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Abstract In this study, thermal tropopause height defined from WMO (World Meteorologi-
cal Organization) using temperature profile derived from Advance Microwave Sounding Unit-
A (AMSU-A; hereafter named AMSU) onboard EOS (Earth Observing System) Aqua satellite
is retrieved. The temperature profile of AMSU was validated by comparison with the radio-
sonde data observed at Osan weather station. The validation in the upper atmosphere from 500
to 100 hPa pressure level showed that correlation coefficients were in the range of 0.85~0.97
and the bias was less than 1 K with Root Mean Square Error (RMSE) of ~3 K. Thermal tropo-
pause height was retrieved by using AMSU temperature profile. The bias and RMSE were
found to be —5~-37 hPa and 45~67 hPa, respectively. Correlation coefficients were in the
range of 0.5 to 0.7. We also analyzed the change of tropopause height and temperature in mid-
dle troposphere in the extreme heavy rain event (23 October, 2003) associated with tropopause
folding. As a result, the distinct descent of tropopause height and temperature decrease of ~8 K
at 500 hPa altitude were observed at the hour that maximum precipitation and maximum wind
speed occurred. These results were consistent with ERA (ECMWF Reanalysis)-Interim data
(potential vorticity, temperature) in time and space.

Key words: AMSU-A, thermal tropopause height, Stratospheric-Tropospheric Exchange
(STE)
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Z ¥ 3L lth(Holton et al., 1995; Santer et al., 2003;
Son et al, 2009). €A QFHAHLE JZH &
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B E Y QUCk(Santer et al, 2003). 71482 S0
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M= thFEAE ¥ (tropopause folding) /do] &
T WAsto] AFA IR wAR Wy A I,
Heo5, o 5 AF71E FEAIITH(Lee et al,
2001; Kim and Chun, 2010; Kim et al., 2012). w2}
A RFAAE =] AFLA Wk olshsh 4
AS) HFSE RS 1T SHBY okl on
29l ZRoIAE Polut Fas B Rolt.

QRAAEe 92, ek, Tela e (e of
FaAHeR geoju iy vk E2 i F-dAH (thermal
tropopause)> 1% 7] 27Hg0] 2K km 7}t HE A%
2 o] IEoMRE 2km ol 71eAEe] 2K
km™ ©]3tE A EE AL o]tHWMO, 1957). & 3&H4
5387 (dynamical tropopauseye 57 kel 91X
2 8-E0| %= (Potential Vorticity, PV)E ©]-&3lo] 2=
tH(Reed, 1955). WMO (1986)°141+= 1.6 PVU (1 PVU =
10°K m* kg’ sHE dFdAHeE Hosar ok
3}sha] o) 78 A (chemical tropopause) & &3t
H]e] A7 Aw7} 60 ppbv km 'S 2} QFEF
H|7} 80 ppby ©]dd o AR E ) EF o] % ¢
500~2,000 m ZolA S EEFH] 7} 110 ppbvE Z45|
oF 3Fth(Bethan et al., 1996).

HRAAE L=E FYske dFole FE e
&4, L=, VHF (Very High Frequency) #l|°]t],
Global Positioning System (GPS), 22|32 ECMWF
(European Center for Medium Range Weather Forecasts)
9} NCEP/NCAR (National Centers for Environmental
Prediction/National Center for Atmospheric Research)
ANEH 2A2E Sl FHH|A Ak (Gage and Green,
1982; Nastrom et al., 1989; Hoerling et al., 1991;
Hoinka, 1998; Schmidt et al., 2004, 2005; Tomikawa
et al., 2009; Choi and Kim, 2010). ] EH 9} &
ZZUE ol&d HFAAYE IEe ASH 229
&S T ARAewE FAHAR S 54 A
oM A5 F3st7] wEel ks 23 d
A7A dFAAE 2Lxe] £2E otsirole oy
<o) ok 53] &% 23 (0000, 1200 UTC) 32 4H
(0000, 0600, 1200, 1800 UTC)F =S F3)s}7] uj
woll thFdA™ ko] A7k WHslE olslsl=
FAZE AU Eg B S A QoA HAF
of o AZAHFNAN FHLE olEsiH ASFEH=
E7o] AtHKim et al., 2011).

