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tradeoffs, InVEST) AL, U BF 4N R 25 5 v 45 L
i, (B ILIEFEFERT Bk DU B . R R iR A =
A, BREITZ N R E AR R R A
W77 RA BZRS, EREARE. BEERBAFEAS
e YESEA . InVEST 5 84 n DLE 7% (8] b 3P Ak A% 1
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effects at small regional extent) AR sk 4 F
JE S 04SSO0 DL e B e A= i R RS patch-
generating land use simulation, PLUS) ##IIS A g s
T — % T £ H A5 L AL (multi -objective optimization
problem, MOP) 521 PLUS AL [ #8 &1 8, I -FBE4LL
HARMK ., EBRY . KRR R 4 Fhis st
TR AR, MOP B & —F E B N E,
FERE BT e B 2 L R g H bR ph R0 ) @, G H
15 % B & B BUR I RILR H . PLUS BEAL & — Fb
A FIRPIFEA, R E T LR, AR
% BT ) L b SRR K R R 2 DL MOP 2L (1 % & 4
R, AR A% 0 3 3 A3 1 - b R i 28010
MOP 5 PLUS 45 & Retig oAt b i B s 54y, Jf
BANAHEERREENME F. TFEkR, iR
LR 7R W w, AR TR 2]
S AT BRI N[ A S Hop, BT RS HUN
Hb BRI £% ( optimal parameters geographical detector,
OPGD) A 3a ik Afe A =% 18] B4 B di At . 2 1) J2 kil 3
MEEF T RRE S, e T RIESEHEE, Nk
T 7 2 1) RUEE 43 B AN B B AL R P,

AN, AR 2 A T A B BRI X,
DA vy JER L R AR B 1 T 2% 11 T PR IR T B D 461 )t 5 U AR
XU BTG, ARBEFE CAE IR ), @ik MOP-
PLUS A T AR >k i) Lt F) FH AR Ak, @it InVEST A4
THEW X B GGE, JFHMH OPGD #5E AL H8 5t % 52 i [X]
T X it B AR A IR S AL o BT A5 R T R SRR K
Je& R AT F5 2 S 1) ) E S L FT AL A A 2%

1 MR5ERF%E
1.1 FREXER

HAWH AT aEA i, 21%A &R AKIEN XI5
(B 1), BEAE 1114 /5 km?, REFESBEEKR
19 NMRATHEZ —, N2 FE A7 A R = KRR

Bttty o XM AL A Gt o 3, s AR S
S, VB, RME G R 50%. fE
e T B A W AR AN B, TR, A
AR B . JEaR, FEE TR R, X E
RTTIRM R SRAWIHE A, A SRR SR N
WA JE Hai R, X i W] 8 1 W 2 =
S AR 2 0

N

DEM/m
High: 4 282 &

E Low:11g 03060 120 180 240 km

Bl HRAREETEH
Fig.1 Schematic map of study area
1.2 BERRESMALE
AR B KR S A B R s 1) kbR FH 28
oK E A B2 e 9E IR -5 0 R 2 s el (httpe//www,
resdc.cn/). MRIEHF T L, K HE RN, M,
i, KR, EBHIHBARA A 6 AR, 2) HARM
HHE. EEORMIE . R EE . NDVI s A
WA 3) SR U IR OREEREE. KT
Bl N . GDP Hdfs S R SCA K . A HudlE ok
PR RAG B 1 . NfE TR EAIHE, A0
Fr A 7 (B B8 4 R AR 30 mx30 m, FRE4E— el
WGS 1984 UTM_ Zone 48N FHANR & .

x 1 BIERBRKIE

Table 1 Data types and sources
Data type Date name Resolution Year Date sources
1| FH % B, e Y VT b \
f:iﬂfiﬁ% 0 A A 30m 2000+ 2010+ 2020 F &L B SHEA BT F1 O (httpr//www.resde.cn)
DEM 30 m / o3 2= A4 = (http:/www.gscloud.cn/)
¥ " e - .
o 0m / ST DEM HURAE I A4 it 51
A 30m /
[ SR M 3 AR 4 NDVI 1 km 2000, 2010, 2020 R} B 55 PRI B R 1140 (hitps:/www.resde.cn/)
Natural factors dataset ER R 1 km 2000, 2010+ 2020 e -
[ K iR e iR ) 2 L : .tpdc.ac.
R R 1 km 2000. 2010 2020 ] 5% 7 R e SR B2 B0 oL (http://www.tpdc.ac.cn)
A / / OpenStreetMap(https://www.openstreetmap.org/)
funts Syt 1 km / 5+ HAEE (https://www.fao.org/)
NVEE 1 km 2000, 2010. 2020
o R GDP 1 km 2000, 2010, 2020 1 [EF} =R SRR EEEAE 0 (http:/www.resde.cn/)
Socio-aconomic dataset IR 465K 1 km 2000, 2010, 2020
i ! / OpenStreetMap(https://www.openstreetmap.org/)
BATBUR L / / P PUILIpS: op p-org
(=B GIHEE) 2000-2020
KR (mrAES AR B (20212025 42)) / e T R .
Text dataset TR TR / ZEA T ML (https:/www.yn.gov.cn)

