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Impact of Greenhouse Gas Emissions from Commercial Aircraft on
Radiative Forcing and Temperature Change at the Airports in Korea:
Comparison between Simplified Expression and

Radiative Transfer Model
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Abstract

In this study, spatial and temporal variations of radiative forcing (RF) and mean temperature changes due to green-
house gases (CO,, CH,, and N,O) emitted from commercial aircraft were examined based on the simplified expres-
sion at the airports in Korea during 2009 ~2010. The radiative transfer model (SBDART) was used to compare
with the RF and mean temperature changes calculated from the simplified expressions for greenhouse gas CO,. The
RF simulated by the SBDART was about 67% higher than that of the simplified expression, on average. The
highest mean RF (up to 9.0 mW/m? for CO,) and mean temperature changes (up to 9.7 x 1073 ° K/day for CO,) for all
GHGs occurred at Ulsan airport during the study period, whereas the lowest RF and temperature changes at
Yangyang (for CO,) and Sacheon airports (for CH, and N,0). In the case of CH, and N,O, their effects to the RF

and mean temperature change were negligible compared to CO,.

Key words : Greenhouse gas emissions, Radiative forcing, Mean temperature change, Airport, Aircraft, Simplified
expression, Radiative transfer model, SBDART
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ol o8l =A =7}slar 9l (IPCC, 2013). o=
o, A AFHoe 911 WE T O,
W] Z22 1970 28.7 GtCO,-eq/yr2 B1E o] &3
20040l = oF 178 2718+ oF 49.0 GtCO,-eq/yri
Gepdet o felw gelel ebdw AT
F= 2ol A At 79 (1999 ~200541) FoF L7k~
I AE5s BN A, shks 239 27k
FE Z7FEe] A AT Hisee] TR =
vebgeS vzl o (hitp://www.kma.go.kr). &
CO,, CH,, N,09] A AT Hd¥x ZUee 44
1.9 ppm/yr, 3.7 ppb/yr, 0.8 ppb/yrg]l BFH, dhak= (QH4
)M =782 2.7 ppm/yr, 4.6 ppb/yr, 0.9 ppb/yr
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£ 343t} (Stuber and Forster, 2007; Travis et al.,
2002; Schumann, 1997).
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RF)o] ¢F 14%7}A] (3F27]-4A-$ (aviation-induced
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ol o8t BAIAIE L oF 55 mW/mPR A <19
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(Lee et al., 2010).
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Fig. 1. Geographical locations of the 11 small-scale air-
ports in Korea (Gwangju: RKJJ, Cheongju: RKTU,
Daegu: RKTN, Ulsan: RKPU, Yeosu: RKJY, Po-
hang: RKTH, Sacheon: RKPS, Muan: RKJB, Gun-
san: RKJK, Wonju: RKNW, and Yangyang: RKNY).
The numbers in parenthesis are the number of a
runway for each airport.
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Table 1. Simplified expressions for calculating radiative forcing of greenhouse gases (GHGs) such as CO,, CH,, and

N,O (IPCC, 2007).

GHGs Simplified expressions for calculating radiative forcing (AF) (W/m?) Constants
AF=aln (C/C,) a=5.35

CO, AF=aln (C/C,)+p(JC —4C,) 0=4.841, $=0.0906
AF=0{g(C)—g(C)} a=3.35

CH, AF=a(/M—M,) —{f (M,N)) —f (M,,N,)} =0.036

N,O AF= 0 (N=/No) = {f (M,N) = (M,N,)} a=0.12

C: ambient CO, concentration (in ppm).
M: ambient CH, concentration (in ppb).
N: ambient N,O concentration (in ppb).

C,=393.5 ppm, M,=1910 ppb, and N;=324 ppb (http://www.climate.go.kr).

2(C)=In (1+1.2C+0.0005C>+1.4 x 10°°C%)
f(M,N) = 0.47In[142.01 X 107> (MN)*7>+5.31 x 10" "M (MN)' 2]
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Table 3. Annual mean emissions of greenhouse gases
such as CO,, CH,, and N,O at airports in Korea
during 2009 ~ 2010 (in ton/yr).

