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Intercomparison of Satellite Data with Model Reanalyses on
Lower-Stratospheric Temperature

Jung-Moon Yoo!' - Jin-Nam Kim!
'Department of Science Education, Ewha Womans University, Seoul 120-750, Korea

Abstract: The correlation and Empirical Orthogonal Function (EOF) analyses over the globe have been applied to
intercompare lower-stratospheric (~70hPa) temperature obtained from satellite data and two model reanalyses. The data is the
19 years (1980-98) Microwave Sounding Unit (MSU) channel 4 (Ch4) brightness temperature, and the reanalyses are GCM
(NCEP, 1980-97; GEOS, 1981-94) outputs. In MSU monthly climatological anomaly, the temperature substantially decreases
by ~21K in winter over southern polar regions, and its annual cycle over tropics is weak. In October the temperature and
total ozone over the area south of Australia remarkably increase together. High correlations (r=0.95) between MSU and
reanalyses occur in most global areas, but they are lower (r~0.75) over the 20-30N latitudes, northern America, and southern
Andes mountains. The first mode of MSU and reanalyses for monthly-mean Ch4 temperature shows annual cycle, and the
lower-stratospheric warming due to volcanic eruptions. The analyses near the Korean peninsula show that lower-stratospheric
temperature, out of phase with that for troposphere, increases in winter and decreases in summer. In the first mode for
anomaly over the tropical Pacific, MSU and reanalyses indicate lower-stratospheric warming due to volcanic eruptions. In the
second mode MSU and GEOS present Quasi-Biennial Oscillation (QBO) while NCEP, El Nifio. Volcanic eruption and QBO
have more impact on lower-stratospheric thermal state than El Nifio. The EOF over the tropical Atlantic is similar to that over
the Pacific, except a negligible effect of El Nifio. This study suggests that intercomparison of satellite data with model
reanalyses may estimate relative accuracy of both data.
Key words: Lower-Stratospheric Temperature, EOF, MSU, Channel 4, NCEP, GEOS, volcanic eruption, QBO, El Nifio

2% &7 ZdoM A7 frd 55 A5 EF A - EA31) 93k Aol thg 198098 7Izke] $jdTE
MsSU Ad4 BH5- 45A) wrlexel F 79 ti7)dgi<d =A(NCEP, 1980-97'd; GEOS, 1981-941d) A%-AM A28 A% 2
AR B4 F3te] AR 99T 7135k oheBa]oM MSU 258 T AL 9% oA &

A adtglent (20-22K), Bkt B¢l 1090l 2 2Ef Yol o) X PojlA 31 HE2E LE L 9F AFo] F2
GkalA FAlo Asdtslth. dAd s 5 93771 3 - m9sd v|dhe FalahA] ggich AT ojRre] Ao
B&3 2d Apelel] e g3kou (r20.95), ot AE7IF7F S 20N-30N A, He] hE T3]3 ghelaate) O
A oA YhtHr~0.75). MSU % Bdll AXH S0 LTk B3 B= 12 AF7)9) 37 3Pt Zakao] §3 A2
o 2% }e-& vebich e Ao g £ML 38 42W 2ol dEET gzA o2 8 sk AL A
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1% Wzt JFe FE 2E5 7} P,
a3 oFES A3driste] EF F3HES o8
317) st AEdY 715 Wste dig #4le] A2
o & EolA L glth(Spencer and Christy, 1993), &
T olaig WakE ez Wi od %
23 220|BE, o|3ie RUNL AR o B
AL Uy s 2 1 AF AAE ke 2
a3},

A% Zde] Rag L% Aze B2 9 2 P
2] (reanalysis)ollM B & St A7) digh 2=
#zo e &d (Y& 713980 AN
o, ey &L FEA X £¥ 9 vjid
o2 AXNTH 7% Gl doAA AlTH Aok
A "}, 2 71391482 @Izt HAel EF
HE 1% ZAY £ 9k A7y FAEE &3 8l
= Y58 NOAA(National Oceanic and Atmospheric
Administration) $143-& 1978 3% E AA7HA] < 2@ ¢
Aoz wWAtE|o] gttt o] 949 ©AE TOVS(TIROS
Operational Vertical Sounder) 913 #Z7]|5(HIRS-2,
MSU, SSUZ T4 We MSU(Microwave Sounding
Unit) EAHAlE 719} Rfol W&EEe vlo]a29t
2 fdi4eA 47 o ez #53 o] F
57.95GHz XFFolA #2d Hd4 WIleEs 70
hpa ¥2¢] g4 e F2 yrodsich webd 3HF
Ao 715 wgel &x A Ak A4

or M oXx rif

I

&L T2 o851 $trh(Spencer and Christy,
1993).

