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NOTES ON INTERDIURNAL PRESSURE AND TEMPERATURE CHANGES
IN THE UPPER AIR

by
R. C. Gentry

INTRODUCTION

This report deals mainly with analyses made in an effort
to find empirical relationships of use to forecasters.
Although the type of analysis employed in this study is
‘not the most complete than can be made of the existing
data, it is comparatively simple. Any useful relation-
ships discovered could probably be used by the forecasters
in the limited time they have for meking forecasts. Other
methods of analysis might give more' complete and accurate
results but would not be as practical for use by the fore-
cagter because of the time element.

Meny relationships were studied. Little time was spent
studying individval cases, but most of the general rela-
tionships discussed in this paper couwld be made subjects
of complete investigations in which individual cases
might be studied and analyzed., Relationships studied may
be divided into four general groups:

1. Static relationships between pressures at dif-
Terent constant levels.

2. Relation of temperature changes at 13 kilometers
to advection.

. Comparison of changes in potential temperature at
13 kilometers with chenges in temperature and
pressure at other levels.

. Compensation between:stratosphere end troposphere.

Relationships concerning the 3-kilometer charts.
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1 This peper was originally prepared in January 1OuLk4,




STATIC RELATTIONSHIPS BETWEEN PRESSURES AT DIFFERENT CONSTANT LEVELS

If the hypsometric equation is differentiated logarithmically,

n . »
Wo=Py B 8 gy 1 T
ot Py ot R %kl 12 3 (1)
, , K

where p is pressure, t is time, and T is temperature.

When the mean virtual temperature of a layer remalins constant, this equa-
tion reduces to N S
op 0
o . %o Py

ot P, ot (2)

or if finite changes are used, to

1

|Ap =Py Ap.
4P, = o Apy (3)

Thus, the pressure change at the bottom of an air column is Pl<J
times larger than the pressure change at the top of the column (when the
mean virtual temperature in the column is constant). The ratio

remains so nearly constant that it may be used as such in any rough com-
putations.

Mean values for this ratlo were computed for several pairs of constant
levels from data for Point Barrow, Sault Ste. Marie, Washington, and
Miemi, Data used were taken from observation records for each station
three times a month for eleven months (every month except August).

Thus, the ratios were computed from 132 gets of data taken for all sea-
sons and from stations of widely different latitudes. The values ob-
tained were averaged, and the percentage by which the most extreme cases
differed from the averages were computed. Mean values of the factors
and the percentage of extreme variations for certain selected levels were
as follows:
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 The subscript refers to the height of the level in kilometers, e.g.,
Pg 18 the pressure atb 6 kilometers. .

When the pressure change at one level is multiplied by one of the factors,
the product is the pressure change that would result at the other level
if there were no change in mean virtual temperature within the column.
Therefore, when the observed pressure change at the latter level differs
from the pressure chenge computed by use of the product, there has ob-
viously been a change in temperature between the two levels. The amount
of change in the mean virtual temperature can be computed epproximately.
If the observed pressure change at the lower level is subtracted from
the pressure change computed by use of the factor and the pressure change
at the upper level, the difference should be multiplied by the following
. amounts to arrive at the approximate number of degrees change in the mean
" virtual temperature of the column:



Level Change in Tmv
0-=-3 km. 1°
3--6 10
6--10 140
10--13 30
13--16 430

The analyst can use the relations given above to check the data trang-
mitted for the constant level charts. For the temperature change com-
puted in the above manner must agree gprroximately with the observed
temperature changes or there is some error in the reported pressures;
e.g., if the 2h-hour pressure change for Washington at 3 kilometers is
44 mb., end at 6 kilometers is+8 mb., the change in mean virtual tem-
perature between 3 and 6 kilometers must be approximately 8°C. Thig is

true because 8 x 1.49 >‘(A_p6§ ‘pgi) equals 11.9; 11.9 - 4 = 7,9;

7.9 X 10 (difference mnltiplied‘Bjﬁchange in Ty, of the layer from
3--6 km.) gives approximately 8%, If absolute accuracy is required,
this method should not be used because it uses several approximations.

