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Abstract

The carbon emission caused by Land Use/Cover Change (LUCC) is a hot research topic at present.
Analyzing and predicting the temporal and spatial changes of LUCC-induced carbon emission in typ-
ical regions are conducive to the optimization of regional land use structure and the realization of
carbon sequestration and emission reduction targets. Based on the land use data of the Three
Gorges Reservoir area (TGRa) from 2000 to 2022, this paper analyzes the spatio-temporal changes
of carbon emissions caused by LUCC over the past 20 years. Geodetector model was used to reveal
the key drivers of land use on carbon emissions in TGRa, and GeoSOS-Logistic-CA model and grey
prediction model were combined to simulate the spatio-temporal difference of land use and carbon
emissions in TGRa from 2030 to 2050 under three development scenarios: inertial development,
cultivated land protection and ecological protection. The results show that: (1) The net carbon emis-
sions from land use in TGRa increased year by year with an increase of >360% from 2000 to 2022.
The construction land was the largest carbon source, while the forest land was the largest carbon
sink. The main urban area of Chongqing City was the key area of high-value carbon emission, and
the warehouse area was a significant carbon sink area. (2) Population density and total GDP are the
main driving forces affecting land use carbon emissions in TGRa. (3) Under the inertia scenario, the
net carbon emissions of land use in the TGRa will still show a high growth trend from 2030 to 2050,
and the expansion trend of net carbon emissions of land use in the TGRa in the next 20 years will be
significantly curbed under the scenarios of cultivated land protection and ecological protection.
There is obvious spatiotemporal heterogeneity of land use carbon emissions in the TGRa. Effective
strategies for regional source reduction and carbon sequestration enhancement can promote sus-
tainable green and low-carbon development in the reservoir area.
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1. 5|8

R FH /78 95484k (Land Use/Cover Change, LUCC) 2 ASSiE BRI EL M IR, 28 TAES REREN S
Dife, BERERTHA S KRG RBRICOPE, A4k &340 1] [2]. LUCC 51 & BB & A
KA E ) 173, O — AN IX Bl B 22 ma R 2R (3] [4]. LHUE NGB RSS2 E
HRAR[5], IRANRFCIXIFE LUCC SFBRAEB IR, A4k o] A A DL as ] X S HE R 3 K, 6T X35,
SRR ERESEZMERRRES BEAEZEERN. Bk, A5ER T XEHHEBOT LUCC 1mm R
WS, UESE T R AR A AR AR B K B S e B, FEORH B S EIG 6] [7]. HA, @i
DX e HE TP 32 SRR 8], AT TR AL B X St it T B = ZE SRR [9] [10]0 ZEANRI X IR ARG B T
Lt 7 S B HE SO A A 2 I 75 22 e, s L X8 b R R RIS R sz ma ML, G BT “ A
M 5 S DRSNS, G SR X IR E A RE ), B FRE IR A TR R R H R SEI.

Bl & AR 2 RBE LUCC W R HEBGEZ B FE RN, AH DG ST 7 V245 B AN B A 58 35 . LR
A SR 5 AR RIS TN AT 5T as 7 B K [3], [11] VdR[8]. &Pr[12]. #HHE[13]. HIR[14]%4
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[BIRBE, 22 R R /N X 3k - 1) FH 5 40 K LRGSR 15], [16] (Conversion of Land Use and its Effects at Small
Region Extent, CLUE-S). A RH iR 17], [18] (Future Land Use Simulation, FLUS). BEHLAE B 4= 3
I FH A AL AR B[ 19] (Patch-generating Land Use Simulation, PLUS). HuBERSHIL AL R 45 [20] (Geographical
Simulation and Optimization System, GeoSOS)%%. T HUF|FHBRHEAGE R B4R, o @t:, HEHE LA
BRI b B EWNRMSERS]. Ai F BB BE[21]. FEE EE[22]. IR A [23]55,
FELEN HARAES R G R AR R R RAZ SRR 5 2 AR R OR8] IR 2 ik
[14] SINE 24158 9 3, MO B R AZ S L Bl Ak B A 22 S B S S IR HET . 78 2 771, GeoSOS
ISR A IO B S 2 B AR AR BRI S (R ARk, BEXT AT A b 3R R A FE AT AL S T [20] . HE
TREGE R I8 PR B SR IR, BB HEBO L M BB 1R . 27 F, GeoSOS #it
SEEHFBCR S N = FE X R e HE SO A it T T B S T