(A E T AAESBE R (2021-2035 4F)

/
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1.3 #ARGE

ASCE ST 20002020 EHEHURH . AR R
At 2 2 55008, KA MOP BT H AR K. B2
TR, ZUFRIBAATRESE R & 4 FifE 56 F 1) 2030 4 L Hh
P REATHET. BEf5, 8 PLUS SRR %
& N RHR A RS s R . #:4, 18 H InVEST
R TR TR LA ) P ) e P X A e ) B S VR R
B, BT OPGD B R 7R b fith & Y R sh AL 1 o
1.3.1 A RHEFE LN F %

TR R E AR, Rk R R F
R ISR AU R IR ZI B2 . AR SCR B MOP J5ik, 45
HHTECGR, W& TASKRY . S REMA SR E
3 PR S, DASE AF M AR I R R R ) 22 FhoRT e .
[FE, RIS /R REEEES T BRAKRES R, BN
WL EEE,  DAE S H AR ST

D BRERERER (NDS): MFATLLA R KRS,
R—FRLER, AEEREKBURS AR KE, HAX
ARATT b 2R R B 3 SR ), LR R 4% T SR AR
JE . 20 Sl Markov A7 AR B 2010—2020 4E -
A AR RS, PL 2020 45 %25 s R B 2R A O LU,
X 2030 AF 52 A - b ) F K HEAT T

) ARG R (EPS): EiZERET, WIARXM
R TR R SRR BRI SR AR, R SR b B IR ) R
B DA TH A B85 Wiz, I B RAES RS I
Hesh . @It PR H A SRR, PRk
WHAESNE . WAESREMRESNE (ESV) 1E A=
AR FERR, REERIEN

6
[i9= D ESVix; = 0.5x +2.72x, + 1.55x;+
i=1
16.12:x; — 1585 +0.08x¢ (D
KA fi o) FoRPrf ISR A aE, ESV. &R
i KA R AW A S (A D),

X R | RIS AN, X~ xe 7 AR B
M, B, kIR, AR R . S e
B s s (b E AL A S RIS SR, X
FUIX T BEARAE DI B A T AR = 5 e AR I & B (3 AT
B IE, MM A3 H 25 b b A 2 8 0 B Ao TR AR AR S IR 55
B, EPS 1tk B A5 o HON o A & RS e Kk, B
max {f; ()}

3) & KRIERGR (EDS): FiZfER T, Kkt
FIH SRS Tk . FE A5 it e 1 2 55 K
R TR E, DLAT G NIZ O TR . S5 R VAL R
kil R

6
() = ZEC,- X x, = 12.88x, +0.79x, + 7.74x,+
i=1

7.10x4 +785.85x5 + 0.001x6 (2

R fs () RRBAFUE, ECERRY i 5 1A H
REG AWM T R (B Jim) . P &5
MERIET (BFMASHEE), Homl, ik, 4%
NI bR AN S YRR 7 @7l POPIVA 7 2 A 515 IR 2 R/ & =
SRR, B =P E WA SE (GDP) Xt
WA TGS, A 1 250 2808 AR B 5\
W7 B, EDS R B AR BN B4 B k38
KAk, Blmax{f, (x)}.

4) AR EER (SDS): fEiZER T, EREL
BER R F I BR 1 AR S 4k, RS TR R B A 5E
A2 EARThRE, RSB BFRL 5 5 AR AR W
KA. SDS 1% HFrEAL R ECH max(fi (x), £ (X)),

LR FAUT

RYE - R H M R RES, 46 (A EEH
ARHEL R (2021—2025 4E) ) o CUE G I T RE KR
BMED . (zEaELFRESBEML (2021—
2035 4F) ) FMRBUE M, WE T —RIMSETR
JEFI AR E LI R TR R, WK 2 Fis.

