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ABSTRACT

Jet stream associated with Climate Change intensifies Turbulence

Jung Wuk
Advisor : Prof. Ryu, Chan-Su, Ph.D.

Department of Atmosphere Sciences,

Graduate School of Chosun University

During the cruise flight of civil aircraft, Turbulence is the greatest threat for aircraft
safety. In this research paper, we assume that the climate changes could affect

mid-latitude jet stream pattern during winter season.

To verify our assumption, we analysis NCEP/NCAR PSD data to evaluate between
past and present environmental factors. Focusing two factors such as 1000hPa air

temperature and 300hPa zonal wind.

Reduced temperature gradient affect upper lever zonal wind speed during winter
season. With NCEP/NCAR data, we understand reduced temperature gradient influencing

zonal wind speed.

Jet stream has a feature that weaker zonal wind makes stronger meridional wind.
Climate changes influences mid-latitude of Artic amplification and Hadley cell

expansion.

These two factors also manipulate general circulation. To understand between
meandering jet stream and turbulence, we used PIREP of KMA and 300hPa chart.
Through this research, we have a understanding meandering jet stream affected climate

change has a strong relation turbulence during winter season over Korea peninsula.

Collection @ chosun



I. A&

7]

o

T

Wk 7He, &7, AR, SAE BE 8 vk ofygt 10km e 9o o] €]
deol: B2 GgFS vAa k. FH 23kE 7| St #gk GE A
(Intergovernmental Panel on Climate Change, IPCC)¢] |52} <&k 7}H 114
(2014)0 wE2™ “QIzte] 715 Alzglo] 3 mA AL vk o] FAstH, 1
A7t HAk ’\]@rﬂi A= WRE oofyeh A A S el AAH #HSE

A ar
A3 kTt 71$dste] FE Ul Qo] Frteh AFe] 4k EEel
AL A &gl o8 ezl AF w7k AU A il 4
S FUY 2 FAAE gEAQ Aol CO0ltt. GHG(greenhouse gas)Z ©]&
ozl o] 7lAl= drAo® AA, QISIAQI AF 7Y FAEHH, A W
7] 2 FEe g8 ¢FE EHe 54 3 19 E Ad A9 BAME oY
AL FTstd] 45 AFsta oA A2 WEske 71AE Eeeh.(IPCC, 2008).
7 2 s B SXWe AS tgE A9 R 7]$Hslel ¢S vzt

Hhgsto] A o] & A QHT F ou ME 2E9 FUHE Kol Ut} o= F2
olggt dJo R JAES L7}t
). AIEE= 2 A HA0] g4 or &
A Adolmm Wil fFo] A& 2y AEF T
£ fHAae FEETY A ersul 5, 201602 o] A
=, ol#g olf=E H&dy FT el =SCEH)S= AU FrtsA #
oh.(Thompson & Wallace, 2001).
AEF] A8 g A FolA LAY st
o AERFY £X9 9HdS oA
o Zel&el T daiA dAFY AEFZE FAAGTE o] 7|Fe t7] §F9
A7 A7ISe FES FaL, WHowA FEA AFoAN FEom PG
ot olw AEFO Fi wiko] o] Fo] A i, 5 (ridges) 2t J—T(troughS)o] ol A
| FHol R dAAsA Eoh
AERFZ Q3 TAH= FiFe dd0e &7 98 B A7 o] FoRu
KHI(Kelvin -Helmholtz Instability)9} 22 #®lgFAlo] ggs 7|Eo=w FEu)
(Elmar. R. Reiter, 1962), AIE<2] 5o} st e] FHof &g (M. A. Shapiro,
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£ o]&3} Ellord Index(Ellrod and Knapp, 1992), 73+ a1

7194 ol A= drel tigh A+ (Knox, 2008) o] & ATt
71 gy AbE = ¥ e Ellrod index® ZFAMF W8] Aol Hais)
SIGWX (Significant Weather Chart)e] WH a2 7} Ellrod index® AAHsE At}
o= R RS S Eol7] A oA A FAURE TS FA A
star, 1 A¥E  PIREP(Pilot  Report)9} w®lus] ZAis =Z=F3 e
GTG(Graphical Turbulence Guidance) A Z~#glo] nu]= &j kol 7] =+ (National Oceanic
Atmospheric Administration, NOAA)JIA "= xoh =3t 379t X449 d
olg] g2 7]« wdZ AMDAR (Aircraft Metrology Data Relay)®2lo] # 8]
L ot ofA 7)o A go] mokgt Aejolnt. g-Elvtel - 7] AR oA