SRR XA A KIL A EAPRR AR s, R MU AR S HURIX . KV R AR A IR B e,
KFRKILH Tt X A& %24, R KILAV @B KRR X [25], [26]. T8k, ZKIL=T
PR BER KK T I SE I, £ 632 km? E’Jiﬂmﬁ@am JE XA AOBAE BT, Wy R S
T A P3P [28]0 =g R IX NP J& e SR, HCBICHE OB R HE B e X 2t € AR e v Jo 2 K ) o
e DA T 2B T =0 PR [X SR (R4 [29] ARARAES RA[30] 38317 AL [32]55 1 FE A/ 15
UL, BRZ X BRHEEON LUCC BIma AT U R el RE, AW SR 2000, 2010, 2022 4 =k X
3 AR A, SN R Se B B = 0 X B HE O LUCC fma B2, 8IS GeoSOS it 5K
TR AL, AP AT AN 5] L bR T AR A 155 55 T P DX B 8 ) 23 AR Ak S a3, mT oy =k e IXRL 27 M
THB BRI Bk H bR SEE e R R R R KR S 2
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Figure 1. Geographical location map of the study area
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e 2 DX A DO )1 R S KV R R T R A 45 A EB(29°16' N~31°44' N, 106°16' E~111°28' E), & 21
AR, 2505 5.8 x 10*km?. FESEA L XA KRG Ay, HRECAE 2, DLrkE. A+,
2 o PR X THIAR K 95% LA F[33] (] 1) FE X @ MR 2= AS%, 23 /K& 1000~1800 mm, 4F3S,
TN 14.9C~18.5C. LIS | BN E, MM RANRFEE, HRHIeARZEY) 57 F . EARZHEY)
119 Ffr, BARZAEY) 78 Fh[34]. 2022 )2 X HAEN 2] 2000 15, AR 60%, FEX A= B s
10,000 127G »

AW FEHTAE B Qe 1 FTR, 2000~2022 SRR 23 B bRib, FHEL KIS B R LR
KA S KIKR[35]. SRR B FEROKE. FIE. AR . BEE IR PRl g e S
A% % . GDP B2 E N LR ARG RS R 2. AE TR AR s T 2 v M B HE U 5. P =5 1)
ol HRAE N 250 m B E R, G WGS_1984 A FR & .

Table 1. Data sources and descriptions

F 1. BRERIRSHEA

EAE/ it HHE AR SRR
+ b A 2000, 2010, 2022 E=HAFHE, =F 53N 30 m RNK A 30T [36]
A 2 ok Mo 7= () s
DEM AR5 HE S 30 m (http://www.gscloud.cn/)
W pE HH DEM £3R T 23 A= -
FEK. Al ] A 22 HHORHE FRER RS S B ol
GDP =[RS Hr 79 1000 m (https://www.resdc.cn/)
5 &b G U [ 57 S
INEE LandScan AFIFESARIC, 001059 1000m IR BRI [ 55005
(https://landscan.ornl.gov/)
AT A R OSM A FTHh ]
N B SN (https://www.openstreetmap.org/)
Re R HE RERTH TR, DARRHERET EwERW. BAEM. BEETSIES

22. ARFE

2.2.1. LF ARERZE
(D) EEAZ R ARHb ., Bt /KIS AR H b 5538 BB HETR A 25 TPCC (2006) 372 H iR HEBUA -1
fSRE[37], &R F SRR BB B R N2 20 R B O S s D -
I, =8 xo, (1)
b LS i KA SRR RO B HE RO (1) S N8R @ BB SRR AR (hm?); 0 N5 i Kt
iR FH 2R 2 BRSO RIS R B(Vhm?)

Table 2. Carbon budget coefficient of land use
=2 R RN R

- 2R ST &3 iR R KR
e -0.49 - W R AR [38]
il -0.02 - W R AR [38]
K3 -0.46 - T =EE[39]

R FI FH H -0.005 - B 555 (40]
Bk - 0.37 & REAE(8)
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(2) IAMEAR SRS O MR B N A 70 2l P o J A0 DR B FIE T, 0] Y B VSV A8 P it B B A
TR [B) e A% Bk 60 FH 3 P ast PRI B IEG, AR SR FH h 7 2056 (41| T AT A% B, ik =
[=2 Exf, )
A, TONE BRSO () E VBB AE R B(); £BETRME FERHE R B LARHEIE ), A5 S AH K
RCR[42], B 0.7488 (t/t).

