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The carbon sink of urban forests and efficacy on offsetting energy carbon

emissions from city in Guangzhou

ZHOU Jian XIAO Rongbo” ZHUANG Changwei DENG Yirong
Guangdong Provincial Academy of Environment Science Guangzhou 510045 China

Abstract: Urban forest and relevant management policies have been widely considered as a tool to mitigate carbon dioxide
( CO,) emissions. However the urban forest structure function and role in carbon( C) offsets of Chinese urban forests are
little understood. The main objective of this study was to evaluate the C storage and sequestration by urban forests and C
emissions from energy consumption by urban energy consumption in Guangzhou and analyse the effect of urban forests
offsetting the C emissions from energy use. This paper also discussed the relationship between urban low carbon
development and forest C sink and explored the management practices for improving Guangzhou’s urban forest function of
offsetting C emissions. Guangzhou is located in north side of the Pearl River along southeastern coast of China. The forests
in Guangzhou includes five main types: FEucalyptus Plus massoniana Cunninghamia lanceolata economic forest and
evergreen broad-eaved forest. C storage and sequestration were quantified using urban forest inventory data and by applying
volume-derived biomass equations and other models related to net primary productivity ( NPP) . C emissions from urban
energy use were estimated by accounting for fossil fuel use and C emission factors. Total C storage by Guangzhou’s urban
forests was estimated at 654.42x10* t and average C density was 28.81 t/hm’. C storage in different districts ranged from
1.50x10" t to 354.99%10" t as in the following order: Conghua>Zengcheng>Huadu>Baiyun>Luogang>Panyu>Tianhe>
Huangpu. C storage of evergreen broaddeaved forest and young age class forest were respectively 530. 67x10" t and 271. 86
x10* t  which had played a chief role in forest total C storage in terms of forest type and age class. C sequestration by urban

forests was 658 732 t/a with an average C sequestration rate was 2. 90 t*hm™a™'. The spatial distribution of C
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sequestration in Guangzhou was imbalanced: most of C was sequestrated in exurb just like Conghua and Zengcheng. The C
sequestration percentages of Eucalyptus Plus massoniana Cunninghamia lanceolata economic forest and evergreen broad—
leaved forest were 6.25% 8.13% 3.67% 1.48% and 82.25% respectively. C sequestration rate decreased with
increasing forest age. For Eucalyptus C sequestration for young middle-aged premature mature and post-mature forests
decreased with age from 3.06 t*hm™a™ to 2.35 t*hm e a™'. Results were similar for Plus massoniana which decreased
from 1.99 tehm™>+a™ to 1.34 t*hm™a™ for Cunninghamia lanceolata from 4.06 t*hm™a™' 10 2.61 t*hm™a™" and for
evergreen broaddeaved forest from 4. 17 t*hm™a™" to 3. 68 t*hm s a™'. Average annual C emissions of urban energy use
from 2005 to 2010 in Guangzhou were 2907.41x10* t. Therefore the C stored by urban forests equaled 22.51% of the
average annual C emission from fossil fuel use and C sequestration could offset 2.27% of the average annual C emission in
Guangzhou. Urban forest’s C sequestration had a small contribution on urban carbon reduction but it is still one of the
important measures of low carbon development from its comprehensive benefits such as releasing Oxygen air purification

VOC ( volatile organic compounds) management stormwater runoff capture building energy saving aesthetics and
recreation. Furthermore this paper also analyzed the impacts of forest composition and forest age structure on C storage and
sequestration of urban forests in Guangzhou and gave suggestions on improving forest C sink to enhance C offset effect

through the forest management.

Key Words: urban forest; carbon storage; carbon sequestration; energy carbon emission; carbon offset

Co, 280 pmol/mol 2011 390
;,Lmol/mol] o co, .
75% 0% * .
4-6
; o,
\ 7-10 ’ N
o 5
7x10°t  2.28x
10%7 o
11 qu
’ ~”
~
( . .
) 12-16
1722 "
g\‘ Pl
. b 3
: g
Co,
1
1.1 .
3 4 20 40km
(112°57— 113°20' 113°45°E
114°3°E 22°26"—23°56°N) . )

