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Abstract The effects of satellite observations on large-scale atmospheric circulations in the
reanalysis data are investigated by comparing the latest Japanese Meteorological Association’s
reanalysis data (JRA-55) and its family data, JRA-55 Conventional (JRA-55C). The latter is
identical to the former except that satellite observations are excluded during the data assimila-
tion process. Only conventional datasets are assimilated in JRA-55C. A simple comparison
revealed a considerable difference in temperature and zonal wind fields in both the stratosphere
and troposphere. Such differences are particularly large in the Southern Hemisphere and whole
stratosphere where conventional ground-based measurements are limited. The effects of satellite
observations on the zonal-mean tropospheric circulations are further examined in terms of the
Hadley cell, eddy-driven jet, and mid-latitude storm tracks. In both hemispheres, JRA-55C
exhibits slightly weaker and narrower Hadley cell than JRA-55. This is consistent with a weaker
diabatic heating in JRA-55C. The eddy-driven jet shows a small difference in its latitudinal loca-
tion only in the Southern Hemisphere. Likewise, while the Northern-Hemisphere storm tracks
are quantitatively similar in the two datasets, Southern-Hemisphere storm tracks are relatively
weaker in JRA-55C than in JRA-55. Their difference is comparable to the uncertainty between
reanalysis datasets, indicating that satellite data assimilation could yield significant corrections
in the zonal-mean circulation in the Southern Hemisphere.
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Atmospheric Reanalysis Interim (ERA-Interim; Dee et
al., 2011), the Japanese 25-year Reanalysis (JRA-25;
Onogi et al., 2007), the Japanese 55-year Reanalysis
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Forecast System Reanalysis (CFSR; Saha et al., 2010),
The Twentieth Century Reanalysis (20CR; Compo et
al,, 2011) 53 22 thFst AEHARE] B9l
Lol A ARE-E AL Tt

SHH AS 7)eo] A waelaA A5 Fse| A

© #5 A5 TR & FEE ITEIeY 2
2 A3 I= AF ollAl 9] Alg7Hs Ed-5(temporal
and spatial inhomogeneity) =47} =3}t Be A
3 AFZol ARLAAE} 71T Wsht FF7] WS
Ao glo} A1 QoA AHEEA ke AF A
(Bengtsson et al., 2004; Chen et al., 2008; Trenberth et
al, 2008), =3} H|Wa| A% Dolinar et al. (2016)<
S5, 45er, 22T v7) AR A Eel A el Bah 5
9] A% ARHAR} A #E5 A} 2 Fol7}
A2 B 2™ Martineau and Son (2010)2 A &2 =}
B¢} #ASo|M 9] 5 & 5-2(Sudden Stratospheric
Warming) 2 A3 o] Xpo]& Qlste] 4] W+t
S o7} Aol ghs Al ekt

olZ gt A o) 2S wkFste] 2015 Y& 714
i 7P Athe 718 AlFshd AEAAE JRA-
559 T4 431 WE AEFS A Z"H3@ED-Vane
AREEPAA P ApEolA 94 AETES wjAIg A
E2AZE Japanese 55-year Reanalysis Conventional
(JRA-55C)2 A &o] A&t T QA =p7e] 7
A 27, 85H 25, 2.3 24 7AY 7% 59
218 BF FUsit) JRA-SSCE AHE #3 A5
o]l A FdE 7 ARARESC] e
A7 Bats BAE a4t ol Al ¢
Age] §57F AREAEe] A wAE I
AFH oz e F e 7I13E AT
m] gt} JRA-559F JRA-55C] #5584 2l 2Ed
SAE AW EE, B0 SR 19799 ol 2
10003] o]te] gt e&d #=o] F3] fAd
B FEE 9 1003914 2008] Atele]
Zo] A o] 100] olge] #= 3% AolE nrk.
AEdo® Y A A9, 10hPag 7|FoE &b

= 1980 E 19897HA] A 3003] W ]e] #3o]
o]FojH ot Wkt = A 1003] mlFhe] HZo]
o]Fox SRt AolE HAS ¥ 4 UH(Kobayashi
et al., 2014).