2.2.2. H#uF A BRHERFU

(1) TR AR : GeoSOS Hik A\ THIZ 2% 7775 (ANN-CA) H55h 77 5:(DT-CA). 24 (Al 15
77 1% (Logistic-CA) = P A B RN oo f B S ALHEAT B, = Fh 574655 7ol B 3l HL(cellular automata, CA)F)
B AR =S B, 10 Logistic-CA TEUIZRBY BUE 573 A PRl 7 BT BE 3, HL AT DA BEATLR 2 58 B S 450
S EHEATEEH, AE AT BRI T I b 5K 5 0 [43], SO 7Ti2 Fl Logistic-CA Xif J2E (X 4= 3t ) FH 32E 4T 440
TEARRRLYI R B, 4% B 5% LU ARt 2 0 = bR FH AR A1) 4% 23 B0 A8 B EAT B A LAY, JRIshAE s it 1712 4
[0, SRAF R AR AR 2 (AR B ) [ U R RO B, T8 5 18 4 [ VA S 2 BT 340 00 S 80 S s it e
(E SR 2 iS5 0] DUEE A, R BEAIAR ) 3R E S48 o R B v 3. BRI FREL S, K Kappa &
KR FoM b J5E B SR A B RS 40 45 SR ey ki P A ] Sk

(2) KEFMAE: GM (1, DA RE D& R (E B Ta B0, B ER S, B35
8, & TSR P AT, N OB BRURERE. TV ES . AT R R = i
DX BEVR T AL AT A S T, AT R s SR ) g 1 T MR HE GEAT M e B, R ER ZE C 5
SEIMXT IR ZE & MBS R EATRE FE IR R [44] [45],

(3) THFUE: MR =R X MR S ST R BT, daXEREME, A BERE LR, B
RS AR =R SR TNZE X 2030~2050 4F R AR 181 & B 1 SR T 2010~2022 4F
R R 2 AT Logistic-CA BERLTRINAG 2 ; #FHLR I 5 A S RY I SR ARYE CRECTH AR TR
AR T #RY OHAbE BREEATRIF R “+PU T $R1) rhonf T 5 R B i 20 Rtk 1%
B, PRSI R (AR K R < 15%), B W A Mg o8 B 3 KR EOE N 15%, H 4
& 2010~2022 4E R RO MERAERE, AT AR 4% i pEh ) S A R e A s R R AR K
S A IR R o

2.2.3. T H#uF A RRHEBOR N E F RN

AT T2 FH DR TR0 28 5 58 PRI 38 (461 A6 AN [ 73 58 B 3 4% TR 7 DR 2 1) 58 B FH ot - o
BRI 25 AR Ak IR B AL, R DX BRSO 25 1) 2 SRS, 34T B 38 A B AN ST DR 40 HT o

(1) BRI @i g 185 2RI N X% TR RV AR IR, HREAN:

=12 =1- 3
i No? SST )
L
SSW =>"N,o; “4)
h=1
SST = No* Q)

A g BRI E T X)X T R AR BV FIFERE 7, {H80N]0, 1], g [EBORUE AR J7ik5%; h=1,2,---,L
TR E Y X W52 N M N S RUNE h MEXEIRTCEG o Fl @ 3 RRIE h 54X Y 5%
SSW 5 SST kR ZHR T Z 2 MEEX BT %E.
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(2) ZEAZM: BHFEFFEEE Y W EAEH, HS5REFHRNE g [EAHE, PG
DR 28 FA RS DR A S PR 0 e I e 3G N BRIk 38, FCAS BAR R BT 73 AR LR M g5« DU 3 e
PR PR RS AR PR R A RS AE FK

(3) TRARIEHL: fSESETIEE[47]. ZOMEPHEE[48] MR 7T, I HUAS [A) FH Hb 28 28 f e Hl il AR 2 TR A o
Y EBURREXD). BWEX2) FEHKEX3). FHIRX4) . AR (XS). JEZEKIERX6). i
WEEREE(XT). ANV EE(X8). GDP HEX)ENEAZR, AR THZERK S RiED N 5 K. %
F& B SRAF ,SBCE N TR IS AT AR IR, KT X RIS 9 5 km o 5 km 8§, FEXF M T T RFE,
ZHAE K 2288 N RCKFE .

3. ZRE S
3.1, kPR X A3t Fil P R HE A &5 53 A HHAE

2000~2022 F = R X Mo IR HE R (G5 3)ME5AF 2], 2000 4F. 2010 4. 2022 4 U X 15+
HeCE 43 N 8.94 x 100 t. 2.67 x 107 tv 4.12 x 107 to XtRHh, = AN HIE B Hu i AL 20 51 4.3431.12
hm?, 70143.12 hm?. 131946.39 hm?. 22 “F ] bR B Ak s e 6 o 28 1A FH AR F 38 o v &2 =85 168
HIE =ik 360.08%. HHT, 2000~2010 FIGIESR 198.22%, WML 12 FRHIE N4, A 54.28%.