*2 ARG RE S

Table 2 Land use structure optimization constraints

LI 2614 Constraints

293 Constraint Description

X1+X2+X3+x3+x5+x6=11141039.34

ST Ros R AT A 2 AR5 TR JE XTI AR e x1 ~ xe 200009 2030 AEPFML. AR, B, ki, 2

B A FH M AL (hm®) .

2 127<P<3050

SMNF P RS A EZ X N DA R I L oof NS08 3 AR RE ) o e CEL R iy B SR
TRIBCEBCEA D RIR, BIEATEN TR T1A),

Px141.2x114.11<<x; x4 316.24x1.11x0.67

PHBHERL A REEFFREEERHENOIREFER. RFRREMAREFREN 1412kg, MEELE
N 114.11%, AL HF AR R AT & 4316.24 kg-hm ™2, RAEMFE LG A 67%, EREECN 1.11.

MAHLTFILIA: 2000—2020 £F[R], BT X MRMITIAFF SR NI, Bt IX—@sfsE st R4 (s A SOt sk

5522431.16<x, <5413 076.08

AR (2021—2025 42)) A1 QIR TTRE A RMRY , 2 HBUR IV RIS 2 AR . BRI, 4% 2020

M TR 1% 1A B, 8> 1% 18 FIR.

2920 662.98<<x3<2 879 666.28

FOBHARAH: LB R R N B A b AR AR L, BB 1% A 1% AL AR BB R IR

FKIRHARLI A BIFFEIX KK IR COT R A T IR SRR E AR i bie s — 2 540,  A3BUR St 7

146 419.93<x4<164 919.00

FARBIK TR UM SEK BHR GRS, B ARRKIRIBUR A BT in. Ek, R 2020 4R HKISTHAR BN IR, FFARIE

2015—2020 7RI IR A3 1 AR 3GK 3115T 2030 4F (1 7K S AR ERR .

Px0.0109<xs

B RO A R, WX A B 0.0109 hm?. M4 245l 2 B0 S Kk 24,
it 2030 FEH X ALK R 332 112.95 hm’.

RAH M ER LA I X AP MRS OT R A, BT AU 2 R s . Kk, 2030 SFoRAH MBS

15 849.30<x,<16 049.16

/N 2020 419 16 049.16 hm?, {H 1 F-0F 72 X8 Tl (X, A P 3t e FH SR M A1

HE AR /NT 15 849.3 hm?,

X2+ X3+ x4 <X0.758 3,

ESHMAREE: K (oA ES SRR RMR] (2021—2025 4) ) I A SRR, F 2030 4
AR Gt FHL KD RS AME T 7 XL (S) 1 75%.
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PLUS #2842 — Pk T & £di () CA B8, wIH T
BEER R LUCC B, iR il 7 9 T ik
43 T SR P F0 0] 2 8 HE 22 A0 22 2R R BE ML BB P11 CA.
LA FH BEALAR AR FEIZ IR IR BN R R, o] ARG %2R
LUCC ¥ JE s e R, Hob iR 130N

1) LEAS B 38k o8 S AN [F] R FH 25 Y 1)
BUMERFBENE R, FERHBEVLRKR 2K (RFC) 7
T - DR B PR - %0f b R SR B e e () sz, AR S
R Tk MR ]

2) CARS BiH: X2 — 2 KEEVBEFF 1 CA
PR, G 2 A BE L RR T AR RSO R R DL, 7R R R
NEZE B 2 o I FH B R R 00 e b R A B B ) A2 Bl
AT PR RIS AR A S %) = bR FH A% SR 3 A
1.3.3 InVEST A&

Invest 15 54 AR 5 0t 70 P S AL 1) Bk e o1 B A AT Ak it =
M BRI ARG B A &, SR B R HU R AR
B RS ToENUREY. A R R

Ciotal = Cavove + Chetow + Cooit + Cateaa (3
A Coa B BIRIE R, t; Caove M FERAEE, t; Chetow
A TR E, 1 CoLIEBRMEE, t1 ChewdLTomR
s, to

PN 1 S N i w2 E i N iV € g S = N
A AR R b O S BRI S SRk Y T
I e 4 SR YR T b AN [R) b X A AT R, DR R
PR R EFIE B G R X . R, BT B2 S
-3 R AN - 3t R 7 SRR RSP, AR I A IX A s
o A0 AR AE AR A R R FH SR S Bl % P A TAB IE . BT
AEWH, WEESERKEZIEMRX, 5FEFHFERE

SRR . T IS5 ik AR o 7K T B S B O R AR TE L
R

Csp =3.396 8- P, +3 996 4

Cop = 6.798 1547 (5

Cor =28-T +398 (6

N Cop & 3 TAE MK E R L IEBEE (vhm®) ;
Crp F1 Cr i 73 ) 32 7~ AR B 7K B AT SR AT 1 Bk %5 i
(/hm®) ; P, R FHHEKE (mm), TREFHR
wCCH.

