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Abstract

In this study, local energetics analysis is conducted for the blocking formation in the North Pacific, in
order to investigate the condition of a transient ridge to become a blocking. Among the total number of
452 ridges, 88 are identified as blocking during 51 winters from 1950 to 2001. Kinetic energy budget is
then performed in the framework of the vertical mean and sheared flows, and the energetics terms, in-
cluding the barotropic-baroclinic interactions, C(Ks, K,), are analyzed.

As a result, we find that a blocking becomes Q type for large C(K;, K,,), and it becomes dipole type for
small C(K,,K,,). It is also shown for the large C(K;,K.,), that a ridge develops to a blocking when the
flux convergence of mechanical energy of the mean flow, B(K,, + 4,,), is positive around the ridge. On the
contrary, a ridge flows away downstream when B(K,, + ¢,,) is negative there. The positive B(K,, + ¢,,)
around the blocking is associated with the enhanced negative B(K,, + ¢,,) at the upstream jet, due to the
intensified mechanical energy flux from the upstream jet. Therefore, it is found that the sign of the flux
convergence of mechanical energy around the transient ridge is the condition for the ridge to become a
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blocking.

1. Introduction

Atmospheric blocking is a long-lived, quasi-
stationary, and equivalent-barotropic anti-
cyclone, which has a larger spatial scale than
synoptic eddies. For its peculiar configura-
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tion, stagnation, and persistence, the blocking
causes an abnormal weather for a week or
more. Moreover, blocking phenomenon can be
a significant source, which the forecast skill
falls off. Especially, it is difficult to predict
the blocking state near the onset time (Kimoto
et al. 1992).

For the blocking formation and the mainte-
nance, a large number of papers were pub-
lished for the last 50 years. Shutts (1983)
clearly demonstrated, using a barotropic model,
that barotropic eddies superimposed on a split-
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jet basic flow, can maintain the blocking pat-
tern. The eddy straining hypothesis advocated
by him is supported by many studies. For ex-
ample, Mullen (1987) examined the composite
of 17 blocking events in the North Atlantic us-
ing a geopotential tendency equation. He ex-
hibited that synoptic eddies brought the anti-
cyclonic forcing to the one-quarter wavelength
upstream of the blocking ridge. Haines and
Marshall (1987) demonstrated a ‘modon’ as a
prototype of the blocking using an equivalent
barotropic model, and Tanaka (1998) simulated
the realistic blockings on a sphere, using a
simple barotropic model with parameterized
baroclinic instability. Each of them showed that
the blocking is maintained by the supply of low
(high) potential vorticity at the north (south),
due to the transient eddies. From the viewpoint
of energetics, the eddy straining process for
the blocking formation corresponds to the
upscale energy cascade from synoptic waves
to planetary waves, which is shown by many
studies (e.g., Hansen and Sutera 1984; Kung
and Baker 1986; Tanaka and Kung 1988). Ta-
naka and Kung (1988) performed the global
energetics analysis by the three-dimensional
normal mode technics. They found the energy
transformation from the synoptic-scale baro-
clinic component, to the planetary-scale baro-
tropic component, prior to the onset of blocking.
This result suggests the importance of the con-
tribution from the barotropic-baroclinic inter-
actions during the formation of blocking.
Watarai and Tanaka (2002) (hereafter WT)
examined the characteristics of the barotropic-
baroclinic interactions in the kinetic energy
equations divided in the vertical mean and
sheared flows. They showed by case studies
and the composite analysis of 10 blockings,
that the barotropic-baroclinic interactions are
intensified in both the western and eastern
flanks of the blocking ridge. The result sug-
gests the importance of the energy flow from
baroclinic to barotropic components during the
formation of a blocking (Tanaka and Kung
1988). However, there are cases such that a
blocking occurred without the barotropic-
baroclinic interactions, or a ridge did not de-
velop to a blocking despite the appearance of
large barotropic-baroclinic interactions. A fur-
ther analysis is required to investigate the con-
dition of a transient ridge to become a blocking.
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The objective of this study is to investigate
the condition of a transient ridge to become a
blocking based on a comprehensive energetics
analysis using a number of samples. As in WT,
kinetic energy budget is performed in the
framework of the vertical mean and sheared
flows, and all energetics terms, including the
barotropic-baroclinic interactions, are analyzed.

