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Global Temperature Trends of Middle and Upper Tropospheres Derived from
Satellite Data and Model Reanalyses

Jung-Moon Yoo" - Ji-Eun Lee
Department of Science Education, Ewha Womans University, Seoul 120-750, Korea

Abstract: Global temperature trends of middle and upper tropospheres have been investigated using the data of satellite-
observed Microwave Sounding Unit (MSU) channels 2-3(Ch2, Ch3) during the period of 1980-97 and three GCM (NCEP,
ECMWF, GEOS) reanalyses during 1981-93. The global, hemispheric and tropical anomalies, computed from the data during
the common period, have been intercompared in the following regions; ocean, land, and both ocean and land. The correlation
with MSU in midtropospheric temperatures is the best (r=0.81~0.95) in ECMWF, particularly over the tropics. The
correlations in upper troposphere are lower (r=0.06~0.34) due to poor quality of MSU Ch3 data, consistent with previous
result. The midtropospheric trends during 1981-93, obtained from MSU and three GCMs, show the global warming of 0.01~
0.18K decade™". The warmest years have been 1987 and 1991 in El Nifio while the coolest, 1993 and 1994 in La Nifia. The
warming (0.12~0.13K decade™) in MSU over global ocean is similar to that over global land. The largest discrepancy in
upper troposphere between MSU and GCMs has been found in the transition period (1984. 12-1985. 1) from NOAA 9 to 10,
because of a sizable error in the MSU Ch3. The midtropospheric trends near the Korean peninsula during 1981-93 are almost
negligible(—0.02K decade™) in MSU, but indicate significant warming (0.25-0.43K decade™) in GCMs. The trends are
crosschecked and discussed with other two independent MSU data of Spencer and Christy (1992a, 1992b).

Key words:  Temperature trend, Middle troposphere, Upper troposphere, Satellite data, MSU channels 2-3, NCEP,
ECMWF, GEOS, GCM, Reanalyses
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Fig, 1, Temperare weighting functions for MSU channel 2(Ch2; 53.74 GHz) and channel 3(Ch3; 54.96 GHz) for the
nadir and channel 2R from a 22° view angle through a U, S, Standard atmosphere(after Hurrell and Trenberth, 1998;
Spencer and Christy, 1992a). The dashed line represents the level of the tropopause,
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Table 1, The weighted values and layer thicknesses(AP; hPa) used for the calculation of comesponding MSU Ch2
temperature from the NCEP, ECMWF and GEOS reanalyses.

Weighted value Layer thickness (AP)
Prossure NCEP ECMWF GEOS ]
Land Ocean Land Ocean Land QOcean NCEP ECMWF GEOS

50 15 15 - . 15 15 20 - 20
70 35 35 15 15 35 35 25 20 25
100 6 6 35 3.5 6 6 40 25 40
150 125 125 6 6 125 125 50 40 50
200 20 20 125 125 20 20 50 50 50
250 26.5 265 20 20 265 26.5 50 50 50
300 335 335 265 26.5 335 335 75 50 75
400 46.5 46.5 335 33.5 46.5 46.5 100 75 100
500 57 58.5 46.5 46.5 57 58.5 100 100 100
600 61 63.5 57 58.5 61 635 100 100 100
700 60.5 64.5 61 63.5 60.5 64.5 125 100 100

77 - . 60.5 64.5 - - . 125 -
800 . . . . 515 625 . - 75
850 o5 61.5 55 615 55 615 1125 1125 50
900 - - . . 525 60 - . 50

925 52 60 52 60 - - 75 () -
950 - . - . 495 59 . - 50
1000 47 58 47 375 47 58 375 375 25

Table 2, The weighted values and layer thicknesses(AP; hPa) used for the calculation of corresponding MSU Ch3
temperature from the NCEP, ECMWF and GEOS reanalyses,

Pressure Weighted value Layer thickness (AP)
altitude  Nopp ECMWF GEOS NCEP ECMWF GEOS
10 3 3 . 10 10 .
20 7.5 . 75 10 . 15
30 13 13 13 15 15 15
50 28 28 28 20 20 20
70 49 49 49 25 25 25
100 78 78 78 40 40 40
150 115 115 115 50 50 50
200 139 139 139 50 50 50
250 140 140 140 50 50 50
300 130 130 130 75 75 75
400 92 92 92 100 100 100
500 555 555 55.5 100 100 100
600 35 35 35 100 100 100
700 20 20 20 125 875 100
775 . 13 . . 70 .
800 . . 11 . . 75
850 9 9 9 1125 70 50
900 . . 5 . . 50
925 4 4 . 75 75 .
950 - . 3 . . 50

