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Abstract It is crucial to clarify the impact of land use change on ecosystem carbon sequestration service for exploring
natural-based carbon neutral solutions.Weused InVEST and FLUS models to analyze land use change and its impact on
ecosystem carbon sequestration service in Zhejiang Province from 2000 to 2021, and predict ecosystem carbon sequestration
service potential and its economic value of land use pattern in 2035 and 2050 under three scenarios (natural development,
ecological protection and cultivated land protection). The results showed that, from 2000 to 2021, thearea of cultivated land,
forest, grassland and water continued to reduceand the area of construction land continued increasein Zhejiang Province.The
total amount of ecosystem carbon sequestration service decreased by 29.9658 million t, and the net income of carbon sinks
was -170.7184 million dollars. The distribution of ecosystem carbon sequestration services showed a spatial pattern of high in
the southwest and low in the northeast. In the future, the total amount of ecosystem carbon sequestration services in Zhejiang
Province wouldbe the highest under the ecological protection scenario, followed by the cultivated land protection scenario,
and the lowest under the natural development scenario. It was estimated that from 2021 to 2035 and 2050, the ecosystem
carbon sequestration services in Zhejiang Province wouldincrease by 3.2326 and 4.73 million t respectively under the
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ecological protection scenario, generating net carbon sink benefits of 77.0786 and 111.8391 million dollars,
respectively.Under the cultivated land protection scenario, it wouldreduce by 1546.8919 and 1540.8625 million t, and the net
loss of carbon sink value wouldbe 241.3849 and 381.9109 million dollars, respectively.Under the natural development
scenario, it wouldreduce by 1545.3746 and 1540.8585 million t, resulting in a net loss of carbon sink value of 277.5393 and
382.0063 million dollars, respectively. In the context of actively addressing climate change and striving to achieve the goal of
carbon neutrality, Zhejiang Province should focus on protecting ecological land such as woodlands, grasslands, and waters,
expand the scale of ecological land, optimize the spatial structure of ecological land, and continuously enhance the carbon
sequestration and sink enhancement functions of ecological land.

Key words land use;carbon sequestration service; FLUS model; INVEST model; scenario prediction
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Fig.1 Location of thestudyarea.

1% B3 T 85 8 GS(2019) 1822 5 K kR s I F, BB T &2 The map was made based on the standard map with the drawing
review No. GS(2019) 1822, and the base map was not modified. |7 The same below.
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PR FC X S B, IR i E bR (LRI IR 328 (GB/T 21010—2017) [8LKL i A K 43 S #k
o, R EHOR A 2SR H . AR B, KBk, EAM. RFIHH 6 Fh. HERIRF
A EAE N CHAR S ER T 0.01%) HARA K, ARWFFAREAT . B, B 50X 54 1) L1 R
Ay KR A # . Ak, Bdh. /K. @AM 5 MR, G RR, DUBU E R A
(DEM) . B, . ESE. FRKE. WMRMERNBRREREDY, Ak, 2k, BRAENES
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Tablel Conversion cost matrix of land use under each scenario

b Bty Pt Lt KK I

%= Scenario . .
Landuse type Cultivated land Woodland Grassland Water Construction land

Bt Cultivated land
#hits Woodland
i3t Grassland
/K38, Water
15 F #th Construction land
HHh Cultivated land
Hhit Woodland
EiHh Grassland
7K 38 Water
7 FI 3t Construction land
Hfih Cultivated land
#it Woodland
%iHth Grassland
K35, Water
3 F 3t Construction land 0 0 0

Natural development scenario

SRR
Ecological protection scenario

B OR a1 5
Cultivated land protection scenario

(= N = T e = = T = T T = S =N S S
N = T = I = T S S e e N N T
R = =T = T = T = T = T = S S S SN
B P P O Rk P O O O KB B Rk Rk

[ e e e = R = T = T = T = O e e e e

1 RBRVEE, 0 KA RVFH# 1 meant that conversion was allowed, and 0 meant that conversion was not allowed.
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JE—f; 0.75<Kappa<l, HEE4UKE BT . AR FITHEK Kappa Ry 0.81, SAKSEHN 0.92, FKH
LRI LT o
1.4 InVEST #& 8!

