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Carbon storage assessment in the upper reaches of the Fenhe River under

different land use scenarios
ZHANG Yan, SHI Xueyi* ,TANG Qian

China University of Geosciences, Beijing 100083, China

Abstract: Terrestrial ecosystem carbon storage is of great significance for predicting climate change, greenhouse gas
emissions and reductions. Land use pattern change is the basis for studying terrestrial ecosystem carbon storage, which
directly affects the structure and distribution of terrestrial ecosystems, as well as changes terrestrial ecosystem carbon
reserves. Taking the upper Fenhe River as an example, this paper analyzed the land use change from 2007 to 2017, and the
SD_CLUE-S composite model was used to simulate the land use pattern under natural growth and ecological protection
environment. Based on the land use data, the InVEST model was used to measure the carbon storage of ecosystem in 2007 to
2017 and in the future under different scenarios. The results showed that the area of grass land, unused land and water body
in the upper reaches of Fenhe River decreased from 2007 to 2017, while the cultivated land, construction land and forest
land increased. The land use pattern in 2030 under natural growth scenarios and ecological protection scenarios was quite
different. The cultivated land, construction land, forest land and water body indicated an opposite trend. In 2017, the
carbon storage and carbon density of the upper Fenhe ecosystem were 58997910.98 t and 147.54 t/hm’, which increased by
1237143.02 t and 3.09 t/hm’ compared with 2007. Under the natural growth scenario from 2017 to 2030, the carbon storage

and carbon density of the ecosystem in the upper reaches of Fenhe decreased significantly, mainly due to the decrease in
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forest land and grass land, the increase in construction land, and the significant increase under the ecological protection
scenario. The carbon storage and carbon density were 59142210.16 t and 147.95 t/hm’, respectively. Ecological protection
scenarios can effectively improve the regional ecosystem carbon storage, but at the same time, sustainable social and
economic development must be considered. Therefore, in the future development plan, the research area should coordinate

various resources based on ecological protection scenarios to ensure economic development.

Key Words: system dynamics; CLUE-S model; future scenario simulation; carbon storage; upper reaches of the

Fenhe River
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Fig.1 Location of the study area
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Fig.2 SD model of land use change in study area

SD: R4i5) 12 System dynamics

0.7.,0.3.0.7.0.6, JFis B+ R AR AL B RS JE I (36 1) 5 A ARBE NS 5t T 45 L s A HIZE T ELSA {HE N 0.5,
0.5.0.7.0.3.0.9.,0.9, [A] R A IS A 5L B2 RE 4 oK R AL R A IR 0, AR o 1, JF HANBEE R
il X 3

F1 ESRPBRETLFAELEBERE

Table 1 Land use change transfer matrix in ecological protection context

it Bt B it KA FH b IS
il Grassland 1 1 1 1 1 1
HiHh Cultivated field 1 1 1 1 1 0
A% i # Construction land 1 0 1 1 0 0
b Woodland 1 0 1 1 0 1
KA FHHL Unutilized land 1 1 1 1 1 1
JKAK Waters 1 1 1 1 1 1

2.2.3 InVEST f&%Y
InVEST HEARYAR Y5 AN [7] - b ) AU 0 b b A= 0B P |t A= Wik 2 | J3 e P2 R0 080 7 400 ke e A B e
figg it IR A T B A 1o A P AREAT ST X B S R 15 LA B A A BB | AR S RO Bl e 1T
TSR ) L b A ik P b A= Wk P DA R - Sl PR A A B8 TS i T
c,=C + Chtow T Croit (1)

kabove

C=3 (5 xC) (2)
A, €, Fon R 2SR k (OB FE SR (1/hm?) 5 C,,.,. 357 T HUR 2SR £ g3 AW E (/hm?) 5
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Cyp = 3.3968 x MAP X + 3996.1 (3)
CBP - 6798 % e0.00S4><MAP (4)
C,r =28 x MAT + 398 (5)

P, Cop FRAERE T BB IE T 15 3 19 L % 2 (ke/
m?) s MAP SRR AE B BERT & (mm ) 5 €, I €y 73 SRR
AT TR B AAR B OB 1E T 15 3 50 AR W) i (ke
m?) s MAT 8 B2 4R 4R (C) .