JRA-55CE 83 A8 AFELS JRA-559] A5
< AFs] Hste] ARAAE vluE F SRR
JRA-55CE 3§33 th Kobayashi et al. (2014)
JRA-55C 27N E fl5te] I iE =722 500 hPa A
A3, B4, exsh BN F Fo W5EL
JRA-559} &= H|w3}9t). Kobayashi and Iwasaki
(2016)= JRA-559] /45 Brewer-Dobson circulation
Ro| T8E A5 f8te] JRA-55CE Bl i
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@] 717+ ¥4 H3l(long-term trend of cold air
mass amount)E &9215}7] ¢35t AEARE F SR
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2.1 X2

2 Aex e E 71EHAOA Adste T AR
2 ZF7 JRA-559F JRA-55CE AF-319] T 20104 5-E
s 7] AFsle] 201330 F/HE JRA-55E 71E
A& 714 ARAAEAE JRA-25E NS A
B2 g0ty 71& SR AR thr] B} 7}
o] =AU T FE} 431 MR A EFs B
W Ho| XA (Variational Bias Correction; VarBC) &
o] M2o] wrFE ALt AP Ao o F2
Ho|ES AXHA 7]E AEA=LF vl 21449
BAF 25 AP 7E FEAL A AA Y] eA 7t
Zrglon AEH 2 B0 dHES FH3)
vt BH7FAtHEbita et al., 2011).
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Fig. 1. List of observations assimilated into JRA-55 with their period (top) and JRA-55 production streams (bottom). The
production streams are separated into three periods depending on the availability of satellite measurement type [Taken from

Ebita et al., (2011) with permission].

1o] gelse] lowl, A8E A4 B3 Amel FF
o} ArEs Azde] AF A7)d olAs e
ZEJ(stream)©. 2 Fi-3} JRA-55CE Fig. 1941
slaloz A2 E A #Z(conventional) AFETHS A}
g, 20 F7H8 ARE 4 AR} vl
3y #= A7, %5 AN 7|9 AE(Pseudo Surface
Pressure Observations produced by Austraila; PAOBS)
£ 8A| 5} tH(Kobayashi et al., 2014). wWEkA 914
A ope va # AuS £ AN /%
Az el JFE 7%l FAuk 2 712 W
of A% EHo] U Aoz FHAT. hut W3y
B2 AR AP, e AR News} Dotk
ol f2 JRA-S59ME AFEFsbo]| EFERA] AL
PAOBS®] 79, FRARE 98 Mde AEEAH
(Saha et al., 2010) AEF3o) FL& NF7t 85
100~10007] wjgte 2 tf2 x|A; 719 &3 20 H]
8 2 47} 9 8l rl= A (Kobayashi et al., 2015)
S Aelehd SRR Bt 2 o AdH
o2 Hojzlth JRA-55E 1958 19 1UHE 2016
9 49 30¥7HA19] AR E AlF8AL JRA-55CE 914
Au7F F7H A5 1972 1€ 14RE 2012
12¢ 319714 8] ARE AlFeih

B Ao A= Geostationary Operational Environ-
mental Satellite (GOES), Meteorological Satellite
(METEOSAT), Geostationary Meteorological Satellite
(GMS), Multifunctional Transport Satellite (MTSAT)
o) 94< B8 BE 9w 44 7] &5 vg
(Atmospheric Motion Vector; AMV) AL2E 43 3}7]
A2t 197938 71322 1o (Kobayashi et al., 2015)
JRA-55C A&7 U 201290 129 319748 &
A 717 g At o] W T SAE®w), 3
Euke (), ALE(®), 71D, tht= &4 7HE &
% (large scale condensation heating rate; Qper), T
7FE 4= (convective heating rate; Q.n), STl 3
S 7HE S (vertical diffusion heating rate; Oygs)
£ o]&ste] #A4s IPsidnt. Al Hgd Tt &
=3%}(diabatic heating rate)2 sl H|EAF 71E &
= (non-radiative heating rate; Q.= & & Ut
(Wright and Fueglistaler, 2013). H|@G<¥ 7149 &£:5
Aol BE HEE 2.5° x 259 FHAGE} 37%
(1000~1 hPa)e] AZF=E 7HAAL Jom 4l 33
@ AESH A7 AR F VAR Al vdd
7HE &0l A9 oF 0.562° x 0.562°9] 3, 60
=9 B33 Al(hybrid coordinate) AR EZ O]
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ARG EE 2 AAZ B34
(Martineau et al., 2016). ©]¢} 7+ E3t214S ERA-
Interim¥} JRA-552 W] 3o 24 A wks}alglct.
500-hPa A F41 $Heol o}~ AE, 2& E
2] Alol&= ERA-Interim®] &
EE FUHF o= /‘F‘loPﬁoﬂ 1.5° x 1.5°9] ¥ 3|
AE 9} 37%(1000~1 hPa)e] AN =S zhet)