rr

A1)

otdEat tigdee HE v)Ael o] ZwE FHste] rHARE FAlstL A
ot 7] 2ARl ZIFARNE 4l B odFo e FEE wFHA g vt
ol i el Agts dRel BAdQ O dae A F2 SR}

ol Qa, 7%
William (2013)2 ™A = Hof] 7]Zwstz Q3 WiFol F7fol ds)

a1, "= Jennifer(2015)+ 7] $WSIR A EFO FAFo] FHo] =9

ofylo] dojdth= A7E AASIT 2y o dNLEelAM r]Fwse <l
FEFE W AEF I A= erdt Aol

2 AFeA s 7IFHESE Qs s FEe AEF/ dFE v, AERF
2RI bR G wis ropr Al ok WA Y]gEE Atef w7l of

S golr 1A} skt mpx o 2 2012d 5 E 201374 - ¥ PIREPY 300hPa A
SAES} AT E o] &5t WYH AES FH e} FFe HAXGS dolr
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0. 25 % A7 ¥H

71§ Wzt S5 ARHor dotr ] s v FHBFAT A/ AHINGAT
2~ E2]%g=(National Centers for Environmental Prediction/National Centers
for Atmospheric Research, NCEP/NCAR, Physical Science Division, PSD ) ¥
Aol A 2 AFA g % AolE: A vlolE 9 v=x AXARAY
(National Snow and Ice Data Center, NSIDC)9] =A% s|® o] A7]E AL 7]
Fuse A% FAwel Wl A7E AL, N FPBARAE G v
TH7FAT A AEZ TE 1000hPa 7] 300hPadl A e F-A1Fo| sk o)A

a2 adgste AASAk olg Bd /1Fuar A¥ nux

AT ol WS & AldH 2xbgte] A F-AFe] ofste -
539 ZstE o]oj k. (Thompson & Wallace, 2001).

kel &M Fe] AEFAAN T3 o] Wty wEel, AEF FolA 2
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= 6719 dBEAA7FER P8 vk 88.6%E AAShE o] AFEEA(COy),
48%E5 A= HWRHCHY, 38%F AHAshe T8 3T A (HFCs)/ & 3hehA
(PFCs)/5&3}8(SFe), 28%% At o]4hstd A(NO)& o2 FAH Ut
(Fig. D).

Six greenhouse gases regulated by Kyoto Protocol

B CO, 886%
B CH; 48%
I HFCs. PFCs, SFs 3.8%

B N0 2.8%

Fig. 1. Kyoto Protocol to United Nations Framework Convention on Climate

Change to regulates six greenhouse gases, 1997.

IPCC 5xF H7FR LA o] st 1880-2012W 717F &<k 0.85(0.65-1.06)C 2] A&
W7l WE7E vebstth ol W7l VI FAI A AgE duAs 1%E AFHA
, AF2 90%E AA G A FE T FALE AFE od A Frtell X ul A

Q) Jge vx 3 gk
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A AT R 1971-2010 Aleo] sk FwolA oF 75m o7 oF 0.11T
sty Bae] AR 1979-2012:d 7, v 10 vkt 35-4.1%
1o =2 Hgasidivh EI 1901-2010 Abel W At Hat 8H*U4f
0.19(0.17-0.21)m &3ttt olitsieta, gk 2 ol dihE F2 A AR
o)g wj7|7ke] AR 1970-20101d AA 227t se] wiEHe] 75%E 2HA| 59
th IPCC HaAlo A “Hal= vefo] 7] %= A6 A94 wiE= A8 e
SsHE olyel W A9 A wiEF 7S
1986-20051 S 7] o2 2016-2035 & HAFXHLSEE 03~07C2 HH7F 2
7bsAdo]l =, 1850-1900 7]F o & 2081-
W & ThsAdel Eual AWsiaTh o] Al = d
AN E AFH R wEeta, QT S et MR SUME 24V AE
w3t 21417] FWHRE Ao BHeREE F58 SrtEda Busgtt
(IPCC, 2014).
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GLOBAL Land-Ocean Tenperature Index {fromn MASA} anomnalies
Jan to Dec: 1948 to 2817
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Fig.2. Air temperature anomalies over Land and over Ocean, NASA, Jan to Dec:
1980-2017, Data  were obtained from the NCEP/NCAR Reanalysis at

http://www.esrl.noaa.gov/psd/.
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1950-2017, data were obtained

from the NCEP/NCAR reanalysis at http://esrl.noaa.gov/psd/.