VHF #lojd& %549 #52 $3l A3kl w2
RAAE 2=o WHslE s & 4 vk 2
v g et sl viR7AlR S 2 3 A4
gk #ASS FYEL AL Sl s oFF7A] o2
gk #AZo] o]FolA L YA BT} GPSE ©]&3 U
FAAHE = 4L GPS A3 (Radio Occultation;
ROYIHE ol &3l AH&d 94 2x Z2HYe o
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71M& GPS A&7} thr]e] gl 24 2 AAHE
EXL o]£3F Ao|t}. GPS ROE F4HHE &% =g
AL | km o]3te] E& NERE FA=4H 7] uio|

< O Aget 4 gFUAA 1% F4| 7Fssith
Z2 (superrefraction), %=
X} (ionospheric error) 522 A3
#= oxpt frd = AtHKuo et al., 2004). 24
A Ame 2= % PVE ogdte] A A7
a7, qHd dFAAHE 1=E FAHT F ATk ®

T, Wk 2ERsEE, Q-HE F o xdd
FE Sl A 5HE olald 4 vk v
6AZE 2B 150 F& 2.5° 7S] W2 AF #
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GPM (Global Precipitation Measurement) Z 24 &9}
7ol thre] AAE YL o) gstd olEls TS
1A 4 UTH(Hou et al, 2014). F=g+ $loA] A
=g, Ed|, VHF #At5e}t st ARt A
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AIRS (Atmospheric Infrared Sounder)/AMSU 7%
AgS Aqua 918 TAF 21d ARE FH E AT (Fetzer
et al., 2000). AIRS/AMSUE 1km & HH#L%7F 1K
B (RMS error; Root Mean Square)Z A= 7] ¢
3 AAE S th(Fetzer et al., 2003). Aqua 914 A}
% AIRS/AMSU #= 250 that thekst #4Z A
7} 3 = AT} Tobin et al. (2006)S 2= & %A <]
oA B2 e digl] 914 TS 2= Z2hdo] 1)
4 & AH=E zky Ik W IE9 3, Divakarla
et al. (2006) FET o FEH A=A E S} BwE
Az 2 X5 Atk B3 Gettelman et
al. (2004)2 20043d 1€ 1620 2¢¥ 2U7}A] 5°S~
40°N A Hol|Ale] 3}g7] #F A5F Tt ST
O FH(500~30 hPa)oll ] #AZE Aqua 9199 2=&
AZ 3Rt o] A3, s ASA(100~50 hPa)ll A &
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2 +15Ke® 7] 53 & AT
Ptk dubos F9w A9 tFd
50~200 hPa® 2% lth(Hoinka, 1998).
ol FH EFHL A &r T I o]f
A7 d3ag Aol 74 ARz &
A WFAAR = ks o Aek o]
ex ZEoYe o gatE WMo A

9 R g 349 5 ol e
=3 —Eﬂi AMSU &% Z23l A7 5 °]
A ARaAY v 4ol At @

I qu—%m. EZE AMSU AlA ¢} 97l AMSR-E
(Advanced Microwave Scanning Radiometer-EOS),
MODIS (Moderate Resolution Imaging Spectrometer),
HSB (Humidity Sounder for Brazil), ~12]3Z CERES
(Clouds and the Earth’s Radiant Energy System) 5 T}
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WMO°A gelgt 42 tFdA™E ALxgs AH=s)
7] 913t Aqua $132] AIRS/AMSU Version 6 (V6)
drgFo2HE A=H Level 2 IEE 2% AR
E &3t AMSUOA 2tEdE IndE 2%
(AIRX2RET)E 1100~0.1 hPaZbA] & 287 ™ 2
Lol gigk AkFel 3, 9 I EE oF 50 x 50 km

O]ﬂ-(Olsen 2013). AMSU+= 50~60 GHzell 913t 12
Aol 0, FRADL olgstel AY A=W Lwg A
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Fig. 1. Weighting function of AMSU (Goldberg et al.,
2001).