1000 2 2 2 37.5 375 25
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Fig, 2, Scatter diagrams of monthly mean Ch2 MSU temperature anomalies versus corresponding NCEP, ECMWF, GEOS
reanalyses over the globe, The number in the figure means correlation coefficient,
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Table 3, Correlation coefficients between MSU Ch2
brightness temperature and model reanalyses during the
period of 1981-93 over the regions of ‘ocean’, land , and
‘ocean and land . The words of North’ and ‘South’ stand
for northern and southemn hemispheres, respectively,

NCEP ECMWF GEOS
Globe
Ocean 081 0.88 081
Land 085 093 087
Ocean & Land 083 092 085
North
Ocean 083 092 0.86
Land 081 088 084
Ocean & Land 082 093 087
South
Ocean 077 081 074
Land 086 0.89 084
Ocean & Land 079 083 078
Tropics
Ocean 088 093 087
Land 087 095 089
Ocean & Land 0.88 093 088

Aol vjg}te] soFel A FE3E Zlo] ofel] tha F-ZAH
Aleg FHHY

Afwgt ohlel Bubg, dul, dd) A=
Msud] gt 2d AENE] ¢ ECMWFIA 7}
2 E=ky, o2 3%k 79 NCEPUA 281 &
2)2] 74 GEOSOIA EstthTable 3). fFF 0.05
©.01lA A Aatel 23, T2t diFAAA 9
ARz md ARA ez A4S BF 013
0192 A F= oA,

AR HFHY 2

27+ UF38 Ao dxFor A4 Uil &
oA ECMWFE 713 @2 48(—0,02~0,000S BJct
(Fig. 3). 8714 2EFEL FAXE 71502 GiH
£, o] A& Christy et al(1995)9M % A2 € ulo} 2
o] MSU A3 x79] FATAd 7UAg AR 34
Hct, Msudll digk 2d AJe] Hohgk(0.34) NCEPS)
d < 2 Bkt §%), 22 P B -
0,022 ECMWF] AT s € SAA depsitt
(Table 4). Al FAEH N R FE 15678
(1981-9339] 15670€)0) 22, FoF 005904 F<

Table 4, Same as in Table 3 except for the MSU AChS.
Values in bold are significant at the 95% level.

NCEP ECMWF GEOS
Globe
Ocean 0.12 —0,01 006
Land 028 006 017
Ocean & Land 015 —0,02 007
North
Ocean 028 0.10 019
Land 034 012 022
Ocean & Land 028 007 0,18
South
Ocean 012 0,04 0.09
Land 024 0,08 0.19
Ocean & Land 013 0.03 0.10
Tropics
Ocean 034 023 033
Land 031 017 030
Ocean & Land 033 021 031

Q1 gk £0.13¢9] Hdigtrot & oot
57 Y 4% RAC| 2 A

Figs. 46 9438S T Al £79 29 A4 &
9] 997 7 UFE L% o2 HE AT
ANAE 2 &gt} a8 AF7)7) AAE |
A AALEL Ad WslE vehdth,

S URAES 2

1980-98\d 7]7te] Y1A3BE MSU Ad2 =9 Al
AEL AT, Bk, Bk agn g A9 gist
o ZAEICHFg. 4). AAIEEL AA YA T5F
o2 duUkx 7|7kl 1983, 1987, 1991, 199834l <%k
olr=atal, 28l vk 7]7kel 1982, 1985, 1989,
1996 &9 olxgEE Rt} AEL $9 o
Ade] AAGeIN A FAKE HEjE Bt B
o} BHE 19989 dUAle] 71 & 2E A
Hel whdd] gof 29 198337 19873 AYAe]
Z 35E 5.

s &R Abele] AAG v AT 2= W
3}Zo] FFEt SA A H| AR I8t FAHHL
2 oy, dysel 1983d 2wk} 199230 o <]
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1998).

