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COx9l W7l & AF{F71He 50~200 Freel™, CHy#t NO= Zh2E 124, 120
ojt}, ol&g % 71 AFAIFOE g H wEFHW djy|d AFH R FHE o] AT
SHstE TSN 9SS, 2013). AT dste] T]ojsks AR
wel 227t~ RE A2 W3t A 42 (Global Warming Potential) S 7} =, C0»9)
AF&dsA+E 12 Boks o, CHt N0 A F-2dsiA 4= 2H2t 21, 310
2 COyE.t} =vH(Denman et al., 2007; Lelieveld et al., 1998). 1|1} vj&% =
Aol A COzol wiE o] T2 a7t Hla]l R 2] fito] COe= =
o] th3t 7=t oF 60~63%2A CHi(20%)3 NoO6%)ol Hls] % =)
AA st A G2dste] b Be 43S vAE Ao® yEyuthH(Hofmann,
2006).

3 FA 5 shuolttIPCC, 2013). A7t~ wiE % &
T A7 A Zso] @dsxl 13 A H A HA8A 7] FRh)E A e A
w4stAl S7Fs) skohAPCC, 2007). A A 717471 -(WMO: World Meteorological
Organization)®] 2015 227}~ BauAel 1 %7 =-(NOAA: National
Oceanic and Atmospheric Administration)ol] W=ZW, CO.2] A A4 F%7} 1
2 Ak s o] 1 (17501 )l = 280 ppmeol Aot o] % FASHA Ftste] gk
HiE vl o o & 9], 1999d A+ 368 ppmoll A 20151 400 ppmo. 2 A
W 17AZE 9F 1.9 ppm/yr® S7EeE Alolw, AbislH ol xQl 17501 ¥ B uls}o]
144% Z7}8GtHWMO, 2016; http://www.noaa.gov/). %= th& 227}~ 2 CHy
9} NoO= AHd e ol el Z+2F 700 ppb, 270 ppbel 1o, 19991 1783 ppb,



314 ppbol Al 2015\ 0ll= 1845 ppb, 328 pph= HAHol A& 1733+ 36, 0.8
ppb/yr A S7keE FAlolH, A E HI nlustH CHyoF NoO= ZH2F 256%,
121%% S 7FATHWMO, 2014; NOAA, 2014).

Sk o] A9 QFA R A Fo 7| A # S Aol A 19999 CO, &%+ 370.7 ppm
o 4] 20151l 407 ppmo= A 17dzF oF 2.1 ppm/yrA S7Fste] A A4
ARG FUFERY v =4 UER T, 2014). g dnkee] tE )
AR A 20158 CO, AE T = 314F 4065 ppm, 5% 404.3 ppm, =5 %
4042 ppme] =22 YERth hH =Sl CHyeb 20159 i $ %+ 1976.6 ppb
2 1999 7 mlaste] A 1733 66 ppb S 7Fske] 5.6 ppb/yr¥d S 7FEFS AL,
N-O+= 1999 314 ppboll A 20151l 3274 ppb=2 S7Fste] 0.7 ppb/yr® 5 7F38}

Ak @8, AFEE WA Bel Doid gof AP @ YA =i

iin}
e

AZTE wEHs 994 edEde] dFS Al = AN 1
gy, 20149 AlFAY EEREE 247 dWlE" S7bso]l 2013dd] &)
2718% <7kstol d=r Hatl 5%9] 57k dom, dA=elM 7ML Aoz
Bt oHhttp:/www.ts2020.kr). o] A floll = of2] 7px] @&l sl AlF=dllA
= 2AVNE s EEA Fkske FAlolt webA A gdste] o R

e 2V TS A AAALEE E8ola, L B A 5] oo

gl (7l 5, 2005 WFEE 5, 2012, A T,
2007; 3% S, 2005; Brittain et al., 2013; Biins et al., 2012; Cerveny et al.,
2002; Chung et al., 2000; Keeling et al., 1976; Liu et al.,, 2009; McNeil et al.,
2003; Pearman and Hyson, 1981; Shoichi et al.,, 2003; Ziska et al., 2004). <=2
7bs ol dal A =AAAS vl 24 e A 20029 713 vsre]
EAISE Al A9 CO, v W3t B4 A3, =AM AlzA ol Bls] CO,
FE7F dASA %, Baltimore: CO, it F%7) 466 ppm, ZLZY-E <F

10 km Eo]d FY4L& 401 ppm, 50 km EojH FHo A= 385 ppml & LERE
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o (Ziska et al, 2004), =t} A+ F

A A AE Y, olde d¥e dv]l F COp, vE+ ZH7F 439 ppm, 419
ppm, 416 ppmoZ YERGTHAFT 5, 2007). o<} o] wiA¥ =AAH 3
CO; &&= Aol7F o5 ATt AF= oAM= ikE o= CO, 5
T Wst A ik AgF vdetA s gtov, R ATt aLAkA|
Aol watE o] o] FAHHFEA F, 2007, A5A 5, 2011, A5 &, 2014).