Kyp = C'yp/Cyp (6) ] X )
Ky =C'y/C gy (7) [ ] FERRHI X i
Ky = Kyp X Ky, (8) 0 20 km
Ky =Cg/C (9) —
P, Ky 271 A2 1) Bl 5 2 A T 4 DAL T8 IE R 8L H3 2030 FASRPEHR
KBT%%%QEEF@%%%T&F@@%@ K15 1E 25 K, TR Fig.3 2030 Ecological Protection Control Zone
AR R T 1B E R K 2R R T 18 1E AR 8
C' F1 C" 53 ZEAR WS X e 4 FEAH W A
FR2 WRRXERBEREE
Table 2 Carbon density of four carbon pools in the study area
i b, B B b Sil A A IS
i b AE YRR BE C_above/ (/hm?) 18.70 3.02 1.32 22.46 0.69 1.59
A Yy % BE C_below/ (v/hm?* ) 45.81 42.74 0 61.38 9.37 0
IR C_soil/ (/hm?) 90.43 98.13 70.61 75.86 28.42 0
FET AT WL E C_dead/ (t/hm?) 0 0 0 0 0 0

3 MREBR

3.1 2007—2017 4F- 3] LY b DX A b A A AR Ak 2 #r
311 R HAR IR EE AT

2007 4F5 2011 4EFEHB ARG IX 2+ 1A FHZEA 2011 4E5 2007 440 HC 55 b 5 FRUR B8 HLRE IR N 3%
P | FERE FH b A A R A ) b e AR o, SR e bR 38 o R A KGR B T 2.29% , HL VR R A b 1 o i
2.03% , /MR AR AL, AR, 2011 AFE7KAR AT T 7209.89 hm*(4NEl 4 3% 3 iR ) .

2011—2017 4FFE AT R & = A G 2 B AL (R AU IHAE T % B IE S 2 T 2.49% , B4R FIH
b5 7K AT R AR IRV BE e , G e AR b TR T 4080.85 him? , S8 J5 PR AT TR T % 0
ITF R AR BE s KR TR T B T 0.24% , 3 4F R /K A TG R RS2 T BT BIF 9 X SR 1 2B A8 IR B 7 2 T % 45 5
B A MR A kA o R R 0 T 9468.66 hm” , F AL I M3 i e B3R 5 170.49%,
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RHE T FRAE N T 3547.33 hm? (ANl 4 .32 3 iR) .
20074 20114 20174
) 2R R
v [ #e O s D st D >RA e I ki
B4 WREXTiF BETE
Fig.4 Study area land use data
*3 MIREXLIHAAERRELLE
Table 3 Land use area and proportion of the study area
FRT— 2007 4F 2011 4 2017 4
Land use type Y hm? % Y hm? % B/ hm? %
Area Area Area
il Grassland 166939.48 41.76 154944.07 38.76 144991.23 36.27
#th, Cultivated field 93412.11 23.37 101548.61 25.40 111017.27 27.77
UM Construction land 11291.02 2.82 12266.06 3.07 14218.63 3.56
Ml Woodland 108925.51 27.25 118075.83 29.54 121623.16 30.43
KA FHHL Unutilized land 5341.16 1.34 6284.61 1.57 2203.76 0.55
KK Waters 13828.19 3.46 6618.3 1.66 5683.42 1.42
2007—2017 4%, #f b | H 15 FH Hb bR H TE AR 4 22
Wk, B0 BE 435 4.40% .0.74% 2.18% , B b, A F] < Z i I o zom_zougi
e I £ 2r —2011—2017
FH s R TRL W6 , JFC  LE 0 K  5.49% =L Mmm
X
HUIEIKAE R 2.04% , /DT FLGRE] T 8144.77 hm* | & gg 0 f =
)P s T AR R [ T 3137.40 hm* (4NIEL 5 BN ) & ﬁ :, 1 % i
302 kAR IR AR S ol
U SR ) B, LR AR, EE T K S, 2z 23 23 37 23 8¢
P S AR PR ML o8 He 80/ 0n s o = B R T 3 s = ER ﬁ% =
. N \ N N S} g IS =
Akl R K P AR R 2 5 R PR B g Ve %%
N N e 5 =)
R, 6 1 SR 5 T 41.11% , FLUCR 20 0 5 bk i %56 ° 8

