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Spatiotemporal evolution characteristics of land use change and its carbon
storage effects and prediction in Shaanxi Province
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Abstract: [Objective] This study aims to systematically analyze the spatiotemporal evolution characteristics of
land use and its carbon storage effects in Shaanxi Province from 1980 to 2020, explore the driving mechanism of
land use pattern evolution on carbon storage, and predict the differential effects of future land use on carbon
storage based on multi-scenario simulations, thereby providing scientific support for the implementation of carbon
neutrality strategy at the provincial scale. [Methods] Based on land use data, carbon density data, and land use
driving factors from 1980 to 2020, the land use dynamic degree index method and transfer matrix were employed
to analyze the land use evolution characteristics. The InVEST model was applied to estimate carbon storage
changes, and the FLLUS model was used to simulate the land use pattern and carbon storage effects in 2030 under

three scenarios: natural development, cultivated land protection, and ecological protection. [ Results] (1) From
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1980 to 2020, the land use pattern in Shaanxi Province remained generally stable. Farmland decreased by 17 294.52
km? and other land decreased by 2 423.89 km?, while forest land, grassland, water body, and construction land
increased by 2 422.14 km*, 8 468.97 km?, 373.11 km?, and 8 454.19 km?, respectively. The most dramatic
changes occurred from 2000 to 2020, with construction land showing the highest dynamic degree. (2) The carbon
storage of terrestrial ecosystems in Shaanxi Province decreased cumulatively by 2.01 Tg. The expansion of
construction land led to a decrease of 27.77 Tg and was the main driving factor. The carbon storage of forest land
increased by 21.29 Tg, mitigating carbon loss. Spatially, carbon storage showed a distribution pattern of “high in
the south and low in the north”. (3) The multi-scenario simulations for 2030 indicated that under the ecological
protection scenario, carbon storage increased by 6.07 X 10° t. Under the natural development scenario, it decreased
by 2.69>X10° t. Under the cultivated land protection scenario, it decreased by 3.684>X 10" t. The ecological
protection scenario was the only pathway that achieved enhanced carbon sequestration. [ Conclusion] Driven by
both policies and urbanization, the expansion of construction land is the core factor leading to carbon storage
decline, while forest land expansion can effectively mitigate carbon loss. In the future, it is essential to optimize

the land use pattern, seek a balance between cultivated land protection and ecological restoration, and support the

achievement of the carbon neutrality goal.
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Table 1 Main data for estimating carbon storage and its changes in Shaanxi Province

B R EAEIETBUY A0y F 25 P B ok U
A FRAR B KA - ; -
' ) e 5V T B ) 2 R
EAIT s 1980,1990,2000,2010,2020  #H4& .1 km o R 25 e Vi JBL B R 2 MR
ML A= e e 2 e 2 4 0 i
R v e
F2 BEEATHAAERETF
Table 2 Land use driving factors in Shaanxi Province
UK 2 4 B AR DA 156 GRS
= FAMGIT Y R e 2 5 O U B S 2 B 4 o
WOE AR T R 5 A PRI ERAR L
- http: / www.resdc.cn/
SR/ BLUTS I Bem) B AMMG IT B YT T 5 7K b 0 5 5 T 1)
R BT AR E ERKIARFRZHAE L,
[N B AMRITH AR R K A http: //data.cma.cn
FETT O I BE B AR TT T UART O B e 3R T O IR B
FEALPLO I BE B AR T LA O 1) a0 3 L 1 IR G B Onens N y
SR BIAVEAOREE  (RIE JL AT e BT 0 B G B penStreetMap, https : //www. openstrectmap.
org/ ; i b I, https : /ditu.amap.com/
PR EE R 5T LA ot B e iR A B 1 BTG B B
FNEREKAYEE RS RO Hh O B o5 I R I 1 G R
GDP MG e E N A B i FAS I = oF 4 L http: / www.dsac.cn/
ARAS 7RIS S . . icles
i I B A T 08 AT WorldPop, https : / www.nature.com/articles/

sdata20174/

1.3 MRFZE

1.3.1 A A A ERHE LA HIISHEE
S DA I — B 300 PN AR 9 IX e S B e R AT Y R AR
2, AT A B 12z DX ek i R 2K R A A 1 e
IR A ) b 2 e B Bl X I A] 1Y 22 55 43 B 4 R A 4R