Ag2dste] 4 &

B gl o] Ud(+)9 EAGAZE o7 Z&3ITHIPCC, 2013). EHAFEA| o] g
A7 FFehe AT 1 F 9 $FE BEHE dUX Y Aol 1m’
HH g W TS ol &8l AEstete] v, A7 BEske A B
b= olUA7F B AAM AT 2%7F Sebd ule o] AAlgoldtar sfhal

2
vl o] A9+ 5o AAgolgtar grh(http://www.doopedia.cokr). AF 7F 7]
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7}2~(CO,, CHy, N2O, CFC-11, CFC-12 %) % W3lo] w2 20119 HA}
He F 283(226~340) W/m?e 2 20051 CO,, CHy; N.,O9 S7F2 Q13 &
BAZAEA 23(21~25) W/m’Hth 23% S7Fstglod, CO, d5ow
1.68(1.33~2.03) W/m?e] HARZAl= o] FA¥nt AThIPCC, 2013). o] &l 7|
o Hawaii Mauna Loas SAHOZ HAMZAIH dia] #2438 Hofmann et
al.(2006)2] 1ol 93k, COxol 23t HALZAH L 19799 1.03 W/m’ e,
2004 1.63 W/m’Z Z7}8t 21, Tacono et al.(2008)8 th7]¢ FA L A7l
g AE Mt EAAAE S AEs e, COy CHy, NoO° F&=7F
7} 369 ppm, 1760 ppb, 316 ppb= T7tatA& AF 1.68 W/m*e HAMAA
7R aL vk el A, 2ATEae BAEAE A g ] A (SN
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AFE 2 AE(EA4]) A 247tA Fro wE BAGA Y
2 7eHstE B4 9 3 WA AFE a4 A AR AV &
Amg o] &3ttt AFEolE 1A AFAHoAN 247t~ FEE #S3)
3 e, NAHAE St wiAd7|E 24 s 98k Al &) 9
215k aake] 7] WE A AE AR s 20029 5EH dAA COE v ET &
ANAE AEHo 2 ZAsta Jub =3 d5AHY] CO, vE #=L AFE
BASFATY] AEsta glor 201035 AA7A CO, vEE Z45
Atk AT =AAAS wusty] 98] A71HE 2010~2015H 02 Akt
A AL WMOC A Axlshes AdF #5490 S420E WEshe =71 vl
A gola, AEAH (3329 N, 126729 E)& 20161 o177} o7 A|F
= WellA =53 o= 25 (72 A 55 W)o oo 3UAZ 7} B =

A Aol & 3th(http/www.jeju.go.kr).
A YA HAA CO;, TEE HEAHH ] A (NDIR: Non-dispersive infrared
Dual Wavelength)®¥ 5 o2 =A%t} NDIRS CO, F=3S A3 =437

3l 42 el spFe s o] SAS ] winel] AHET F otel, 8
HA ol AT 5 oA @A FoklA T2 AREHH, AL ALe
2 AARE FAe] bssta SAH 59 §lol Aol Agetr] witel tiE A

o7 AREEHE WRolt (el =, 2007).

shuk=o} ofrjo} wlAA AT HluE 98] v 22 QMHE dE
Ryori¢} Minamitorishima, %= Waliguan, %% Ulaan #=4Z2 XAA&A 1, F
7hE ATl A Agor 247 dE5E AAEe] oW VIR S ARE R
star glom, x| EA ¢l A FF #F=4 v Hawaii Mauna Loax= A A3}

AH(Fig. 1). obAlo} w7 A He] 247~ % As5E WMOAA 4938t 9l
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GAW (Global Atmosphere Watch)XZ = 1302] 227}~ AAASAEH

(WDCGG: World Data Center for Greenhouse Gases)ol A A|-&Hkqtt). X

Z|AAHAS AT A S AHE Ags| getetr] s FE AoE A
2

#4524, A9w #5

re
offt
B
2L
o
ol

$  2010~2015 ¢, 4k oFW X Ryori, Minamitorishima,
Waliguan, Mauna Loa 4% 2002~2015d 9]t} AF 7| W 374 A 20029 -
B 22725 SAeta 9oy 20124 o] %9 CHy Alat ZZo] wom Alg

Aol H=3dho] A ¢38F%) il Minamitorishima, Waliguan, Ulaan® 7%+ N,O

2 ZA8A ol COu9t CHyol s et B2 85tk AlF 22k 2 ofAlo} uj 74
Ao AT FUHES AR A8l AF7IZH2002~2015) ATk FE
255 o]&3to] Mann-Kendall (MK) WS AAstAth MK #A4H 57}
of AaE wEst= AR AIE EAE] s FE ALEHE dHorA A
& A9 7127 (slope), & BT F7HES FA487] Jste] £3] o] g¥ = W

o]th(Anttila et al., 2010; Simmonds et al., 2004).
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Fig. 1. Geographical locations of two monitoring sites (Yeon-dong and Gosan)
for greenhouse gases concentration (open circle, O) on Jeju, South korea and

Asia background site and Mauna Loa for greenhouse gases (circle, @).



EAY wmMAAEY CO, F=dd st EAGAH(ARNS AFESE7] 915k
Hansen et al.(1987)¢ A4 Z2¥E 7|22 3 wdtd HAHAS A &30
(Table 1).