%3 H(Goldberg et al, 2001; Fig. 1). dutxgoz
AIRS/AMSUS} AMSUZYE 4t&d 2o 27} A
¥ 283 500~50 hPa 594 1= (F7F FA 8
- AFH)E EAske dl AREEIA  $th(Olsen,
2013). wEpA 2 AoMs 23 dFEAE 1=
2HE 9 F7F Ui F(500~400 hPa)Oﬂfﬂ o] &x=wslo|
e oAl o) Wi AMSU 2% 223 2}
s &8st
AMSUOM A2 1xd 2xo A3r HES
flste] g o #= AAES}F HlALsTh ARSE
A5 v 44 ﬂrf(oooo, 0600, 1200, 1800 UTC)=
TPl QA B L TURFHE: 47122)9] 2011~
201393 &< #SF ARtk o] AFolM =
Aqua 9142 J =53} AlZH(Local Equatorial Crossing
Time; LECT)®] 1:30 am (descending)®} 1:30 pm
(ascending)®] 7] wjiZol b T3} A|ZHS dEsle]
060032+ 1800UTcoﬂ #2249 e EH ABE ol&
sttt Rk S9E A oA greEue H
MEe] AR ﬂr&% FHY o FHOF 053
= 4L et oy o5 AEER & ¥
23S 7EXARE oF 400 hPa AL%=ol4] B2 O & 30 km
o= Fow dEA UthKim et al, 2011). w}
A AR B AZEe] Apolgk FHA AlolE:
#3817 fate] QA4F ASAF S 7o ® A

1 U
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O FE +1AZF ol 2 FTHOZE 50km ©]
WelA 71 77ke 18385 S vlasisint.

AMSU I 5¥ 2% 23] 255 o83l WMO
oA Heojd d7 URdAE I=E AESh S,
A7 71780 2K km™7t HE AT o] x|
AEE 2km ol 7]27E°] 2K km™' o|3E
AHEe I=E % gFAAHEeE AU TtHWMO,
1957; Zing and Hoinka, 2001). ©]ZA] A=d g7
OFEAHE 12= 24 g E&dA 48 €34
NFAAE 2= s Blwsith o714 g
Ed¢] 97 gHFAAE 15E AT YT 5S¢
H Ao 2L F o]§3te ALtEUT Egk 9187
o] AS AHEE A5t dlFEAA 29 3
7d a28]al F7F dRddA e 2213 5 f4dddA
d=E 5L BT A4E 9d71 e
20061 10€¥ 239 F5AY HF5s AHE dF7FA
AW HE #AE] vt BAaEATHLee et al.,
2010; Kim et al., 2012).

g

3. AMSU 2 Z=zng #Z «
€Y lRAUAH 0= &HE

koA AMSU 2% Z2yoo] HASn s A=
3l7] 915t Q4 Bt e E AEAFEE vtk
Hlw 59 IEE 500, 400, 300, 250, 200, 150,
100, 70, 50 hPaZ - 97l Zo|c}. o] A-elA 500~50
hPa =0 tiafAvk A5 vlwgt 22 diFdAAH
Fxo] FH FF dFE] T1shdel 2HES B
31 907] wjEo|t}. Figure 2E 2011~2013 59+ I
To] w2 AMSUS} e Edoa] #A2H 2x9
Had BFER}, AAAIS, bias (AMSU-2H 2.=d)),
18]35 RMSE (Root Mean Square Error)E& ROt}
T Ao B2H 259 HAFES 100 hPa I =7}
A Zr&Er oAl bk JEE A8 Ui
A} - AEEY % EXE Bt TEAXE
500 hPa =olA] AMSUSH ght] @&t BF 92KS
2 YUEREI, 100 hPa ZE4 4.6 K 49K 2 I
=7b S7H ) FolAe 54S BT Biase
59 wat —03~08KeZ > WA e,
RMSEE %o we} ¢ 3Ke 32 Bt A4
A= 500~100 hPa L =04 0.85~0.972 & A
A& BAT} Yoo et al. (2011)2 200213 9¥~201013
8 B¢ shitmoA BEHE T AHER, HHE,
A}, 2, B, A, SAE)e] B oY #EAk
8E o] &3l Aqua ¥4 AMSUS] level 3 €4 2
= zzad A85E A3 1000, 500, 50 hPa 5
A A= tE AFS g Ay, dEATE
0.65~0.942 ZAE u} ik

7] 4458 7] 21247 45 (2014)
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Fig. 2. The profile of (a) mean, standard deviation, (b)
correlation coefficient, (c) bias, and (d) RMSE in air
temperature between radiosonde and AMSU during the
period of 2011~2013.

AMSU-gHt] 2. &d] BAIF AEH EHS ZAMsE
7] 93t 500, 200, 2] 3 100 hPa SH oA
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AAFE 2AVEATHTable 1). B 539 AEF
HEAS AR T #3228 2% 500 hPa Lo
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Table 1. Mean, standard deviation, bias (AMSU minus Radiosonde), RMSE, and correlation coefficient (Cor.) in air
temperature between radiosonde and AMSU during the period of 2011~2013.

