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ABSTRACT

Available potential energy and kinetic energy budget quantities are examined during a two-
week period of the Global Weather Experiment (GWE) winter season (14-28 February 1979)
for regions encompassing the cyclogenetically active eastern coasts of Asia and North
America. Twice daily values of vertically integrated available potential energy generation,
kinetic energy generation, and kinetic energy boundary flux are produced using gridded
isentropic data derived from the National Meteorological Center’s Level IIla set of global
analyses. Available potential energy generation is found on average to be positive in the North
American study region but negative in the East Asian domain, indicating net destruction of
baroclinicity by the diabatic heating distribution in that sector of the northern hemisphere
during the period. Spatial distributions of time-averaged available potential energy generation
show little relationship to cyclone tracks in the North American or Asian study regions.
However, the patterns of time-averaged kinetic energy generation correspond quite well to
areas of rapid cyclone deepening and cyclone decay. In addition, temporal changes in
regionally integrated kinetic energy generation values indicate that a strong rise in kinetic
energy production accompanied each major cyclogenesis event within the study regions. Time
series of the kinetic energy boundary flux reveal that the North American region is a net
exporter of kinetic energy during the two-week study period. The Asian region is found to
import more kinetic energy than it exports, thus representing a sink of kinetic energy for the
northern hemisphere as a whole during the latter half of February 1979.

1. Introduction

Climatological studies of winter season extra-
tropical cyclone activity have shown that the
eastern coasts of Asia and North America are
among the most cyclogenetically active portions
of the northern hemisphere (Klein, 1957; Zishka
and Smith, 1980; Whittaker and Horn, 1982,
1984). Fig. 1 shows the principal areas of cyclone
formation in these regions during the wintertime.
Among the features contributing to the predomi-
nance of cyclogenesis along these coastlines are
enhanced coastal baroclinic zones maintained by
the strong thermal contrast between the cold
continents to the west and the relatively warm
oceans to the east. As first shown by Margules

(1903), it is the vast supply of total potential
(internal plus gravitational potential) energy
stored within the baroclinic configuration of the
atmosphere that provides the ultimate source of
kinetic energy for extratropical storms. Lorenz
(1955a), in expanding upon the work of
Margules, defined the atmospheric property
available potential energy which helps to quan-
tify the amount of baroclinic energy within an
atmospheric domain that may be utilized for
kinetic energy production during cyclogenesis.
Numerous studies have examined the plan-
etary and hemispheric distributions of available
potential energy and kinetic energy (Oort, 1964;
Peixoto and Oort, 1974; Oort and Peixoto, 1976;
Min and Horn, 1982) as well as the energetics of
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Fig. 1. Sectors of the northern hemisphere used in this
study, the eastern coast of North America (a) and of
Asia (b). Dashed lines at 75°W in (a) and at 140°E in
(b) locate the meridional cross sections shown in Fig. 2.
Hatched areas indicate the principal regions of
cyclogenesis during the month of February (from
Whittaker and Horn, 1982).

individual storm systems (Hahn and Horn, 1969;
Johnson, 1970; Bullock and Johnson, 1971a and
1971b; Gall and Johnson, 1971). Still other
research has focused on the budgets of available
potential energy and kinetic energy within atmos-
pheric domains on the scale of individual cyclone
systems as well as for the global atmosphere (Min
and Horn, 1974; Chen et al., 1978; Alpert, 1981;
Kung and Chan, 1981; Lin and Smith, 1982;
Cressman, 1984). To date, however, relatively
little attention has been given to the problem
of relating distributions of available potential
energy and kinetic energy budget parameters to
patterns of extratropical cyclone development
and movement on a regional scale over a time
period spanning several storm life-cycles. In
an effort to better understand the role energy
generations and transports play in maintaining
regional-scale environments conducive to cyclo-
genesis, the present study examines spatial and

Tellus 42A (1990), 5

temporal patterns of available potential energy
and kinetic energy budget quantities associated
with cyclone activity along the eastern coasts
of Asia and North America (Fig. 1) during a
cyclogenetically active two-week period (14-28
February 1979) of the Global Weather Exeriment
(GWE) year (December 1978-November 1979).
Specifically, this paper focuses on the spatial
distributions of available potential energy gener-
ation and the spatial and temporal patterns of
kinetic energy generation as related to cyclones
within the two study regions. The interaction
between these cyclogenetically active east coast
regions and their larger-scale environments is
also examined through the exchange of kinetic
energy across the domain boundaries. The energy
budget quantities are calculated according to the
isentropic formulations developed by Johnson
(1970) using data derived from the Level IIla
analyses prepared by the United States National
Meteorological Center (NMC). This research
represents an extension of a previously published
paper (Zapotocny, 1987) which examines the
spatial distributions of vertically integrated avail-
able potential energy and kinetic energy accom-
panying cyclones in the two east coast study
regions.