1 FE S MK R SR R 18 1E & 8 R,

C/
KBP = % (7)
CBP
C/
KBT = % (8)
CBT
Kp = Kpp - Kpr €))
Cl
KS = % (10)
CSP

2 Kp A1 Ky 73 31l 22735 Bt 7K DR AL DR -3 0 2B ) ol

EEMBIETRELG KoMl Koo 3R R BV Bk 12 IE
FRBUOR IR BB IEFR 4G Cpp I Cp 73 il R R BF FLIX
MeEFEERKETHEAINEYEBREE (Yhm' .
Cipr 1 Cyi 3 BN AIF 7 IXORN 4 [ 4P 2 SR AR 2 1)
VBB (thm?) ;. Ciupfl Cody BRI HE 5T X 4
[ 45 P 38 R T 549 2 0 3 2 A (vhm®) 5 BB
T WU 25 S S A IE . BF 701X & - ) 2570
T % PEAE L3R 3.
3 AREHFIHLRREEEIEE

Table 3 Carbon density correction values for different land use

types (t-hm?)
e WOEREEE MR ey oL il
LR SRR ; ; ; o
Carbon density Carbon density Carbon density .
Land type . Carbon density
of above of below of soil :
of dead organic
#kh Cropland 18.9 71.2 85.5 2.4
P Woodland 3899 102.3 125.8 34
Tl Grassland  31.15 76.3 112.2 2.9
1
7KI Water 0 0 311 0
area
AR
Built-up land 162 32 & 0
ARF 3
Unused land 243 4.9 74.6 22

1.3.4 JHAHKEGEHRNZE (OPGD)

OPGD 5 28 3@ ik PR 73 B Ao ik 1278 1 S L IR ) [R5
RN A AR PR 2% 1) 2 SR AE VR 3= R 3 R -0,
7E OPGD #E84rh, ARAk 1 2 (8] 43 it (0 B 28 ik i A%,
e 7B R s AESEH A, A HR A = i 4
MR R, FFRE&EFEWNTMMAIIRE. A FRA R
SR GD G, G h il I S AR AT R A
WRZRINF L HZHAER

1) ZH= L b: OPGD B i1k
gy Al AR IR B AR B R AR = I RE M, SR A ()RR 4 2R

(equal breaks)  H A ] W7 £7% (natural breaks) . 4
{57 %04y 2% (quantile breaks) « JLA[ [A] B& 7028 (geometric
breaks) FIFRAEZ 432 (standard deviation breaks) 5 Fh 7
TERTE SR AT S EU B . T R S MR RO 1
XF g (BRI 77, € SRSl R 10 e e 2 ) B ok O v
Far X P,

2) IR AN BAE BRI RS T
AT 8 DR 00 i 2, A % IR 4 AT o) ik i AR A Y
oy, RS E g TR, HBUE T A
0~1 28], g {EMRK, RIS XS B fif 5 Ah i 5 il e
B2, RZWgEmEk/N . 22 BARHZRN E B 2R A
XN X Z Rl AR, BIVPAL BR+ X, X, fE 3L
[ FH I 2 5 2> 38 R BR80T R AR & Y U2, BT
S5 Y B2 A BT

2 FER55
2.1 THFIAZEREUDH
2.1.1 3 HF LA RIS o

I8 ST 7T X 2000—2020 4F - 3 R 8 1) 20 A
KPLIX 20 4F (A 5T X (1) - H ) F A Ak s A 52 30 B
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R0 B TR R /D, KRN 2 B M T AR, AR
R T B S R i ds . REEER (D ~ () &
FARKA, TFEAFE ST LA HEE (R,
52020 AL, fEEARIEREST, @I
83346.93 hm?, B, B HATFR I 23 519k > 33 237.09.
22099.5 fil 40298.13 hm*; fELHFEERH =T, B
MR, BT 100 826.55 hm?, Bl AR 48K
23 850.77 hm?, 171 AR 1 A0 4 1 AR R D B N B2, 4
AT 54677.62 F1 69799.76 hm?; 7EAESEIFHERT,
BEOINVE A A B AR BN AR SR B (ARG, d S i

