancing carbon storage in western Guangdong Province depends on the strict
protection and structural optimization of ecological land, particularly forest land. To support the regional “dual
carbon” goals and facilitate high-quality, coordinated development, it is imperative to strengthen spatial control
policy, curb the disorderly sprawl of construction land, and construct a coordinated land-sea ecological carbon sink
pattern.

Keywords: carbon storage; land use change; FLUS model; INVEST model; western Guangdong Province
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Fig.1 Geographic overview of western Guangdong Province

2 Bk S 0EsE )ik

2.1 HEIEE

(1) A MR ] e 3K 3l Y s py e . 1 b
F 28 A BCHE >k U # K 2% CLCD (China Land
Cover Dataset) &= i F1| FH £ 85 , i 48 02 i ik UK 2%
BT 22 il AT BA S 5 AR B b AR R - A i RO
119 AR BIFREL 2006, 2014, 2022 4F 3k 3 1] 4 b
I & % M D B 43 BE RS 4 R 30 mX 30 m, £ K
It A0 IS 2 Sy B b PR M R M KRR R R
B ML 6 Fh— g 2R A . 6] B, A SCik B GDP fH ,
DEM A . A H %5 BE (8% MR B 3 BF R B BT 5 AR
BIRE i AR 8N E RN FLUS B £ 58
KB .

Hor GDP | i 9 1 55 25 800 ok U5 T b [ B 2 B
PR PR B KU o0 Chttps: /www.resde.en/data) . 4F
BIgEma FEHRERBETEHRRILEE DO
(https: //data.cma.cn/) . DEM % ASTER GDEM
v3 i EE

(2) B B e . @i InVEST & &R
B 1k 55 F1 28 Ty B 25 G DAl 455 780 o B Bl At A7 5 ik B A7
PO — b R SR B i 2% B I O . AR
SOk % B A S 2 2 PG BT A ) AR A 3 T N AR
T 26 B AR A AT ANWE SRS o A SCHE b B B 2
% 2010 4F v [ Bl b 2 25 R G ML L kR R R AR
BB RSB, R AT
AHYOREE FESH T R A gt
I 4 B8 A5 B 5 RS L R A IE 5 B g5 2 g
Hby DX e 2% 2R (3R DD
22 WARFAE

(1) N FLUS £ A8 3E 47 4 3 A1) ] 22 4 F0 i .
WA - Hb R 2 AR S80I 7 25 3 2 AL HE Markov B
B CABLR PLUS BRI 45 B 4% 58 Markov 45 5
P Z) ) 25 ] S M, i CA B 7E Z2 0K 8l [N 1+
GREFRARTEHAE - RR., HLZT,
FLUS & # B T [ 3 ) T il H 8 Hl Cadaptive cellular
automata, ACAYI I, 51 AN T 28 W 28 5335, fig
WG ARZME SR SBURAREZ 0K
PRI 2R, 0 i A 40U AN [ R 17 5 1 0 i ) A g 1)
25 [B) Ak ot R, 0 S T OB BE L 2 S T
A b R AR A OIS . i F A W OT i S BL e
o R A B B AR RS A APt A
SRR AR IR Bl PR 7, DT B G A 40 R 5 00 - b A1)