Section 2 describes the local kinetic energy
equations decomposed in mean and sheared
flows. The definition of the blocking event, and
the quantification of barotropic-baroclinic in-
teractions are presented in section 3. Section
4 describes the data used in this study. The
results of energetics analysis for blocking and
non-blocking cases in the North Pacific, are
presented in section 5. Finally, discussion and
conclusions are given in section 6.

2. Local kinetic energy equations

In this study, we used the local formulation of
kinetic energy equations, separated in the ver-
tical mean (barotropic) and sheared (baroclinic)
flows. The method was first formulated for
global-mean equations by Wiin-Nielsen (1962).
He also extended it to the zonal-wavenumber
domain. Chen and Yen (1985) extended Wiin-
Nielsen’s formulation to the local budget of
barotropic and baroclinic kinetic energies. In
this study, we computed the local kinetic en-
ergy budget following Chen and Yens’ formula-
tion as in WT.

According to WT, kinetic energy of the verti-
cal mean (K,), and sheared (K;) flows, in-
tegrated with respect to the vertical are gov-
erned by the following equations:

0K
o B(K,)+ G(Ky,)
+ C(Ks:Km) "'D(Km)a (1)
0K,
ot = B(Ks) + G(KS)
- C(KS:KM) - D(KS): (2)

where the subscripts m and s designate the
vertical mean and sheared components, respec-
tively. These are defined by the following oper-
ation for a field variable ¢:

.1 -
Cm = _"] édp, és = é_ ém» ' (3)
Ps Jo
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where p; is the surface pressure. Hereafter, the
vertical mean and sheared components are
referred to as barotropic and baroclinic compo-
nents, respectively. Terms B,G,C and D are
the horizontal flux convergence of kinetic
energy, the kinetic energy generation by the
cross-isobaric flow, the conversion from the
baroclinic component to the barotropic compo-
nent, and the dissipation of kinetic energy, re-
spectively.

The  barotropic-baroclinic = interactions,
C(K;,Ky), is the only connection between the
barotropic and baroclinic kinetic energies. This
term can be decomposed in the divergent and
nondivergent parts:

C(K;,Kn) = Cp(Ks, Kn) + Cnp (K, Kr),  (4)

where

CD(Ks:Km] =T “P; (Vm : VS}V 'Vs}m.: (5)

Cp sy Kn) = =22 (Vi - (£ x Vi)lo} (6)

The term V is the horizontal wind vector, g the
acceleration of gravity, { the relative vorticity,
and k the vertical unit vector.

The sum of the flux convergence of kinetic
energy, B(K,), and the generation of kinetic
energy, G(K,,), in the barotropic flow can be
written as

B(Kpn) + G(Kn)

i %’S" (V ! kvm)m ! ?VM ; V¢;n

0 e
o g {V (k ! f‘,’m)Vm}m

= B(Km + (ém)r (7)

where k and ¢ are kinetic energy and geo-
potential, respectively. Here the divergence
vanishes for the barotropic flow, since it is as-
sumed that the vertical p-velocity, w, is zero at
the top and bottom boundaries. The term
B(K,, + ¢,,) represents the flux convergence of
mechanical energy (i.e., the sum of kinetic en-
ergy and potential energy) in the barotropic
flow.

On the other hand, the sum of B(K,) and
G(K;) included in Eq. (2) can be written as
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B(K,) + G(K,)
=By Py
= g(v kV,). g(Vs Vés)m
= -2V k4 Ve - 2 00,

> B(Ks i (bs) =5 C(A‘.' KS)? (8)

where « is the specific volume, and A the avail-
able potential energy. The term B(K; + ¢,)
represents the flux convergence of mechanical
energy in the baroclinic flow, and C(A,K;) is
the baroclinic conversion from available poten-
tial energy to baroclinic kinetic energy.

3. Definition of indices

3.1 The B-index

In order to identify many blocking events ob-
jectively, a “B-index” defined by Lejends and
@kland (1983), is employed in this study. The
B-index is defined as the local difference in 500-
hPa geopotential height at 40°N, subtracted
from that at 60°N. When the B-index is nega-
tive, as seen for a high-pressure cell staying
around 60°N, the situation is considered as a
low-index event. The onset of the low-index
event is defined in the Hovmoller diagram
(not shown) when the B-index first shows a
negative value, and a duration is measured by
the period for the negative B-index. Here, the
index is averaged from —10° to +10° along the
longitude to filter the small scale noise when
the onset and the duration are measured.