) Mean (K) Standard deviation (K) )
Time PL (hPa) - - Bias (K) RMSE (K) Cor.
AMSU Radiosonde AMSU Radiosonde
Sprin 500 253.41 253.80 5.93 6.21 -0.39 1.98 0.95
(I\/I[) AN% 200 218.77 21921 3.70 5.40 ~0.45 2.85 0.88
100 211.91 212.40 343 3.76 -0.49 2.11 0.84
Summer 500 267.25 267.34 3.33 3.20 -0.09 1.47 0.90
l(lJJA)e 200 221.62 222.86 1.96 3.01 -1.24 2.61 0.64
100 205.49 206.19 3.17 3.90 —-0.70 2.48 0.79
Fall 500 257.53 257.62 6.28 6.67 —0.08 3.62 0.84
(SOaN) 200 220.40 220.65 2.81 4.15 -0.25 3.02 0.69
100 208.39 209.70 4.09 4.83 -1.31 3.76 0.70
Winter 500 245.87 246.44 3.61 4.46 -0.57 2.12 0.89
(DJF) 200 221.30 221.61 3.44 3.99 -0.32 2.18 0.84
100 21343 213.70 3.11 3.31 -0.28 2.08 0.80
Table 2. Same as Table 1 except for the tropopause pressure (hPa).
) Mean (hPa) Standard deviation (hPa) .
Time Bias (hPa) RMSE (hPa) Cor.
AMSU Radiosonde AMSU Radiosonde
Spring (MAM) 226 238 47 58 -12 45 0.7
Summer (JJA) 134 139 22 31 -5 29 0.5
Fall (SON) 169 206 58 64 =37 67 0.6
Winter (DJF) 278 286 40 52 -8 39 0.7
B3l HAE 7SSt ALHE 7HA oA ST A2l AMSU &% AEE2REH 7 g7de &
Se ARHel ex Wale nglth Adel hE 1 & WaE 89X 4 9eL AR T3 27 o
=9 Bias?] £ o3 200 hPa Z =9} &34 7} FANA 71384 @AV 7hssitte RS wkggt
£3 100hPa T EE A9ty RE FEoA 0.1~  Th 7]£4 AARER AQEE €4 URdAE 2
S05KOE Uehty, ¥ FA b RS X o A% 7180 91 R me 1 awel WE
5l 2HE Biase Ok —1 Ko ¥ LE} St} RMSE Zo] A vehdth dA AMSUS 22 Lx#=
T3 1.5~38Ke®E Yelgt. A#AseE Al 1 L gFHEAE 227 9AE JE A desd 72
EHE 0.65~0.952 EEXE HATH oA 17 —sﬂﬂtﬂ 50~100 hPa Ao 7 W A
AMSU &% —Eiﬂr%‘ AA5E o]8st] G4 i ojt}. o]yt W e HEe FAAHE 1=
AAHE A2=9] 7] ArEatith ol#A A= 3 g F43t=d HE 7}2’41‘/} —r71 ool &% #H=
TE AF g Er 1 oM F4E FHAAE 1x2 of o] THAd = ofor & K- I ECH
71t A% ¥ w3t Table 2+ AMSUSF 2o 2
ool F48 YFAAR 1w A%E RiETh 4 QIE7|A WM A| IEAAH D50 EX

HHFAAHE 1= AdZ 548 BH AMSU9| O
FAAW 1 gr)ous npAvIA R o EH

E3 ALH @ FE dWES Bt Biase
B2E AFA —5~-37hPaz B YEha, B

EulelM F48 dFEA T=rt ddoz 4
Uelstth RMSE %31 4567 hPa® LERStTH A7)
|2l M 0.5~0.72 =4 e

Hal7F YeRE o

A =
T B

9 A2 AT B 2=

Bell and Bosart (1993)9} Danielsen (1968) <1--¢ll
mE2H FE Ao i A AR e
A R 52 s AT 2xolFet #dol

11:]-_1“ stk webA A A 718k g4 s was

dste] 7 e dFS =AML 87t ok
O] AFlXe AR71% /‘]"’—1] AR ste] S lA
H=5E 23 dFAAYE xe wisket 7 iR
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oAl 7l2wsle] EHS AL o]y 5%
2 ERA (ECMWF Reanalysis)-Interim®] PV 2|3l
2= 53 s vl BASTh