A



o5 4 1 JRIAAE A FLUS 5 InVEST A5 81 (1 18 74 3 X A 25 28 Ge ik fif et 1) 23 78 5 100 313
£1 BEARREELR I B A T R 5
Table 1 Carbon density data for western AR S ANBE I AL AN B D2 3T I 25 - b ) T
Guangdong Province A7 t/hm? o . ;L .
FRTET— R A Rl TR o P = W 1 N Nl ) = [P NS SN P
ok —an O Ge Ca Ga BURGRRIR SN T RGBS A T
s —_— o< 2%” ~ S \ >, , )
T L2 293 1o 0 i%ﬁl@@%%@* Oﬁi‘%fﬁfuk%%iﬁé,lﬁi%ﬂu
L s asl wsr o R B, AR TR I G PR T O T L,
i voss 617 amer A 3ok T A B K, R i L R B ik BE s
- 20'9'4 5'69 22"57 2'47 FLUS SR 5 UL A1 S A 2R & JRAE 5t A SR
b I 23'72 :5'74 22'57 3'59 7 SR PO A TR I S, 3K SR Fe R Al A [R] i O T )
IL . . . .
> /A\QX“B‘C ~ 1O L M 4 :H: ‘jﬁ ~ y =N
. s0ds 549 2957 051 %ﬂ%iz:,lmﬂ;z%fﬁzmﬁﬁ&yo Horr, AR & R 5t
I EIRAEA R AT IR, B 4 #b R H AR 3 2R
. ;ziifﬁ ST OE e R B U R 1 S R B
" N o ‘ ' S i fr et B T 5 R R SR T B T 5 A R A
MRS 11.23 5840  9.99  0.24 . ) - ) i
R ARATZ ) T a1 N NI b: L I B | A B A gl
il I . 3 .
o o000 PR - MO P e B T 47 8 S 2 0 B
. ﬁf;ﬁﬁ o0 0o 5 26 BRI ) 2022 4 875 10 X+ 3o ) A5 AL
e oo vl Ol I 44 HE 15 2022 48 19 95 4 1K 5T B 9 L A ) A
W 0.28 1.37 3.03  1.24 . e N e e e g
o 008 137 303 124 R ARVE R FEAT X, B o T B kappa R B o AR 4L
' ' ' ' g5 B 5 ST PR BCHE 1Y S ) — Bk, OF R H SRR
i iﬁi%ﬁﬁﬁﬂﬂﬁ 1.2 0.9 1248 0 Coverall accuracy ) 48 A5 i 55 485 UL B 5 5% B £ 4fs DT
FH e ﬁzzfgﬂ iii j& 22i 2 Bt (% % B . AR 3C kappa & A1 Overall
SRR ‘ v ‘ Accuracy 45 #5 %5 5 4 1, 0.822 5,0.913 6, ¥ 3T
O L 92 110 esdz 0 FL, i T o I G4 SR 5 5 B o — B
g R L U 5 SR B RO MEJE R A, K SC Figure of
i 0 0 0 0

2 Cpove M HL EAEYIR ;5 Coon MHE T W00 5 Coy I HETR 5 C g

HBET ALK o

Sk A it 0 B8 P b X 2030, 2038 4F - b i FH AR

Merit (FoM) 48 5 15 45 2 o 0.02, i /2 45 B 25K .
T Al 3 BT R AN s M B R 45 R AR Ak SR
HU 285 48 a7 b 55 D53 S ), T 00 45 RATYAE AR — 8 12 2%,
{E B K Rl 6% A i b P O A 2 FH b K MR b R 22 3

e 3 A0S I FLUS BERUSE T 8 P M X 2006 4. i 0 ot 4% 4% M 26 410 90 5 K T80 738 D 16, 08 06 A2
2014 4F + ) FH &0 , 2 i GDP {5 .DEM {H . A H % S W ) e S S kS R
F2 BEHEFMEBERESHIEE
Table 2 Parameter settings of neighborhood factors and transition matrix
HARK 5 EARE R P R
EHAAA R KA R i
i i B i iy 1
B M EH K I i Ak FO K I Bt kb EH KR i
BHE T S8 01 03 01 01 01 015 01 03 01 o0l 01 01 01 015 01 01 03 03
B 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1
o M 1 1 1 0 1 1 0 1 0 0 0 0 1 1 0 1 0 1
% b 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 0 1
ook 1 1 1 1 1 1 0 1 0 1 0 0 0 1 0 1 0 1
B g 1 1 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1
AR 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1

TE R ORI LU A et , 1A SR WT DAL A e 4

(2) LR 2 A& B K+ R B .+
Hio A A 2l A5 % (land use dynamic degree) il -+ 3 £ F

T4 40 B4 (land use transition matrix) & AF 5% 1 Hb 1)
AR Dk . Hop R R sh A e T R



314 pi s U E SR

46 %

Ak 5 25+ Hb R FE A R E B DB Y AR b R R DL A
7 = R AR AR B R AR R B — B
BEMEEG NS A& i — R TR
AEARAE BL , J5 3 T PEAl AR b R B 72 i 35

- b ) P A B i B R — T 4 T L H R 4
P A8 A0 I 5 i 5 ¥ o V% Tk ok A R L B 6 B
L b, 72 B AN (] - My 28 Y 2 [ (4 A B Ak 56 &R DR T
A JE TR OB AN GTIS AR 1Y S 7, 3 R
B 0 B i % A Rk 3 % R T 2 R 8 R AR Ak
Sy A b A B R A LR A A