The forecaster 1s often interested in whether the column of air over

o station on one day is colder or warmer than the column that was over
the station on the previous day. This information can also be obtained
approximately and rapidly by use of the factors as illustrated.

RELATION OF TEMPERATURE CHANGES AT 13 KILCMETERS TO ADVECTION

Many forecasters attempt to predict temperature changes in the free
atmosphere by congidering the effect of advection alone. A check was
made of this method with the 13-km. potential temperature charts by
constructing trajectories, and checking, to see if the temperature change
indicated by advection actually resulted.

Since it is quite easy to find examples that indicate that advection is
of great importance, and others that indicate that advection is of little
importance, the particular cases used for this test were selected as
nearly as possible at random. Cases were chosen from several different
types of meps, and they were selected without reference to succeeding
maps, 1.e., the situations were chosen before the results were observed,
The only real limitation on the examples selected was that the point of
origin had to be so located that ite 12-hour trajectory would end in the
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United States. However, a high percentage of comparatively simple iso-
baric patterns were selected because of the greater ease in construct-
ing trajectories.

The 12-hourly potential temperature charts show the 13-km. isobars (drawn
for every 3 mb.) and isolines of potential temperature (drawn for every
50). In constructing the trajectories an approximate gradient wind was
uged. (It was not the true gradient wind because the radius of curva-
ture of the isobars was used instead of the radius of curvature of the
trajectory.) The trajectory was constructed along the isobars (whether
straight or curved), and for the first 6 hours, 3/4 weight was given to
the vector computed from the map of the beginning of the period and l/h
weight to the vector computed from the map for the end of the period.

For the second 6 hours this procedure was reversed. After the trajectory
was constructed, the two maps were compared to see if the results were
reasonable. In many ceses both maps indicated approximately the same
results. There were, however, some cases where the trajectories differed
widely. In these cases there was probably considerable error in the
trajectory as finally constructed. This method of constructing the tra-
jectories was used after trying several others, including the one des-
cribed by Petterssen[é]. Most methods tried gave unreasonable results
when the trajectory wes based on the high wind speeds often encountered
at 13 km,

Thirty-four trajectories were computed. In 20 the computed change had
the same sign as the actual temperature change; in eleven, they differed
in sign; end in three, the observed change was zero. Thus, in 65 per-
cent of the cases the observed change (excluding the three cases of zero
change) and the change computed by advection alone were of the same sign.
However, the average error of the computed changes was T.6°. The average
observed change was only 5.l°. Thus, a forecast of no change would

have given less average error than the 'forecasts based on advection alone.

There were several possible errors in the trajectories. The isobars may
have been based on poor date or may have been drawn poorly, so that an
incorrect gradient wind may have been used. The curvature of the isobars,
rather than the curvature of the trajectory, was used in computing the
gradient wind. Winds at the 13-km. level are quite strong, so that even
a small percentage of error in the gradient wind could result in a large
error in terms of miles. Although the winds at this level probably average
somewhat less then 100 miles per hour, it is not unusual for winds of 200
miles per hour to be indicated by the pressure gradient. Also, it was
not unusual for the gradient wind to differ from the geostrophic wind by
as much as 50 miles per hour. When the pattern of the isobars was chang-
ing rapidly, it was quite difficult to determine the trajectory. How-
ever, in spite of these and other possible errors, the trajectories were
Probably more accurate than those that anyone could forecast, because

the maps for both beginning and end of the period were used, whereas a
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Person making a forecast would have only the map at the beginning of the
period plus, possibly, a prognostic chart which ordinarily would not be
exactly like the maep at the end of the period. The forecaster would also
encounter all of the other difficulties of constructing a trajectory.
While the number of cases studied is not enough to be used as a basis for
definite conclusions, the study convinced the writer that the potential
temperature changes at 13 kilometers cannot be forecasted even approxi-
mately by advection alone (if by advection one means that the temperature
at one point can be moved ahead with the speed and direction of the wind,
and that it will be observed at the thus computed point on the next map).

In the twenty cases mentioned above, where the signs of the computed and
observed changes were the same, the absolute value of the computed change
was too large 75 percent of the time. One explanation that may be given
for this concerns vertical motion.