AAAE Y 2R3 A= BRI NOAA 944
Zzy 2d Axo] AgH FHE 7FAI QlojA, o
AAoM EEE ARE st AN AALE
e Ao oAt BT & vk AV H483k
& 94 A4 bt gE 5 e 53 A9 gig
FE PN BUA], YAAE s 2R, 41
Ze] W3l 22lx BAM AR 3o os) HA

t BSEY 59 245 7HE F dlh o1& Bgdt
7] $lgte] MSU 7ol FE7IZHE Fo| BEAEE
Agste] Bgste] gkx|gt, 1 FFA] JeAME o
2o =2o] QUtHHansen et al., 1995; Hurrell and
Trenberth, 1998),

38, 7|<$ Zd(General Circulation Model;
GCM)Y] Ade ZaAAY #de 2 B4 B
Hge] By}, 53] AR 7R 5 2t B¢
A Sz Brdta 713 W a9 dud o
2 FA9 o) & FEE FoleH E&E ot
(e.g., Hurrell and Trenberth, 1992), 12|22 A%
AZ e} ZdZAT Atolo] Aol FHZHQ H|AL -
248 53 45 2UAd dE A FHs B
&7 2o gigk AEe g 2 s RS A=
ke AL 71T WF A7l TR

A 71F AEE A D AE317] $3te] A EE
e BdE2 AUt v E dFdAe Als
U&7} 7Fedtal 2d HEed gk st o &
27 o F e 2d AN At sty 4FE
£5 BEAd ARE-ElQlth; NCEP(National Centers for
Environmental Prediction)®} NCAR(National Center for
Atmospheric Research)?] F 7+ 7|@o] FFo2 7
w5} NCEP/NCAR R4 (Kalnay et al,, 1996), 181
NASA(National Aeronautics and Space Administration)
DAO(Data Assimilation Office)®] GEOS(Goddard Earth
Observing System) E.&(Schubert et al, 1993)( g7
olME Helid NCEP/NCAR B9d-S NCEP RdZ ¢
A). o1 REES 83 #Y VEEL 1F T
o 7t & dZef Qlojx RddA M= AR F
3} AlzEl3 S2] BAe] Walg Qg BEAEE £l
7] gste] AEM A8E A& o] AR AA
oM RHEL 1 BFAY o8l i A5 F
3} A|25lg ARSERGlo M, Al wet $&2 0|1 i
A% A8E #5590k Straus and Yang, 1997).

#3324 Anele] vjme] #g AP ATelA
Shah and Rind(1998)% MSU $Al#Z GFDL/Oort 2}
tJ9 &4 =, CIRA(COSPAR International Reference
Atmosphere) 28l 718]3 NCEP Tdl AEAM 9 A&
52 oj&3te] #=3 2o AAE ALE F A
290 258 45 W, o Al 43w, ]
FHES S ASHIN dA=Z A= 2 dAsgle.
U 80hPa #-ZojlA] NCEPH MSUE drjellA] < 2K &
£ Aolg nylos, YT Agel F sl
NCEPo] MSURT} 5K A= Egteh =3 dof ke
2 AZAoM #57 Bde MR oF K HxY A
o|Z Hold], ol A8 T3 37 AFEE




