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Interannual Variations of the Carbon Footprint and Carbon Eco —efficiency in Agro—ecosystem of Beijing,
China

TIAN Zhi-hui'*?*, MA Xiao—yan'??, LIU Rui—han*

(1.Department of Landscape Design & Forestry, Beijing University of Agriculture, Beijing 102206, China; 2.Beijing Engineering Research
Center of Rural Landscape Planning and Design, Beijing 102206, China; 3.Beijing Laboratory of Urban and Rural Ecological Environment,

Beijing 102206, China; 4.Department of Economics and Management, Beijing University of Agriculture, Beijing 102206, China )

Abstract: Suburban farmland ecosystems are known to be affected by intensive land use/cover change (LUCC) during the process of urban—
ization in Beijing. We investigated inter—annual changes in carbon sequestration, source, footprint, and eco—efficiency from 2004 to 2012 in

the agro—ecosystem of suburban Beijing. Our findings indicated that: (1) Carbon sink increased 2.8 percent annually and the average annual
carbon storage amount was 1 058 200 t, with food crops constituting the highest proportion at 80.4% of carbon storage in farmland ecosys —
tems, of which maize contributed 68.5% as the largest constituent; (2) Carbon emission in the system showed a gradually decreasing trend,

with agricultural chemicals as significant contributors. The annual average carbon emission was 276 000 tons in the Beijing farmland ecosys—
tem, and decreased approximately 1.3 percent per year. The largest amount of carbon emissions came from agricultural chemicals at 85.4%,

of which nitrogen fertilizer was the biggest contributor at 83.7%; (3) The carbon footprint also showed a decreasing trend along with an eco—
logical surplus of carbon. The average carbon footprint was 5.71 hm? in the Beijing farmland ecosystem with decreasing rate at 5.5% annually;

however, the carbon surplus showed a downward trend due to reduction in the amount of arable land; (4) Finally, the increasing carbon sink ca—
pacity led to higher carbon eco—efficiency, with an annual average of 3.854 kg C -kg™' CE, carbon sequestration was greater than the amount of
carbon released. In summary, the agro—ecosystem in suburban Beijing has sustained a relatively high carbon eco—efficiency, and agricultural

production continues to have high sustainability potential.

Keywords: Beijing; agro—ecosystem; carbon footprint; carbon eco—efficiency; carbon source; carbon sink
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Table 1 Economic coefficient, water content of economic yield,

and C absorption rate of major crops in Beijing

RIEDFIZE  ZTFRE ARG R SRR i
A 0.5 12 0414
KNG 0.5 12,5 0.485
ES 0.53 13.5 0.471
583 0.75 133 0.423
K 0.3 12,5 0.45
LirYia 0.4 8.3 0.45
blii e 0.45 9 0.45
ikt 0.4 15 0.45
Bz 1 90 0.45
JRIE R g 0.7 90 0.45
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2.1 tEHARBESRZGHRICINAE

2.1.1 b TR H A S R Gehi & Bl i As ik

Jt e HAE DS 250 2004—2012 4FRRE TR 1Y 3
DA R IR 2008 4F B fif & AR i , 2008—2012
AR E R R B R (1) HE S 2004

T 25.4% AEIBIGIEEE N 2.8%, Jb Rt AR R G AR
SRR E RN 105.82 J7 t.

2 Sk 2004—2012 AEJ0 A A= 25 R 48 5 T
T & B AR Ak, AR H AR 25 R G0 P Bk b T R P
FEWAER 5.03 t-hm?, DIAFEEEIS 8.3% MM 4 474
X SRt HAE S R G B R R g E L I8
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Table 2 Conversion coefficient of carbon emission of agricultural eco—system

kg1 KL AR RPN A A HUREE I HUBE PR Pl
SUE e HpE ganm kg kg™ kg kg™ kg-kg™ kg+hm™ kg-kW+h" kg+hm™
WAHERCRE S 1740 16509 12028  380.97 4.93 5.18 0.592 7 20.476 0.18 16.47
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Figure 1 The interannual changes of the carbon sequestration of Beijing farmland ecosystem from 2004 to 2012
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Figure 2 The interannual changes of the per area carbon

absorption of Beijing farmland ecosystem from 2004 to 2012
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Table 3 The interannual changes of the proportion carbon absorption of Beijing farmland ecosystem from 2004 to 2012