Table 1. Simplified expressions for calculating radiative forcing of greenhouse

gases such as CO,, CHy and N-O (IPCC, 2013).

Greenhouse Simplified expressions for calculation

Gases radiative forcing (AF) (W/m?) Constants
AF=aln(C/G) 0=5.35

CO, AF=a+8(+/C—/G) a=4.841, 3=0.0906
AF=a{g(O)—¢(G)} =335

CHy AF=a(VM— /M) —{f(MN,)— f (M, N,)}  a=0.036

N,O AF=a(VN—/N)) = {f(My, N)— f (M, Ny)}  a=0.12

C: ambient CO, concentration (in ppm).

M: ambient CH4 concentration (in ppb).

N: ambient N-O concentration (in ppb).

Co=280 ppm, My=700 ppb, and Ny=270 ppb (IPCC, 2013).
g(C)=In(1+1.2C+0.0005C*+1.4x10°C”)
£(M,N)=0.47In[1+2.01x10 °(MN)0.75+5.31x10 "M(MN)**]

of7IA A WA o Fe(a)= 3 715/718 A48 A= (Myhre et al,

1998)5 o] &3k HA

f
2
0}
X
2
=

7125 & M2 FFG3D)E gAY, o

Ae 7t ARE eAs FE WSl B2 BAZALS AN Gl v

(1992)¢} Hansen et al. (1988)2] 1x¢ A+ Hr 7]173Yd A&5E vfgoz 4}
ZHYTHEAT 5, 2014). 18 a ol HAF ‘07 L2720 MAREE 9n



W)l CO,, CHy NoO F=21 280 ppm, 700 ppb, 270 ppbZ o] -&3}31t}.
A 2A7tA Fro wE Hirr]2e WsteE T8 WA HAAE(A

F)ele] AgAA A S o] &ste] A3 THIPCC, 1990; Lim et al., 2006).

714 ACK/AWm))E Z1$F94% W5 ATCKE 3 AxeE W
F(W/m*)E diFAAENA ] EAGAE S ouath(Ed &, 2014). 7]1$07
= HFEMNE BAAAE §9, dE W nuddoRn ByyE 7|FHE A
of &) ¢ FFs e Aoz YeRY, o] g 93-S Hansen et al.(2005)9
M= Cefficacy(n)”et A olstslon, CO, 7IFRIZE ®a (ACOp)ol gt viEE
A 71FUgE M50 &S 9w d.

ri = A/ACO» (2)

o\

4 28 4 19 443, A
W e vhest P,

Heow wig=d@)e SAAHA o3 Ht 7=

ATS ~ l’i')\COz'AF (3)

o] 7] -] ACO.x= Ponater et al.(2006)°] A A3+ 0.73 (°K/(Wm?)¢] #< o] &3t
o} CHu9F N.O°l r; #h2 Z+2F 1.18(Ponater et al., 2006)¥} 1.02(Hansen et al.,
2005)E o] &3FATHEAT 5, 2014b).
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B AFolM e destd FAAS o8t AbES BAGAE WSt 3
A 7| EAAE R D Aas vu BAset AFEE BAdY REE S
229l Santa Barbara DISORT Atmospheric Radiative Transfer (SBDART)
T dolty, SBDART Ede o3 (0.25~4.0 pym), &3 (4.0~100 ym), @ 33
39 (025~100 pm)ell A wrzAket 51 = th7lel ik thr]el A Er oA 9

o

BEALE S AR oS 5, 2014; Ricchiazzi et al., 1998). SBDART Rdl&
AFEHANA 100 km LE7HA] 3370 202 FAE Qi 25 KmZFAE 1 km
AT EE 7HAH, Rdeo] x3tE A 2 sigoz o] HEAAYE WAHAES

Discrete-Ordinate-Method Radiative Transfer (DISORT) W o=z A E= I
A tH(Stamnes et al., 2000). o]#13 WHE FHoR HIP3 thr] oA =
AAGE TAE dAst=d o] FAHoR g H & Al F$H(Ricchiazzi et

(F‘L FT ) ( Back *L FB(Lck T ) (4)
Fl:aTRdAs sEd o% g BAS
PP aiqgAd sed o8 4% BAs
Fpa b: M35me] 9@ 83 2%

Fo.,. 11 WA s%e o Abak B}

J»

SBDART 29 23S Qs tj7] TEud dojzs A FH dd= 24

Al 5 22 oy dE HFE S dolg Mol ~(d, atms.dat)E &3

TH(Ricchiazzi, 1998). AF4-2H52 SBDARTOIA 7Aooz AFste Iy WF
=9 vivel A A ghs AEete] dAsiAY, 54 4F Wl o AR
= dHlolHHlol~E wrEo] AFAY Ifre 54S wdste RdE dPd -
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Table 2. Input parameter on several factors for the estimation of radiative forcing at study area during the study period

(2002-2015).