S50 T8 HURB 05 5 42 DX g - b A1) FH A28 e 5 R L 4y A
IERFAE . Horh, B — 3 e B A5 5 K 32 B T A A E
R BE PN 28 P e T AR A AL A OO, A 3R

U/, - U

1
K=———"X_—x100/ 1
U T % (1)



%2 3

DN SR A6 < IV 48 -t ) D 25 P % 22 i 78RR R e it 2 50 A0 500 247

3 IS B B P R R SR sh 2 dE A
N K532 25 AR S0 AU A A AR B DL UL RN UL 3R
AR T RBRFE I BEA B, 2 T DUAE R B i, K B 3%
TIF 122 X 35 A= b 1) 288 280 %) 4 BE AR AL %

25 R 2 25 48 BO0 T A R B BN
25 - b AR 3 R AR PR BE 0 A KR e X
S L 3 A e S S /A v (1

MU,
. i=1
23 LU,
i=1

S o W R A R A 2 o R 2 R T AR
oA LU, 7 W0 0 (0], 3% 20 A8 5 Ak oy oA 2 Y+ Hb iy
1 AR A o ALU, o Woi i B B LA TR, Y
T VLA Sy B B, 430 A5 ) LC By = ) 25
B AR E X A R H A SO n o
1.3.2 wAMEREE  + R HFERBEEEN
— M B HR R GRS ACRE B TRk
i A5 5 B Wt -t 1) FE 288 R i) (0 4 B SR RRAE o AR B
8 LABR VG 4 S W58 X 4, ok T AreGIS =3 [6] 43 #r 2
Al , 38 1 B IR [ B30T Y A R A AR 1R 545 A R
Pt 335 O LB UL RS R B 36 o 2 IR AN AL RE 8 W
71 = bR FH 26 Y 1 5 B8 5 ) R A T AR, 36 AT IR A
3 M7 b MR 45 4 1 28 et A

1
LC X — X 100% (2)

(3)

S S

A SAUER AN ] b oA JH 2 B i T A5 S 7 ISR @

26 A b R FH S AL B Ry 5 G 2R A TN AR . KRB AT 1]
BT G 28 b ) 2% SIS A A 1 A I B T )
Ir] it DU R 1 A 28 A Ml 1] 55 R 4 1) g AR U 5 0 R
743 50 R Bk 5T A0 3 5 AR 0 % A R 2SR s ol £ M
FIH 2 AL G4

1.3.3 InVEST # # T A £ InVEST £ Y
) Carbon 3, Sk fifh it A I 554K R AL 4 %0
BLE MR M LR B SR T AT AL R R
DL R A WL e % B, BT SR T K
FLZEHGE G R R BRI T A L
Y1 7 Y B BB IR AT A2 S WO X Y
fith e ] 3 J oK A5 2 = AR S ) TR S X I

JEME ARG RmARAs . HAXT
Ci: Cz'fal)ovc + Ci’[iC]()\h’ + Ci—soi1+ Cz'fdcz\d ( 4)
Co= >,C, XS, (5)
i=1

A CRARER 28 1Y 42 BBk % 2 (t/hm®) , H 20 AL
5 3 b AR R R (Con) H R B2 A2 W) i

1 %5 P (Cropron) ~ T IBR B JE (Cro) LA RIE T HLY)
T B (C a5 1R A R ) 2328 51088
ABIFFE AL 6 Fh b A SR I P b s Ak
FETET , PRI IR Ll 2 B R A O3 AR SRR SR R 11 £ b
FIFHZERIAB 3 B 0, B B AR an 3R 3 o .

