Atmosphere.

Vol. 27, No. 4 (2017) pp. 423-433
https://doi.org/10.14191/Atmos.2017.27.4.423

Korean Meteorological Society I o 1 =
)

pISSN 1598-3560  eISSN 2288-3266

7 | SAHERES 0|88 MFEXY =4 X HAXHN
SAU7IAN MHE SAUNE P o7

EHeY: 20173 89 31, 4 2017 11€ 24, AASEL: 2017 12€ 1Y)

Influence of Greenhouse Gases on Radiative Forcing at Urban Center

and Background Sites on Jeju Island Using the Atmospheric
Radiative Transfer Model

Soo-Jeong Lee", Sang-Keun Song”*, and Seung-Beom Han”

YEco Brain Co., Ltd., Jeju, Korea
Y Department of Earth and Marine Sciences, Jeju National University, Jeju, Korea

(Manuscript received 31 August 2017; revised 24 November 2017; accepted 11 December 2017)

Abstract The spatial and temporal variations in radiative forcing (RF) and mean temperature
changes of greenhouse gases (GHGs), such as CO,, CH,, and N,O, were analyzed at urban cen-
ter (Yeon-dong) and background sites (Gosan) on Jeju Island during 2010~2015, based on a
modeling approach (i.e., radiative transfer model). Overall, the RFs and mean temperature
changes of CO, at Yeon-dong during most years (except for 2014) were estimated to be higher
than those at Gosan. This might be possibly because of its higher concentrations at Yeon-dong
due to relatively large energy consumption and small photosynthesis and also the difference in
radiation flux due to the different input condition (e.g., local time and geographic coordinates of
solar zenith angle) in the model. The annual mean RFs and temperature changes of CO, were
highest in 2015 (2.41 W m ™ and 1.76 K) at Yeon-dong and in 2013 (222 W m™ and 1.62 K) at
Gosan (except for 2010 and 2011). The maximum monthly/seasonal mean RFs and temperature
changes of CO, occurred in spring (Mar. and/or Apr.) or winter (Jan. and/or Feb.) at the two
sites during the study period, whereas the minimum RFs and temperature changes in summer
(Jun.-Aug.). In the case of CH, and N0, their impacts on the RF and mean temperature changes
were very small (an order of magnitude lower) compared to CO,. The spatio-temporal differ-
ences in these RF values of GHGs might primarily depend on the atmospheric profile (e.g.,
ozone profile), surface albedo, local time (or solar zenith angle), as well as their mass concentra-
tions.
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F < IPCC 52 HALA o] mEWH(IPCC, 2013), AH]
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23 (2.1~2.5) W mHt} 23% A% F7l89.eH, CO,
GEORE 168 (1.33~2.03) W mE FHH 1} 9
t}. v 3}9}o] Mauna LoadllA CO0l W& EAR7}
A Azl oJaha, 19799 1.03 W m .21 2004
o 1.63W m~2 F71F Aoz wuH uf gt
(Hofmann et al., 2006). =3 lacono et al. (2008)
ti71e] FPearE Mtk 7Pt 37k 247
2(CO,, CHy, N,0)2] =7} Z17F 369 ppm, 1760 ppb,
316 ppbE S7HIES A5, ©1E9 T HAPIAIY S
1.68 W m~2 Fg8viy wloh 3k, $2lvet o

i,
ol

s=71448ks] 7] #2739 45 (2017)

ALA CO, % W3t B EAPAE A& 4945
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Fig. 1. Geographical locations of two monitoring sites, such as Yeon-dong (urban center) and Gosan sites (background), for
greenhouse gases (GHGs) concentrations (open circle, O) on Jeju Island.
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Table 1. Input parameters in the SBDART model for calculating radiative forcing due to greenhouse gases (GHGs) at urban

center (Yeon-dong) and background sites (Gosan) on Jeju Island.