Stat; U Surface A hers
Site tation Latitude  Longitude GHGs Lower pper Albedo tm.o spherie
Category wavelength wavelength . Profile
Properties
Korea . . o
Regional 33.17 126.10 COq 2.0 20.0 Vegetation  User Specified
Yeon-dong
CO, 2.0 20.0 -
Korea Regional ~ 33.17 126.10 CH, 50 10.0 Vegetation ~ Loor, >pecified
Gosan NO 50 10.0 /US62
Korea CO, 2.0 20.0
Regional 36.53 126.32 CH4 5.0 10.0 Vegetation  US62
Anmyeon-do N.O 50 10.0
Japan CO, 2.0 20.0
) Regional 39.03 141.82 CH4 5.0 10.0 Vegetation  US62
Ryori NO 50 10.0
ﬁfj;mimmhima Global 24.28 153.98 g% §:8 ?8:8 Vegetation ~ US62
China CO2 2.0 20.0 )
Waliguan Global 36.28 100.92 CH, 50 10.0 Vegetation  US62
%ﬁzzrgfha Regional  44.45 111.08 g%l 38 fgg Sand US62
USA CO, 2.0 20.0
Hawaii Maunaroa Global 19.539 -155578  CHy4 5.0 10.0 Vegetation  US62
N-O 5.0 10.0
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Fig. 2. Annual mean concentrations of CO, at and background sites (Gosan)

and urban center (Yeon-dong) on Jeju Island during 2010-2015.
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Fig. 3. The number of households at Gosan and Yeon-dong during 2010-2015.
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Fig. 4. Traffic volume at Gosan and Yeon-dong during 2010-2014.
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Fig. 5. Total precipitation at Gosan and Yeon-dong during 2010-2015.
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Fig. 6. Annual mean concentrations of CH; and N>O at background sites

(Gosan) on Jeju Island during 2010-2015.
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Fig. 7. Monthly concentrations of CO, at (a) Gosan and (b) Yeon-dong on
Jeju Island during 2010-2015.
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Fig. 8 Box plots for monthly variations of COs concentrations at Gosan and

Yeon-dong during 2010-2015.
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Table 3. A statistical summary of CO, concentrations (ppm) at Gosan and

Yeon-dong during the study period.

Month Gosan (2010-2015)
Jan 403.6+5.5" (403.1)"
390-431°¢ (2849)4

Yeon-dong (2010-2015)
410.6+16.4* (409)°
337-505¢ (3740)¢

Feb 405.3+5.6 (405) 416.0£18.2 (415)
389-429 (2101) 354-496 (2830)
Mar 404.9+5.9 (405) 409.5+22.0 (408)
388-435 (2453) 318-506 (3265)
Apr 405.3+5.7 (405) 406.4+18.1 (404)
385-429 (2632) 336-496 (3084)
May 405.7+6.1 (406) 407.9+21.7 (403)
383-427 (2410) 334-512 (3361)
Jun 402.2+6.1 (402) 400.1+19.1 (396)
386-427 (1559) 317-506 (2562)
Jul 398.315.9 (398) 396.4+19.1 (392)
374-431 (1773) 313-520 (3206)
Aug 396.06.9 (396) 398.7+18.4 (395)
375-422 (1561) 328-498 (3242)
Set 395.8+6.0 (395) 397.7+18.3 (397)
378-423 (1994) 311-476 (3310)
Oct 400.3£5.2 (400) 407.4+17.9 (404)
380-424 (2575) 323-498 (3749)
Nov 403.4£7.5 (403) 410.3+18.7 (407)
380-433 (2799) 347-514 (3320)
Dec 404.8+6.6 (404) 405.3+18.1 (404)

381-440 (2960)

321-512 (3580)

CO; concentrations for Jan and Mar 2010, Jun—-Dec 2011, and the whole period of 2015 at

Gosan were excluded due to data unavailability.

“Mean=*lo.
"Median.
“‘Min.-Max.

Number of data.
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Fig. 9. Monthly variations of CH, and N>O concentrations at background
sites (Gosan) on Jeju Island during 2010-2015.
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Table 4. Monthly variations mean radiative forcing by CO: concentration at Gosan and Yeon-dong during 2010-2015

calculated from the simplified expressions.

Year 2010 2011 2012 2013 2014 2015
Month Gosan  Yeon-dong Gosan Yeon-dong Gosan Yeon-dong Gosan Yeon-dong Gosan Yeon-dong Gosan Yeon-dong
Jan - 1.96/1.43 1.90/1.39 2.07/1.51 1.93/1.41 1.93/1.41 1.95/1.43 1.95/1.42 1.99/1.45 2.14/156 2.02/1.48 2.22/1.62
Feb - 2.0/146 197/144 221/162 191/1.40 1.87/1.37 197144 1.99/1.45 2.01/1.47 2.26/1.65 2.03/1.48 2.31/1.69
Mar =4 197/143 191/1.40 2.14/156 1.93/1.41 1.99/1.45 1.98/1.45 1.95/1.42 2.0/1.46 1.69/1.23 2.06/1.50 2.41/1.76

Apr 1.91°/1.39° 1.95/1.40 1.96/1.43 2.02/1.48 1.95/1.42 197/1.44 199/1.45 1.94/1.42 2.02/1.48 1.74/127 2.07/151 2.35/1.72
May 1.93/1.41 1.92/1.38 1.93/1.41 195/143 197/144 196/1.43 2.03/1.48 2.05/1.49 2.01/1.47 1.78/1.30 2.03/1.48 2.40/1.76