®3 BAHELHMABRBRTE
Table 3 Carbon density of land use types in Shaanxi

Province Mg/hm*

THFIHER  Crpone Cov Cron Crgend
4% H 5.22 3.23 37.91 0.00
e 20.93 5.37 61.62 0.00
N1 2.60 6.67 45.96 0.00
KA 0.00 0.00 0.00 0.00
FEUE 0.00 0.00 0.00 0.00
AR FHH 1 1.03 1.14 52.34 0.00

1.3.4 E3A) A TG HEMEETTRE LA
Ak 1) Bk it 12t DT AR 238 0T A A — A b ) 2K R A
B B fif 28 AR Ak 7E 12 B BE R AR B 6 AR Ak R Y L
R FR
(C,,* Ca>Si
—Tc (6)
AP ROV R TTERR 5 C,, C 20 3 3R R 26
TR B8 45 JIT WO 1 0T 5 399 K 0 30 0 ke I 1 £ ke
J 5. S, g2 T 78 Ak 28 750 1)+ b ) 1T RR s AT C 26 7R iF
SE I ] S e A B 9 A8 b i
1.3.5 FLUSH®E &M (D WahN FkfE., 454
Bevi 2 F AR B S AL S QPR ERIE BB R YR
BT g P B PR A SR RS N 1 GDP SEE R &
IR A F . o ANN2E S AR EF 5 £ F
AU 75 (8] 43 A Z 18] (9 OC 2, 19 B 4% 1T 26 A0 0 18 |
PERE R

(2) BRSO E , KA 1980—2020 4 11 #.11
| A EHE L ) Markov B2 5500 oK ok 4% 2 1 H
P K i, JE 7 FLUS BRI /R S 20 0 55 1F . It
PERBS AL 2 808 i 2 0GR 5 R DLR S
BRADRG

(D HREI. BEIMEMER . (D AKX
JRAH S BB IRAT & SR A AT S 5 (2) BF b LR 41 5t
B ) Bk ot 7 g 5 FH b 5 (3D AR AR B, 14 Ak
b5 T DA ) 7 R B A SR O

(4) 258 5 55 . A A 2010—2020 4 4 1
I FH B4l R 455 8 4 A7 K B 95 UE (Kappa 2 88 B IRk
JED , FEAE LR AL 2030 4F L 2040 4E Y -+ H R
W o B K L 25 R A InVEST i fif /2 B, 1%
i N )% 56T 1A Bk it k28 Ak 5 4 8] 4 A7 R AE

R:



248 K+ G FEF 5

33 %

2 #R50br

21 BEAEALHFATHSH

211 B@mE LA AT T > AEE 1980—
2020 4 B VS A 4 1R o3 A A% S AR — 3. DLAs T
3K BEVE A R 2 R 2 D R A R
Mok Hod, 1980 4F b i AL LR 7.19 < 10" km?,
T A4S BTN AR 38.3 %0, o T AR R 2 A s R E R

A 19804F

B 19904F

C 20004F

I, 24 6.35X 10 km?, (5 33.8 % ; PR bR HlL , 247 4.48 X
10" km?, (5 23.8% . = A TH29 i PEvE 4 SR
(95 %0 . A T 7E B PG 448 355 DN 3543 43 A, i AR AR R 2
b AR AR R 28 B L XA b R R B R X
A5 P AR A AE OGO IR, DLV T o RO X
1980 4F 2y 5.28 X 10° km?, % 2020 4F- 3 Jin £ 7.86 < 10°
km?; 7 F1) FH Hb 3= 247 T Bk AL, 1980 4F 2 4.49X 10°
km?, £ 2020 4E 3 /0 7 2.90 X 10° km?([# 1),