MBIEAL IR A G, BRI B M PR X 240k, 2000~2022 AFE B M TR oK, otk
TR TTBR AR B 91.98% G K 42 98.35%., A HMIAHLL, BHliRIFE TR, v 1.65~8.01%,
BEE BB AR D, 2022 SERFHUBRHEBUR FI% T 15.26%. 22 E[A], FEXBRIC 2 BT, it
9.3%. Mth. FiHL, sKIRBRIRUSCTTER 705 97.5~98.04%. 0.01~0.08%. 1.88%~2.32%, Mty & &%
KT FEHRIK I, o

Table 3. Carbon budget of different land use types in the Three Gorges Reservoir Area from 2000 to 2022 (10* t)
% 3. 2000~2022 F = KRR X AN [E] L b ) A K BURRUL (104 ©)

e 31 3(m R
PhL BB it P B K RAAM &t

2000  84.83 973.68 1058.51  —160.84  —0.13  -3.08  —0.000001  —164.05 894.46

2010 75.03 2843.62  2918.65 -171.77 -0.11 ~ —43  —0.000006 —176.18  2742.47

2022 71.88 429455 436643 -175.12  -0.02 —4.16  —0.0003  -179.3 4187.13

X O X X 0 S0km ;‘\

Figure 2. Spatio-temporal change pattern of land use carbon emissions in the Three Gorges Reservoir area in 2000~2022

& 2.2000~2022 F =l EE X i F B REHERET = 8 TR 5

2000~2022 = =k FE (X = A IR HERCE I P E0 v . REVR A2 RS R (B 2)e BEREHIX . T3
X & EREXER TR ERX, S5iX8XEE KT S HmmA S L REDIIE; KL, 32
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BT AW 7 i T 0P E X, 2 T ORI OB L 8 7K, 0B U i 5 P FR) 28— Kk
Vs BEIXRAL R B L IR B HE AR X, BB RO Xt St A, O iR K P X . 45
by 22 B =R FEIX A R AT B R R B X AT T S, 2010~2022 SERRHEGRAE X S KB HOIC N
W, EEEIUEKEMDOVRERIERY KEER. FERANRRNZTEY R, X575 X i
Pk IEARREE— 2.

3.2. ZUREEX -3t F AR AR E &
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Figure 3. Single factor detection radar map of land use
carbon emissions in the Three Gorges Reservoir area

3. =gk PEIX £ A R BRHE A 2 B T RN R IAE

. .
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Figure 4. Interactive detection of driving factors of land use carbon emissions in the Three Gorges Reservoir area

4. ZIgkPEIX £ F) AR B HE AR B0 E F B9 32 BRI

BEF 2000+ 2010+ 2022 4 =AM HIBRAEUN 25 70 5 IR R (9 g (EHER 2 Hr (] 3) 3L 2000 4,
AR S LR ¢ (AR T 0.2, R A BRATL S F o R E TR T, REEES 2 EP R
g BT HIX B DIR G TR SERKER) ¢ 00N 0.1 Aty HARRmRHBCE ] 70 AR/ —
oo A EATIRERT, NS GDP SRR ABORKIMRERES, ¢ ¥ T 0.12. 2010 £, BARA
BT ROR D R T RES Y, AN RE LY GDP S ERRE IR, RUIBEERSGED, AR% 0T
Xﬂ‘ﬁﬁiﬁi%ﬁ%ﬁﬁﬂkﬁﬁf}&ﬁ%, E o T R R AR 8] 73 S 1 AR /7. 5 2010 SEARLEL, 2022 4
B PR = e e X M P e HE RS R T AR AN K, (HER A BRERES . BREREREE I ¢ [HA PTRTT, A
3R U L vy e 5 S i e 1 A LI B X A AR LA, TG T B . 4R
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HRE, HEGFRE, JHHE AN EMN GDP S, & =0k E X O B < st R sh N &, &
A8 Bl iR il 14 R FE T B HE TR S et H A YR