(3) iz F InVEST #5% B ik fiff £7 5 e B A7 155 He it
B . TE AR A R G i i DU ARy I, A Y
I BIOME-BGC, CENTURY, DNDC % & % %] i
T 416 B 1 22 0 b ok b 27 ok AR {H 0 g A 2 BORT K )
AV RS S e, M AR XIS I R R
TERNH o InVEST £5BL v f) ik i 47 5 sk B A2
e L) A b A1) /58 Bl 28 70 Ok SRRl 25 40 T B S 80
SRR X 7 3, B 0% 76 R UE 45 3 0T 58k A9 [ B S BN
] A b R FH A Jm T B fifs 0 PR PR A E 7E BN Ak
DX 3ol RUBE ik Ay o AF 5 P AR B T2 SR E T A
A S FEATR PR, 4y 0 L b A ik R AR
fire - e S FE T A ML Bk, L b AR ) R T
Y A1 A Wl A B S R e B TE 2 R OB R
5, MR Ay R i A R R R DL G AR 2K
FRBA Y, A5 fe D\ S0 SR s RO R AR AR ST
BLW B R P AR S e 30 (8 . 56T 4 b ) o AR A
B Ay B — B 4 b A S R LA L 4 S i 2R 7 ik %3
JEE B CRRLAS T BB it et ) o e ok B A BT A A e
fiti i 2 A, AR AW .

Cz,mml - Cz‘,abnvc + C,-,bcmw + Ci,soil + Cz‘,dcad

KA hEE i F R HZERL; C, o IS XS BTN
A 3 R 2 A S B B B 5 o N HIL B2 W) R R
5 Crpuow MU AW R A 5 Co N IR AH
5 Chen NIET- A WL IR AT 5

UL, AR AF 52 oL # & FLUSHE AL S InVEST
BAY F FLUS 76 + MR FH 25 (8] Jm) 5 1 SR80 7
AP, 5 InVEST 7 4 & R 4R 5 = AL WEAS
T 1) P 3R 25 G, S R AR Al 4D — s s
M o PFAG B A AL AR 42 o

3 #R50br

31 EfEmX A ATN

B AreGIS B4 %F 2006, 2014, 2022 4F 1. 74 #b
DX = 10 il ) B AT B A Ak B S 2 R
o5 3 A5 AR AL 3 (3R ) AT, A 2006—2022 4T B 75 1y

DX A b ) I 28 20 A T — S AR Ak, 32 SR B R Bk
T R A 4 52 0k /0 A 0 P Ml A PR T 5K b M g AR
(4 RS A8 1 K DA R R ST AR B Bk R R . e Bk
Mt AL 15 374.10 km?® T B 2 14 479.00 km?, 5 Fb
i 49.05% K& % 46.19% , B3t 2> 895.1 km?*, & W
Al A 7= A5 E) A B 4 08 . G H AR 2006— 2014 4F 1)
(), B b ik 20 B PR (B A FE —0.75%0) , 11 2014—
2022 AEHEA G T AR E (BB 0.03%) . X —
W] 55 Ak A E | ek DL K+ ORI 45
PR AT G, SR, di R b TE AU 781.53 km*Hg &
% 1157.38 km?, i ol 2.49% 42 7F % 3.69% , Bif14
i 375.85 km?, f& T A - Hib ) FH 2% Y v 44 R B R 2
. 2006—2014 4F Fil 2014—2022 4F B A By Bt , Ho 50
BHESr BN 2.69 % F12.74 % , 3¢ B IX I8 3 4 Ak 0 2 15
S I Al 1% i A R T B R R T PR, AR
Jo H At A S AL o5 R B A A L [ AR
AR R AL, 14 136.04 km?34 2 14 946.78 km?,
di T 45.10% R 2 47.69% R PR 1 K
£ T A R A SN 15| T (RS & C AR 1178
B T R B BEME AR AR 7R 2006—2014 4F WA 1 hn (3 74
JE 0.60%) , A 1E 2014—2022 4F . & F M (3h & ¥
—3.86%) , & Nk 3.27% FREZE 2.37%, >
283.17 km*, 7K 3l TE7 AR A I 3h FT RE 2 B A SR OK SCAR
RS Ak | B B T TE A B T P Ik A SR A R R
T AR R AR /Dl 22,30 km2FE R 15.16 km?(
Fe i 0.07% B2 0.05%) , & F F + A B b, &6
AN A3 G L A | D e w1 7 D S < S
Tt