2. Budget equations

Johnson (1970) obtained expressions whereby
the energetics of an open system can be explicitly
separated from the global domain. The equations
for the time rate of change of regional available
potential energy can be written

dA4/dt = G(4) + S(A), 0))

where G(A) represents the generation of available
potential energy within the volume, and S(4)
symbolizes all other sources of regional available
potential energy. S(A4) can be expressed as

S(4) = B(4)+ W(A + K) — S(K). 2

Here, B(A) is the advection of available potential
energy into the volume, W(A + K) is the pressure
work done by the environment on the boundaries
of the domain and S(K) is the generation of
kinetic energy within the volume by the
ageostrophic component of motion. In a similar
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fashion, the budget equation for kinetic energy
can be written

dK/dt = S(K) + B(K) + D(K), 3

where B(K) is the advection of kinetic energy
into the volume and D(K) is the viscous dissi-
pation of kinetic energy within the volume.

It is important to point out that the local
production of kinetic energy [S(K)] within an
open system need not be realized only from the
direct conversion of available potential energy to
kinetic energy within the volume; but rather, as
noted by Johnson (1970) and Johnson and
Downey (1982), may be associated both with
boundary processes, B(4) and W(A4 + K), and the
conversion of in situ available potential energy.
Only if the sum of B(A4) and W(A4 + K) vanishes
will a given increase in kinetic energy cause a
decrease of equal magnitude in the available
potential energy of the system.

A complete diagnosis of the energy budget for
any open system requires inclusion of all terms
listed in eqgs. 1, 2 and 3 above. However, in this
study only the G(4), S(K) and B(K) terms have
been quantified and examined. Consider first the
isentropic expression for generation of kinetic
energy. It can be written as

6,
S(K)=—lf J V'V‘Pa—pdeAg )
8 Ja, Y0, 00

where V is the vector wind and V¥ is the
gradient of Montgomery streamfunction on an
isentropic surface, g is the acceleration of gravity,
0 is potential temperature, 6, and 6, represent the
potential temperature at the surface of the earth
and top of the domain respectively, and A4, is the
surface area of the region over which the inte-
gration is being done. The boundary advection of
kinetic energy is

6,
B(K)=l§ j k—@ V-ndo dL. (5)
g Ji Y 00

Here the symbol ¢ represents a closed integration
around the lateral boundary of the volume L, n is
a unit vector which is everywhere normal to the
vertical walls of the volume pointing outward and
k is specific kinetic energy. A net zero flux is
assumed at the bottom of a domain. The vertical
advection through the top boundary is also
neglected since computations show it to be at
least two orders of magnitude smaller than the
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horizontal advection. Finally, the generation
term for available potential energy is expressed in
isentropic coordinates as

RN N '3
Gt === j f (1= pr) 00 2 46 44, ©)

where Q,, is the per unit mass rate of diabatic
heating. The term in brackets, known as the
efficiency factor,

e= {1 —(p,/p)} @)

is a measure of the effectiveness of diabatic
heating in generating available potential energy
within the volume. Here p is pressure, p, is the
reference pressure on an isentropic surface, and k
is the ratio of the dry air gas constant Ry to the
specific heat of air at constant pressure c,. For a
given distribution of heating or cooling, G(4) is
a function of the distribution of pressure on
isentropic surfaces. Positive generation results if
heating occurs where the pressure exceeds the
reference value (p > p,, ¢ > 1) or when cooling is
applied where the pressure is less than the refer-
ence pressure (p <p,, ¢<1). The generation of
available potential energy within a volume is
therefore dependent on the three dimensional
covariance of heating and efficiency factor.

