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KT Alam 25 (2013) 472 H 5 B K A& AR Y
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Table 2 Carbon density values for different land use types in Dongying City after adjusting for annual precipitation and

annual average temperature

LM I Ho AR (- hm™) MR AR/ (hm™) RS (chm™)  SETTAHLERE /(- hm™)
B 2.01 0.38 88.5 0.2
Mt 17.41 4.62 121.27 1.74
Fith 0.77 4.02 94.98 0.8
7RI, 0.42 0.08 77.26 0.4
SR 0 0 69.54 0
EZR 3 0 0 69.54 0
AR i 0.42 0.08 71.07 0.4

3.3 PLUS#H

PLUS A1 fy b B 5ok~ (R0 = Pk RE
A SRR IR, &Ml Y 5k
AT K W LEAS (Land Expansion Analysis Strategy)
5ZIRIFEHLFR T CARS (Cellular Automata based

on multiple Random Seeds) ZH i 1)+ b ] FH A HUUAR
B ZASE AL AT DL T Iy S o R R A R D 5K
WehHE, JFETOIASIPLCA (Cellular Automata)
HEZR T BN [ 45 57 1 09 L A s i A (38
Je 4, 2025; HfEEFBL A, 2023)
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Table 3 Accuracy assessment of current land use and predicted land use of Dongying City in 2023

+ Mo 2 A
b ity O e I AR M EZNE /3 A H
SR /km? 3963.909 457.749 250.868 1463.907 626.948 357.932 124.281
T /km® 4101.25 418.275 264.208 1293.751 689.857 349.827 128.426
FAXR 22/ % -3.46 8.62 -5.32 11.62 -10.03 2.26 -3.34
SAOKS 2% 88.90
Kappa 7% 0.827
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I (019 45 2= 0.43) i (1 0.03 2
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1702 National Remote Sensing Bulletin i & 54k 2026, 30(6)

70.07 #10.02), LUkEGTE F SR 551452 BR A ) =
£ YN b DT AR B A FRAR AR 5 5 (RIS AR BR
T 3l B A 152 T M O e RS ABE 32 (0.06) , DA S B 4
XIS ARAFE R A A T R . W 2R, &
L8 2040 4F S b RIELEAT PR A 5 #EHL

37°48'N

37°20'N

118°29'E 118°58'E
(a) 2023 4FZE T LA AR
(a) Current land use map of Dongying City in 2023

A ISR

I B

. 2R

ARHE . R K, WA L. SRR TE K
A I M () e B A 43 ) E R 0.39, 0.07.
0.02, 0.43, 0.06, 0.02f10.01, 2040 4F 1 3t | F
TR N 4 B

37°48'N |

37°20'N |

118°29'E
(b)2040 4F 7 B i1 - b A1) FH 00 141
(b) Predicted land use map of Dongying City in 2040
Frih D bR D i KIS

118°58'E

ARA T

4 2023 4 A0E T A HHBLAR AN 2040 457 8 T - Hu A1 B0 ]
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Fig. 6 Mulberry=based diagram of rural settlements in Dongying City encroaching on other land types, 1987—2023
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Fig. 7 Spatial distribution of rural settlements encroaching on

other land types in Dongying City, 1987—2023
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Table 4 Statistics on the area of other land types encroached upon by rural settlements in Dongying City, 1987—2023

W 5 HE 12 i bkl 12 i R 12 b7k RhiE A=A ARR 15 i 1 2
A km? A km? i A km? i A km? FH b T AR km? T A km? S THT AR /km®
RAIX 21.977 9.320 3.188 1.556 3.313 15.023 54377
IRk 38.955 2.014 1.234 1.205 0.167 6.130 49.705
Fe £ 32.418 3.501 2.184 0.439 0.538 9.068 48.148
REIX 17.697 7.228 3.279 2.101 4.670 5.277 40.252
[ X 7.993 10.254 2.533 0.303 1.840 7.828 30.751
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Fig. 8 Changes in carbon stock of Dongying City, 1987—2023
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Table 5 Changes in carbon stock due to land use changes of Dongying City, 1987—2023

R T TR ke TR i i /km? i AV A e km® SR AR/ (10° 1)
B 594.588 1630.787 1036.199 -1.812
P 1157.238 277.106 -880.132 -5.276
H 477.779 225.829 -251.950 -0.732
K8 119.642 1244.401 1124.759 -1.823
LR 59.082 541.090 482.008 -1.461
EZ0F 33 134.763 223.270 88.507 -0.330
AT 1656.300 59.908 -1596.392 2.210
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Table 6 Changes in carbon stock due to rural settlement expansion in Dongying City, 1987—2023

