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Multi-scenario Simulation of Land Use and Carbon Storage Assessment in the
Pearl River Basin in the Next Decade
LLAN Jian, QU Liquan
(Jiangsu Normal University . School of Geography » Geomatics and Planning » Xuzhou »Jiangsu 221116, China)
Abstract; [ Objective] The temporal and spatial changes of land use and carbon storage in the Pearl River
Basin in the past 20 years and the next 10 years were analyzed in order to provide a reference for the
optimization of land use pattern and ecosystem carbon sequestration management in the Pearl River Basin.
[ Methods ] Based on the land use data of 2002, 2012, and 2022, this paper analyzed the changes of land use
types, used the PLUS model to simulate the land use pattern under the natural development scenario,
cultivated land protection scenario and ecological protection scenario in 2032, and used the InVEST model to
evaluate the changes of ecosystem carbon storage under the three scenarios. [ Results | The land types in the
Pearl River Basin have changed greatly in the past 20 years, and the one-way conversion of cultivated land to
construction land and the two-way conversion between cultivated land and forest land were the main
characteristics of land use change in the Pearl River Basin. During the same period, the carbon storage of
terrestrial ecosystems showed a downward trend as a whole, with a decrease of 0.52%. The carbon storage
projection in 2032 shows that the carbon storage under the ecological protection scenario is significantly
higher than that under the cultivated land protection scenario and the natural development scenario, which
are 4.81 X 10° and 10.22 X 10° t higher, respectively. [ Conclusion | Therefore, when formulating land use
planning in the future, decision-makers should consider the balance between economic development and

ecological protection, strengthen the concept of ecological protection and green development in river basins,
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increase the function of land carbon storage, and help achieve the “double carbon’

sustainable development.
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Fig. 1  Geographical location map of the study area
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Table 5 Carbon stocks by region from 2002 to 2032

X10° t

+ R 2002 4 2012 4 2022 4F. 2032 4F AR R IR = 2032 AR AR I IE 5 2032 AR AR B ARIPE 5
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i 14.06 20.96 26.20 28.60 26.30 26.20
A H 0.01 0.02 0.02 0.02 0.02 0.02
it 5 968.59 5 953.20 5 939.70 5 930.89 5 934.38 5 940.22

http: // stbexb.alljournal.com.cn



272 K PR 2E R

5 38 &

(2) BRKERER

it

(e) 202220324 # Hh R 15 %

(d) 2022—2032E R K ERER

(b) BRI R

.

() ESHRPHER

(f) 2022—2032FE A B HRP B R

0 150 300 600 km
T T

-

Bs5 AEBEETHRMEESHRTETHEHFE

T % B/(t * km?)
e 143.5
Ll 70146 BaEREL [ | BARE
Fig. 5
2.3.2 mAEEIAGERE RAESIIG IR B 2032

AR 3 FhIE 5T MY B 1 43 A0, 2032 4F BR VL I BUAE H
SRR TR s b R AP I8 S5 R0 AR A DR AP S T Bl i
AHIA 6 047.25X10°,6 052.66 X10°,6 057.47 X 10°
t R R JR A S5 RN H i O 415 S5 T B = AR A b
Stk 2022 AF B fiff 9820 9.81 X 10°,4.41 X 10° t,
TIAE A A5 PR 40 18 B2 T B fift 1 U0 1 2022 48 3% m
0.41X10° t, b H FH BT 8% o A5 15 O 2 53 B ik i 52
(R AR B8 30 3 oA 725 i b A 2 2R 0 65 K R AT I 60 L 4
5 W] Bl fih S 1) 45 A8 R 70 A o DA ) FH AR Ak AR R AR 5T
T it 12t 1) A8 A HLA B R L, R S A AR Ak
P B B R 1 B 52 48 o Btk %R PR (B v ) FH IS B8 b
et A Sy il P (I AV ) 28 TR e P S K X R
iy S R Gl B T B S 2 g

