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Abstract: [ Objective ] Dongting Lake, a crucial ecological barrier in China, not only plays a key role in regulating regional
climate and maintaining biodiversity, but also has significant carbon sequestration capacity. Carbon stock and its variation trends
in Dongting Lake area are analyzed in this study, and the effect of different hydrometeorological factors on the variation of carbon
stock is investigated, aiming to provide a scientific basis for regional carbon management and ecological protection. | Methods ]
Based on the remote sensing data from 2003 to 2022 and the modified carbon density data, combined with the InVEST model, the
dynamic variations of carbon stock in Dongting Lake area were quantitatively analyzed, and the spatiotemporal distribution
characteristics of carbon stock and the influencing factors of carbon stock variations were discussed. [ Results] (1) From 2003 to
2022, the average carbon stock in Dongting Lake was 7. 605 6x10° t, with the lowest value in 2007 at 7.368 4x10° t and the
highest in 2005 at 7. 904 7x10° t. Overall, the regional carbon stock showed a declining trend, with an average annual decrease
of 0. 12%. (2) Carbon stock was significantly affected by land use. The average values of carbon stock per unit area in hilly
regions (forest land) , plain regions ( grassland and cultivated land) , and water areas ( water bodies and floodplains) were 27. 05
kg/m’, 14.27 kg/m”, and 1.99 kg/m’, respectively. (3) Variations in carbon stock were affected by hydrometeorological
factors such as temperature and precipitation. Average annual temperature showed a negative correlation with carbon stock
variations, while precipitation in winter ( October to December) exhibited a positive correlation with carbon stock. [ Conclusion ]
From 2003 to 2022, carbon stock in Dongting Lake area shows an overall declining trend, indicating a weakening of its carbon
sink function. Significant differences are observed in carbon stock across different areas. The hilly regions contribute the most to
carbon sink capacity due to their high forest coverage, while the water areas contribute the least. Land use changes, climate
fluctuations, and hydrological conditions have significant effects on carbon stock. Rising temperatures inhibit carbon stock, while

winter precipitation enhances carbon sequestration. Addressing climate change effectively and optimizing land use structure are

key strategies for improving the carbon sink function of Dongting Lake area.
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Fig. 1 Schematic diagram of location of Dongting Lake in Hunan Province

KFKEBEAR(PHRL) $E56%5 2025 FFE8H



Be, B bR BRI 53 RS2 Bl ARHE ., K
b AN =% 22 B 1 11 b 7 D2 N P s SR AL i
gt JEAR . SO E SRR, R RIAY 1
A,
1.2.2 BmEBEHKIE

T FE B A 4G i AT R . Hb R AR . RIS
T-ANYI RIS, 78 InVEST #L80 i F F PEAl AR 25
RGEMIRAE R, 2T R0 AR s 50 2 R
[] - b 1 FH 2RI T (R % BE A, ank 1 B gl

F1 AELHAAXRERFEHE  vhn'
Table 1 Carbon density by land use types  t/hm’

+ 3 2SR Coore Ceton Coi C teaa
O 6 6 20 0
B 5.42 1.96 146.2 1
M 64.2 118 207.3 3.5
K 0 0 0 0
U b 7.61 1.52 34.33 0
A 1 1 10 0

VE: Cy RORILTT LB FTA AW Cpe A FTA LT 2
Wy 0 ARETWRALAIE, €., (REFATET HIAHL

1.2.3 Hibsik

Rif A S DA U8 v [ AR B IR 55 v T 3
] b 2 S St H B 4 (V3. 0) 5 SORE R IR T
] 5 i e S A R AR AR R D 1 ke R
(1901—2022 4F) £ 4l 4 ; AN B K IR T Landscan
NOEREE, 2B 43 H% A 1 km; GDP £ ¥k i T
2003—2022 4453 T [ R T At & R R GTH A H
1.3 MRAE
1.3.1 InVEST ##

AMFFE R InVEST A5 R) A (i ff S ms e, A
T 2003—2022 A B W A i 1 AR Ak, A L b
FI R BB B RS0 0 4 A . (1) M R
fitid . HHE LT RYRET A TE R T (A0 R L R
PR, )5 (2) M FAR R Wcft . b LAY TE R
R (3) HEmbE . HHOP AL, BRET
Bilidth i K AGRR T (4) SET- A WLIRR G . 3 1
AR, A5G % B LA K 25 sk <7 25 O REA
R F 1] 2 180 b DX = R 2R ) A B L, W T 4%
B S w2 L 13 B U A ) S = AR % e o L
RS F- e . BRI A