A FEAt - 3t ) 2R R )RR E i/, FLrp e S R L
FIR R 5 A 0 B Ut 91 fe o, LRl B

E5 TR ATHEESH

Fig.5 Analysis of the extent of land use change
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M5 B A 5 X AR A o5 P T2 R S B M, T B RS R DR 80% , H YR BT L A, R
A FHLBAT d7 KA (N3 4 38 5 ) .

x4 2007—2017 L FIAFEBER
Table 4 Land use transfer matrix 2007—2017

2007
200 HiHth/hm? Brth/hm?  @EEAM/hm® A /hm® KA hm? 7K A4/ hm?
Bl Grassland/hm? 89184.78 43022.17 4739.26 26810.27 1473.95 1709.05
B Cultivated field/hm? 29678.49 52827.56 3793.84 5777.93 14.82 1318.45
UM Construction land/hm? 2267.51 4641.18 3160.80 310.06 145.77 764.70
HHth Woodland/hm? 17025.19 5669.27 1146.54 84424.39 97.03 563.09
KA A Unutilized land/hm? 888.92 153.07 63.83 3743.48 472.15 21.33
7KK Waters/hm? 5946.33 4705.93 1314.37 556.05 0.00 1305.49
R5 2007—2017 &£ L FI AEBHEE %
Table 5 Land use transfer probability in 2007—2017
2007

2017

Fith it B it KA KAk
BHlL Grassland 53.42 25.77 2.84 16.06 0.88 1.02
Bt Cultivated field 31.77 56.55 4.06 6.19 0.02 1.41
AVBEIHIL Construction land 20.08 41.11 28.00 2.75 1.29 6.77
FH Woodland 15.63 5.20 1.05 77.51 0.09 0.52
KA A Unutilized land 16.64 2.86 1.19 70.07 8.84 0.40
IKIE Waters 43.00 34.03 9.51 4.02 0.00 9.44

3.2 ORI PRI 2 SR K o
3.2.1  EETF SD ALY A R 475 B R

MR R G0 8 F12A RIS 5] 2007—2017 4FRF—4F 44 L oo FH 2 RO LA 05 A5 0 (3R 6) 15 H 5 2017
AERRRLE AT X LG, B0 SD ASE UG (4 AT A 71 A 2

R 6 2007—2017 & L FI LR SD KA TN ER
Table 6 2007—2017 land use type SD model prediction area

Hk B}/ hm? Hi i/ hm? A5 T HL hm? HcHt/hm? A/ hm? IR/ hm?
Step Grassland Cultivated field Construction land Woodland Unutilized land Waters
0 166939 93412.1 11291 108926 5341.16 13828.2
0.5 159551 100276 12577.2 113061 3990.48 10282.3
1 154638 104539 13286.8 115755 3228.54 8291.28
1.5 151379 107171 13678 117540 2795.85 7172.93
2 149222 108784 13893.3 118745 2548.35 6544.4
10.5 144897 110969 14127.4 121817 2201.02 5726.39
11 144892 110963 14126.8 121828 2200.96 5726.17

HRAE (5 FLAE 55 PR FmT DUE Y B A b R 28 R0 B 45 SR AR R 2280 2E 1% LV (R 7) , B
SD 5 RIJ7 BL4E S 5 SE BRI A — 35, T DAEAT N — 25 A F0I, B4R A 2017 4545 1 i ) FH 28 8 1w ALV k9
URAE, BEE AR 13 4F | U 2030 4EAF5T X 4 HoF] FHE ,

HRAE R G230 ) 2 AR U 45 2R v DR B (3% 8) , WF9E X BRAE AR 13 4T[0 4% - b ] FH 2 A AR A T FRASCK
PR AR A AR R R, 980 T 1117.00 h s REBIE IR IR 2, I8 3 T 1045.46 hm? 5 #1521 AT 1) FH Hb 1
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FAR 80 T 181.10 hm* 1 101.69 hm ; B Hb FI/K AR 58/ T 234.00 hm® A1 118.16 hm®,