If 6 (potential temperature) is differentiated with respect to time,
and the resulting equation is solved for the local change, we have:

96 do 26
3T = V grade Wa_z (L)

is the change in potential temperature with time at some point
in the free atmosphere, e.g., at 13 kilometers over Washington. This
change can be observed. [08' is the total change in potential tempera-

ot - -

ture of a particle of air as it moves through space. (V grad §) is the _
product of the horizontal component of the wind velocity and the gradient
of potential temperature., This is the quantity that was computed in
the above experiment. is the product of the vertical component

of the wind velocity and the rate of change of potential temperature with
height. This term was lgnored in the above experiment.

If it is assumed that all changes in temperature are results of adiabatic
processes, then



In that case

. 89 .y . gradg -w 20
t o sra _VV oz (6)

is referred to in the above experiment as the observed Change’
and grad as the computed or forecasted change. The results
would indicate that the second term on the right (the vertical motion
texrm) is very important in accounting for changes of potential tempera-

ture in the free atmosphere.

From equation (2) it follows that when the absolute value of the computed
change is larger then that of the observed change, the two terms on the
right side of the equation must have different sizns. Since the Tope-
casted chenge was usually too large, we may conclude that the sign of

( ) wusually differed from that of (V. grad 6) . This wowld

indicate that the vertical component of the air velocity is usuelly
positive when the isentropic surfaces are inclined upward in the direc-
tion of the horizontal component of the wind, and is usually negative
when the isentropic surfaces are inclined downward in the direction of

the horizontal component of the wind.

For purposes of comparison, another series of forecasts was made by a
different method. Only two things were considered: (1) the isolines of
potential temperature were moved along in the direction of the wind and
with a speed equal to the average movement of surface DPressure systems;
(2) it was erbitrarily assumed thet horizontal divergence at 13 kilo-
meters would result in subsidence, and horizontal convergence at 13
kilometers would result in ascending currents. No charts were used
other than the 13-km. potential temperature charts, and no effort was
made to extrapolate isolines by referring to previous movements. Hori-
zontal convergence and divergence at the 13-km. level were estimated
qualitatively after looking at the isobars by a metiod outlined by

J. Bjerkmes [1] which is based on the tendency cguetion. For further
discussion of the method used, see Petterssen [2] . To attempt was made
to visualize the isobaric pattern of tle succeeding chart. Forecasts
made in this fashion were not expectod to be good, and they were not.
They were, however, much better than those made by consideration of
advection alone. Eighty-four forecasts were mzde, and the sign of the
forecasted change was right €0 percent of the time. The average efror
vas 5.2°, and the average observed change was 7.2°, These forecasts
then, were better than the forecasts of no change, vhereas tie 'hdvective"
forecasts were not as good as those of no change. Both types of fore-
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casts were made from the same series of |méps, December 1941 and January
1942, but the same days were not necessarily used.

From this work it appears inadvisable, then, to try to forecast for one
level without considering the otlier levels. Instead of considering con-
vergence and divergence for the 1l3-km. level only, all levels should

be considered, so that it may be possible to arrive at a more accurate
meagurenent of the vertical motion resulting from horizontal divergence.
Thile there is no doubt that advection is important, poor forecasts of
13-km. changes will result when it is used alone. The isolines of
potential temperature usually move with the wind, but not with the

speed of the wind. Configurations in the isolines of potential tem-
perature tend to move at about the same speed and usually in conjunc-
tion with the surface pressure systems. To emphasize the fact that other
things besides advection need to be considered, there are times when

the isolines move ageinst the wind, and other times when the isolines
move into a region with, apparently, no component of the wind to move

them there.

COMPARISON OF CHANGES IN POTENTTIAL TEMPERATURE AT 13 XKILOMETERS
WITH CHANGES IN TEMPERATURL AND PRESSURE AT OTHER LEVELS

In using the 13-km. potential temperature chart it is assumed that changes
in potential temperature at that level are quasi-representative of
density changes in the stratosphere. Thus, if changes in the strato-
sphere are significant, the chart should be a valuable tool for forecast-
ing tropospheric pressure changes. Relationships of several variables

to the potential temperature change were computed. Potential temperature
changes were compared with (1) weight changes of the column from 10--16
kilometers, (temperature changes at 3 kilometers, (3) pressure chenges

at 3 kilometers, and (4) pressure changes at the earth's surface.