D 20104 E 20204F

Al 500 km
J

L
O =

[ &m

[ W

M T] 25 Ak 3k L 1980—1990 45 [ 76 45 + 3t )
FHAZ A /I . 1990—2000 4F H: Ath FH M 1 A2 K 8 I8
A Ly 1 287.01 ke, i 0 by A A 35 b T AR
RN . 2000—2010 4F 3% i 199 B 75 45+ A1 FH A8 1k
Fe R B, A TR TE R /D i/ T AR R 3 699.98
ks B A T 7K A4 i At b 22 A1, Ay 28 o) 35 40
P, b DUBRCHD T B IR A K, O 1 673.27 km®, X

Nk

I 2w

El1 1980—2020 FREAH LA ALBEE S
Fig. 1 Spatial distribution of land use types in Shaanxi Province (1980—2020)

IR B AR B 2 ) AH 56 . 2010—2020 4 4 H T
FRATS A7 K T AR /0, o4 1 393.94 km?; I Ab , 5 1l A1 L
fiby I i T AR A T T R 5 3% B ) B P 35 P b v A
B e K, R 986.60 km”, 15 BT Bk 7 44 3 T Ak 1E AR A4S
TEARSE . 245 b, 1980—2020 4F B 74 45 1 b A1) 1 25 1k
FE I A B At b B K AR T RS W O 4 L AR
Ll R A 1A FH AN T R I R A (R 4D

R4 1980—2020 FEPEFEA T A ARBEMARTH

Table 4 Area changes of land use types in Shaanxi Province (1980—2020) km?

By 1980—1990 4F 1990—2000 4F- 2000—20104F 2010—2020 4F 1980—2020 4F-
A H —53.71 105.38 —3699.98 —1393.94 —5042.25
L 20.54 197.66 1673.27 530.67 2422.14
i) 15.78 634.00 1119.76 —224.66 1544.87
NS —46.80 —36.67 —0.99 118.02 33.56
A 55.73 386.75 1149.11 986.60 2578.19
HoAl 3 7.69 —1287.01 —240.04 —33.77 —1553.13

212 AR ERDESEAESESE T X
1980—2020 4F Bk P4 45 4 Hb K] F 4% Jm 1) T8 A2 F 17 4
BT, AR 58 R FH 8l 245 28 Ak B (BT 2) 55 253 [ #4606 B A
SR RGEMNT T % X I 4 1 B S R s
AR AL (1) &MU . 452+ b R 1 AR 4L 5
AR ,1980—2020 4 B v 45 + b A1) I A8 1k 52 20
U FH > LAt FH i > A T > b b > Rl > K R ()
B2 BT BRE . A0E BT H L5 B S AR

0.32, H 1 2000—20104F 25 & B A& BE(E | K, 9 0.19,
1980—1990 4F & /N, 24 0.004 93 5), & B 2000—
2010 4 P 7 4 4 b A 1 5% 0 05 o TR A

(] B 45 5 1 1l 1) P e A% 3 78 ok 48 7 B PG 44 1
FI A8 Ak 7 1) FTRRASE (55 6) . (1) A M ifg FRAS Ak B
K, 285 040.83 km®, 3 B AT Sy B ph R AR AR, F2
TG RN R M| AR b RURR AR 5 (20 R
T AR AL B JE 58—, 2 578.16 km?, £ B AL A SR



%2 3

PN SR AT B VG 4 b ) 258 b 1 BsF 22 i A8 R i Bl i k4540 iy A0 800

Sy e B b S A bl R A O At £
b ) FH 2SR 8 BB /N 5 (3) 2R bR i RS Ak B 67 S 5
=,42430.59 km?, T2 iy & H AR HEL A (4) HAt
FH b 17 BR AR b 67 B 2 DU, A 1 552.62 km®, EEG
R R 5 (5) b TR AR AR Ak 67 JE S L, A 1 546.32
km?, FE AR B SRR A B RO R
PR R A 5 (6D 7K 4 T AR Ak fe /)y, X R 38.37 km’,
SR UL, AT 40 A 18] B T A £ R AR b ok, Hodh
LA 2000—2010 4F 5 oy Wi 3, AR T M AR BR 22 (8] AH
HAR AR K, AT LA BOR N R AR TE A +
by I A2 A bk B4R T, 1980—2020 4F B 7Y 44
3 A AR B R R BR R AR B T , Eak FE Hb A
AR RS W HE 0, o 4l T R e TR A b

