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The rate of change of horizontal kinetic 
energy in a given volume can be expressed by 

2 at / K d V  = - / K u r d s -  
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where K denotes the horizontal kinetic energy 
per unit volume, v,  is the outward component 
of velocity at the boundary, g is the acceleration 
of gravity, p is the density, I I  and v denote 
the horizontal components of velocity and H 
is the height of a given isobaric surface. In 
Eq. ( I )  dV further denotes an element of 
volume and dS an element of the boundary 
surface. The third term on the right represents 
the rate at which all kinds of friction are 
decreasing the kinetic energy per unit time. 
Since the contribution of the vertical kinetic 
energy to the total kinetic energy is in general 
small, K can be considered as the total kinetic 
energy per unit volume. 

Eq. ( I )  states that the rate of change of 
kinetic energy in a given volume V is deter- 
mined by the flux of kinetic energy across 
the boundary, the generation of kinetic energy 
within the volume itself and the dissipation 
of kinetic energy in the volume due to frictional 
forces. In a steady state the latter must be 
equal to the generation reduced by the outflow 
of kinetic energy. 

A tropical cyclone in the mature stage rep- 
resents closely a steady state in a coordinate 
system moving at the mean speed of the 
cyclone. Considering a cyclone with symme- 
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trical distribution of wind and pressure about 
a vertical axis in the center of the eye, the 
second term on the right of (I)  can be written: 

- A [ g  ap. 
0 

Here p o  denotes the pressure at the surface, 
v, is the velocity in the direction of the radius I ,  

and A is the area limited by the circle con- 
sidered. The bar indicates a “mean value” 

of the product v r E  in the total area A. 
ar 

Expression (2) represents the generation of 
kinetic energy per unit time in a cylinder 
with the horizontal area A extending from 
the earth‘s surface to the upper limit of the 
atmosphere. As the integration is extended 
over larger volumes the contribution from 
the first term on the right in Eq. (I) decreases 
ralidly and over a sufficiently large volume 
probably becomes negligible. Then the total 
dissipation of energy can be considered 
approximately equal to the generation com- 
puted from (2). 

The generation of kinetic energy in a 
cyclone of the symmetric type discussed here 
can be evaluated from the integral (2). Since 
v,  is negative at lower levels and positive at 
higher levels the condition for generation 
of kinetic energy is that the slope of the 
isobaric surfaces in the cyclone must, on the 
average, be steeper in the layers of inflow 
than in the layers of outflow. This is possible 
only if the interior of the cyclone with ascend- 
ing motion is warmer than the outer region. 
Such a distribution of temperature is possible 
as long as the surface temperature remains 
sufficiently high, as has been shown by PAL- 
MBN (1948). 
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in the strong inflow near the surface and the 
strong outflow in the upper troposphere 
since the individual data in these areas showed 
good consistency. Data for the layer 600-300 
mb were not considered very reliable since 
the individual wind reports here ranged from 
strong inflow to strong outflow. 

Mean values of vr and - were determined 

at each level1 for the rings with the following 
radii: 0.25-2’ lat.,2 2-3’, 3-4”, 4-5’, and 
5-6”. These values were plotted against a 
linear Dressure scale and smooth curves were 
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Fig. I .  Vertical distribution of the negative radial veloc- 
ity component in the “mean tropical cyclone” for the 
0.25-2.0’ lat. ring (dashed curve) and the 5.0-6.0” lat. 

ring (solid curve). 
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In the following an attempt will be made to 
compute the integral (2). Since the data are 
not adequate for any individual case, the 
application will be made to a “mean tropical 
cyclone” as defined by the mean wind and 
pressure-height data presented by HUGHES 
(1952) and E. S .  and C. L. JORDAN (1952, 
1954). The use of mean data raises some 
difficulties, but since our computation only 
intends to give an idea of the order of magni- 
tude of the mean release of kinetic energy, 
these difficulties should not be critical. In fact, 
since individual tropical cyclones over the 
warm ocean areas are quite similar, a storm 
of the size defined by the above investigations 
could be expected to show wind and pressure 
distributions close to those given for the mean 
case. 