Each of low-index event has a variety of du-
ration, so a low-index event is not always re-
garded as a blocking. Therefore, a low-index
event lasting at least 7 days, is defined as a
blocking event in this study. Conversely, an
event lasting less than 3 days is considered as a
non-blocking event. Since we are interested in
blocking events in the North Pacific sector, only
the low-index events occurred between 140°E
and 130°W are picked up. The total of 452 low-
index events are extracted during the 51 win-
ters from 1950 to 2001. Among those, 88 events
are identified as blocking and 253 events as
non-blocking events.

3.2 The C-index

The barotropic-baroclinic interactions,
C(K;,K,,), plays an important role when
a blocking occurs. By examining 10 typical
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blocking events, WT showed two maxima of
C(K,,K,,) appearing along the western and
eastern flanks of the blocking anticyclone. In
order to represent the intensity of the baro-
tropic-baroclinic interactions around a block-
ing, a “C-index” is introduced in this study. The
value of C(K;,K,,) is computed by Eq. (4) at
each grid. Since stronger wind makes larger
kinetic energy, C(K;, K,,) tends to have a large
magnitude around a blocking compared to that
in the blocking. For this reason, we calculated
the average of C(K;,K,,) over —30° to +30° in
longitude, and 50° to 70°N in latitude, from the
center of the B-index minimum. The “C-index”
is then defined by the time average of that term
for 3 days before and after the onset of the low-
index event in order to filter the transient
noise.

4. Description of data

The data used in this study are the re-
analysis of the National Center for Environ-
mental Prediction (NCEP)/National Center for
Atmospheric Research (NCAR) for 51 winter
seasons (November to March) from 1950/51 to
2000/01, with the time interval of six hours
(Kalnay et al. 1996). The grid resolution of the
data is 2.5° by 2.5° of zonal/meridional direc-
tions, and 17 pressure levels at 1000, 925, 850,
700, 600, 500, 400, 300, 250, 200, 150, 100, 70,
50, 30, 20 and 10 hPa.

We mainly focus on the fields separated in
barotropic and baroclinic components. In this
study, the three-dimensional normal mode ex-
pansion technique (Kasahara and Puri 1981;
Tanaka 1985) is employed to evaluate these
components expanded in the vertical normal
modes, which manipulates the zonal wind,
meridional wind and geopotential height fields.
The barotropic component is approximated by
the barotropic mode, and the baroclinic compo-
nent is evaluated by the sum of the baroclinic
modes.

We used 500-hPa geopotential height fields of
the NCEP/NCAR reanalysis in order to find
blocking events as mentioned above. To grasp
the spatial patterns of composite fields, geo-
potential height and potential vorticity (PV) at
250 hPa will be shown. Following the method
of Nakamura and Wallace (1993), an approxi-
mated form of PV at 250 hPa is calculated by
geopotential height field at 250 hPa, and tem-
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Fig. 1. Relationship between the dura-
tion of negative B-index (abscissa) and
the magnitude of C-index (ordinate). A
radius of closed circle stands for the
magnitude of B-index at the mature
time, and its legends are the upper
right outside the diagram. The shaded
areas labeled CL, CM, CS and NB show
the zones of four composites defined in
the text.

perature fields at 200 and 300 hPa of the re-
analysis data.

5. Results

Figure 1 illustrates the distribution of the
low-index events plotted as functions of the du-
ration of the low-index events, and the value of
the C-index. Additionally, the magnitude of the
B-index at the mature stage (i.e., the intensity
of the event) is represented by the radius of the
circle. While almost all the non-blocking events
have small circles, the blocking events with the
duration longer than 7 days tend to have large
circles. The correlation coefficient between the
duration and the intensity is 0.74 for all the
low-index events. On the other hand, the corre-
lation coefficient between the C-index and the
duration (intensity) is 0.20 (0.27) for all the
low-index events, which is significant at 99%
confidence limit. In general, large blockings are
accompanied by the strong value of C(K;,K,,).
To examine the features of the blocking pat-
terns with various values of C(Kj,K,,), the
blocking cases having the 10 largest C-index
are selected and labeled “CL”. The value of the
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Fig. 2. Composite maps of geopotential
height (solid lines) and the approxi-
mated isobaric PV ranged from 3 to 4
PVU (shading) at 250-hPa level at +2
days relative to the onset time for (a)
CL, (b) CM and (c) CS. The longitude is
represented by the relative one from
the center of the B-index minimum.
Contour interval is 100 m.