2.2 017 i
AR T2 EHANME F ARAAE ko] Ak
2pol2 A K7 $ste] 197995E 20129744 34
do] Het 7123 sAurEe] AT E A6
o2 723 FAure] 34d B EFUAE
A ste] Ad MEAolA e AtolE 7heFs] ARt
th i A 2gEE sy o8] A
< AV EH, 7]E APl e 8] AAE A
40}-‘:— WHo 2 UlFdAH =ol(e.g., Lucas et al.,
2012), 2% -4 <4 (e.g., Mitas and Clement, 2005),
HFa A& AEF(eg, Allen et al, 2012), & &
5= (e.g., Hudson et al., 2006) sl 719 (e.g., Choi et
al,, 2014) 5o Aet=JE=d & AP M= 500-hPa
2l 6]—’"; X—L/] o]—‘:‘ H1— /\]._9_0]. 1:]— O]L‘
A 4 57t XH‘:’“Z}»QW A E = JEks
of FAWE Hzh(v)ys WHEE Aot A7
H| 2| -5¢] Zpele} o] 2 Q1% 7] theghel

2polE AgH oz 1T & 7] wFo]th(Oort and
Yienger, 1996). =3t A7 F4 g olele] WS
2 &Y o2 FAE AHolste dlol oA 49
o= 7128 ARk sl o] ATH(Choi et al.,
2014). 500-hPa A 4 e 2(HE Ho=H,
7} 9k o}l 500-hPa ollA1e] A% §4 S Zho]
0°] ¥ A=somwa=0E el 8] AAR 4
]38} tH(Mitas and Clement, 2005; Lu et al., 2007;
Frierson et al., 2007; Son et al, 2010; Liu et al.,

2012; Choi et al., 2014; Seo et al., 2014). |58 <=
Zho] FEH AL A—lE YRIE HJsta, 7+ bt
T =T 8] AA WM Zhe A" fA 3
o] HAUgERT) 2 HAFGE)E AEZE A
ol &ttt

Y500 hPa I50021mcos¢ d (D

ol mlRl= 9

3F: JRA-55%} JRA-55C ¥ A+

7]0L0 1:11—1:1—)\]71 HH O§l— [e= ko1 MR i\:} X o‘i
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© ss0hoacine) 3m) BAsGoE 3

ol

Al e AlE %]

«]ETE]—(e g, Woolhngs et al,, 2010). 3+ FAIUEF F

A 3 AEL fA = ST AolA FAnbgel

7?%]’ 74 SI=E oJnlste &3] olt]o] ofs) LAYst
= AlEY $IXZ EAtKSon and Lee, 2005).

25 B 20] A9 dd ¥ SAE BT

A %7} FtHCompo and Sardeshmukh, 2004). 2=
Ede 20 A7|Ste] A #A st Aot
=AM Heoju=d], WA = AFss &~
EY 548 AFos] et Ha dd 71,
29 1%, YR HEY ol E}Ok—s}yﬂ PNE-RSE
1tH(Harnik and Chang, 2003). ¥ AFoME A3
“ﬂ'—rLﬂ«] HwE 53l 24 @-4’ AZ 3] ]0}0‘1
AQAER 2F EAS Aot &~F EY &
e 2Eo) 93 WAsE M HEAHeE —”ﬂ

mit o ot ol

4 5 9k

77 =27 = [2(t + 24hr) — 2(0)] ©)
G,z 2% B BEA, 28 A9 o
¢ R, 2 AR [T @9 o4l A1
& ol 4y e 240 ee @

SHE B2 AR Ao|E 2447 2o] eIz Y
st 9}%31, oIl Aol wEe Al 2

T4 JF37] fIsk stolsi~ HH
< 317] wLo|th(Wallace et al., 1988;
Guo et al., 2009). olL-# AL o] 7hgtkalm ZH‘:'/H
259t A5 AEE WA flo] b= BaE & it
£ o] JtHChang and Fu, 2002).