Fig. 3. Arctic Oscillation Anomaly, Dec to Feb:
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Fig.4. 1000hPa air temperature seasonal correlation, 1979-2016: Dec-Jan, NECP/
NCAR. Data obtained from the NCEP/NCAR reanalysis at http://esrl.noaa.gov/
psd/.
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Fig.4= NECP/NCAR® PSDAFE =, 1979-20161d Alo]9] A& 1000hPacl A =
4% L= ARLAG Aotk UFol AHgE PIREP(Pilot Repor)sh A%aA o
B OUNE BWE FRAARE FAPAAR BRI o AR
A SEsh AN oR A4S A2 & 5 Atk o= 4

g FarA FAEAG}

SAY Alolo PFAHE AEF] T5S ZAAZIth(Jennifer and Stephen, 2015).

Fig. 59 A4 AEE= 1979-2016'd Ake] 300hPacll A o] A F<] oS HEd
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Fig.5. 300hPa zonal wind seasonal correlation, 1979-2016: Dec-Jan, NCEP/
NCAR. Data were obtained from the NCEP/NCAR reanalysis at http://www.

esrl.noaa.gov/psd/.
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Fig.6. 300hPa air temperature(upper) and 300hPa zonal wind(lower), 1980-1990:
Dec-Feb, NCEP/NCAR. Data were obtained from the NCEP/NCAR Reanalysis at

http://www.esrl.noaa.gov/psd/.
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Fig.7. 300hPa air temperature(upper) and 300hpa zonal wind(lower), 1990-2000:
Dec-Feb, NCEP/NCAR. Data were obtained from the NCEP/NCAR Reanalysis at

http://www.esrl.noaa.gov/psd/.
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Fig.8. 300hPa air temperature(upper) and 300hPa zonal wind(lower), 2000-2010:
Dec-Feb, NECP/NCAR. Data were obtained from the NCEP/NCAR Reanalysis at

http://www.esrl.noaa.gov/psd/.
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AT E At} (Trenberth, 2003; Held and
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aejy olot= tE A7t
Soden, 2006).
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2014).
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and Wallace, 2001). AEF T EZXEo=

of 93-S Ftt.(Jennifer, 2012).

v

Fohe JRe) o3 T GHF 45

_15_

Collection @ chosun



Ee(jet stream)= W HFH A
Fo= 7RI Yo AEF
&8 170ktsel] o|27]% sk}, 3k XJ]E%——}:—

A718ke] ol st Aol T T

.
_/L\.
o T

T

= dske A skl

=y
t}(Jennifer, 2015).

THIAEAA FAAHE=E @
olyet Hjgr| &
B (National Transport Safety Board, 2009)2] X

oa%o

_q]

Dallas® dF3}e American Airlines 2308 & ¢

&gt

]
o
o
=
=
@

@
O
=
o

o

[\)
S
—
-

o
o

Aol

=S

oiy

lo rﬂi‘ L fo

rr

=
R
=2

= Raalch. v

Ao g o]ojA]aL,

o
o

[e))

= s oF 270001t % b R 18] S E3 124 RAeR
X Narita 3o 2 ﬁ@é}‘ﬁﬁr.

F. @52 24
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719 WHE oldst=d b dubdog 4 Jidelth(Lord Kelvin, 1871,
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H. %3 X9 8 X4 (indices)
a. QEAE RE7 Y93 A5

Ellrod, Richardson Number, Bulk Shear, Turbulence Kinetic Energy

Indices.

b. Unbalanced flowE <l 23}7] 43 A F
Divergence Flow, Absolute Vorticity

c. 9E=A19 ¢} unbalanced flowE d RB3}7] Y3 AFE
Graphical Turbulence Guidance(GTG), Ellord-Knox
(1) Ellrod Index

o] g UFHE oAdrsEd 7HF 7o) H= Aot
Erod Index = VWS (DEF+ CVQ)

* VWS(Vertical Wind Shear), DEF(Horizontal Deformation), CVG

(Convergence)
o] AFe Wi 59 Ao F&3ARE 7)o HAAAGgAdS elehA] #2
t}. £3] building ridge, anticyclonic flow #| %S A4S 4= §l7] wj&Ed] o] & =

