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Multi-scenario Simulation on Carbon Storage of Green Space in Harbin City

Li Xue, Li Wen, Shi Song, Qu Chen
(College of Landscape Architecture, Northeast Forestry University, Harbin, Heilongjiang 150040, China)

Abstract: [ Objective] The carbon storage of the future green space patterns was predicted, and the impact of
green space changes on carbon storage was analyzed in order to provide a basis for green space planning in
Harbin City, Heilongjiang Province under the dual-carbon policy. [ Methods | Based on the green space land
cover data of Harbin City in 2010 and 2020, the dual-carbon industry driving factors were introduced into the
FLUS model, and the changes in green space land cover under different scenarios in 2030 were predicted. The
carbon storage values in 2010, 2020, and 2030 were calculated using the InVEST model. The spatial-temporal
variation of carbon storage was compared and analyzed, and the influence of green space on carbon storage
was discussed. [ Results] O After the dual-carbon industry factors were introduced into the FLUS model, the
kappa coefficient increased by 1.30%, and the root mean square error decreased by 0.21% compared with the
original model, indicating increased simulation accuracy of the improved model. @ From 2010 to 2020,
carbon storage decreased by 5.14X10° t, primarily as result of decreased cultivated land. Carbon was primarily
stored in the aboveground biomass carbon pool and the soil carbon pool, accounting for 88.52% of the total

carbon reserves. @ Carbon storage under natural development, ecological protection, and economic development
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scenarios in 2030 were 2.58 X107, 2.58 X107, and 2.58 X10° t, respectively, showing a downward trend from

2020. The decline rate in the ecological protection scenario was the slowest of the three scenarios, and was

0.12 times the rate observed for the natural development scenario. [ Conclusion] In the future, ecological

protection and restoration measures should be strengthened to reduce the loss of cultivated land and forest

land, and the expansion of non-green space should be controlled in order to improve carbon storage in Harbin City.

Keywords: green space; multi-scenario simulation; carbon storage; land cover change; Harbin City, Heilongjiang
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Fig.1 Elevation distribution map of Harbin City
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Table 2 Pre-correction and post-correction carbon density data of Harbin City
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Table 3 Comparison of land use simulation results in Harbin City in 2020
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Fig.2 Comparison of improved model and original model in Harbin City
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Table 4 Carbon stock and change in green space in Harbin City from 2010 to 2020 10° t

i g i) PR Hh i T K3 e85y
2010 4 Hlk fiff i 1 353.26 940.05 222.72 37.45 34.70 2 588.18
2020 4R fif B 1 309.69 967.43 213.22 45.96 46.74 2 583.04
ik fith 1t 22 Ak —43.57 27.38 —9.50 8.51 12.04 —5.14
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Table 5 Carbon pools and changes in green space in Harbin City from 2010 to 2020 10° t

i H b b E Y R R R + HEmR E BT MLk B
2010 4 Ak fiff £ 275.57 1073.29 1 220.95 18.37 2 588.18
2020 4F- Bk fiff 1 275.02 1071.16 1218.53 18.33 2 583.04
T & A8 1k —0.55 —2.13 —2.42 —0.04 —5.14
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DX 355 0] 3 2 J2 R R B b B 55 X, ARG JR I T XL

a 20105 & % &

BEE/(t- hm™)

DT?G:SSQS
1%:0

AT L ME T ) 52 B A S R i DY R R . AR
2010—2020 47 F fie fif 10 742 Ak 7] 01 (&L 4) , ey 758 9 Tl 3
S5 1A HE 3 L X AL AR W], U 91.74 %6, I
2% 0 L S Sl 14 38 R A U] DD A ek
DI TR o B 2t 68 23 ) 1 4,16 04, BUIAR DX 78 b 38 14
PR R L BT G R I o L 5 B O SR T
Mg A ek T A 22 e el DX 3l o 2 €2 [ R
PR 4,090 B8 1A b BB/ INRAERIZE BLIP AT IR 5

