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Introduction CO, concentration and flux from 2013 to 2015 on seven levels

— - 530 4
7 B
it

7 000 E
16:00 b
1500 F
4
00

As one of the most important green house gas discharged by
human daily activities, CO, concentration in urban area showed a 17

significant augment tendency In recent years. Under this | i i Lk HI ﬂ S |l SR ) il O LR PR
background, the "Strategic Priority Research Program - Climate |~~~ SEEEEEE—— e e

" - i (N =TT T "I T
Change: Carbon Budget and Relevant Issues™ of the Chinese ol I l“ h “{ ] l | v el u,' u‘] ‘l i . I"i i
. - - . ' i I o _ mg | . ' 30
Academy of Sciences has been implemented. Our work Is to  |! il | F |. *“, - i | I - g I - -t | i
- - - - oo ! 330 ool | w ] | | | | wolt11 i | 330
study the characteristics of CO, concentration and flux in the 58 |‘ .. |1||| ” Sl e -l l‘ Il ” [T i A s
oo e o5 o4 o8 00w o Bsor oz 0 o 2 oo s o s o oo oogo o cd L LUK LA ANLIE, 11 AL %501 02 03 04 05 06 o7 08 o9 H0 A1 a2
r n r . DATE/ Merth DATE Monih DATE Month DATE/ Morth
u ba ared The continuous | smco2Concenraion _ iemcozcememmton __ 4mcorconention 80m-CO2 Concentrato 200m-CO2 Concentatio 20 02 i

140m-CO2Z Concentration 00:00
T 1

i

il H i H

vl
2%1 501 02 03 04 05 0 07 0& 09 10 1 1 12
DATES Month

00:00

00:00 530

The

long-term CO, i l+.

observation in

480
18:00 18co

The foundation of

430

e |
. .| m

foundationof ~ 9lobal fluxnet urban . UTES(Urban Trace-

= 12:00

TIME/ hour

-1
380 5 12:00 -

TIMES hour
TIMES hour
TIME.I' hour

=

. . 1 00:00 o - d . Y '
A | T i ! .. N
: - _ woofil | | | | p ‘ 1eoo : | : " ]
(J i | 2 . f k]! I' ' ‘ ( : .
The _ Euroflux under union o% * gas Emission Study) ‘ . il : | ‘ 1! | | J r 1200 || | 411 i | _
observation and frame _ .‘-'1'." As I . , r| r -. : ; 1 | i ) | - i |
. Of CO . 2000 sy y p (Patak| et al, : ' ’ ! l A 1 [ 100 0800 {1 1 ||| |. . | . | - 1 l | |
First 2 i Ameriflux 4 JGR, 2003) il | l" | | il ) ‘| ERLL ’ “ I & | i
: concentration f . ) . i : n i ' b il i)
SyStematIC 1998 d st 02 l0|3'| 04 05 o7 08 09 10 11 2 Aot 02 03 04 05 Uf’:mgM :‘3 oe 'D non 2%0501 . m 05 O?JATISITMQH:‘& w0 12 ‘ ooy 5-01 02 us 04 05 % u'? oe 08 10 1'1 12 B0 50102 03 04 05 06 7 o6 03 10 11 12
= ( - - b R L - T
1 f | | i :nn ] & . f | \ ’ 4

280

r ‘ | J'.-.I,H AR

Do —
"5) 1501 02 03 04 05 06 07 08 08 10 1 12
DATE/ Menth

230

observation of in urban area‘ ‘ O DATE Montn 6 o o 6 o 0
CO,by IR : 1996
80’s
1958