3. M5H

Figure 2= 7123 S48k 349 A% 715
e AdE R BojFET}h JRA-559F JRA-55C7He] #H
e 9oz YeEMdler SAHSE {23t 3k
He Joz q7|8th 713 A BF UFH
ARGE AS5AdA & HAE B 53] uiFd
I 45 ZFgo] et AL vk AFHAM A5
HrE Tk o 7Fs AR s oz V)
2o | K oA, EHH}E& 2m s o] HXE B
o] ol 95% el FTAAlA Fel o}E} SRk T
FHANE dF Folst |/ A=A J5d
AR T= Aoz At} o= ﬂl‘m o2 A5

1% dgoR e AlY B3 Ame 27 RAw
o 100 ol 7] Helt,

Aol A%, dRAdAE FFucke
FHoz fol8 ¥% Aol7h WAL 10 hPasiH
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Fig. 2. Latitude-pressure cross section of time mean (1979~2012) zonally-averaged (a, b) temperature, and (c, d) zonal wind for
JJA (left) and DJF (right). Climatology from JRA-55C is denoted with contour lines while the difference to JRA-55 (JRA-55C
minus JRA-55) is shaded. The differences, which are statistically significant at the 95% confidence level (two-tailed Student-t

test), are stippled.

1 hPaZ7}A| &] - ATdelX = HAxp7E F7kshes 7
o] Falsto] At 20m s o] F AAE et
Wtk 2= A4, BE fl=el A 5K ode] o
$ & 71237} o354 (June-Tuly-August; JTAYZ A2
d (December-January-February; DIF) 2504 9215
RNomH ol= FAubg AAte Ao F5o] ©E &
=% d@el & sk Adteltt. JRA-559F JRA-
55C 2% sAukEy _xo FAHE 713% NY
| ALl ARt 919] Ax= A5l 271 Zpeld
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HAck vHA A AFFS] e, 2% 5o AHEH
B EA 3= A8 199539 §8) 19 3] o)A, T4
vl Bolo] AM-EE AMVE JRA-55COIA A=
T B2 AES A 19959 &l 1 3] oA
A5 3] F7H= A tH(Kobayashi et al., 2015).
Figure 3& AW A 7123 FAntEe] 34d
7y BEHEAE AFEE BRdFE 7)en TAn
o] Ad HEAS sl thFAY e XY
L oo)sle] EEHAS Bl o) wla
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L AEAREE 7Ee] Afolm AEHAA FE
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Fig. 3. Same as Fig. 2, but for zonally-averaged (a, b) temperature, and (c, d) zonal wind standard deviation.

A
< 3m s oA RS AT FA LM E U

2k, RS AxAXME 5o HAF TS
G giFdolA T ABAREe 7% Ae)vt
FHYPY A vE] F2EA Aol AUHo=Z b
ulatint. gk b BAS dHEA AFHET A
284 2 HAL A= A 2

AE AF 20hPas F4Ho 2 YEhE e A4d
HEAe AEde F2WF7] 2% (Quasi-Biennial
Oscillation; QBOYl| <J3ll Ueld ZAsfoltt. A &+
= A57F w9 3)dek AU Etal JRA-55C
T2AF7] T 3 HEAHE wkgsta lon
g AT AAE B F2d57]F0] Tl
A YEPdTth(Kobayashi et al., 2014; Fig. 7. 3x).
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Fig. 4. Seasonal difference of time-mean zonal-mean mass stream function between JRA-55C and JRA-55 and time-mean
zonal-mean mass stream function at 500 hPa as a function of latitude. Climatology from JRA-55C is denoted with contour lines
while the difference to JRA-55(JRA-55C minus JRA-55) is shaded.