MSU &% AFoAM 3 v7de AT 2=
1980-98 717tel] 1099 0.16K 3453 JthFig. 4 and
Table 5). A9 g Eiie 7HE 28 4460.22K), 2
2|3 Gul s e A20,12KS Byt olgdt &
Z+ A a3t SlojA Hubt B¢l £A]¢)
25 A%(0.23K decade™)o] #9H0.21K decade ™) B
t} o 2 whdd), gubroa s s 44(0.12K
decade o] $2(0.06K decade™h)ET} oF 2n] Fit},
SA)olM 9] MEZL B 71 Zlon ikt
M 71 2eket, dof Aol ZH-ol &x]9} sfeke]
Aol T2 Aol wis| M2 FAHY, Fuktel o}

Table 5. Trends(K decade™) for midtropospheric
temperature over the globe., The period of data are 1981-93,
The values in parentheses mean the MSU trends during
the period of 1980-98.

MSU NCEP  ECMWF  GEOS
Globe
Ocean 0.12(0,16) 0.04 020 006
Land 0.1300.19) -0.06 013 001
Ocean & Land 0.12(0,16) 001 0.18 0.04
North
Ocean 0.160.21) 001 026 007
Land 0.17(0.23) —0.06 0.10 0.00
Ocean & Land 0.16(0.22) -0.02 0.19 0.04
South
Ocean 0.100.12) 0,06 0.16 0.05
Land 0.04(0.06) —0.05 020 0.04
Ocean & Land 0.08(0.12) 0.05 017 0.04
Tropics
Ocean 0.16(0.21) —001 03 001
Land 0.12(0.16) -004 01 -001
Ocean & Land 0.14(0.19) -0.02 026 -001

A2 soke] 2:d3H0.21K decade™)7} £A](0.16K
decade™ hEt} A}

Fig. 5% 1981-93d 3% 7|7tel A Hol RS
7 24 ARHe) F3 diFd 259 ok Al

g Fold AT AFRke AAG Rold), 2 Ui
oAl AT 25 AL o]F AFE A 0.01~0,18K
decade™'9] &U3}E Bom YRS MSUE U
Z4750.12K decade™)-& B}, 243 Ar|&
ECMWFOA 7}4 738F9311(0.18K decade™), NCEPd]|
A 7H 2kt th0.01K decade™). AAGESY 94
g HFEe AEoE fARIeH, 8RS ¢
ApollAE NCEP 281 WEZAE ECMWES 714
2 UA3H et

(b)

t
0.22K/decade

80 81 B2 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

H
. 0.12K/decade
80 81 82 83 84 85 86 87 88 8 90 91 92 93 94 95 96 97 28

(d)

0.8

0.4

g of
g

-0.4

0.19K/decade

80 81 B2 83 84 85 86 87 88 BS 90 91 92 93 94 95 96 97 %8
Year

-0.8

Fig, 4,' Time series of the anomalies of monthly mean
MSU Ch2 brightness temperatures(K) during the period
of 1980-98 for the ocean(dotted), land(dashed), ocean
and land(solid). The (a) ‘Globe , (b) North', (c) ‘South’,
and (d) Tropics in the figures stand for globe, northemn
hemisphere, southern hemisphere and tropics(30N-30S),
respectively, The values of temperature trends over the
‘ocean and land are also given. A smoothing function of
(0.25, 0.5, 0.25) is used on the time series,
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MSU Ch2 anomaly

T(K)

~0.5

0.12K/decade

81 82 83 84 85 8 8 88 8% 90 9N 82 83

b) NCEP Ch2 anomaly

T(K)

. . . 0.01K/decade

81 82 83 84 85 86 87 88 89 90 )] 92 93

© ECMWF Ch2 anomaly

! 0.18K/decade

= N " i i P

81 82 83 B84 85 8 87 88 8 90 9 92 93

[e)) GEOS Ch2 anomaly

T(K)

0.04K/decade

81 82 83 B4 85 86 87 88 89 20 91 92 23

Fig. 5. Time series of the anomalies of (a) MSU, (b)
NCEP, (c) ECMWF and (d) GEOS monthly mean Ch2
temperatures during the common period of 1981-93 for
ocean(dotted), land(dashed), ocean and land(solid). A
smoothing function of (0.25, 0.5, 0.25) is used on the
time series,

AABZE MsU9| 1980-98d ALF A vERE AT
sl 19371 012KE FAE - A3w9979] A7
oA 1980883 AEE2HE AL 97t 02K 9 H|3HH
Zokeh(o] EEole AAHA gt 23y At 10
d B A7 2} o8] ALHL 5 ¢ T
Act.