*7T 2017 EHESHEFEL

Table 7 2017 simulation and interpretation value comparison

LS B I b pEN: AT Hb PN
2017 4Ef# 1% 2017 interpretation value/hm?  144991.23 111017.27 14218.63 121623.16 2203.76 5683.42
2017 4E4)5 HAH 2017 simulation value/hm? 144892 110963 14126.8 121828 2200.96 5726.17
#i X% Absolute error/hm? -99.23 -54.27 -91.83 204.84 -2.8 42.75
AKX} Relative error/hm? -0.07% -0.05% -0.65% 0.17% -0.13% 0.75%

F 8 2017—2030 £ & T ihF KA SD A FNER

Table 8 2017 simulation and interpretation value comparison

74 - | FH 4
PECOEE i e M (LD KK
Step Grassland/hm freld/hm? land,/hm? Woodland/hm land/hm? Waters/hm
0 144991 111017 14218.6 121623 2203.76 5683.42
0.5 145109 110817 14190.8 121729 2198.08 5692.86
1 145119 110653 14139.3 121898.3 2191.04 5735.95
1.5 145127 110554 14141.3 121991.7 2182.47 5741.56
2 145139 110530 14069.2 122084.2 2171.7 5744.28
12.5 145225 109900 14037.2 122668.21 2105.6 5801.45
13 145225 109900 14037.5 122668.46 2105.07 5801.58

3.2.2 T HUR AR ARBR S R4 H

ARSCHECT 11 NSRS F- #7400, b B s P e 8 PR A B A R g B ELE AR R BB S A M BE B B
BRI IR AR R B A AT K AR A A L O () B s T PR v AR N B
TS5 ST 70500 HHERRIA N = BT,

AR SC3E 1 23 A BAE S3HT L T Logistic 814347 F1 ROC fh<R &, 15 29K 30K T8 B {E A1 Exp(B) (N
9 fiw) , H B E 249K S K B [BH R A, Exp ( B) s & AR 3 RISR 8 A B 28 A — > B 67, 4% 1 HL AR
FHZER R A L AR 46 ROC 2 RE A% A7 35030 ik = R AR RUUL & B, — Bk ROC fE KT 0.5 B AT 3R B EK 5l
PRI X6 = i ) P 2 78 28 () A 5 A R i A R e 0, (R R R IR L5 B b 5, AR I 115345 31 ROC I K F
0.65, A BB R AT A 2K,

WFFE 25 R WF 98 X b oA 5 Bl | 238 AT RS TR R I DA R 3 2 IR AH G, Sk 7
SEUAGE , HE R X HE iR i K B BRI 10, B A A AR BRI 2.9% ; R H 5 B AR AT T R S A R
HAALRIEE SRR B R GURSE, SRR K R AR R DV R 0 oE S HA PR O IE A OG , Hodp
B gsf e R A3 A R K B B AN Tm , BE MO A AR R D 62.5% , 3 BT M43 A 5 B s 0
P S A i 5 - PR RS AR L 0 A 5 M i K, K R AN Ot -0, /0 - 1 3ERD- 2 BDHE- 3, R RS- 4,
PRI - 1 2 TR 6T 7 2t A o 14 i — > B MRl A3 A R SS i l/D 14.96% 5 A 1 FH b 43 A7 150 32 B 4K 5 30 B 1) 1
AHSCHZ M | v 0 L0 A 2385 i 5 R WA A BN Tom, A ) FH b 53 A AE 3R g 384 36.89% 5 7K Ak 4 A7 MR
R FL el AR S M B
3.2.3  ETFAERMY G R L A AR A

2007 AEEHEAE R A AR AE A Bt , D EAR AU 2017 4 4 M A FHECHE 350 iE Kappa K5 B2, C-1IE 2030 4F 4 |
FHECE T AR M, W 6 s AU E R AOBIHS A 59973 A, MMM ECA 63704 4>, 1 PO 24 0.94, PC 40.30,
PPy 1,158 Kappa REUCHN 91.58% , Bl 2017 4-0F 5% X WU FE &, s il R i — D PR R 28 M A H
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