H AR K RIEHE T, B fith 2k ol b = 2 1) Do PR A i
FH 1 ) 37 5 R0 A= 25 b R %L A LB T 2022 4R B
M AR B 4B 3 B e 86.87,145.75,860.60 km?®,
T it 25 FH % 0620 0.39 X 10°,2.58 X 10°,8.47 X 10° t,
MR P b B AR Y7 5K 1 046.91 km? ,H iy T Hib 25 &
BN TR B ke o DX B A R R R AR
UE . AR R JRAR S5 T B it it S EADAE WD . BB S AN
)15 56 T o fiff £ o0 A K 23 1) A8 Ak R¢ AE 1T A1, 2022—
2032 4Bk figh 12 185 T X 35 2 4R v 7 B VT S0P O s Bt
e S b DX, DL g L b oA T A 7 R R v A S s
PR R L AR A ek > X 2 WA A . i T A
SR RN SLHLT AN 75 I BRI 45 5 BOK 2 ik %
B Y A 25 FH b IS 780 Bt A Sy s U T b BTk A i A —
W, BEH RIS SR it i R A 2022 A >
4.41X10° tABAT &5 T A SR & JR A S5, A0 1l 1% 1 i ok
b b | R b R K 3 B A il i O D X R
A7 FE VG FB B b OR3P IBUR 1) 5 T ARk 4 e A

Distribution and spatial variation characteristics of carbon stocks under different scenarios

Bl R 71 Sy [ Btk B AR 0 Bk L S 00k i o G
FH R I AD  AFZ A S5 X AR i 1 £ 47 i bR b, | R 5
AR P A AR Bk L — R L PR e
Hu 5K BT LA S S E AR R R A SR Lk Aif i
B, ABRPERT REEA &R ZERT
HF b bRl Il A5 A 2 R b 4 ) 3 81.90,11.91,
53.79 km” . FH Hb 25 Y Bk 25 B 8 . Bk A o R 3
0.37X10° t, 2R TTHR R 99.24 %0, HEm . 2 X I &
A R VT = AR I ST R AN B, 2 B A1 S PR Bk T
B AN K 2 TR E ARSI, SR
— 2 14 A S DR T A R R B o DX S e i H R
AR S A — TR L BRIk T Y s
ey Bp R A A AR B R T A R T %) ST A DG R A5
— W5,

RO &

AHEFE R B, BLAR b R AR A SRR A S R
Gt B A8 Ak AR 5 35 6 A AR 1k 2R B AN 2 4R
RO Bk it AR T BR R AR IR S IR DN
20022022 4%, BF M. g H ML AR H 43 0 e >
505.06,5 331.44,126.53 km?, {H 2 X 3 8% fifi & {0k
0,52 %, RS AR 1Y H R B — R 1 ik fif
AE 1 B A B RG ANRR E R 0 — E R E b
s T bR A RE T 25 . BN, B TR X 43 R Ak
Hiu AR b | Sl bR ML B AR T2 20142020 A
B T R ] R g 2 IR B A A L K A &I bR HEL L B AR
Hi A GE T A bR L A e T A R L S PR K

- b A% SR B AB Ak 2 SR T | IX B Btk it A Y AR
b A0 I A P DXURR L R HE R R e — R, 2
085 IRl = 71 A o 7 N 1 ol w0 DA R O
HUE— 512 AL & T 450 ARk et 7l K i, iy

http: // stbexb.alljournal.com.cn



CHER:]

22 MEAF RO 10 4R VL U 4 o 3t ) P 22 19 S5 6 400 R e i ik DA 273

REVCHE , 7 IV 0 BB R 15 9% A& Gk AR 1%y =8

RIFEE S, PR, BR VLU iR R A A T

AR A R BRI — PV & 5 B R 2 2k = A

DX 385 7 45 B0 AR R b e V3 0 ) 22 5 K R K

B R BR VTR S LR W R 1y 22, [ A )RR )

FAE AR 3 B A XE DA PMR 5 — WA AT B 1 B R 35 26

B A A AR Im) ™ 0 R e DA b R 2K 7

AR A A AR R DX el 2 B i e ) B A R VL 3

AR IABE AR AR FUAE , SCIBR VL 4 U 40 U I

A S PR A I A R > R A A R A X R —

4 e
7 PLUS—InVEST BEA, I H 2002 47,2012

42022 47 3 1 b R FH 3 JEORRCHE B v a2 20 AR

TLUR B 4 R A% R A8 b & B, 3 20 45K BF 5T IX.