P 5 gl WA Al Basith
(2) Divergence Tendency, Richardson Number, Absolute Vorticity Values

o] A]4i= unbalanced flow= <213t WF{Fo] o= {83t} Divergence
tendency #tol =& AL FHolY Ak e HAHEEo] F3EE Aol
o] AgomE= AERF 4+, = 2 T 59 Aotk Richardson number”} =
= A9 7179 kAol yo} 7]7‘:‘%7} Hrel Adgs 2 o e AYolth

S
= &yl (gravity wave)’} dAEG. 1

T

o] &
.

e
r

Absolute vorticity”}F 0 ©]3}
anticyclonic flow ¢} inertial instability ©|t}.
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(3) Turbulence Kinetic Energy(TKE)

o2
o,
HE,

o] A= VWSE, AAA S AFg ol A]
30kts ©]el™ F(moderate) 4= o] dFE o & & vt
(4) Bulk shear
o] A= sl AAGH A% Atolo] AR} oo WE zpolE ERHTH
o] A AAAAIHFE eI 50hPa Alolol Al 50kts o] Aol = (moderate)
FE ool HRE AT 4 duh Tk o] A2 7] <A oY} unbalanced
flowE elshx] k7] wiitol o] Agstd HS a&42 d3E I8 F 3
=
ol 7] 9

(5) Graphical Turbulence Guidance (GTGQG)
2 379 A

2=0

EDR(Eddy Dissipation Rate)d] =%
Ith. m=Fe] NOAA® Rapid Refresh Model & %€

o] A|F&
st oy FAES TS A5
%2 PIREP¥# EDR A5 = ZAHCH

A Hed, 714 e
(6) Ellrod-Knox
019} unbalanced flows ZFA3dt7] 93 Ageltt. kel 53 Ellrod
Nl k. (Forecasting Clear Air Turbulence for
).

Z 4ol divergence AIFAS 4
Aviation, The COMET Program, 2016

o
il
b

(T
ol

THE A EAA WASHE jet streaks(F W] EE7H) ol A
WA El 7hsA o]l k. AlE SR (downstream) 2] jet streaksA]
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A WiIh WAL, diel ARAGY ARSETANA Bl BAe S
3] wako]l dojih= AFAY ofgel A7Igte] wed] v R @] =
o,

b. ¥23 S (building ridge)

DestE 59 jet streaksoll A WR7F DA ThsAdol A, A 217944
& E(anticyclonic flow)e] unbalanced flowS 5ol GH{FS w5 4= Qi) o] A Y
2 HAFEFANA T dFLE o] WS X Aol

c. Closed upper Low

o,
By
12
2,
>
rr
-
ot
_\3

L,
2
o,

O
_%
T
rir
QL
qg
ox
Hu
1o,

AEFA Fe Tl 9

St Ago A Agol %ol YeElyE FEHE
i=] oA FL G A Ho dRe Yol =
ool X2 3 @ FA o upg Ao 7F AEtth 20149 AAEE AFalE o] A Y

Jp

=2
)
e
1_4
o
ol
et
3R

o
-
oft
=
1o
2
m
OW

jet streaks Aol A {7 FAT 7ol Q).
f. AAEFS d#" A= AXA(upper-level front)

o] Ade AEF ol HFAel WA ot Fuz, 8 RS a3
o AAS AER FWY SEFAR Aol 23, Ad IR Bol WA
st A Yelt), 3k AAE HIPolgke §olE AMEe7]E sttt (Forecasting
Clear Air Turbulence for Aviation, The COMET Program, 2016)

Fig. 9914 molt Wi slde A=fel des BF pAE 2rh ol
@ AEfel s WA R s Ad we UR A5 AL,
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1. Sharp Trough..

S

* o
kS -

2. Building Ridge..

3. Closed Upper Low .

4. Merged Jetstream .

5. Mear Jet Streaks..

6. Upper-Level Front.,

Fig.9. The pattern of Turbulence connected with jet stream, forecasting clear Air Turbulence

for Aviation. The COMET Program, 2016.
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NCEP/NCAR Reanalysis
Jan 2009-2017

300mb Zonal Wind

90N

60N

30N

30S

60S

90S ' '
0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W  30W 0

5 0 5 10 15 20 25 30 35 40 45 50 55 60 65
m/s

Fig. 10. 300hPa zonal wind over global scale, 2009-2017 Jan, NCAR/NCEP.
Data were obtained from the NCEP/NCAR reanalysis at

http://www.esrl.noaa.gov/psd/.
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oA AFs Tz A3 FutE AEF JFS Loprry] 98|
2012-2013d A€ &< 33 PIREPS && 3t F9 3o A= G
7F AEFE] oW FEoA A dAstEA] Lolr gk (Fig. 11).