MR KD, AKIEBEKEE, 5500 65867.35 fl
18 499.08 hm?, MM AL ZEHIN, #hnT 54 677.38 hm?,
A R B %2, 98> T 128 047.00 hm?;  7F A] 74¢
RIBIERT, ZLFRBEMTEEAEL R, Hii
I V& i T AR 20 B3 0 T 57 791.47 A1 66 073.92 hm?,
AR AT 207 BRI A S ORI S 2 18], pRoh AT b T
AR SR/ 54 479.00 AT 69 590.90 hm?, JH/b & T A
Ryt s, (IR T AT REE=. SMEKRE, 154 FilE
FON, E A H T AR S AN (R R B 48, i A R T AR
TEAVF R BTG ST N, 7RIS 5~ WA Brigin .

x4 TRBRLHFBERKLLSG

Table 4 Land use area and percentage of different scenarios

2 5Bl (2030 4E) Scenario Simulation in 2030
Landzj’éype 2000 £ 2010 % 2020 NDS EDS EPS SDS
B Cropland HA/hm® 230555331 2297 646.81 225410823 222087114 2277959 212 6061 2311899.7
Eet51/% 20.69 20.62 2023 19.93 20.45 19.08 2075
Helh Woodland MAVhm® 549755028  5488649.01  5467753.62 544565412 5413076 5522431 5413 274.63
Eet51/% 4935 4927 49.08 48.88 48.59 49.57 48.59
#548, Grassland MAVhM® 306433098 303418467 299046276 2950 164.63 2920 663 2979666 2920 871.83
Eet51/% 27.50 27.23 26.84 26.48 2622 26.74 2622
Kk Water area HA/AD 129 607.74 132 785.91 146 419.92 158 747.49 146 419.9 164 919 146 628.53
Eut51/% 1.16 0.19 131 1.42 131 1.48 132
. . HA/Am® 128 459.07 171 649.62 266 245.65 349 592.58 3670722 332113 332319.57
R Builtupland g ) 1.15 1.54 239 3.14 3.9 2.98 2.98
] i A5/hm? 15 537.96 16 123.32 16 049.16 16 009.38 15 849.3 15 849.3 16 045.08
AR Unused land 5 150/ 0.14 0.14 0.14 0.14 0.14 0.14 0.14

VE: NDS: HAKENS; EPS: £HBMEY S EDS: SyrkEf

SDS: ARSI ER . FIH.

Note: NDS: Natural development; EPS: Ecological protection scenarios; EDS: Economic development scenarios; SDS: Sustainable development scenarios. Same as below.

212 % HEF AR R

FT 2000, 2010 4E ) R BodiE, {6 PLUS
RO FEIX 2020 4 L MR A S GL3EAT T AR, KB
7 B 5 S PR ) s oR AT X R, R IR A A AR
991.97%, kappa BN 0.876, 25 H %A HEH A
TR, BHJE, LA 2020 4F 5 R B BobE o R, %t
2030 SEAN A G 5T MR F RS R AT 7L, g5
B B 2) s Ak bR B A & 5 5 st b R B A% SR 7
25 )43 A LA R . AFF 5T XA = R 2R 7R LR
NE, EESAGLEG X TR R L X, 2

a. 20004F

d. NDS (2030) e. EPS (2030)

B2 ExAAEE A E
Fig.2 Distribution of land use types

A EENESERE, SR 49.08%; Hik2EE
o, TR 26.84%, LTI g AL
PN s BRI R BEPCR AT AE I 7T X (S R X, T
U 20.23%; A LAEF S K& R 3, £hF
WFFCIX s i A ) 1 AR P A AT, R R
AR ATTE LS Aot KA HL 5 LeED>, AN
0.2%, FEEFESHRT ILX . M2, 2030 478
FMERT, @R HMAKE A Y k. @
H Pk S EE R R BRI AR RSB, T KR 5k
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Table 5 Carbon storage of different land use types in the study area (107t)
et 15 SR (2030 4E) Scenario simulation in 2030
Land type 2000 4 2010 4 2020 4 NDS EDS EPS SDS
#FHh Cropland 41.03 40.90 40.12 39.53 40.55 37.84 41.15
L Woodland 148.70 148.46 147.90 147.30 146.42 149.38 146.42
it Grassland 68.20 67.53 66.55 65.66 65.00 66.31 65.00
7K Water area 1.05 1.08 1.19 1.29 1.19 1.34 1.19
7 ¥ 13 Built-up land 1.19 1.59 2.46 323 3.39 3.07 3.07
A H Unused land 0.17 0.17 0.17 0.1.7 0.17 0.17 0.17
13t Total 260.34 259.75 258.39 257.17 256.71 258.11 257.01
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it B AW P
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Fig.3 Spatio distribution of carbon storage form 2000 to 2030
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Table 6 Optimization of driver factor zoning scale based on OPGD model

