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Impacts of Land Use Changes on Carbon Storage and Prediction in
Heilongjiang Province Based on PLUS-InVEST-Geodetector Model
Li Yang, Qiu Xinhan, Li Quanfeng, Li Jicheng
(School of Public Administration and Law, Northeast Agricultural University, Harbin 150000, China)

Abstract: [ Objective] This study aims to analyze the impact of spatiotemporal changes in land use patterns on
regional carbon storage in Heilongjiang Province, predict future evolution under multiple scenarios, and
quantitatively identify the main driving factors of spatial differentiation in carbon storage. [ Methods] Based on four
periods of land use data in Heilongjiang Province from 1990 to 2020, the PLUS-InVEST-Geodetector model was
coupled to analyze changes in land use patterns and their carbon effects. Future land use and carbon storage in 2060
were simulated under four scenarios: Natural development, cultivated land protection, ecological protection, and
urban development. [ Results] From 1990 to 2020, carbon storage in Heilongjiang Province showed a net decrease
0f 53.46 X 10" t, with a spatial pattern of high in central regions and low in surrounding areas, high in the north and
low in the south, and high in mountainous areas and low in plains. The conversion of forest land to cultivated land,

grassland, and unused land was the primary pathway for carbon loss. Multi-scenario simulations indicated that
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carbon storage in 2060 followed the order: ecological protection scenario (2 012.71>X<10" t) > natural
development scenario (2 000.59>X< 10" t) >> urban development scenario (1 996.01>< 10" t) > cultivated land
conservation scenario (1 992.08 X107 1). Geodetector analysis revealed that the spatial differentiation of carbon
storage was mainly influenced by factors such as elevation, distance to water bodies, and normalized difference
vegetation index (NDVI). Interactions among factors were mainly characterized by two-factor enhancement and
nonlinear enhancement, with the strongest interactions observed between digital elevation model (DEM) and
annual precipitation, DEM and distance to rivers, population density and DEM, and DEM and NDVIL
[ Conclusion] During the historical period, the conversion of forest land to cultivated land and grassland in
Heilongjiang Province led to a continuous net decrease in carbon storage. Future projections indicate that carbon
storage is the highest under the ecological protection scenario, with factor interactions centered on DEM
dominating the spatial differentiation of carbon storage. Therefore, it is necessary to control the conversion of land
types with higher carbon density to those with lower carbon density, strictly implement black soil protection
policies, and adopt ecological protection measures. The impacts of natural and socio-economic factors should be
comprehensively considered when formulating regional ecological protection and economic development policies,
so as to promote the sustainable development of the regional economy in Heilongjiang Province.

Keywords: land use change; carbon storage; PLUS model; InVEST model; Geodetector; multi-scenario

simulation
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Table 2 Results of carbon storage changes associated with land use 107 tC
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Table 3 Contribution of land use conversions to carbon storage changes from 1990 to 2020

- Bl R 2 L A 4 1990—2000 4 2000—2010 4E 2010—2020 4E 1990—2020 4
b - bk b 955.75 11 845.17 16 846.69 3949.65
Bl -5 b —383.40 —6538.04 —4386.08 —1218.62
b -k I 708.77 6 603.13 1984.30 1659.99

AF b - 152 T b —415.79 —7466.58 —7407.90 —4 448.09
A b - AT —1094.50 —11245.20 —14 463.30 —4640.79
A - b —16596.91 —18 388.47 —12489.47 —22030.02
A - D, —3835.12 —40164.57 —25915.63 —16 312.27
PR - 7K 39.21 1 830.90 1277.19 1700.72
P - £ 15 R b —102.68 —1043.95 —858.61 —884.78
PR - A ] b —390.90 —29 869.65 —13433.71 —8777.42
B b - 4 8899.76 5156.70 6941.89 10 484.83
B -, 2963.07 23 420.26 35070.27 8511.58
- 7K I8 303.28 2687.61 2816.15 1273.63
b - A 15 b —11.80 —269.36 —301.24 —230.41
Tl - R H b —45.87 —10941.58 —6829.13 —2412.98
K3 - —1497.18 —4057.81 —5411.51 —3685.27
K - —59.56 —754.59 —1161.19 —748.71
K- R —1756.76 —6457.31 —1751.81 —1816.72
JK 358 - 2 152 b —2.81 —554.88 —557.36 —363.51
TR - A —2337.82 —21920.96 —31867.99 —42399.65
U b -k 63.72 5 682.54 7 969.10 3032.30
T H - b 0.23 590.63 951.14 342.72
I FH - 45.97 192.61 231.40 83.89
5 R b -7k sk 2.54 377.24 432.21 175.36
IR T - A ) P 0 —13.95 —24.10 —6.40
1 FH -4 10 422.95 16 301.15 13 452.68 18 189.51
2 ) FH Hb - b b 106.56 11 285.60 26 939.36 2 640.88
R ) Hb - 5 b 589.08 5750.73 9943.53 1760.48
7 ) F b -7k sk 1293.72 11 029.33 7571.70 2694.77
) FH b - 35 0.24 19.72 24.77 18.87
(a) S[H A (b) 22 ELHEW g s
X12 X12 |
X3 XI11 f
X6 X10 | 0.04
X9 X9 t
L e il B | o0
® X7 =T X6 | WX 0.03 0.01 0.01 (001 0
B x B oxs | o0s (1) .;-...:.1 ™ oo 0.02
X11 X4 + 001000 0 001 001 o o [0
ol oo
X13 . . . . x1 B o R o BEEE o oo oo
0 0.005  0.010 . 0.015  0.020 PO 4R 40 40 QPPN NP 0
WA T