- M 2SR e R AR A B bl 1) s b ) B ) B A

S b 55 ARk T 9 XS [ 2% A 2 12 M 1 b A A8 A Y

B & O i L RA SR 1 = R N

e, DL 2012 AR 2022 4RI ECHE Rl SR HT PLUS

PRI [X 38 2032 4F 3 Fh I 885 F 89 1 A A%

Jai s kappa RECK 0.78, K BE AT & 25K, FIN 45 R B

s ASRERIG ST I MR 5K, BF o R B

IR AL AR K RFT R, R E =T,

B b TR I, T 0K A Sk A A 3 5 o L (B

MR E, 851.17 km® , 4 HuFI A A9 A= 2 8500 BEAIG A 4%

FASCH BRI, ML FE AN AR

K JRAE 50, 248 56T MRHLIG N 11,91 km”™ , B2 4 34 n

53.79 km® , 7K 3l T FR AR AT S0, A6 07 B AR DX R AL

RIEXESRIPMASRRWTEE., NRHEREE.,

A SR T R R R, U B X AR A B A A B

PRAP AT A A5CHE i AR ) [ R R

CEa

(1] ESCE, w3, #E B, 55.2015—2020 4F 1 [H + Hi )

FH 725 Ak 3 S P B 2 AT 47 L] M B 4, 2022, 77
(5):1056-1071.
KUANG W H, ZHANG SW, DU G M, et al. Remote-
ly sensed mapping and analysis of spatio-temporal pat-
terns of land use change across China in 2015—2020[J .
Acta Geographica Sinica,2022,77(5) :1056-1071.

(27 AN L 3K 8 U1 76 ¥ 458 77 805 5 2 78 & e R 1 28
Ak i 7 e FL R [ ). B Sl ), 2019, 64 (27) « 2842-
2855.

PIAO S L, ZHANG X Z, WANG T, et al. Responses

and feedback of the Tibetan Plateau’s alpine ecosystem

to climate change[ J].Chinese Science Bulletin, 2019, 64

[3]

(4]

(5]

[6]

[7]

(8]

[9]

(27) :2842-2855.

AT AT L TR L S5 v [ A 2 R SR
JrE R R b E R IR R A2, 2022, 52(6)
1010-1020.

PIAOS L, HE Y, WANG X H, et al. Estimation of
carbon sequestration in terrestrial ecosystems in China:
Methods, progress and prospects [ J ]. Scientia Sinica
(Terrae) ,2022,52(6) :1010-1020.

R IR LD R, 55 Ak T3 U AR By R A
FHAR 5 B0 358 0 W8 O R AIF 5% < LA V4% S 490 [T ).
VLRS54 (B2 . 2023,50(3) :322-331.

ZHU Y., XU Z H, JIANG X M, et al. Study on coordi-
nated development of environmental quality and land use
degree based on remote sensing ecological index: A case
study of Zhejiang province[ J ].Journal of Zhejiang Uni-
versity (Science Edition),2023,50(3):322-331.

i, 22 A B TR PR AR T R R I Y o A O T
TR AR AT K AR R 4. 2018, 38(1) : 131~
134.

ZHANG ] G, L1J ], YIN B K, et al. Evaluation ofland
use change of jungar banner based on land use transfer
matrix [ J . Bulletin of Soil and Water Conservation,
2018,38(1):131-134.

