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Carbon storage and habitat quality of terrestrial ecosystems in
Hubei Province based on multiple models

Shi Hao"?, Li Xuanhui"?, Zeng Guanzhong'?, Liu Xiaojing"*, Zhang Wei"*, Ru Liang"*, Xing Hang"*
(1.Center for Geophysical Survey, China Geological Survey, Langfang, Hebei 065000, China;
2.Technology Innovation Center for Earth Near Surface Detection, China Geological Survey, Langfang, Hebei 065000, China)
Abstract: [Objective] The spatiotemporal evolution, driving mechanisms, and carbon economic value of
terrestrial ecosystem carbon storage and habitat quality in Hubei Province were analyzed in order to provide a
scientific basis for regional ecological protection and green low-carbon development. [ Methods] Based on land use
data from 2010 to 2023, this study utilized the PLUS model to simulate land use patterns under natural
development, economic development, and comprehensive development scenarios in 2030. The InVEST model
was employed to evaluate the spatiotemporal variations of carbon storage and habitat quality. The geodetector was
employed to analyze the driving factors, and the present value method was used to estimate the economic value of
carbon storage. [ Results] @O Land use exhibited a pattern of ‘initial expansion followed by optimization’. After

2020, ecological policies effectively curbed the expansion of construction land and promoted the restoration of
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forestland and water bodies. @ Carbon storage showed a trend of ‘initial decline followed by rise’, with a spatial
distribution of ‘high in the west and low in the east’. Slope, elevation, and NDVT were the primary drivers of the
spatial differentiation, and the influence of socioeconomic factors strengthened gradually. & Habitat quality
declined overall but showed local improvements. Low-quality habitats expanded. The western mountainous areas
of Hubei Province maintained high quality, while the central plains were significantly affected by human activities.
@ Under the comprehensive development scenario, the economic value of carbon storage reached the highest
value (2.69X10" yuan) through ecological restoration and land use regulation. [Conclusion] Natural and
anthropogenic factors jointly drive the evolution of carbon storage and habitat quality. Under the comprehensive

development scenario, a win-win outcome of ‘carbon sink enhancement’ and ‘quality improvement’ can be

achieved, thereby providing scientific support for ecological planning in Hubei Province.

Keywords: terrestrial ecosystems; carbon storage; habitat quality; spatiotemporal evolution

TERERA ALY 2T, AR SR E A
(35 22 BRFLIT 51 & 1 4 BRAE BE 0] 80, 1F DL FT AT R A
R E N AL S SRR, iR
GiAE S 4 BR ARG 0 14 T IR, LA A o K L
P 5% Wi 25 KR AR AR S O Al 6 28
AR O E B, [, AR EiEfE Al SR
G5k A W PR A A 5 BT AR DI IO FE AR L AN
R Z RN R, RAES RGNS ke
14 B B LR A3, A o o DB I T RN AR S
T B i e B, LR R T IEAE AR S R G R S IR 55
T RE B & S 38 AR R 2R 7E R X 4 BRI AR AR A A 2
TP S b 22 B2 K.

AR PR kT Ak B & Y - R /B 56 AR 1
(LUCC) B 8 4k b A7 6 TR T4 A8 =2 J5 52 0 X 88 5k
My R B PR . NS ST T, M
B Hb 5 1 2 ML JC R Bk, 5 34 ORI 28 B A
o B A 1 1 AR A 2 P b 1 IR BB i i 0 N TP b A
A EHEEREACT R AR S R G I RE Sy o A R AR
BE W R AR 5 G ) A ()T, 1 AR AR B R R E T
W o B il ik 5 20 B8 R AR I s R B R B AR AY
E R R i 29 X B TR R R B, 5 & T
P AR 2 3 1 e B DGR