Site Latitude Longitude GHGs Wavelength Surface albedo Atmospheric
“N) (°E) (mm) properties profile
Yeon-dong 33.29 126.29 CO, 2.0-20.0 Vegetation User specified’
Gosan 33.17 126.10 CO, 2.0-20.0 Vegetation User specified
CH,4 5.0-10.0
N,O 5.0-10.0

*, . . . . . . .
The vertical profiles of meteorological variables, such as air pressure, air temperature, water vapor density, and ozone density,

were used in the SBDART model.
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Fig. 2. Annual mean concentrations of CO, (ppm) at urban
center (Yeon-dong) and background sites (Gosan) and energy
consumption (10> TOE) on Jeju Island during 2010~2015.
Values at Gosan site in 2010 and 2011 represent yearly mean
CO, concentrations, which were calculated using the data
sets except for CO, concentrations during Jan.-Mar. 2010
and Jun.-Dec. 2011 due to data unavailability. The superscripts
“a” and “b” in parenthesis indicate the increased concentrations
compared to those in just previous year at Yean-dong and
Gosan sites, respectively.

A Z 13 0600 UTC) #ZS A&H o7 AN
o otk o714, 20108 1€, 469, 99, 1193}
20129 8~99, 2013 1€, 20143 12€9& o0&l A
ARE AR FAZ B AL

3. 41 2 9|

n

3.1 24 ¥ HiIAXFHUMe 247t1A s Y

AT717H2010~20159) AlFE A5 2 ZARH L]
2A7EE T ©E BAPIAIE S 7] 2HskE v
A5] f18ted, WA F A He] 2ATRS FEL] Al -
F7HE HIlE A9 Rt} Figure 25 A717HE<t
T AHe A¥F CO, FEEZE 9o ks dd

>

330 1880
’_E Gosan %:
328 -
2 o7 11875 S
= =
2 2
S 32 =
‘E o (02 41870 E
g 324t 0.02) s
= =
S 1865 9
O 322t —m— CH, =
[l
V4 —a— N,0 Q
320 . . . . 1860

2010 2011 2012 2013 2014 2015
Time (year)

Fig. 3. Annual mean concentrations of CH; and N,O at
Gosan site on Jeju Island during 2010~2015. Values at this
site in 2010 and 2011 represent yearly mean CH4 and N,O
concentrations, which were calculated using the data sets
except for their concentrations during Jan.-Mar. 2010 and
Jun.-Dec. 2011 due to data unavailability. Additionally, mean
CHy, concentrations during 2012~2015 were excluded due to
lack of its concentration data during the same period. The
superscripts “a” and “b” in parenthesis indicate the increased
concentrations compared to those in just previous year for
CH, and N,O, respectively.
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Fig. 4. Same as Fig. 2 except for the monthly variations of
CO, concentrations and energy consumption.
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Fig. 5. Same as Fig. 3 except for the monthly variations of
CH, and N,O concentrations.
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(7] % OH BHrigahe] wgo] st T, N0
EAFANM FE PR 2B Ay B
AR TN N0 B ARA waE W)
A AEslele e @47 Je e ArHt
(KMA, 2013).

3.2 2ATIA0 mE SAKNY U V|25 £H

Table 2 th7]EALA G 249 (SBDART)S 53+ CO,
TEO E A¥TE BAPIAE ) 72dlstE Yehd
o} oA AF3 ule}l 7ro] IR 9 2010d 1~3€
720119 6~1292 AFE FA=Z 3] BAPIAE 4t
oM AslRen, thr] Zzude] oFEYUL T
gk 20109 1€, 4~6¥, 99, 11€3 20129 8~9¢,
20134 1€, 20149 12€9] A5 FA=R Q&) F A
Ao BEAAY A olA] ALkt wEtd As
AL 2011~20153 ZAAHL 2012~2015 3 s
A8 Autd oz AFa AR HOAM 4=
AFF EAFAES 22 212 (20129)2.41 W m™
(20153)9}F 2.10 (20129)~2.22 W m™> (20133)¢] 8
Ao, A 7| 2Hsk= 747 1.55 (201249)~1.76
K (2015)9F 1.53 (20129)~1.62K (2013)= e}
ok IPCC 53k BaA oA A A7+ 24 7k2e u}
2 F EApgAIgo] 200539 1.68 W m oA 2011
ol 2.83 W m2e2 Z7FFaL(IPCC, 2013), &9}
o] Mauna Loa®llAl+= CO,0ll W& EA7 A2 o] 1979
@ 1.03W m2ollA 20049 1.63W mP2e& oF 309
7Wke] AWHA B3 06 W m? A% Z718Iit
(Hofmann et al., 2006). ©2hA A& 2ER] ol A
o] A= EAPIAIE 3k Afole BlE A1717k o)
A GEA T A A Ee w7 R -] 3t v