Airports CO, CH, N,O
Small-scale airports

Gwangju 2.01E+04 —0.0309 0.360
Cheongju 1.54E+04 -0.0173 0.279
Daegu 1.52E+04 -0.0219 0.273
Ulsan 1.41E+04 —0.0162 0.256
Yeosu 9.45E+03 —0.0121 0.172
Pohang 5.73E+03 —0.0064 0.104
Sacheon 2.87E+03 —0.0019 0.053
Muan 2.35E+03 —0.0044 0.042
Gunsan 1.79E+03 —0.0011 0.033
Wonju 9.16E+02 —0.0006 0.017
Yangyang 3.94E+02 —0.0009 0.007
International airports®

Incheon 6.52E+05 —1.353 6.65
Gimpo 2.02E+05 -0.232 242
Jeju 1.60E+05 -0.171 1.75
Gimhae 9.68E+04 —0.096 1.25
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Table 4. Mean radiative forcing and mean temperature change from aircraft emissions of greenhouse gases (CO,, CH,,

and N,O) at airports in Korea during 2009~ 2010.

CO, CH, N,0

Airports AF Temp. change AF Temp. change AF Temp. change

(mW/m?) (°K/year) (mW/m?) (°K/year) (mW/m?) (°K/year)
Small-scale airports
Gwangju 47 0.0034 —5.12x107* < —0.0001 8.08x107° < 0.0001
Cheongju 3.8 0.0027 —2.95x107* < —0.0001 6.57%x107? < 0.0001
Daegu 4.6 0.0033 —4.70%x107* < —0.0001 7.92x107° < 0.0001
Ulsan 5.6 0.0041 —4.59x107* < —0.0001 9.80% 107° < 0.0001
Yeosu 3.6 0.0026 —3.24x107* < —0.0001 6.24%107? < 0.0001
Pohang 0.7 0.0005 —545%x107° < —0.0001 1.20x 1073 <0.0001
Sacheon 0.4 0.0003 —2.05%107° < —0.0001 7.72% 107 < 0.0001
Muan 0.5 0.0004 —6.69% 107 < —0.0001 8.71x 107 < 0.0001
Gunsan 0.8 0.0006 —3.42%x107* < —0.0001 1.36 x 1073 < 0.0001
Wonju 0.9 0.0007 —4.09x107™* < —0.0001 1.62%x 1073 < 0.0001
Yangyang 0.2 0.0002 —3.58x107* < —0.0001 6.14x107? < 0.0001
International airports®
Incheon 30.0 0.022 —4.45%x107 < —0.001 2.96x1072 < 0.001
Gimpo 22.9 0.017 -1.87x107 < —0.001 2.65% 1072 <0.001
Jeju 22.7 0.017 -1.73%x1073 < —0.001 2.40x1072 <0.001
Gimhae 17.3 0.013 -1.22%x107 < —0.001 2.16%x 1072 <0.001
“Song et al. (2014)
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Fig. 2. Comparison of radiative forcing (F) and mean temperature change (T) of aircraft emission of greenhouse gases
between the simplified expression (SE) and the 3D radiative transfer (RT) model at Ulsan airport (RKPU) during
2009 ~ 2010. The values of radiative forcing and temperature changes for CH, indicate the negative.
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Fig. 3. Same as Fig. 2 except for the radiative forcing and mean temperature change at Yeosu airport (RKJY).
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Fig. 4. Same as Fig. 2 except for the radiative forcing and mean temperature change at Sacheon airport (RKPS).
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Table 5. Intercomparison of mean radiative forcing and
mean temperature change by aircraft emissions
of greenhouse gas CO, between simplified ex-
pressions and SBDART model at airports in Ko-
rea during 2009~ 2010.

Simplified expression SBDART

Airports AF Temp. change AF Temp. change

mW/m?  (CK/day) (mW/m?  (°K/day)
Small-scale airports
Gwangju 4.7 0.000112 7.6 0.000081
Cheongju 3.8 0.000090 5.7 0.000061
Daegu 4.6 0.000109 7.4 0.000079
Ulsan 5.6 0.000133 9.0 0.000097
Yeosu 3.6 0.000086 5.8 0.000062
Pohang 0.7 0.000016 1.1 0.000012
Sacheon 0.4 0.000010 0.7 0.000008
Muan 0.5 0.000012 0.8 0.000009
Gunsan 0.8 0.000018 1.2 0.000013
Wonju 0.9 0.000022 1.5 0.000016
Yangyang 0.2 0.000007 0.5 0.000005
International airports
Incheon 30.0 0.000720 48.8 0.000521
Gimpo 229 0.000548 37.2 0.000397
Jeju 227 0.000545 37.1 0.000395
Gimhae 17.3 0.000415 28.2 0.000301

2712 (BC: Black Carbon)el] o3t 18] o] F-o %%
sleyeh 2 v 9)7) 29| BCo 18 HA
AP EL 0.1~ 1.8W/m? el Aoz FAd 1 glo}
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