Clol(z[ = Z Ci x Si (1)

Ci = Ci, above + Ci, below + Ci, soil + Ci, dead (2)

A, o NS AR C,,, R A SR
G (1) 5 S, S ¢ b b RS AL (hm )

KFKEBEAR(PHRL) $E56%5 2025 FFE8H

ENE, %//2003—2022 FEREHX BT HEERIRRRI T

C. 5 i B+ MR 28 R B (vhm?) 5 C,
S i i A b R FE 2R M T AR R % T (Vhm)
Cipooe M5B 0 B A W F) 2 B Hb T A ) o Bk 2% JE
(vhm?) 5 C, ., FE i B bR 28+ A LAY
B B (Vhm?) 5 C, .0 05 @ B0 R FH S TUAE T
LI B (v/hm? )

InVEST BRI Aig A B (132 17, & T HbFRAE B
FRGE(GIS) HHHAS s i A b BT, A4 i i ARG
Fe—Fh LA/ - MBS AL AR b B R
e MERI /DTG FAR 4 SRR 1 BRI R BR
it A RREAT, MRS | bR AR 4y
TR, BEALEHE A RSB ER . I, InVEST fik
fith B Al A R B 0 B A BRI EE . (1) R/
TS RE AR s (2) Bk R A T
FKAFAETEM | M PARR | HIERSET ALY 4 1
BB ARl B
1.3.2 BREEME

EREK RS YRR | IR Z B 5
F, s ALAM 255 5 55 op A9 A R TTH, AR
S5 e R Y 5 R A 45 GTARDINA 2177
HEEEKEP A, SEoKEME, SR
5 - S8 FE ARG . R, A S AT Rk
O HERR A R R T EA R

Cyp =3.3968 x P +3996. 1(R*=0.11) (3)

C,p =6.798 x " *P(R* =0.70) (4)

Cpr =28 xT+398(R*=0.47, p < 0.01) (5)
K, Cyp i 4 R K & H 515 21 0 4 18 i % R
(kg - m™); Cy FlCyp 53500 A58 52 4 B 7K B FLAR
SRR EY R EE (kg - m™) 5 PN
Bk (mm) 3 T RAEBSIR(C)

BRI 2 9 XA IR 17,62 €, AR K &
1360. 36 mm; i BE i A= A 2455 X AR 16. 87 C,
AERIRE K 1421, 92 mm fRA AN, TR X
IR FE 1 TE R BT AR
C;?P
K, - ZZZ (6)
Ky = Kyp X Ky
C;P
@ (7)

K, Ky MK, 2350008 A e Bk A9 I K D]

Ky =

K, =

35



ZE, %//2003—2022 FEREHX REETHEE R IKNRES T

IR THMBIERBG €L, T CT, 43 5 2 1 2 15 X
I JEE W) A 25 26 U DX 1 Bl % B 0 (kg - m™?) 5 K,
K 53 50k A= 0 15l 258 54 1 32 B5ORI 38 e %% B A% O
FRA I I DX A B 2 AR ( L3R 2) 38 e i 2
16 1E Z2 5505 1) B ) A A 20 % X R % BESIO(E (L35 1) A
T35,

F2 AEMRETHAREBREENE vin®

Table 2 Carbon density by land use types in Dongting

Lake area t/hm”

+ R FH S Cotone Cetonw Coi Ctear
B 4.38 4.38 19. 60 0

B 3.96 1.43 143. 28 0.73

M 46.97 86. 14 203. 15 2.56
KR 0 0 0 0
A 5.56 1. 11 34. 64 0
SR FH H 0.73 0.73 9.80 0

1.3.3 AAEMEH
1.3.3.1 ZHAMXHE
25 (8] A AH 43 B A A 48 X 3 rp Ay i Jg PR
ZIAIMISCRERE , B TR 2s (A4S i AP R
Bk, UISCRESE B, AR Moran’ s
T8O T2 080 DX Bl s o 047 25 ) AR OG0B, G
THEAR N
2 Y w(x, = x) (% = x)

n

1= -

Z zw‘f Z(xL _x)z

o, n BN 5 o« A x; ALE R AL R

fittht (1) 5 & XS FIME (V) 5w, RALE i

Z [H) A 25 (B A EE (8 8 AR 4 R 2 B
BHEXLFREN)

(8)

