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Abstract

Exploring the impact of land use change on the spatio-temporal evolution of carbon storage is of great
significance for maintaining the regional carbon balance and contributing to the realization of the
dual-carbon goal. Based on the PLUS and InVEST models, the study analyzed the changes in land use
and carbon storage in the region from 1980 to 2020 and simulated their spatio-temporal evolution
characteristics under four scenarios in 2030. The results showed that: 1) From 1980 to 2020, the for-
estland, grassland, construction land, and unused land in agro-pastoral transitional zone of Gansu
showed an increasing trend, while the area of cultivated land and water area showed a decreasing
trend. 2) By 2030, construction land will expand by 477.21 km?, 42.99 km?, 742.04 km2, and 300.57
km? under natural development, ecological protection, economic development, and comprehensive
development scenarios, respectively. Compared with other scenarios, the growth rate will signifi-
cantly slow down under ecological protection scenario. 3) The carbon storage showed a downward
trend from 1980 to 2020. Compared to 2020, the carbon storage in the natural development scenario
has decreased by 3.896 x 106 t. Compared to the natural development scenario, the carbon storage
in the ecological protection, economic development, and comprehensive development scenarios in-
creased by 3.067 x 10¢t, decreased by 6.029 x 105 t, and increased by 2.195 x 106 t. The research results
can provide data support for land use management decisions and carbon storage improvement in agro-
pastoral transitional zone, and provide suggestions for regional land use planning.
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A4 MCE #%%1[17]. CLUE-S #%%4[18]-[20]. CA-Markov #%%4[21]-[23]. SD #%4[24][25]. FLUS #&#4[26]-
[28]LA 2 PLUS #E84[29]-[31]5%. #il4n, Sun Z5[27]44% FLUS F1 InVEST 5 24 il K PR IE IR 17 #F 2035 4%
3 P B R AR AR A, R R OR k8 LAy EE X I AR 25 ORISR 1Y) S it A - R FH 4544
LA XA ZE (218G PLUS-InVEST SR T 15T 2030 4F 4 Pl 50 R B0mhd &840, BHoids
SRR R DX 3 ) A S R SRR AR o B4, Li %F[32]1A°4, PLUS 55 InVEST W/ RS & BE R,
J& H TEAT 2 R0 AR A R fis DAk TR0 1 ST B

HIR R AR AL T RPN ARER, HH AR B R 20, RSO IR, AT
NI RN E AN, SR XA ST S (e R R R OB T AE . (H T & T
BB, M2 NEIESNAG T, ol AR A A IR E 7 B 75 1 2 ik . DR,
AR CAH AP N IX, 83T 1980 4E. 1990 £E. 2000 4. 2010 4 1] R Bdm ot 1
1980~2020 A5 H it A4k 28 #tiy iR F AR A RRAE s 2 )5 AN RE 23 DR 2 R0 B SRR 3 1 77 TR IR X 10 MK )
Kl¥, 12 PLUS BEALTM 2030 4 PUFCA R A& e 1d 5t LR AR, B 5 456 InVEST ALk B H ik
s, BAENNA IR BT R . f2HE “X” BFRSRI,  DASAES) AT R 8 K R S it e sk () Rl
A

2. BEEERZE
2.1. RXENR

HR AR AR AZ it b AL B v S e SRR A S e R =K SR AT Y, T H R A T R AR
#(33°40'~37°54'N, 101°55'~108°34'E), & ARBACHH IIZ 0 oA X 22—« W90 X3 A g kR Z2 IR FE 0K
T 1119~4822m, HEFEAE R iy E AR, FHEN-10~117C; FEKEZLEPLE 79
A, FEHBEKER 142~1198 mm. SHFRANIRIEIEE[33], HNRBCCHEHILEFEHINE N 7 17 35
B(X): )G X H X B A v SR AR XL Blerb s e B IX 7 e R — 29 e v S U XORN 7 5 e
JR AR R X [34].

