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Diurnal Variations of O, and NO, Concentrations in an Urban Park
in Summer: Effects of Air Temperature and Wind Speed
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Abstract

The diurnal variations of O; and NO, in an urban park and the effects of air temperature and wind speed on the
diurnal variations are investigated. O, and NO, concentrations were observed at a site in an urban park of Seoul from
27 July 2015 to 9 August 2015. The O, and NO, concentrations observed in the urban park are compared to those
observed at the Gangnam air quality monitoring station (AQMS). The O, concentration is higher in the urban park
than at the Gangnam AQMS in the daytime because the amount of O, dissociated by NO is smaller as well as partly
because the amount of O; produced in the oxidation process of biogenic volatile organic compounds (VOCs) is
larger in the urban park than at the Gangnam AQMS. The NO, concentration is lower in the urban park than at the
Gangnam AQMS during day and night because the observation site in the urban park is relatively far from roads
where NO, is freshly emitted from vehicles. The difference in NO, concentration is larger in the daytime than in the
nighttime. To examine the effects of air temperature and wind speed on the diurnal variations of O, and NO,, the
observed O; and NO, concentrations are classified into high or low air temperature and high or low wind speed days.
The high O; and NO, concentrations in the daytime appear for the high air temperature and low wind speed days.
This is because the daytime photochemical processes are favorable when the air temperature is high and the wind
speed is low. The scatter plots of the daytime maximum O, and minimum NO, concentrations versus the daytime
averages of air temperature and wind speed show that the daytime maximum O, and minimum NO, concentrations
tend to increase as the air temperature increases or the wind speed decreases. The daytime maximum O; concentration

is more sensitive to the changes in air temperature and wind speed in the urban park than at the Gangnam AQMS.
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Fig. 1. (a) Satellite image including observation locations
(Google map and Naver map), and photos of (b) a
thermometer and an anemovane and (c) ozone
and nitrogen dioxide analyzers installed in the
Seolleung park.

Table 1. Overview of instruments.

Location Obsel.”vatlon Instrument Precision
variable
0O, Teledyne T400 <0.5%
Urban park NO, Teledyne T200 0.5%
0O, Kimoto OA-683  not available
AQMS NO, Kimoto NA-623  not available
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Table 2. Overview of air temperature, wind speed, O;, and NO, concentrations at the urban park, AWS, and AQMS

locations.
Location Observation Total number Number of Data Average® Standard
variable of data used data interval g deviation*

Air temperature 120960 86400 10s 28.4°C 2.3°C
Urban park Wind speed 120960 86400 10s 0.Ims™ 03ms™
p 0O, 2016 1389 10 min 32.3ppb 25.0ppb
NO, 2016 806 10 min 12.5ppb 11.0 ppb

AWS Air temperature 2016 1439 10 min 28.9°C 2.3°C
Wind speed 2016 1438 10 min 1.8ms™ 0.8ms™
AQMS 0O, 336 238 1h 28.5ppb 19.6 ppb
NO, 336 238 1h 22.9ppb 109 ppb

*Average and standard deviation values of used data
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Korea Meteorological Administration(KMA)

Fig. 2. Surface weather map at 21 KST on 6 August 2015.
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Fig. 3. Wind-rose diagram at Gangnam AWS during the
observation period.
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Fig. 4. Diurnal variations of average (a) air temperature, (b) wind speed, and (c) O, concentration from 27 July to 9
August and (d) average NO, concentration from 2 August to 9 August.

Table 3. Air temperature, wind speed, O;, and NO, concentrations at the urban park, AWS, and AQMS locations during

09 to 21 KST.
Location Average air temperature  Average wind speed  Average O;  Maximum O;  Average NO,  Minimum NO,
0 (ms™) (ppb) (ppb) (ppb) (ppb)
Urban park 294 0.1 39.8 117.8 15.1 29
AWS 30.0 2.1 - - - -
AQMS - - 356 750 262 13.0
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Fig. 5. Diurnal variations of (a) average air temperature during low/high temperature days and (b) average wind speed
during low/high speed days.

Table 4. Air temperature and wind speed averaged over 09 to 21 KST during high/low temperature days and high/low

speed days.