AR iR 2T

MSU A 789 25 AAEN 713 & 53
& NOAA7YA NOAA9e =9l Al A]7]¢l 198437}
19853 Abolo] FE whk A% 2% WFo| Uet
W= AolthFg. 6a). oleg WE-E Al 7153t
ol Al AgFel Ao T YAZe] 5089

(a) ———ocean § lend

-0.94K/decade

Fig. 6, Same as in Fig. 5 except for Ch3,

Fe FE F2EE Y44 AddAe 1d o)
o2 93l 937 =AHrh(Prabhakara et al,, 1998),
MSU Ad3 A ge] B2 Spencer and Christy
(1990)9lA] A HE v} Qlck, &A)9} g %S
< YA gAFY 9] olxwelrt dyx 7174
1986-87, 1991-92:3¢f] ielytth, 2efuh AlAI M A

X G Ao T3 1981844 0.5K o]t
ko] oh=L} UYelton, o] Age] RAGRAC
2 Bt MSU A3 BEARAA 1082 L5 7
Age v AN 198193 717kl 09~1.0KoI At
(Table 6). 3% dfd 2=9 Aago] 2 20 &
A 1097 1.04Ke) W¥Z3), a8l Zadoe] 7P ¢
2 Wt ke 0.88KY] WZskE vERiSIc

MSU $j4#Z7+= Yx2 o8 ECMWFS GEOS?
AR gHFE 25 AAGEL AF A G sty
198193 717to]l 0.05~0.11K decade '8} 2d3}&
B rhFigs. 6c-d), NCEPY 2% FAHl& 2 717t
ZAE gk Al 79 Bl ARAA Y] g
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&Ae] 2138H0.00~0.11K decade™ )& 37+ dF
A(0.01~0,18K decade )3} & z}o]E Ho|x] gttt
(Figs. Sb-d, 6b-d). NCEP AJA|E-& 1990, 1991\d )} <k
o] oputy], 123 1985, 19934l 9] of=Ha|E
BtkFg 6b). 714 SAE 199140, 2gx 3%
2 1990del] 7HF & &9 ol=TeE Vel 3
g3} A= FEHOZ 1983, 1988, 19909130l %<
ol:=ta), 22| 1984-86, 1993 9] oS
=R 1=

ECMWFe] A% tFd 25 HEF(1.2KS AT
AGeA 3 HFAAKF A FAHITHFigs.
5c and 6¢), A HF5dY 9= S dFAS v
3}t ECMWE AJA|golA AT 2= Aol 2 7
Zh2 1987-88, 1990-91, 1983\ do|n 3172 1984-85,
19939 YEsttHFig. 60). Ul A GolA &138H0.10
~0,30K decade™ )& Bl 7+ U7 H|ete] 7
HFANAE 238 417](0.04~0.16K decade™ )7}
oA oY oy, F 71E 2R 35FHeE 2d3)
£ B QcH(Tables 5 and 6), T}A] T3, ECMWFA =
1981-93Q 7Rte)l &0 2 T8 23l Hdo]
k12 el=

GEOS A% U748 259 ofx=@z] AJAdAA A
T 2% 57 A% {A(—0.04K decade )9} %
(0.08K decade ™ hol|A] A2 2 Jelyten, A+

Table 6, Same as in Table 5 except for the MSU Ch3,

MSU NCEP ECMWF GEOS
Giobe

Ocean —090(-058) 005 014 008
Land —102-059) -011 004 —004
Ocean & Land ~ —094(-058) 000 01 005

North
Ocean —095-055) —-001 014 005
Land —104-059 -013 001 —005
Ocean & Lland ~ —098(—056) —007 008 0,00

South
Ocean -088(-059 010 016 0.11
Land —096(-059) -002 010 001
Ocean & Land ~ —089(—059) 007 014 0.10

Tropics
Ocean —-090(—050) 000 014 001
Land 095052 005 01  —004
Ocean &land  —091(—050) —001 013 000

B o] AuiHe #AZ 0.05K decade™ ')
232 B 9rhFig, 6d and Table 6). o]&3k &4
3= MSU YABE(—0.94K decade™), ECMWF &
9 (0.11K decade™)o] H]3}e] Fs}4itt. GEOS AlA|
gde dyx AN 19879 Xe} 1988 FyHel=
SA A, 199091 sFAA Fe ol E
Bk &9 ol X9 gl TFHL
2 199337 vk 717k 199536l @A A vEr
sttt