1.4.1 £F RS E RS VS InVEST B8 b1 [E % (carbon storage and sequestration) bt A&
BRGNS K 53 4 AT

Ctotal= Z?=1(Ci,aboue + Ci petow + Cisou + Ci,dead) X A; (5)

ﬁ':l:': Ctotal%%éﬁ%%éﬁﬁﬁﬂﬁ%«é%; Ci_above\ Ci_belowx Ci_soil ;FD Ci_dead %%U%%% i FFEPj:iHJﬂ
FEAU A RS R . PR . LIS ENIE T AN, AN | Fh R 28R i T
o MFEASGEFAE T, A E] R S8 B 2 BEARACL, DRt At 7 306 B 5 i VT 4 A B AH 30 X 3k
(AR 2 P B BT O B A {f s M RSB . MR B AN BB T AL B 2 R B R B SCik [40], 53]
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Table2 Carbon density of different landuse types(t-hm2)

LRI Y M AR S R R LR LA WA
Landuse type Aboveground carbon density Underground carbon density Soil carbon density  Dead organic matter carbon density
Mt Cultivated land 18.9 12.5 85.5 2.4
#hit Woodland 36.3 73 125.8 34
|l Grassland 17.4 20.8 112.2 2.9
K38, Water 0 0 81.1 0
¥ A Hh Construction land 16.2 32 73 0
1.4.2 "B RGBS AT M ETE S RO E R R, KA InVEST BEH R A A R
el Wk IS5 K2 sE e, Bk A r .
Y =Y, 1
value_seq, = V —2204&tx  yrrjueirowr 1 (6
-S€lx Yr_fut=Yr cur <=0 (1+%)t(1+ﬁco)t )

U value_seqx 9 BB x £ AR R LR ARG 5= K BBk AR 55 & 5r il (368D 5 VN
R B A 55 A E (KTT) 5 r ATTIBEELER (%) 5 ¢ Ko BRI R AR 55 4 18 R 4R A2 4 R

(%) ;5 Yrour R PR T AES RGBS B Y RRAREHAE R TES RS
[ IR 55 5 sequesty o AT ATAR R A HIS 5 P M x RS R IR 55 LR t RoRiT T

BB . ZHOHBFR, FHEBH SR 24 350 « 01192, A3 JERRHRBUN A2 O FRAR 4L,
F, M EAEN OM; TN R SR ARAT BEAT T H P A I R 10%~120% ) L 141, AR 5 A
2R [ g A 55 1K 22 G E T S IS B R 3E 09 11%.
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2.1 #il & i) B Y B B B 4R E

WEFRHATE], WivLa LR B A DA . Bk, @ oy, B, mE 3 ATLEH,
2000—2021 48], B¢ X g ¥ A Hh i AR B 3671.03 km? 4% 25 8919.11 km?,  H:Aih b 25 i THI AR 3 A [] F
FEMgR 2, Hodr, AR D 5%, 1 69236.85 km? ik & 66472.18 km?. - Hb A FH # # 1H AR = HEAE
A 3 DLHI 5 A R R kb (6680.12 km?) . #EHbEL N R ML (5264.44 km?) | BHHb L Ak
M (4783.66 km?) . TIUL, ALY IKEZ S T RES . teAh, BTN XS TR R A ik
SFEOKBIARgE N (B 2) o BARER, WiLE RIEXIECL L (AT ) A e B,
T 4 T3 78 R L X A N T RN K T, A v P M sk ) 0 55 T A IR T .
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Table3 Land-use transfer matrix from 2000 to 2021 (km?)