92 Ariead 98 AR $EE F9o) NoBP
do] VS ARE HAPPoT HA RFHA
gahod BTt 25 FAsHA,

2dANES A5 vjagt T (Kistler er al,, 1999)
o] ¢]&W, NCEP?} ECMWF(European Center for
Medium-range Weather Forecasts)®] 2% 92 #3E
& Q2P FAY 300 hPa Folr 43S
Bnojo), = diFAT AL 4FA 10050
hPa ¥l &l ZFS Bt difd &= o
g MSU9} NCEP(®EE ECMWE) AJ24}, NCEP#} GEOS
A, 18]I NCEPF} ECMWF] Z35g 47} vl
g A7 Eo] FofdA JF3] AP =Y o (Hurrell
and Trenberth, 1992, Hansen et al,, 1995; Higgins et
al, 1996), 3H AZA gk MSU f4 853 diedt
2d A Azd diFd 4zte P uF(Em-
pirical Orthogonal Function; EOF) #4-& Z3}e] oy
Aol thate] 7 BEME W - ABH FPE I
slo] Ae] AR Aol & AT B B2}
2oy 247k AN 2 43de 94 HuE v
- A7) $1eke] 1980~1998d 713ke] ARS
MSU Ad4 712t o] ikRe F plje =
WE(NCEP, GEOS) AlEA Apge] tig 4% ¢ 33
WP $4S BT, A, T23 BT 2o

thskel Al Tt

A2 L ey
AQBEMsv) Az F A9 di7ldied B
(NCEP, GEOS) A&A A&7 £ a7 4 2 7
Aa g EA o w2 v)ae] AR AR 2
© BEAETE HL& A9 ff7] £ 54 olFE}
ol B8 70, Z58E 5 =] 4 A
A Aoz A=A g Feu o s A
31t} (Straus and Yang, 1997). ©]&3F 2dl AEAe 9
g g 7129 o8 7ked 2E ARE 27 24
02 3l fEHEZR 4TS AHe) 43 54
o|AE AN F3 v|AE T3] T AT Alo|o] 4
3 E4A € AGEES P F ot 28y A
8L A2 b2 AAE 7R g8 RN AEE
FIAIL g FeEsof s ol 7ML Qo
(Saha and Chelliah, 1993). #ZA|128 9] A - 3744
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v A W3l R ol £57] S8l o A
2 % Qe B3 ARY AzoHe #A, 292
Y AT A o] FEAN F g oAES
A3 AR AzoIMY EABS FolITHKistler
et al,, 1999).

MSU x4 ¥7 |2

9] Fol BASE BaAe Al BB &
Reee 54 el BEs ede FaEsE 2

%2 252 gAlel 4= QloKSpencer and Christy, 1990).
MSU BAHAIE 3 A5dY 228 FH37] 93t
57.95GHz9] Aol 4 Aol g B2 rlol2
238 25y, A w4 E B3le 54 F
ol i3t vlo]agde] Aa RIAEE 259 AR
E2 A% T vlo|azte dig WexE 4
£3%lcH(Spencer and Christy, 1993). 2E2 AA] 117]1¢]
F A} (scan angle)d] AEE 25°YEX25° AR 3§
Arslste] ARg-3F4AT

B ApoME s (nadir) A5 AMESHS H
Bk, thA e, ehite 228 Tdshe A g5 d3ty
2°9=x3° x| AxE A3t A Apmrte
AL FARG AR R FAE U7|5S 3
B\ A 5 e FA%E 29E uAE § Qo
A4 vyl exe] AAIG Bt AHEe d5H9]
ATE A7) Y8ty fI4ETY #F ARE AR
afo| 2 WA= Zhzte] AWt el BEAlAY HA
3 55 & AAAFEAA BASAGAE - HAE,
1998), 19801 19HE 19983 12¥71A] 193(22870€)
717kl gk ShE e &x9 BAE $std 7709
A AaE A8k} 1980814l thalke] NOAA-G,
1982-841d ¢l th3t NOAA-7, 1985-86\d 4l t]d}e]
NOAA-9, 1987-88d¢] tha}e] NOAA-10, 1989-911d 4
WEted NOAA-11, 1992-94 3¢ tjste] NOAA-12, 18]
3 1995-98\d¢] th3tali= NOAA-149] AIEE ARE-3FY
t}, NOAA-87} NOAA-13 A+ AEA EAZ A9 s
Ach. NOAA-14E Aetar $14d Alde] a7t B4
AL 24, 8% 74 whol|, B 9432 24] wbel A
TE FHs #5538t