Jun 1.94/1.42  1.90/1.31 - 1.88/1.37 1.87/1.36 1.93/1.41 192/148 1.96/1.43 197/144 1.75/1.28 2.0/1.46 2.09/1.53
Jul 1.87/1.37  1.79/1.37 - 1.81/1.32 1.85/1.35 1.95/143 1.89/1.40 1.86/1.35 1.90/1.39 1.82/1.33 1.92/1.40 1.93/1.41
Aug 1.85/1.35  1.88/1.29 - 1.80/1.31 1.82/1.33 1.96/1.43 1.90/1.38 1.90/1.39 1.83/1.36 1.77/1.30 1.92/1.40 1.98/1.44
Set 1.82/1.33  1.77/1.41 - 1.68/1.22 1.83/1.33 197/144 1.85/1.35 1.96/1.43 1.86/1.36 1.88/1.37 1.90/1.39 1.99/1.45
Oct 1.85/1.35 1.93/1.48 - 1.90/1.39  1.90/1.39 1.96/1.43 1.92/1.40 1.92/1.40 1.92/1.40 1.96/143 1.99/1.45 2.30/1.69
Nov 1.85/1.35  2.03/1.48 - 20/146 193/141 192/140 1.96/143 211/1.54 1.97/1.44 196/1.43 2.06/1.51 2.31/1.68
Dec 191/1.39  2.06/1.50 - 1.76/1.28 193/141 1.85/1.35 1.96/143 1.99/1.45 1.98/1.45 2.06/151 2.08/152 2.13/1.55

ddata unavailability.
"Mean radiative forcing.

‘Mean temperature change.
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Table 5. Monthly variations mean radiative forcing by CHj N>O concentration at Gosan and Yeon-dong during 2010-2015

calculated from the simplified expressions.

Year 2010 2011 2012 2013 2014 2015

MOl’lth CH4 NZO CH4 Nzo CH4 Nzo CH4 N ZO CH4 N ZO CH4 NZO

Jan - - 0.54/0.63 0.18/0.18 - 0.170.18 - 0.19/0.19 - 0.19/0.19 - 0.19/0.19
Feb - - 0.54/0.64 0.18/0.18 - 0.18/0.18 - 0.19/0.19 - 0.19/0.19 - 0.19/0.19
Mar - - 0.53/0.62 0.18/0.19 - 0.18/0.19 - 0.18/0.18 - 0.19/0.20 - 0.19/0.19
Apr 0.53°/0.63° 0.19/0.17 0.53/0.62 0.18/0.18 - 0.18/0.19 - 0.18/0.18 - 0.19/0.20 - 0.19/0.19
May 0.53/0.63 0.19/0.19 0.52/0.62 0.18/0.19 - 0.18/0.19 - 0.18/0.19 - 0.19/0.20 - 0.19/0.19
Jun 0.53/0.62 0.19/0.19 - - - 0.19/0.19 - 0.18/0.19 - 0.19/0.19 - 0.19/0.19
Jul 0.53/0.63 0.18/0.18 - - - 0.19/0.19 - 0.18/0.18 - 0.19/0.19 - 0.19/0.19
Aug 0.51/0.60 0.18/0.18 - - - 0.18/0.19 - 0.18/0.19 - 0.19/0.19 - 0.19/0.19
Set 0.52/0.61 0.18/0.18 - - - 0.19/0.19 - 0.19/0.19 - 0.19/0.19 - 0.20/0.20
Oct 0.54/0.63  0.18/0.18 - - - 0.18/0.19 - 0.19/0.19 - 0.18/0.19 - 0.20/0.20
Nov 0.54/0.63  0.18/0.18 - - - 0.18/0.18 - 0.19/0.19 - 0.18/0.19 - 0.20/0.20
Dec 0.54/0.63  0.19/0.19 - - - 0.19/0.19 - 0.19/0.19 - 0.19/0.19 - 0.19/0.19

“data unavailability.
PMean radiative forcing.

“Mean temperature change.
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Fig. 13. Mean radiative forcing and mean temperature changes simulated by
the SBDART for greenhouse gas (CO,, CHy N->O) at Gosan and Yeon-dong
during 2010-2015. Except for the radiative forcing (F) and mean temperature
change (T).
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Table 6% A77]F S 34k AFAHo A Rl 93] 4l&EH CO°l 9
S Hat BAPGAE B vlewst Aottt A2 ARt wp AR kA -
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Table 6. Monthly variations of radiative forcing and temperature change simulated by the SBDART for CO: concentration at
Gosan and Yeon-dong during 2010-2015.

