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Abstract . Seventy-eight percent of the total global carbon dioxide emissions come from urban areas, which consume 70% of
global energy. Land-use and cover changes contributes one-third of the urban carbon emissions. Thus, understanding the
mechanism of urban carbon metabolism through simulating process of biological metabolism could help to control carbon

emissions in urban areas; this is the key to mitigating the crisis of global warming. As part of the goal of reducing carbon
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emissions, the goal of this study was to understand how land use changes during urbanization influenced carbon metabolism.
This study used Hangzhou as an example, and developed a spatially explicit model of carbon transfer between components of
an urban system, and then used the ecological network utility analysis to explore the structure and function of the network ,
and determine effects of ecological relationships among components that resulted from carbon flows, their spatial
distribution, and their changes over four time periods ( 1995—2000, 2000—2005, 2005—2010, 2010—2015), and
finally used the mutualism index (M) to judge whether land use changes had positive effects on urban carbon metabolism.
The results showed that: (1) Based on the empirical coefficient model, the carbon metabolism was determined ;. the net
carbon flow continued to have negative effects during the study period and reached a peak in the period of 2000—2005,
which indicated a serious imbalance in the urban carbon metabolism. The negative carbon flow mainly came from the
transition between cultivated land and industrial land, and the positive carbon flow was mainly from the transition between
industrial land and urban land; (2) During the period 1995—2015, the mutualism index ( M.) , which indicated synergistic
effects among components in the urban carbon metabolism, increased at first, then exhibited a downward-trend, and finally
began to grow again. In addition, the average value of M was less than 1, indicating that the .comprehensive effect of land
use change on the urban carbon metabolism was negative; (3) Competitive and mutualistic_relationships were distributed
differently among components of the urban carbon metabolism: the competitive! relationships accumulated in negative
metabolism components with high carbon emission density, such as industrial land ‘and highway and railway, whereas the
mutualistic relationships accumulated in positive metabolism components of‘high carbon sequestration density, such as forest
land; (4) Based on the ecological network utility analysis, the study indicated that the change in the spatial distribution of
ecological relationships resulted from carbon flow between components of\urban carbon metabolism. For 1995—2000 and
2010—2015 (at intervals of five years) , the trends of the three ecological relationships were as follows: the exploitation
relationship exhibited changes spreading northwest, southwest, and south, moving towards to the northwest and the
southeast; the competitive relationship exhibited trends moving towards the southeast and spreading to the south and
northwest in a scattered distribution. The mutualistic relationship exhibited a trend moving to the southeast with a non-
scattered distribution. Our research results provide a theoretical basis to plan adjustments to the city’s land use structure to

achieve the goal of a low carbon city.

Key Words: urban carbon metabolism; carbon flow; ecological network utility analysis; ecological relationship; spatial

distribution
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Table 1 Carbon sequestration coefficient of components
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Table 2 Carbon emission coefficient of components

el ES4 AP FeAl S
Ttem Coefficient Type code Item Coefficient
JE 4 Raw coal 0.7559 K, AL Human breath/ ( kg a ! ) 79.0
PEME Washed coal 0.7559 K, A% FHPLA Agricultural machinery/ (kg/kW) 0.18
FEIRSE Coke 0.8550 K FEWERE Trrigation / (kg/hm?) 266.48
75 Gasoline 0.5538 K, A% FH 48 Agricultural diesel /(kg/kg) 0.5927

; # Early rice/(g/m’ 14.37
S Kerosene 0.5714 K Eﬂj ay .l‘l(,E‘ (b/mz)

Wi Late rice /(g/m®) 34.5

L5391 Diesel oil 0.5921 K R Breath of pig / (kg a'h™") 82.0
JRBHI Fuel oil 0.6185 $HEM Excretion of pig/ (kg a™'h™") 3.5
WA A A 0.5042 K ZEIE Breath of cattle/ (kga™' h™') 796.0
Liquefied petroleum gas ’ 4 A HEM Excretion of cattle/ (kg a Mh™1) 1.0
KHRS, Natural gas 0.4483 5 FHERL Transboundary emission
Hoftb A ] 0.5857 F, NHESRIZ f.’assenger trans_plorl zirlld freight 0.0556
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Private car/ ( kg/100km) 223 Ky :
- transport) of river / (/10 J7 t) 5.6t
FEAEA: 07 Ko (o, Gt R s 0.27
Motoreycle / ( kg/100km) 2 I - :
N4 Bus / (kg/100km) 88.1 Ki; CH, 5L R R 0.75
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Table 3 The relationships between components of the network