NCEP M=M 2%

1989'd5-E] NCEP#} NCAROIAME 7152t= F31A| 7]



140 sz=- 23y

(Climate Data Assimilation Systems; CDAS)E 1} #3}7]
A3 NFEE QRS HAAEHH(Kalnay et al,
1998). o] AAe ALAH(frozen) A=W AR
2R o8 7592 ZEAAAM e Wbt dAd
Jeg A A Yo E=F NCEP 2Y AEHS
1eIg 7% AFAEe] de] e ]y 424
AR 50 71zke] ARAE Y AR 7]
&0 2 HE Ao BUFR(Binary Universal Format
Representation) &S At&3}ItH(Schemm et al,
1996).

NCEP AE4 A7E T62(210km)e] SHF=E 714
o 28709) 71%S TP AT 2HEY mdolt}, o
E & FoA &9 1721000, 925, 850, 700, 600,
500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10
hra)ejX ] 257} o] 7Fsdttt(Kalnay et al., 199).
2ded 57 U4ds(Spectral Statistical Interpolation;
ssD} 32+ HE AE F3HEAY 7'M Dimensional-
Variational Scheme; 3D-VAR)o] AEA oA HAE]
TH(Parrish and Derber, 1992). A% ti7ldlMe] ghv]e
£ A8, NOAA FAE £149) nlo]azs} ARG
2 2 o ol 20N-208 A G A9, FA
Mgl & &4, vjgrldA g vt &= g, A
27190 tig AEH 21A, 281 HEE 7, &
5, HES T dld BN ARE] AR F
3ol o] &-Et ol AFEL A U4 d &
(Optimal Interpolation Quality Control; OIQC) AlZ®l
o o8 SAIEA} 0QCE A9 Pz} F
AN AL F e LFE AL dAgtH
OIQCE ¥4 ou A2go] HA3] Rafj=A &= Al
- 37 R 589 4 Juh(Straus and Yang,
1997).

AL dF FHY FAHEL Grel(1993)2 7122
3}¢] Pan and Wu(1994)7} 7038l Simplified Arakawa-
Schubert 23S ARS8 Ao AT AL
Caplan(1988), A3} ALY B3l Schwarzkopf and
Fels(1991), 28|31 @3} EAl H$E Lacis and
Hansen(1974)9] 74} 7122 2 ic}, ©ald] digk
TE9 B8 FAE 1E5E FAYG 250 et 2AE
o] FE-BA} FE g AM-HA o] BAS
258l E Troen and Mahrt(1986)¢] Q7 Al o]
L5300, A 24 F sl i exE AHdE

Table 1, The layer thicknesses(AP; hPa) and weighted
values used for the calculation of corresponding MSU Ch4
temperature from the NCEP and GEQS reanalyses,

Pressure Weighted value

. O ———— NCEP, AP GECS, AP
atttude NCEP GEOS

10 15 . 75

20 95 95 10 10

30 195 185 15 15

50 47 47 20 20

70 66 66 25 25
100 75 715 40 40
150 40 40 50 50
200 1 11 50 50
250 2 2 50 50
300 : . 75 75
400 . . 100 100
500 . . 100 100
600 . - 100 100
700 . . 125 100
800 . . . 75
850 . . 1125 50
900 . . . 50
926 . : 7% .
950 . . . 50

1000 . . 375 25

Reynolds and Smith(1994)8] W4k 7HH& o]&3l¢ &
ZHAG

B 7o) ALg-E NCEP 2dl¢] A8 L5+ 1980-
973 7)7tell 3l 25° A= x25° A% A2} 7149
27] AF AEE GrADS(Doty, 1992) 1 T2
& ojgsld 2°9=x3'Ax Atz AgE Azt
71AE MSU Ad4el B =g AT
A3l 2de] 177 B 155 T 3HF 4584 4
TG FE olE AEE AREEHITHTable 1),