Year 2010 2011 2012 2013 2014 2015
Month Gosan  Yeon-dong Gosan Yeon-dong Gosan Yeon-dong Gosan Yeon-dong Gosan Yeon-dong Gosan Yeon-dong
Jan - - 2.19/1.60 2.23/1.63 2.41/1.76 2.41/1.76 - - 2.46/1.80 2.65/1.93 2.23/1.36 2.44/1.78
Feb - 2.21/161 237/173 2.40/1.75 1.86/1.36 1.82/1.33 234/1.71 237/1.73 232/1.69 259/1.89 236/1.72 2.69/1.96
Mar - 241/1.76  2.34/1.71 2.41/1.76 2.22/1.62 228/1.66 254/1.85 251/1.83 2.35/1.72 1.98/1.45 2.41/1.76 2.82/2.06
Apr - - 2.71/198 2.70/1.97 2.40/1.75 2.44/1.78 2.64/1.93 259/1.89 255/1.86 2.20/1.61 2.48/1.81 2.80/2.04
May - - 1.85/1.35 1.84/1.34 2.0/1.46  2.0/1.46 2.36/1.72 2.37/1.73 2.35/1.72 2.08/152 2.14/156 2.53/1.85
Jun - - 2.19/1.60 1.76/1.28 1.83/1.34 1.62/1.18 1.65/1.20 1.85/1.35 1.64/1.20 1.82/1.33 1.91/1.39
Jul 1.69/123 1.61/1.18 - 1.62/1.18 1.16/0.85 1.22/0.89 1.82/1.33 1.80/1.30 1.78/1.30 1.71/1.25 1.88/1.37 1.90/1.39
Aug 1.86%/1.36" 1.89/1.38 - 1.43/1.04 - - 2.09/153 2.10/153 1.77/1.27 1.72/1.26 1.78/1.30 1.82/1.33
Set - - - 1.99/0.4 - - 1.97/144 2.09/153 1.94/1.42 196/143 2.03/148 2.11/1.54
Oct 2.24/164  2.33/1.70 - 2.18/0.15 2.38/1.74 246/1.80 2.21/1.61 222/1.62 227/166 232/169 230/1.68 2.67/1.95
Nov - - 2.35/1.72  2.42/1.77 2.40/1.75 2.41/1.76 259/1.89 255/1.86 255/1.86 251/1.83 2.81/2.05
Dec 2.61/191  2.79/2.04 - 2.25/1.64 2.40/1.75 2.31/1.69 2.38/1.74 2.42/1.77 - - 2.48/1.81 2.43/1.77

“Mean radiative forcing.
PMean temperature change.

‘data unavailability.
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Table 7. Monthly variations of radiative forcing changes simulated by the SBDART for CHj N:O concentration at Gosan
during 2010-2015.

Year 2010 2011 2012 2013 2014 2015
Month CH,4 N2O CH,4 NzO CHy4 N2O CHy4 N:O CHy N:O CH4 N2O
Jan - - 0.65/0.77 0.18/0.18 - 0.19/0.20 - - - 0.20/0.20 - 0.16/0.17
Feb - - 0.58/0.68 0.18/0.18 - 0.14/0.14 - 0.19/0.19 - 0.18/0.18 - 0.18/.018
Mar - - 0.62/0.73 0.18/0.18 - 0.16/0.16 - 0.19/0.19 - 0.17/0.17 - 0.18/0.18
Apr - - 0.60/0.71 0.20/0.21 - 0.16/0.16 - 0.19/0.19 - 0.18/0.18 - 0.17/0.17
May - - 0.24/0.29 0.12/0.12 - 0.11/0.11 - 0.16/.019 - 0.15/0.15 - 0.12/0.12
Jun - - - - - 0.10/0.10 - 0.09/0.09 - 0.10/0.10 - 0.09/0.09
Jul 0.12/0.14  0.09/0.09 - - - 0.06/0.06 - 0.10/0.10 - 0.09/0.09 - 0.10/0.10
Aug  0.14%0.17° 0.11/0.11 - - - - - 0.12/0.12 - 0.10/0.10 - 0.10/0.10
Set - - - - - - - 0.12/0.12 - 0.12/0.12 - 0.13/0.13
Oct 0.35/0.41 0.16/0.17 - - - 0.18/0.18 - 0.15/0.15 - 0.15/0.15 - 0.16/0.16
Nov - - - - - 0.19/0.20 - 0.19/0.19 - 0.20/0.21 - 0.19/0.19
Dec 0.60/0.70  0.22/0.22 - - - 0.21/0.19 - 0.18/0.19 - - - 0.18/0.19

“Mean radiative forcing.
"Mean temperature change.

‘data unavailability.
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Table 8. Correlation between radiative forcing and ozone in 25 km-30 km at

the Gosan and Yeon-dong during the study period (2010-2015).