JE 4TS Matrix_notation U Positive + 137 Neutral 0 TH % Negative —
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Fig.3 Changes of net carbon metabolism
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Table 4 Exchange of carbon flow

el 1995—2000 2000—2005 2005—2010 2010—2015
Valuo/ (x10°%gC/a) Lokt L S i St Tl
Transitions Direction Transitions Direction Transitions Direction Transitions Direction

BRI Harmful carbon flow -862.24 - —-1559.34 - -1163.08 - -279.98 -
TE#RIAL Beneficial carbon flow 6.18 + 460.78 + 120.45 + 9.33 +
BRI Net carbon flow -856.06 - -1098.56 - -1042.63 - -270.66 -
HI(F, C) — — -14.04 F—C -4.40 F—C -0.56 F—C
H2(F, U) -9.18 F—U -53.97 F—U -31.43 F—U -3.12 F—U
H3(F, R) -2.82 F—R =2.46 F—R -14.44 F—R -1.92 F—R
H4(F, T) -50.86 F—I =96.22 F—I1 -21.52 F—I -8.43 F—I
H5(C, U) —-187.66 C—U —134.32 C—U -124.44 C—U -55.21 C—U
H6(C, R) -52.30 C—R -30.60 C—R -63.51 C—R -79.59 C—R
H7(C, I) -379.77 C—=T -1118.88 C—1 -734.26 C—1 -115.82 C—1
H8(W, C) -7.09 W—C -2.35 W—C -6.26 W—C -0.42 W—C
H9(W, U) -24.80 W—-U -17.54 W—-U -20.58 W—U -3.50 W—-U
HIO(W, R) =11.27 W—R -1.39 W—R -8.64 W—R -0.37 W—R
HI0(W, I) -61.50 W—I —-78.02 W—I -17.15 W—I -0.63 W—I
H10(U, R) -4.79 U—R -9.54 U—R -116.45 U—R- -10.41 U—R
HI2(U, T) -70.20 Ul — — — — — —
B1(C, F) 0.05 C—F 9.67 C—F 5.87 C—F 1.13 C—F
B2(C, W) — — — — 0.59 CoW 0.00 CH>W
B3(U, E) 0.06 U—F 16.96 U—F 18.81 U—F 4.09 U—F
B4(U, C) 0.24 U—C 67.08 U—C 32.17 U—C 1.93 U—C
B5(U, W) 0.02 U—-Ww 1.64 U—-Ww 1.80 U—-W 0.01 U—-Ww
B7(I, F) — — 17.44 I-F 2.36 [—F 0.15 I—-F
B8(I, C) — — 33.13 I—C 8.39 I—C 0.80 I—C
BO(I, W) — — 8.69 1>W — — — —
B10(I, U) 5.81 — 306.18 I—-U 50.46 I—-U 1.22 I—-U

F: bk, Forest; C: B , Cultivated land ; W 7K 388 578 3 (A0 3572 M A AN ) , Water and wetland ; U . 3817 M, Urban land ; R : 2N -5 86 %,
Road and railway; 1: TV}, Industrial land ; “ =" AR GFURRGE 7 1) 5« +" AR IERR I 717 5 “ —" AR B ICHRA < H, " AIREE n DRI ;
“B,"RERHE n A IERRTR
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3.2 BRI AESKRZE WS

BUIM AN 5338 Z R AT I A 0GR E 400 0y i Sr PR B B A s 6 R 8 4 oK T B 482
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5w E IR B AR ], X — s 5 Zhang 55 ARG 5T R A B SR A5 SR AR, X0 R E
SRS EL M ARBL BRI ™ 25 A AR IR T i AR g i 45 5 R 208 B AR 0 4 5 22 B) 3 o 3t %) (R4 FH = A
AR AR DGR A Rt ™ (EANASUA IR T 4 Hb ) FH AR £k i R i) B 42 < Bl it ™ /L r DA B B HE 450 MRET 3k
TR A S, B 4 FoR TR 3 Fp £ ZRAIA SRR AR, BB RS KRR —H
i AL - 1995—2000 W] SEF R R T 66.67% 453FRRHIC R N T 20% , B ISR {(GE T 13.33%;
2000—2005 HA[H] 5545 R T B E] 60% , 1M 3525 PR 1 ¢ &R _E Tt 26.67% ;2005—2010 A [ {7 E 56 e 7 A5
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A ST AT G A A — N ARG s AR R RS, 4 i ” Jovk o b B A G &R |, B Bt
KRR EIE RGN T VER T = A LR G VEH . AR SC M(0.67Y P Y{E/NT Zhang 55 A %L
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09 [ _ 07 —
08 - S o6
% 071 B
52 ool B5e0o| o Tinr
= Y N3 = ——
BEOsr BSE 04 = 3k
S 04l 3%2-:03-
= wEEO
5 03} HEC oo L
= 02l g -
0.1 [ QE_ 0.1}
0 1 1 1 1 0 1 | 1
1995—2000 2000—2005 2005—2010 2010—2015 1995—2000 2000—2005 2005—2010 2010—2015
4F4y Year