A8B5T 2l AN ERE AL FA49 A
oA MSU A3 AZE 433 248 £33} 3l

oo, £3] o] 2k 19849 Fuhe 1985 A
vk, 2e3 1986 Fukr1e AlAIGel EAEAH. Al
AlGolA 1984-8530] 2% WEL ¢4 FA(NOAA-7
to NOAA-9)4l 23t <19l A2 FAHM, MSU
Ad3E 25 FA E4d AME37] Ystde FUH
2l o] Fadj},

Bz £2o] S7t U AR iR
2E 3%

e B2o o7 Y% 2°xAE 3° A XY
(123,0~132,0 E, 33.5~39.5 Nyl gt #&3 md9
0 2 AR diE 259 ofxi] AAgRRE
18d7te] &= A¥E 2AAH(Figs. 7-8). 53]
Spencer and Christy(1992b)el|4] F|A]€ MSU 3 of
FA &% (SC2R)9 ol AAGS 87 v - 2

Aol ARSEHIAT

fl8EEzt 2 HEMQ AlAY

A& 2d AR Azt FF 77k AL
g fste 471208 1981939, 18]2 MSU $j4#
ZE (MSU2, SC2, SC2R) 73-%-oll= 1980-97: 322 A3k
stk B dFtelM ARSE A 79 MSU AgE
MSU Z Hepd £ d7elA f=d Z3dola e
71&%, ‘SC2 = YERH Spencer and Christy(1992a)7}
MSU9] o] FARARE ANl 53 Wr)ex, O
2] ‘SC2R' & YR Spencer and Christy(1992b)7}
AEA9 &35 AAN| Y3t = 37 dFd
o] ¥l ezolt},

e RIoA 1981939 71kl hE F2 OlF
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A 259 AA LA MSU gho] kzkel 31} AT
(—0,02K decade™)& B B t}& A $79 24 =
2 2% £ 2u3lE B9rH0.25~0.43K decade™)
(Table 7 and Fig. 7). o]E &3 ¥ 2d 2159 A4
Wil dAz vksie, 50 dRd 2dst 2 2%
WEZo] ECMWFOIN 71 ZA0.43K decade™) vt
ElstthFig. 7a). olF ARA 4] of=TEl= 1987,

Temperature Trend near Korean Peninsula

T(K)
o

T(K)

80 81 82 B3 84 85 86 87 838 89 90 91 92 93 94 95 96 97
Year

Fig. 7. Time series for monthly mean Ch2 anomalies
near the Korean peninsula of (a) the MSU, NCEP,
ECMWF and GEOS temperatures during the period of
198193, and of (b) the MSU, SC2 and SC2R during the
period of 1980-97.

Korean peninsula(1981-93)
(a) — — —GEOS

280

ch2 e
260 F — T~

T(K)
1
l

240 p

220

290

270

250.m

230 -

T(K)

[ 7
Month

Fig. 8. Annual variations for climatological monthly
mean Ch2 values near the Korean peninsula of (a) the
MSU, NCEP, ECMWF and GEOS temperatures during the
period of 1981-93, and of (b) three independent satellite
observations for the MSU, SC2, and SC2R during the
period of 1980-97.

1989, 19903, 12X &9 oh=TE|E 1984, 1986139
A vt Ay 717 1982, 19919234 &
< HFo] T3 At

S00hPacllX 1 Huigk& Zbe MSU A3y Asut
scz2eoll wlste 3% diRAY 43 FEHE Jehle
SC2r®] 7}dre] Uk 700hPaz WolAln, 1
S T4 ®mofo| ©l djelEAl Jeldrt. 22y 4%
A9 ¥4 AHE d¥ T= MU Fay Az
SC20] H|3te] SC2RY] 2% ¥ HUHoR Z AF
Aol ox-& ¥3sla 02-9] Hurrell and Trenberth
(1992)9l 213l A A€ wv} Slct, dFAAE 227t 119
S AR} viy) ufEe) sC2rT #AE 43
ko] HAL nYwdH te Fa3it}