249
A& H
FoAth FH Hh b
e
|t
/f e
B i
—=— 1980—19904F
—e— 1990—2000%F
— 2000—20102
2010—2020
ZNG 1980—20204F

2 1980—2020 EREAA LA AR —HEETL
Fig.2 Changes in single dynamic degree of land use in
Shaanxi Province (1980—2020)

R5 1980—2020 FREAA TP ALREHTETLE

Table 5 Changes in comprehensive dynamic degree of land use in Shaanxi Province (1980—2020)
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Fig. 3 Spatial distribution patterns of carbon storage in Shaanxi Province (1980—2020)
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Fig. 4 Spatial distribution of carbon storage changes in Shaanxi Province (1980—2020)
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Table 7 Carbon storage and its changes by land use type in Shaanxi Province (1980—2020) Tg
Ay A< L Fi b 7K 45k AR HAbL b SR A A
1980 332.89 405.81 425.85 0.00 0.00 32.95 1197.51
1990 332.65 406.00 425.94 0.00 0.00 32.99 1197.57
2000 333.13 407.73 429.44 0.00 0.00 25.98 1196.29
2010 315.98 422.44 435.63 0.00 0.00 24.67 1198.72
2020 309.52 427.11 434.39 0.00 0.00 24.48 1195.50
1980—1990 —0.25 0.18 0.09 0.00 0.00 0.04 0.06
1990—2000 0.49 1.74 3.50 0.00 0.00 —7.02 —1.29
2000—2010 —17.15 14.71 6.18 0.00 0.00 —1.31 2.43
2010—2020 —6.46 4.67 —1.24 0.00 0.00 —0.18 —3.22
1980—2020 —23.37 21.29 8.53 0.00 0.00 —8.47 —2.01
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Fig.5 Contribution rates of land use change to carbon storage in Shaanxi Province (1980—2020)
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PSR IATE RIS X (B D,

(D fE St FAETE2EEE . 2030 4F 42 44 Tk fiff 1 7E

F 9K % FRAE 5t R 3.165 97X 10°t, #F b {4 47 1% 5t
3.131 82X 10°t, A= A R 4118 5ty 3.174 73X 107, LA
2020 4F Ry B UE , H R K A S/ IR R B 2.69 X 10° ¢,
B MR 0 5 TR 3.684 X 107t T AR 25 45 7 17 5 1
fin 6.07 X 10°1(F 8).

RS BRELESHERTARMERBETL

Table 8 Changes in carbon storage across different land types under multiple scenarios in Shaanxi Province

- FISR B JAE 5 B s L4 15 5t AR 5
W fifi it /10° ¢ ditk/ % it ik /10° ¢ mitk/ % il ik /10° t H/ %
He bt 848.47 26.80 907.26 28.97 848.58 26.73
M 1100.84 34.77 1011.13 32.29 1107.88 34.90
H 1165.96 36.83 1165.96 37.23 1171.67 36.91
Ik 2, 0.18 0.01 0.18 0.01 0.18 0.01
B H Hb 35.98 1.14 32.76 1.05 31.88 1.00
R 3t 14.53 0.46 14.53 0.46 14.54 0.46
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Fig. 7 Spatial distribution of carbon storage in Shaanxi
Province under different scenarios in 2030
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Fig. 6 Spatial distribution of land use in Shaanxi Province under different scenarios in 2030
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Table 9 Regional carbon storage changes under multiple

scenarios 10° t
XK HAKREHERE  PHELEPES SRR
314 1158.04 1149.65 1164.55
Krp 831.89 824.43 835.49
Bk g 1176.05 1157.74 1174.69
i 3165.97 3131.82 3174.73
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