B4 EEEHMESKRLATL

Fig.4 The changes in the mutualism index (M) and the proportions of ecological relationships

R 5 A 6 iR uf X R FEAAE T RS A%, b TO b= A Sk = 5 35
A7, 5300 5 SE G O R I 23.94%F11 22.53% X UEHITE RGAE T, i Sk A Qi o3 28 5 HoAth 43 = A A R B 0 ik
fiti i e 4, BT IS RGO, Fh T IS A R T A Ry 2 MmN 17l S T e
1) G B BE 2L AN , ST AT I r Tl P R RN A 38 P ) 5 B A R, R BRI OC R AR A W
LRSI PTRUR B T F b o3 3 R AR BB M 33E 0 = X Ul O i 7 ok o =X i i ik
X I T A RE A R, BRI S R FEAE T IEBA O E, B EREMMBE (ST
42.83%) , 7K 368 5 10 4 25 BRI 2 B e AR 20 = A 7 21.42% , 32K BT 7K a8 3 fi HE Tl 1 - 7E L
13253 2 I DI RE AR 55 . FC P (E A A 2 A AR B b R i P b B e A 40 2= PRt 43 33 o B
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% ,1995—2000 4F- 1 [H] £] 2000—2005 B[] (1 €8 X ]38 2, 2010—2015 DL F 6 X ] 2 84 m , vt il 2010
AELUE M 1 MR A R i, B bR R R 0 “ i s /b AR R OE R A Wb 2 8
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£5 MMESEKRETWUR(a:1995—2000;b:2000—2005;¢:2005—2010;d:2010—2015)
Table 5 Change of ecological relationship of Hangzhou (a;1995—2000;b:2000—2005 ;c¢:2005—2010.:d:2010—2015)

F C w U T 1

o

gifa: BFE; Wit BRI B 4 G HE

R6 EBXENHE

Table 6 Distribution of ecological relationships

N IR S5 TRH N2
A oy pow @ ATy SE IR
Landuse type Forest Cultivated land Urban land . Industrial land
wetland railway
HERR Competition relationships 7 10 9 12 16 17
i ZF B Exploitation and control relationships U 7 8 6 4 3
H.#E I A Mutualism relationships 6 3 3 2 0 0

1995—2000 4F U AZAS 6 R AT 4 5o =, 25 (0] b 3 B0 A 78 3230 X A L RAL S Avbit X Y 2535
T L1 DX A P e 10 , 3 R o 5 2 5 28 mRoBk b R Tl P e 38 P b 8 e 4 TR B K, 1996 4 R Vb JLER R
BN T DI 1 35 380 X 4R 3 B SRl 5 A e A 1 P B0 R . T LU R AR R 2 AR ST, R
I DX A R S B GRS A BE MY B 2E , S A & RAIVHAE K HUB N Ry T 5 LA AR A 32
Bk =2 R R TR I RIS R 5 4 06 R EEOR A T AN Bl R (AR R S e ik o R b B AR
A BARER [n] ST ) AT . T EE A OC R A8 (B A3 A Al D  AAE AR X PH AL AR 1L X B 0

2000—2005 4, 45725 B2 1l ¢ Z A2 25 ] b i) 43 A7 BH S R 3 finasx 32 2202 T8 5 308 i P b ) 25 Tl 4
R B T A AR T2 A FEARBURIGH LU X A3 A R H 223Xl U3 A 2001 48587 L AR e asrts 9 X, Jin
PRSP DI T AR, 3R A 4t 25 PR A G SR 4 v £ 7 g AR B, 77 L A 03 PR O R B A AR
FAHE , ATAY 2 BR 1 56 RAE T TETGEE ., 53 A1 LU RS BN AT 7 3 1) K T AR 4 2 B 56 3R F2 A7 A TR
B 2 1], 32202 PR e A < o DT A S i B T R A, R SR AR R B ok TR 1 AR
ARG RES T, Segr o R EEAETE WX A ERAN L IX A PEHR ARALE, FIIX e X R A
(] 22K 5 b A bS5 30y FH b 0 e 4, T o Ll DX SR 2ok B Rt S Dol st =2 8], 2001 4F A 5 in A
WAL S5 52 5 e 223 Wit TR, s | T K EEANE RIS 7 BURER T 4R TS 198 R B A Sa AR AR Tl A
& 3 Tl b5k T LU DX PSR AR B AR X -3 383 XA SR, A T Tk AR 5 1 e i
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Fig.5 Spatial distribution of the ecological relationships of Hangzhou
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B AR I iR R
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