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1 INTRODUCTION

Atmospheric blocking is a long-lived and
equivalent-barotropic phenomenon with a large am-
plitude, occurring around the circumpolar region.
It causes an abnormal weather owing to its stagna-
tion and persistency. Additionally, it is difficult to
predict the blocking state, especially near the onset
time.

Tanaka and Kung (1988) performed the three-
dimensional global energetics, and found the energy
transformation from the synoptic-scale baroclinic to
the planetary-scale barotropic component, prior to
the onset of blocking. It suggests the importance of
the contribution from the barotropic-baroclinic in-
teractions during the formation of blocking.

Watarai and Tanaka (2002) investigated the char-
acteristics of the barotropic-baroclinic interactions
in the kinetic energy equations divided in the ver-
tical mean and sheared flows. They showed that the
barotropic-baroclinic interactions were intensified in
both the western and eastern flanks of the blocking
ridge, by the composite of 10 blocking events. How-
ever, a further analysis is required in order to identify
the condition of the blocking formation.

The objective of this study is to investigate the
condition of the blocking formation based on a com-
prehensive energetics, using a number of samples.
First, we examine the sensitivity of the ridge for the
intensity of barotropic-baroclinic interactions. We
then compare the blocking and the non-blocking
from the viewpoint of the local kinetic energetics.

2 EQUATIONS AND DATA

In this study, the kinetic energy equations were di-
vided in the vertical mean (barotropic) and sheared
(baroclinic) components. The barotropic and baro-
clinic components for a field variable, ¢, are defined
the following:
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where p, is the surface pressure. Hereafter, the
barotropic and baroclinic components are designated
by the subscripts m and s, respectively.
By making use of (1), the equation of vertical-
integrated kinetic energy (K) can be written as fol-
lows (see Watarai and Tanaka 2004):

a_gﬂ = B(Km+0p)
+C(Ko, Km) — D(Km),  (2)
K
66‘ts = B(K;+ ®;)+ C(A,K,)

—C(K,, Kp) — D(K,), (3)

where ® is the geopotential, and A the vertical-
integrated available potential energy. The term
B(Ky + @) is the flux convergence of mechanical
energy (i.e., the sum of kinetic and potential energy),
and D(Ky,) the dissipation of kinetic energy, in the
barotropic flow. The term C(K,, K,) is the con-
version of kinetic energy from the baroclinic to the
barotropic component, and C(4, K;) the conversion
from available potential energy to baroclinic kinetic



energy. Since the blocking anticyclone is character-
ized by the equivalent-barotropic structure, we as-
sumed that the blocking formation was understood
by the budget of barotropic kinetic energy. Equa-
tion (2) was used in order to examine the blocking
formation in this study.

The data in this study were the NCEP/NCAR re-
analysis 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 of vertical direction.

3 INDICES

In order to identify a lot of events objectively, a “B-
index”, defined by Lejends and @kland (1983), was
used. This is defined as the local difference in 500-
hPa geopotential height at 40°N, subtracted from
that at 60°N. When the index was negative, as seen
for a high-pressure mass staying around 60°N, the
situation was considered as a low-index event. In
this study, only the low-index events occurred in the
North Pacific sector (ranged from 140°E to 130°W)
were picked up. The total of 452 low-index events
were extracted during 51 winters.

However, a low-index event is not always regarded
as a blocking, because each of event has a variety
of duration and the persistency is one of the char-
acteristics of blocking. For example, the number of
low-index events lasting at least 7 days was 88 dur-
ing the 51 winters. On the other hand, 253 of the
low-index events lasted less than 3 days.

According to Watarai and Tanaka (2002), a pos-
itive C(K,, K1) around the ridge plays an impor-
tant role in forming a blocking anticyclone. In order
to represent the intensity of C(Kj, K,,) around a
blocking, another index (named “C-index”) was in-
troduced. For each of the low-index events, we first
evaluated the average of C(K,, Kn,) over —30° to
+30° in longitude, and 50°N to 70°N in latitude,
from the center of the B-index minimum. The C-
index was then defined by the time average of it be-
tween —3 and +3 days from the onset of the low-
index event.

80N 60°'N 40N 20N

Figure 1: Composite maps of geopotential
height (solid lines) and the approximated iso-
baric PV (Nakamura and Wallace 1993) 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.

Four groups were selected from the low-index
events in this study. First, we picked up 10 events
with the largest C-index from 88 long-lived (> 7
days) events, and a group of them was labeled “CL”.
In order to examine the sensitivity of the C-index
for the long-lived events, 10 events with the small-
est and the medium C-index are then chosen, and
named “CS” and “CM”, respectively. On the other
hand, 21 events with the C-index more than the lower
limit of CL (5.02 Wm~2) were also picked up from
the short-lived (< 3 days) events.