H 2006—2022 4F B P4 #b [X -+ b FI) FH 5% 5% 96 b5
(LR 4 Fe A 3 R F1 6 %% 5% P UL B 2) W] 1, 16 a i)
HE Hb U 2 895.10 km?, o Hr, 84.9% # kK b
12.3%6 ¥ Sy i A M o bR M 2L 3 i 810.74 km?,
1,31.5% Sk Ak, 23.2% K HARFH - 4,18.7%
S H oKL, K B > 283.17 km?, Hirp, 71.5% % i
B HE, 18.3 %6 et Ay U ML, 10.2 96 7% A pb .
1% ] AR 3 fn 375.86 km?, Hirh,45.8% 3k [ #k M,
18.6 % 2 H 7K I, 5.6 %0 2 H kb, 30.0%6 2 A AR FH]
+ . M 2006—2022 4F AR A% R E B P i X
A b ) S A S S R O I EL AR A Y N TE R A
— MR Sy A A b S 7R [ B B
RCPH I T 5K R A A AE A WU B 1 T RE R A
Mo AR A fe 2B R B MBS AN i K 2T
5K 2 R UE T HF M R R b RS A K R, R X
WA A B R T RS R SR fE = R
W P ok B B S 00 BE B R R AR, B N KR



43

B CIRAE A FLUS 5 InVEST #5274 (1% B 1b X A= 25 2R Ge e fifs = B 2 Y8 A8 5 9000 315

W RE T A AR X 5 AR G b 2 i T 7R B R AR b
1Y B4R AR A R .

BARKF |, 2006—2022 4F 1% X I % I i LA B
i 45 b e — bR R S ke — I P M AR A 3
7R B0 R AT 0 B BEPE T E B AR . R AR AR
Ry J5 B WAt i I 23 AR I 2o R B A R AR T 6
T 5 R P A R LA . b B MO B K R R
S5 R B b 0 0 B A S R e R B Y o e A

BE XS Al 23 18] B 55 s o TR B, bR 3 T B A 5 2 0
2 W DX 25 R P R . L K T AR T T
AE S DX A 285 R 0 S K B UM Al — 2 Bkl .
I, AR R o 3t ) R S 7 7 R I 3 7 SR A [
T s B b R 5 K B URAE B e 1 A A s TR] B Al
S Je o oK 3T BRI 3 n] REAZ B A AR K SCAR R
(ANEEE ST PR B DS WA RS AL i
— P SRR BT IR 5 A S PR BT AR B R A K B

x3 2006—2022 FEFEMX T F BRI EMTH
Table 3 Structural changes in land use types in western Guangdong Province (2006—2022)
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a 2006—20145 b 2014—20224 ¢ 2006—20225
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I #tt
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Fig.2 Quantitative changes in territorial space type transition in western Guangdong Province (2006—2022)
R4 2006—2022 FEFEMIX + i F) AEREERE
Table 4 Land use transition matrix for western Guangdong Province (2006—2022) B . km?
) 2022 4F
ERRIIES — ‘ ‘
B H R Ol K3 RFH M R Gt L
Bk b 12 332.74 2 581.43 7.77 76.22 1.08 374.87 15 374.10 3 041.36
b 1793.34 12 313.77 1.42 6.46 0.10 20.95 14 136.04 1822.27
O 4.00 17.66 0.64 0.00 0.00 0.00 22.30 21.66
hi’ JK 38 274.76 29.99 4.81 643.90 2.01 69.77 1025.23 381.34
§ ) A 1.69 0.04 0.22 0.99 1.08 1.53 5.55 4.47
AU 72.47 3.90 0.31 14.49 0.09 690.27 781.53 91.26
At 14 479.00 14 946.78 15.16 742.06 4.36 1157.38 31 344.75 —
A 2 146.26 2633.02 14.53 98.17 3.27 467.11 — —
Ak —895.10 810.74 —7.14 —283.17 —1.20 375.86 — —
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W& EAE ST, HE A b e B8 0 % 4.10%, A
TR AT 0 /0 B b R R AR o K Sl AR 3, oK R
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T o

