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The Impact of Climate Change on Future Aircraft Operation
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Abstract Analyzing the information about climate change on Korean Peninsula is essential for
the national defense. In this study, we used HadGEM3-RA model output (a member of COR-
DEX-EA) and analyzed the 3 operational weather factors (VMC, runway temperature, WBGT),
which affect the aircraft field. The number of future limited days was quantitatively calculated
based on the model outputs applying SSP1-2.6 and SSP5-8.5 and the operational limits of the
previous three factors, and the spatial distribution, time series, and correlation of each result
were analyzed. In conclusion, it was analyzed that the number of limited days by VMC would
decrease, resulting from the rise in temperature and the drop in relative humidity. This means the
operational environment in VMC will improve. On the other hand, the number of limited days
by the runway temperature and WBGT would increase, resulting from the rise in temperature.
This means the operational environment in runway temperature and WBGT will worsen.
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THIPCC, 2021; WMO, 2021).

vt 71$Hst 9o
A T ThFe g9l AA
201)= 5L ho], AFS] A ol A 7]FHst o
URks RASIAL Qi) B3| & Hok= Al (visibility),
g2 7]-2(runway temperature), F5F(turbulence) 5
g7 L dFE F= 7Y 849 71FRIs 4
ol et A7t Es] S =3 9] th(Stoelinga and
Warner, 1999; Gultepe et al., 2006; Coffel and Horton,
2015; Kim et al., 2023).
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Of Korea AirForce, ROKAF) 7]’d&o| A IPCC AR5
£ A&3t v 2EAFY SR e 55 4
o}, 7123 A wst T4 B4A A0
Atke A dek At FAATE FollA A7
AATHKiIm et al., 2014; Eom et al., 2015).

FH 714TELS [PCC AR69F SAIE Al A 97]
T Mgl ZZA4E(COordinated Regional climate
Downscaling EXperiment, CORDEX)dl A}-§%
HadGEM3-RA 7 ZA e} a7 o] A% 2P (&, =
al, T, FA)NA AREEE 71AA S 288t
g A7 s wstE R oR A4 Ach(Lee et
al., 2023). o] A= A A7} A8, HadGEM3-
RA 29 v Aze} 3 of, 53] 337 &4

o Yare v 2 )
S BAe 5 Z)Fasel e nd 337 8
@7 Wste gPHoR BASIA B

o] AtollA] Alg-3t 25+ SSP (Shared Socioeconomic
Pathways, 3-&AF8]7Z 4173 2) AUE] 2 (0O’Neill 2014)
& 483l =¥ 714339 (National Institute of
Meteorological Sciences, NIMS)oll4] A4Fet HadGEM3-
RA 549 A% A3n(4 = 25 km)st 357 <
gol FFS F= 71 249 AR 71EATA
o] THROKAF, 2016). Mj& AlvE] o= A ' Avtg]
99l SSP1-2.63F EFA AJL}E] 991 SSP5-8.55 Ab
g3t 73RS 71Ed e g3 BAS Y6
AZF &9le A A3y Z 238le] HadGEM3-RA &
A9 3hr (71, AUHEE, 5, AV A9 1 hr
) A3 ARSI vE G 713A g
£ Hoy g7 &40 AdEE AFLdFE A
g0, 35 & 13 ol 7IIAIEAE BlojyH
A7t S7kske W2 o® ALY v 3

29 37 W3t Ax A7) 98] RdoA B
of gt dAet v Hgte] 2Ho](anomaly)E AlAH
o " 2 AR T FHS 249(1991~20149)
Eoto] wy AnE A 7|52, v 802021~

AbgFolth,

Fte Fo AHE Wt A B4 Q8 95
gk 5570 Aol thall 2kl - B (nearest neighbor
remapping)= AME-3le] A 7 P ekl
Hojel 8 B4 doz Bake WMOd SAE

=t717derE] 7]l A34 35 (2024)

4 Ao w Ao, 7t 2] fx]et HA
TAL HQPO] o]f 2 WAlekA] skt AER
¥ 71 HFE E8ste 3] 29 9% 2
= HEA 7 NFLARNA, BFE 7L, &
A4l tiaf |2 (2021~21009) &7 &9 A5
T A5

] &7 &9 IS F= 71 84AE AA,
= A33 o, HadGEM3-RA
7Y A3)E 283 th HadGEM3-RA RdL FolA
o} A|ole] #Z AF o] I AHAlTE Het 71
0.99, % 0.88% T3 FARH Belglon, ¥
4 7188 #AZHT F4 B (-1.29°C)81aL,
& oA FH 2 (+0.27 mm day )IHE EAS B
THINIMS, 2020; Kim et al., 2022).
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Z7eA 3, ANEEE 3—1%, 5L 03~0.0 m
T Aw adteE AR BT 78l w9ww 7
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Wl ArtE A 202072 LAY EHNIMS, 2020).
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3.2.1 AJA] ¥]3) 27 (Visual Meteorological Condition,
VMC)