3. Data and computational methods

In practice, the equations described above for
computing G(A4), S(K) and B(K) (egs. (4)—(6))
must be evaluated in finite difference form,
meaning that an areal and vertical summation
must be performed for each of the 493 (29 x 17)
individual gridbox domains comprising the study
regions. Gridded isentropic data for the calcu-
lations were generated through a vertical inter-
polation of the NMC Level Illa set of isobaric
analyses from the GWE year (Townsend and
Johnson, 1985). The interpolation algorithm is
based upon the assumption that potential tem-
perature (0) varies linearly in the vertical with p*
(k = Ry/c,). This is a reasonable assumption if
sufficient vertical resolution in potential tempera-
ture is used when performing the interpolation. A
total of 16 isentropic levels were produced with
10 K vertical resolution. The original 2.5° lati-
tude-longitude horizontal resolution was main-
tained. Isentropic data at each level consist of
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u and v component winds, pressure, relative
humidity and Montgomery streamfunction. Sur-
face values of these parameters are also available
along with values of the surface potential tem-
perature. To insure that the full depth of the
troposphere was included in the study domains
the top isentropic level was specified as 370 K,
corresponding to a pressure level of approxi-
mately 150 mb. This is well above the middle
latitude wintertime tropopause level. For a
further description of the basic NMC Level IIla
data see Bergman (1979) and McPherson et al.
(1979).

The reference pressure used for computing the
efficiency factor is easily calculated in the free
atmosphere as the area-averaged pressure on an
isentropic surface. An iterative method devised
by Koehler (1986) was used to calculate reference
pressures for those isentropic levels which inter-
sect the ground. Distributions of mass-weighted
diabatic heating (Q,,) required for the deter-
mination of available potential energy generation
were obtained through a technique similar to that
used by Wei et al. (1983). In this method, the
isentropic equation of mass continuity is evalu-
ated to obtain distributions of 12-hourly diabatic
mass flux through isentropic surfaces at 10 K
intervals. From these, vertical profiles of per unit
mass diabatic heating can be determined for each
2.5° x 2.5° gridbox and used together with the
three-dimensional distributions of efficiency
factor to calculate 12-h average G(A) values for
the gridbox.

4. Distributions of time-averaged energy
generations

Recall that the generation of available poten-
tial energy within an atmospheric volume is
dependent upon the three dimensional covari-
ance of diabatic heating and efficiency factor.
Because ¢ is a function of reference pressure,
G(A) also depends on the changing distribution
of p, within the volume. Fig. 2 shows cross
sections of time-averaged efficiency factor and
diabatic heating rates for each region. The cross
sections are N-S oriented along the continental
coastlines at longitudes of 75°W and 140°E in the
North American and Asian regions, respectively.
In both cross sections, positive values of £ gener-
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Fig. 2. North-South cross sections of time-averaged
efficiency factor (solid, 10-2) and diabatic heating
(dashed, K day~') during the 15-day study period in the
North American region at 75°W (a) and in the Asian
region at 140°E (b). Plus and minus signs locate relative
maxima and minima of diabatic heating.

ally cover the equatorward half of the domain
with negative values over the poleward half. A
weak secondary area of positive mean efficiency
factor is located above the tropopause in the
northern portion of both cross sections. The
horizontal gradient of £ in the lower troposphere
is somewhat stronger in the Asian region than
in the North American region, indicating the
stronger N-S baroclinic zone along the Asian
coast. The magnitudes of £ are largest in the
middle troposphere; thus, heating or cooling at
these levels would be more effective in generating
available potential energy than at other levels.
For a further discussion of the role of efficiency
factor distributions in the generation of available
potential energy see Lorenz (1955b), Bullock and
Johnson (1971a, 1971b), Gall and Johnson
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Fig. 3. Distributions of time-averaged,

vertically
integrated generation of available potential energy
[G(4)] in the North American region (a) and Asian
region (b) (10 W m~2),

(1971), Min and Horn (1974) or Lin and Smith
(1982).

In general, the distributions of diabatic heating
(Fig. 2) show positive values in the southern
portion of the regions and negative values
(cooling) over about the northern half of the
regions. Local diabatic tendencies were com-
puted, as described earlier, using the isentropic
equation of mass continuity as applied by Wei et
al. (1983). No attempt has been made in this
study to reduce the total diabatic tendency into
its sensible and latent heating components. The
distributions and magnitudes of diabatic heating
obtained in the present evaluation compare
favorably with those obtained from previous
studies of heating distributions in these regions
(Min and Horn, 1974; Schaack and Johnson,
1986; Johnson, 1989) and appear reasonable.