C-index is more than 5.02 Wm™2 for the CL
cases. For comparison, 10 blockings with the
smallest C-index are chosen and named “CS”,
and 10 blockings with the medium C-index as
“CM”. The mean values of C-index for CM and
CS are 3.16 Wm=2 and 0.21 Wm™2, respec-
tively. The areas contained in the CL, CM and
CS events are shown by shading in Fig. 1.
Figure 2 illustrates a comparison of the
composite maps of geopotential height and PV
for CL, CM and CS, respectively, at +2 days
from the onset time. The composites are based
on the longitude of the B-index minimum. In
CL, the spatial pattern shows a pronounced
blocking of the Q type with strong poleward jet.
On the other hand, the composite of CM shows
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a typical dipole-type blocking. The poleward jet
in CM is weaker than that in CL. The ridge
in CS is even weaker, and the spatial pattern is
hardly recognized as a blocking. It therefore
indicates that the larger the C-index is, the
stronger the blocking ridge grows.

As shown in Fig. 1, however, there are cases
of non-blocking events in spite of the large val-
ues of the C-index. Therefore, the comparison
between the blocking and non-blocking cases
may bring useful information concerning the
blocking formation for the large value of the C-
index. Figure 3 shows the composite maps of all
the CL cases. Left maps show the geopotential
height (contour) and the approximated isobaric
PV (shade) at 250-hPa level, and right maps
show the corresponding barotropic kinetic en-
ergy, K. All composite maps are based on the
longitude of the B-index minimum. There is a
small low-PV disturbance about —10° from the
central longitude at day —2. The disturbance
amplifies rapidly and moves eastward slowly.
At day O (the onset time), low-PV air thrusts
northwestward and the upstream high-PV
air southeastward. The inversion of the north-
south PV gradient is formed about 0° longitude.
Afterwards, the ridge amplifies more largely,
the jet stream splits in north and south, and
the Q-type blocking is formed. The low-PV air
corresponding to the blocking is deeply plunged
into the poleward air. The blocking formed at
about 15° longitude is almost stationary. The
difluence of the jet is evident after day 0. In
the poleward jet, the maximum value of K,
is about 3.5 x 106 Jm~2, which is comparable
with the equatorward jet. K,, around the up-
stream jet, which is.located at —45° longitude,
is the most intense at day -2, exceeding
6 x 106 Jm~2, but it reduces to 5 x 108 Jm=2
after the onset time.

Figure 4 shows the composite maps of 250-
hPa geopotential height, 250-hPa PV, and K,
associated with “NB” cases. The NB contains
the non-blocking cases having the 21 largest C-
index. At the onset time (day 0), 250-hPa geo-
potential height and PV fields are similar to the
CL composite, and the inversion of meridional
PV gradient occurs at 0° longitude. Although
the low-PV air intrudes deeply into high lat-
itudes, the ridge moves eastward and becomes
narrower. Finally, the low-PV air squashes, the
ridge is attenuated, and the flow about 30° lon-
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Fig. 3. CL composite maps of geopotential height at 250-hPa level (left; solid lines) and barotropic
kinetic energy, K, (right; solid lines), with a range from —90° to 90° in longitude and 20°N to 90°N
in latitude. The longitude is represented by the relative one from the center of the B-index mini-
mum. Shaded areas of left panels show the approximated isobaric PV at 250-hPa level (Nakamura
and Wallace 1998), ranged from 3 to 4 PVU (= 10-% m2s~!K kg~!). Shaded areas of right panels
denote the values of K,, exceeding 2 x 10¢ Jm~2. Contour intervals are 100 m in 250-hPa geo-
potential height and 5 x 10° Jm~2 in K,,. Maps at —4 (top), —2, 0, +2 and +4 (bottom) day(s) from
the onset time are displayed.
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Fig. 4. Asin Fig. 3 except for NB composite.

