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r is OFTEN ASSUMED that temperature tendencies aloft and differences in pressure tendencies between fixed levels can be computed from analysis of pilot
balloon observations alone.1 The assumption involved is that horizontal
advection is the principal cause of local warming and cooling in the free atmosphere. In what follows, this assumption will be tested. The tentative conclusion will be reached that the effect of vertical motion and other factors on
temperature and pressure tendencies is almost equally as large as the effect
of horizontal advection. Two methods to estimate vertical velocities are suggested.
The local temperature-tendency is given by the following equation:

1

a),
where z measures vertical distance, positive upward, and w — d z/d t. The
vector V2 denotes the horizontal velocity, T the virtual temperature and t the
time. The term d T/d t is the rate of temperature change following a moving
air parcel. It may be split into two parts: the adiabatic change of temperature
(dT/dt)*d and the non-adiabatic change of temperature (dT/dt) n. Thus
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The adiabatic temperature change may be evaluated as follows: From the first
law of thermodynamics, for a dry-adiabatic process:

where p is the pressure, a the specific volume, and cv the specific heat of the
air at constant pressure. If the wind is assumed parallel to the isobars,
y 2 • grad2p = 0. When w is of the order of magnitude of 1 cm sec-1, Z p/dt is
small compared to Zpfdz, and Eq. (3) reduces to:
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1See, for instance, C.-G. Rossby, Univ. of Chicago Inst), of Met., Miscell. ReportsNo.
36 ff.
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since a (Zp/Zz) = - g, the acceleration of gravity, and g/cP = yd, the dryadiabatic change of temperature with height. Similarly for saturated air,
(ii

<*>•

Eq. (4) and Eq. (5) may be summarized by:
( £ 1 ,-vavu

(6),

where yad represents either the dry- or the saturation-adiabatic lapse rate,
depending on whether the air is saturated. Substituting Eq. (6) into Eq. (2)
and this into (1),
<7><

where y = - d TI'd z is the lapse rate in the surrounding atmosphere.
The last term in Eq. (7) can be evaluated from the approximate thermal
wind equation:
<P
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where / is the Coriolis parameter and k the unit vector in the z direction.
Hence:
v . J j - T i
°
^

Vx'(^xX)
di

(9).

This equation is approximately accurate for geostrophic wind only. If wind
vectors from a pilot-balloon observation are plotted with a common origin, the
quantity V2 • (d V2 X k) represents twice the area enclosed by the vectors
y 2 , (V2 + dV2), and dV2, as shown by Figure 1.
fidA

FIGURE

1

= VJ cos * d,v = 14 • (d\4 x k)
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Indicating this area by dA, Eq. (9) becomes ( 2 )
4

M r

do,

where A is taken positive for wind backing (turning counter-clockwise) with
elevation. Substituting Eq. (10) into Eq. (7) :

(AT)
Ut/n.

6

\

(11).

To test Eq. (11), fifteen stations were chosen in the United States,
located below 1,000 ft above mean sea level between 36° and 47'° latitude. For
these stations, temperature was jetted as a function of time at 12-hourly
intervals, at 5,000 and 10,000 ft. Through these points a curve was drawn,
smoothed to such an extent as to eliminate effects of diurnal variations.3 From
these thermograms instantaneous temperature tendencies were read, and the
mean tendency was computed for the layer between 5,000 and 10,000 ft, by
taking the average of the tendencies at the two levels. Wind vectors for the
same stations were plotted, from 5,000 to 10,000 ft, wherever possible. These
were analyzed and the last term of Eq. (11) was computed, approximating
d A z by finite differences. Altogether, eighty-six hodographs were analyzed.
The correlation coefficient between the computed advective temperature tendency was only 0.50. The advective tendency was usually larger numerically than
the temperature tendency observed.
Next, the difference between observed temperature tendency and advective
tendency was found:
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From the data, two groups were selected: in one group the winds had northerly
components (i.e., from the North) at every level between 5,000 and 10,000 ft.,
and in the other they had southerly components. The left side of Eq. (12)
was found to be generally positive for northerly winds and negative for southerly winds. In both cases means of the differences were significantly different
from zero, differing from zero by more than 2.5 standard deviations. Thus
neglecting the non-adiabatic temperature tendency, and since yad — y
0,
southerly winds were generally associated with ascending motion, northerly
winds with subsidence.
For each case there is an equation of the form:

where Q and yad—y are known. Thus there will be a large number ( N ) of
equations with the two unknowns, ( d T / d t ) n and w. If only mean values of
(d T/dt)n and vu are desired, these unknowns can be found by least squares.
In that case they are to be determined in such a way as to make the expression