Site
Vear Gosan Yeon—dong
2010 -0.869 -0.606
2011 0.046 -0.435
2012 -0.261 -0.193
2013 -0.527 -0.538
2014 -0.662 -0.743
2015 -0.798 -0.670
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2010~20151 7|3t 2k}t AF A el 2A7Fze o3k BAbAE Rl B
o] A3= IPCC 4%}, 52k B¢ Hlwd Axo]th(Fig. 15). IPCC 47}, 53F B
aAe] o3t CO, HjEZF-E &3 BAEAIES 20053 1.66 W/m?olH,
2011l 1.68(1.33~2.03) W/m?olth. CH,¢] =l 7]ukdh 43k 0.48(0.38~
0.58) W/m*S.2 20057 2011d0] Fd3at 3, N.O2 20059l 0.16, 2011 <]
0.17 W/m?e] BAMZFAI €S veEbth 2010~20151 7]17F AR ol A COell <]
3 BAZAHE 21~229 W/m’elW, CHE 0.30~054 W/m* N,O¥ 0.145~
0.169 W/m*e] HAZ4AEE Yerith A5 HolAd COol 23 HALgA =&
212~241 W/m*Z &5t 22 H e CHaa N,Ool 93t BAA &
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Fig. 15. Comparison of radiative forcing by CO., CHj N->O between IPCC
fourth, fifth Assessment Report and result of Gosan and Yeon—-dong during
2010-2015 simulated by the SBDART.
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FAY QT = AP FUFEo] 2z oF 214, 2.07 ppmo©|™, Ryorie 2.06,
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G oz A7F 21 ppm? S7FsER o, uAky A== 747 207, 2.14 ppm

A Sl AT vz FAR S7keka vk At @549 Mauna
Loa®} Minamitorishima, Waliguano| A %<& s%7} YEY I, 22ka} obH o
A 7HE E=A UEbsth Mauna Loa®l AW 149 &< CHy % A% S7HE
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o™ Waliguan< 5.3 ppb, Ulaane 5.1 ppb® 78kl 2 Il

9.0, 7.5 ppb2 2 HE ofAlo} MiBA ARG £ FUHES EAH NoO= COH
CHyoll Ml W3} £2 z2Ant 3] F7lsts FA otk NyOE #5351 A=
ofAlo} wj ALl EZF WA gkolx A Ryorixl Ay A tiiE wj Aol ELI
Mauna Loa®t BlaLstivt, A 3¢ v 7lelA NoO F%=7F ppb w4
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She A 149 EF AxF Z447F oF 0.86, 0.89 ppb¥ FTFetaL Sl Ao,

, 071 ppb® =71l FAIR AR HY F71ee

28 g% 0l9F wEYo]l drh(Keeling et al, 1995 Seinfeld et al., 1998;
NOAA CMDL, 2002; McNeil et al.,, 2003). t7F= At HAY sl4d 2 =H g
7F di7] & CO, s%9 w43 Hess do7|=d(Seinfeld et al, 1998), <+
St = olo] &ahx] gfol RIZF & FUHF W] COp, vEE F7HAYI

=d e B2 vldEle Aoer Alsdti(EAN T, 2005). E3, b
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Fig. 16. Annual mean concentrations of CO; CHy N>O site (Gosan,
Anmyeon—do, Minamitorishima, Ryori, Waliguan, Ulaan) and Mauna Loaduring

2010-2015.
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Table 9. Annual growth rate of CO,; CHj N-O concentration at Asia

background site and Mauna Loa.

Site CO, CHu4 N-O
Gosan 2.073? 9.077 0.938
1.430°-2.597¢ 3.948-16.486 0.331-1.179
Anmyeon—do 2.137 7.460 0.711
1.982-2.259 2.385-11.690 0.600-0.835
Ryori 2.063 4574 0.875
1.946-2.191 2.833-6.360 0.688-1.121
Waliguan 2.136 5.285
1.999-2.380 2.242-8.240
Mauna Loa 2.090 5.256 0.885
2.009-2.189 3.495-6.994 0.825-0.935
Minamitorishima 2.080 6.292
11.964-2.196 3.610-8.187
Ulaan 2.128 5116
1.935-2.300 3.130-6.718
average
2.101 6.151 0.852

CH; concentrations for 2012-2015 at Gosan and N>O concentration for 2015 at Ryori were

excluded due to data unavailability.

“represents the annual rate of variation

bestimate of the lower limit of @ with a 99% confidence interval (a = 0.1);

‘estimate of the upper limit of Q with a 99% confidence interval (a = 0.1);
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332 7 EAIAG RA S o] &3 BEAAAY & 7|2 s
SBDART E2l& o] &3le] ofrlo} wjAA Ho|A] A7}~ wjEo] & HAi}
BAE & A=A tH(Fig. 18). ofAlol v A A H ] A4 o FERE B FFU] HE

AEE T 5 glo] USE2 t7] T ol gatgion], dEst opalch

BE AFA v& F7F FA mpR AR HAL
FAFEY 7] EAs SUbste FAE BT A HO A Ad 1413 (2002~
2015 )7 COzoll 93t Bt BAZ A A& g2 1.62 W/m*(1.19~1.96 W/m?)
o], StAEAHol = 1.62(1.24~2.02 W/m*H) L2 % CO, %7} e a2t
W QtHE A thE oo} miAAFEY E2 BAGAE R 72wt
el o 24 obHE 8o 2 Ryori (1.57 W/m?), Waliguan (1.56 W/m?),
Ulaan (1.55 W/m?), Minamitorishima (1.54 W/m?, Mauna Loa (1.53 W/m*)<
o2 yepygth =l wiAA-] CO; EAMGAE S o] wiE A d v
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site and Mauna Loa during 2002-2015.
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Table 10. Comparison of mean radiative forcing by COs; between simplified expression and SBDART model with US62

atmospheric profile at Asia background site and Mauna Loa during 2002-2015.