To check, in part, the assumption that chenges in potential temperature
at 13 kilometers are representative of the density changes in the strato-
sphere, tie former were compared with the weight changes of the column
from 10--16 kilometers. "Weight" is here used to mean the difference in
pressure between the 10-and 16-km. levels and was used rather than meen
density because of the greater convenience in gathering data. A scatter
diagream (Fig. 1) of the two quantities was plotted. Most of tae values
were grovped along a line on which 2° chenge in potential temperature
corresponds to a l-millibar change in weight of the opposite sign. Data
included in this diagram were taken from the months of September, October
November, December, and Januery, for stations distributed betwaeﬁ Fairbanis
and ilianmi.
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Using data taken from the months of October through March, two wmore
scatter diagrams were plotted, in which changes in potential temperature
were plotted against chenges in temperature (cf. Fig. 2) end pressure
(ef. Fig. 3) at 3 kilometers. The data were taken from the records of
eleven well-gpaced. stations in the first case and from twelve stations
in the second case.

Dots in these diagrams were not as well grouped as the dots in Fig. 1.
However, by inspection, regression lines could be drawn through the
center. These lines indicated that potential temperature varies inversely
as 1.8 T3 and 1.5 p». The correlations of the variables were not high
enough for this prificiples to be used in forecasting unless considerable
Judgment was exercised in the use of it.

The data for the scatter diagram of potential temperature change at 13
kilometers, and the surface pressure changes (cf. Fig. 4), were taken
from the same serlies as those of the 3-km. temperature changes. The
points are wildely and irregularly scattered on this diagram.

Where the surface pressure change was as much as 8 millibars in 24 hours,
the potential temperature change was of opposite sign to the surface
pressure chenge about TO percent of the time. However, in a swall per-
centage of cases the chenge in density below 10 kilometers entirely
accounted for this large surface pressure change, and, in addition, over-
balenced a large change in density of the opposite sign in the strato-
sphere, There was a slightly larger percentage of cases in which the
change in density in all layers below 10 kilometers celled for a surface
pressure change of the opposite sign to that of the large change that
occurred, indicating that the stratospheric effect was all-important in
these particular ceees.

In studying the above examples we became interested in which layers
contribute most to the surface pressure changes. The average weight
chenge was computed for each of the following layers: surface--3 km.,
3--6 km., 6--10 km., and above 10 km. The weight changes for 1l2-hour
Periods were compiled for every other day for all available raob

stations in the United States and . laska for December 194l. The results
were as follows:
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Average l12-hr. weight

Layex change in millibars
O--3 kjno 2-5
3-‘6 109
6--10 0.6
above 10 3.1

This indicated that slightly more than helf of the change took place above
6 kilometers. For the series studied, the layer between 6 and 10 kilo-
meters had, on the average, very small changes. This agrees with the idea
of a layer of quasi-constant density near 3 kilometers. Although the
average change in this layer was small there were occasionelly cases of
comparatively lerge changes.

These results agree well with previous studies made by Haurwitz [3] of
soundings at Boston, and by Penner [h] of soundings at Sault Ste. Marie.
Havrwitz analyzed 25 pairs of soundings with surface pressure variations
greater than or equal to 10 millibars. He used a method developed by

Rossby [5] , Ertel and Szan-zsi Li [6] for determining the advective changes
of mass within each layer. He found the greatest advective changes to be in
the layers near the earth and near the tropopause. There was a minimum

near T kilometers.and above 12 kilometers.

Penner considered the weight changes in the layers 0--4 km,, 4--8 lm.
8--12 km., and above 13 km. He found the greatest changes in the O—-ﬂ
km. layer and the least in the 4--8 km. layer.