2H 
Jr 

The distribution of vr and - given by 

the basic data of the “mean tropical storm” 
was not complete enough in all respects for 
the evaluation of (2 ) .  Certain extrapolations 
of these data were necessary; for example, 
the winds at the lowest level-1,000 ft- 
extended to a distance of 0.5” lat. from the 
storm center, but at upper levels only to a 
distance of 2’ lat. Likewise, no data were 
available for the uppermost IOO mb of the 
atmosphere. The mean wind data were fitted 
together in a consistent manner by imposing 
the mass continuity requirement for each 
concentric ring. Greater reliance was placed 
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for the inner and outer rings are shown in 
Figs. I and 2. From the latter figure the 
production of kinetic energy per unit area 
in the different layers can be computed 
graphically. The total production for each 
ring can then be determined by summing 
the individual layers and multiplying by the 
appropriate area, 

In the inner zone the layer of strong inflow 
coincides with the regions of highest values 

JH 
2r 

of -, hence the major contribution to the 

kinetic energy increase appears here. At 
upper levels the outflow is toward higher 

Wind data were available at 1000, 4000, 7000, 
IOOOO, 18000, 30000, 40000 and 45000 ft and pressure- 
height data at 1000, 850, 700, 500, 400, 300, zoo and 
IOO mb. 

2 The eye was assumed to have a diameter of 0.5” lat. 
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Fig. 2. Vertical distribution of the product - vr - in 

the “mean tropical cyclone” for the o.zj-z.oo lat. ring 
(dashed curve) and 5.0-6.0” lat. ring (solid curve). 
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Table I. Production of kinetic energy (unit: 102* 
ergs/day) in different rings of a mean tropical 
cyclone compared to the release of latent heat in 

the interior of the storm 
~~ 

Release of 
latent heat 

0.2  5-z.o"lat. 
2.0 - 3 . 0  
3 . 0  -4.0 
4.0 - 5 . 0  
( . o  -6.0 

4.1 
2 . 5  
2.5 

1.6 
2.2 

I 0.25-6.0 I 12.0 I about  5 0 0  ~ I 

pressure near the storm center and therefore 
energy consuming, but in the outer regions 
is toward lower pressure and thus contributes 
to an increase in the kinetic energy. However, 
even after considering the greater area in the 
outer ring this contribution is small in com- 
parison to the production of kinetic energy 
in the regions of strong inflow near the surface 
in the interior of the cyclone. 

The net increase of kinetic energy in ergs 
per day for the various rings, when frictional 
dissipation and flux of energy through the 
boundaries are ne lected, is shown in Table I. 

computed by HUGHES (1952) is presented in 
the last column. This release of latent heat is 
almost entirely limited to the inner region 
of the cyclone (the rain area). A rough cal- 
culation of the ra&al transport of kinetic 
energy at the 6" lat. ring showed essentially 
no net transfer. Thus the accumulative total 
generation of kinetic energy inside the radius 
of 6" lat., roughly 13 x1oZ4 ergsiday, also 
approximates closely the frictional dissi- 
pation in the same volume, since in our 
mean cyclone the energy can be considered 
constant. If the total release of latent heat 
inside the ring at 6" lat. is roughly estimated 
to be 500 x 1 0 ~ 4  ergs/day by extrapolating the 
computations made by Hughes, the generation 
of kinetic energy in a typical tropical cyclone 
can be estimated as about 1/40 the release of 
latent heat energy due to ascent of moist air 
near the storm center. This result is in agree- 
ment with estimates made by RLEHL (1954) 
and also with computations of the dissipation 
of kinetic energy due to friction in the surface 
layer (HORIGUTI, 1928; HUGHES, 1952). Since 
these authors did not consider the total 

For comparison t P e release of latent heat, as 

frictional dissipation it seems likely that they 
have somewhat overestimated the surface 
friction. However, considering the vertical 
distribution of wind velocity it is probable 
that a larger proportion of the frictional 
dissipation occurs in the surface layer in 
tropical cyclones than in extratropical storms 
where the wind maximum is usually near 
the tropopause level. 

The total kinetic energy in the "mean 
tropical cyclone" was computed by determin- 
ing the areal mean value of v l +  v: at each 
level and performing a graphical integration 
from the surface to the upper limit of the 
atmosphere. The computed kinetic energy 
was 9 x 1024 ergs inside the 4" ring and 12 x 1024  

ergs inside the 6" ring. The latter value is 
roughly equal to the daily generation of 
kinetic energy in the mean cyclone according 
to Table I. Therefore the half-life of the 
tropical cyclone-the time the cyclone would 
require to lose half its kinetic energy if its 
energy source were to disappear-is somewhat 
less than one day. Although the use of mean 
values in such a computation must in general 
lead to a kinetic energy total which is too 
small, the half-life obtained is certainly 
reasonable considering the rapid dissipation 
of intense tropical cyclones which occurs with 
the movement of colder air into the storm 
circulation at lower levels (LA SEUR and 
JORDAN, 1952). This result seems also to be 
in agreement with the ideas recently expressed 
by BERGERON (1954) concerning the filling 
of tropical storms moving in over land. 
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