1980973 717te] Al F57 914 FS(MSU, sC2 18
I SC2R)Y % AL vins RY, AEE2 3FH
0.2 2u3} A3 0.01~0.22K decade S YElH O
U, MSU(0.01K decade™ )¢} 7ol olgjat o] 7}
% oF3}9lth(Fig. 7b and Table 8), Al AREY] AL
AAH o2 FARIY T2 FE0.80~091)F Bt
I} MSUY SsC2Br} SC2Ro] & Z¢] 2% As
(0.22K decade )& RgEt], o]AL SC2Re] I
B2 Ao AA Y FQA 2dHFAE T,
1999b)o]l th3te] A Be} 3N A o W7e7] o
9 Aoz AL, F/MHo2 MSUSg sC2elx €]
23} H3ko] SC2Rrol) wiste] okgt AL Wz @A

Table 7, Middle and upper tropospheric thermal
trends(K decade™) of MSU observation and model
reanalyses during the period of 1981-93 near the Korean
peninsula,

MSU NCEP ECMWE GEOS
Ch2 -0.02 025 043 028
Ch3 -133 -0,18 0.18 -005

Table 8, Middle and lower tropospheric thermal
trends(K decade™) of three independent MSU Ch2
observations during the period of 1980-97 near the
Korean peninsula,

MSU SC2 SC2R
midtroposphere midtroposphere low troposphere
500 hPa 500 hPa 700 hPa
Ch2 0.01 009 022
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o] ZPF 3 A=A FIH(15~25%; Spencer and
Christy, 1992b) E§3}7] wjio|ct,
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Fig. 9. Scatter diagrams of monthly mean Ch2

temperature anomalies of MSU versus NCEP, ECMWF,
GEOS near the Korean peninsula, The number in the
figure means correlation coefficient,
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0

Y&z 2l A EAM 0| oiuis}

e F2oN F3 uiFd &x9 44 75
2 485 vjE 2d AR A oF 10K HE ¥
A vepgor, A 579 2dE] AR5 A o
28t 4ck(Fig, 8a). 3t UHA 259 AF7)4A
MSU A&7 2d AN 25 Alo9] A= 98
o F7}, 283 ALl #AY. Hur)e 7~8
Aol 28| AA7)ee 12~194 Vel Msust
2 QRN Alele] oF 10K A R AFA
227t A% 4498S Wl vaAld A
o2 oF 1~15km ¥ 3 7)1 5 vhdele AL
ofmj g,

S 4 AR dFdd dE g4EE 2559
MSU, SC2 12|31 SC2R A}e]2] H|R|A&= SC2RO|
MSU$} sC2e]l Bl3le] oF 15K A& Eglow 4 5
A5e] HEL A2 dAEIohFEg. sb). F3 U
A 35 O FA Abolo] 2% Aol dFd) Az
(20K) A&l ArH14K), MSULF sC2¢ H]3kad SC2R
25T 3t diFdeY 43 AHE utdsing Egith
EF 719 712284 7125 € o, sc2re] 3 o)
FE& Msu9t sC2RY] F7t tiRAEY oF 2km 1%
7 Y& A Yo},

O

I $30iMe] BET Y 2 Ato|o) At

Table 9%} Fig, 9& FHtE RIoM F7+ 2 AR o)
74 2259 SlolM RS ndte] AU B
oFoh, T A= gl Msudl thete B4 =g
o Aol EAFA &R sttt F3F dFAAA
MsUd| ek melEe] e GEOSHA 0,83, 18|31
4 dFAedA Y gL NCEPIIA 0372 71 =9}
THTable 9). MSU A'd3 25| 212 Qlste] 2 o
FadXx e JEAEL 0 UFARY 333 ke

I

Table 9, Correlation cofficients in MSU Ch2 and Ch3
equivalent temperature anomalies between MSU and
reanalyses(NCEP, ECMWF, GEOS) near the Korean
peninsula during the period of 1981-93,

NCEP ECMWF GEOS
Ch2  Ch3 Ch2 Ch3 Ch2 Ch3
MSU Ch2 082 0.82 083
Ch3 037 029 031
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t fol4E 0050 BE Srelsolgict, 27e Zsh
(Figs. 295} MG o, Pihw 2ol 3 ofF
A LR Y WAL YT Y A
Ao w99,