XN, B9 25, BRI, 45 3 T CA-Markov # B iy VE
e I T i R AR A AR AR R B [ . K
2022(11):1-8.

LIU X N, JUQ, JU X H, et al. Simulation and predic-
tion of land use change in the middle and lower reaches
of the Weihe River Basin based on the CA-Markov mod-
el[J].Water Saving Irrigation,2022(11) :1-8.

BT 5L, ¥Rk, B L 45 36 T Logistic M AR (4 P 52 1
ZAe B MV EAL IR S Sy A (1] T S XL 201942
(1):137-143.

AR H, DU L, SHENG Y, et al. Driving forces on land
desertification in Duolun County Inner Mongolia based
on Logistic regress model [ J]. Arid Land Geography,
2019,42(1):137-143.

VAL WA T F 0 ST FLUS 828 10 3 38 1
) FH A A B0 B 7K e R B A [T A4 VR 2 B B R
2022,39(4) :63-69.

TANG J, HU X J, WEI B ], et al. Landuse change pre-
diction and hydrological response assessment of water-
shed based on FLUS model[ J].Journal of Yangtze River
Scientific Research Institute,2022,39(4) :63-69.

BESCAN HOGE % L — 4, 55 F) ] CLUE-S A5 24 % g )|
BARR 10 48 H A T 28 Ak g B0 5 3 B LT )RR 2 R
5T #,2022,22(7):2641-2647.

http: // stbexb.alljournal.com.cn



274

7K PR A

5 38 4

[10]

[11]

[12]

[13]

[14]

[15]

[16]

FAN W J, DAI X A, XIE Y R, et al. Prediction and
analysis of land use change in Sichuan province in the
next 10 years based on CLUE-S model[ J].Science Tech-
nology and Engineering,2022,22(7):2641-2647.

B o N R TR AN B 5 DS oy
RYMR S A . 2T PLUS R LB § o).
i [ Al E VR 5 K ) 2023, 44 (1) £ 140-149.

LIAL, ZHOUY, TANGL Y, etal. Land use simula-
tion and ecosystem services values evaluation in Nujiang
prefecture: A multiple-scenario analysis based on PLUS
model[J].Chinese Journal of Agricultural Resources and
Regional Planning,2023,44(1) :140-149.

B 5 W R T AF I 4 B T 1980—2018 AR A
Hu iy 25 A% Jay A8 Al B LIRSl R 3R [T ] K LR R ad 4, 2021,
41(6) :336-344.

LUO F, PAN A, CHEN Z S. et al. Spatiotemporal
pattern change of cultivated land and its driving forces in
Yibin city, Sichuan province during 1980—2018[J].Bul-
letin of Soil and Water Conservation,2021,41(6):336-
344,

ZNIS R AR, B AR, S 2 H AR XS R A A T A
5 b A i 1) DAYE TR IR L PO AR N Sl
BILT].56 U 28 B 53, 2008, 28 (1) : 58-67.

XI X H, ZHANG J X, LIAO Q L, et al. Multi-purpose
regional geochemical survey and soil carbon reserves
problem: Examples of Jiangsu, Henan, Sichuan, Jilin
provinces and Inner Mongolia[ J]. Quaternary Sciences,
2008,28(1):58-67.

ES IR, . b b R AR Ak 6 DX S8R Rk YR 19 52 e F Y
HEELT] A A5 %4, 2015,35(17) : 5898-5907.

MA X Z, WANG Z. Progress in the study on the impact
of land-use change on regional carbon sources and sinks
[J].Acta Ecologica Sinica,2015,35(17) :5898-5907.
BNLL A ZE 5K SR AR A5 B 0 IR 55 T e VT Al AR B AT 5
L] A A% 243K ,2013,32(12) : 3360-3367.
HUANG C H, YANG ], ZHANG W ]J. Development
of ecosystem services evaluation models: Research pro-
gress[ J]. Chinese Journal of Ecology, 2013, 32 (12):
3360-3367.