gitude becomes more zonally. The maps of K, ~ weakens afterwards. Unlike CL, K,, around
show the meandering of the jet around 30° lon-  the upstream jet doesn’t have the marked en-
gitude at day O, but the double-jet pattern is  hancement prior to the onset time, and keeps
not formed, and the flow about 30° longitude  about 4 x 10® Jm~2 from day —4 to +4.
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Fig. 5. CL composite of (a) the tendency of barotropic kinetic energy, dKn/dt; (b) the barotropic-
baroclinic interactions, C(K;,K,); (c) the convergence term of kinetic energy flux in the barotropic
flow, B(K,,); (d) the generation term of barotropic kinetic energy, G (Km); (e) the flux convergence of
mechanical energy in the barotropic flow, B(K,, + ¢,,); and (f) the sum of the flux convergence of
mechanical energy in the baroclinic flow, B(K; + ¢,), and the conversion from available potential
energy to baroclinic kinetic energy, C(A.K,), averaged from -2 to +2 days relative to the onset
time. The longitude is represented by the relative one from the center of the B-index minimum.
Thick solid contours are positive, thick dashed contours are negative, zero contour is omitted, and
shaded areas indicate negative values. Contour interval is 4 Wm=2. Each panel superposes CL
composite of 500-hPa geopotential height averaged at the same period (thin solid lines; 75 m in-
terval).

Figure 5 shows the CL composite maps for  tive around the ridge and negative around the
the terms in Eqs. (1) and (2), averaged from day upstream jet. C(K;, K,,) (Fig. 5b) is the largest
=2 to +2. The tendency of K,, (Fig. 5a) is posi-  in the entrance of the upstream Jjet about —60°
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Fig. 6. Asin Fig. 5 except for NB composite.

longitude. The second maximum of C(K;, K,,)
is seen around the ridge, which is about a half
of the upstream jet. Figure 5(c) and 5(d) show
B(K,) and G(K,), respectively. The magni-
tudes of B(K,) and G(K,,) are about 2 to 3
times larger than C(X;, K,,). There is, how-
ever, a strong cancellation between B(K,,) and
G(K), as indicated by Chen and Lee (1983)
and Chen and Yen (1985). As a result, the
magnitude of B(K,, + ¢,,) (Fig. be) is compara-
ble to that of C(K;,K.,). B(K + ¢,,) has a posi-

tive contribution along the strong-wind region
around the ridge, while it is negative on
the calm center of the ridge. The upstream
jet region corresponds to the strong negative
B(K,, + ¢,,). B(K;s + ¢,) + C(A,K;) is almost as
large as C(K;, K,»,) around the upstream jet, but
about twice as large as C(K;,K,,) around the
ridge.

Figure 6 shows the composite maps of
the terms in Egs. (1) and (2) for the NB cases
averaged from day —2 to +2. Unlike CL, K,
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tends to decrease around the ridge (Fig. 6a).
C(K;,K,») has maxima around the upstream
jet and around the ridge, which is similar to
CL (Fig. 6b). The maximum of C(K,,K,,) is
comparable with CL around the ridge. It is
about a half of CL at the entrance of the up-
stream jet (about —60° longitude). It is note-
worthy that B(K,,) is negative around the
ridge (Fig. 6¢) in the opposite sense of CL. As
a result, B(K,, +¢,,) is also negative at this
area (Fig. 6e). Around the upstream jet, a neg-
ative B(K,, +¢,,) area is weaker, and more
eastward than that in CL. The pattern of
B(K; + ¢4,) + C(A,K;) is similar to C(Ks, K.,
and B(K; + ¢,) + C(A,K,) is about twice as
large as C(K;, K,,) (Fig. 6f).

Both in CL and in NB, the maximum value
of C(K;,Ky,) is located in the upstream jet, and
in phase with the maximum of B(K, +é)+
C(A,K;). Although they are similar between
the pattern of B(K,,) and B(K,), and between
G(K») and G(K;) (not shown), B(K, + ¢,) +
C(A,K;) is positive, while B(K,, + $n) 18 nega-
tive around the upstream jet. A positive
B(K; + 4,) + C(A,K,) in this area is due to a
positive G(K,) exceeding a negative B(K).
Hence, the upstream jet may have strong
C(A,K,), which is included in G(K;). Therefore,
it is indicated that the K, converted from A, is
in situ transformed into K, via C(K,,Ky),
around the upstream jet. This process is just a
baroclinic conversion. The same feature ap-
pears around the ridge.