Fig.1 The administrative zoning map of Guangzhou

http: //www. ecologica. cn



18 — 5867
1875.1—1959.9 h 21.5—22.2 C
1800  mm 150d. 198 487 1500—1600 10 2 7434. 40 km’
1035 km® 533 km’ ( Do
2010 3077.8 km’ 2946.8 km® 131 km’,
11720490 m’ 41.4% 44.8%
33.0% 30.6% 21.2% 9.9% 5.3% ,
2003—2010
R N R ( Eucalyptus) ( Pinus massoniana) . .
( Cunninghamia lanceolata) 5 1 o
1
Table 1 Area of major forest types by district in Guangzhou
2 2
/hm? /hm? T /hm? /o /hm?
- ) . Cunninghamia N . Evergreen broad— -
District Eucalyptus Plus massoniana Economic forest Total
’ lanceolata leaved forest
2883.03 25413.89 7042.57 65.19 89659. 44 125064. 13
9500. 57 10589. 37 1296. 64 2870. 46 27540. 56 51797.60
4206.74 14537.09 936.62 724.16 7872.34 28276.95
384.61 116.21 0.70 111.41 796.17 1409. 10
1308. 74 2401.54 131.75 637.42 8609. 80 13089.26
468.11 256.34 94.90 422.62 2146.02 3387.99
1439.21 398.99 25.42 106. 60 1350. 69 3320.90
97.05 491.52 1.45 4.47 206.61 801.10
Total 20288. 07 54204. 96 9530. 04 4942.32 138181. 64 227147.02
1.2
( NPP)
. NPP . ( hm?)
0.5 79 19 21
( 2). NPP Co,
2 NPP 0.5 . NPP
NPP ( 1),
€= 3 X (6 x4) (1)
=1 =
c (1) (t/a);C, j i (t/hm?) (trhm™a™); 4, j
i hm?; m n o
2 NPP

Table 2 Equations used to calculate urban forest biomass and NPP

NPP
Forest type Biomass estimate NPP estimate References
B=0.7893V+6. 9306; NPP=0.208B+1.836;
Eucalyptus N 5 24
R°=1.00; P<0.01 R”=0.94; P<0.01
. B=0.5101V+1.0451; NPP=B/(0.2384+0. 0304B) ;
Plus massoniana ) N 25-26
R“=0.92; P<0.01 R*=0.83; P<0.001
Economic forest B=23.7; R*=N/A NPP=9.2; R*=N/A 24
. ) B=0.3999V+22. 5410; NPP=B/(0.636A-0.015B) ;
Cunninghamia lanceolata ) N 24 26
R==0.92; P<0.01 R*=0.84; P<0.001
Evergreen broad— B=0.6255V+91.0013; NPP=81.54B70-3%; 24 27

leaved forest

R*=0.87; P<0.01

R*=0.36; P<0.01

A: (a);B:

(t/hm?);V:

http: /
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IPCC( Intergovernmental Panel on Climate Change)

. 2005—2010
E = Y F xEF, (2)
E, G F, i 10* tce ( ton of standard coal equivalent) ; EF, i
o N N N 3
4,
3
Table 3 Carbon emission factor by type of fuel
a b
Fossil fuel C emission factor( /tC/TJ) contribution rate/% Effective C emission factor/( tC/10%tce)
Coal 25.8 100 7561.36
Coke 29.2 100 8557. 83
Gas 18.9 100 5539.15
Diesel 20.2 100 5920.15
Fuel oil 21.1 100 6183.90
LPG 17.2 100 5040. 90
Import heat 10112. 8¢
Import electricity 0.2392 tC/MWh*
a 2 :
( ( GB/T2589—2008) ); c: 2010 ;d: 2009
66 »
4 2005—2010
Table 4 Major energy consumption in Guangzhou from 2005 to 2010
Year Coal Coke Gas Diesel Fuel oil lf;;(l;‘;”ffg Import heat Import electricity
2005 1750. 06 59.5 278.71 396.61 550.75 174.17 754.71
2006 1871.52 63.77 298.24 425.42 450.92 212.42 1224.73
2007 1906. 61 71.85 335.09 504.16 414.72 269.90 1506. 00
2008 1928. 12 68.95 440. 41 540.10 404.38 286.79 2344.17
2009 1904. 69 73.45 502. 10 604.51 422.53 359.01 5.55 2632.39
2010 2023.12 68.12 605. 02 700. 31 432.58 392.44 10.99 2925.45
10*MWh 10*1ce; a: .
2.1
654.42x10" t ( 5) ( 6 . .
354.99x10%.149.54x10* t ~ 69.73x10* t 80% .
. N . 530.67x10"* t 78% .
N N N 33.46% +26. 16% +19.40% 13.66%  7.33% -
3 28.81 t/hm’ 11.85 t/hm* 45.51 t/hm’,
18.67 t/hm’ 38.57 t/hm’,
38.57 t/hm®  37.29 t/hm’ (28.38 1/
hm?) (28.87 t/hm?) 30 t/hm’ .
( 6)s . .
16.25.10.94.19. 08 t/hm>  44.69 t/hm’. 4 24.98.21.35.
30.78 t/hm*  48.13 t/hm’. . 79%
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Table 5 Urban forest carbon storage and density for major forest type and by district in Guangzhou
C denstiy/( t/hm?)
Carbon
District storage Plus Cunninghamia L. Evergreen broad— '
/(10*1) Eucalyptus massoniana lanceolata Economic forest leaved forest Mean
Conghua 354.99 15.44 16.80 23.36 11.85 54.17 28.38
Zengcheng 149.54 15.95 15.20 18.99 38.18 28.87
Huadu 69.73 17.25 12.03 26.37 48.67 24.66
Tianhe 5.44 19.68 9.75 18.49 45.80 38.57
Baiyun 48.81 17.47 17.24 23.01 47.37 37.29
Luogang 12.94 22.34 13.28 19.66 46.42 38.21
Panyu 11.46 22.88 16.76 21.91 42.36 34.52
Huangpu 1.50 20.63 7.53 21.13 41.14 18.67
/ Total /mean 654.42 18.96 13.57 21.62 45.51 28.81
S.E. N/A 2.66 3.36 2.46 N/A 4.64 N/A
S.E.: T N/A: ;a. /
6
Table 6 Carbon storage and density of major urban forest type by forest stand age in Guangzhou
el s Pmsoia T gt N
/(t/hm®  /(10%)  /(uhm® o /(10%)  /(u/hm®  /(10%)  /(uv/hm® /(10%)  /(t/hm? /(10%)
Young 16.25 12.43 10.94 15.73 19.08 5.38 11.85 1.60 44.69 182.72 33.29
Middle age 18.2 16.04 15.34 29.22 23.68 7.03 1.60 47.06 116.81 26.08
Premature 23.45 5.84 18.83 13.46 26.84 1.88 1.60 47.29 104.22 19.41
Mature 24.98 2.17 21.35 3.48 30.78 1.32 1.59 48.13 81.33 13.74
Post-mature 22.98 0.54 23.44 1.25 N/A N/A 1.59 46.26 45.58 7.48
/ Mean/Total ~ 21.17 37.02 17.98 63.14 25.10 15.61 7.98 46.69 530. 67 100
S.E. 3.74 N/A 4.96 N/A 4.95 N/A N/A N/A 1.30 N/A N/A
7.98x10% t P N/A:
2.2
7 658732 t/a 2.90 t*hm™a™'
80% 334351 t/a( 50.76%)
1391 t/a( 0.21%) - 719318 t/a
82.25% N N 8.13% 6.25% 3.67% 1.48% -
( 2). 3.91 t*hm™a™ 1.65 tshm™a™",
N N 3.06 t*hma™'
2.35 t*hm™a™ 1.99 tehm™a™' 1.34 tehm™a™' 4.06 tehm™a™' 2.61 t*hm™*a™
4.17 t*hm™a™" 3.68 t*hm™a™',
2.3
2010 3513.98x10* 1@ 2005 2372.29x10* t 8% 2907. 41x
10°1 3). 658732 t/a( 2.27% .
D C CO,