et 2 A ZH2 dsFol PR E 2T AEAAIES] NFE A dAFI oY R WA
of] me} 7150 23t JakS mXITk(Schneider, 2006). A3e AxE 1t JEHE 30°SHE 10°N7}
Figure 4= SAEaE F&utEe] 341(1979-2012) =] =3 FAgE] A SED 3] T4
71585 AHgste] ALtet axd A 4 4ot o] 10°S}HE] A& FZo] AbFdA Axprt Felsi
500 hPacll M 2] Az fA k== vebdth 1000hPa  YERdTE 53] = A 300 hPaollA Ho) 1.44 x 10"
B 10 hPa7tA] e AldE AF {4 S Agu kg s AEe o] UXE HIAEH, ol 94 AR
W, A AR A 7|15 B Ao} niRE F = HjA| 3 JRA-55C7} JRA-55E T s8] 8] <F

ﬁ
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A ABTF AR AR tht th] £3gell PR =

%33F: JRA-55¢} JRA-55C v A+

Table 1. Hadley cell strength, edge, and width in JRA-55 and JRA-55C, averaged over 34 years (1979~2012).

Difference
IRA-35 JRA-53C (JRA-55C minus JRA-55)
JJA DIF JA DIJF JIA DIF

NH Strength at 500 hPa (10" kg s™) 1.96 20.51 1.48 18.69 -0.48 -1.82

SH Strength at 500 hPa (10" kg s™) 24.09 4.92 23.06 442 -1.03 -0.50

HC edge at NH (°N) 35.77 30.58 34.89 30.38 -0.88 0.2

HC edge at SH (°S) 28.23 33.86 27.99 33.73 -0.24 -0.13

HC width (°) 64.01 63.47 —0.54
3t oJm 3ttt JRA-55CE AEAIREY HEF & UHAT A ERbtolA s AF U ZdE 4
3k B0 glojA] JRA-55E 7o 2 AW 8% H: shre] Aol Yehs A=l JRA-55CH JRA-
o] AAE HEUT 55 7+¢] z}o]7} ERA-Interim¥} JRA-55 7] Xjo|H

AEA M= 10°SHE 30°N7HA] sjEg] 4238ko] &
AEo] QT JEHI v R E Hx 2 A 300

hPaoll Al ZHth 1.69 x 100 kg s AL L9] A}o]=
BAsd, SubtolM s A3 F4 ot Folr]
o] oMo % JRA-55C7} JRA-558 T} elEg] <
ko] w7t oFghS omlgith. R A4 JRA-55C
= JRA-55E 712 S5 o8 A=E A 15%
A FAste] ¥ st AT T3 -3 (March-April-
May; MAM)3} 7123 (September-October-November;
SON)9IA = JRA-55C7} JRA-355 %24 Edse= 7
TS adE BE2F UdSS ¢ F Utk Liu et al
(2012)2 A% 713 €7k sird _2Rks R8s
slo] EJsle] BYg AEAAF 20th Century
Reanalysis Version 2 (20CR2; Compo et al., 2011)
AREste] b dlER] =3e] Ferb 18719 H
200837k 108% 0.07 x 10" kg s'9HE 7150w &
W AL S5 o8 AE 1039 0.08 x 10" kg
s'RREe] 7t Fols FelEkth WAl 1.69 x 10" kg
s oF 1409 7He] SEE] =3 57 Fol9] oF 200
ol st toltt. 914 AE7F £ A171(1979~
2003)¢] ALH=E FA S IS o, B9k SE
g <% 7757} NCEP-NCAR A)E22 & (Kalnay et
al, 1996)o1= 10d% 1.07 x 10" kg s, ERA40°]]
AE 109 296 x 10" kg s S/ oHE A8
A A3 Mitas and Clement, 2005)2 7|52 ¢4
ZtE9] §-5F7F NCEP E-l=9] oF 154, ERA-40 E
A=e] of 0.578) A= HAE TE F USE 9
njgit}, ol AEEslelA 914 AE {7t dEE
o] A= FAo Aigk FFS WS A

500-hPa A& F41 ghr 7153k A A ollA
£ ERA-Interim, JRA-55, JRA-55CE H]| 3} th(Fig.
4. 8. 2 A3, AT Aol mEbA] JRA-55CS
JRA-55 7Fe] Zpo] (354 A41)7} ERA-Interim3} JRA-
55 7re] zpo|(AA AMwth & A9 & FAeE