2.2. HirSkKIE

BHERIEAFRECT A 1 . BEEL 1980 £E. 1990 4E. 2000 4F. 2010 £EF1 2020 4L 5 W H
AR I F A ORI B, R ArcGIS 50 70 5 Bt . bRt . FEHE, 7K. G250 FH HAD AR
6 AN—2RHZE. R GDP HdE. AN IDEdE. AR, BBk, SRR B M. BEERA ETRR
AL ek &, AR R A IR R o 35 2 2500 2 i F2 AR AE B AreGIS 35 BE 23 i TR i3k,
B B 2 S AR R 18 B ArcGIS B /i TRIM 3RS A% BREREIRNZEZ0T ArcGIS H I RR G2 25
MaRAF. *LL EBIRHATRIE S, KHS— 4R R85 WGS_1984_UTM_Zone 48N.

Table 1. Data information and sources

F 1. FRERSRIR

. 1980 £E. 1990 4. 2000 4. Fp [ b B YR IR B R} 2% 5 AR A
A LSRRI 2010 FE. 2020 F 5 - A EoHE (https://www.resdc.cn/)
GDP ¥# rp B B2 B VR IR AR 2 S i ot
JNEE e/ (https://www.resdc.cn/)
WK AR N
Ay 4 [ H A B R RIS RS
e (https://www.webmap.cn/)
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I
ii; ArcGIS BPF T R
HARKZE e 356 70 Hp [ b B YR IR B R} 2% 5 AR A
e Eayit]
(https://www.resdc.cn/)
SRR et .
T HER IR = (http://www.gis5g.com/)

2.3. ARFFE

2.3.1.PLUS &=£#&

PLUS #53! AFRBE AR i b R FH AL R A, & — AN T A0 b R B AR A ) o SRR, mT DA
TIINA [ BN A S % 57 LR A T BB AL . ORI ERAE B R GU(GIS) B 5 Lt F A AR 25 4
DUBHURT Tl -+ s R B A8k, ST — 2l ke . S EREE, AR JEIE H — e B SRR K AT RE
(1) - ) FH AR AL

2.3.2. {BIEE

AR E REH T AN R 2R AR 23 8] B8 sk i S Rnee s, EEEIE T 1, MR B % Rk
R EAG TR 5K B B S R R R s MR, BUEBIE T 0 NIRRT KR ) B Al R i i
55 o ARIEHT T X IR BOR 5 1 5 SR A0 0T, AR e B I AE Y 0.2; ARHLIALEE Y 0.01; HHLT)
BEDN 0.3; KIBIIALER 0.4; EIRHMIBES 1; KB HHEE S 0.5 [35] [36].

2.33. ZEREE

AHEFELL CHR 4 B 422 [m) R (2021~2035 48)) e i ds RSO, SR 1 HR AR i 1 B R A
JErg s RS R. GRRERE SR A KRS, JFAA ArcGIS Xt 2030 4 H R AR B i 3
AR JR AT AR T

1) BRI - SESE 2010~2020 4 3 A FHAR AL UL , A5 25 MR ISR 2 (8] (O e R AN 22,
LA 10 Sy E] G, i F S R BHEORBETI 2030 S5 H R AR MOS fi i B IR A JR 1 57 T ) R R 7oK

2) ARG InsES ARl BRI K RS AL A R OR AP, [ IR i A Yt v A 245 Y e )
o ARNGSCRIRH . T, 7Sk R B S AR HOE R AR 50%; BFHh . ARAFI I AR, FEdh, 7Kk
AL IR G0 30%, B [ 2 i AT AL A% BB IR 60%.

3) APFRIRMES . B, MRt Bt AKISUMIR A F e B MR SR O RE I 0 30%, I BT
[ At P 3t S TR 5 P MR 0D 30%

4) GRERREM R . PERIARM. B K, B A BT S A IR 8D 30%, R S A R
JHT L % MR 3 1 01 40% , A P 3t 170 ARt 5 b A e PO RBE SR 484 0 30%, 3 150 P St e Dy B 1t R R R 46 00 10%,
DA SHb SAAGE 01 He 1 A 245 DR AP RN 22 0 A JR AR 100 ) M R T A )

2.3.4. InVEST 2 & ik fif B8R

i A i A S R B AL RE R — N ER AR, R T AERS ARG K 1] Y AR R A AR G R
77, B LRI : b R RSB T A M RBE E. ASCE ] InVEST AR H i A 4k
ATHET B A AT T VE RS . AR SR FH B B A 3% T XITR3T7 AL, R IE I 2 Bt
e Bt e TR A () Fros
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Ctotal = Cabove + Cbelow + Csoil + Cdead (1)
FH, Cpus Cons s Cous oy F1Cuy A HINIABRGR . Hh LBEE . M FRRAER . TR R RAITE
LA BB

Table 2. Carbon density of various land use types (thm?)
2. B EMF R REBAIRREE (thm?)

