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Table 2 Land use transfer cost matrix of various development scenarios in Gaotang county
H AR e 5t Bt g 5t IR A SR S
C F G w U F G w U C F G w U
C 1 1 1 1 0 0 0 0 0 1 1 1 1 0
F 1 1 1 1 0 1 1 1 0 1 1 1 1 0
G 1 1 1 1 0 1 1 1 0 1 1 1 1 0
w 1 1 1 1 0 1 1 1 0 0 0 0 1 0
B 1 1 1 1 1 0 1 1 1 1 1 0 0 0 0 0 1 0
U 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1
A BRI 5 LIRSS % 3/131 55
C F G w B U C F G w B U
C 1 1 1 1 0 0 1 1 1 1 0 0
F 0 1 1 0 0 0 0 1 1 0 0 0
G 0 0 1 0 0 0 0 0 1 0 0 0
w 0 0 0 1 0 0 0 0 0 1 0 0
B 1 1 1 1 1 0 1 1 1 1 1 0
U 1 1 1 1 1 1 1 1 1 1 0 1

E: C. F. G, W, BRIUZMIZ RPi, ARit, Biosts ks, BRI R

®3 FRERXIHF ABREEHRSERSHEBENE
Table 3 The neighborhood weights of various land use types in
Gaotang county in land use and carbon storage in plain agricul-
tural regions
THORHEA BE AR BIMb KB ARBHHL KRR
SPELE 065 046 025 0.14 080 0.12

R4 FERX I AREERRSEESMERZERE
Table 4 Carbon density values of various land use types in Gao-
tang county in land use and carbon storage in plain

agricultural regions

FHOFIA b DAEVIRREE MR RHERRE O SETOORE
ez E/Avhm®)  FE/(t¢hm®) E/Avhm®)  E/(tvhm®)
Hii 2.42 0.46 90.58 0.24
M 20.90 5.54 124.12 2.09
B 0.92 4.82 97.21 0.09
K 0.50 0.10 79.07 0.05

A 0.00 0.00 71.18 0.00

ES iRl 0.50 0.10 7274 0.05
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Table 5 Changes in land use types and their rates under different scenarios in Gaotang county from 2023 to 2035

2023 4F 2035 4F
3 2 FAR K et 5 Bt (R 17 55
Ay hm? LA/ %
T/ hm? e/ % AR/ % T/ hm? e/ % AR/ %
B 63 861.50 67.410 68 879.78 72.710 0 7.86 69 116.78 72.960 0 8.23
s 8 714.40 9.200 6244.52 6.590 0 -28.34 6189.14 6.5300 -28.98
i 431.92 0.460 392.07 0.4100 -9.23 397.24 0.4200 -8.03
K3k 6595.52 6.960 5497.65 5.800 0 -16.65 5480.68 5790 0 -16.90
B 15 133.89 15.970 13 723.92 14.490 0 -9.32 13 553.89 14.300 0 ~10.44
A 0.86 0.001 0.15 0.000 2 -82.56 0.36 0.000 4 -58.14
20354F
-3 AR R AR AIHELE K R S
T /hm? /% ARfk/%  HEY hm’ Wl % ARfe#/%  HAY hm? LBl % AERE %
Hhih 67 459.24 71.210 0 5.63 67 835.20 71.600 0 6.22 68 132.04 71.920 0 6.69
Mt 494524 52200 -43.25 9 109.06 9.620 0 4.53 9056.11 9.560 0 3.92
iy 309.23 0.330 0 -28.41 439.87 0.460 0 1.84 438.36 0.460 0 1.49
kI 6 058.25 6.390 0 -8.15 6 098.25 6.440 0 -7.54 6 064.65 6.400 0 -8.05
A5 b 15 965.89 16.850 0 5.50 11255.62 11.880 0 -25.63 11 046.84 11.660 0 -27.01
FFI 0.24 0.000 3 ~72.09 0.09 0.000 1 -89.53 0.09 0.000 1 -89.53