FBrE

LML AR R IRE NI [] , XA HTAT B T — 22
e AR O 2 S A X6 I T g — A7 R A A
A HatB AKX

(%, = %) (v, = ¥)
o > ¥ -y 0

I3 (5 =0y, - )
S, Ay, RO REAS A £ 7 AR REA K
oy BT

2 frfEERFE KA BT

2.1 BFETLYFE

T InVEST BERLE 1Y) 2003—2022 451 2 X
WAt A 2 TR, 2 X B g e A R T R A
20 4E[A/D T 1. 82x107 v, ARG R 7. 605 6%
10° v, Hovbomg fig B B BLAE 2005 4E, Gk
7.904 7x10% t, HK M 2015 4E1 7. 806 2x10% t, Ak
B BLAE 2007 4F, A 7.368 4x10° t, X Al fEJEH
F 2005—2007 4 (A1 Hh 1E ALK RN, =2 T R
FRRMAERRIC XS, I, BB S THE s, 3%
iR AR B v ] T - R AR,
— BT AR,

DX 3l PR e i 1140 30 B0 AT 43S = AN B Be. 2003—
2007 4, 2007—2012 4EA1 2012—2022 4F, 7EX =4~
PrEedr, meffia 2 SRR AR, B
KIMTE, 2003—2007 4 1 ] e fiff 5 % s 3K, 2005
RIS B WEH 5 TR IR T B, AR RN 3.43%,
2007—2012 - H1H], AR ff 2 DR BB, Bk L
H 2009 4FUE(E G T FE, AEBTFRERR 1.59%, A

F_WrB F=WrB

W 2 kR ]
Moran’s I BB &M, X4 [Z[>1.65

IF, FRUTRAE HA B A E A 78
AHFNE, Moran’ s 1 A HUE Y2 [N
(-1, 1], HEKXT 0 W, Findk

7.904 7

216
fEEAAEIEZS R B AR, HABEBOK @
2[R 4E RAR T MR, ME/ANT 0 =74

I YIN T LIRS R B S -
HAEBU A A RO, 1=0 72
MR BEA =S W AMSE, R AE

AL T 00s 2006

1.3.3.2 L R#AM KA
R IR AR o T e — P e
e, TS AN TS AR B 2Z [ Y

36

I e f fit
....... 2 MR

7.605 6

2008 2010 2012 2014 2016 2018 2020 2022
&®

B2 2003—2022 iR XEkfEEEWL
Fig.2 Temporal variations in carbon stock in Dongting Lake area from 2003 to 2022

KFKEBEAR(PHRL) $E56%5 2025 FFE8H



2012—2022 4FJ5, kit 5 I S iR BE s/, S LAAE 8
BRKHR1.68% FTF, Z 2015 sEIEME)E, TFEALIAEY
FEEF 0. 51%Z4E /0,
2.2 ZTEITFHE

2003—2022 4[] J2 9 DX 1 Al fith 12 5 8] 3 A 4n 1]
3R, BRAf B A A R S, R
Ey S B 1t = Sl (51K (A= g fp R e s S
FEVGALES . VU AN AR BT A Ll X, 3 4 X I
J AR R B S L IX, ELA O Y [ Bk R
I35 ARG AH R XU AT &R, 2 S KA R B T
R b, RIAE DL S A H A E S EGR, S8
HOREEAERE 855 . 2003—2022 4, A F2 ) X P4 b
10 B At b DX P A b e 5 S B L, S SO AR B i
TRE, BRI, 2004 4F 10 H 55 B T IR ™
& LA O P ) SCHFEN R DASK, 45 B2 7 5K
“HEHL AN B, A RO RN T AR AR 1 b
5K 7 IR Al R AR A0 % o VA R b AE AR
2, Wbt A T g, (H R AR Ak R AR R Bk P
o, RRBRM TR,

TN iR AE AL, AR AR = AR
BT X IR 500 = AN X, g IX SR X AR
(W3 MK 4),

B2 X B XA e i i de v, AR BI(E N

20034

2HE, %//2003—2022 FEREH X RS B L (B A K IR E R M

5.400 5x10% t, (5 ERAEEY T1% ., ARG & 0 ik
{4 5.573 5x10° 1(2005 4F) , f/IME N 5. 241 4x
10° (2012 4F) . F B DX i fifh et 119 70 4k i 34 151X 3k
KRG — B, 2T ROEE (H 3R A X
AN, FHXTARIEZE N 1. 53% , - JR DXCAR - 2 i i 1R
2.1652x10°% t, K B Bkfig Y 28. 5%, HASfLiRE
R, MXTFRAEZE N 2. 86% . K ImRAE B R AL, 4F
SEHIME R 3.99x10° t, A5 EBRAEE Y 0. 5%, BT
Fr B XA 4 3t ) 28 70 R bR (T AR 2R
60. 66% ) , ~F-J X 3= ZE A Ak AR b (TRTRR & L 29
72.79%) , K3 3B hy K T AN EHE (i A L 2ok
84.70%) , PRI [R] X Sl BAAS7 T RRTS A Bl kA7 78 1]
WS, B IX IR ORI R A B T AR A
AR 27.05 kg/m” | 14.27 kg/m* il 1. 99 kg/m’,
2.3 ZEEXMSFE