AlA vy ZAolgk A3 3 (cloud height) &
o 71 2o ZAs 2FAPE 3 HE A
o] = glo] &toz ujg)o] st AEHE 9]
sHH, Al o] i, a7t WO A|gkHET o] A
e ANHL 71FCE VMC ATFAFS 4o
w, Aol AW VMC AL F= st Ay
FE Aol 7IATAE BF 13 o] HouH
AAdF7E F7kslE Aoz A A ALt
W gigel=t I 5 a1 BopdllA AR
Bl Zo| AMgele oheel A4S A& th(Doran et
al., 1999).

Vis = 6,000 x —2 (1)
RH"

1714 Vise Al (mile), TE S%(°C), T ©l&4
L% (°C), RHE &% (%)t
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o] 2o Q3 T-T,= Lee and Kim (2016)=
A gasit.
T— T,~(14.55 + 0.114T)x + [(2.5 + 0.007 T)x]’
+[(15.9 + 0.117T)x]"
x=1-RH )

T 7)Y 848 VMC AgdS ko] AAEAE

(b)
Fig. 2. The anomaly of operational-limited days by VMC during 2090~2100 using SSP1 (a), and SSP5 (b).

E2317] 8] yoj& AAIS(Pearson correlation
coefficient)E AME-3151 T}

Corr(X, )= 2X D7) 3)

Jx =% -y
A71A, ¥ = x(VMC AFL5)e] FFo|T 3= p7
A o] Hirolth
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Table 1. The correlation coefficients between operational-limited days by VMC and anomaly of temperature/relative humidity

in SSP5.
Period 20s 30s 40s 50s 60s 70s 80s 90s
T -0.51* —0.48* —0.47* —-0.50* -0.51* —0.47* —0.43* —0.43*
RH 0.53* 0.55% 0.54% 0.58* 0.55* 0.60* 0.59* 0.59*
* 95% significant level
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Fig. 3. The averaged decadal variation in anomaly of operational-limited days by VMC using SSP5.
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Table 2. The multiple regression model statistics for runway temperature by location.

. . Element Adjusted Data
Stations Specifics

T RH WS Intercept R-squared count

. Coefficient 0.890500 —-0.002133 —-0.015562 4.64448 0.7509 8581
o0 VIF 1.11928 1.337657 1.219335

AA Coefficient 1.0220701 —-0.0067128 —-0.0253070 1.6037420 0.8451 12453
VIF 1.056908 1.063066 1.013561

o0 Coefficient 1.0010358 —-0.0064392 0.0065255 1.7814092 0.8822 15871
VIF 1.122464 1.19337 1.073901

Coefficient 0.9729841 —0.0081540 2.6481738 0.8579 13855

0o VIF 1.070672 1.070672

* For security reasons, the name of locations was not specified.
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Fig. 4. The anomaly of operational-limited days by runway temperature during 2090~2100 using SSP1 (a), and SSP5 (b).

Ehax(b) Alve] ol mek YEeRH Aotk Agkd Al
gl eoA shtE X A|gtd 4 sl 0~+23.5
d2 ety TE: AU QM E +28+96.3Y
2 UepETh 284 AU oAM= A AGofA] A
S 7F S71slR e 2 R GoA 963U = 3
hxS BAt)

Figure 5& L&A AU Qo) tig &2 7]
ol Algtd o] vl WHslE AgHE FAg Ao
o ASdre Aoz Frkeke AES B
H, 53] 20504t ] F43HA S7lete FAE B
Atk M oood) 9 AFdUS= N HaF
44.6Y, F3t 6444, 53 3449 ST

Atmosphere, Vol. 34, No. 3. (2024)



278 71 5-%sto) wpE v 337) 2 2 st
2 100
) —o=Korean Peniesula
S 90 )
3 =e=Republic of Korea
= 80
£ —e—North Korea
Lm 70
S 60 P ad
[
o 50 /
Q /
S 40 a
o
© 39 //
2
© g—" -
£ 20 re——
2 10 | e A~
= %
2020s 2030s 2040s 2050s 2060s 2070s 2080s  2090s
Periods

Fig. 5. The averaged decadal variation in anomaly of operational-limited days by runway temperature using SSP5.
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Fig. 6. The anomaly of operational-limited days by WBGT during 2090~2100 using SSP1 (a), and SSP5 (b).
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Table 3. The correlation coefficients between operational-limited days by WBGT and anomaly of temperature (T), relative

humidity (RH) and wind speed (WS) in SSP5.