High temperature Low temperature High speed Low speed

Air temperature (°C) 31.7 30.1 30.5 30.8

Wind speed (ms™") 20 2.3 29 19
and Pefivelas, 2006). =4 29 NO, 5EL Autd W, 2o FLHoz BRE U7 e F5H08 HE
O ZPdT AQMSETE Weton], ¥ Azt I &po]  H F9 7]& 2}o] (09~21 KST H+t 0.3°C)= ©J =t
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Fig. 6. Diurnal variations of average O; concentration during (a) low/high temperature days and (b) low/high speed
days, and average NO, concentration during (c) low/high temperature days and (d) low/high speed days.

Table 5. O, and NO, concentrations analyzed over 09 to 21 KST at the urban park and AQMS locations during high/low

temperature days and high/low speed days.

Location Observation variable High temperature Low temperature High speed Low speed
Average O; (ppb) 54.7 375 379 472
Maximum O; (ppb) 73.7 72.5 56.3 72.5
Urban park Average NO, (ppb) 199 95 102 169
Minimum NO, (ppb) 13.0 3.1 3.1 13.0
Average O, (ppb) 45.1 34.8 35.7 40.2
AQMS Maximum O, (ppb) 59.0 73.0 59.0 73.0
Average NO, (ppb) 330 18.1 17.8 293
Minimum NO, (ppb) 24.0 13.0 13.0 24.0
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Fig. 7. Scatter plots of maximum O, concentrations versus (a) average air temperatures and (b) average wind speeds
and minimum NO, concentrations versus (c) average air temperatures and (d) average wind speeds.

J. Korean Soc. Atmos. Environ., Vol. 32, No. 5, 2016



544

ot

9

>
H

A% wEH

7P AQMS A2 9] o]zl 2 09~21 KSTS thAt

o2 shgith. 9bH BT o] Hoj 0, BELE 7]Lo]
F4E, Fho| LTSS ot AL BY
ok 7180 4o WE A 0, FE9 Wt B g

H AQMSHTH =4 FolA o Hat 7]
S7Hel wek =4 €9 Hdl 0, s== &
AQMS9| H| O, s=EY ¢ A F7H3H
F F%0] F7hgel uet =4 3 A 0, 5=

T AQMS9 A O, =kt f IA g4ty
ok FA NO, == Hd 0, 5=} o] 7]2°] 57t
z:j__]-_/,\_i %_/b_o] 71—)\2?1-/\; l-—_o]-;(]_‘: 731‘31:_9. Eﬁ]:].
oo, 7|23 4o M2 A NO, F=2 Wt &

£y BN F4T AQUSIA o Btk B2 718
o] S7ketel weh Ad AQMS9| A NO, &=
A 399 HA NO, s=HT § 3 F7I6IRL
B T&0] 7Kl et AdT AQMSE FHA
, sE=REG H 3A

10
b =
FIF‘ |

B M

a
my
[

2 dtE 958 =4 39 A2 =4 799 o,
I NO, &9 gH3} zolE Afstglen, 7]2%
t dollA9 0,2 NO, %‘—E«I st

31'3‘1‘:]'- ol& 8 ASTHE
2745 ¥ 8¢Y 9471A| O,

5‘}9&—7—’ ol ZdT AQMS A= ¢}
vl wstgt A 712_} B4t O, % 9] dwisto A=
A7k =4 T AQMS9] O,
FEHET o %S&X]E'_, q AlZtolls 2 AtolE Kol
Ath A 717 Hg NO, 59| dwishe ZRhy
o2 T4 FHA AdT AQMSETY B 2 B
< Btk ol &4 Fdo] AsAlA HEH=
NO,&| F&& o A wom, o]2 ¢3) 0,9 &7}
AA o] giojct I (RS 7|23 F&
weh 273 2,0, w5 R Aol 7]R0] 1
FTHo] FE A B XA, 19 ATt 714
20| W2 Zpol7} Akt o]= 7|20 #25F O,
Ago] SR, T4 S-S T A goR9)

Biro] £o0]E57] wjEo|th. NO, 5= O, 5%} n}

_lZ:

