2020 43 3 :1469-480

http: //dgkxxb.cnjournals.org

@ 250031;
@ 210044,
® 210044
x E-mail: san@ pacific.harvard.edu
2017-06-01 2017065
(41975064; 41475038) : (2018SDON02)
ERA-40
16 ;
@ ) 64d ( ) ,
( ) 1964; 1982; Luo and Ji 1988; But—
N chart et al. 1989; Huang et al. 2007; Lou and Huang
2017) . ( Jin et al.
( ) 2006; Jin 2010) . ( Yamazaki and Itoh
2013a 2013b) . ( Luo et al.
( 2019; 2019) 2014 2019) “ 7 ( Na—
o kamura and Huang 2018)
( ) ( Green 1977; 1llari 1984; Holopainen and Fortelius
( Charney and DeVore 1979; Charney 1987; Mullen 1987; Tsou and Smith 1990;
et al. 1981) . ( Tung and Lindzen 1979) . 1993; 1995; Nakamura et al. 1997; Park et
Modon( 1979; McWilliams 1980) . al. 2015)
( Austin 1980; Shutts 1983) . ( Long
2020. J. 43( 3) : 469-480.

Ma ] W Liang X S 2020.0n the formation of the upper cold center of the Atlantic blockings J .Trans Atmos Sci 43( 3) : 469-480.doi:
10. 13878/j.cnki.dgkxxb.20170601002.( in Chinese) .




2020 5 43 3

( Hansen and Chen 1982; Hansen and Sutera 1984;

1984; 1992;
1993; Hansen and Sutera 1993;
Fournier 2003) ,

1998;

(Ma and Liang 2017) .
Ma and Liang ( 2017)
( Liang and Anderson

2007) ( Liang 2016)
Mullen( 1987)
(1993)
w/2 . ( 2020)
o Ma
and Liang( 2017)
300 hPa
( )
- Ma and Liang( 2017) 300 hPa

300 hPa
Cheung et al.(2012)
o Ma and Liang( 2017)
ERA40( Uppala et al.
NCEPNCAR( Kalnay et al. 1996)
Brunner and Steiner( 2017)

Cheung et al.
(2013)
2005)

~

( Maddison et al. 2019; Steinfeld and Pfahl
2019; Steinfeld et al. 2020)

o Cheung et al.( 2013)

470

Ma and Liang( 2017)

Ma and Liang

(2017)
1
1.1
ERA 40 ( Uppala et
al. 2005) (7 (D) (uw
®) - 6h/ 2.5°%2. 5°
1 000~50 hPa 15
2 1957 9 1 —
2002 5 21 210 o
1.2
o Tibaldi
and Molteni ( 1990) (
™ ) 500 hPa
Z( o) ~Z( $.)
Cos=—F7——— (1)
( ¢0_¢s)
Z(¢,) =Z( b)
Con=—7——— (2)
( (;bN_d)O)
Ges Gy
o) $by=80+V ¢,=60+V ¢, =
40+V Vv =50 5.
1) G.s>0;
2) G ox<—10 m/deg-
1.3 ( MWT)
( MS-EVA)
( .
)
( MWT Liang and
Anderson 2007) (MS-EVA

Liang and Robinson 2005) .



( )
o u( t)
(
) ;

u( ) u™®

u( t)
c(a)? ¢ o

(
) (u)?
( 2020)
(2017) (2017) MWT

Liang( 2016) -

0A° 1~ .
+V'|c(vT)~“’T~"’ =
’* oo 00000
V'ij{
c —~

e A A Ah.* e e .
— (vD) " e NT=T"V - (v]) ™ +@ @ " +F7.
%IDDDDDED\:IEIDDDDEDEI

R

b@

(3)
@ i g A~y 2
A=yt 4
@ ( APE) .
(3) (4 e b
O F I
MS-EVA

( Liang 2016)

o

u

—~~ ~1
vu
r,=-E,V v, vu=( )w N )
un
E, ( ) o
Liang ( 2016)
2 XTI =0. (6)
u rr
aT
— = 7
LY ) (7)

V + (uTl) ( Liang 2016)

u T :T=T+T" u=u+u’
( Liang and Robinson 2005;
Pope 2013) :
8(1T2)+V '(uTz) TV - (2T)  (8)
at\ 2
ol 1 5 - _
L2\ +v o [—ur?| ==uT"+ VT,
8t(2 )v (2u ) wT - 97, (9)
TV - (wT)+u'T"* VT=V « (Tu'T) #0.
(10)
-ulT « VT
(T

? Liang and Ronbinson ( 2007)

471



2020 5 43 3

a1, 11—
L) +v o [~ TuT)=-T. (11
8t(2)v(2u 2") o (1)
0 172 l ) l,f
— —T7T] + o | —ulT"+—T T/:o 12
8t(2 )v(zu 2")F()
1y - premy ey R
F=(2) TV ‘(uT)-uT"* VT (5)
(3)
» Liang and Robinson( 2007)
-uT"+ VT
(3)
2
12.5
6d
(1 5°F
40
( 2o 2
Ma and Liang( 2017)
1.2
6d .
Rex ;

( Ma and Liang 2017) o

472

Fig. 1

4a

1

Distribution of number of blocking episodes

with longitude

64 d \16~64 d 16 d

\ Ma and Liang( 2017)

