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Dynamics of CO, exchange and its environmental controls in an urban green-land

ecosystem in Beijing Olympic Forest Park

CHEN Wenjing', LI Chunyi', HE Guimei>®, WANG Xiaoping” *, ZHA Tianshan'”, JIA Xin""
1 School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

2 Beijing Forestry Carbon Administration, Beijing 100013, China

3 Chinese Institute of Green Carbon, Beijing 100083, China

Abstract: The area of urban forests and green-land is expanding dramatically across China in order to face rapid
urbanization. Urban green-land ecosystems with plantations as their main vegetation type, have the great potential to
sequestrate atmospheric carbon. Continuous measurements of CO, flux were made using eddy covariance technique from
December 2011 to November 2012 in a mixed forest in Beijing Olympic Forest Park to quantify the seasonal dynamics of net
ecosystem CO, exchange (NEE) and its responses to environmental factors. Gross ecosystem productivity ( GEP ),

ecosystem respiration (Re) , and net ecosystem productivity (NEP = —NEE) showed strong seasonal pattern, with CO,
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uptake dominating during the growing season from April to November, and a respiratory release of CO, dominating during
the non-growing season. The carbon flux was influenced by photosynthetically active radiation (PAR) , water vapor pressure

deficit (VPD) and air temperature (T,). In growing season, daytime net ecosystem carbon exchange (NEE,, ) increased

day
with increasing PAR. The ecosystem quantum yield () and maximum photosynthesis (A, ) showed an apparent seasonal
pattern, both peaking in July. VPD also affected NEE through its direct effect on photosynthesis. NEE increased with the
increasing PAR up to a threshold of 1200 pwmol-m™s™" | then decreased with increasing PAR above this threshold. GEP,
Re and NEP were all influenced by T, but responded differently. Re increased exponentially with air temperature (7)),
with the temperature sensitivity (Q,,) being 2.5. GEP also increased with T,. This differential response of GEP and Re
determined the relationship between NEP and T',. NEP decreased with increasing T, when T, < 10.0 °C, but increased when

T.> 10.0 C. NEE,  increased with PAR. The ecosystem quantum yield () and maximum photosynthesis (A, ) showed

ay

2 1

an apparent seasonal pattern, both peaking in July with the value of 0.083 pwmol CO,/pumol PAR and 29.46 pmol-m™™s™ |
respectively, and reaching a minimum in November with the value of 0.017 pmol CO,/umol PAR and 4.16 pmol-m™>s™".
The predicted annual totals of GEP, Re and NEP were 1192, 1028 and 164 g C/m”, respectively. The present results could
contribute to the carbon budget of urban ecosystems, and help make carbon—oriented management strategies for sustainable

urban development under global climate change.
Key Words: urban green-land; CO, flux; eddy covariance; ecosystem productivity; ecosystem respiration
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Matlab ( Version 7.12.0., The MathWorks, Natick, MA, USA) 52,
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Fig.1 Mean daily air temperature (7, ), integrated daily photosynthetically active radiation (PAR) , precipitation and daily mean vapour

pressure deficit (VPD)
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tCO,/hm®, 5 HAAR A0 S UL 25 SR A HL A, S B 2012
TR YR AR NEP 7E 2.93—6. 23 tCO,/hm>Z i) ¥
55 E WA AR LA A NEP 2 7. 33 tCO,/hm® ™ | 1 F 5 R i U RE 1 AS [] 19 D R T A7 R AR 22 1 R s M, A
[ 4 PR 22 1] PRI PR 28 X e 38 445 41 43 B4R IV E TN AE 25 57, S BRI E 25 R 5 DL E BF e 45 R0 Lo AE >4 (B
B/ NTEIMER TR 44.6 1CO,/hm* ) DRI 0 ZBT0E— 35 22 FRE A X6 3uk i A ok 40 ARG BT 5 T 32 LA o ofe
Tff o SR T XA O BAR IR MACRITARRG B 2507
2.3 XA R G A 5

H V-3 NEE B T, B350 255 8084 (B 3), 0,04 2.5, Ry 0.55 pmol CO,m s~ T, AT iR 73% 1)
NEE 255, AWFFEAF N0 Qo 5 H B M X A I SE 25 5B , H AR A 5 4 X P LU TR TR AR Y
W52 R BT T 2 A) CO i ik BE IR R E K, 0,08 2.7, 8 T ERL P W A 386 55 SRy BRIA(ELY 2,01

MEERR T2 AR AR RGN, 3R 38 o 52 G A E R AR R RGN CO, 58 (8] 3) . Bl 225 1A
b, %2 GEP Wi T, T W, b Js A 2 22k Bl i B Bk R T, 9 FRAIS, GEP WIFLRIRAL., 20t
FER L, GEP Fififi B MR AR a3 FER B LT3 — M GE IR E (GEP ik 8 K(ER IR ) 5 , GEP
ANFFAREE T MREREE T, BT+ kAR, BAR Y T, T 81— R B ( B L I S A B d i ) L X GEP 4%
FAAERIVER . (BAEARDESE T, T, % GEP WYSZ I ANAETE foil i BE, B T, A8 s iR B I, doR%F GEP 774k
PHIVERT P T, B —E R e

BEUBRIC 5 R el o i A 25 R G 3SR/ T 10 CH AN RS R G LA IRAE F N 32, IR 2 Fel 4
HiAb FAEA K | Re FEIRE O THE MIG58R | SEH & NEE BEIRER K (K 3) . R T 10 CHBIEA LK
= OGEVEFHBEIR EESE I LLIFI AR H A NEE Fifi & i B2 r38 hn & 28 il 1E 3 7 i 22 4k, SR SR ICR < CO,,
30 CHERB I KW (NEE =-4.01 g Com™>d™") . IZZ5H5 Niu' ™ Xt 20 A4 4 B Bl 5 i o8 45
AISARNR], AHIF 78 25 AL 5258 o A A7 i 5 bRl 55 (US-UMB 3 )2 DE-Hai %) B NEE 5 T, [ R—
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Fig.3 Relationship between nighttime net ecosystem exchange (NEE,,, ), daily mean gross ecosystem productivity (GEP) , net ecosystem

exchange (NEE) and the corresponding period air temperature, respectively
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Table 1 Comparison of parameters for the relationship between daytime net ecosystem CO, exchange ( NEE) and photosynthetically active

radiation ( PAR)

s AR T Ak RO % P
Ecosystem quantum yield (o) Maximum photosynthesis (A4, ) Respiration rate R,
Month/ A . B i

/(mol CO,/pmol PAR) /(pmol-m™2s71) /(umol-m™s71)

4 0.012 9.91 2.77

5 0.048 16.76 4.18

6 0.069 18.33 5.14

7 0.083 29.46 8.16

8 0.075 27.85 6.86

9 0.035 24.21 3.04

10 0.019 24.09 1.90

11 0.011 4.16 1.63
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Fig.4 Relationship between daytime NEE and photosynthetically active radiation (PAR) using rectangular hyperbolic model ( Formula 3)

for each month during the growing season in 2012
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