2k b R +i% TTH N
B 4.93 23.39 63.29 2.85
Pt 28.46 7.22 74.90 4.09
it 1.00 6.42 79.98 2.11
K3 0.00 0.00 0.00 0.00
B 0.72 7.97 0.00 0.00
AR F 0.38 0.00 18.98 0.00

3. BRE S
3.1. 1980~2020 FFH R RY3ZEF L FI AR =L

AR H A AL 1980~2020 4R H3toR FH 20 Ai B (B 1) S stoR SR R TR 5 o5 LR 3) 18 A1,
Hb A o R SRR A AR SR YOS S Bt MR RA b @ B A 7K Ik
1980~2020 4 H R A fif it 10 E AR R, 04 T %X, Bk E AU N, B
IBF] 55% LA R &L BRI RE T R, T ERIREDY 1.66%, 70 A i AR X B EL ) iz 5
PR S B S b Ja S s, S oA 2R O AR i A PR A SR s RR T R R A B2
SEINE, 3 AT T AL K p R s B AR A PRk 5K, AN 975.59 km?, HEIEIA 1%, Hy
SRAE TRl b 8 e R IX s K3 EE 2 0.63%, B BRI RERA, FEOOMI TR Z1H
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Figure 1. Land use distribution map in agro-pastoral transitional zone of Gansu from 1980 to 2020
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Table 3. Area and proportion of land use in agro-pastoral transitional zone of Gansu from 1980 to 2020

2 3. HE MBS 1980~2020 £ F A EF S5

+ 1] 1980 4 1990 4 2000 4F 2010 4E 2020 4F

R mEkm SHo% TEKM G TEVKM  SH% EEKM o EEVKmS 5 H%

H 24506.01 25.07 24289.60 24.85 24518.12 25.08 23467.60 24.01 22889.09 23.41
R 15512.89 15.87 15381.73 1574 15245770 15.60 15809.28 16.17 1581249 16.18
i 54020.79 5526 54331.67 55.58 54128.10 5537 54156.54 5540 5425131 55.50
Kk 644.11 0.66 579.84 0.59 574.85 0.59 617.12 0.63 640.99 0.66
AR 1089.50 1.11 1120.76 1.15 1237.79 1.27 1519.92 1.55 2065.09 2.11

KA HHL  1980.78 2.03 2050.48 2.10 2049.54 2.10 2183.63 2.23 2095.12 2.14

3.2. BEWEIE

A PLUS BEAUEE T 2000 42, 2010 4573 B R FH B2 00 2020 4 H i R Poss s &2
MITHIAR , 2 Ja b PO ) 45 SR 5 SE PRt 25 Rt AT x bk, J@ ikt BT LA#3 H Overall Accuracy {E 1 Kappa &
4S9 0.9515 F110.9207, i & A SR ITEE R .

3.3. & MBI IERNE F TR E 54T

ERFHY 5K, SRR K R AR R R R, R 0.1558 HURHLIX A= S E, 4 0.1226.
BN 3 B AT AR R ST I X, B AT HERT, B s Ay ek B s Ak g, HOASK
G 2J) 5 R 58 PEE AT DX 3 A T E ) o TEARHLA TR R, AESP IR K S R R AR R, o2
N R 5K XIS B A B, 8 50 A 18 iy AR DX BRI 58 X 2R 0. A Bt A KR R 3 sk B o, 8k
PRI FRRE S R, OB . TE@ WY sk, AN DR mFERE R, A DRSS K LR HES)
AV, 30 A DX e A P E R T X R . CEARR kB, XA P SR R s
FEEE R, 4~ 03278, HUZAL(A 2).