3 150 hPa

Cheung et al.( 2013)

Lorenz( 1955)



2 300 hPa ( ‘m’/s?) (a) 10 d; ( b) 8 d; (c)
6 d; (d) 4.d; (e 2.d; (1) i (g)
2 d;(h) 4.d; (1) 6d;(j) 8d
Fig.2 Composite blocking from day-10 to day 8.The contoured part is the geopotential (unit: m”/s*) at 300 hPa for: ( a) day 10
before the strongest day; ('b) day 8 before the strongest day; ( ¢) day 6 before the strongest day; ( d) day 4 before the stron—
gest day; (e) day 2 before the strongest day; ( ) the strongest day; ( g) day 2 after the strongest day; ( h) day 4 after the
strongest day; (i) day 6 after the strongest day; and ( j) day 8 after the strongest day
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Fig.3 Composite 150 hPa geopotential ( contoured unit: m*/s*) and temperature ( shaded unit: K) on the blocking-scale
window for: ( a) day 10 before the strongest day; ( b) day 8 before the strongest day; ( c) day 6 before the strongest day;
( d) day 4 before the strongest day; ( €) day 2 before the strongest day; ( f) the strongest day; ( g) day 2 after the strongest
day; ('h) day 4 after the strongest day; (i) day 6 after the strongest day; and ( j) day 8 after the strongest day

4 ( 2d 2.d) (45°~80°N) (a: :K)
(b; tm?/s) - ( D m’/sY)
Fig.4 Zonal—vertical sectional distribution of the blocking-scale ( a) temperature ( shaded unit: K) and ( b) available potential
energy anomaly ( shaded m®/s®) averaged over (45°-80°N) and the period from day=2 to day 2 ( the contoured part is

the blocking-scale geopotential; unit: m*/s?)
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Fig.5 APE processes in a three-scale window decomposition.Superscripts O 1 and 2 indicate the basic flow window bloc—

king window and highfrequency window respectively.K stands for KE.For all other symbols refer to Eq( 3)
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Fig.6 Canonical APE transfer from the basic flow to the blockingscale window ( shaded I'S”' unit: 107 m*/s*) and the bloc—
king-scale geopotential ( contoured unit: m>/s®) for: ( a) day 10 before the strongest day; ( b) day 8 before the strongest
day; (¢) day 6 before the strongest day; ( d) day 4 before the strongest day; ( e) day 2 before the strongest day; ( f) the
strongest day; ( g) day 2 after the strongest day; ( h) day 4 after the strongest day; ( i) day 6 after the strongest day; and ( j)

day 8 after the strongest day
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Fig.7 Canonical APE transfer from the high-frequency scale window to the blocking-scale window ( shaded I'}"' unit: 107 m*/
") and the blocking—scale geopotential ( contoured unit: m*/s>) : ('a) day 10 before the strongest day; ( b) day 8 before
the strongest day; ( ¢) day 6 before the strongest day; ( d) day 4 before the strongest day; ( e) day 2 before the strongest

day; ( f) the strongest day; ( g) day 2 after the strongest day; ('h) day 4 after the strongest day; (i) day 6 after the strongest
day; and ( j) day 8 after the strongest day
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Fig.8 APE transport ( —=Q shaded unit: 10™* m>/s’) and geopotential ( contoured m”/s”) on the blocking-scale window for:
(a) day 10 before the strongest day; ( b) day 8 before the strongest day; ( ¢) day 6 before the strongest day; ( d) day 4 be—
fore the strongest day; ( e) day 2 before the strongest day; ( f) the strongest day; ( g) day 2 after the strongest day; ( h) day 4
after the strongest day; (i) day 6 after the strongest day; and ( j) day 8 after the strongest day
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On the formation of the upper cold center of the Atlantic blockings

MA Jiwang' > LIANG Xiangsan®’

'Shandong Meteorological Observatory Jinan 250031 China;
2School of Atmospheric Sciences Nanjing University of Information Science & Technology Nanjing 210044 China;
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Using a new methodology namely Multiscale Window Transform( MWT) and the MWT-based multiscale
energetics analysis the cold center of the Atlantic blockings in the lower stratosphere is studied for an understand—
ing of its generation mechanism. It is found that the generation is due to the canonical transfer of Available Poten—
tial Energy( APE) to the blocking scale window from both the processes shorter than 16 days and those longer
than 64 days; the gained APE is then transported away northwestward and southeastward and then converted into
the blocking—scale Kinetic Energy ( KE) causing the enhancement or persistence of the high—-pressure centers.
These processes are particularly conspicuous in the northwest which could account for the northwestward exten—
sion of the blocking highs.Traditionally it is believed that in the atmosphere APE is transferred downward from
large scale to smaller scales but here we find that when blockings occur both the lowHrequency and high+re—
quency processes transfer toward the blocking—scale window.Also different from the previous finding that in the
troposphere the blocking-scale KE is converted into the APE on the same scale window to make the blocking de—
cay here in the lower stratosphere the conversion is in the opposite direction i.e. it is from APE to KE making
the blockings enhanced. Recent numerical experiments indicate that the dynamical processes around the
tropopause are crucial for the development and maintenance of the blockings; this study will facilitate a deeper un—

derstanding of these processes.
blocking high; cold center; multiscale processes; multiscale window transform; canonical transfer
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