2021 FEHZE Land use type in 2021

2000 412
Land use type in 2000 Bt A Hh K3 I it
Cultivated land Woodland Grassland Water Construction land Sum
#FHb Cultivated land 15266.80 4783.66 0.84 953.56 5264.44 26269.30
Mt Woodland 6680.12 60594.79 10.17 543.83 1407.93 69236.85
it Grassland 1.86 10.80 0.00 0.00 0.30 12.97
7K 35, Water 999.54 567.20 0.09 2022.31 657.81 4246.95
215 Fi b Construction land 1391.73 515.72 0.14 174.82 1588.62 3671.03
St Sum 24340.05 66472.18 11.24 3694.52 8919.11 103437.10

El2  2000—2021 4F#ff VL 44 - F) F 1) 2 1) 43 A7
Fig.2Spatial distribution of land use inZhejiang Province from 2000 to 2021.

22 AEESET i F] AERL

BT R RARRAERN (& D, {HRAREST 2035 f1 2050 F#iiLE LA G (& 4
AME 3 . AEHREEERT, S, @At — 5y 5k, § ok X3 EE R TR DU AU
WX 3. 2021—2035 4, A RD g 15 M4 3 i 1.9% A1 14.3%, ARHDL . AT K 38 43 ) e D
2.7%-. 4.4%F1 5.0%; 2021—2050 4F, HH0ATE 5 A M2 A3 5.1%F0 18.9%, FRHb. FHL AT K 4
AL 4.0%. 4.4%F0 13.8%. LA, BEELASEFRIRE, LHIFRFERE@IN®EE, SA KR
GHA A S . FEAESAEPE ST, 2021—2035 4, HiHIEhn 2.9%, MHb. Fih, KIESAEE A
Hi2» B> 0.1%. 2.2%. 5.0%F1 7.9%; 2021—2050 4, HFHuIGhn 4.0%, ¥, 25 F R K 4 2
SR> 4.4%. 7.9%F1 13.8%. —IJLH SRS ST, @RAMARY %, kimmb, =0 RE
FERE DRSS ; Ml (2050 ) &, ZfEE PRI AF IR, REFERE. EHBEPERT
2021—2035 4, %#i@%nﬁuﬁﬁﬂﬁ/\“ui*bn 4.2%F1 8.1%, MHL. FEHUAIKIR S HED> 2.7%. 44%%[1
5.0%; 2021—2050 4F, HHb Al 5 F 2> B30 5.1%F0 18.9%, HRHb. F AT K I 55 Bk 2> 4.0%.
4.4%H1 13.8%. 2021—2035 4=[A], ORI 5t B b i ARG e B B oK T B AR K RS 5t 2021—2050
SRR, BEHL ORI R T B AR OE S H AR B 2

RARTFE 5 T & LR AT AR S AR =R
Table4 Area and change rate of various land use types under different scenarios

#rih it i K3 A
Fhy ip=e Cultivated land Woodland Grassland Water Construction land
Year  Scenario TR A [ B T Al % A S TR B
Area (km?)  Change rate (%)  Area (km?)  Change rate (%)  Area (km?)  Change rate (%) Area(km?  Change rate (%) Area (km?®  Change rate (%)

2021 - 24466.25 - 66657.50 - 11.25 - 3744.50 - 9008.75

2035 S1 24926.50 19 64832.50 -2.7 10.75 -4.4 3558.25 -5.0 10299.00 14.3
2035 S2 25164.25 2.9 66599.50 -0.1 11.00 -2.2 3558.25 -5.0 8294.00 -7.9
2035 S3 25487.00 4.2 64833.25 -2.7 10.75 -4.4 3558.25 -5.0 9737.75 8.1
2050 S1 25715.25 51 63961.75 -4.0 10.75 -4.4 3228.00 -13.8 10711.25 18.9
2050 S2 25444.75 4.0 66645.25 0.0 10.75 -4.4 3228.00 -13.8 8298.25 -7.9
2050 S3 25716.00 51 63962.00 -4.0 10.75 -4.4 3228.00 -13.8 10710.25 18.9

S1: HARKEME 5 Natural development scenario; S2: A= 4 {#471% 5 Ecological conservation scenario; S3: #Hh{f4"1% 5 Cultivated land
conservation scenario. FE The same below.
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2035 S1 203582 203583 2050 S1

[ %4 Grassland

[ ¥t Cultivated land

I ki Water

B #3t: Woodland

I &)1 H Construction land

0 50 100

2050 S2 2050 S3 m—km

K3 RIEE S RWILA 2035 41 2050 4 - ) AL 45 5
Fig.3  Land use simulation results of Zhejiang Province in 2035 and 2050 under different scenarios.