20123 72717k B¢t =3¥ PIREPES ZAL-EA43 A3} dhdbro] s whAgsis

el of 83%% AEFe T FuA LAFATL B 9

n

9 17t Bl §%
zol 9170 AEFA Eeks A% Fa@ Aol N B Fofol A Wy
she 51% 498 AAste PRe AR FaAA s,

Turbulence pattern

B XY 54%
w2 ARX| D 30%
®ETX| Y 15%
= 7|E} 1%

Fig. 11. The pattern of breaking turbulence over Korea 2012-2013 ,

Korea Aviation Meteorological Office.
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12UTC 10 JAN 2013 (21KST 10 JAN 2013)
[ 3 EE e [ BE _WETE @E OF _WE B __TE TE THE TN

; b\ ml 843177 s vzt - wAUASI0 KMA
Wil w2 Ao\ & T D N e - A 1012UTCJAN 2013

X W o o (| R ES TS e ity Ry
“ISOT (knots) ™

Y

'DFS' ¢ w. |

=3 =3 Y T E T wE §
Kaorea Meteorological Administration(KMA) 12UTC 10 JAN 2013 (21KST 10 JAN 2013)

= ot

12UTC 06 FEB 2013 (21KST 06 FEB 2013)

UE. . . e — sﬂ:g‘ ?FE -. %E “FIE HIE 12."E NI:E 10E TFCE 1HE 1T 7
SIS AR i SHY), Ll ct T TJAUAS30 KMA
£ N T (s ] de ] _ e _A0612UTC FEB2013

~ HEIGHT(gpm) , TEMP(C

3 ISOTFEﬂ)fkr‘otsl:]J
Re -

E]

X
LS

= q}? - g ) ‘I. -
, ng C . I‘".‘ )'/h

3 TE e TE e
Korea Meteorological Administration(KMA) 12UTC 06 FEB 2013 (21KST 06 FEB 2013)

Fig. 12. Typical pattern of South Korea breaking turbulence, 2013 Jan.
10.(upper)and Feb. 6, (down) 300hPa chart, KMA.
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12UTC 16 DEC 2014 (21KST 16 DEC 2014)

24

. A1612UTC DEC 2014
{1 HEIGHTigpm) , TEMP(C
i TAEﬂm]‘ f.kmmﬂli o

G
S0
- L

GE WE |é£
orea Meteorological Administration(KMA)

NS ﬁ -

oximate turbulence
position

Fig. 13. 300 hPa chart(upper). KMA and MTSAT Image(down) over Japan,
2014 Dec. 16.

_26_

(*ICollection @ chosun



2=
o

sl

I'd AbaL=

}d American Airlines
o

k3

<

o 1 w®|=+ Dallas

o o] 300hPa ¥ MTSAT® <113 Akxl o]t}

d

Kl

]

o
R4

20143

I

[e)

A=

=
T

o] Al

§

Ry

Fig. 139

280

Kl

= 3

ol
;OO
Ho

1

Narata

o8

ol

Ho
~

el

=]

%

Hokkaido <%l

z‘ﬂ_

ol 913
& 35000ft 73l 170-200ktse] #|E 77}k

)=
2= 5

)

o

z‘ﬂ_

-3

€]

/231—

Tor

ol

o
B

ﬂ\_/!
T

O

_27_

Collection @ chosun



!

B

oR
|
il
[ml

el
AO
or

Tor

!

Tor

strh 19501 o] -7 E WdE Aqtel=

3= op7lskalaL, o

ok
oF

<9

]

1o

|

|

'R
o

3 719]

1

;OO
I

3

Au7tol

FeH = Aol

=

—_
fie)

T

dog FAbs] B 90%o] el WHIE FAES ofdthAE S}

HE

€]

_q]

W
A4r

ujp

ol

2 A

mE

oy AE

o

EELY

o=
o=

JEoll Folx &

7

il

=13
=

AA7EA TN

g
B

_28_

Collection @ chosun



23

d

o

7178 web, W74 B dret diy] Z. VAA, AdERATER TIEA,

pp.118-129.