Ee BEFRUMZERMNER

Fig.6 Single factor detection and interaction detection results
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Table 4 Areas of each land use type under each scenario in 2060
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Fig.7 Spatial distribution of land use under different scenarios in 2060

x5 AEABETELHMAAXBREETK
Table 5 Changes in carbon storage across land use types
under different scenarios 10"t

A% ik BRmfg A
RIS ORMER PR PR
B 3t 610.44  597.42  592.19  637.87  585.15
MRt 1150.77 1242.56 1241.58 1199.55 1248.76
R 80.84 7432 7429  70.85  76.98
K 7459 4880  48.69  48.29  65.46
R 1055 10.07  11.87 8.28 8.89
KFHM 3338 2742 27.39  27.25  27.47
Bt 1960.56 2000.59 1996.01 1992.08 2012.71

b2 2020 4F

4 7 I ST B A B R MR AR s ) AR UL IR 9. HF
i R 40 SR R AR A DR AP SR T Bk i R R R 0 A B
2020 4F 22 58/, BF RBP4 B B4 10 OR AP 3R
TR Y K Z R, BRI K. AR KRR
8 55 T, [ B B8 7 A X 5 558 A K SR R L O
D T B R 3 AR Xt 5 i A bR L 6, 2E T B e ik
PTG o Mo R RS ST, B Mg, i
IR, A A A5 JRTI Bk it B 2020 4F A BT R B . &5 2R
B, R B e T A L BT ™ A b B PR T R 4 b
PR O, S0 A A5 PR 4 15, o T 02 B DX Je T £

http. // stbexb.alljournal.com.cn



4 3]

ZEPHAS . 3L F PLUS-InVEST-Geodetector 15 75 ) 237 YT 45 + 3 1) FH 48 £k Rk % H2: 52 i) K 3900 367

(b) WBUR R TR

(a) AR RAG 5

Tt 107t

(c) HHith (R I 175 5t (d) BRI

T80.11

0 120 240 km
94.63 —

E8 2060F 4FERTHRIFEZ EIRFEM

Fig.8

(a) BB R R (b) R R 1 R

¥t it

Bl ass [ Juxrr e asn

Simulated spatial patterns of carbon storage under four scenarios in 2060

(c) BHH LR 5 5

(d) BRI R

0 120 240 km &
—_

B9 2060F4TER TREETE TN
Fig.9 Spatial changes in carbon storage under four scenarios by 2060

3 i i
3.0 bR A B X X 8RR 4% Th BE RO 2 i

B fifs it B A8 5 Hl R AR B A L b R
FH 2 70 2 A6 J2 8 s B TR VT4 W i A8 Ak 1 A% 0 BIK B
BRLER o Y A i) 1) e e 25 B IS R 5 A28 I Xl ik
ittt 2 BTG Sz, I ARk B R 2 A A A ) B R
a3, AR SO Bh A X (5) @ B A% BOR [R] 8 + H
I A2 6] Rl A 2k 1) BT KRR B L 10D

