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Carbon dioxide fluxes in a suburban area of Beijing

DOU Junxia® , LIU Weidong, MIAO Shiguang, LI Ju
Institute of Urban Meteorology, China Meteorological Administration, Beijing 100089, China

Abstract: Over the last two decades, the eddy covariance (EC) technique has been applied to measure the flux of CO, in
various ecosystems. Among terrestrial ecosystems, urban areas play an important role because most of the anthropogenic
emissions of CO, originate in these areas. A better understanding of CO, exchange between urban ecosystems and the
atmosphere is important for quantifying urban contributions to the global carbon cycle as well as for evaluating the urban
climate impact on and response to global climate changes. In the past two decades, studies of CO, levels in urban
environment mainly focused on the concentration in the ambient and emission inventory based on energy consumption data in
China. To date, CO, monitoring in Chinese cities using EC techniques is rare because it is difficult to find a representative
urban surface and install EC instruments on the available tower. We investigated CO, fluxes over a suburban, low-density
residential area ( Shunyi) in the north east Beijing. Suburban areas are growing rapidly in China and are potentially an
important land-use category for anthropogenic CO, emissions. We collected the EC measurements from the meteorological
tower of Shunyi Meteorology Center from November 1, 2008 to October 31, 2009. The half-hourly CO, fluxes were
calculated by computing the mean covariance of CO, fluctuations with the fluctuating vertical velocity observed by the EC
system. Turbulence Knight2 (TK2) software package was employed for quality assurance and quality control of the EC data.
TK2 provides a quality flag for each half-hourly flux data, and the highest quality data when the quality flag was less than 3
were used to analyze the daily variation and spatial distribution characteristics of CO, flux during different seasons, the

summer daytime CO, flux as a function of photosynthetically active radiation ( PAR), and the nighttime CO, flux as a
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function of soil temperature at 10 ¢cm depth during the measurement period. The data gaps were filled using the back
propagation neural network to calculate the annual total CO, emissions. Our results indicate that CO, emissions were less
affected by road vehicles and household activities at the Shunyi measurement area. Fuel consumption for heating during
winter significantly increased CO, emissions; and because of the carbon uptake by plants for photosynthesis during the
growing season, the average daily flux measured in winter was significantly higher than that in other seasons. Patterns of
spatial variation of CO, flux showed that areas with a high proportion of man-made surfaces had higher CO, values, while
vegetation covered areas had lower CO, values. The consistently positive CO, flux throughout the year indicates that the
analyzed suburban surface is a net source of CO, to the atmosphere. The total annual CO, emission from our study area was
13.6 kg m™ a™'; this value is higher than the emissions from suburban residential areas in foreign cities. We infer that this
high value is because of the low vegetation coverage and higher number of commercial and industrial buildings in our study
area. Our data will be added to the global database of CO, fluxes and it can be used for future planning of urban

development with regard to reducing the CO, emission.

Key Words: carbon dioxide fluxes; eddy covariance; suburban area; Beijing
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Table 1 Seasonal 30min averaged turbulent data coverage during the measurement period and the percentage of best, general and poorest data

to available observations
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Fig.2 Daily air temperature, soil temperature and daily total precipitation during the measurement period
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Fig.3 The wind frequency distribution of Shunyi Meteorology Fig.4 Seasonal mean daily variation of CO, flux, and smoothed

Bureau during the measurement period by a three-element running average during the measurement
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Fig.5 Mean daily variation of CO,flux from domestic natural gas
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Fig.6 Mean daily variation of CO,flux during heating and non-

use in December . . . .
heating periods respectively in March 2009
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Table 2 Contrast of CO,flux and wind speed between heating and non-heating periods

23 All data JEAHEPEILIAE N and NWN direction
Fisf ] B CO, it - CO, i i "
Period €O, flux / o E €O, flux / o HE
Wind speed/(m/s) Wind speed/(m/s)
(pmol m™2 s71) (mmol m™2 s7!)
3 7 1—14 HAAHLBE Heating 10.1 2.9 12.4 2.6
3 H 18—31 HIEHEHZ Non-heating 6.3 3.0 6.8 3.4
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Fig.7 Nighttime carbon flux as a function of soil temperature
during measurement period. Shaded area is the inter-quartile
range; Polynomial curve ( blue line) was fit to binned median
values of CO, ( blue circle); Soil temperature is binned in 1 °C
increments; The model of Yan et al'®] for a maize ecosystem,
scaled by the vegetation fraction for Shunyi measurement site is
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Table 3 Nighttime mean, maximum and minimum soil temperature and CO, flux