Period 20s 30s 40s 60s 70s 80s 90s
T 0.74* 0.79* 0.80* 0.79* 0.77* 0.71* 0.74%* 0.80%*
RH 0.26 0.28* 0.31* 0.34%* 0.31%* 0.35% 0.26 0.13
WS —-0.35% —-0.32% -0.30% -0.26 —0.29% —0.40%* —0.55% —0.54*
* 95% significant level
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Fig. 7. The averaged decadal variation in anomaly of operational-limited days by WBGT using SSP5.

<

ko

a9} VMC At 7he] Al S w45
o] FAAGTE AHESHT
igure 6 1|2} (2090:AtH) WBGT®l| <]3h A gk 4=
FTHEELEE AT (a) AlUe] Q.9F ALEH(b)
2o wet 23 Zojt. e Alue] QoA
P 2|l e] AgHd S WSS 0~+44.19 = e
B AU QoM E +13.3~+794Y9 2 LERSE
L AEE AU oM e H X oA AdHA STt
S7FIAAL T2 Ak, A AdolA FrelA, A
Ao A 794U 2 HE BT

Table 3& ™2}(2020~20903tH) WBGTOl| 2|3k A
ghd et Algtel] S A= 71 2421 71(T),
JHFERH), WS ARdAE 13l Zlo
o Algdae 71238 AdadAeA daATt
0.7~0.8% 733+ Fo] AAPA S BIYL AFEste
)\L;q—ﬁ]]:‘]:y]. +0.1~030. 2 01:6]- Ok,] A}:L]-:L]-ﬁ]e y_oﬂ
ou:] zLo /\1-4,}7;]]_,‘7} —03~—0.5% ___,] A} A

o, o
e

T30 o > (B
Rl Lo
o 1o

=

Stk & WBGTO 23t Asdr= 713
EH"Cﬂ ESTE, 350 JE5FE F7 Po}—t— 7 &k

& low slese] JRAAt 1 w2 ow
A=}

Figure 7 3L Al 90 thall WBGTel &3
A gt 9] Ulﬂ% tﬂﬁ}ﬁ g2 B3k Aot} A

el 20208 e A &M Zheks =S B
Rom —‘O] 2050 ©]F FA3HA 7‘7]—0]——— JE =

BTk #2090 t) WBGTel )3k 99 A
= S Ha 6159, 9k 6939, H3F 534
’6‘7]"3’]'»\ T:]’

4.4 E

o] Aol A& A4 (SSP1), ILEA(SSPS) HiE A
U2 E AMg3sted ¥ VHJr +d ol A *@*Pﬂ
HadGEM3-RA 2d 8Z &8&3le] VMC, 5=
71, WBGT 5 371¢] ‘P—Lﬂ °°ﬂ T8 I9Y &
o m W3} AFS FAsH ol&
u s570e] 8 ARSI, AH
3 FF 29 AR E H8351
TE A=

VMC Agd 4= Agoz B431on, 7]Lo] A4
SEAY A= Zastd Friet v VMC
ATLFE Az E -17.9+7.6Y, Le20ME
—46.8~—5.49 W3lgom 20909 HAF AFAdFE
ke Rdog 25998 B (ILEA 71E)E AT
gl VMC AddsE dAARY S0189] ¥
| 9 3L AR Ssad 2oz AT

N JIN

Atmosphere, Vol. 34, No. 3. (2024)



280 7|5 5lo)| e

ok vl 52 7] ATddse AetdolM= 04235
o, FEFLOME +2.8~+96.3Y W3 o™, 2090
W At it 9oz 44642 XA
g2 713)E 0tk vg]l WBGT A e A eko
e 0+44.1Y, TEFROME +13.3~+79.4Y WH3E)
o, 2090t Hat AL 4= T X FO 7 61.5
g8 BEX(eAL 71F)HUh @52 7|23 WBGT
Adrs dARTG SUtsle] dE7] o9 FHLS
AAwoh ofslek o= At Etffl ke b
o} A ATLdS 2ole] F7HHA EEAME A
A Ay 2.9} ek AMEIW} AL 73%%
HAou, HslEe veh AU ot e & 7
< 29

ol A+tE 7]FHsle] uphE H
7 Wstel o= g g¢F7] &%

Aol A ojw 7k ek ok, @

T

=4 A= g
(HadGEM3-RA)RHS: Al&-3te] Ate] digh B34
o] == A3 HadGEM3-RA &4l A A57} A
4 AR B4 Thsste] g3717t olEdte wE &
73 EAo] AlgtEAth= A A7 AUrh

F5 A7 W BT 5 9l GEGH)

REFERENCES

Coftel, E., and R. Horton, 2015: Climate change and the
impact of extreme temperatures on aviation. Wea.
Climate Soc., 7, 94-102, doi:10.1175/WCAS-D-14-
00026.1.

