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Abstract This study investigates eddy transports in terms of space and time for momentum,
heat, and moisture, emphasizing comparison of the results in three reanalysis data sets including
ERA-Interim from the European Center for Medium-range Weather Forecasts (ECMWF),
NCEP2 from the National Center for Environmental Prediction and the Department of Energy
(NCEP-DOE), and JRA-55 from the Japan Meteorological Agency (JMA) during boreal winter.
The magnitudes for eddy transports of momentum in ERA-Interim are represented as the stron-
gest value in comparison of three data sets, which may be mainly come from that both zonal
averaged meridional and zonal wind tend to follow the hierarchy of ERA-Interim, NCEP2, and
JRA-55. Whereas in relation to heat and moisture eddy transports, those of NCEP2 are the
strongest, implying that zonal averaged air temperature (specific humidity) tend to follow the
raking of NCEP2, ERA-Interim, and JRA-55 (NCEP2, JRA-55, and ERA-Interim), except that
transient eddy transports for heat in ERA-Interim are the strongest involving both meridional
wind and air temperature. The stationary and transient eddy transports in the context of space
and time correlation, and intensity of standard deviation demonstrate that the correlation (inten-
sity of standard deviation) influence the structure (magnitude) of eddy transports. The similarity
between ERA-Interim and NCEP2 (ERA-Interim and JRA-55) of space correlation (time cor-
relation) closely resembles among three data sets. A resemblance among reanalysis data sets of
space correlation is larger than that of time correlation.
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ek ofue} ti7] dies
9] o] Wl PEFS Fobal W th(Becker et al.,
1997; Kim and Lee, 2001; Walker and Schneider,
2006; Caballero, 2007, 2008). Kuo (1956)= ol|t]ol] ¢
g 5% T2 e oo HE e8] T
FH, 5T 75 Wit 7] et Fa% A
AUS Bk HES ot oJg I FEe sEY
gl ofs) F2 SWhEA, 22 R UR{ Al
dofl o)s) S7Fsitty A st th(James, 1995). Hare
and James (2001)o- & olt]ol 23t £ 4 &
o A¢d a3t 7] 8l Fa3 9T R
o Belth ZE|al oy o] Akl webd AE 7
ok Al ey g5 Awrt gk, 3 oY
F=wo] 283kl Kang et al. (2011)14 2d A
I EAS FE Bl o9k o] o= di7] &%t
9 ol FEL F71 Wiel ojcle] #a A7}
g g 3jt},

R AEA AR 7he] Apolo] B7k A AT-Ec]
TS 715 A7l el ol FolA sttt WAt 7] o
T3] 71Ro] H= FET =8e] Al7lel tigk AR
A w7k At gxten, 8k wsy g
FIAAAY el A= & v=2A A At
(Song and Zhang, 2007; Stachnik and Schumacher,
2011). Hgk A7k} SA] Hete] WA} e oy g
3L, 718ARD B7] Wl Bt Ik 22
715 FAE Xshs oUA AlolE2 thgE AR
A ZARE o] g3dted EAFEth(Ulbrich and Speth,
1991; Hu et al., 2004; Li et al., 2007, Marques et al.,
2009, 2010; Kim and Kim, 2013). #<*°|= NCEP-
DOE (National Centers for Environmental Prediction-
Department of Energy)ll4] #38= NCEP2, ECMWF
(European Center for Medium-range Weather Forecasts)
oA A|F-3H= ERA-40 Z2]3L IMA (Japan Meteorological
Agency)®} CRIEPI (Central Research Institute of
Electric Power Industry)ol| 4] #|&-8}= JRA-259} 742
TS AR AEEe] vyl Ase] Uitk BeAS
BSol] fleiA wreolHll, 2 olFE B2 dTE
= 7] oA Abel2E A 8] flal 9o A
AR E0] AMEETHLI et al, 2007; Marques et al.,
2009, 2010). ©] A& AFEAN = Al AEA A7
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g whgk Zfol7t S-S B, R ef Edte] 7
% ERA-40, JRA-25, NCEP22] =M 2 733t A gko]
AT BT g2 A3 =l A= NCEPI (the
National Centers for Environmental Prediction-National
Center for Atmospheric Research reanalysis 1), ERA-
407} JRACIA AFshe JRA-555 E3He Al 7] A
Y ARE o) gt} ohrlol A% Bael #4d W
3}e} ENSO (El Nifio-Southern Oscillation)$} AO (Artic
Oscillation)el] thgk AAAHS vHlw & B3| 3
SATH(Yun et al., 2014). T3 T} 2 A3 AFM = A
A A5 7] oY) RE s d Y& Fxe A
Lol dojA AR 2ol 7h EA) S BHE TH(Moon
and Ha, 2015).
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Table 1. Reanalysis data sets used in this study.
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Analysis output resolution

Dataset Source Resolution -
Horizontal Pressure
ERA-Interim ECMWF T255L60 1.5° x 1.5° 37 levels
NCEP2 NCEP/DOE T621L.28 2.5°%2.5° 17 levels
JRA-55 IMA T319L60 1.25°% 1.25° 37 levels
Multi-reanalysis mean 1.25°x 1.25° 17 levels
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Fig. 1. Zonal mean cross sections of (a-c) the meridional wind [m s, (d-f) zonal wind [m s, (g-1) air temperature [K] and (j-1)
specific humidity [g kg™'] during the 1979~2013 DIF (right panels) for ERA-Interim (left panels), NCEP2 (middle panels), and