[CAEEES 1525 T B Vkm? 152 5 B RR AL 1925 1k (10° 1) P ek BB A 2 A A LG 31/ %
b 119.040 -0.257 46.31
b S: 32.317 -0.244 43.96
HHl 12.418 -0.039 7.03
IR 5.604 -0.004 0.72
WA B 10.528 0 0
RAJH 43.326 -0.011 1.98

mERIR, SHEEAFRBERT, &8 1A A3 1 75.386 km?,  XoF I B Aif S T 0.163%
TR AR N T 0.250x10° 1, Hidr, SRR 10°t, 5 AhR B 0B Y 65.20%; H Uk k) Ak
) B b e RS DX IR B s e 3 N ) R R R, Bk WL RS, T ARG 9.802 km?, i H 341 0.074x
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Table 7 Impact of orderly withdrawal of rural settlements on carbon stock in 2040

URIES 5 T B km® RIZ S BOVIRRAE B 1925 £k/(10° 1) o7 SR e 1 o 1) L B8/ %%
HkH 75.386 0.163 65.20
P 9.802 0.074 29.60
i 2.574 0.008 3.20
Kk 3.295 0.003 1.20
RA 6.541 0.002 0.80
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Table 8 Changes in carbon stock following the orderly withdrawal of rural settlements in each county and district of

Dongying City in 2040

I [a] b A FH S HR A THTA ke

2 ehiti it B AR/ (10° O
it At Ll K ek WA A KR
REX 9.034 1.484 0.181 1.041 2.557 2612 0.331
IRk 15.007 0.725 0.327 0.829 2.292 1.007 0.400
X 8.199 2.351 0.518 0.773 1.287 0.329 0.384
BAX 18.421 4.487 1.427 0.606 1.370 2.037 0.787
FE 24725 0.755 0.121 0.046 1.171 0.556 0.598
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Fig. 9 Spatial distribution of other land types restored after

orderly withdrawal of rural settlements in 2040
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Impacts of rural settlement evolution on regional carbon storage in the
Yellow River Delta based on multisource data
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Abstract: Since the implementation of China’s Reform and Opening-up policy, the continuous advancement of industrialization and
urbanization has profoundly reshaped rural spatial patterns. In many rural regions, a typical phenomenon characterized by “population
decrease but land increase” has emerged, resulting in the disorderly expansion and hollowing of rural settlements. This process has posed
significant challenges to rational land resource utilization, ecological environment protection, and food security. Existing studies have
mainly focused on the spatial pattern evolution and driving mechanisms of rural settlements, while relatively limited attention has been paid
to the carbon storage changes induced by the orderly withdrawal of rural settlements. The Yellow River Delta is a strategic region for
ecological protection, agricultural production, and economic development in China. Under the combined influences of environmental
protection policies, demographic shifts, and urban development, the spatial pattern of rural settlements in this region has undergone
substantial changes in recent decades. Therefore, taking Dongying City in Shandong Province, the core area of the Yellow River Delta, as
the study area, this research aims to quantify the impacts of rural settlement dynamics on regional carbon storage and explore potential
carbon storage changes under an orderly rural settlement withdrawal scenario. On the basis of multisource remote sensing datasets and
driving factor data, the INVEST (integrated valuation of ecosystem services and trade-offs) model was employed to estimate regional carbon
storage and evaluate the impacts of rural settlement expansion on carbon storage during the study period. Subsequently, the PLUS (patch-
generating land use simulation) model was coupled with the In'VEST model to simulate future land-use patterns and assess carbon storage
changes under an orderly rural settlement withdrawal scenario in 2040. The results are as follows: (1) From 1987 to 2023, despite the
continuous decline in rural population, the total area of rural settlements in Dongying City exhibited an overall increasing trend. The
cumulative expansion of rural settlements reached223.233 km? mainly encroaching upon other land-use types, particularly cropland.
(2) During the same period, the expansion of rural settlements resulted in a reduction of approximately 0.555x10°¢ t in regional carbon
storage. Among different land-use conversions, cropland occupation contributed the largest carbon storage loss, reaching 0.257x10° t and
accounting for 46.31% of the total carbon loss. (3) Simulation results indicate that under the orderly withdrawal scenario, the area of rural
settlements could decrease by approximately 106.275 km? by 2040, leading to an increase of about 0.250x10° t in regional carbon storage. The
expansion of cropland would play a dominant role, contributing approximately 0.163x10¢ t of carbon storage gain, accounting for 65.20% of
the total carbon increment under this scenario.Overall, the orderly withdrawal of rural settlements can effectively promote the transformation
of idle into ecological land or cropland, thereby enhancing regional carbon sequestration capacity. The findings of this study provide
scientific support for ecological protection and food security strategies in the Yellow River Delta region.

Key words: carbon storage, rural settlement evolution, Yellow River Delta, In'VEST model, PLUS model
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