Table 2. Yearly variations of radiative forcing and mean temperature changes due to CO, concentrations for the period from
1750 (background CO, =280 ppm) to the respective years (2010~2015) (see Eq. (1)) at urban center (Yeon-dong) and

background sites (Gosan) on Jeju Island.

Site Yeon-dong Gosan

Year AF (W m™) Temp. change (K yr™") AF (W m™) Temp. change (K yr™")
2010 2.00 (1.93)" 1.46 2.10 (1.88) 1.53

2011 2.13 (1.93) 1.56 2.29 (1.93) 1.67

2012 2.12 (1.94) 1.55 2.10 (1.90) 1.53

2013 2.25 (1.96) 1.64 2.22 (1.94) 1.62

2014 2.13 (1.90) 1.55 2.20 (1.96) 1.61

2015 2.41 (2.20) 1.76 2.20 (2.00) 1.61

Values at Yeon-dong and Gosan sites were calculated using the data sets except for the vertical ozone profiles during Jan.,
Apr.-Jun., Sept., and Nov. 2010, Aug.-Sept. 2012, Jan. 2013, and Dec. 2014, due to data unavailability (see Section 2.2).
In addition, the CO, concentrations at Gosan site in 2010 and 2011 were excluded from the calculation of radiative forcing
and mean temperature changes, due to data unavailability during Jan.-Mar. 2010 and Jun.-Dec. 2011, respectively (see Section

2.1).

“The numbers in parenthesis were calculated from the simplified expressions for calculating radiative forcing of greenhouse

gas CO..
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Table 3. Yearly variations of radiative forcing and mean temperature changes due to CH4 and N,O concentrations for the period
from 1750 (background CH, =700 ppb and N,O =270 ppb) to the respective years (2010~2015) (see Eq. (1)) at the

background site (Gosan) on Jeju Island.

GHGs CH4 N20

Year AF (W m™?) Temp. change (K yr'") AF (W m™?) Temp. change (K yr'")
2010 0.301 0.356 0.145 0.148

2011 0.538 0.635 0.169 0.172

2012 - - 0.149 0.152

2013 - - 0.153 0.156

2014 - - 0.149 0.152

2015 - - 0.146 0.149

Values at Gosan site were calculated using the data sets except for the vertical ozone profiles during Jan., Apr.-Jun., Sept.,
and Nov. 2010, Aug.-Sept. 2012, Jan. 2013, and Dec. 2014, due to data unavailability (see Section 2.2). In addition, the CH,
and N,O concentrations at this site in 2010 and 2011 were excluded from the calculation of radiative forcing and mean
temperature changes, due to data unavailability during Jan.-Mar. 2010 and Jun.-Dec. 2011, respectively. In the case CH,, its
mean concentrations during 2012~2015 were also excluded from the radiative forcing and mean temperature changes due
to lack of its concentration data during the same period (see Section 2.1).

g 3k o7 ou|y) gty ddEch 9,
AR 20113 EAZAIE S 1 &) 6~129 FOF
CO, % A&7t fle #AZE J5do] IHEA &
of AAFAHET thh =4 F4E RAoZ AlgdY
(Table 2). A2, F AH 2F 20119%=0] 5L 7]
7H1~59)0l th3k EAAE S A& A3 AFA
Aol 232 W m22 ZAAHE] 220 W m2ETF thh
=A AEFHAG o]y S T A -] FAPIAIE Ao
= kel vl AeAK ] ¥ CO, FE(ATONM
A