ARZE 93714 AlElE 2006 109 239 F5A
o HA5ES AHE UFdAAE HE3 FEE 3
ool B E ek fokshE tlRdAIEe] st
ZH 717 A A28 el JEFe Tt
ATHLee et al., 2010). ©] At 23 sk <t
20 304 mme] 99} £ 63.7m s £7HY
NEEHS 7153 olgfe Sk F A A
7NNAES YT o]F R 108 FS AT X
O]tH(Kim et al, 2012). YEA Gl F3 73S
FIAZL A1 2006 108 23 0000 UTC A
FAd71=o A Faldel Y1 AL T4l 719 1006
hPa= 22¢ 0000 UTCS} Rl ElH 24A17F B<F 2F 6
hPa sH4atithFig. 3). ©] A7192 Faldo= 7]
o] A&HQ oz st olFHErE =F T}
(Kim et al., 2012).
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Aok ol A7 2 Al FEAE A=
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ZARIAL, F7F dlRae] 7| 2se RANECEA B
g3t 715 dst7] YA eltt. Figure 4= 10¥
229 0500 UTCS} 23Y 0400 UTCOl #=% shite
FH 94 fHFAAY F=o|th 23 0400 UTC
Shite e A9e FASE gRdAE 1=t
) oF 300 hPa® E Xl Ut} 0|83 £X]= 22
& 0500 UTCS} ¥ atsdS o, ¢F 100 hPa 31733
Zolt}. E3] 23Y 0400 UTC AlZolle 75 oA
AlZFE 20 mm o]’3e] 737t #HEE 234 0100~0330
UTC A7} L X)3HKim et al., 2012). th7]¢] &
SMHEE 2AIEH] flsle] AMSUCIA #3=H 500
hPa 594H 2&9] 29| BXE ZASIAtHFig. 5).
239 0400 UTCOl <F —18°C (255 K)2| %27} ghite
SR A G7kx) B 93, 229 0500 UTCE H)
WIS o, Sie FEEAGeZ o §Ke| 7]
F7o] Uehgtth Kim et al. (2012)2 500 hPa ¥7]%
Ag Bl T Gl Y -15°C T2 &
sted 239 0000 UTCOll shit= HHiel &3 Hi
Aol ATt sFAT

ERA-interim 500 hPa 22%9] 91X 48| =4(P
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Fig. 3. Surface weather chart at 0000 UTC 23 Oct. 2006.
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(b) 0400 UTC 23 Oct. 2006

Trapopause pressure [hPa]

120 135 150 168 180 196 210 225 2440 285 270

Fig. 4. Distribution of tropopause pressure (hPa) derived from AMSU at (a) 0500 UTC 22 and (b) 0400 UTC 23 Oct. 2006.

(@ 05 UTC 22 Oct. 2006 (b) 04 UTC 23 Oct. 2006

Air Temperature [K]

L I ———— ]
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Fig. 5. Same as Fig. 4. except for the air temperature (K) at 500 hPa pressure level.

a7l Sk FdRA i) 9@tk et o] Al UTCOl 2PVU ole] Aulgke /1S5, of A7}
FHoz ero] 2us AN Qo] BARL 2 /1FOR WAL B o 7K /1SS 1Y
AJQle BT 4 AAthFig 6). 915k ThFRAAR o oled SAL Ar) 49w A Fhol vy

871 lsled A pv7E vehd 21 & AITHE3Y 09~124)2k LA SATHKIm et al.,
AR 1285°E)E 71TOE SHRUFG0-45NS PV 2012).

F4&9 dHEE A THFig. 6b). 91714 3 AMSUCIA 48 43 dFdAE 229 g3
PVUE 9% 36°NellA] °F 400 hPa X =714 $ X3} EH%UH‘J# I=E e E PV R E 53] AMSU
AL, o] Ao ZHE & 34.5°N9] 200 hPa %0 ol F4g= X—? ﬂ%vﬂﬁﬂ‘ﬁ 754 ggo] Fof3st

A 45m s o] AE (et core)o] HAXIBHATE <
Figure 6¢i= 500 hPa 5 Lol 2] pve} 7]2-9] e ¥
Hovmpgller tholojz#lS HojEt) PVE 23¢ 0000 =
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