20

2008
“nnn
1000
&an
. f e
g/ TOrest o
g @ i a0
&= ke 1300
a0
L3
\__/ ocean : , |
mEm“‘p“j::Id Reeuling atmascheric Radiative forcing by emissions and drivers e _— e ?"EE ’ IS I ic \_ - : X 1R w X ¢ % ' 1 E
| . . | ' 1 L EE[I 1+ sl ‘ o Y a 2 v ﬂ ; e L / ] g ufou >y \ o 2 000 g S e ¥ [ gbﬂo N Iy ‘ dah . 4 R A . 10
[ i co, CO, ! ' : 1841331020 | VH ] . .... o desert &lﬂ UFLA EIN A A S 150N LSETA LRI LEIA LIEI0A L : 1128 DFIH (328 %38 DFA DEH FCA DFIA DFIA M DFIOALEIA A OO e SR E 13FA '$ﬂ $ﬂ' TSN “:ﬂ VEEA 13E0R [EI0A 13511 ﬁ a Hn s smn EN DEA ES E BT 1F EI IO URIA S0 GFA GEN BB EST EGA LIEIA 13507 L3N SEI0N LA
§ . I I I I I e ra it
E CH, €O, HO I I : '_’Il_| I : perinrietEn H 00:00 18mRCU2 P 0 47m-C02 Fhx o 000 200m-CO2 Flux 0000 280m-CO2 Flux
[ [ :
'E‘ ?;E—ons HCFCs : : ;—0-| : : : : 018[001100.35] | H n 50
€ | | 40 8:00 18:00
: , | | [ ' [ ! 147 [0.43 100,21 -
I M A O e i Outcome g . . v i
g co cO, ! ! PO l I 023[0.16100.30] | M 2 2 2 a " 20 2, H 20 E 12:00 -
{ - o T Urban CO, Emission inventory; : . ; " 3
\
&8 NMVOC| CO, I I TR [ | I 00081005 | M - -
<13 L Con Source (gasoline combustion) and convergence : : -
] NO, I I |-I—Q—{ I ' | Mp0m | M - - ; 0
: T NI ( h hesis) of urban CO,; :
e B : | | I I I Vegetatlon p Otosynt ES|S 0 Ur a.n 23 P50t 02 oz o4 05 06 Tg““ge 0 10 11 12 20 T T S bl B 00,0 SO, L— S e 20 000 0.
% proc:ursors P o I | | | 027 [0TTI00.3] | H NEE DATE/ Month Dmemum. E01:502 . (03 204 108 50102 05 o4 05 06 07 08 03 10 1112
P " ganc Carban Black carban | | | | | | Of urban CO DATE/ Month
. NH,, . 2 TR}
C'fo"ff“.",'.'f“'.'f.p gﬁ,urt; Zdém;nts : : : : : 55 1.1.33 1o 0.0 L s 16m-CO2 Flux I o 0000 4Tm-CO2 Fl e " ton e momco2R » s .
Albedo change I ! | ! e g 50 50 50
) due to land use I el M Shortcoming 5 . 1500 “
g Changes in | | : i . - *
SE= | | o M . N _ 20
: solar radance A R Short observation period ; * . ;
! ] g 20 20 s 5 1200
H H H H - . E = H g
Total anthropogenic Lack of knowledge on vertical distribution; - : o n o E £ "
. 410 1.86 H . L 0 0 06:00
RF relative to 1750
o] Complex turbulence flux in urban...
Uoé%qwl 02 03 04 05 06 o7 08 08 10 11 .IZ 0%%%5—01 02 C'3 04 i ] 06 07 03 0% 10 1 i 12 2 20 00:00 0%%%5—01 02 03 04 05 @

&

04 [v5) 06 02 0 1 12
DATE.I'M DATES Mont]

80m 140m

DATES Month DATES Month

2 3
Radiative forcing relative to 1750 (W m?) (lPCC, 2013) 8m 16m

Diurnal pattern of CO, concentration (the upper three lines in 2013, 2014, and 2015, the legend unit is ppm) and CO, flux (the lower three lines in 2013, 2014, and 2015, the legend unit is umol/m-2st) of
The Observati()n d ata monthly averaged. The abscissas are 12 months in a year, and the ordinates are 24 hours in a day. Both the CO, concentration and CO, flux decrease year after year. The positive fluxes represent net efflux,
whereas negative values represent net uptake, of CO, by the environment. And the efflux above 80m decreased from 2013 to 2015 because the “Atmospheric Pollution Prevention and Control Action Plan”

released by the Chinese State Council on September 10, 2013.