http: //www. ecologica. cn



5870 33
. 654.42x10* t
2005—2010 2907.41x10*t  22.51% .
7
Table 7 Urban forest carbon sequestration for major forest types by district in Guangzhou
C sequestration/( t/a)
District Plus Cunninghami E broad-
e Eucalyptus us unmnghama Economic forest vergreen broa Total Percent/ %
massoniana lanceolata leaved forest
Conghua 3882 30575 12216 110 287567 334351 50.76
Zengcheng 23832 19736 2753 7616 123375 177311 26.92
Huadu 11148 15411 1055 1761 35029 64404 9.78
Tianhe 2038 140 N/A 320 3433 5930 0.90
Baiyun 4943 4195 265 1676 37671 48751 7.40
Luogang 2084 342 117 1178 10199 13920 2.11
Panyu 6363 439 50 280 5543 12675 1.92
Huangpu 399 274 1 12 705 1391 0.21
Total 54689 71112 16457 12952 503523 658732 100
Percent/ % 8.30 10.80 2.50 1.97 76.44% 100
N/A:
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Fig.3 Energy carbon emission of Guangzhou from 2005 to 2010

Fig. 2 Carbon sequestration rate for forest types by age class

in Guangzhou
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3334
5% 4.76% 0.01%( 8), N
o 2015 80%
1 ] % 35 21
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11 36
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8
Table 8 Carbon sequestration and energy C emission in several cities
Data source
Cit Energy C emission C sequestration Percent of C
1ty
1(10%/a) /(10%1/a) offset/% C emission C sequestration
Guangzhou 2907.41(2005—2010) ~ 65.87(2005—2010) 2.27 This study
Beijing 4456. 64( 2007) 63.05( 2005) 1.41 18 37
Shanghai 5042.45(2007) 0.63(2007) 0.01 38 17
Hangzhou 2791.36( 2010) 132.81(2010) 4.76 39 40
New York 1422.82(2008) 3.84(2002) 0.27 41 7
Chicago 987.27(2005) 4.01(2002) 0.41 16 7
Chuncheon Korea 24.6( 1994—1996) 0.43(1994—1996) 1.75 12
* ()
3.3
23.44 t/hm’ 10.94 t/hm’ 46.67%( 6) .
1.34 t*hm™a"™ 1.99 t*hm™a™ .
8
2 6%
13.57 t/hm’ 45.5 t/hm’
3.35 ( 5 6 2) o
( ) b
44
( o ) Co, 2
3.4
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