R5 2030,2038 FEFEMX T ihF AR IFMIFES N LR

Table 5 Scenario prediction results of land use types in western Guangdong Province for 2030 and 2038

AR &R 5 RS S Pk & Rt 5t
i;giﬂ% 2030 4F 2038 4F: 2030 4F 2038 4F: 2030 4F 2038 4F:

ER/km® /% EA/km® W/ Y WA/km® /% mR/km® B/ % RL/km® R/ % HRU/km® R/ %
B 1o 1445049  46.10 14446.58  46.09 14421.04 46.01 1437895 4587 14433.92 46.05 14390.54 4591
K b 14988.65 47.82 15020.65 47.92 1502548 47.94 15108.20  48.20 1494470  47.68 14938.18  47.66
O 12.69  0.04 10.99  0.04 13.55  0.04 12.60  0.04 13.99  0.04 1249 0.04
K 8 694.38  2.22 646.91  2.06 723.24 231 695.08  2.22 725.10  2.31 71054 2.27
A 421 001 377 0.01 272 0.01 1.87  0.01 592 0.02 7.99  0.03
R b 119433 3.81 121584 388 115872 370 1148.05  3.66 1221.12  3.90 1285.02  4.10
4t 31344.75 100.00 31344.75 100.00 31344.75 100.00 31344.75 100.00 31344.75 100.00 31344.75 100.00

3.3 B X Ak fig = A R

iz 1 InVEST AL i 4755 Bk 3 A A P 50 8 g
HL X 2022 4E B fig il 1.280 7 X 10° t, KT 2030 4F |
2038 4F- - 1l 1| FH 5 8] 3 A7 A% Jmy U 2038 4F e it 15t 53
A 5 AR AN B0 F 5 2006 4F 2022 4F Bk fif 5 3E 47 X 1L
(B, 7EHRERERT 20304 2038 4F 7 ) &
VG ML X5 i 43 90 o 1.282 92X 10° t,1.285 0X 10° ¢,
55 2022 AR BRAE B A3 B N 2.27 X107 1,4.35 X 10° t; 78
AP BT, 2030 4F 2038 4F i 0 58 P4 M [X 5 fif
09 R 1.283 1X10°t,1.285 8 X 10° t, % 2022 4F
B AN T 2.40X10° t,5.12 X 10° t; £E P 3 &
T35 T, 2030 4F L 2038 4F- T . 75 b, X ik it #2535l S
1.281 1X10° t,1.281 2X 10° t, 8 2022 4F % i 5 43
BT 4.11X10*1,4.99X 10" t;

B 45 R BT, 31 5 F 2030, 2038 4 By
Hb DX i i et 24 I IR0 A 0 e B, I b AR AR S
e it 2t A8 Ak B K, 2030 4F Bk il B 3G I 2.40X 107 t,

52022 4F M L B K 0.19% , 2038 4F B fik HE 19 m
5.12X10° t, 5 2022 4F AH L K 0.40 %, i 1 5t T &
22 1) PR b T R A o) AR A b S L T R
H 5K, AR T B A A B0 s 7E A AR R R T
AR AR HE ST RESEEK
TR 2E bR i TR G 2 B 0, 2030 A 5k it A B
2.27X10° t, 55 2022 4 M HL 3G K 0.17 %, 2038 4F ik fifk
AN 4.35X10° t, 5 2022 4F HH H 4 K 0.34 %6 5 Bk
RIRNE 55 AR KRG SoA M AL, 8 H b 20
Pk, FEAE AL X 4 TR X
XL PR B XL S 1] T A b X, EJE R R R
T AR M, 2 b Bk O R b, RO AE  S
2022 4 AH 3 A7, 2030 4E A 19 A 4.11 X 10 ¢, 4
b 2022 418 K 0.03% , 2038 AL 38 i 4.99 < 10 t, 4
F 2022 4F#EK 0.04 % .

A i 5t T90I 25 2R R, B8V b XK Ok ik fiff it
A AR AR AR A B R b T A R AT
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Fig.3 Spatial distribution prediction maps of land use for three scenarios in western Guangdong Province for 2030 and 2038
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Fig.4 Predictions of carbon storage distribution under three scenarios in western Guangdong Province for 2030 and 2038
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Fig.5 Cold and hot spot distribution of carbon storage change under three
scenarios in western Guangdong Province for 2030 and 2038
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