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Fig. 1 Scope of the Haihe River basin
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Tab. 1 The factors of carbon storage
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Fig.2 The carbon storage of Haihe River basin from 1990 to 2020
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Fig. 5 Interaction probe results of carbon storage
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Fig. 7 The prediction of land use distribution in the Haihe River basin under three scenarios in 2050
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Fig. 8 The prediction of carbon storage distribution in the Haihe River basin under three scenarios in 2030

4 WipSH®R

41 itk

1990—2020 4= ¥fg ] 31t 3ok i b A= 25 3R G e i o
W 1.3 44 ¢, F2 22 I R R A b ) AN 375 7K T A9 % A2
X5 Wang 257 He 8" 2438 %6 50 H 3 R it

*992 £ X5 5m%

A R GUW Ak R I IE 4 R — B R WMk S e
TIPSR T AR BB AR (Y B
FEAT R R WAL A AR DX A 25 R Gt il i s T
I B DX 8, Wang 25 R BIF 5T 45 2R 3R W AU S
DX BB At 2t DY A ) 2R T D, 3K -5 S SR 5 51 20



BB LA G ES R R EL CETN

— B TR e A S B T AR S R G A
S A, BUE TP R R IR R . JEHOR A AT
KA A SR AP BT 22 5 i Pdl R, 518
ANIZE K TIP3 e SR A BB, S BT b e
JE LRI . ML Z T, A SRS SRR UE B
2o R AARERT B, O TR E SRR R R

N

AR T DX e ity ) RAF SRR R L, #5725
IR i S AR e i e, — T R e 5 P b 1 34
K, IR AR AR RGN IT K&, i — 5 T
T b AR AR LA 53 R 45.87% i1 38.18%,
LRt 288 2 R, A0 %o il Y X3k ) £ 97,
RRHI % o

.ﬁ e ,!"; . i
S P Y
L . o S
| u Bl | U | pE R
AR ek [ AR ] o [ AR [ ] e
(a) AR AR 5 (b) 3 T PR 2 1 5% (c) LAY IR

&9 2020—2030 £ 3 FFE T REKREET L

Fig. 9 Carbon storage changes in the Haihe basin under three scenarios from 2020 to 2030
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Land use and ecosystem carbon storage change and prediction
in the Haihe River basin

JI Xinhui', CAO Yonggiang"*, YAO Jiaqi', ZHAI Haoran’, FAN Jun’
(1. Academy of Eco-civilization Development for Jing-Jin-Ji Megalopolis, Tianjin Normal University, Tianjin 300387, China; 2. Land Satellite
Remote Sensing Application Center, Ministry of Natural Resources, Beijing 100048, China; 3. Shanghai Institute of Satellite Engineering, Shanghai
201109, China; 4. State Key Laboratory of Hydroscience and Engineering , Tsinghua University, Beijing 100084, China )

Abstract: The change of regional land use affects carbon emission and carbon sequestration processes, which in
turn causes changes in the carbon cycle and carbon storage in terrestrial ecosystems. Based on the China land cover
dataset, the carbon storage and sequestration module of the integrated valuation of ecosystem services and trade-offs
model was used to estimate the carbon storage and changes in terrestrial ecosystems from 1990 to 2020 in the Haihe
River basin. The patch-generating land use simulation model was combined to predict future land use and carbon
storage. The integrated valuation of ecosystem services and trade-offs model could quantify regional carbon storage
based on regional carbon density. The carbon storage and sequestration module mainly depended on land cover
types and a basic carbon pool model. The basic carbon pool model divided carbon storage into four types:
aboveground biomass carbon, belowground biomass carbon, soil carbon, and dead organic matter carbon. The patch-
generating land use simulation model is a cellular automata model based on raster data that could simulate land use
changes at the patch scale. It integrated the land expansion analysis strategy and a cellular automata model based on
multiple random patch seeds, which could be used to explore the driving factors of land expansion and predict the
patch-level evolution of land use landscapes. Additionally, geodetector was utilized to quantitatively explain the
driving mechanisms of carbon storage in the Haihe River basin. Geodetector is a method for detecting spatial
variations of geographic features and revealing their driving factors. This method allows for direct correlation
analysis between the dependent variable and the independent variables without considering collinearity among
factors.

The results showed that: (1) the carbon storage decreased by a total of 4.98% from 1990 to 2020, with the year
2003 as the turning point. Carbon storage exhibited a fluctuating declining trend, followed by a decrease in the
magnitude of fluctuations, fluctuating around 2.05 billion tons. (2) The spatial distribution of carbon density in the
basin exhibited significant heterogeneity. High carbon density values were mainly concentrated in the eastern and
northern forested areas of the basin, while low values were primarily distributed in cities and the Bohai Bay region.
(3) In 2030, apart from the scenario of rapid urban development, other scenarios show varying degrees of carbon
stock increase. The scenario with the highest increase is the ecological conservation scenario, which has a carbon
stock of 0.77 million tons higher than the scenario of rapid urban development. This indicates that ecological
improvement is beneficial for carbon sequestration in regional terrestrial ecosystems. In the scenario of rapid urban
development, the expansion of impervious surfaces encroached upon cropland, leading to a significant reduction in
carbon storage in the eastern plain area of the Haihe River basin. (4) Natural factors had a higher explanatory power
than socio-economic factors, and the interaction between population density, DEM, and other climatic factors has
the strongest explanatory power for changes in carbon stock. The results will provide certain theoretical support for
land regulation and future low-carbon development in the Haihe River basin and also serve as a reference for better

implementation of the carbon peaking and carbon neutrality goals.

Key words: carbon storage; InNVEST model; Markov-PLUS model; land use; Haihe River basin
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