b 2020F 4% & A&

0 30 60km

3 I§/RIETH 2010,2020 £REE ST
Fig. 3 Carbon density distribution in Harbin City in 2010 and 2020

B4 MRET 2010—2020 £HRZEETE
Fig. 4 Change in carbon intensity in Harbin City

between 2010 and 2020
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FRAE IS /R R 20102020 4F 4 Hb 78 35 55 R 46
[ (F 6) AT, 2010 2 2020 4EM(A] , H A 48 0,23 [a] (7]
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LN A SN LN T N O S S
1169.51 km?®F1 239.20 km? , A H1 35 H F1 7K du f5 FH
PR B @S, 10 a A4k 6025 A 4 55 B A L4 i
4 321.01 km®, JF i 51 & 4 A &AL T 1.95 X
10% t BFHb e th i) T AU 238 1 837.70 km” , B B4
KRR A R £ 0K 7.77 X107 t, HUR AR Hb FIE 4
Ay e A T AR 1 023,98 km?® 1 1 225.72 km?, H i
SERAE L T 6.30X 107 t Fil 3.87 X107 t,
e NSRS 0 NSRS R S
Bk 3] T 1 366.25 km?, A7 W B Bk 6 B 42 T T
8.40 X 107 t, H A #5 Ak 1l B 1y A B b 149 17 B 43 1) 2
986.52 km?® HI 668.19 km? . 3 11 B il & AH W 84 fn 1
3.11X107 t 1 2.82X 107 ¢,
23 2030 EFEEETHREER T THIFMERIT
2.3.1 RRAWREREZ T/ FH FLUS B X
2020 4% Hh 7 55 50U E AT AH I A 1S S AL, 45 0 3 A
ANFE 5 2030 A B S 8k dlE . AR ST AZ
HH G BUR 19 52  , AF b RN M 43 53 38 n T 175 km® Al
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55.59 km?® , BEHB /D T 147.89 km? , 7K B F19E 4 2% 1k
AR ABEP RTINS AR TR
(8 DR AP, B 1 AR A BT 36, 43 336 N T 93.79 km”
M 133.63 km” , AR B 98 20 T 145.25 km®, A3
Hb AR A ARG 5T AL T 4R A e A A O 1% s
A E W T 75.35 km”,

VR R BT ST . O PR IE 48 % P 12 T, Bk
ATk ka8 hn 1 279.44 km?® , #E % FH M 1 AR
LU AT P ARG S5 T B/ i 2D R0 T 50.83 km® L It
FHEUESHEEZ B T — & MR, AR Hb A R b 1 R
WP T 10.81 km?® Al 210,48 km®, /K B8tk 2 T
9.63 km?,

R 6 2010—2020 FIRETHE X T BEEBER
Table 6 Transfer matrix of various types of land cover in Harbin City during 2010—2020 km*

2020 4R

HREERE s wm mm mm km Ammk BEm g e
B 25 566.96 619.33 333.83 160.65 79.06 632.88 11.95 27 404.66 1 837.70
B 263.00 18 012.85 632.39 31.78 36.91 59.08 0.82 19 036.83  1023.98

= E 222.73 725.17 3 284.48 95.89 84.57 93.55 3.81 4510.20 122572

= 12.18 0.06 5.57 615.14 121.35 4,04 0 758.34 143.20

g K5 47.46 17.66 6.44 16.73 612.30 2.10 0.02 702.71 90.41

S AEHE 122.80 4.03 8.24 0.55 2.07 1438.97 0.66 1577.32 138.35
# o 0.02 0 0.05 0 0 0 0.05 0.12 0.07
MO 26 235.15 19 379.10 4 271.00 920.74 936.26 2 230.62 17.31 53 990.18 —
M 66819  1366.25 986.52 305.6 323.96 791.65 17.26 — 4 459,43