2 E

F 4 AN dRFdY 43 Al g g4
3 2d AR A5E o]8ste AT 25 T4 A
&3t ol A9 A< Ag4E Bk f3h,
A8EE MSU Aldae} Ad3 W, 2= A F
&9 ti43rd (NCEP, ECMWF, GEOS) A¥Y &%
52 A3 vmegict. MSUE 1980-98'd, NCEPL
1980-9713, ECMWFE 1980-93\d, Z18]31 GEOSE 1981-
94d 717k et 9% 2°x A% 343 A8 A
g8 Fol AMEEHAY, o8 ARE AGEE AT, &
v, W, ] Aol tiste] B3 Fell, B
2zt 3, &4, AY 2 AN Y 2B AR}
St

#5729 AR89 FF 717 1981-93¢ 7I3te]
S dFE 2= JoA A4ES g 2d AR
229 A ECMWE RN 71 #=ghchr=081
~095). Ao T2 AHL o] oA dd SA
=0.95)0]9, 7} @2 A HL GEOS BN ik
FF(r=074)010ct. MSUS thet =l A#HL FHYE
o} By & #Fo] FHI S AM AR E3Uch
ZdEe F% dRdY MSU 2=4 gt & &
o] AEHr=074~095)% B, FE dRHIME
22 B (=-002~0345 Bt o|AL Christy et
al (1995)M s A A9 vle} Zo] AR UFA =&
vhdshe MSU Ad3 Wr)exe] A 7%
Ao 2 FAHct

A9l 1399 tigt A7 2% F3 A4 NCEPY
AT SA(—0.06K decade™)E A|9j3tm #= 2 2l
A2E 293H0.01~0.20K decade™)E BT} &
gL AUk 7Yl e ofx=we], a3 2k
J7ble 29 ol E By AT g AR
NFA =9 FAAA MSUue ¥Z3H(—0.94K
decade™ )& H <l ¥bHd] ECMWFt GEOSE 243}
(0.05~0.11K decade™ )& Bt} NCEPY] &% FAl=
EAE aoint o9t 22 AR dFd & FA¢

AAA ARAET ZDE Aol EUAE MSU Ald
3 W1xY F3844 7|98t Qi) 1 AAY
oA WAEUY, A5 2d AALY vz RE F
R MSUY Hd 2= 19843 Futd) 19859 vk
323 1986 Fuke]l VERto W, 19848539 A=
@712t FE #E 71H 50l e 94 mAl
(NOAA-7 to NOAA-9) &, E¢hxIgt B & o
2 gaEn

ghite B2 e @53} 2] doMe A
T A5 gl B4 ndof gt Ao dAEA =
7 2ok, 3 UFE LE4A MSU B¢l tigk v}
F ¥ ATE GEOS BHl(r=0,83), 28|32 AR thH
o] ZA9+= NCEP e (r=0.37)°lA Vehygr} e
AGelAe] MSU 2% FAdH £+ dFHEL 35
Wz EAEEE 3H—0.01K decade™)S HJe
o, o]t A= FAT F(1999b)st I35, ©]
Aol BEet 2 A5 A UFd 59 HE
F2 F dFA g Aot 2 JFEL dAIE
k.

4Zdol dFdd nlAe 9FE AR J¥ES
7Y vla, & B dFeA f=8 MSU 25+ #1E,
Spencer and Christy(1992a, 1992b)oll =¥ sC2¢}
SC2R A}5.9] H|&oA AZAE B 24d3E Ve
won, 1980-97%d 7]7kel 1087F 243} SC2RA
0.22K, SC2e4 0.09K Z&]x MSUNA] 0.01Ko) T},
7|4 SCRE 2 UlFg, 23l MSUst sC2= &
R 255 WeElER dhie BId9ME A
ol ZW7ke tiFddA st AslE eS¢
T ULk F=3 22 T gFdEY 28 vt
HHAZE, F§ MsUSt sC2 AbeldiM e g =T
o] zpo|= QIBte] 2= FA4|A 008K decade™'9] &
Aol EA8k3dct.

2 a7 F1 gid 259 i MSu 9433,
28]3 NCEP, ECMWF, GEOS 2d 24 A5 Eo]
25 F3 A QoA Ao R dAFE R F
Fom, F thFAe 25 AFdME HATES MSU
Ad3 AFTE AR e X8l §1S-E A}
ot #ESAE 9k vluE B3l 2de gt 2&H
A e € Frke A 71FE oJalst 2 HslkE o
F3=t oA Byl ojejdt Rl SlYse
gt Ed 59 71E #SAEI $E53 Fo MSU
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