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Abstract

Against the backdrop of China’s dual carbon goals and the Yellow River Basin’s ecological protection
and high-quality development strategy, the transformation of the tripartite spatial structure—pro-
duction, living, and ecological spaces—has profoundly influenced regional carbon balance. Taking the
Henan section of the Yellow River Basin as the study area, this research integrates multi-source data
on land use, natural environment, and socioeconomic factors, and couples the PLUS-InVEST model to
simulate multiple scenarios of tripartite space evolution and assess carbon storage. The aim is to re-
veal the impacts of spatial transformation on carbon storage and provide scientific support for low-
carbon regional development. Results show: 1) From 2000 to 2020, production and ecological spaces
decreased while living space expanded in the study area, with the primary spatial shift being from
production to living space. 2) Over the past two decades, total carbon storage in the region declined
by 9.6 x 106 tons, primarily due to living space encroaching upon production space. 3) Scenario simu-
lations indicate that carbon storage was the highest under the farmland protection scenario at 373.21
x 106 tons, and the lowest under the urban development scenario at 366.59 x 106 tons. From 2020 to
2040, all four development scenarios showed varying degrees of carbon storage decline. Among them,
the urban development scenario carried the highest risk of carbon loss, with a reduction of 12.51 x
10¢ tons (a 3.41% decrease). The farmland protection scenario had the lowest carbon loss risk, with
areduction of 5.89 x 10° tons (1.58% decrease), although it imposed strong constraints on urban de-
velopment. The sustainable development scenario achieved the best balance, maintaining carbon se-
questration functions to the greatest extent while meeting development needs (a 2.75% decrease),
offering an optimal reference for low-carbon optimization of territorial space in the basin.
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Figure 1. Study area profile map
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Table 1. Spatial classification system of the ecological-production-living spaces in the Henan section of the Yellow River Basin
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Table 2. The spatial carbon density of the ecological-production-living spaces in the Henan section of the Yellow River Basin
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Table 3. The transformation matrix of the ecological-production-living spaces under natural circumstances
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Table 4. Domain weights
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Figure 2. The spatial area and proportion of the ecological-production-living
spaces in the Henan section of the Yellow River Basin
B 2. BIREAREE =S T EERF AL

2000~2020 =By IAtisin] B B = Ak 2 1a) S SRR N 3 Fas, BT L, 2000~2010 4F =A% (A1)
R DU P73 0] 5 A 26523 18] AR RH EL B4 A CVREAE , i AR P22 ) O N 225 . A EK 2000~2010 4R (4]
3(a)), 2010~2020 E (5] 3(b)) & K2 (AL AEVERRFE HE— D4 Tt; AR P= 2 AR M AR S 0] ARSI Fe e, [H

DOI: 10.12677/gser.2026.154066 737 PRI


https://doi.org/10.12677/gser.2026.154066

R %

A A= 3 2 A0 Tk S B S iR . 2000~2020 (K 3(c)) Rt R AN 8849.12km?, A:f=. ARG RV AR LA
K, A= SRR R RECNRIZ . rIERE, AEre e 1014.76 km?, [l A3 25 A R F &
HEV R 54.4%, [AVAEZS S RIS B 45.6%, F2 B A 7= 23 A0/ 52 A0 8 2 (AL A 25723 (A1 5k 1) 3 [ 52
AR (B A N R BRI T ARSI, RN 61.8%. AEIEE ML N N E, G\ 1305.91 km?,
HE N FEERJE T A= S A S, 505N SR 92.6%F1 7.4%, T Jiikin /g B LK P
FEIX— IS IR T AR Y 291,16 km?2, 2B Jg AL 7 43 [ R AE TR 43 ), ]I AR 24543 T
APl N 2186.80 km?, MAETEZSE) N 68.48 km?, B HmE KT8 N AE 25 AR B R ik 80.65%,
FU XA A 2 AL A S R BONARE, (R R A A IR A= AR 2 (] A0 1) EATY AN 25 20

(a) 2000-20104F (b) 2010-2020%4F (¢) 2000-20204F
Bl s [ SR B s

Figure 3. Squad transfer chord diagram of the ecological-production-living spaces in the Henan section of the Yellow River Basin
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Figure 4. Spatial distribution of the ecological-production-living spaces in the Henan section of the Yellow River Basin
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Figure 5. The transfer of the ecological-production-living spaces in the Henan section of the Yellow River Basin
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Table 5. Structure and changes of carbon storage in production-living-ecological space of Henan section of the Yellow River
Basin from 2000 to 2020 (x10° t)

5% 5. 2000~2020 FF ARG R = E B E)RIEEEHI N1 (x1001)

A A ] A i ] A AR ] &t
2000 226.4 6.1 156.2 388.7
2010 220.9 7.7 157.3 385.9
2020 213 11.6 1545 379.1
2000~2010 -55 16 11 -2.8
2010~2020 -7.9 3.9 -2.8 -6.8
2000~2020 -13.4 5.5 -1.7 -9.6
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Figure 6. Spatial distribution of carbon storage in the Henan section of the Yellow River Basin
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Figure 7. The annual increase or decrease of carbon storage in the
Henan section of the Yellow River Basin from 2000 to 2020
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Figure 8. Spatial distribution of the ecological-production-living spaces in the Henan section of the Yellow River Basin under
multiple scenarios
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Figure 9. Distribution and transfer of carbon storage in the Henan section of the Yellow River Basin under multi-scenario simulation
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