The 12-h mean values of G(A4) were vertically
integrated and time-averaged for the entire
15-day period to arrive at the distributions of
time mean available potential energy generation
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shown in Fig. 3. The patterns of time mean G(4)
are poorly organized with multiple maxima and
minima in each region. The only coherent areas
of positive mean generation extend along the
Asian coast from China northeastward to the
Kamchatka Peninsula, and in a N-S band over
the central North Atlantic Ocean extending
southward from Greenland. Comparison of these
analyses with the cyclone tracks during the study
period (Fig. 4) does not indicate any clear corre-
spondence between the distributions of available
energy generation and cyclone activity. In fact,
the only indication of a systematic relationship is
the tendency for positive mean G(A) values
poleward of the corridors of most frequent
activity in the Asian region with negative values
on the equatorward side. Little, if any, relation-
ship is noted in the North American region. It is
important to remember that energy generations
associated with cyclones represent a transient
phenomenon which will not necessarily be appar-
ent in time-averaged results. Recently, Ponater
and Speth (1984) examined the conversions from
available potential energy to kinetic energy
within the northern hemisphere. They found that
the transient component of energy conversion
was more than double the local time-averaged, or
standing, component with maximum transient
contributions along the eastern coasts of Asia and
North America. It is not unreasonable to expect a
similar situation with regard to energy generation
patterns.

Monthly mean generations of available poten-
tial energy during the wintertime along the
eastern coasts of Asia and North America have
been previously studied by Min and Horn (1974).
Their computations were based upon sounding
data for December and January averaged for a
period of several years. Results showed areas of
strong positive mean available energy generation
along the North American coast near Cape
Hatteras and along the Asian coast near Japan.
The area of positive mean G(A) along the Asian
coast noted in the present study (Fig 3) agrees
with these earlier findings. However, a region of
negative mean G(A4) exists along the North
American coast where Min and Horn found
strong positive generation. This difference is
possibly related to the comparative lack of
strong cyclogenesis along the immediate North
American east coast’during the February study
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Fig. 4. Cyclone tracks during the 15-day study period
in the North American region (a) and Asian region (b).
Numbers indicate the date of cyclone formation of
movement into the region. Bold lines depict mean
cyclone tracks for February (from Whittaker and Horn,
1982).

period (Koehler and Min, 1984). As indicated in
Fig. 4, no cyclones formed along the immediate
east coast of the United States during the study
period. Most of the storms originated either in
the lee of the Rocky Mountains or out to sea
south of the Canadian maritime provinces and
Greenland. This is not to say that cyclogenesis
was entirely absent along the North American
coast. Indeed, rapid intensification of at least two
cyclones occurred in this area; however, the orig-
ination of coastal storms was certainly less preva-
lent than along the Asian coast or than is normal
for this time during the winter season.

A partial explanation of this may be found in
the two 5-day mean geopotential patterns for
13-17 and 20-24 February 1979 shown in Fig. 5.
While the mean longwave pattern along the east
coast of Asia is dominated by a broad trough
during both pentads, a near reversal is evident in
the pattern along the east coast of North
America. The intense trough, with an axis near
60°W longitude during the first five-day period,
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Fig. 5. Northern hemisphere 5-day mean 700 mb
geopotential heights (dm) for 13-17 February 1979 (a)
and 20-24 February 1979 (b) (from Dickson, 1979).

propagates out to sea allowing for rapid building
of a ridge along the Atlantic coast of the United
States by the second S5-day period. This new
pattern then persists for the remainder of the
two week study interval. Relaxed baroclinicity
and less regionally integrated available poten-
tial energy result from the pattern change
(Zapotocny, 1985). This pattern change is likely
responsible, at least in part, for the lack of
significant cyclone formation along the immedi-
ate North American coast during this two week
period of the FGGE winter season.