Xz AT 53R IyREN Xz AT 53R TFRER
Driving factors Classification method Classification rank Driving factors Classification method Classification rank
NDVI (X1 SEZNIPSRFS 19 POP %% (X9) JUAATTR] B 7336 23
DEM (X2) WaRE G 23 WIAT a4 (X10) WARIR G 20
W (X3) RCIEFES 24 PEEBRIE RS (X11) RGeS 25
WH (X4 JUAT TR 4325 24 PHEH SRR (X12) BoR A G S 24

PEVREE RS (X5) AR e 25 PE—ZOEHEEE RS (X13) FidR TS 25
PEELATE L (XT) URCIEL G ES 21 PR QTG ER S (X14) IR DA G S 20
GDP (X8) JUAT TN B 43235 23 PE= BB PE RS (X15) DA G S 24
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Simulating multiple scenarios of carbon stocks for driving mechanisms
using MOP-PLUS-InVest model

ZHANG Longjiang® , CHEN Guoping?** , LIN Yilin* , ZHAO Junsan'?, LIU Fengru® , PENG Sufen!

(1. Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650093, China; 2. Natural Resources
Intelligent Governance Industry-University-Research Integration Innovation Base, Kunming 650093, China; 3. Chinese Academy of
Surveying and Mapping, Beijing 100036, China)

Abstract: Carbon stock is one of the most important components of terrestrial ecosystems. It is of great significance for the
spatial and temporal distribution and driving mechanisms in the regional sustainable agriculture. Existing studies have focused
mainly on the historical and current carbon stocks. But it is still lacking on the future carbon stocks, especially under multiple
scenarios of land use. In this study, MOP-PLUS coupled model was constructed to quantitatively predict the spatial and
temporal distribution patterns of land use under four scenarios, namely, the Natural Development Scenarios (NDS), Ecological
Protection Scenarios (EPS), Economic Development Scenarios (EDS), and Sustainable Development Scenarios (SDS) of the
Central Yunnan Urban Agglomeration (CYUA). The carbon stock was then simulated and assessed using Integrated Valuation
of Ecosystem Services and Trade-offs (InVEST). The spatial and temporal evolution of carbon stock was characterized using
visualization mapping. Finally, the Optimal Parameters Geographical Detector (OPGD) was used to explore the driving
mechanism for the spatial differentiation of carbon stocks. The results show that: 1) The carbon stock lost 1.95x10 t
cumulatively from 2000 to 2020, particularly the serious from 2010 to 2020, due to the accelerated urbanization; Furthermore,
the grassland shared the highest loss of carbon stock among different types of land use; 2) There was the continuous growth
trend of construction land in all four scenarios, whereas, the carbon stock decreased in the future scenario. Among them, the
ecological protection scenario showed the smallest decrease in the carbon stock, with a decrease of 2.84x10° t, whereas, the
economic development scenario showed the largest decrease, with a decrease of 1.678x10” t. There were the similar spatial
distributions of carbon stock under the four scenarios. The high-value areas were concentrated mainly in the western and
southern parts of the study area, whereas, the low-value areas were located mainly in the central; 3) Carbon stock was driven by
a variety of influencing factors, such as the normalized vegetative cover. Among them, the Normalized Vegetation Index and
the Nighttime Lighting Index were the dominant factors in the spatial variability of carbon stock, while the natural and social
factors shared the different degrees of influence on the spatial variability of carbon stock, and human activities played a crucial
role in carbon stock changes. The finding can provide a theoretical basis for the carbon peaking and carbon neutrality in the
sustainable development of the urban agglomeration in central Yunnan of China.

Keywords: land use; multi-scenario simulation; MOP-PLUS- InVEST model; carbon storage; optimal parameters geographical
detector; central Yunnan urban agglomeration
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