JRA-55 (right panels).
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Fig. 2. Zonal mean cross sections of (a-c) correlation between @ and v (7 ), (d-f) standard deviation of # (o3), (g-i) standard
deviation of ¥ (o3), and (j-1) space covariance (‘a*b*c’ means yg; 6505) during the 1979~2013 DJF for ERA-Interim (left

panels), NCEP2 (middle panels), and JRA-55 (right panels).
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Fig. 3. Zonal mean cross sections of (a-c) correlation between « and v (y,,), (d-f) standard deviation of u (c,), (g-i) standard
deviation of v (5,), and (j-1) time covariance (‘a*b*c’ means y,,6,6,) during the 1979~2013 DJF for ERA-Interim (left panels),

NCEP2 (middle panels), and JRA-55 (right panels).
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Fig. 4. Zonal mean cross sections of (a-c) correlation between 7' and ¥ (yz,), (d-f) standard deviation of T (o7), (g-i)
standard deviation of ¥ (o), and (j-1) space covariance (‘a*b*c’ means y; o7 oy) during the 1979~2013 DJF for ERA-Interim

(left panels), NCEP2 (middle panels), and JRA-55 (right panels).
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-sp Ak 657

Fig. 5. Zonal mean cross sections of (a-c) correlation between T and v (yy,), (d-f) standard deviation of T (c7), (g-i) standard
deviation of v (5,), and (j-1) time covariance (‘a*b*c’ means y1,670,) during the 1979~2013 DJF for ERA-Interim (left panels),

NCEP2 (middle panels), and JRA-55 (right panels).
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Fig. 6. Zonal mean cross sections of (a-c) correlation between g and v (y 3)» (d-1) standard deviation of § (o), (g-) standard
deviation of ¥ (63), and (j-k) space covariance (‘a*b*c’ means Y7990 v) during the 1979~2013 DJF for ERA-Interim (left
panels), NCEP2 (middle panels), and JRA-55 (right panels). Unit of color bars (d-f and j-1) indicates 10~ 3

O
=

F5& o afye=z Frsad Fe
(Rodwell and Hoskins, 2001), & &
EAEH ZrstE AA o] g &
olt]oll oJgt @ FFo] Faet M ET
(Park et al., 2013). A2l oftje] 2
W'EH E"—‘i% g, 5o et
of wig} tEA Yehde ot &

%EE

= O Y&
(]

il

Kl
ofy ¥ O rlo ¥

£,
:CZL_V“
900 & © > O

T
-1> A 12

of
o

i
>
it
2
&

U
Al

o
ox
:111
NI
N
i
ol
=2
ofy 4
ko I-
ol
)
N
w2 ofo

o 2 o
)
=2,
o
ot
Si
iy
o
=2
o
ol
Fo
ol

i} ﬂﬂ
1
2, ok

4y
-3
o >,

o X
)
oo
ol
ol
2
i)

O, o =
ol
fr

2, o
2
1o,

coxl 2
N
1—_‘-‘40‘9‘

il
o (%
-
o
r2 oL
rE
—Ll
=)
ofj
=2
X
Lo
I b

2T S

Al 3ol isiA BAsE A7 HaE
vigke] AHAre F5E FalA AA
S A7 }(Figs. 6a-c). A7 Ha®E H|
A= A= oF—OHH 5 0}1 Llael:|

T ofy
o
N o oL
=) o%' Hoodr
(o3

Lo
=]
AN

r=th(Figs. 6d-
29} ajore) ‘:'27} %}8}71 wH-Er°ﬂ S

rﬂi e ae >N b ooy 2 =
-3
kl
‘0|_11

41““’11*1 A3k whe} %%1

7ol Yepte skl MEd
L 2HBEE A ove] 5
Hby o] glojE Bubgroae] fae A
Had WGy Gt poE A7 Had JE v
o] ¥

i

=

ot (Yo%
O mlo
ri

N
1-'—4'

T4 TS et

ol A AEA Ahme] A3E Hlwst A3,
A olt]= Ewt oA NCEP2, JRA-55, ERA-Interim
£A 2, gk A= NCEP2, ERA-Interim, JRA-55
o) A2 AT Figs. 6 ). Sukpe] A4 vl
HWetdsh dubte] A9 GE uige] Hade 5d

%



659

Fig. 7. Zonal mean cross sections of (a-c) correlation between ¢ and v (v,,), (d-f) standard deviation of ¢ (o,), (g-i) standard
deviation of v (5,), and (j-I) time covariance (‘a*b*c’ means v,,0,0,) during the 1979~2013 DJF for ERA-Interim (left panels),
NCEP2 (middle panels), and JRA-55 (right panels). Unit of color bars (d-f and j-1) indicates 107>
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Fig. 8. Pattern correlation coefficient of two reanalysis data about (a) momentum, (b) heat, and (c¢) moisture transports. x-axis
means eddy (left panels) and standard deviation of v (right panels). Y-axis means correlation coefficient (left panels) and
standard deviation of (a) u, (b) T and (c¢) q (right panels). E is ERA-Interim, N is NCEP2, and J is JRA-55. “sc (tc)” means
space (time) correlation.
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