TEAE R B R, B AR 67 459.24 hm?,
A I AR N 15 965.89 hm?, B Hb R 5 P Hb Thi
TR 2023 4F XA B3, H AR M 28 T AR R B
XFE A SR K R S AT A, TR sy
sk, HEHLIEA HsD, HAZ B R A AL R S A
HE LA I BCR S2 ), Bk Ml T AR 5 2023 4R AR LU AT
JREYE I, X B O AR AR R TR S, A
Ao R, S AR 5.50%, 1B kb i R
5% 2023 AE IR 5.63% 0 SRIT,  ARHEFIHE Hb 43 51yl
DT 43.25% Fl28.41%, F IR EE & R A7 2 T B
AR L ES T b 5 TR AL DO v:i
AR R TR

AESEYPEST, MmN 9 109.06 hm?,
T AT FRCA 439.87 hm's AfEHE . MR AR M 8% 2023
AR AR RGN, AR R I AR, I ST AR

o 0 e o AR S R, (HBE M A 6.22%,
T ARG 57 . RWITEMR 4 A R o5 BUR 2
KV, AR AR SR BOR A fI AT PR, i,
A S DR S ML OR3P BOR P R 6 R

HESE -8 31 i N S SRR 2
2023 AFAT T RGN, AT R A 35 FH 4t R A Dk 2 5
FHELT P ORI 5t BRI B/ NIE S ARt A
O AR AR A R SR A RN . ISR T
Mt AP 5 A 2RI e 55 b A S, — D ThT PR 1
A2 AR b 1) i I O e AL, 55— 7 ThT S8l
ARM AT A, s - s BRI A B, (4%
KIa B AL AL . Ik, T Rpsek R 5
ARG T — HFRBOR AR BRI, i sl 25
Brfrdr SAESR PR, S H DA
K



172 BB (FIHESL) Smart Agriculture

Vol. 8, No. 4

i 4, 20354F 5 B AN 5T & s
YR ISR () 25 (B — 80 . BFHb AR % R or A, AR
i FEZ AT AE VT A, s A Hb A v o0 A 7E B

O, HUH SR B PO BT R A, KRS A
FE BRI A AR g A, A EIh O BAF A
oA

116°0'0"E 116°10'0"E 116°20'0"E 116°0'0"E 116°10'0"E 116°20'0"E 116°0'0"E 116°10'0"E 116°20'0"E
N N N
: A [f ¢ AL ¢ A £
2 s 2 s St =
= = = = = =

z z ¢z z £ g
-3 % -3 % -3 %
LA - 2 LA 2 - 2
L .
T i T
Z | I e z Z | I e z Z | I e z
o : E o : E o : E
g\ o e £ o s Elmmm e =
P K e T P K e T P K il T
o I s 025 s 10 km 2 o I s 025 s 10 km 2 o I s 025 s 10 km 2
e e e
116°00"E 116°100"E 116°200"E 116°00"E 116°100"E 116°200"E 116°00"E 116°100"E 116°200"E
X3 1 B2 ProbE S c 3 SN
a. B AREEEF b. HRHLPR A R c. WAL T
116°00"E 116°100"E 116°200"E 116°00"E 116°100"E 116°200"E
N N

: : : A £

£t A [ =t 12

- = - 5

' '

z z z z

£ £ £ £

o 2 2[ g

b : ° 2 . 2

B S
] T

z | . e z Z | - z

1 g el 3

P K = hi ¥ P K T

| - e § 35 10k & | - 025 s 10 ki 2

EL e
116°00"E 116°100"E 116°200"E 116°00"E 116°100"E 116°200"E

d. ESEPEF

e. TR LK IAMF

EZEAT R TIRIAFEIE RS M 55T H A9 F B 5 h GS(2019)3333 5 474 36 B H)4F, & B A5 2
B4 &EE2035F R RHER T LEANZ0KE

Fig.4 Spatial patterns of land use in Gaotang county under different scenarios in 2035
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Table 6 Changes in carbon storage in Gaotang county from

