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Analysis of carbon storage and hot spots in Daqing City based on the FLUS_InVEST model
Abstract: [Objective] This study is aimed to explore the impact of land cover change on carbon storage and the hot spots of carbon
sequestration capacity under different scenarios in the future, and provide policy recommendations for future urban transformation,
taking Daqing City, a resource-depleted city, as the research area. [ Method] Based on the land cover data of Daqing in 2010 and 2020,
the FLUS model was used to simulate the land cover pattern of natural succession scenario, ecological protection scenario, and urban
development scenario in 2030, and the characteristics of land cover change in different scenarios were analyzed. In combination with
the carbon storage module in InNVEST model, carbon storage and its distribution in 2010, 2020, and three scenarios in 2030 were
estimated. Finally, the hot spot analysis tool in ArcGIS was used to set 500 as the threshold, and the cold and hot spots were divided
according to the Z value to identify the cold and hot spots of carbon sequencing capacity. [Result] From 2010 to 2020, the area of
cultivated land, water, and artificial surface increased, while the area of other land cover types decreased, carbon storage was
566.10x10% and 565.24x10% respectively. The total carbon storage decreased by 0.86x10% during the 10a period, and the carbon
storage of grassland decreased the most, accounting for 79.03% of the total carbon storage loss. The land cover change of the natural
succession scenario and urban development scenario in 2030 was similar to that of 2010-2020, and the carbon storage was 564.08x10%
and 564.04x10%, respectively, which were reduced by 1.16x10% and 1.20x10% compared with 2020. Both of these were the largest
reductions in grassland, accounting for 74.47% and 77.69% of the total loss, respectively. In the ecological protection scenario, the

water and artificial land surface decreased, the area of other land cover types increased, and the total carbon storage was 567.77x10%,
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with an increase of 2.53x10% in the 10a period. The conversion of grassland and wetland to cultivated land was the main cause of
carbon storage loss, and the main contributor of carbon storage in the ecological protection scenario was wetland, accounting for 74.26%
of the total contribution. The second-level hot spots in the natural succession scenario were mainly distributed in the northwestern
border of the city area, and the distribution area of the cold spots was 2.93 times and 3.79 times that of the ecological protection scenario
and urban development scenario. The hot spots of carbon sequestration capacity in urban development scenario were similar to those
in natural succession scenario, but there were very few cold spots. The hot spots of the ecological protection scenario were mainly
distributed in Durbert Mongolian Autonomous County, and the cold spots were mainly distributed in the central part of Daqing City.
[ Conclusion ] Daqing City has the highest carbon storage under the ecological protection scenario, the hot spots of carbon
sequestration capacity are mainly located in the wetland distribution area, the cold spots are mainly distributed in the central part of
Dagqing City, and the carbon sequestration capacity of cultivated land is not significant. To achieve the urban transformation of Daqing
City, it should insist on returning farmland to forest and grass, and increase the efforts to restore moisture. Specifically, wetland
construction and protection can be carried out in the Lianyuan Lake area of Durbert Mongolian Autonomous County, green
infrastructure should be added at the interchanges of various districts in the main urban area, and urban land expansion should be
reduced.
Key words: Multi-Scenario simulation; Carbon storage; FLUS model; Daqing City; Hotspot analysis
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( https:/crudata.uea.ac.uk/cru/data/hrg/), #I [P E AL EIEFATAAE ., N O %EHER, KIE
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Tab. 1  Data information and sources
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R R B i fE
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AP IR FE(thm ).
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S, 201 1) FHERF T F B EERET, 201D A T 45 F o PROAFE T AT B 3 B A SR O B ok, ELRT o B
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AR 2R B IE 2 O A B R FE AR AT 1 .

Crp=6.79810.00541p(R2=0,70) (4
Cpr = 28 x T+ 398 (R2=0.47, P< 0.01) (5
Kpp=Cgp1/Cpp2 (6)
Kpr=Cgr1/Cgr2 V)
Kg=Kgr*Ksp (8)

Xrf: P AREFEWFEKE(mm), TANKRELTIR(D), Ceps Cor 7 AMREIE T EEFRK R SIRAE B
AR FE(t-hme2),  Cepy A1 Crry 7359 9 K R TIOR8 P /K B AN 4E 28 0 49 3 (1 AL W) B mi o L dls » Cpp AT
Crra 70 A 8 BRI AR SR £ e /K AN AR AR A5 B 0 A= W) s FE S . Kme AR WD 3 FEE 1) B /K B 142
EREL Ker 72 AN EYREBRE R RE T2 1L R 5L KefUREVEBRE LB IER S P25 R B
BIERESEINT (K 2).