GEOS iz 2=

NASA/DAOS] AE A A E ¥ Goddard Earth
Observing System(GEOS-1) tj<=g Rdl ALE-3ta]
Aol WAt $437]4(Optimal Interpolation, ON .2 T
A" 3A3Y S A AN BEFH(Pfaendiner et
al,, 1995), GEOS RdlL 2°d = x25° 4% +Hsj4
=9} 207091 Al2ekEe] SRR EE Heolqlrt. GEOS
ogtel ARl £ & £ G {3 2R 7HE



Suarez and Takacs(1994)2] Sd7tolA HYsHA 7=
5o} ek,

o] 2do] A& tfF 234 Moorthi and Suarez
(1992)9] Relaxed Arakawa-Schubert(RAS) W& AR
3H= vk, on| AF¥ NCEPS] Z$-+ Simplified
Arakawa-Schubert *3'8& AMSSITE el AFT 7
A2 Kesslerd W& ARE3} Sud and Molod(1988)9]
ATtd)], 28] BA} 3442 Harshvardhan et al (1987)
Aol #7125 T3 Qlvh FE-EAF d3ate
Altel dadt 75 ¥&2 AL 2 gE TEY B
F3l, 75 FHEY 8 ¥ FAE AP A
Ao 2 AR HHTakacs et al, 1994). 7] BA=T 4
Z 348 2331 Helfand et 2l (1991)® Helfand and
Labraga(1988)¢] 25% 72 2dd] 7125 €}, 3¢
H &% AFEE Reynolds(1988)e] €RF ABE o)&
s 4o ke, pddAE oY R3S 5
FA7171 98 Incremental Analysis Updating(IAU)
S AHgsit} o] mdyt #AAHE A JE
Schubert et al.(1993)el] 71&=¢] gt}

£ A7ellA ARE-E 198194 7|7Fe] GEOS AEA
2TAFEE 7] AR 2°AEx3°He Azlg A
g8 F, 183:(1000, 950, 900, 850, 800, 700, 600, 500,
400, 300, 250, 200, 150, 100, 70, 50, 30, 20 hPa) & 8
F ARE olgty Ad4 =2 ATFAY Aotk
(Table 1),

FusmEs 2y
BEALGr EHL 71 249 A7 T EE
AuIA AAANA F= wbHdo s g9 AHH
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T Fas A 330 £33 FH
=, AfEe 47 84S BeHe
Agat7] olzhe e (noise)oll ols) A wror
g 37 X e dNsr] gsolr
2 SAEEE A7 BEE 2 sey), o] £ )
A vlmste] 1 F3F RE
HE AHE 4 gtk 2 A7 AR APA
B BAol dlg o] 24 Kutzbach(1967)9) Wilks
(1995)9] 7129AE e}, Ad4 259 2Ag 9
3] AR MSU A2.9] 717He 19809832 228709,
NCEPY] A2A mde] 79 19809739 21670¢,
GEOS9] 73-%-+= 198194 9] 1687t}
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B AFME Table 2004 AAIE W] 7l A9L o)
BoR &% YRR 2 ofmdele] AAIE st
o Ztz} AAAuEs FA o] HL-Hn, 7| €t
ohmrels 4RastdA AF717F AAE RE 9]
gt olgist B A= Ao gHYiE =
AR W le] Z7]o] &g, o]dk FHAQ Ut
T Huk ol AT B AG BEY ¢ diAg,
a2 Y} ks v gy 298 vgE
F A 7Y & 23l 99 AYGES ddE]
ok g3Fgkolt oh=Zelgte A7zt oigt Hak
o] AAE T, oA F 7|7kl gt FFUAR U
o 24 A3 normalization) Hth F3F 9 xd] u}
2 HHwsty 298 nedty] A5y, &4 Az &
% A9 cospR BT AW ALTS 42 9
g 3FF JERER A EHAY

MSU $14x5, 12]3 NCEP ¥ GEOS A#A ZA3
gA =¥ Nd4 2= 4HTUT oh=Halghel
W& EOF ¥4 Z#Z i 2=zt el
(Tables 2 and 3), TablesollA] Z359te] ke 1-H-3ke)
2.2} ¥ error bar)E oJn|gcH(North et al, 1982). 0]
£ 292 8 & ul, EOFY) 7 REE MR 59
Hoz F FeHe glon o] R=aXE Fg /%
HEe F&0] 7Fssltt A4EEH F 2 AENE
7ol If WEHALS AR ME FARE 238 By
.