Distributions of time-averaged, vertically inte-
grated kinetic energy generation within the
North American and Asian regions are shown in
Fig. 6. Positive mean S(K) values are generally
located along and immediately seaward of the
respective coastlines. In a physical sense positive
time mean S(K) represents a production of
kinetic energy by a thermally direct cell. Thus,
the centers of maximum positive mean kinetic
energy generation, just off of the eastern coasts of
the United States and China, are likely a
reflection of the entrance regions to the semi-
permanent wintertime jet streaks over the
western Atlantic and Pacific oceans, respectively.
Likewise, the large areas of negative time mean
S(K) located 1500 km or so out to sea from the
North American and Asian coasts are probably
related to the indirect thermal circulations in the
vicinity of the jet exit regions (Murray and
Daniels, 1953). For a more complete discussion
on the location of these coastal jets during the
February 1979 study period, see Zapotocny
(1987).

Comparison of the time-averaged S(K) distri-
butions to the composite of cyclone tracks in Fig.
4 indicates fairly good agreement between the
areas of positive mean S(K) and the corridors of
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Fig. 6. Same as Fig. 3, but for time-averaged, vertically
integrated kinetic energy generation [S(K)] (10 W m~2).
X’s mark the locations where rapid cyclone deepening
(>6 mb/6 h) began.

maximum cyclone activity within each region.
Negative mean S(K) values are generally found
in the predominant areas of cyclone decay to the
south of Iceland in the North American region
and east of the Kamchatka Peninsula in the
Asian region. Since the regions used in this study
are open atmospheric domains, and therefore free
to exchange mass and energy with their surround-
ings, the direct conversion from available poten-
tial to kinetic energy cannot be determined from
the S(K) alone. Nevertheless, dominance by the
transient component of kinetic energy generation
can be inferred from the pronounced tendency
for S(K) to be a maximum near locations where
rapid cyclone deepening commenced (indicated
by the X’s in Fig. 6). As will be discussed in the
following section, intense kinetic energy gener-
ation during rapid cyclone deepening events is
also evident in the time series of regionally
integrated S(K) and of B(K). This, despite the
small areal extent of the individual storms as
compared to the overall size of the study
domains.

Table 1. Time mean, area-averaged values of
regional total available potential energy generation

[G(4)]

G(4)

(Wm=?)
North American region 5.2
Asian region —-7.4

Time-averaged values of regional total avail-
able potential energy (expressed in area-averaged
units) in the two study regions are listed in
Table 1. The area-averaged mean generation of
available potential energy [G(4)] is a positive
52 W m~? for the North American region,
implying relative strong production of baroclinic
energy by the diabatic heating distribution in this
sector of the northern hemisphere. Somewhat
surprisingly, a large negative G(4) is indicated
for the more cyclogenetically active Asian region,
meaning that on average the atmosphere is being
heated in regions where the efficiency factor is
negative and/or cooled where the efficiency
factor is positive. However, since the mean
generation of kinetic energy is positive in the
Asian region, and because the regional total of
available potential energy did not decrease
dramatically in the Asian region during the study
period (Zapotocny, 1986), it follows that the
negative G(A4) must be offset by the contributions
of the pressure work [W(A + K)] and boundary
flux [B(A)] terms in eq. 2. The time-averaged sum
of W(A + K) and B(A) must be a large positive
value in the east Asian sector of the hemisphere
during the study period, thereby allowing for the
maintenance of the strongly baroclinic environ-
ments upon which the developing cyclones
depend for their source of kinetic energy.

5. Time series of regionally integrated kinetic
energy generation and Kkinetic energy
boundary transport

The vertically integrated 2.5° x 2.5° grid box
values of kinetic energy generation were spatially
integrated to obtain the twice daily plots of
regional S(K) shown in Fig. 7. Considerable
variance is evident in both time series. Strong
positive generation of regional kinetic energy
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Fig. 7. Time series of area-averaged kinetic energy
generation [S(K)] in the North American region (a) and
in the Asian region (b) (W m~2). Hatching indicates
periods during which rapid cyclone deepening was
occurring.