S1: BE#AKJENE 5 Natural development scenario; S2: EZ5 R4 1% 5t Ecological conservation scenario; S3: #i {4715 5 Cultivated
land conservation scenario. N [f] The same below.

23 WMIEEAETRGEmRRS K = EEHFE

% 5 A LLEH, 2000, 2021 4, Wil B RS Bk 55 &/ 7 ) v 158698.94 Fl1 155702.36
Jit, WA AEZS R i R 55 Jk /b 2996.58 7 t. Hirf, 2000—2007. 2007—2014. 2014—2021 4,
W IR 45 /43 il ek /b 523.43. 1399.7. 1073.41 Ji t. WA LS RGBS i R B 350K E > i
EREE > MR B E > SR T U EE . 2000—2021 4F, TIEBRERK IS, WETSE MU B 4R 2R
b, WURE N 2037.65 A1 143.00 F7 to AXRGE RIS EIMTUR & RIS 18] 5 A0 4 R
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Fig.4  Temporal and spatial variation of ecosystem carbon sequestration in Zhejiang Province from 2000 to 2021.
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Table 5 Changes in carbon sequestration service components of ecosystems from 2000 to 2021 (x<10* t)
i ik R A A s R

Aboveground E Dead organic matter .
Year Underground carbon Soil carbon Total carbon sequestration

carbon carbon
2000 30807.79 8491.89 116403.48 2995.78 158698.94
2007 30752.29 8290.17 116187.18 2945.88 158175.52
2014 30416.02 8202.82 115272.78 2884.15 156775.77
2021 30271.46 8212.28 114365.83 2852.79 155702.36
2000—2021 -536.33 -279.61 -2037.65 -143.00 -2996.58
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HIXAES ] ERIMN[IMREEMERE M. EESHEYPIER T, 2035 il 2050 WL 4 A7 5 40 [H ik
k5% BB N 156025.62 Al 156175.36 /5 t, 5 2021 4FAHEL 4> 18 in 323.26 Al 473.00 /7 t. fEHHE
fRY 1G5, 2035 A1 2050 FEWILAE ARGl kiR 5 S &5 8 154689.19 il 154086.25 /i t, 5
2021 SEFH EG 2 R/ 1013.18 A 1616.11 75 t. fEEHAKREIE =T, 2021—2035. 2021—2050 4 [0] 4
B R G i IR 55 2 5 2> 0.75%. 1.04 CAEBRAZ AL ZE 471 8-0.05%. -0.04%) 5 7EAESLRIFE &
T, 2021—2035. 2021—2050 4 [a]4= % F Fi bl i ik 55 S 2 20 3G in 0.21%. 0.30% (4 PrAg {2 73 Jl
9 0.02%. 0.01%) ; fEHFHLEHIE 5 T, 2021—2035. 2021—2050 4F ] 4= 2 £ S [ i IR 55 50 3l
M/ 0.65%. 1.04% (AEFRAS AL Z ) 54-0.05%. -0.04%) . MK, 2035 F1 2050 fEHILA A &
GRS S EWEASEPE R T Rm, SHbRPE R TR, BRARER S TRIK. BRAERK
JE 17 S AUBEHb LR 7 175 S 76 2035 A 2050 2B 2 R G B IR 25 i B AT AL sk b i 34, (EL 2D 1 33 3 3zt /s
T 2000—2021 4F A (A 4FE FRAR LR
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Fig.5  Prediction results of ecosystem carbon sequestration in Zhejiang Province in 2035 and 2050 under different scenarios.
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Fig.6Ecosystem carbon sequestration service for different land-use types.
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