Month Gosan Anmyeon—do Ryori Minamitorishima Waluguan Ulaan Mauna Loa
Jan 1.74%/1.84° 1.75/1.87 1.68/1.80 1.61/1.75 1.65/1.74 1.67/1.79 1.58/1.73
Feb 1.75/1.85 1.74/1.87 1.71/1.82 1.61/1.76 1.67/1.75 1.68/1.80 1.59/1.74
Mar 1.70/1.86 1.67/1.85 1.66/1.83 1.59/1.77 1.63/1.77 1.64/1.81 1.57/1.75
Apr 1.65/1.87 1.66/1.90 1.61/1.83 1.55/1.78 1.59/1.79 1.58/1.80 1.56/1.77
May 1.59/1.85 1.62/1.89 1.56/1.82 1.54/1.78 1.55/1.78 1.52/1.77 1.54/1.77
Jun 1.53/1.80 1.54/1.81 1.47/1.75 1.53/1.76 1.48/1.72 1.44/1.70 1.54/1.76
Jul 1.49/1.74 1.50/1.77 1.41/1.68 1.50/1.73 1.43/1.66 1.39/1.64 1.51/1.70
Aug 1.45/1.71 1.48/1.74 1.39/1.65 1.48/1.70 1.43/1.66 1.39/1.65 1.48/1.71
Set 1.48/1.74 1.47/1.73 1.42/1.68 1.45/1.68 1.47/1.69 1.45/1.70 1.46/1.69
Oct 1.58/1.80 1.57/1.81 1.53/1.75 1.49/1.70 1.51/1.72 1.53/1.75 1.48/1.69
Nov 1.67/1.84 1.65/1.83 1.63/1.79 1.55/1.73 1.60/1.74 1.61/1.78 1.52/1.71
Dec 1.76/1.85 1.73/1.86 1.72/1.82 1.61/1.75 1.68/1.76 1.69/1.81 1.58/1.73

4CO;, radiative forcing by SBDART model.

PCO, radiative forcing by simplified expression.
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A Study on Climate Environmental Change due to
Greenhouse Gases at Background and Urban Center
sites on Jeju Island: Comparison between Radiative

Transfer Model and Simplified Expressions

Soo—-jeong Lee

Department of Farth and Marine Sciences, Graduate
School, Jeju National University, Jeju, Korea

Abstract

In this study, The temporal variations of CO- concentrations and radiative
forcing (RF) due to greenhouse gas (CO, CHy; and N>O) were examined at
background sites (Gosan) and urban center (Yeon-dong) during 2010-2015 in
Jeju area. Overall, annual mean CO, concentrations at Yeon-dong and Gosan
sites have gradually increased, and higher concentrations (401-422 ppm) at
Yeon-dong than those (398-407 ppm) at Gosan. The maximum CO,
concentrations at the two sites were observed in winter or spring, followed
by fall and summer, with higher concentrations at Yeon—-dong. The RFs at
the two sites were estimated based on simplified expressions for calculating

RF for the study period. The radiative transfer model (Santa Barbara
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DISORT Atmospheric Radiative Transfer, SBDART) was then used to
compare with changes in the RFs calculated from the simplified expressions
for greenhouse gas. Radiative forcing for CO- calculated from the simplified
expressions at Gosan and Yeon-dong during 2010-2015 were 194 and 1.98
W/m? respectively. Radiative forcing for CO, simulated by the SBDART at
Gosan and Yeon-dong during 2010-2015 were 2.18 and 220 W/m’
respectively. The CO, RF simulated by the SBDART was about 12~13%
higher than that of the simplified expression, on average. Unlike the simplified
expressions, the SBDART model utilized meteorological conditions such as
vertical atmospheric profile (atms. dat) and surface albedo of the study area
(i.e., Jeju). Therefore, it is to expect that the results simulated with the
SBDART will be more realistic than those derived from the simplified
expressions. The RF by CO, at Yeon-dong (2.11-2.41 W/m?was higher than
that at Gosan (2.10-229 W/m?®, possibly because of higher CO,
concentrations at Yeon-dong resulting from population growth and human
activities (e.g., fossil fuel combustion). The highest mean RFs at Yeon-dong
(approximately 2.82 W/m?) and Gosan (2.71 W/m? occurred in Mar 2015
(Yeon—-dong) and Apr 2011 (Gosan), whereas the lowest RFs (1.22 and 1.31
W/m?, respectively) in fall 2011 (Yeon-dong) and summer in 2012 (Gosan).
We analyzed the change in greenhouse gas concentrations in the Korea, Asia
background sites and global atmosphere watch observatory (Mauna Loa).
Greenhouse gas concentrations were relatively high in Korea compared to
other background sites. The highest monthly mean RFs by simplified
‘WM Yexpression was observed in spring, whereas the highest monthly mean
RFs by SBDART was simulated in winter. The SBDART model utilized
surface albedo and solar zenith angle of the study area. As a result, monthly

characteristics appeared.
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