2009 to 2023
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Fig.7 Distribution of carbon storage in Gaotang county under different scenarios in 2035
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Multi-Scenario Simulation of Land Use and Spatiotemporal
Evolution of Carbon Storage in Plain Agricultural Region
Based on The Coupled PLUS-InVEST Model

WANG Gaocheng', LIU Jian', LI Shasha', ZHANG Tingting', WANG Ailing"*

(1. Shandong Agricultural University, College of Resources and Environment, Taian 271018, China;
2. National Engineering Research Center for Efficient Utilization of Soil and Fertilizer Resources, Taian 271018, China)

Abstract: [Objective] Carbon storage is a key indicator for measuring ecosystem functionality, with significant differences in carbon se-
questration capacity among various land use types. Changes in land use directly lead to variations in terrestrial ecosystem carbon stor-
age. Therefore, an in-depth analysis and prediction of the spatiotemporal distribution patterns of land use change and carbon storage
can provide a scientific basis for achieving carbon sequestration targets and optimizing land use structures. [Methods] Taking Gaotang
county, a typical plain agricultural county in Shandong province as the study area, based on land use types extracted from remote sens-
ing data from 2009 to 2023, the spatiotemporal evolution patterns of land use were first analyzed. The InVEST model was then em-
ployed to estimate carbon storage and identify the spatial distribution patterns of carbon storage across different land categories. Driv-
ing factors were selected from the perspectives of natural conditions, socio-economic development, and locational conditions. Five
scenarios: natural development, cultivated land protection, urban development, ecological protection, and sustainable development,
were established. A coupled PLUS-InVEST framework was constructed. First, the PLUS model was used to simulate land use patterns
under five scenarios for 2035. Then, the simulated land use maps were input into the IN'VEST model to estimate carbon storage and to
compare changes across different scenarios. This coupling enables an integrated analysis linking policy scenarios, spatial land use pat-
terns, and carbon storage responses. [Results and Discussions] From 2009 to 2023, significant changes occurred in land use types, with
the most notable transformation being the conversion from cultivated land to forest land. Overall, cultivated land area fluctuated and
decreased by 3 184.10 hm’; forest land in the southwestern region increased by 1 988.74 hm’; and construction land in the county cen-
ter decreased by 109.89 hm’. Total carbon storage increased by 1.14x10° t. Carbon storage was significantly correlated with the spatial
distribution of various land types, exhibiting a pattern of higher values in the southwest and lower values in the northeast. Carbon stor-
age in the county center was relatively low, while the southwestern region, rich in forest land resources, had the highest carbon stor-
age. Under the natural development scenario, all land use types except cultivated land showed a decrease in area. Under the cultivated
land protection scenario, cultivated land area reached 69 116.78 hm’, an increase of 8.23% compared to 2023, while forest land experi-
enced the largest decrease. Under the urban development scenario, both cultivated land and construction land increased, whereas all
other land types decreased. Under the ecological protection scenario, cultivated land, forest land, and grassland increased, while all
other land types decreased. Under the sustainable development scenario, cultivated land area was slightly smaller than that under the
cultivated land protection scenario, while forest land and grassland areas were similar to those under the ecological protection scenar-
io. The spatial distribution characteristics of carbon storage were similar across all scenarios, consistently showing a pattern of lower
values in the central area and higher values in the surrounding areas. Under the urban development scenario, total carbon storage was
the lowest among all scenarios, decreasing by 3.01x10° t compared with the 2023 level. [Conclusions] This research reveals that con-
struction land expansion is the main cause of carbon storage loss, while ecological restoration measures can effectively increase car-
bon storage. The spatial distribution of different land categories remains relatively stable across scenarios, with carbon storage exhibit-
ing a pattern of lower values in the central urban area and higher values on the periphery. Strategies pursuing only economic develop-
ment or focusing solely on cultivated land protection have inherent limitations. The sustainable development scenario can better bal-
ance cultivated land protection and ecological conservation, dynamically adjust the relationship between the two, and achieve their
long-term coordinated development. This research could provide a reference for achieving carbon peak, carbon neutrality, and sustain-
able development goals in plain agricultural regions.
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