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osky ( 1979 ) Afii{km B A E K 2-D &
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B 1 ¢ ( Rhines » 1977 ) BAURKERTARE
fEE > MR & E BRI R F R LR
{IEEH R BT IR o

B EEM AR ERES S B
R EREE » BEEAEEXEESREES
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(HEOF { Empirical Orthongonal Function
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fEEQF 547 » Fi{848 — @ EOF B &45HEEHE(
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(b) A L

e ) . ]

B 1 al@EASHAELBE o ( Shutts »
1983 )

b2-D FTiGEE BiEE o ( Pedlosky »
1979 )

c 2-D FEfifiEEEkE - ( Rhines »
1977 )

Figure 1. (a) The propagation of eddies in diffluent jetstreams

(shutts, 1983),

(b) Energy cascade of 2-D twrbulence, energy initially
peaked at K=Ko is then entirely transfered to peaks
at Ko/2 and 2Ko (pediosky, 1979)

() As in (b), but for the evolution of streamfunction
(Rhines, 1977)
Note: (a), (b), (c} are all schematric pictures.

RHERE -

Rl In R KRB DA M E R M s
[ » AEESTE R IR S AV BIR FRAT R R o (EHCETBIES
IR REFSEERGEOF S BHE—MEOF

—-112—
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Bz X'(t)Y' (i) EEREY BF
B A VA B SRS e e D A IE SRR o
( REE)

Figure 2. Schematric pictures of the low frequency response of
transient eddies, X'(t) and Y'(t).
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oo B GRS EEE P F Lanczos ( 1956 ) &
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Low pass
filter

X'y

( BB R SRR R ) (EHE )
ERX ) YEEEZHER - hREHEBR

ARE® > fFASIHERAE ERZLBBREA

EFERR P AL TR AR » Ju'q’ o Vit e Fo

b
f///-.---...””flllffg at z %o ry F-o0
At g
AR N~

5 (b)

B3 alblERAEEFARALOF SRR £
E R s R A B BT AR S 2 » AEE
Iy EOF 447 o [5R% - EOF IEfF
foEE A ( IR B ERIB) - Hib
X » YHEFHE ( Ghil » 1987 ) o
b 45 AR B DA ERE R S A AR R
BE - BiE a5 — @ EOF 15 [ B
R ( BENRBERR ) » EUblRExR
REFEHSE

Figure 3. (a} A illustrative case of the motion of the earth around
the sun (left-hand panel). The dark shading is
proportional in thickness to the successive points
equally spaced in time, and the first EQF of these
points points from the mean (E and Y) in the
direction near aphelion (right-hand panel). (Ghil,
1987).
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BEld4 a 1975 ~ 1979 500 mb & #8 {E 5Tt (
CARI0R) REME L EE -
b K VHPEE 1899 ~ 1939 1E 1 B4 B IEEL B (e)
o FTEABRIEELIE » RARMNRE
¥ ( Klein » 1957 ) o
c 7R EHE o

B5 a 75F4FE500mb FHFES » SEMIE
Figure 4. (a) Low-pass filtered (= 10 day) rms field of 500mb B50m o

height in winter 1975-1979.

L bR a{BE 76 FELEEMEIE 40 m ¢
(b) Cyclone tracks at the Gtlantic in Tanuary 1899-1939 A a @ e,
dash line means double tracks. g i a {81577 SRR 50 m
{c) Domain of this research. dEafHE 78 FEEMMEE L0 m o
eMalEB 79 FEEHE 40 m o

Figure 5. (a) mean of 500mb heigh in winter 1975, contour

=~ BERRIRMERTE

interval 50m.
Sk 1 (b) as in (a), but for 1976, contour interval 40m.
Piﬂﬂ?)%ﬂ_tﬁﬂ 1975 ~ 1979 5 EAF (127 1 (c) as in (a), but for 1977, contour interval 50m

(d) as in {a), but for 1978, contour interval 50m.

2 H ) »dt48 NMC ( National Meteorologi-

cal Center ) HXO0ZAHMER ( 656 x 65 )&
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(e} as in (a), but for 1979, contour interval 40m.
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B ( eigen vectors ) o EQF 4R AT
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B5 75~ 79 F£AAERLEEFE 500 mb 5
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1.v'q" EOF
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7b 7c) oFES8 aZs00mbviq F-EEOF
B Em s — x5 BE » fEHBRME 2477624 (
PAZEEF B ) B Fl o[B8 b~8 df&Ev'q’
B ENT e ~3 RVSESKE - % viq'
FIEACMES ( 5553 ~ 62 K ) F7I K SE SHEHIE (€
MBS (@ 8 b~ 8 ¢ ) /N EEAENT BINKE S
PREBLG (8 d ) -

(a)

2 SNREE= S
AN N P

)

(d)

(e)

16 a 754 %3500 mb FHESE ( ok 108
) o SEMIEEC.9 (1/s) »
b & {47576 FEEMEE0.9 (1/s) »
cflaf{B8 77 EFEMHE 0.9 (1/s) o
dEa{AB 78 FEMEE1 (1/s) »
eFafBB79 EFMEEREL (1/s) °

Figure 6. (a) 500mb mean potential vorticity (x109) in 1975,
contour interval 0,95-1,
(b) as in (a), but for 1976, contour interal (.98-1
(c) as in (a), but for 1977, contour interval 0.9s-.
(d) as in (a), but for 1978, contour interval 1S-1.