Figure 7 shows the time series of the terms
in Eq. (1) averaged in the ridge area (—30° to
45° in longitude, and 50°N to 80°N in latitude)
for (a) CL. and (b) NB composites. In both
composites, positive K,, tendency (dashed line)
gradually increases toward the onset and
reaches about 3 Wm~2 at the onset time. After
the onset, K,, tendency decreases in both com-
posites, but NB decreases more rapidly than
CL. Since the selected cases have large values
of C-index in both cases, these two composites
are similar in the time series of C(K,K,).
However, the time series of B(K,, + ¢,,) (thick
solid line) is different between CL and NB. In
CL, B(K,, + ¢,,) is roughly zero or positive dur-
ing the period shown in Fig. 7. It is comparable
to C(K;,K,) at the onset, and is about zero
after day +2. In NB, on the other hand, it is
less than a half of C(K;.K,,) at the onset. At

Journal of the Meteorological Society of Japan

Vol. 82, No. 5
(a) CL

': L AL B A e B e e
& sk - E
E 4L SR —C—c _‘
s, E oo wiral %&* T
L it eeezddd ; II1x E
S af SR IR +
£ “r 0 ]
S 4 :D-\D\D/O/“ \D.\ O/D..-— -=1
@ ': 3 |~0——p—0—" 7

oL | | P S PR SR PR I I
€ 5 4 3 2 90 9 1 2 3 4 5 &

Day from onset

Barotropic (Wm'2)
OO ENON LD O

Day from onset

Fig. 7. Time series of the K, tendency
(dashed line), B(K,, + ¢,,) (thick solid
line), C(K;,K,,) (labeled “C”) and the
residual dissipation term, D(K,,) (la-
beled “D”) for (a) CL and (b) NB compo-
sites. All values are averaged in the
ridge area ranged from —30° to 45° in
longitude, and from 50°N to 80°N in
latitude. As for B(K,, + #m), the bars of
standard error are also represented.

day +2, it reaches the minimum value (about
—4 Wm~2), which is comparable to C(K;,K,,),
but the opposite sign.

6. Discussion and conclusions

In this study, local energetics analysis is
conducted for the blocking formation in the
North Pacific, in order to investigate the
condition of a transient ridge to become a
blocking. The total of 452 low-index events are
extracted during the 51 winters from 1950 to
2001, using the index of Lejenis and @kland
(1983). Among those, 88 and 253 events are
identified as blocking and non-blocking events,
respectively. The B-index and C-index are de-
fined to measure the intensity of the low-index
events, and the barotropic-baroclinic inter-
actions, respectively.

We first examined the distribution of the low-
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index events, plotted as functions of the dura-
tion of the low-index events, and the value of
the C-index. As a result, we showed the fact
that the larger the C-index is, the stronger the
blocking ridge grows. A blocking becomes Q
type for large C-index (CL), it becomes dipole
type for medium C-index (CM), and the block-
ing is evanescent for small C-index (CS).

However, there are cases of non-blocking
events, in spite of the large values of the C-
index. In order to investigate the condition for a
transient ridge to become a blocking, we com-
pared the comprehensive kinetic energy budget
for the blocking, and non-blocking cases, for
the large value of the C-index. The energetics
analysis is performed in the framework of the
vertical mean and sheared flows, including the
barotropic-baroclinic interactions, C(Kj, K,),
and the flux convergence of mechanical energy
of the mean flow, B(Ky, + ¢,,)-

According to the result of the kinetic energy
budget, two main differences between CL and
NB are found; (1) a positive contribution of
B(Ky, + ¢,,) around the ridge in CL and a neg-
ative in NB, and (2) larger decrease of K,, due
to B(K,, + ¢,,) around the upstream jet in CL.
In CL, it is thought that K,, generated in the
upstream jet is transported eastward and con-
verged around the ridge, and the double-jet
structure is formed. Interestingly, K,, around
the upstream jet in CL was enhanced prior to
the onset time (about day —2), which is consis-
tent with the finding of Tsou and Smith (1990).
In NB, on the other hand, it is shown that a
poor supply of K,, from the upstream jet, and
the negative B(K,, + ¢,,), prevent a transient
ridge to develop into a blocking. Therefore, it is
concluded that the sign of the flux convergence
of mechanical energy around the transient
ridge is the condition for the ridge to become a
blocking.

Nakamura et al. (1997) examined the
roles of high-frequency disturbances, and low-
frequency waves, for the formation of blocking.
They revealed that the contributions for high-
frequency eddies were significant for the Pacific
blocking. They also showed that the role of low-
frequency waves was not negligible, using the
wave activity flux. However, we cannot distin-
guish the synoptic eddy, and the low-frequency
variability in this study. Further studies will be
required.
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