1990—2000 4F , X ik fiff 5 22 b 55 3 2 0 B 5T
R R A R M e B Y B AL STER 3 0.16, 5 X
AP R EET RS R B RZ R )
Hiu Bk H A A, oK B b B R M 1) oK R M Ak 2
Xof B A et 7 AR B ] 5 IR, BT R R 4 i D — 0011,
—0.33,—0.35,—0.01,—0.01, 2000—20104F, % F|
FH My b o) B b 5 £ R b ) bR ML A A 1 0E [ 42
DI B it 4 ), STER R 4300 O 0.16.0.26,0.01
5 AE B2, X e fifh f A8 Ak e 35 BT AR R i Sk bR
Hby ) b R B b Y B Ak, BT R R 43 51 D — 0.02 A
—0.42, 2010—2020 4% , A 1] b 1) F 4ty BF b, AR HE
KoK I B A, 15 FH M LR L e B O A Ak Y
DXl Bl i it B 2 TE w42 HE AR SRk R A e
0.02.0.08.0.02,0.01.0.01,0.02, S22, bHb i) &b |
B b A A1 b % Ak, B b ) R Ml B M R A

i Ak, 208 DX Bl e ik kA8 Ak 7 A= A7 ) S ) BT R 3R
S —0.42,—0.15.—0.16,—0.03.,—0.02,—0.04.
S22, 1990—2020 4F , 2R A1) FH M BF 0 b )
VR b %) 5 Ak A ) T DX Sk i G A0 o T K B AR
BF Ml b ) R ) b Y A Ak BB b el s b Y
Bl Al S D0 AN R T e it 3 o PR, S B R R I
A B N — T B TR o e R Ml 2 1 Ik R
O FE AL s 3 — 7 T, 51 S oK R b ) o e % EE M 2K
L
32 SHEBSETRRHREENZRL A

ZAH R L B, BT AR TE AR R R IR &
& BEHLAR B S5 AR AR 4 B R AR R 2060 4F Bk fif
g 2020 4R WA A2 T, 5 F/ME S BE 5T 45
R—F,

H SR PERTHRERS RS, 25
FUU R B FEERN SRS RS R R
T AR B BRI B A, R 0 DR B BE A R I Bk A
i U B R ORI S ) i it 1 4 A R R B
B ERRE FFRIBE R ER -8, — T
TR IR VLA ™S O A 00 T B8 B hl S it O 4 M AR
B A 25 4 o ol 48 T - A WLBR A A5 Dy — T, R R
VLA 25 —5 SO 4 TH A 1E SBEOMR T B MR [R] 4, J™ 4%
12 i FE R AR AT Ry A R Ok XA R . H A

http. // stbexb.alljournal.com.cn



368 KRR

840 %

KRG FT AR AL R A, B TE A AR AR A 2R

A A R R i AR AR B o R BB AR AR F

SRIG N, BE . B2 T A T AR B0k i i S AN

SR R MSEONT LA I — B BRJE IR R R

B £ B oA R, R T BE A A i 4
(a)

FF M F oo 016 0 0 0 0

A o 0 0 0 0 | -035

Fidth b0 033 o 0 0 -0.02

19904

WM o 0 0 0 0 0

i - oo ¢ -001 001 0 -001

Eifh - oo 0.12 0 0.03 0 -0.01

B B @R W KR KA
Hith il
20004

(c)
FoF) A H F ooz 008 0 002 0.01 0

e Fo01 0 0 0 0 -0.06
H Fhith o042 015 0 0 0 -016
=
= g
o HiEEME o 0.01 1] 0 0 0
$EHh F-003 0 -002 006 001 -0.04

B o 0.02 0 014 0 -007

Wi BHE @@ e KR A
Rk iy

1

&%\

20204F

T, AR ok K ORI B A5 T B BE 3 B0 B 2 5 5 — T

T, PESRTT A R  ST  MROB R AP AR 95k, i B ™

K 5 A A0 2 BEAR MK 1 AR [ e 3G B B 5 I Ah

W55 BB VTAR A R X 2k BRI £ T Y

PrikA o, SRk F R A i — B
(b)

A M oo 0.16 0 0 0 0

K E oo 0 0 0 0 0

H Fifth F-002 042 0 0 0 il
=
=

S EwHME o 0 0 0 0 0

Hidh koo il 0 0 0 il

Eifhr o0 0.26 0 0.01 0 0

b #EHh EE MRHh oKER RF

Hl Fl it

20104
(d)

FFFHL Foos o006 0 013 001 0
AKELE 0 001 0 0 0 -013

P F-008 007 0 0 0 003

19904

Wit F o 0.02 0 0 0 0
g F-001 0 -002 012 0 -0.06
B e 0 0.03 0 033 0 -003

R BRI B ML KE R
Fit it

20204F

10 FEI ) AHBELBHREET L TH

Fig.10 Contribution of major land use conversion types to carbon storage changes
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