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Effects of Different Averaging Operators on the Urban Turbulent Fluxes
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Abstract The effects of different averaging operators and atmospheric stability on the turbu-
lent fluxes are investigated using the vertical velocity, air temperature, carbon dioxide concen-
tration, and absolute humidity data measured at 10 Hz by a 3-dimensional sonic anemometer
and an open-path CO,/H,0 infrared gas analyzer installed at a height of 18.5 m on the rooftop
of the Jungnang KT building located at a typical residential area in Seoul, Korea. For this pur-
pose, 7 different averaging operators including block average, linear regression, and moving
averages during 100 s, 300 s, 600 s, 900 s, and 1800 s are considered and the data quality con-
trol procedure such as physical limit check and spike removal is also applied. It is found that as
the averaging interval becomes shorter, turbulent fluxes computed by the moving average
become smaller and the ratios of turbulent fluxes computed by the 100 s moving average to the
fluxes by the 1800 s moving average under unstable stability are smaller than those under neu-
tral stability. The turbulent fluxes computed by the linear regression are 85~92% of those com-
puted by the 1800 s moving average and nearly the same as those computed by 900 s moving
average, implying that the adequate selection of an averaging operator and its interval will be
very important to estimate more accurate turbulent fluxes at urban area.

Key words: Averaging operator, carbon dioxide flux, latent heat flux, sensible heat flux, turbu-

lent flux, urban residential area
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Fig. 1. (a) The geographical location of Seoul, Korea in East Asia, (b) the location of the Jungnang site in Seoul, and (c) the
18.5 m measurement tower installed over rooftop of the KT Jungnang building.
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Fig. 2. Land cover near the Jungnang site. Prefixes “R”, “M”, “C”, “G”, and “A” indicate residential, mixed, commercial,
governmental, and apartment area, respectively. The radius of 600 m from the site is shown in solid circle.
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Table 1. Mean building height (z;), plane area density (4,),
frontal area density (4y), zero-plane displacement length (z,),
and surface roughness length (z;) at each surface code listed

A R

in Fig. 2.

Surface code  zy (m) Ay A zg(m) zo (m)
RO1 9.9 048 0.46 733  0.56
R0O2 10.4 0.50 0.51 792  0.56
RO3 9.1 046 043 6.64 054
R04 9.5 0.53 0.56 752 044
RO5 15.8 044 0.58 11.12 1.34
RO6 9.2 0.51 045 7.11 0.43

Residential 9.8 0.48 0.47 7.28 0.55
MO1 10.2 049 048 7.72  0.55
MO02 8.1 0.51 0.39 622 034
MO03 10.5 049 0.50 7.88  0.59
MO04 10.4 0.50 043 7.86  0.50
MO5 9.7 0.51 048 742 048
MO06 12.1 043 0.37 845 0.79

Mixed 10.0 049 045 753  0.52
CO01 13.1 047 0.34 9.67 0.61
C02 9.6 047 0.29 7.07  0.38
C03 11.3 0.56 0.54 9.13 043
C04 16.0 046 042 1170 092
Co05 13.8 0.54 0.55 1099 0.60
C06 12.0 0.63 033 1029 0.26

Commercial 12.8 0.50 0.39 948 0.56
GO1 20.0 044 0.18 1418 0.60
G02 12.4 024 0.19 5.76 1.30

Government 15.1 031 0.18 8.72 1.06
A01 40.5 0.33 0.60 2394 5385

Apartment 40.5 033 0.60 2394 5.85
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Fig. 3. Time series of 30-minute averaged (a) wind speed

(m s™), (b) wind direction (deg), (c) air temperature (°C), (d)

CO, concentration (mg m™), (¢) absolute humidity (g m™)

for the period from 0000 LST 11 to 2400 LST 23 November

2013 at the Jungnang site.

3.2 o MK}

2} Aze) it AR 7P del AEEE 3082
Fst 2™ (Nordbo et al., 2012; Song et al., 2013),
el AAE 7 FR) HE ANAES ALgadct.
WA Age] 7b NN WS kel e e B
X<

N
X = = in, 2)

AHE3le] ARSI 714, e A

I AF bE

lo
3
=



A - oS -

Table 2. Physical limits of wind velocity for each component,
air temperature, CO, concentration, and absolute humidity.

Variable Lower limit Upper limit
u v(ms) -30.0 30.0
w(ms") -8.0 8.0
T (°C) -30.0 50.0
¢ (mgm™) 500.0 1200.0
g (gm™) 0.0 42.0
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Fig. 4. Time series of raw data, block average, linear
regression, and 100s, 300s, 600s, 900s, 1800 s running
mean of (a) vertical velocity, (b) air temperature, (c) CO,
concentration, and (d) absolute humidity measured for the
period from 1230 to 1300 LST 11 November 2013 at the
Jungnang site.
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(Jungnang, 1230 ~ 1300 LST 11 Nov. 2013)

10 15 20
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Fig. 5. Cumulative (a) sensible heat flux, (b) CO, flux, and
(c) latent heat flux computed by the block average, linear
regression, and 100s, 300s, 600s, 900s, 1800 s running
mean for the period from 1230 to 1300 LST 11 November
2013 at the Jungnang site.
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Fig. 6. The same as in Fig. 4 except for the period from
0130 to 0200 LST 13 November 2013.
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Fig. 7. The same as in Fig. 5 except for the period from
0130 to 0200 LST 13 November 2013.
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Fig. 8. Case mean and standard deviation of the ratio (R) of
T, ¢, q fluxes computed by seven different average operators
(100, 300s, 600s, 900s, and 1800 s moving average,
linear regression, and block average) to the fluxes computed
by 1800 s moving average at (a) all stability, (b) neutral
stability, and (c) unstable stability.
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o] AAIE M-S Fl9oH, ol8 F3 308 ]
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Atk olEH ol o T 29| g Ha Akl F
SFE B8 A5 Ui duEE o) e g B
A3, BT AUt FEHA AS 2o o 22 3
S HYTh o2 S0, 100s o|EHFOE AXE T
]
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o
f
2
o
=
%
3
o
offl
o,

2 O Bao® At FiEY et v i
S
=

B3l

olgolA] Bt AxkAer B Azbe] Aol w7
AE ELY2h WS 2 RS wolw, JEH Fels
£ s e AAe B AR Azke] A
ol B$ FLFS & 5 Utk 30m EolelA ]
EYrt 3090 Bt Agtold BRI O EL 9

TAS TTMA, Het AR 7HA o ALEE)
oF 3l A= tH(Sakai ef al., 2001; Finnigan er
al., 2003; Kanda et al., 2004). 53] w]-$- B33 A
EZ o]|Fo% =AY H8E wde A1 H|FE
g 3 FRE A Y e Ao Aol Ea
g ¢ o ol WA FHE] Hd | o B
& A7t Fasi.

#Alel =2

w A7e 7P A=A S G TE A
] 27 (WISE) ARRie] X902 a5l vh(153-
3100-3133-302-350).
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