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Measuring impacts of temporal and spatial changes of cultivated land on carbon

storage. A case study of Hubei Province
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College of Public Administration, Huazhong University of Science & Technology, Wuhan 430074, China

Abstract: Based on InVEST model, the quantitative evaluation was conducted for the impact of cultivated land occupancy
and compensation area temporal and spatial changes on the terrestrial ecosystem carbon storage in Hubei Province from 2000
to 2020. The degree of spatial agglomeration of carbon storage changes caused by the cultivated land occupancy and
compensation was explored at the level of county administrative units. PLUS model was used to simulate the change of land
use pattern and carbon storage under four future development scenarios. Based on the research, the following results were
obtained; (1) from 2000 to 2020, the net change rate of cultivated land area in Hubei Province was —3.89% , indicating a
slight decrease in cultivated land area. It basically achieved a balance between the number of cultivated land occupation and
compensation. (2) From 2000 to 2005, 2005 to 2010, 2010 to 2015, and 2015 to 2020, the proportions of carbon storage
changes caused by the cultivated land occupancy and compensation accounted for 68.45% , 59.45% , 57.86% , 55.46%,

respectively. The overall proportion in the past 20 years was 61.38%. The changes in carbon storage of cultivated land had a
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huge impact on the carbon storage of terrestrial ecosystem. The plot area of carbon sequestration was 1.29x10° hm*, while
the plot area of carbon loss was 3.88x10° hm’. (3) From 2000 to 2020, the changes in carbon storage caused by cultivated
land occupation and compensation in Hubei Province had obvious spatial aggregation. The “high and high aggregation”
areas were mainly distributed in the western and southwestern mountainous areas, while the “low and low aggregation” areas
were located in the Jianghan Plain in the central and southern parts of the province. (4) From 2020 to 2030, the carbon
storage of terrestrial ecosystem in Hubei Province will decrease by 5.50x10° t under natural development scenario, 1.22x
10° t under cultivated land protection scenario, 8.89x10° t under urban development scenario, and increase by 2.43x10° t
under ecological protection scenario. Compared with the other three scenarios, the ecological protection scenario is the
optimal scenario for future development. Through quantitatively assessing the impact of temporal and spatial changes in the
cultivated land area on regional carbon storage in Hubei Province under the background of the cropland balance policy, the
study provides decision—making basis and scientific reference for future territorial spatial planning and the formulation of
carbon sink increase policy, which is of great significance for realizing the sustainable utilization of land resources and

ecological environmental protection.

Key Words: cropland occupation and compensation; terrestrial ecosystem carbon storage; InVEST model; PLUS model
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Table 1 Land use simulation and prediction data
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Fig.3 Net change rate of cultivated land area in each city and state from 2000 to 2020
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Table 4 2000—2020 Change value of carbon storage caused by cropland occupation and compensation in Hubei Province

- o ] Period
Cropland occupation and compensation type 2000—2005  2005—2010  2010—2015  2015—2020 2000—2020
A 5 HEHb-bR 469347 8199220 416771 6998247 5854437
Cropland occupation Hi -5 4 4764 109612 6785 75236 36876
Btk dsk -2285638 -4016960 ~759983 -1864744 -3529527
Hi st -5 b -1230800 ~7544734 -7037036 -3423042 -12047660
F st -2 1 b -8162 -149401 -4138 -120575 -48914
/i -3050490 -3402263 -7377601 1665122 -9734787
B kM Wb - 4 —174252 -6251319 -364288 -8905461 -5429596
Cropland compensation B - b -3990 -72822 -26810 -87373 -37671
KRB b 103103 1781493 187845 3937683 607238
HEUE FH M- b 10713 1308457 263472 6615604 1009918
T FH - A 56387 107652 4694 155602 86251
/NI -8040 -3126540 64913 1716054 -3763860
A3t Total -3058530 -6528803 -7312688 3381176 -13498648

3.3 BbHb A fid AR A A ) DI A S A

8 AreGIS LR L S FHCITE ML 1540 5 BB S I GeoDa HCPFFPHERT 22
25 [6) AT, 159 B AN BE R 42 JR) Moran's 1(3R5)  7F @=0.01 KF b, HABTEBR Z (H¥ KT H1{E 2.
58, Jf i i E VAL SR . Moran’s T BT 0, BEHTARH o I 10 BRAS 1k 5 B0 Bk i 728 10 (8 B AT B I 1 s (] 4R 2%
P, {H 25 (8] B2 A B2 BE I R HERS 7E I sl A2 Ak IR AERE

£S5 A S SBNREETLELREZEY

Table 5 Global Moran'’s I of carbon storage changes caused by cropland occupation and compensation in Hubei Province

R fi [
e , fi e , e
i Moran's [ A P value Threshold . Moran's 1 VA P value Threshold
Period Period

value value
2000—2005 0.3034 5.8541 0.002 2.58 2015—2020 0.1840 3.1342 0.003 2.58
2005—2010 0.1872 3.1275 0.003 2.58 2000—2020 0.3580 5.7254 0.001 2.58
2010—2015 0.3369 5.5521 0.001 2.58
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Fig.6 Spatial distribution of carbon storage caused by cropland occupation and compensation in Hubei Province from 2000 to 2020
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Fig.7 Local spatial autocorrelation analysis of carbon storage changes caused by arable land supplement in Hubei Province
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Fig.8 Land use status in Hubei Province in 2020 compared with PLUS simulation
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Fig.9 2030 Spatial simulation of land use under four different scenarios in Hubei Province
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Fig.10 2030 Carbon storage spatial distribution simulation under four different scenarios in Hubei Province
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Table 6 2030 Land use structure and carbon storage in Hubei Province under four different scenarios

B AF AT

RIS B it Hilth K .

Land . Cronland/hmn? Woodland/hm?  Grassland/hm? — Water/hm? Built-up Unused Total carbon
and use scenario ropland/hm oodland/hm”  Grassland/hm ater/hm land,/hm? land/hm? storage/
2020 4FIFRFTR Actual demand in 2020 6697731 9224354 701471 1164582 768438 38155 2468913165

2 VY A
030 @ BRI . 6720367 9179704 702387 1111615 842155 38504 2463408437
Scenarios of natural development in 2030
L
2030 @%}T-i{ﬁﬁ%})ﬁ it Lo 6868970 9147697 699593 1092426 747506 38540 2467692865
Scenarios for farmland protection in 2030
2030 A AR
%ét ﬁﬂjfﬁ)}- . 6735885 9234306 704446 1111802 769784 38509 2471346806
Scenarios for ecological protection in 2030
2 IR
030 FIRBF R 6696978 9165079 701084 1109510 883723 38357 2460020057

Scenarios for urban development in 2030

2030 4 FI 48 K AR AR LA (8 2020 4F ) /%

Change rate of natural development scenarios in 0.34 -0.48 0.13 -4.55 9.59 0.92 -0.22
2030 ( compared with 2020)

2030 AR AR (52020 ) /%
Change rate of farmland protection scenario 2.56 -0.83 -0.27 -6.20 -2.72 1.01 -0.05
in 2030 ( compared with 2020)

2030 AFAAS AP AL (52 2020 4F) /%
Change rate of ecological protection scenario 0.57 0.11 0.42 -4.53 0.18 0.93 0.10
in 2030 ( compared with 2020)

2030 4EIREUT R SR AR (B 2020 4F) /%
Change rate of urban development scenario -0.01 -0.64 -0.06 -4.73 15.00 0.53 -0.36
in 2030 ( compared with 2020)
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