Compensation Between Stratosphere and Troposphere

To aid in studying the relative effects of changes of air masses in the
stratosphere and troposphere, compensation charts were constructed. The
compensation chart was designed to show the percentage of the effect of air
mass changes above 10 kilometers that i1s compensated by alr mass changes
between 3 and 10 kilometers. Multiplying by , the 10-km. pressure
change is reduced to what the change should be at 3 kilometers if there were
no change in the mean temperature between 3 and 10 kilometers. If this
reduced pressure change is called "R", then

percent of compensation Co(m

077258
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Isolines are drawn for the various percentage values, and the chart is
divided into three areas: (A) where the percentage is more than 100, i.e.,
where the effect on pz of changes in the mass of air above 10 kilometers

is more than compensated by changes in temperature between 3 and 10
kilometers; (B) where the percentege is between O and 100, i.e., where

the effect on pz by changes in the mass of air above 10 kilometers is
partilally compensated by changes in temperature between 3 and 10 kilo-
meters; and (C) where the percentage is less than zero, i.e., where the
effect on p, of changes in the mass of alr sbove 10 kilometers and of
temperature~“changes between 3 and 10 kilometers are of the same sign.

In choosing the 10-km. level for getting the "reduced" pressure change, 1t
was assumed that the level would be in the troposphers, put only -a short
meters would be representative of density changes in the stratosphere. If
the tropopause were high, the chart would probably not be as useful. As a
pertial check on this assumption and also on the assumption that the
changes 1n potential temperature are representative of density changes in
the stratosphere, the Verificatlon Section computed some correlations.
Data for the correlations were taken from the maps of October 1941 through
Merch 1942. The data were taken six times each month, so for each statlon
there were 36 sets of data. The correlations are as follows:

Loz [

Station | r1 . | r2 1 r3 HT
(46, Ap, ) " (A9, HT) (Apyo HT
Bismarck - .67 -.32 .18 10.6
Miemi ~-.07 -.04 .21 15.8
Washington ~-. 77 -.03 .07 11.8
Portland -.73 -.08 .19 10.4
Fairbanks T -.46 .49 8.7
Buffalo , -.82 ‘ -.51 .50 10.5
St. Louis -.90 -.14 .04 11.6
Spokene -.83 ~-.22 .31 10.6
Qaklend -.69 -.08 -.03 11.8
Denver -.53 -.21 .06 11.2
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HT is the average height of the tropopause in kilometers, is the change
intpotential temperature, and _1is the change in pressure at 10 kilo-
meters.

The correlations of potential temperature changes with 10-km. pressure
changes are reasonably high negative values for all stations except Miami.
Miemi is the only station whose tropopause height averaged above 13 kilo-
meters for the series. This may account for the low correlation, and it
may be that, due to the smaller changes at Miami, instrumental errors
were a large factor in the lack of correlastion. The negative correlations
between potential temperature and HT were never large, but the lower the
average height of the tropopause, the higher was the correlation (Portland

was the major exception to this statement).

The compensation charts indicate that changes of mase in the stratosphere
are usually greater than the changes in that portion of the troposphere
between 3 and 10 kilometers. There are many exceptions to this, however.
Of the three areas previously mentioned, area C (where the gtratosphere
and the portion of the troposphere between 3 and 10 kilometers work in
conjunction) occupies only 5 percent of the charts, on the average. This
aresa rarely has any large 3-kilometer pressure changes in it. It seems
that usually when changes of mass in the stratosphere and in the middle
and upper portions of the troposphere are of the same sign, nothing very
important is taking place. Area B (where changes of mass in the stratos-
phere are partially compensated by the changes in the troposphere) covers
74 percent of the charts, on the average. Area A (where changes of mass
in the stratosphere are completely compensated by changes in the tropos-
phere) covers 21 percent of the charts, on the aversge. A number of the
changes that take place in this area are large. In spite of the fact that
the area covers only an average of about 1/5 of the charts, 1t is very

important.

With 3-kilometer 24-hour changes larger than 8 millibars, the percentage
of compensation averages about 50; it may be almost any value, but the
preponderance of percentages 1s between 30 and 70. Almost any percentsage
of ' compensation may accompany 24-hour surface changes greater than 10
millibars. This would be expected from the figures previously given
concerning the importance of the weight changes below 3 kilometers.

These chenges would not affect the percentage computed for the compensa-
tion cherts, since the latter concern the layers from 3--10 kilometers

and above 10 kilometers.
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RELATTONSHIPS CONCERNING 3-KILOMETER CHARTS

Several relationships concerning the changes in temperature and pressure
at 3 kilometers, with each other and with other quantities, were com-

puted. The ones with the changes in potential temperature have already

been mentioned.