With the turbulence data measured by open path eddy covariance
system of Beijing 325m meteorological tower, CO,, H,O, and
wind field data of 10 Hz at 7 different heights were measured
from February 2012 to now.
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~+ /| Beijing is the capital of China, and is a mega city

" ;| whose environmental effects are focused on by
/ »~ sciences. Beijing 325m tower records the change of
~_ the urban, and is useful to study the CO, flux -
| change in urban. e |
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Beijing 325m Synthetic Meteorological Tower
under urban heterogeneous layer

- _ o The local wavelet power spectrum of CO, concentration (upper line) and CO, flux (lower line) using the Morlet wavelet, normalized by 1/c2. The left axis is the Fourier period (in hr). The bottom axis is
H‘gotog"’zelg bul'l't N ,Aiugust 19,7%9'3 'Olia,te?k';?’g ) 58N’ time (month). The shaded contours are at normalized variances whose magnitudes are presented by the legend. The thick contour encloses regions of 5% significance level against red noise. The lighter shade
o WHOSE CERAHON S . S RO regions on either end indicate the cone of influence (COI), where edge effects become important. Strong variations of the wavelet coefficients were observed. There are clearly common features in the wavelet
form the 3 Ring Road, and 200m west of the north- ) : e : . . :
L power of CO, concentration on different levels such as the significant peak in the 256 hr band around December. And on 280m height, there are high power in the 32-512 hr band on May. The factors to form
south Beijing—Tibet Expressway, and 50m south of the 2 : _ _ o _ _ : _
these periods should be studied. For CO, flux, it seems not be common on different levels, there are several significant peaks in summer near the ground, and peaks in winter below 280m, where the peak is

& e e el  cast-west Beitucheng West Road. The average building _ : _ : : _
(Song and Wang, AR, 2012) height was approximately 50m in the southern direction from spring to summer on 280m height. The matlab wavelet coherence package can be download in http://noc.ac.uk/using-science/crosswavelet-wavelet-coherence (Grinsted et al., NPG, 2004).

and approximately 20m in all other directions.
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Thres Dimensional Ultrasonic A or precipitation, icing, 2.Frequency response | State test 2.Turbulence flux A PR SR L S B A
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odel Windmaster Pro, Gill Instruments Ltd, Hampshire, UK. . . . : 20
P 3.Coordinate rotation 3.Ultrasonic virtual development test term, horizontal N ;
Calibration (DR) temperature 3.Synthetical test advection term) S
1) determining the values of calibration coefficients; correction 4 Abandonment class 3.Boundary layer
2) setting zero and span. 4, WPL 9 data parameters (average L
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Accuracy roughness, stability) "
Windmaster Pro LI_7500 125)2A 13518 13528 138538 13548 13558 1356 1357 A 135F8R 135F0A 13500A 13911 A
Value  Unit Frequency — Accuracy  Value  Unit  Frequency Accuracy Despiki elcing (AGC>90 The first line is CO, concentrations on 7 levels in 2013, 2014, 2015. The annual averaged CO, concentrations are
uoms sone SRR e pm o 100 PIeing ng ( ) 407.3ppm, 383.2ppm, 391.8ppm in 2013, 2014, 2015 respectively. the lowest CO trat in May to August
reacing 07.3ppm, 383.2ppm, 391.8ppm in , , respectively. the lowest CO, concentrations are in May to August,
v ms o 10Hz R «Threshold e highest are in Nov., Dec., Jan., and Feb.
A w f?/s 10Hz  <15%RMS  p, mmol/mol  10Hz <2% of i — %| > 4a , i is original data, x is é The second line is CO, flu>§ on 7 levels in 2013, 2014, _2015. The ann_ual averaged CO, flu>§es are 26.3 kg m2y!
| - Ts ¢ 10Hz reading 30min averaged value, o is standard 13.8 kg m2y !, 12.9 kg m2y ! in 2013, 2014, 2015 respectively. Comparing to 20.6 kg m2y~!in 2008 (Song and Wang,
(Li-7500 Instruction Manual, 2009) deviation (Vickers and Mahrt, J. | handl | | | AR, 2012), the flux increased 27.7% in 2013, and decreased 33%, 37.4% in 2014 and 2015 respectively. The lowest
Atmos. Ocean Tech., 1997; Guo et we———— =" | CO,fluxare in July to September, highest are in Nov., Dec., Jan., and Feb.
Installation al., Science China D, 2008). . ‘
= E ‘e 280m .Precipitation g o - concentration diurnal pattern of yearly averaged on 7 levels in o0 om0 entration diumal pattern of yearly averaged on 7 levels in 2015
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« Location: in the northwest boom faced prevailing wind. B 2o0m mr?neg%ee Sgﬁogféirpr%rcei;'iﬁ’;t?é'r?n’ -
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« On May 8, 2012, data loss, instrument debugging, B om _ _ _ _ O T 2015 N 302013 .
equipment back to the factory, etc. Alr density fluctuation correction s ‘
; 8
e On July 8, 2012, data was complete, the quality of data i o 1) WPL (Webb et al., Quart. J .R. Met. Soc.,1980) % E t °
was tested. ,A‘ It is assumed that the dry air mass conservation is to eliminate effects of the expansion and the o ) L
» On Dec. 1, 2012, the data on 7 levels were recorded compression of dry air on the CO, flux. - L 7 5
- = 0’ ':JC 0. w_ ’ 15 1§123456?B9101112131415161?18192021222324 0
completely and continuously. & Windmaster Pro Fewpr =wpetp-—-wp,+ (1 +po) -p;- = 1234567 8000112011516 17 101920 212220 2