A7, ARG, A, FAF, ARG, A8, eAE, dF3, 44, 2011,

rlet
o d
£ o
N
B=)
1o
offt
e
N
Hy
g
—
N
oM
—
N
o
8
—
o)
5
—
»
ol

Donald W. McCann, 2001, Gravity wave, unbalanced flow, and aircraft

clear—air turbulence. Nat. Weather Digest. Vol. 25, pp.3-6.

Dutton, J., and H. A. Panofsky, 1970, Clear—air turbulence: A mystery may
be unfolding. Science. 167, pp.937-994.

Ellrod, G. P. and Knapp, D. L. 1992, An objective clear-air turbulence
forecasting technique: Verification and operational use. Weather

Forecasting. 7. pp.150-165.

Forecasting Clear Air Turbulence for Aviation, 2016, The COMET
program../ http://comet.uscr.edu/

Francis J. A. and Natasa Skific, 2015, Evidence linking rapid Arctic
warming to mid-latitude weather pattern. Math. Physical &
Engineering Sci., Vol. 373, issue 2045, p.20140170.

Francis J. A. and Vavrus. S. J., 2012, Evidence linking Arctic amplification
to extreme weather in mid-latitudes. Geophys. Res. Lett. 39L06801.

Francis J. A. and Vavrus. S. J., 2015, Evidence for a wavier jet-stream in

response to rapid arctic warming. Environ. Res. Lett. 10(2). pp.2-9.

_29_

Collection @ chosun



Hu, Y., and Q. Fu, Observed poleward expansion of the Hadley circulation

since 1979, Atmos. Chem. Phys. Disc., 7, pp.9367-9384.

Intergovernmental Panel on Climate Change Fifth assessment report, 2014,

KMA, pp.2-9.

Knox, J. A., 1997, Possible mechanisms of clear—air turbulence in strong

anticyclonic flow. Mon. Weath. Rev. 125, pp.1251-1259.

M. A. Shapiro, 1978, Further Evidence of the mesoscale and turbulence
structure of upper level jet stream-frontal zone system. Mon. Weather.

Rev 106. pp.1100-1111.

National Transportation Safety Board, 2009, U.S. Air Carrier Operation,
Calendar 2005. Annual review of aircraft accident data.

NTSB/ARC-09/01, Washington, D.C., p.66.

Palmen E. and Newton CW. 1969. Atmospheric circulation system: their

structure and physical interpretation, Vol 13, 606pp.

Paul D. Williams and Manoj M. Joshi, 2013, Intensification of winter
transatlantic aviation turbulence in response in response to climate

change. Nature Climate Change. Vol 3. pp.644-648.

Philip G. Gill, 2011, Objective verification of World area forecast centre clear

air turbulence forecast. Meteorol. Appl. 21. pp.3-11.

Reiter, E. R. and Nania, A., 1964, Jet-stream structure and clear—air

turbulence(CAT). J. Appl. Meteorol. Vol. 3. pp.237-259.

Sharman, R. D., Trier, S. B., Lane, T. P., and Doyle, J. D., 2012, Sources
and dynamics of turbulence in the upper troposphere and lower

stratosphere: A review. Geophys. Res. Lett, Vol. 39, p.12.

_30_

Collection @ chosun



	Ⅰ. 서론
	Ⅱ. 자료 및 연구방법
	Ⅲ. 본론
	A. 기후변화의 실제
	B. 기후변화의 증거들
	C. 해들리셀의 확장
	D. 극강화
	E. 제트류
	F. 난류의 원인
	G. 난류의 종류
	H. 다양한 수치예보 지수
	I. 난류 발생 패턴
	J. 한반도 상공에서 제트류의 속도와 그 배경
	K. 한반도 상공에서 발생한 난류 검증

	Ⅳ. 결론
	참고문헌


<startpage>11
Ⅰ. 서론 1
Ⅱ. 자료 및 연구방법 3
Ⅲ. 본론 4
 A. 기후변화의 실제 4
 B. 기후변화의 증거들 5
 C. 해들리셀의 확장 14
 D. 극강화 15
 E. 제트류 16
 F. 난류의 원인 16
 G. 난류의 종류 17
 H. 다양한 수치예보 지수 18
 I. 난류 발생 패턴 19
 J. 한반도 상공에서 제트류의 속도와 그 배경 22
 K. 한반도 상공에서 발생한 난류 검증 24
Ⅳ. 결론 28
참고문헌 29
</body>