AR R G WA 5 R B R BT b, R K
TR A A AR A S M A I BE % R R
My EAEYWEHESEERE TG X RBER
(BEF) Ak -4 i A 5 (DNDC) \CASA 5 71 Fil A=
BRGNS 5B 0255 A B (InVEST) i 3
PETE TR 5 s RUREEL B8 J 5 A 85 o ek 1A 03 5
HSI, BCI X% InVEST %52 81 = i I FH RS UL 7Y
CA-Markov, FLUS Fl PLUS i % £ 2% § # ',
BAATE SR 2 X B R 2255 )R BR o InVEST F
PLUS #5578 PR 48 1 fa (5 55008 75 SR AR B S RE T 9k

BCA EE T B Y RTATFgE 2 R /N ROE 1 5
BT, i =2 6 B fifs it 28 5 A L1 i Ak X 2 IR 738 BAE
FH B9 TR A BT, 8 08 — 25 45 6 B TR0 28500 #F 5 LA Sl 4
DX A 2 B

WAL Ve R KIL & B 20 AR S, J2 % 4%
BT 5 = A B A AR SRR, B 5 A IX Il b
R A 22 B OR O S DX d . AR P I
7165 350 A 4R Az 25 H b 1) A 15 ) Ml B 46, KR b
GEUR N R A 2 M 1) A 15 D M A 4, - b E R Y
B 31 T i 72 T B A1, AS & B % i W8 ORI O X fif
BASHEZHMEA 2 B, #E 2024 4F
Jb 48 MR HE THI R 24 9.27 X 10° hm?, AR KT 36 % 42.45% ,
B 1 hm” & U 63.34 m?, Ik F 2 E 3 KF  #RAR5
T IE X,

AW 5T LA AL A S 0 58 X, B A i Ui b
X&WERSAEBBIP Z MR L TG, L 2010—
2023 4F 4 Hb % 7% 4 BE O B AL iz B PLUS #8554 Xf
2030 4% £ M A FH 28 R HE A7 W, AE o S Al bk — 20
S5 v e ERLAT B T B0 R b 48 B HE TR SE 5 s
8 e A A%, T A2 R B 2 A0k B3 ik i 6 28 5 M
AR, LSS InVEST BRI A 2 B i) b 4 ok 4k
5 AR A B S YR B L AR REAE i — 2D
iR ARy R E A e s e o 3 L8 v b S = o
JE EE XTI 9 A2 A AR A 5 AR Bk R e IBUSR RN 4 v IX I AR
BA TN EAR PR =R

1 W5 DXHE SR B i > it

1.1 HREMHHR

WAL A 7 T 28 05 - e LIRS , 580 IR T
T8 P L0, R A S AR P K AR A A (81 1D o L 3 A
¥R R 29°01'—33°06'N, 108°21'—116°07'E , 4> 45 1fi X
1.86 X 10°km”, 2y /5 2 |8 SR AR 1 1.94 % . %44 HLJE



5 6 3]

S A R T 2 A Y I A A Bl b AR A AR e i S AR B TR Y 249

B EARMZ A, B =mE i, P A3 a1l 5K
M AFE K. AR T A SR NS SsE e
W0 b A8 T I A A2 S IR AR AR S A TR 2R A AR X I
A2 A T) G, AR 4 Y Y HA B Y B R P 5 AR
TS
1.2 HHEFRIE

AL R WAL 4 2010, 2020, 2023 4F - Hi F)
FHECHE R BF gy A H AR R A& &0 ] ik MBI
(R Do NG —HILZS [ S R 8 5 s 55 A
Fr 2 % 5 WGS1 984 UTMZone _50 N, i 4 Hi ¥ 5
DA 22 5 2 Tl 2 RS Ak 43 B, R B R HEREOR 8 4%
S WA i i R 15 o0 K/NGE— 2 100 m X 100 m. B
] 35 £ I, 2010—2020 4 (1) 15} [] 85 & BE A %503 412 1R
T AR B Be i R RN, T 2020— 2023 A 1Y 5
153 MT 8 A% ™ S BRI BB R, 3 A AT