XUHE 5K A R &g, A5 LT InVEST 5 5 (19 55 480 9T 37
S fit 8 N s AR A B ST L) L 2R S S A, 2021, 41 (10D
4052-4065.

LIU Y, ZHANG J, ZHOU D M, et al. Temporal and
spatial variation of carbon storage in the Shule River Ba-
sin based on InVEST model[ J]. Acta Ecologica Sinica,
2021,41(10) :4052-4065.

AR, E KL KE T PLUS 5 InVEST £ 8 {1

[17]

[18]

[19]

[20]

[21]

[22]

(23]

PSR VA Xk st ) A A R it P AG L. K AR 4
24%,2023,37(6) :194-200.

QI M, WANG F, HUA Y C, et al. Assessment of land
use change and carbon storage in inner Mongolia autono-
mous region based on PLUS and InVEST models[]].
Journal of Soil and Water Conservation, 2023, 37 (6):
194-200.

A1t AT B ARV AR T PLUS- InVEST #E8Lf
SR AR A B A I S S O () ] B SR R
2024,45(1) :300-313.

SHI J, SHI P J, WANG Z Y, et al. Spatial-temporal
evolution and prediction of carbon storage in Jiuquan city
ecosystem based on PLUS-InVEST model[ ] ]. Environ-
mental Science,2024,45(1):300-313.

WA GBS0, E bR 45 E T PLUS InVEST 82 #Y
VLG AR 3 R G T At B I s R S BN/ OL 1 3R S5
2£,1-17[2024-02-23]. https://doi.org/10.13227/j. hjkx.
202305239.

HU J X, LE X W, WANG W L, et al. Temporal and
spatial evolution and prediction of ecosystem carbon
storage in Jiangxi province based on PLUS-InVEST
model [ J/OL]. Environmental Science, 1-17 [ 2024-02-
237, https://doi.org/10.13227/j.hjkx.202305239.
YANG J, HUANG X. The 30 m annual land cover dataset
and its dynamics in China from 1990 to 2019[]J]. Earth
System Science Data,2021,13(8):3907-3925.

XNLIE , f 42 35, i 8 4, 5. 1) 728 A % 4 3R <A
5 () BIF 5 R T 5 T SR L) ) R B R T L 2011, 26
(10):1015-1022.

LIUJY, SHAO Q Q. YAN X D, et al. An overview of
the progress and research framework on the effects of
land use change upon global climate [ ] ]. Advances in
Earth Science,2011,26(10):1015-1022.

THEAE . &L 2T Markov-PLUS 45 4 fi 86 4t 2% + 31 £
FHZZ A B AEAM 43 A7 L) 1. 76 B bk 2% B 27 31 2022, 37 (3)
139-148,179.

WANG ] N, ZHANG Z. Land use change and simula-
tion analysis in the northern margin of the Qaidam Basin
based on Markov-PLUS model[ J ].Journal of Northwest
Forestry University»2022,37(3):139-148,179.

LIANG X, GUAN Q F, CLARKE K C, et al. Under-
standing the drivers of sustainable land expansion using
a patch-generating land use simulation (PLUS) model:
A case study in Wuhan, Chinal J].Computers, Environ-
ment and Urban Systems»2021,85:¢101569.

PRAT %500 55, A2 5, A5 j Bl LUCC 215 55 A48
AR 35 JOT B A 243 VAR 5 TN [ ) R BLAR A 4, 2023, 54

http: // stbexb.alljournal.com.cn



#

33

22 MEAF RO 10 4R VL U 4 o 3t ) P 22 19 S5 6 400 R e i ik DA

275

[24]

[25]

[26]

[27]

(5):170-180.

CHEN Z A, LIU Z Q, ZHANG L T, et al. Multi-sce-
nario simulation of LUCC and spatio-temporal evolution
and prediction of habitat quality in Nanchang city[]].
Transactions of the Chinese Society for Agricultural Ma-
chinery,2023,54(5) :170-180.