YT MSU al24 8| 2E
71249 otz

ol 57 198098\ 7Izke] MSU s A
3T Wesd U3 92 715 olety 2¥E
ZABISITHE, 1. A4 ¥ €4 7Fgoes
TE dBTE W oheT o] Tk BN APA W
& 2o A @ 0o 19 ok=Tegteln Bl
T OE A9 2 ghites) dvE Tkl Y
ofAlo} Al SR W 2uv= ARl HlEte] 1-
3K A= F5aichFEg. la). 5248 Bkt Z9q)
4N o)5 Aelr zdstien Al 2% F7F(16K)
& 27y HEE o] RdlM yedtt, 2o gt
T 408 oo} 2= o 1-2K A% Ao, 9
5= 708 #-2o] SATelA 2 5t drHeK).
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Fig. 1, Climatological monthly anomaly distributions of MSU Ch4 brightness temperatutes(K) derived from the data (1980-98)
over the globe for (a) January, (b) April, () July, and (d) October. Contour interval is 1K,

499 ohx=|g YA 9xd t2 LxAss}
190] wgte] A Jelsich(Rig 1b). 20N o]& =] <oj
A EFE FEE Astue ZE Aol A%
Hlato] ahY- 45d XUt ASElgn FAe s 7
75 o|fd BAFe dASgch 105108 dj x|z}
S2EHYRe} ot AF 2xE oF 12K Ak 8
73t sict.

749 oheel %ol T Fu olAlel Ao
ShE 43 L $UT OE A%} g 12K 4
= e, o=l BEe of FIze] el
71 4 dzAololtkrg. 10, E o] AIE
W Fhgel SgEed o] neEa el gwel
£ 2% P} BYT 2e % Aol Hjate] T
o 3 ik,
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Fig, 1, Continued.

1099 ol=Egte 499 Afote we $7
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Correlation in Ch4 between MSU & NCEP, 1980-1997
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Fig, 2, Temporal correlation over 216 months from 1980 to 1997 of monthly MSU Ch4 and corresponding NCEP mean
temperatures, The contour interval is 0,05, The values less than 0,8 are shaded,
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Correlation in Ch4 between MSU & GECS, 1981-1994

Fig. 3. Temporal correlation over 168 months from 1981 o 1994 of monthly MSU Ch4 and corresponding GEOS mean
temperatures, The contour interval is 0.05, The values less than 0.8 are shaded.
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Fig. 4, The first mode of EOFs of the covariance matrix in left panel and corresponding principal component time series in
right panel of monthly mean MSU Ch4 brightniess temperature in the Pacific Ocean of (121,5E-79.5W, 45,55-60,5N) of (a) MSU,
(b) NCEP, and (c) GEOS, The time series in the right side represent the projections of the temperature patterns at each time
on the EOF patterns shown in the left side. A smoothing function of (0,25, 0,5, 0.25) is used on the time series,
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Fig. 5. Same as in Fig, 4 except for the region of (61,5E-169.5W, 21.55-70.5N).
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Fig, 6. The first mode of EOFs of the covariance matrix in left panel and corresponding principal component time
series in right panel of monthly mean MSU Ch4 brightness temperature anomaly in the tropical Pacific Ocean of
(121,5E-79.5W, 21,55-22,5N) of (a) MSU, (b) NCEP, and (c) GEOS. The time series in the right side represent the
projections of the temperature patterns at each time on the EOF patterns shown in the left side, A smoocthing function
of (0.25, 0.5, 0.25) is used on the time series,
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Fig. 11, The EOFs of the covariance matrix in left panel and corresponding principal component time series in right
panel of monthly mean MSU Ch4 brightness temperature over the 30S-30N region of (a) mode 1, (b) mode 2, and (c)
mode 3, The time series in the right side represent the projections of the temperature patterns at each time on the EOF
patterns shown in the left side. A smoothing function of (0,25, 0.5, 0.25) is used on the time series,
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