Doran, J. A., P. J. Roohr, D. J. Beberwyk, G. R. Brooks,
G. A. Bayno, R. T. Williams, J. M. Lewis, and R. J.
Lefevre, 1999: The MMS5 at the Air Force Weather
Agency - New products to support military opera-
tion. The 8th Conference on Aviation, Range, and
Aerospace Meteorology, Dallas, Texas.

Eom, H. S., S. Kim, N. S. Seo, J. D. Hwang, B. M. Lim,
K. D. Ki, and J. M. Kim, 2015: The Development of
Future Defense Climate Index based on RCP Sce-
nario — Runway Temperature. Ist Annual Korea
Meteorological Society Conference, 10-11.

Gultepe, 1., M. D. Miiller, and Z. Boybeyi, 2006: A new
visibility parameterization for warm-fog applications
in numerical weather prediction models. J. Appl. Meteor.
Climatol., 45, 1469-1480, doi:10.1175/JAM2423.1.

=t717derE] 7]l A34 35 (2024)

e #7974 Hst

IPCC, 2021: Summary for Policymakers. Climate Change
2021: The Physical Science Basis. Contribution of
Working Group I to the Sixth Assessment Report of
the Intergovernmental Panel. Cambridge University
Press, Cambridge, 88 pp.

KEL 2011: Economic analysis of climate change in Korea(Il).
Korea Environment Institute, 75 pp.

Kim, J.-U., T.-J. Kim, D.-H. Kim, Y.-H. Byun, E.-C.
Chang, D.-H. Cha, J.-B. Ahn, and S.-K. Min, 2022:
Performance Evaluation and Future Projection of East
Asian Climate using SSP Scenario-based CORDEX-
East Asia Phase 2 Multi-RCM Simulations. J. Cli-
mate Change Res., 13, 339-354, doi:10.15531/KSCCR.
2022.13.3.339.

Kim, S., H. S. Eom, S. Y. Hong, J. S. Kim, and C. H. Lee,
2014: The Development of Future Defense Climate
Index based on RCP Scenario — WBGT. 2nd Annual
Korea Meteorological Society Conference, 497-499.

Kim, S.-H., J.-H. Kim, H.-Y. Chun, and R. D. Sharman,
2023: Global response of upper-level aviation turbu-
lence from various sources to climate change. npj
Clim. Atmos. Sci., 6, 12 pp doi:10.1038/s41612-023-
00421-3.

Lee, O. J., and S. D. Kim, 2016: Future PMPs Projection
under future dew point temperature variation of RCP
8.5 climate change scenario. J. Korean Soc. Hazard
Mitig., 16, 505-514, doi:10.9798/KOSHAM.2016.16.
2.505.

Lee, T. J., S. H. Park, S. Y. Park, M. J. Kim, G. M. Kang,
J. D. Hwang, and S. Kim, 2023: The Impact of cli-
mate change on future ground operations. J. Korea
Institute of Military Science and Technol., 26. 431-
438, doi:10.9766/KIMST.2023.26.5.431.

McRae, M., R. A. Lee, S. Steinschneider, and F. Galgano,
2021: Assessing Aircraft Performance in a Warming
Climate. Wea. Climate and Soc., 13, 39-55, doi:10.1175/
wecas-d-20-0098.1.

NIMS, 2020: The Climate Change Outlook Report 2020 on
Korea Peninsula. National Institute of Meteorologi-
cal Sciences, 56 pp.

O’Neill, B. C., E. Kriegler, K. Riahi, K. L. Ebi, S. Halle-
gatte, T. R. Carter, R. Mathur, and D. P. Vuuren,
2014: A new scenario framework for climate change
research: the concept of shared socioeconomic path-
ways. Climatic Change, 122, 387-400, doi:10.1007/
$10584-013-0905-2.

Ono, M., and M. Tonouchi, 2014: Estimation of wet-bulb
globe temperature using generally measured meteoro-
logical indices. Jpn. J. Biometer., 50, 147-157, doi:10.



Bl ubgE ol8] ey A AR

ok

A= - 24 281
11227/seikisho0.50.147.

ROKAF, 2016: Defence Climate Change White Book.
Republic Of Korea AirForce Weather Group, 237 pp.

Stoelinga, M. T., and T. T. Warner, 1999: Nonhydrostatic,
mesobeta-scale model simulations of cloud ceiling

and visibility for an east coast winter precipitation
event. J. Appl. Meteorol., 38, 385-404, doi:10.1175/
1520-0450(1999)038<0385:NMSMS0>2.0.CO;2.

WMO, 2021: The State of the Global Climate. World
Meteorological Organization, 574 pp.

Atmosphere, Vol. 34, No. 3. (2024)



	기후변화에 따른 미래 항공기 운영 환경 변화
	Abstract
	1. 서론
	2. 자료 및 분석 방법
	3. 미래 전장 환경 변화 및 항공기 운영 영향
	4. 결론
	REFERENCES