B B R R L ST PLUS il InVEST £ 7Y
1Y PG 22 T A 3 R GOk it o i s A A S B [T ). A AR B
%, 2022,34(4) :175-182.

YANG L W, ZHAO J., ZHU J T, et al. Spatial-tempo-
ral change and prediction of carbon stock in the ecosys-
tem of Xi’an based on PLUS and InVEST models[ ] ].
Remote Sensing for Natural Resources, 2022, 34 (4) .
175-182.

kT, s A AN E A, 5T MOP-PLUS 28 (1 37
5L BT 5 % b DXt ) ) SE0LAR JR I Ak B 2 BB .
PG R AR 2 42, 2022, 35(10) : 2256-2264.

ZHANG H Y, SHI M J, CAOY E. et al. Optimization
of land use landscape pattern and multi scenario simula-
tion in Aksu region of Xinjiang based on MOP-PLUS
model[J]. Southwest China Journal of Agricultural Sci-
ences, 2022,35(10) :2256-2264.
FROGELR R ET PLUS 5 InVEST £ 5
1 B W Tt ) A Ak 3 A R 5 B BT AN [T ] K £
PR FRE 4, 2023,43(1) : 378-387.

L1J, YANG D H, WU F Z, et al. Dynamic simulation
of land use changes and assessment of carbon storage in
Kunming city based on PLUS and InVEST models[ ] ].
Bulletin of Soil and Water Conservation, 2023, 43 (1)
378-387.

PNV B A2 6 T 005 2 T PLUS ARSI InVEST #
R B U A S Rk Ak i 2 e SRS S
bt TR ,2023,39(1) :41-51.

SUN X X, XUE J H, DONG L N. Spatiotemporal

change and prediction of carbon storage in Nanjing eco-

[28]

[29]

[30]

[31]

[32]

system based on PLUS model and InVEST model[ ] ].
Journal of Ecology and Rural Environment,2023,39(1) :
41-51.

AR 7K =, B A A, AL b [ MR B A W
23 [A) A3 A A% R LT ] A W) AR 25 5 1. 2004, 28(4) 1 491-498.
PIAO SL., FANG ] Y. HE J S, et al. Spatial distribu-
tion of grassland biomass in Chinal J].Chinese Journal of
Plant Ecology,2004,28(4) :491-498.

OB R I 2, 22 k. v T R ObR A A AR 00 A R A
2 B A AR AT FELT . o B} 27 2 J . 200726 (6) < 1-10.
XU X L., CAO M K, LI K R. Temporal-spatial dynam-
ics of carbon storage of forest vegetation in Chinal]].
Progress in Geography,2007,26(6) :1-10.

JER W ARYR RS, 5% 5L, S5 BR VL VY 2 A A5 2R 48 ik il 1 0
b R T A e B ). AR S B, 2018, 87 (6) - 175+
183.

ZHOU R B, LIN M Z, WU Z, et al. Responses of eco-
system carbon stocks to land use change on the west
side of the Pearl River[]]. Ecological Science, 2018, 37
(6):175-183.

ML A A SR 56 BT InVEST-PLUS #7 f) i
fith e 5 (] S I R TN < LA T AR A S T ] B A R
#,2022,42(10) :4827-4839,

LIN T, YANG M Z, WU D F, et al. Spatial correlation
and prediction of land use carbon storage based on the
InVEST-PLUS model: A case study in Guangdong
Province [ ] |. China Environmental Science, 2022, 42
(10) :4827-4839.

BAEE 25 H L LR, 5519802010 4F Jb 5T R A
Bk fif e X A i ) A2 A A i i [ 0. A= 2524 41, 2018, 38
(13):4625-4636.

HU Y J, L1 Y, KONG X B, et al. Response of agricul-
tural land carbon storage to land use change in Beijing
from 1980 to 2010[J]. Acta Ecologica Sinica, 2018, 38
(13):4625-4636.

http: // stbexb.alljournal.com.cn