Xof e 2 [X - R ) FH BcHE S 2 11 43 S 10 2 IR FAS BT R B, RRIR A2 B g (IR AR 2
FERIAR S, A FE B R 28 TG IR A2 (] 4). 2000 4, SifRS3EE(XT N X2). mifR S54F
BHR(X1 N X4). SRS AOHEEXL N XS). miES GDP S &#(X1 N X9). WEEFEWIRX2 N X4). F
Pk B 5EHERX3 N X4). FEHR GEAKEE X4 N X5). FEHESERBIERE XS N X6). FHiRY
FEIR T IR SR B (X4 N X7). XRS5 AN D% X4 N X8). iR GDP HE(X4 N X945 11 X F )
ZHAEFHRA RN, g BT 025, RPHKEE. F1iE. A% & GDP & &2 0
2000 4 5 X BiHERCAS 7] 40 A (8 R 2. 2000~2010 4EIA], & BT HI58 BAE FHARR G s, 58
Tttt AN, GDP a5 HAh P 752 BLVE MR ) W35 5, g fHAE 0.17~0.34 28], IR
HA OS5 ER S 3R 745 & BB 2 B i 2 . 5 2010 4525400, 2022 4
FR TR EAE R 1t — 3R Tt. HhmfE N NDEE. JWE N0 NDO%E, F55 N A0
FESE 11 X ¢ [EHRT 0.25. 2010~2020 4F, A% N GDP e & — 0 28 X R FH BHE SO
SRAERER T, g (A8 0.38 A1 0.41, H5HKFrthas Rvia . 45 LR, (£ R 7Rtk 25t
PR FRER R, A% A GDP S =00k X - 3t R FH AR 2 7] 43 S O IR B [ &, #E— 25
UESE T R SRR B R — AN 2 R R G A TER ML R .

3.3. ZIREX it F AERH B R AT

2030~2050 4= =0 2 X - R FH BRUSCS I S 0 AT R B, 6 ot P b 28 FR B AL S A6 Jey B AR PR FR B (2 4)
(B FE 5 R B B 5 035 . 2030 4F Uk FE X 3 P ot =0 R 16 L R PR HE O A R 0 . e
RIS, HEBRAREY 7&K, FEXERATEGKEE, B 2030 1 7.54 x 107 t 3K F] 2050 4
(1 2.36 x 108 t, IR 75%. MR ORG AAE S ORI I S HE R SATD A B g n, (S8 s AH X 4
2%, R EALAIBIRAERR . 5 2022 FEAEL, 2030 SEFIRRE 50 S0 46.9%F0 51.8% IR HER
TR E] 2040 45, 5% 2030 £E53 G 46.5%F1 47.5%; F] 2050 5, % 2040 53 HIIE N 46.5%F1 46.1%.
2030~2050 4F, PP ORI SeAUBHIE K G 54 il b 24.7%H11 20.8%. 50.1%F1 44.4%. 80.2%AH1 73.9%
MRS, R B AR BRHE G K T T 2 . 2030~2050 SRR & SRR R 2, Mt
ICREASNE A—1.33~0.02%- —2.45~0.02% —3.68~0.02%, JENHIXTE/N, Hid, AR B AR,
BIC R BRI R AR RIS, BHERE SRR, PRy s smb.

Table 4. Carbon budget of different land use types in the Three Gorges Reservoir Area under different scenarios during

2030~2050 (10 t)
Fz 4.2030~2050 FEAFEER T ZIREX R E L #hFI LB E(104 1)

BRI 73 VT

R EH \ ‘ ‘ s
o T 37,15 R S 0 PR M K RAIAH &b P
s 2030 68.26 7653.73 7721.99 -174.56 —-0.02 —4.16 —-0.00001 —-178.74 7543.25

i 2040  62.46 13415.60 13478.06 —-172.79 -0.02 —-4.16 —0.000001 -176.98  13301.09
bR 2050  53.79  23515.11 2356890 —-167.53 —-0.02 —-4.16 -0.000001 -171.71  23397.19
2030 71.84 6153.42 622526 —172.41 -0.02 —-4.16 —0.000001 —176.59 6048.66
sl 2040  71.84 964.65 9036.49 -168.19 -0.02 —-4.16 —0.000001 —172.37 8864.12
A 2050 71.84 13077.48 13149.32  -162.00 -0.02 -4.16 —0.000001 -166.19  12983.14
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CES
A 2030  69.50 6355.58 6425.08 -175.15 —0.02 —-4.16 —-0.00002 —179.34  6245.74

Al 2040  66.12 9323.16 9389.28  -175.15 —0.02 —-4.16 —0.000002 —179.34  9209.94
LR 2050 6128 1357398  13635.26 —175.15 -0.02 —4.16 —0.000001 —179.34  13455.92

2030~2050 4 =ik 2 X - 3 M F B HE OB X 2 RREE K3 (15 5). BHEARIE RN, FE R HE
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Figure 5. Spatial-temporal change pattern of land use carbon emissions in the Three Gorges Reservoir area under different
scenarios in 2030~2050
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