(e) as in (a), but for 1979, contour interval 153-1.
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(L7.06L%)

(18.49%)

(38.742)

BE7 a700mbvq H—EEOF » TAUT
BEEE S SEMEEC.02(ms™? ).

bRla » {HE 500 mb o

ca - {H 300 mb o

Figure 7. (a) First EOF of 700mb transient eddies flux, v'q', the
percentage of this component indicated at the
right side.

(b) as in (a), but for 500mb.

(c) as in (a), but for 300mb.
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bR LESBESH v a' HiAEBER
(562 K) Hith 2 ~ 3 K 500 mbiy S
& RE o
cRbESH _EREE(HE53FK)
dFE b EBEMEEER( 158 °K)

Figure 8. (a) The first component of 500mb v'q" during 1975.
(b} The composite map for the peried v’_q‘ has
maximan value (the 62 day ncarby}
{c) Asin(b). But for the maximan (the 52 day nearby)
{d) as in (b}, but for the minman (the 58 day)
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Figure 9. as in Fig. 7, but for the second EQF.
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BFESH - FEEES0.02 ( ms™
Y o
b [d a {5 500 mb o
¢ [Fa{af5300mb o
Figure 10. As in Fig. 3, but for the first EOF of u'q’, contour
interval 0.02 ms-2,
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(a)

(b)

(c)

(d)

TR tkEMAT ( 20° W 65° N ) FHERGH
K RiEE i dFES o & 16 & Shutts ( 1983 )
B EHE il E SRR EER o Bln =SB SR
BEANEBASMEA - BERE vARERERSTE
76 > 78 ~ 79 ERHEINEE SR  BEEEEOF 5
BE 016 55 AR B RE A 2R PE 22 4 R R BRI AL
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AR EEEREERLSFY vV a o F—
fEEOF (@17 )HFE( 0° E)HiEBEMEE
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FoShutts ( 1986 ) blocking R MLl - &
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diEME]l K-

e #EIE 2 K o

Figure 11, The corvarience between 500mb high-passed height
at bose grid point, near 50°N, 40°W, and 500mb
high-passed at other griol points {only in 1975).
(a) the other grid poins lag base point -2 day
(b) as in (a), but for —1 day
(c) lag O day
(d) fag 1 day
{e) lag 2 day.
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Figure 12. As in Fig. 7, but for the second EQF of'E‘E‘-
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Figure 13. The first two components of500mbﬁ?during 1976

{blocked flow is obvious)
(a) the first component
(b) the second

Note: the second component lag the first.
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Figure 14. As in Fig. 7, but for the third EOF of u'q’.

(a)

(b)

15

500 mb v'q” EOF /& & 2RI -
a B —EEOF -
bBHE_{HEOF o

{14.87%)

{10.92%)

Figure 15. Vector EOFs of 500mb transient eddies flux. v'¢!

(a) the first EOF
(b) the second
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Shutts ( 1983 )M #ifE AR B AT 45
R o FUARRTIE R ATIREBRBBAALE (
via' ) &g e
Figure 16. Mean stream function field (solid line) with transient

eddies vorticity flux vectors (shutts, 1983).

(7.11%)

{23.71%)

a 500 mb V- v'q’ ( fizk 10% ) 4—EE-
OF » &85 0.02 s~ o
bEaHEV-Vqe

Figure 17. (a) First EOF of the divergence of 500mb transient
(a) cddies vorticity flux, W (> 1019, contour
interval (.025-2

{5 As in (3. but for the mean field, V‘{;. a)



(a)

(¢)

e. (11.16%)

EOF]_

EoR 2

EOR3

£. (10.2%)

El18 1045~ 5% 500 mb v g HI={EEOF L«
a l04%Evq B¥—fEEOF ; bB5 e
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Figure 18. EOF stability test of time.

(a) the first 10 years EOF of v'g"

{b) as in (a), but for 5 years

{c) the second 10 years EOF ofv'_q'

(d) as in )c), but for 5 years
(¢} the third 10 years EOF of v'q’
(f) as in (e), but for 5 years.
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Figure 19. As in Fig. 18, but for u'q’,
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Figure 20. As in Fig. 18, but for the test of domoin, (14x9

—16x11 points).
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Figure 21. As in Fig. 20, but for -uTc?
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Figure 4. As in (a), but for the weather dynamic system the st
EOF must point from the climate mean (the origin) in
the direction where phase points are dense, relating to

the pesist anomalies.
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LOW FREQUENCY RESPONSE
OF TRANSIENT EDDY FLUX
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ABSTRACT

Low frequency response (= 10 day) through nonlinear interaction by transient eddies is studied. The EOF analysis
of transient eddy flux for 1975-79°s winter showed signficant low frequency patterns.

L2

u’_q', v—‘q—f ("= means low pass filtering) were calculated for each grid point. Then we investigated EOF of
the region covered the Atlantic storm stracks.

The first component of v'q’ was found having negative correlation beiween ridge and throgh. The synoptic situation
related to blocking case when v'q’ was anomalous from climate mean. The first two components of u'q’ possessed

wave-like features, second EOF laged first EOF almost 90°, implied periodic disturbances.
The first components of V/q' (**V"’ means vector wind (u,v)) was similar to the results of Shutt’s (1983).
Potential vorticity was transported southerly by transient eddies in ridge and northerly in trough, which supported

the maintainance of blocking.

Key words: low frequency response, transient eddy flux,
storm tracks, blocking.
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