*® 2 KR DB =S ARSI FRRAZ 5
Tab. 2 Carbon density data after land cover type modification in Daqing City

b bR S iR A Wy e

RN F e sit] g
Aboveground biomass carbon Underground biomass carbon . .
Land cover types Soil carbon density/(t-hm2)
densitv/(t-hm2) densitv/(t-hm2)
#tith Cultivated land 29.03 111.75 148.00
Ml Forest 39.98 164.25 147.60
FiHb Grassland 21.98 79.35 143.00
¥EHh Wetland 66.75 245.85 149.60
7K3k Water 15.89 70.27 23.01
Ni bR Artificial surface 2.48 20.63 27.78
¥t Bare land 66.75 245.85 44.79

2.5 ElfkBES AR A XIEIRA
BFF 9 DX 33 B %5 P52 ] DARH SR B AL [N B e 77, ¥4 B S A ml DL B — 5 72 [R) V0 LT 98 48 A 1 SR R B2 v
FURAE A7 B (PR — 15, 2023). ABFFLFIH Arc GIS 10.2 [ Hot Spot Analysis T H X} KK 2030 4

T#E . R Z TR R R peass, 2023), HAERID N: 7<-2.58, 99%BEEXIE, ~N—%
B IX; -2.58<7<-1.96, 95%E (5 XIH], AHA LK -1.96<Z<-1.65, 90% Bl X[H], N=FA HIX; -
1.65<Z<1.65 , NAREIX; 2>2.58 , 99% & 15 X [A], N—H#HAEIX; 1.96<2<2.58 , 95% B & X
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B, ATHHAEK: 1.65<7<1.96 , 90% & 15 X |8, A=FHHEX. BMRTEFEINT:

x= &8 (9)
n
n,2
5= Z“J‘Xj —(x)? (10)
n
G_"zzjwijxj (11)

G EG) | WX W, (12)
WVAR(G,) S\/nZTWﬁZ—(ZTWU)Z

n-1

z

A, n REBERAG X, 2B R W, 2B TR j TR 2 R A G, ft# Getis-Ord J& i
Giit: Z RBXIMABERY G #ATHRMEN Z (H.

3 ER540
3.1 M F| A TALHFHE

2010-2020 4F[E] (& 2), #f e KA FD N & Hb 2 AR A s oo, b bt im & 22, 30 7 1121.70km?,
IRARFNNIE 2 7 3 T 75.55 1 83.28 km?. A b 55 87 b TR IRAS, HHE> T 1115.83
km?, iR ER) 87.14%, AiAIE—. Mg E >, AU T 12.20 km?, (5 0.95%.

20104F 3R i / - B it 20204 - MRl i /- S B it
20104ELULC/ (km?) 20204ELULC/ (km?)
9531.94
10653.64
7221.28
6105.45
147.78 135.58
820.08 796.85
864.08 . . 947.35
1336.96 1207.69
1254.50 1330.04
#tHh Cultivated land it Forest i3 Grassland {ith Wetland
KIK Water - Nt Artificial surface #ith Bare land

2 KK 2010-2020 FF it B H 4B REE
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Fig. 2  The Sankey map of land cover transfer in Daqing City from 2010 to 2020

£ 2020-2030 4 AR B 15 ¢, DRIREAE < 1 Lt AR e 3h, BT DL g 55 A0 [R) 2010—2020 41738
PEARTE (3% 3). BFHLE A Nt 2 i 2 10, &3 932.13km?2, SRR 86.67%. SR/ Di%Z, it
WD, 43R BRI 86.03% 1.05%. 1E 2030 SEAESMRYER T, . AR S MR 0 4b T
RS, HoR i s R AR N . PR s ARG e 22y 57.88 km?, (5 EL 67.64%, HEHUEIAAE
AR, RIEINT 4.84km?. KARH AR Z, AL 81.95%. fE 2020-2030 FE3 T K G 5, Lt
A I A RS SO, SSRGS R (B 30 (HZ A A0 A3 1 2 T AR 2 bE 5 2R
B 2, HoR s 55 R AL BARX T B AR B G b b s N, BRI RS i 2 0 943.21
km?, HLEARBEERS L T 11.08 km?, IR/ A 940.06 km?.

0 20 40 80 #h Cultivated land [ bk Forest il Grassland ||| i@t Wetland
sk Water M A% Artificial surface ¥ Bare land

B 3 KK 2020-2030 £ 3 MiER T BESH

Fig.3  Land cover distribution in three scenarios during 2020-2030 in Daqing City
(2):2020 #E3% 5 Scenario of 2020;(b): [ 4R % 15 5% Natural succession scenario;(c):24E 23 {#31% 5 Ecological protection scenario;(d): 38 i & & 1% 5 Urban
development scenario.