2003—2022 AFEHAM], I BE W X 5Aif i ) Moran” s
RS R K S Fis, B 4E0r B9 Moran” s 1 $5 4K
BRKF 02, fFEdRESERR (ZBHHKT
1.65), FKWIBRAL 1Y 25 (8] 40 A 2 00 0 2 0 S HE
%, MEAEREHL A, SRS, B o 5 902 (8] IEAH
K, A X A e X R AR, (R 1 X
B AR B At i DR AR R W W Y 2 E) 2R AR
FHIE

20044

20054

I km

KFKEBEAR(PHRL) $E56%5 2025 FFE8H

200648

B

& 3048
(a) 2003—20064F TR . 1% 0

37



FXE, %//2003—2022 TR X IR E R T B H IR E R

20074 20084%

& 3048

I— 149 200720108 3 s .ﬁ. .

20114 20124

ERI.

= 3048
| Jl el g .
() 2011—20144¢ : 0

38 KFKEBEAR(PHRL) $E56%5 2025 FFE8H



2HE, %//2003—2022 FEREH X RS B L (B A K IR E R M

20154¢ 20164E

)

20174¢ 20184F

7 B 3048
I— BRI/ R .
(d) 2015—20184 A& 0
20194 20204

>z

20214¢ 20224F

Bl

e 3048
I m B/ g% .
(e) 2019—20224% %: 0

3 2003—2022 £ iFEE# X B ik B = 8 5 1ER
Fig. 3 Spatial distribution of carbon stock in Dongting Lake area from 2003 to 2022

KFIKEBHEAR(FHX) #5655 2025 F5 8 i 39



ZE, %//2003—2022 FEREHX REETHEE R IKNRES T

&3 2003—2022 R X3 A & XiE ik fif 8 T UIFE 10° ¢
Table 3 Characteristics of carbon stock variations in each region of study area from 2003 to 2022 10° t
i ] X A5 fE R ME fe/IMHE brif 2 AR 1 2
X 5.400 5 5.5735 5.241 4 0.082 7 1.53
2003—2022 4F: FJRIX 2.165 2 2.280 7 2.064 6 0.061 9 2.86
| 0.039 9 0.092 1 0.004 0 0.018 2 45.59
Y yalva 1 H EH 3 £ v > L 14+
. o i o o w D PHRBOUAMIGERIBIK. Ry
DR a— 07 2. 7%, B TE E 5 JR 12 0 o 3 T RN A
b 27 90 %g 5 9900 ., 0909900909090 00
i 24t WRIX,
E@:WQOQqWQOWWJQ,ﬁvquQw 1E 2003—2022 AEIIA], /K Bl 2 ) T AL 22 2
% '2 -_— MUK SCR R MR, Rl 2 1E T S AT S22
ggﬁgwwgnﬁaw&vwwavgwwe Gy, TR, H 2003 4ELLR, B Hb
& 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 Bl K M 480 km? AN ZE 998 km?, 4EHIK %
4 . - s o .
AR A T%, XRWAME LR MAA N, B2
p— :E 5 | \; 0 iy N Ry B N
B 4 2003—2022 i FE# X & X% s A EFR TH B MR R R Tl i, DL
BAEETLER

Fig. 4 Carbon stock variations per unit area in each region of

Dongting Lake area from 2003 to 2022

0.300

03702860 55, A 0261 0.261
A 0262 0262 037 0.261
\ / \ : !
& Vo) e T 2 A/\‘\ 0238,
‘;ﬁ \ \ /\/ \ 0231/ N 1/
\ \ Y.
' \ XN N30 / _
i V[ 0238 A >y 0.240
f 0236 N 0‘21/"’&0,229
! \
0.2 0205 0.202

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
N

5 2003—2022 FiFEEH Kk B R L s T E 5
Fig. 5 Variations in Moran’s [ index of carbon stock

in Dongting Lake area from 2003 to 2022
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