3.4. FERMBRTLMFIR=BEZBHTH

2030 F H AR R ARG 5CF b 522.25 km?, ARG/ 0.66 km?, FEHLIE N 83.39 km?, E Y
BN 477.21 km? (3% 4), EERHHAY 5K EZORIE THE, Hy kS b TR 3 b B IX AN s -
Lo I X (] 3). 2030 FFAERSORY IR SR REL 7 AR MRHE . BOHbAE RIS, ARHBIG N 39.53 km?,
AN 479.79 km?s MCAMEREES] T BB Y IR, ARG e BRgE, G0 42.99 km?; #FHbk>
578.89 km?, AHK|FHHBIR/D> 115.19km?o %45 5 N REL 7 nasoxs A28 L OR4P B8 it , ORGP AT B H AR
MR RS RS, BRSPS =T R/KIRA L B AR RS2 T 20.60 km?, FRE 0 40.19
km?, FHLIEN 396.40 km?. 2030 FEETFR B &= N, Hibid> 513.38 km?, ARHIJERD 13.30 km?, /K35
P> 13412 km?, KA H /> 83.45 km?, HE 5 H MG N 742.04 km?, 12175 5 @ 15 H HUAS W ) 45k,
Tk RBAKEE R TH 1.55 f%. 2030 FLR6 ket 5 Fr#i k> 190.00 km?, A H s>
113.78 km?, FRHUIEHN 13.11 km?, #FHHIE I 300.57 km?, RIHiZER N KEFLLFHM, FEEE
e HAR R TG 5 R 1) 1.89 £
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Figure 2. Impact of driving factors on expansion by land use types

B 2. SEENEF X% At 2R KAV

Table 4. Land use simulation results in agro-pastoral transitional zone of Gansu in 2030

F* 4. BHRRBEET 2030 FEL b FIAEMLEER

Gy 2030 FERHARRBEER 2030 EASEPER 2030 FRFAERR 2030 FEAKERR
R mgaee s EEAm S EEUAm? % ERVKm?  H%
B 22366.84 22.88 22310.19 22.82 22375.70 22.89 22698.09 2322
ot 15811.83 16.18 15852.02 16.22 15799.19 16.16 15825.60 16.19
b 54334.70 55.58 54731.10 55.99 54253.53 55.50 54241.42 55.49
KA 663.38 0.68 683.98 0.70 506.87 0.52 641.97 0.66

WmEAM 254230 2.60 2196.87 2.25 2807.13 2.87 2365.67 2.42

RFFHM 2035.04 2.08 1979.92 2.03 2011.67 2.06 1981.34 2.03
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Figure 3. Land use scenario simulation in agro-pastoral transitional zone of Gansu in 2030

3. BRI 5 2030 F i F) A ESAEL

3.5. HRRUIZEHE L F A EH RS ERAIRND

1980 . 1990 4. 2000 4. 2010 4. 2020 FH 7R A HAC FE T (1P S Bk it B2 708 9.022 > 108t 9.017 x
10%t. 9.006 x 10% t. 8.979 x 10% t. 8.936 x 108t (3¢ 5), EILH FFEHER, AS[FIT I H IR AR B0 B ik
fiti B PR 25 (B A A R BORAR RN, R 23 “Padbm - draMK - s P s — K2 Ak m(E 4).
1980~2020 AL THE /D 8.624 x 100 t, FFMEIL 0.96%, HAHHHLIE K FECSBREEDK T 1.546 x 107
t, PR, HHb, AL RFIHHL BN T 3.675 x 100t 2.109 x 10°t. 8.492 x 10°t. 2.062 x 10°t.
H R A AR T BECRUOR S A A M S R G 0 1 AR A BE R B TR, LR T OMRHE R B [ B, 3G
TR, 25 EE A S EE R iR KRR . BhAh, 2010~2020 AR AR N FEIREE R, b T
4.303 x 10°t, (A PEMEN 49.89%.