% 3 KFKmh 2020-2030 4F 3 fiEE T B STL°
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Tab. 3  Land cover change in three scenarios in Daqing City during 2020-2030
[ Area /km? A5 {k. Change /km?
o 7 56 2T
land cover types ffH5 A 1#5 B 15 C 2020-1% 5 A 2020-1% %5t B 2020-1 %5 C
2020/4F
Scenario A Scenario B Scenario C 2020-Scenario A 2020-Scenario B 2020-Scenario C
Hith
10653.64 11585.77 10644.23 11596.85 932.13 -9.41 943.21
Cultivated land
MHb Forest 135.58 124.28 149.02 124.38 -11.30 13.45 -11.19
b Grassland 6105.45 5180.28 6110.29 5165.39 -925.17 4.84 -940.06
1Z3th Wetland 1207.69 1091.30 1265.58 1090.96 -116.40 57.88 -116.74
JKA& Water 1330.04 1396.43 1259.92 1394.56 66.39 -70.12 64.52
Nitith
947.35 1024.28 941.32 1030.19 76.93 -6.03 82.84
Artificial surface
#fHb Bare land 796.85 774.27 806.25 774.28 -22.58 9.40 -22.57

D15t A Scenario A:  H AR B & Natural succession scenario

1#%5t B Scenario B: A& {R¥"I# 5 Ecological protection scenario;

155 C Scenario

C: i KB5S Urban development scenario. F[A]. The same below.

3.2 ifiE E R TS TAFAE

321 AT HF TR KRR THESB B EIX 10a (A2 PR, 2010 4. 2020 F FIRRfE =5 50N
566.10x10°t F 565.24x100t, Fyk/b T 0.86x100 (K 4). Hth. AR NIEHIZR 73 BN T 32.39%106,
0.82x100t F1 0.42x100t Ficfifi &, B BRAE I & 5B IE 21 96.29% . HHEREE DR 2, Sk Sk
I 79.03%. IX 10a [AJHFHOFTRL 3 PR Bk i B 2 B 70 IX B P AR A0 I 2 ZEOR BN R 2. 2030 4F F AR T 1
Fo SR ERAIR TR B = N ARG E D BN 564.08x100t, 567.77x10%t, 564.04x100t. [ R7EH B 1%
FOMIR TR NS FAHEL S 2020 R SR Mg &0 BFridb, Wk s 5 N B B 2, L T
1.20x100t, i FL AR Al 2 /D BB 22, 7 SR R IR 77.69% o AR TRI G 5t R it = A B 7t B 2020
ARSI T 2.53x100, @R EEINKRZ, SETTERER 74.26%.

% 4 KJKT 2010, 2020, 2030 4E 3 #EE THIREERTL

Tab.4  Carbon storage and changes in Daging in 2010, 2020, and three scenarios in 2030 (x 10°t)
5 Bt it BiHh pir3:i IS Nid e R b, SRAE
Scenario Cultivated land Forest  Grassland Wetland Water Artificial surface Bare land Total carbon storage
2010 275.26 5.20 176.44 61.79 13.70 4.40 29.31 566.10
2020 307.65 4.77 149.18 55.82 14.52 4.82 28.48 565.24
1# 5t A Scenario A 334.57 4.37 126.57 50.44 15.24 5.21 27.67 564.08
14t B Scenario B 307.38 5.24 149.29 58.49 13.75 4.79 28.82 567.77
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1% 5 C Scenario C 334.89 4.38 126.21 50.42 15.22 5.24 27.67 564.04
2010-2020 32.39 -0.43 -27.26 -5.97 0.82 0.42 -0.83 -0.86
2020-% 5t A

26.92 -0.40 22,61 -5.38 0.72 0.39 -0.81 -1.16
2020-Scenario A
2020-1% 5% B

-0.27 0.47 0.11 2.68 -0.77 -0.03 0.35 2.53
2020-Scenario B
2020-1% 5% C

27.24 -0.39 2297 -5.40 0.70 0.42 -0.81 -1.20

2020-Scenario C

322 s TAsssE  MNEESA EE (B 4), 2010-2020 EF1 2020-2030 4F 3 Rl 5 RAE R AL
KEG XA b T B AR AR RPIRES , FA AR DI AR B e XA ) 84.04%, BRI IE =T, Rt
FEARANAR W) X IE 99.21%. 2010-2020 4 J1E], B4R b SN TR AR B 40 An IR Re A, kfids B A S 189
(1 DX 3 = AT R IR AT AL ARAA R 58 T IR VR By L 8% DRI K ) [X ) 22 Ak B 05 L 1 A B R AR S X
XX S5 357 A A TR ) X, ARG N X 88 L 9.78% .

H ORVE TR 1 SRR T K A S S AR s o0, Bl B 0 DX A 00 0] o B 5% 4.54% 0 AH EL T H AR
Brids, W R ARG 5 R AL T AL R AR S R B IR E AR BRI B fif e X B A%, AL T K (R ORI )|
B S AR AN K [ X VAR B A2 FAL B it Bl X 22 o AR S ORI S T sl B AR X e b, 2%
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