2 This equation is essentially identical with Eq. 14, in the paper by R. D. Fletcher,
vol. 23, p. 357, 1942.
3 The purpose of the smoothing was to minimize the term (d T/d t)n
in Eq. (11).

BAMS,
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Thus there are obtained two "normal" equations:

and

For the southerly winds, these normal equations were almost identical; for
the northerly winds, the normal equations were best satisfied by:
w — - 1.6 cm sec-1, (dT/dt)„
= -0.3°C (3 hr.)-1.
The temperature change due to this vertical velocity, with average stability, is
about 0.9°C (3 hr.)-1. If we assume that the non-adiabatic change is generally
of the order of magnitude as that given above, it is relatively small in comparison, provided \w\ > 2 cm sec-1. In that case, from Eq. (12),
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(13).
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Eq. (13) may be useful to estimate the direction and magnitude of the vertical
velocity.
Similar considerations as ware applied to temperature tendencies above
may also be applied to pressure tendencies. We may use a well-known
equation:4
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where R is the universal gas constant, m& the mean molecular weight of dry
air, and subscripts 1 and 2 refer to two arbitrary levels.
Substituting Eq. (7) into Eq. (14) and then substituting the hydrostatic
equation in the form: mag/R T = - d (In p) / 3 z, there results:

where E is the stability, defined as the restoring force per unit vertical displacement per unit weight, and given by (yd —y) / T. Hence, approximately:
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Here a bar above the letters denotes their mean values.
written:

(16).

Eq. (16) may be

The left side of Eq. (17) was evaluated in the same manner as the temperature tendency above, using pressure changes at 5,000 ft. and 10,000 ft. The
first term on the right of Eq. (17) was computed from pilot-balloon data.
Again there was a slight correlation between the advection term and the
tendency difference. (The correlation coefficient was 0.64.) On the scatter
diagram (FIG. 2) the pressure
4See

for example B. Haurwitz, Dynamic Meteorology,

p. 27, Eq. 11.2.
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FIG.

2

tendency difference (d p/d t)±- (P1/P2) (dp/dt)? is plotted against the pressure tendency difference which would be expected from horizontal advection
alone, i.e. (2 p t f m a A ) / R T .
It is seen that the observed pressure tendency difference is generally
smaller than would be expected from horizontal advection alone, mainly due to
the vertical velocity term. As seen from the scatter diagram, the best estimate
of the pressure tendency difference from pilot-balloon observations alone is
obtained by multiplying the advection term ( 2 p x f m d A ) / R T by a factor of
about 0.4.
If, in Eq. (17), the vertical velocity term is again assumed to be large
compared to (dT/dt)n, Eq. (17) might also be used to estimate the vertical
velocity. Such an estimate however, is not expected to be accurate, unless the
stability between the two levels pi and p2 is nearly constant.
Smoky Air Mass over an Orchard

A dome of air, made visible by
smoke and caused by heating of the
ground layer underneath a shallow
temperature inversion, is reported by
Mr. David Wheatley, Napa, California prune grower. On the morning
of April 6, 1944, orchard heaters on
a 20-acre block were fired to offset the
drop in freezing temperature. The
temperature within the orchard was

held at 30 degrees, while outside the
check thermometer read 27 degrees.
The smoke from heaters rose only a
few feet and then spread out laterally, drifting to the east while following a true air drainage course. Viewed
at daybreak from a second story window, the layer was seen as a gentlyarched dome, approximately 50 feet
high at the center and 30 feet high at
the edges.—Jack Janofsky.
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