i PLUS #A13845 2030 EPURA RS S0 E R 3UE, 2 5 B InVEST AR 3KA 2030
FEVURRAS [F)1 S5 BB 2 TN 45 SR (1] 5). BARRJEIG ST, AHELT 2020 FErfif &R /D 3.896 x 10, H
JR R 32 5 TR R B AR B, B bR A B ORIE TR, gD 4.933 x 100t, ERELHL. @iH]
bR Bk it B/ NS I, (A AHOVE B D B B, A S ERAE ED . AR R, Bl
BERARKEE S 3.067 x 100 t, HAEHFIBRE RN 4.922 x 108 t, TERE RS s B2
MM, REEMEESRIT. ok, ZIES PR E ST H SR, XEEEFANESRIE R TE
FPARHL . B IR, AR A R B, RISk KRS ST, ki
R ERKER AL 6.029 x 107 t, T HARE 5, H IR 2 b T @ W HI TP 5K, 1= 5 HAd i,
TSR N . HAP b imaE RN 2.123 x 108t, & T ARRERHS P HHOm M E, Ek, &
RGN, SR E MG RN S, P iy 2 A58 A TRAMR AN B > S B HR . ZRER
JBERN, BEARKRERIIN 2.195 % 100t, FKIEE 0.25%. BHERI A FTA HE S EHN, N 1.804 x 109
t BCHAD 3 MG FAH L, B R R BRI AR, EER RN

Table 5. Carbon storage of various land use types from 1980 to 2030 (<107 t)
7= 5. 1980~2030 £ & T HbF A KRB EE (<107 t)

2030 4
2 1980 4F 1990 4F 2000 4F 2010 4F 2020 4F
ND EP ED CD
s 23.26 23.04 23.26 2227 21.71 21.22 21.17 21.23 21.53
R 17.90 17.77 17.61 18.27 18.27 18.27 18.31 18.25 18.28
i 48.58 48.86 48.68 48.70 48.79 48.86 4922 48.79 48.78
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i3k
Kk 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
WHIH 0.09 0.10 0.11 0.13 0.18 0.22 0.19 0.24 0.21
AT H 0.39 0.40 0.40 0.43 0.41 0.40 0.39 0.39 0.39

Rk = 90.22 90.17 90.06 89.79 89.36 88.97 89.27 88.91 89.19

E: ND NHRKRENSSR, EP NAESRY R, ED NAF RIS, CD NEka KRGS .

19804 19904F 20004F N

Tt i/t

e o 10.3203
el

0 50100 200 km
[N |

Figure 4. Spatial distribution of carbon storage from 1980 to 2020
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H AR A 5t PR RIE 5 GPER RN S
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Figure 5. Spatial distribution of carbon storage for different scenarios in 2030

& 5.2030 ERRIERMHIEEZ B9
4. i
4.1. ERIEE R

AW 7T H AR MBS EE 1 2000 45, 2010 FF7 R H B, @it PLUS A H R AR s s
2020 4R FHEGESTRL, JRRB AR £ S B g AT X L, A IS A 7T ) Overall Accuracy
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{E A1 Kappa 20537174 0.9515 F110.9207, 27 FhKiE 3 8] TSI i Il b AR 25 2R Geedis & 1A 7 AR R AR
ST 5E 32 3 Kappa RECK T 0.75 BF, 7 BA5 R R AT, FARUFI T SEMEMTT AT (AR FIIEIREL
PLUS HER TR LR I, RSN F AR, B8 T R3O B AR 3, 1M A % R SEbr
P & R 2 BUR BN A GTBOR IR, X ] Re 2 s R I AE R, DRI AE DUS 1 70 b R A 2%
FBCR VM 2% et 25, R A] B8 22 0 DR 3)) DR 3R (R e 3R AT SEBRAIE 78, SRR m B KRS M (39 o

4.2. InVEST #RE3 iR R

InVEST 7 Ffr 75 2 (B 2 P22 (B 2228 XV [ 37 R SR A 28 2R Gt M 9% B AU W [7) 50 R RPAIE R F
7T, I BRI AR RAEE R SEPRiEOL AR BEE I AR . PREERIAR . AR 2 55 HAt R 3K 10
SO, R PR R R AR, DI, A DUS IR FE AR B 78 23 2% RER i i BRI I A P BETR 3R, ik
ATSEHE R SN, RIS FLSEHER AT s P AE, SRR B KA A I . BEAh, InVEST A A AS
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