accompanies each of the rapidly deepening
cyclones, indicated by the shading in Fig. 7, with
small positive or negative generation during the
interim periods. Duration of the rapid cyclo-
genesis episodes ranges from 12 to 48 h. A total of
6 events occurred in the Asian region and 5 in the
North American region during the study period.
Examination of vertical profiles of S(X) for
numerous individual grid boxes (not shown) indi-
cates that lower tropospheric contributions to
S(K) are exclusively positive due to the friction-
ally induced cross-isobar flow always present near
the earth’s surface. Contributions to S(K) from
the middle and upper troposphere change sign
as do the regionally integrated values. Positive
contributions to S(K) from these levels were
generally found to occur several hundred kilo-
meters upstream from the rapidly deepening
storm centers, apparently in connection with
the thermally direct circulation in the entrance
region of the upper-tropospheric jet streak
accompanying these cyclones. In the immediate
vicinity of the cyclone centers contributions to
S(K) above approximately 700 mb were usually
negative in response to the indirect ageostrophic
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Table 2. Time mean, area-averaged values of
regional kinetic energy generation [S(K)] and
kinetic energy boundary transport

S(K) B(K)

(Wm™2) (Wm-2)
North American region 3.1 —-1.4
Asian region 6.9 2.7

motion induced in the jet streak exit region.
Contributions from both the lower and upper
troposphere account for the large positive values
of regionally integrated S(K) during intense
cyclogenesis.

Time-averaged values of regionally integrated
kinetic energy generation, as well as kinetic
energy boundary transport, are listed in Table 2.
Both regions have positive mean generation
[S(K)]). The Asian region value of 8.9 W m~2 is
nearly 3 times as large as the 3.1 W m~2 in the
North American region, indicating the more
energetically active nature of the Asian coast
during the latter half of February 1979. A portion
of this difference may again be related to the
previously mentioned longwave pattern change
and subsequent lack of strong cyclogenesis along
the North American east coast during the study
period.

The remainder of this section examines the
kinetic energy boundary transport term [B(K)]
and its relationship to cyclone activity within the
study regions. The value of this term is a function
of the advection of kinetic energy across the
domain boundaries, and is positive (negative) for
a net advection of kinetic energy into (out of) a
region. Because a net zero transport is assumed at
the earth’s surface and at the top of the isentropic
domains, only the transport through the four
vertical walls of each region is considered. Time-
averaged values of total kinetic energy transport
into the respective regions [B(K)] are listed in
Table 2. On average for the 15-day study period
only the North American region has a negative
mean B(K). This indicates that the North
American region is exporting more kinetic energy
than it imports during the period and acts as a
source of kinetic energy for the atmospheric
external to the study domain. The Asian region,
meanwhile, shows a significant positive value for
B(K) and thus represents a sink of hemispheric
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Fig. 8. Time series of area-averaged kinetic energy
advection [B(K)] into the North American region (a)
and Asian region (b) (W m~2).

kinetic energy during the same period of the
GWE winter season. From the negative mean
boundary transport in the Asian region it can be
inferred that frictional dissipation of kinetic
energy is stronger on average in that portion of
the hemisphere than is the positive generation of
kinetic energy, even though the Asian coast is a
more active site for strong cyclogenesis with
twice as much kinetic energy generated as the
North American region.

Time series of total area-averaged B(K) are
shown in Fig. 8. The magnitude of this quantity
shows considerable daily variance in both study
regions. By visual inspection a frequency of
approximately 2-3 days is suggested in the Asian
region, corresponding quite well to the frequency
of intense cyclogenesis (refer back to Fig. 7).
However, a clear relationship between the total
area-averaged B(K) and individual cyclone occur-
rences is not discernible in either region.
Additional information about the kinetic energy
exchange between these regions and their sur-
roundings can be gained by examining the
contributions to B(K) by each of the four vertical
domain walls. Time series for each of the walls
are contained in Fig. 9. For both regions the

FEBRUARY 1979
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o
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Fig. 9. Same as Fig. 7, except for kinetic energy
flux across each of the 4 lateral domain boundaries
(1013 WA,

largest magnitudes of kinetic energy transports,
on the order of 30 x 10'3 W, are across the
western and eastern domain boundaries. Values
are exclusively positive for the west face,
indicating that only net inward advection of
kinetic energy is realized across this boundary.
Similarly, the eastern boundary transports are
consistently negative, signaling only outward
transport through this face. Largest variability in
B(K) contributions for both regions occurs for the
eastern boundary. Pulsing is evident in the
eastern face time series for the Asian region.
Here, strong surges of outward kinetic energy
transport occur with a frequency of about 2-3
days, and occur nearly simultaneously with
episodes of rapid cyclogenesis.