Data ﬁ Li-7500 2) Revised WPL (Dijk et al., https://www.researchgate.net/publication/40123739 The_principles

. . T _ The first line is CO, concentrations diurnal pattern of yearly averaged in 2013, 2014, 2015 on 7 levels. There is a
e From Dec. 1, 2012 to Dec. 31, 2015. _of_surface_flux_physics_Theory_practice_and_description_of_the_ECPACK_library, 2004) et 2 ! urnatp yearly averagea | v '

. . _ : “double peak” type, the morning peak begins at 5:00 o’clock, crests at 7:00-8:00 o’clock, decreases at 9:00 o’clock; the
In t?]e SOﬂWfitLe tlr:brarnyCP,?Ch:K tOf edtdy covarlan(cj:ehm(_atho?,lthe meart1 vertical velocity and flux evening peak begins at 18:00 o’clock, crests at 22:00-23:00, then decreases. The valley is at 15:00.
: : DR PF exchange wi € surface ot heal, walet vapor an ﬂon al momentum. The second line is CO, flux diurnal pattern of yearly averaged in 2013, 2014, 2015 on 7 levels. Above 47m, there
Coordinate Rotation : _ Feppox =W p + 1< pe w p! +(1+ uc +k)p, %um W Is a “triple peak” type, the morning peak is at 9:00, noon peak is at 12:00, evening peak is at 18:00. Below 47m, the

a) Double rotation - Pa . flux is about 0.
b) Planar fit ) 7 din 3) Liu method (Liu et al., BLM 2005)

E/Lﬂ . 7 £ 2 Py From the of expansion and compression of moist air, the CO,, flux is derived. ]
] I Foovi = WL+ 2= Dw'p, +2p.(1 + po) - Conclusion

(. Fc -F JA . g comparison W e ] T | According to the analysis of data from 2013 to 2015, the results indicate that: CO, yearly
ol 0.976 1 0.995 " 4 0.993 -  1.The revised results are 1 A 1 | 2 /| Comparison averaged concentration value decreases with height and each passing year. Its maximum value
i " _ , R almost same, only a | L.All revised methods made | gppears in winter by reason of vegetation withering, city heating and enhanced inversion; and the
PE L 1. [T A :E;'teb)'/eésR.by e o 2 =Y Z%%Z:LL\‘/’;S‘ZZCfﬁ'itU e of | Minimum value appears in summer due to the influence of strong convection system and
g S . 2.The site of 325m tower £ | @ : Zl; o WPL method is a little | Vegetation carbon sequestration. Accordingly, by the wavelet analysis, the significant peak in the
. Is flat, so DR Is more ) = 3 larger than that of Liu | 256 hr band was found around December, which indicates the factor with about 10 days period Is

F, . suableherethan PR - wE o method. important to the maximum value of winter CO..
O A o Y 4 . af, e 1 | At all observation heights, the diurnal variation of CO, concentration displayed a very clear
o bR o Nl I A I A cycle with double peaks corresponding to city morning and evening transportation rush time. But
et are et from Dec. 2012 0 Det. 2013, dots are the half hour averaged T e ettt T for CO, flux, the cycle with triple peaks appeared above 47m because in the area close to ground,

values of 15t and 15™ in every month, and total numbers are 8064.

CO, flux was more strongly influenced by surface vegetation distribution and was net uptake.

Data are get from Dec. 2012 to Dec. 2013, dots are the half hour averaged values of 15t and 15 in every month, and total numbers are 8064.
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