R VEAR N T 2 5 AR S R A Y TS B A A A0O0
i,

S%E/m

#:3 036
{i:-89

T AR 2 T S GS(2019) 1822 5 i 7 v b Il i 7, Ui 161 i
RIS, T,
1 e ETE S X Rt E
Fig.1 Administrative divisions and topographic
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Table 3 Data of threat factors for habitat
quality in Hubei Province
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types to different threat sources
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Table 5 Land use transition matrix under different scenarios in Hubei Province (2020—2030)
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Hubei Province during 2010—2023
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Table 8 Carbon storage of different land use types in Hubei Province during 2010—2030
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Fig.4 Spatial distribution and prediction of carbon storage under different
development scenarios in Hubei Province during 2010—2030
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Table 9 Results of single-factor detection for carbon storage in Hubei Province during 2010—2023
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i X
qfH Hey qfl Hey gl Hey g8 ey

UNEEAE 0.27 7 0.36 6 0.43 5 0.44 6
AR () 0.65 3 0.60 4 0.63 4 0.65 4
TR () 0.38 6 0.39 5 0.39 6 0.39 7
AT S48 5 (2,) 0.07 9 0.15 8 0.19 8 0.18 8
B (a5) 0.89 1 0.87 1 0.87 1 0.88 1
U — A 9 B () 0.60 4 0.79 2 0.75 3 0.78 3
AF B (o) 0.08 8 0.09 9 0.05 9 0.11 9
ZEUF A SH () 0.51 5 0.23 7 0.23 7 0.53 5
B (DEM) () 0.80 2 0.78 3 0.78 2 0.79 2
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Fig.5 Results of interaction detection for carbon storage in Hubei Province by year (2010—2023)
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Table 10 Area proportions of habitat quality grades in Hubei Province during 2010—2023

P B R 2010 4F 2020 4F 2023 4
FH i 1 /km” B/ % i 1/ km® b/ % i 1 /km” i/ %
ik 4.56X10° 2.45 6.39<10° 3.43 6.83%10° 3.67
AR 8.31 < 10* 44.65 8.17 X 10* 43.92 8.10910* 43.47
Hh A 7.42X10° 3.99 7.106 X 10° 3.79 6.56 < 10° 3.53
B 4.63x 10" 24.89 5.43x 10" 29.18 5.59% 10" 30.05
[ 4.47x 10" 24.02 3.66 < 10" 19.67 3.59 % 10" 19.27

z11 2023FEARAABEETHLEEAEEREELTARALEF
Table 11 Area proportion of habitat quality grades in Hubei Province under different scenarios in 2023

A R H KK e LUK e ZRa R IR
FH AL/ km? He i/ % 1 1/ km” Hefl/ % i A1/ km? He i/ %
ik 8.11x10° 4.33 8.61x10° 4.63 7.43%10° 4.00
A 8.10x 10* 43.15 7.98 % 10" 42.88 8.11x 10* 43.41
r 4 6.74 % 10° 3.62 6.69< 10° 3.60 6.79 % 10° 3.65
g =1 5.47 X 10" 29.39 5.48 X 10" 29.45 5.47 X 10" 29.39
= 3.63x 10 19.51 3.62x 10" 19.44 3.64x 10 19.56
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Fig.6 Spatial distribution and prediction of habitat quality under different

development scenarios in Hubei Province during 2010—2030
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Table 12 Results of single-factor detection for habitat quality in Hubei Province by years

2010 4F 2020 4 2023 4F 2010—2023 4F
il N
qfH Hey g8 HEy g8 HE¥ qfH HeF

INEEFAED 0.30 7 0.38 6 0.45 5 0.49 6
AEE AR () 0.68 3 0.64 4 0.67 4 0.68 4
T IEEA () 0.38 6 0.39 5 0.40 6 0.39 7
IR 648 % () 0.04 9 0.12 8 0.15 8 0.14 8
e B (a5) 0.84 1 0.83 1 0.83 1 0.84 1
VA — Al A e B () 0.57 4 0.74 3 0.72 3 0.76 3
AR & () 0.08 8 0.09 9 0.04 9 0.09 9
LA RE () 0.48 5 0.19 7 0.19 7 0.50 5
R (DEM) () 0.79 2 0.77 2 0.78 2 0.79 2
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Fig.7 Results of interaction detection for habitat quality in Hubei Province by years
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