BRI

4 2yt 2l FA s ol9om ¥R
(SZAS] A17Hst Bl A (f1A]) 2 5)oll e =

AR 2oz A JIFS F Aoz FA AL
£ AFer = COlll e AR DY (SBDART)
o] ZA3tel [PCCollA AAE AL U= BAPIAE T
2 21(IPCC, 2007)° 28] 4t&d EAPIAES A
2 "33 tH(Table 2] Z3). IPCC F24L W
A CO, &&= ®slol| oEste] EAIAIHS ALt
she TeskE 2 oJusiH, gigAEE Ay
o9 CO, Wi F=} FAEL] CO, T=E 2+
PEAER o] g3t HAPIAE S Aiksit. 5,
34 2 F A dEHE Co, F= gE
EAME AJET o]xe] CO, wigsEe] wE
EARO] zpol7h BEAMIAE o] Hth. 7|4 CH,
N,O= 28 BAMIAE #2171 UF 2o zpge
F7F HolA At vwEAo] ol BAE A9
stk Aukg oz F XFH 2T SBDART <3|
A2E COl o BAPAIE S F9248 Sl 4F
2 =A (22 A3 1.2v)) UERR

2
9. g FA4E A AT FRAA BRIl 7]

¢

o & py Ay 2 Y oR

274 4% (2017)

o,

127 5 o8 847t AFE g H9 U=
b, SBDART RHl thd=]ef 9] 9139} A[7F w3}
w2} 714247 2294, SZAd 9§ A7
s} 5y A3 sty RS FYstEE B}
A2 A7) 2EE Aoz ALEHETH(Song et al,
2014b). =3+ SBDART =93 22| IPCC ¥4 F4
2] ARHE CO, FEo uel BEAPFAHe] =
A FSHEZ CO, 5&7F B2 AsAH] A
AET AR we BAAE] Aad Aeg
A= E T

Table 32 LAFA A ollA] CH,oE N,O0! ol & A+
EAIAIE S 7] 2SS YERATh 2183 22480
AF3 nie} 7ol CH e N,O &% AFF2] 41717
24 98 AR5 F oF A4 A5 FAS Al
Qetal 2zt AR EAMIAIE S 7| 2HskE AEst
Atk AF7|7HEr CHoll 98 EAAIE 7 7] 26
5= 742t 0301 (201059)~0.538 W m™ (2011%), 0.356
(20109)~0.635 K (2011'd)9] BH= yehgdoy, 2
< A5 FAR Qs o] AHedA el EAIAY Bl
71 2ste] gk v wEAL ojF ). $HH, N0
ofgt BEAMIAIEF 712 sl= 2010~201 1A RS H-
A= A3NHS ALstr ZH2E 0.146 (20159)~0.153 W
m? (20139), 0.149 (2015%9)~0.156 K (2013)2]
A2 AF7N17HEr FElg Zfol7F YeRA] ettt

AF7I7Hst RdRS B8 AEE dE 2 A
A9l COel o3t AHF BAPIAE ) 7| 2isks
R (Table 4), ZA4F v ARGl EAAIE 2.18
(1.16~2.71) W mHt}t EAxo] 2= AEA| 4
o] EAFA|HEo] 221 (1.22~2.82) W m™& T&: =
A AEE A 201082 201138 43 &FE (o, CO,
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Table 4. Same as Table 2 except for the monthly variations of radiative forcing (W m™) and mean temperature changes (K
month™) due to CO, concentrations during the study period.