BARH AR RS ILE/% 20044 2005 4F 2006 4F 2007 4F 2008 4F 2009 4 20104F  20114F 2012 4 ¥l
WEEY 66.5 75.2 81.0 79.8 83.9 84.2 83.8 84.7 84.6 80.4
LAY 4.4 3.4 2.3 24 2.0 1.7 1.6 1.3 1.4 2.3
JIR B3 29.1 21.4 16.7 17.8 14.1 14.1 14.6 14.0 14.0 17.3
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Figure 3 The interannual changes of carbon absorption of the food crops from 2004 to 2012
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Table 4 The interannual changes of the carbon absorption proportion of food crops from 2004 to 2012(% )

B A5 R Gk E R HL 2004 4 2005 4F 2006 4F 2007 4F 2008 4 2009 4E  20104E 2011 4F 2012 4 Wl
EEa 0.7 0.4 0.4 0.3 0.2 0.2 0.2 0.1 0.1 0.3
KINFE 30.7 30.2 29.5 21.7 28.1 26.7 26.5 25.2 26.1 27.2
XK 59.7 64.0 64.9 73.8 68.3 70.3 71.1 72.6 71.9 68.5
BK 1.9 14 1.5 1.8 0.9 0.8 0.7 0.7 0.7 1.1
KE 7.0 4.0 3.8 24 2.5 2.0 1.5 1.5 1.3 2.9
35.000 [
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Figure 4 The interannual changes of the carbon emissions of Beijing farmland ecosystem from 2004 to 2012
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Figure 5 The interannual changes of the per area carbon

emissions of Beijing farmland ecosystem from 2004 to 2012
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Figure 6 The interannual changes of the carbon emissions of

agrochemicals of Beijing farmland ecosystem from 2004 to 2012
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Table 5 The interannual changes of the carbon emissions proportion of Beijing farmland ecosystem from 2004 to 2012 (% )

BARMESZREBHGLG] 2004 4E 20054 2006 4F 2007 4F 20084 2009 4E  20104F  20114F  20124F  HyffH
A AL 82.0 82.8 83.2 86.8 85.4 87.2 87.0 86.9 85.4

S R EIDa] 14.4 13.4 13.2 9.8 10.9 8.8 9.0 9.1 10.9

HHVERE 3.6 38 3.6 33 3.7 4.0 4.0 4.0 37

3R 6 2004—2012 FR AU ZF R E L HIREWL (%)

Table 6 The interannual changes of the carbon emissions proportion of agrochemicals from 2004 to 2012(% )

BRI HERC L] 2004 4E 2005 4F 20064 2007 4 2008 4F 2009 4F 2010 4F  20114F 2012 4F Bt}
ALAE 67.3 66.8 66.8 61.3 60.9 62.6 61.5 61.9 62.2 63.5
fezy 11.2 9.7 9.7 8.1 8.5 8.4 8.3 8.6 8.9
S 21.5 23.6 23.6 31.2 31.0 29.0 30.0 29.8 29.2 27.6
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Figure 7 The interannual changes of the carbon emissions of chemical fertilizers from 2004 to 2012
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Table 6 The interannual changes of the proportion carbon emissions of chemical fertilizers from 2004 to 2012( %)

SR RRHE L L] 2004 4 2005 4F 2006 4F 2007 4F 2008 4E 2009 4F  20104F  20114F 2012 4F ¥l
A 85.7 84.7 84.7 84.0 83.8 83.4 83.2 82.5 81.4 83.7
e 1.3 1.2 1.2 1.2 1.2 1.1 1.0 1.0 0.9 1.1
PR 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.5
EH0 11.3 12.4 12.4 12.9 13.1 13.6 13.8 14.5 15.7 133
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