OI‘J
i
L
ofr
1
N
LN
UL

o

71 A A 32 A A5 &

F7HA R 7120 T3 F&o] B2 274 o &%
o B 7123 B T, Hdl 0, =9 HA NO,
iEEl wAE L}E}‘ﬂi A=A Hat 7] Pt
<& Wgte] uE FHo| 0, F& W= A AQMS
EE} =4 oA 8 ok v, B4 712 gt
4 Wsto] 2 A NO, vk Wsh: =4 3=
o e AQMSOA B Zit
=Y 39 LHEE T sk 2
AT 7|23 §4 24 o= 3 ¥gA =
A, A 5 o 7}Xl 830 ofsf gebd %E}.E
o ARE Aolof wE LHEE = Wt 2}
ol @7t asich w4 St AT A 5 ol
Ao A2 A7|AQ 7| dERA mUE o] Huk
o £4 3u 995D BE Ba0l G4 A
£2Q) AF7F A o)A 4 9g Rolh.

°‘F‘°ﬂ/\1

aAre =

o] ATE 2016W% AR (vHFRIE)] A
o7 AT A PS ol fPH FAATA
A QA (FAAE 2016R1A2B2013549) D 7]A4HH
=714t FaAtd A EXEY §EAnt
E 7)4A 82 o) 9 ol £ E gyt

References

Arya, S.P.(1999) Air Pollution Meteorology and Dispersion,
Oxford University Press, U.S.A., 310 pp.

Clapp, LJ. and M.E. Jenkin (2001) Analysis of the relation-
ship between ambient levels of O;, NO, and NO as
a function of NO, in the UK, Atmospheric Environ-
ment, 35(36), 6391-6405.

Cohen, P., O. Potchter, and 1. Schnell (2014) The impact of an
urban park on air pollution and noise levels in the
Mediterranean city of Tel-Aviv, Israel, Environ-
mental Pollution, 195, 73-83.

Costabile, F. and I. Allegrini (2007) Measurements and analy-
ses of nitrogen oxides and ozone in the yard and on
the roof of a street-canyon in Suzhou, Atmospheric
Environment, 41(31), 6637-6647.

Dueiias, C., M.C. Ferndndez, S. Caiiete, J. Carretero, and E.



ol5d = 399 0,3 NO, =9 dWsh 7|23} F59 JF 545

Liger (2002) Assessment of ozone variations and
meteorological effects in an urban area in the Med-
iterranean Coast, Science of the Total Environment,
299(1-3),97-113.

Elminir, H.K. (2005) Dependence of urban air pollutants on
meteorology, Science of the Total Environment,
350(1-3), 225-237.

Filella, I. and J. Pefuelas (2006) Daily, weekly, and seasonal
relationships among VOCs, NO, and O; in a semi-
urban area near Barcelona, Journal of Atmospheric
Chemistry, 54(2), 189-201.

Finlayson-Pitts, B.J. and N.J. Jr. Pitts (1986) Atmospheric
Chemistry: Fundamentals and Experimental Tech-
niques, John Wiley & Sons, U. S. A., 1098 pp.

Freiman, M.T., N. Hirshel, and D.M. Broday (2006) Urban-
scale variability of ambient particulate matter attri-
butes, Atmospheric Environment, 40(29), 5670-
5684.

Geng, F., X. Tie, J. Xu, G. Zhou, L. Peng, W. Gao, X. Tang,
and C. Zhao (2008) Characterizations of ozone,
NO,, and VOCs measured in Shanghai, China,
Atmospheric Environment, 42(29), 6873-6883.

Grinn-Gofron, A., A. Strzelczak, and T. Wolski (2011) The
relationships between air pollutants, meteorological
parameters and concentration of airborne fungal
spores, Environmental Pollution, 159(2), 602-608.

Gunthe, S.S., G. Beig, and L.K. Sahu (1994) Study of rela-
tionship between daily maxima in ozone and tem-
perature in an urban site in India, Current Science,
110(10), 1994-1999.

Hassan, I.A., J.M. Basahi, I.M. Ismail, and T.M. Haebeebul-
lah (2013) Spatial distribution and temporal varia-
tion in ambient ozone and its associated NO, in the
atmosphere of Jeddah City, Saudi Arabia, Aerosol
and Air Quality Research, 13(6), 1712-1722.