Year 2010 2011 2012 2013 2014 2015
Month AF Temp. AF Temp. Temp. Temp. Temp. Temp.
change change change change change change
Jan. -/- -/- 2.23/2.19 1.63/1.60 2.41/2.41 1.76/1.76 -/- -/- 2.65/2.46 1.93/1.80 2.44/2.23 1.78/1.63
Feb. 2.21/- 1.61/- 240237 1.75/1.73 1.82/1.86 1.33/1.36 2.37/2.34 1.73/1.71 2.59/2.32 1.89/1.69 2.69/2.36 1.96/1.72
Mar. 241/- 1.76/- 2417234 1.76/1.71 228222 1.66/1.62 2.51/2.54 1.83/1.85 1.98/2.35 1.45/1.72 2.82/2.41 2.06/1.76
Apr. -/- -/- 2702771 1.97/1.98 2.44/2.40 1.78/1.75 2.59/2.64 1.89/1.93 2.20/2.55 1.61/1.86 2.80/2.48 2.04/1.81
May -/- -/- 1.84/1.85 1.34/1.35 2.00/2.00 1.46/1.46 237/2.36 1.73/1.72 2.08/2.35 1.52/1.72 2.53/2.14 1.85/1.56
Jun. -/- /- 2.19/- 1.60/-  1.83/1.76 1.34/1.28 1.65/1.62 1.20/1.18 1.64/1.85 1.20/1.35 191/1.82 1.39/1.33
Jul. 1.61%1.69° 1.18Y1.23%  1.62/- 1.18/-  1.22/1.16 0.89/0.85 1.80/1.82 1.31/1.33 1.71/1.78 1.25/1.30 1.90/1.88 1.39/1.37
Aug.  1.89/1.86 1.38/1.36 1.43/- 1.04/- -/- -/ 2.102.09 1.53/1.53 1.72/1.77 1.26/1.29 1.82/1.78 1.33/1.30
Sept. /- -/- 1.99/- 1.45/- -/- -/- 2.09/1.97 1.53/1.44 1.96/1.94 1.43/1.42 2.11/2.03 1.54/1.48
Oct. 233224 1.70/1.64 2.18/- 1.59/- 2.46/2.38 1.80/1.74 222221 1.62/1.61 2.32/227 1.69/1.66 2.67/2.30 1.95/1.68
Nov. -/- -/- 2.35/- 1.72/- 240242 1.75/1.77 2.59/2.41 1.89/1.76 2.55/2.55 1.86/1.86 2.81/2.51 2.05/1.83
Dec.  2.79/2.61 2.04/191 2.25/- 1.64/- 231240 1.69/1.75 242/2.38 1.77/1.74 -/- -/- 243/2.48 1.77/1.81

**Mean radiative forcing and temperature changes at Yeon-dong site, respectively.
®dMean radiative forcing and temperature changes at Gosan site, respectively.

“Not calculated.

Table 5. Same as Table 3 except for the monthly variations of radiative forcing (W m™) and mean temperature changes (K
month™) due to CH, and N,O concentrations during the study period.

GHGs Year 2010 2011 2012 2013 2014 2015
Month

Jan. - 0.65/0.56 ; - -
Feb. - 0.58/0.50 - - -
Mar. - 0.62/0.53 - - ;
Apr. - 0.60/0.52 - ; ;
May ; 0.24/0.21 . - -
Jun. - - - - -

CH, Jul. 0.12%0.10° - - - -
Aug. 0.14/0.12 - - - -
Sept. - - - - -
Oct. 0.35/0.30 - - - -
Nowv. - - - - -
Dec. 0.60/0.51 . - - -
Jan. - 0.18/0.13  0.19/0.15 - 020/0.15  0.16/0.12
Feb. - 0.18/0.13  0.14/0.10  0.19/0.14  0.18/0.13  0.18/0.13
Mar. ; 0.18/0.13  0.16/0.12  0.19/0.14  0.17/0.12  0.18/0.13
Apr. - 020/0.15  0.16/0.12  0.19/0.14  0.18/0.13  0.17/0.12
May - 0.12/0.09  0.11/0.08  0.16/0.01 0.15/0.11 0.12/0.09

NO Jun. - - 0.10/0.07  0.09/0.07  0.1000.07  0.09/0.07
Jul. 0.09/0.07 - 0.06/0.04  0.10/0.07  0.09/0.07  0.10/0.07
Aug. 0.11/0.08 . - 0.12/0.09  0.10/0.07  0.10/0.07
Sept. ; . . 0.12/0.09  0.12/0.09  0.13/0.09
Oct. 0.16/0.12 . 0.18/0.13  0.15/0.11 0.15/0.11 0.16/0.12
Nov. - - 0.19/0.15  0.19/0.14  020/0.15  0.19/0.14
Dec. 0.22/0.16 - 021/0.14  0.18/0.14 - 0.18/0.14

*Mean radiative

"Mean temperature changes.

“Not calculated.

forcing.
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