4 RESULTS

Figure 1 illustrates the composite maps of geopo-
tential height and potential vorticity (PV) at 250-
hPa level, at +2 days from the onset time of events.



Figure 2: CL (left; a-c) and NB (right; d-f) composite maps of geopotential height and isobaric PV
at 250-hPa level, as in Fig. 1. Maps at 0 (top), +2 and +4 (bottom) day(s) from the onset time are
displayed.

In the CL composite, low-PV air thrusts into pole-
ward air deeply, and a pronounced blocking of the §
type with strong polar jet is formed (Fig. la). In the
CM composite, the meridional gradient of PV over-
turns, and there appear a double-jet pattern, around
the center (Fig. 1b). The strength of poleward jet
in CM is weaker than in CL, and the spatial pattern
shows a dipole-type blocking. In contrast, cut-off
low-PV is very weak and composite pattern is no
longer a blocking in CS events whose C-indices are
almost zero (i.e., averaged index of 0.21 Wm™2).

Figure 2 illustrates the composite maps of (a-c) the
CL and (d-f) the NB events at 0, +2 and +4 days
from the onset time. As is mentioned above, the
ridge grows in meridional direction and becomes the
Q-type blocking in the CL events. Formed blocking
maintains its intensity and is almost stationary. As
for the NB composite, 250-hPa geopotential height
and PV fields are similar to the CL, and the inver-
sion of meridional PV gradient occurs around the

centered longitude, at the onset time. Although the
low-PV air intrudes deeply into high latitudes, the
ridge moves eastward and become narrower, At last,
the ridge is attenuated, and the flow about +30°
from the centered longitude becomes more zonal.

Figure 3 shows the time series of the terms in Eq.
(2) averaged in the ridge area for (a) the CL and
(b) the NB composites. In both composites, positive
K., tendency (dashed line) gradually increases and
reaches about 3 Wm™2 at the onset time. There-
after, K, tendency decreases in both composites,
but the NB decreases more rapidly than the CL.
These two composites are similar in the time series
of C(X;,Kn), since the selected events have large
values of C-index in both composites. However, the
time series of B(K, + ®p,) (thick solid line) is dif-
ferent between the CL and the NB. In the CL com-
posite, B(Kp, + @) is roughly zero or positive. It
is comparable to C(Kj, K,,,) at the onset time, and
becomes about zero after day +2. In the NB com-
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Figure 3: Time series of the K,, tendency
(dashed line), B(Km + Pm) (thick solid line),
C(Ks, Kw) (labeled “C”) and the residual dis-
sipation term, D(Km,) (labeled “D”) for (a) CL
and (b) NB composites. All values are averaged
in the ridge area ranged from —30° to 45° in lon-
gitude, and from 50°N to 80°N in latitude. As
for B(Km + ®m), the bars of standard error are
also represented.

posite, on the other hand, it is less than half of
C(K,, K,,) at the onset. At day +2, it reaches the
minimum value (about —4 Wm~2), which is compa-
rable to C(K,, Kp,), but the opposite sign.

5 CONCLUSION

In this study, local energetics analysis is performed
in the North Pacific to find the condition of the block-
ing formation. The total of 452 low-index events
are extracted during the 51 winters from 1950/51
to 2000/01, using the index of Lejenas and @kland
(1983). Among them, 88 and 253 events lasted
more than 7 and less than 3 days, respectively. The
C-index is defined to measure the intensity of the
barotropic-baroclinic interactions.

We first examined the sensitivity of the C-index for
the long-lived events. As a result, it is found that a
blocking becomes an 2 type for the CL events having
large C(K,, Kpn). It is consistent with the results of
Watarai and Tanaka (2002). In addition, a blocking
becomes a dipole type for medium C-index (CM). If

C(K, Kn) around the ridge is almost zero (i.e., CS),
the ridge is, however, no longer a blocking. There-
fore, it is suggested that the positive C(K;, Kp,) is a
necessary condition for the blocking formation.

However, there are some non-blocking events with
a large C-index. As a result of the comprehensive ki-
netic energy budget, specific difference between the
blocking (CL) and the non-blocking (NB) is found;
a positive contribution of B(K,, + ®,,) around the
ridge in CL and a negative in NB. Therefore, it is sug-
gested that the positive value of the flux convergence
of mechanical energy around the transient ridge is
another necessary condition for the ridge to become
a blocking.
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