+ R CO, i CO, flux/(pumol m™2 s7")

ey Soil temperature/°C FEUE pUNILIEI=R
Season Calculated by A, xmodel "] Observation data
- SR (/M- R A S di/ME- B FHE (e M- R R )

Mean ( min-max) Mean ( min-max) Mean ( min-max)

#Z= Spring 13.6(2.6—27.7) 0.9(0.3—2.6) 6.0(4.3—9.3)

HZ Summer 25.7(14.5—37.9) 2.3(0.9—6.2) 7.6(6.1—9.2)

B Autumn 15.7(2.7—28.7) 1.0(0.3—2.8) 9.3(6.6—14.2)

47 Winter 0.5(-6.4—14.5) 0.3(0.1—0.9) 12.5(10.0—16.7)
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Fig.8 Wind direction frequency, mean CO, by wind direction during daytime and nighttime calculated at 22.5°intervals in summer and

winter respectively
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FPy 5% RIS SR LB P AU 3 — o505 SE 1 LR A9 EE R 45 R 2600, e TR e [ K 2 X 2 R 43
FUARWBEIE R 1 8] 75 8 I 23 1 #6 T8 22 1 RE IR IR, T DA 5 DX v 43 A1 Y J 1] 4 TR) CO, 3 HE Tl 2t 75 T
SPNIE
2.4 CO, s AEARL AT S

AP A VE R BERE 5200, CO, 38 A7 5B 0 i 2 AR A ARAE A B E AR T i, R E BT
AN, SRR Z A AEAE B E R AR E S FR (y=14.975-0.3945x , R=0.7165) (&1 9) . WLk 25 78 2008 4F 11 A —
2009 4F 1 ] CO, 38 et {E il <R 0 AR T AU B AR I, A PN R R AT R 380 T i — R A, —
D7 TSR () R BE R G AR S 7E 11 A S ISR T IR Ak 0 48 FATRA BRI | 25 & 14 CO, iy HEC
X — AT AR R R 11 A A AR o T A G MR A BN (R 4) P S — R X
IREMEER SR AT 1,11 AR 12 1 Co, 2 Mk A A T 285 AR BT & LGB R iy va L Fnve s
L 11 A5 12 A BRI LRI ZE RN SR 11 A B COL & 2k F PR ), % A R L
SR B O )y Bz (EImE ) o I SOWEIN sl s Bk | 44 740 AOIRLABLAR I, PR Ay SO 7T 52 350 CO, HF e 122 185 i 14
B4, 5 Pawlak 25 AR Pataki S 00 1) 1 SR ARG H 0 2 SRR 5 BN LA R RHIR B = AR T £
1) CO, HER = A 45 AL,

TG b SOOI A (B TS 2 A COL AR RHE A 2 13.6 kg m™ a™', & T A3 B AP RB XA 5 DX 14 0L
GER(KS) JREAET , — 5 AT 1l 5 DX AP T A6 BT T ORIl s A I, AL A K 2 Y S
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Fig.9 Daily average air temperature and CO, during the measurement period
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Table 4 Energy consumption for household in different months

BT R FE L A Month

Energy type and consumption 3—5 6—8 9—11 12—2
I Coal/ (kg/ N) 5.3 1.7 26.3 13.4
WALATIH S Liquefied petroleum gas/ (kg/ ) 2.3 2.3 2.2 2.6

KRS, Natural gas/(m>/ ) 12.2 12.2 11.9 14.9

£5 MARHBEXBEAREZFTIBEFILET X R CO,BERMHEARERICE

Table 5 Long term EC measurement of CO, fluxes in different suburban sites and an urban site in Beijing

N HAY AN
Wb K — -
D 35K T 7 2 7 % . PNER-3S S
i iy o IRICE RIS e L e,
b T - Building and Vegetation Population = DTN
. Site type . ; Measurement . Annual budget/
Cities and buildi impervious plan area ods density/ (kg m2 a) References
j}rll‘:lra(-l::':;il‘?izs* plan area fraction/ % periods ( AN/km?) gm "~ a
ATACIEISICS  action/%
2 H CUR (1 EE X AEEX 31 67 2002—2006 1500 1.3 [7]
NN X AEEX 49 50 2007—2009 3150 5.2 [8]
TR W SRR AR X AEEX 62 38 2004—2005 2939 8.5 (6]
H AR AR 3 XX 71 21 2001—2002 11800 12.3 [4]
. R -FHEX .
A5 ?BE,%“/EE 52 25 2008—2009 897 13.6 AT
. X - e 2 i
b Fﬁlﬁgf Lt 77 23 2008 6533 20.6 [14]
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Fig.10 Annual variation of ratio between monthly natural gas use to that of yearly and diurnal variation of ratio between hourly natural

gas use to that of daily in December
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