Kim, D.-S., J. Jeong, and J. Ahn (2016a) Characteristics in
atmospheric chemistry between NO, NO, and O; at
an urban site during MAPS (Megacity Air Pollution
Study)-Seoul, Korea, Journal of Korean Society for
Atmospheric Environment, 32(4), 422-434. (in
Korean with English abstract)

Kim, J.S., YJ. Choi, K.B. Lee, and S.D. Kim (2016b) Relation
with activity of road mobile source and roadside
nitrogen oxide concentration, Journal of Korean
Society for Atmospheric Environment, 32(1), 9-20.
(in Korean with English abstract)

Kim, Y.P. and M.J. Yeo (2013) The trend of the concentrations

of the criteria pollutants over Seoul, Journal of

Korean Society for Atmospheric Environment, 29
(4),369-377.(in Korean with English abstract)

Konarska, J., B. Holmer, F. Lindberg, and S. Thorsson (2016)
Influence of vegetation and building geometry on
the spatial variations of air temperature and cooling
rates in a high-latitude city, International Journal of
Climatology, 36(5), 2379-2395.

Kuttler, W. and A. Strassburger (1999) Air quality measure-
ments in urban green areas - a case study, Atmos-
pheric Environment, 33(24-25),4101-4108.

Kwak, K.-H., S.-H. Lee, J.M. Seo, S.-B. Park, and J.-J. Baik
(2016) Relationship between rooftop and on-road
concentrations of traffic-related pollutants in a busy
street canyon: Ambient wind effects, Environmen-
tal Pollution, 208, 185-197.

Lal, S., M. Naja, and B.H. Subbaraya (2000) Seasonal varia-
tions in surface ozone and its precursors over an
urban site in India, Atmospheric Environment, 34
(17),2713-2724.

Lin, S., X. Liu, L.H. Le, and S.-A. Hwang (2008) Chronic
exposure to ambient ozone and asthma hospital
admissions among children, Environmental Health
Perspectives, 166(12), 1725-1730.

Mazzeo, N.A., L.E. Venegas, and H. Choren (2005) Analysis
of NO, NO,, O, and NO, concentrations measured
at a green area of Buenos Aires city during winter-
time, Atmospheric Environment, 39(17), 3055-
3068.

McDonald, A.G., WJ. Bealey, D. Fowler, U. Dragosits, U.
Skiba, R.I. Smith, R.G. Donovan, H.E. Brett, C.N.
Hewitt, and E. Nemitz (2007) Quantifying the ef-
fect of urban tree planting on concentrations and
depositions of PM,, in two UK conurbations, At-
mospheric Environment, 41(38), 8455-8467.

Nguyen, H.T. and K.-H. Kim (2006) Comparison of spatio-
temporal distribution patterns of NO, between four
different types of air quality monitoring stations,
Chemosphere, 65(2), 201-212.

Oh, I.-B. and Y.-K. Kim (2002) Surface ozone in the major
cities of Korea : Trends, diurnal and seasonal varia-
tions, and horizontal distributions, Journal of Kor-
ean Society for Atmospheric Environment, 18(4),
253-264.(in Korean with English abstract)

Pandey, S K., K.-H. Kim, S.-Y. Chung, S.-J. Cho, M.-Y. Kim,
and Z.-H. Shon (2008) Long-term study of NO,
behavior at urban roadside and background loca-
tions in Seoul, Korea, Atmospheric Environment,
42(4),607-622.

J. Korean Soc. Atmos. Environ., Vol. 32, No. 5, 2016



546

ot

9

>
H

Raddatz, R.L. and J.D. Cummine (2001) Temporal surface
ozone patterns in urban Manitoba, Canada, Bound-
ary-Layer Meteorology, 99(3), 411-428.

Satsangi, G.S., A. Lakhani, PR. Kulshrestha, and A. Taneja

(2004) Seasonal and diurnal variation of surface

its critical levels at a semi-arid site in India, Journal
of Atmospheric Chemistry, 47(3), 271-286.

Tu, J., Z.-G. Xia, H.S. Wang, and W.Q. Li (2007) Temporal
variations in surface ozone and its precursors and

meteorological effects at an urban site in China,
ozone and a preliminary analysis of exceedance of Atmospheric Research, 85(3-4), 310-337.

71 A A 32 A A5 &



	여름철 도심 공원의 O₃과 NO₂ 농도의 일변화
	Abstract
	1. 서론
	2. 실험 방법
	3. 결과 및 고찰
	4. 결론
	References