232 SHBRTHBEHXRZTEIHBERAIL 54 H R K e 56T IR R T T I 2030 4 4 £ 23 (] flk

FLUS fil In VEST B, i 55 2030 4F 3 Fl R R A
A 1% S A B Af e (R 7). aX 3 R R AR A% i 24K
F 2020 I LE R AR KRG S A BRI M4
U & JRAF R M B 43 BRI T 1.65X10°,1.90 X
10°,3.30X10° t,

ittt o 2.58 X 10" t, -3k % BE 498.19 t/hm*, #fih
R i it i Kl 1,32 X 107t B 45 (5 23 ) B i ik 10
50.97 % » Uk bR M R b B A B B R B fif
1) 37.51 6 F0 7.96 %0 . Hi 20 14 42 W b Bl fiff 15 4.59 X
107 t. A 5 BB 1.78 %,

£7T7 2030 EBRRETHARBREZEZT HHRES

Table 7 Green space carbon reserves of different scenarios in Harbin City in 2030 10° t

HRE #F b M b O B i K 5K M
AR R SR = 1315.72 968.22 205.41 45.88 46.16 2 581.39
SR 1 312.42 972.65 205.66 45.91 46.21 2 582.85
250 R R 1 320.70 964.74 202.26 45.88 46.16 2 579.74

AR B R RGOl 2.58 X107 t, - HI R 2%
J¥ 498.47 t/hm” . Z10E 5 T M Bk o it 02 3 i
B /INAT 1.31X 107 ¢, AR HLRR fifs B D0 3 b 5t
THRRBIHR 9.73X10° t, HF MR 43 31 b7 Az 2SR
P BB A% Y 50.81 % 1 37.66 % .

22T K A T Bt FE A 2.58 X107 t, - B Rk 4%
JE 498.10 t/hm”. 4% & JB % 5t T Bk Mk i i 5 T
LA TG S, RCHE B i o 002 3 I B op i /i
[ 2020 4EFH LI T 2.69X10° t, ZE kg T
R R b, 2 A AR KRG S 2,01 % R AE SR
TR 17.22 1%,

BB JE 1) £ BE 43 T - 3 R S 1 4 sk PR B KT
2020 AEMME (B 5) . ARG 56T - B I ik i & e

K3 1.22X10° t, He 2020 4R80T 7.80 X107 t, Hiep
FET-A LY B A et 728 Ak g5 /N, A8 2> T 1,00 X 10° ¢,
Fof] 0.6 %6 AES LRI 52T 4 Fig B ¥ 4 F R R
AL N REE R AR ARG RMW 0.12 5. %
15 5 T Y 4 Pk P B i i 2O T AR T AN IE SR
Tl =, L 098 ik A ik it i B K O 1,22 X107, [
2020 AEFHEL B8N T 9.00 X 10" t, A] WL k47 2k 2545
P 9D X AR A IR B B B IR A R T R A A Y 4 T
A 18 I O A ) R il R TR T . U R R R
N4 b 0 Bk A AR T AR P AN IE . LI
i JPE T b, T A= 4 ek B 2R Bl At et 43 0 Ol 1.22<10° ¢
1.07X10° t, btk 2020 4F (4 ik fiff 5 53 5 98> T 1.56 X
10° ¢ A1 1.37X10° ¢, i BBt R 1Y 88.79% , HEHEL&



328 K 1 PR 4 i

43

TF R A A S R A R S R A S RS BRAE T
I, oA o A T I R

BRRERR  ASEPER GRS
0 —

[N

S 1.0}

= 15t

®

1 2.0}

Az

3 2.5¢

C O bAymEmE CIHMTEDERE

S0 St B 7 A AL
35 =EE

Bs5 MRETARER THREREETN
Fig. 5 Change of carbon stock in carbon pool under

different scenarios in Harbin City
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Fig.6 Prediction of carbon storage change in Harbin City under different scenarios from 2020 to 2030
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