= 7138ks 7] Al26¢ 43 (2016)

o FA vehd v, E@NkE F9=0lX = ERA-
Interim} JRA-55 7] zfol7t ¥ IA ZHEHAY &
A3} 7hede] A9AHE v 59 Zo|7b e
ST} JRA-55C7F A% W] JRA-55E. dlER] <8
9] 7133 A mdItE AN & 94 A5
ol e ] A= % Yy
Holes 2348 IUSS v
Table 1= F AEXRF 9] =2
A, Bl & Ale 472 g3 =xolth WA
hPa 7= WA JRA-55C= JRA-55H T}
A e, Bdbrel gkt 25 o
ALH A5 US F435H. e
Al tEIAE JRA-55C7F JRA-55HTF &4
Ao}, Az HHbE ALHo Hlg] 5 H
skaith HWu| = AAE W% JRA-55CE JRA-559] H
sl e o A =ESen, $FHSZ JRA-

A=} =2 =
2 238 F

55C7} JRA-558 T} dlEg] <%
o ¥ IS & F Aok

Figure SollA = sl E8] =89 @& ZAE
Hale Aol vhd d#F oz Yehex &
7] 913ke] JRA-55CS} JRA-552] A3} xfo| 2 AA|
Yoz Auuoytt. 1 Ay, Eubpoa s o84
44, ALd 6de A UlF-Ee Ao JRA-
55C7} JRA-558T SE8] 3 AAE S48
o] g1t ik re] A foll= AL 448 A
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Fig. 5. 34-year time series of seasonal difference (JRA-55C minus JRA-55) of Hadley Cell edge at each hemisphere.

Fig. 6. Seasonal difference (JRA-55C minus JRA-55) of zonal-mean non-radiative diabatic heating rate averaged over
1979~2012. Climatology from JRA-55C is denoted with contour lines while the difference to JRA-55 (JRA-55C minus JRA-
55) is shaded.
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Fig. 7. Same as Fig. 6, but for convective heating rate (Qcur), large scale condensation heating rate (Qpgn), and vertical

diffusion heating rate (Q,qnr), respectively.
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Fig. 8. Climatological 850-hPa zonal-mean zonal wind and its difference between reanalysis datasets as a function of latitude.
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Fig. 9. Scatter plot of monthly 850-hPa maximum zonal-mean wind from January of 1979 to December of 2012 in (a) Northern
Hemisphere and (b) Southern Hemisphere. (c, d) are the same as in (a, b), respectively, but for the latitude of maximum zonal-
mean zonal wind. Black, red, green, blue dots denote four different seasons.
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Table 2. Time-mean (1979~2012) 850-hPa low level jet maximum zonal wind and its position in JRA-55C and JRA-55.
Difference
JRA-55 JRA-55C (JRA-55C minus JRA-55)
JJA DJF JA DIJF JJA DJF
NH u850 maximum (m s™') 4.24 6.64 426 6.65 0.02 0.01
SH u850 maximum (m sfl) 11.84 13.23 11.76 13.16 —-0.08 -0.07
NH u850 latitude (°N) 47.55 41.53 47.56 41.56 0.01 0.03
SH u850 latitude (°S) 51.03 50.07 50.55 49.82 —-0.48 -0.25

Fig. 10. Same as Fig. 8 but with respect to 24 h-filtered geopotential height variance at 300 hPa [Units: 100 m?].
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Table 3. Time-mean (1979~2012) monthly 300-hPa maximum geopotential variance and its position in JRA-55C and JRA-55.

Difference
JRA-55 IRA-53C (JRA-55C minus JRA-55)
JJA DIF JJA DIF JJA DIF
NH var(®) maximum (m?) 135.02 141.57 134.27 141.23 -0.75 -0.34
SH var(®) maximum (m?) 84.57 89.81 79.55 84.79 -5.02 -5.02
NH var(®) latitude (°N) 56.21 50.05 55.72 50.04 -0.49 -0.01
SH var(®) latitude (°S) 51.75 50.99 51.95 49.81 0.20 -1.18

Fig. 11. Same as Fig. 9 but for monthly maximum geopotential height variance at 300 hPa.
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Fig. 12. Averaged geopotential height variance for (a) NH (b) SH (c) inter-hemisphere ratio (SH to NH), from January 1 of
1979 to December 31 of 2012. Two-year running mean is applied. Red, black, cyan contours denote JRA-55, JRA-55C, and

ERA-Interim, respectively.
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