While only the Asian region shows evidence of
a possible period to these surges of outward
kinetic energy transport, the North American
region does have one or two distinct pulses which
also appear to be linked to intense cyclogenesis
events; most notably, the increase in outward
B(K) thru the eastern face of the region during
the period of 18-19 February. This corresponds
to the time of rapid intensification of the well-
studied Presidents’ Day storm along the mid-
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Atlantic coast of the United States (Bosart, 1981;
Uccellini et al.,, 1984). Inasmuch as the total
amount of kinetic energy within the Asian and
North American regions showed relatively little
change throughout the study period (Zapotocny,
1986), and since the transport into the regions
across the other domain walls showed compara-
tively little variability, it follows, as discussed
previously in connection with Fig. 7, that the
ultimate source for the large amount of kinetic
energy advected out of the regions must be the
generation of kinetic energy within the domains
during cyclogenesis. This result reiterates the
importance of these cyclogenetically active east
coast regions in the overall energetics of the
northern hemisphere atmosphere.

6. Concluding remarks

This paper has examined some of the inter-
relationships between extratropical cyclone ac-
tivity along the eastern coasts of Asia and North
America and distributions of available potential
energy generation and kinetic energy generation
as well as temporal variations in the kinetic
energy boundary transport which occurred during
a portion of the Global Weather Experiment
year. Spatial patterns of time-averaged available
potential energy generation showed little corre-
lation to cyclone tracks in either the North
American or Asian region. Contrary to the results
of some previous studies of available energy
generation in these coastal regions, negative time
mean G(A4) values were noted along the immedi-
ate North American east coast during the
February 1979 study period, possibly reflecting
the relative lack of significant codastal cyclo-
genesis in that region during this portion of the
GWE year. Time-averaged kinetic generation
patterns showed a better relationship to cyclone
tracks. Maxima in S(K) tended to be co-located
with the sites of rapid cyclone deepening,
indicating the important contribution by tran-
sient features to the time-averaged patterns of
S(K). The time-averaged regional totals of avail-
able potential energy generation revealed that on
average baroclinicity was being enhanced in the
North American region but destroyed in the
Asian region during the study period by the
diabatic heating distributions; however, since the
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total amount of available potential energy in the
regions did not markedly increase or decrease in
either region, the time-averaged sum of pressure
work and boundary flux must have acted to offset
the creation or destruction of available energy
thereby maintaining the overall baroclinicity of
the regions.

Time series of regionally integrated kinetic
energy generation and kinetic energy boundary
transport across the vertical walls of the study
domains confirmed the significant role these east
coast regions play in the energetics of the north-
ern hemisphere. The S(K) time series showed a
large increase in regional kinetic energy gener-
ation accompanying rapid cyclogenesis events in
both regions. Between periods of intense cyclo-
genesis regional total S(K) occasionally became
slightly negative, meaning kinetic energy was
being destroyed on average by the ageostrophic
component of motion. The B(K) time series
indicated surges of outward kinetic energy trans-
port across the eastern face of the Asian region,
and to a lesser extent the North American region,
which corresponded to the frequency of intense
cyclogenesis events with maximum outward
transport during or just following the period of
most rapid cyclone deepening. The lack of a
concurrent or precedent inward flux of kinetic
energy, along with the relatively constant values
for total regional kinetic energy, verify the fact
that the excess kinetic energy was produced
within the regions during cyclogenesis. The Asian
region, however, was found on average to import
more kinetic energy than it exported, and thus
represented a sink of hemispheric kinetic energy
during this portion of the GWE winter season.

Considerable work remains before a thorough
understanding of these relationships or the phys-
ical mechanisms responsible for them is realized.
This research should include a complete examin-
ation of the available potential and kinetic energy
budgets within these east coast regions. The
limited analysis of budget quantities presented in
this paper has raised several interesting points for
further investigation, among them the apparent
significant role of the pressure work and bound-
ary flux of available potential energy in maintain-
ing a strongly baroclinic environment favorable
for cyclogenesis along the Asian east coast. Em-
phasis in the current study was placed on
vertically integrated quantities. A study of energy
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generations and transports within individual
isentropic layers could provide additional insight
into the vertical energetics structure of these
regions. Finally, several studies including this one
have made note of the anomalous atmospheric
configuration present over parts of the northern
hemisphere, specifically eastern North America,
during the GWE winter period. Additional com-
parisons between energetics in this portion of the
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