In the Special Forecast Section much use is made of the evident fact

that the temperature and pressure at 3 kilometers tend to change with

the seme sign and same magnitude under certain situations. To find to
what extent this relation holds, data were tabulated for all United States
and Alasken raob stations six times a month for the months of October 1941

" through April 194z. The following algebraic differences were tabulateqd:
A o AT - AT.- Ap - . wherg,AT ~ *is th i

Apg - ATg; ATy = ATg; AP ~AT s ATy 18 the chenge in
the mean virtual temperature between th,é surface and 3 kilometers. For
example, if at a certain time the 12- and z4-hour changes of p, T, and
T _ &t Washington were:

mv
12-hour change Z24~hour change

A +6 +12

It -

,ATS +5 + 8

AT ’

T Tmy +7 + 8

'

the differences tabulated would be as follows:

12-hour change 24~hour change
'l Ap3 = AT3 @ +1 +6
Apg - ATy -1 +4

The percentage of cases where the absolute values of the algebraic

differences fell within various numerical limits are ag follows:
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12-hour changes 24-hour changes
B ‘ N 0--2km  3--5km S5km 0--2km  3--5km Skm
rAp3 - AT3 58% 31% 11% 489 329 20%
; ’Ava - ATy 72 26 Z 70 25 5
‘ Ap, - AT 56 53 11 49 31 20

mv
It ies interesting to note that the pressure changes at 3 kilometers agree
with the temperature changes at 3 kilometers, and with the mean virtusl
temperature changes between the surface and 3 kilometers almost equally

well.

The fact that the l2-hour changes give better results than the Z4-hour
changes can probably be explained in two ways. (2) The 12-hour changes
are usually smaller than the Z4-hour changes 8o there would naturally
be lese difference between them. (b) The l2-hour changes are partly
diurnal chenges, which, at 3 kilometers, are usually of about the same

megnitude and sign for both pressure and temperature.

From the above results it should be clear that the relationship between
the pressure end temperature changes at 3 kilometers is rigid enough

that 1t can be quite useful to the forecaster, but it 1is not rigid

enough that i1t cen be used blindly. There are numerous exceptions. to
the use of this relationship especially when the changes are large. When
the 12-hour changes are observed on the west side of a trough or a ridge,
they are more likely to be of opposite sign than when they are in the
center of a trough or ridge or to the east of it. This 1s believed to

be more nearly true when the isobars at 3 kilometers resemble a sine
wave. The following are the results of tabulations made from all definite
ridges and troughs found on the 3-km. maps in the eastern rortion of

the United States for December 1941 end Jenuary 1942. The percentages
refer to the proportion of cases in which the pressure and temperature

changes were of the same sign.

Ridge Trough

West Center East West Center East

Dec. 1941 58% 69% 79% 67% 80% 7%

Jan. 1942 70% 86%  86% 61%  84% 80%
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In both monthe the percentage was somewhat higher for the central and
eastern portions of both the ridges and troughs than for the western por-

tion.

On the compensation charts in Areas A and C the mean virtual temperature
change in the layer between 3 and 10 kilometers must of necessity be
opposite in sign to the 3-km. pressure change; and in Area B the mean
virtual temperature change should be the same in sign as the 3-km. pres-
sure change. Temperature changes at 3 kilometers were compared with
the pressure changes at the same level to see if the temperature changes
at 3 kilometers were representative of the temperature changes in the
entire layer between 3 and 10 kilometers. Results are\campllgdjin the
following table. The percentages refer to the proportion of cases in
which the temperature and pressure changee were of the same sign. If
the 3-km. temperature changes were representative of the mean tempera-
ture chenge between 3 and 10 kilometers at all times, the percentagee
would be 100% for the Area B, and 0% for Areass A and C.

Area A Area B Area C
Dec. 1941 23% 825 595

Jan. 1942 32 oh 57

The high percentages reported in. Area C are not particularly disturbing
since, 88 previously noted, the changes in Area C are relatively small,
and the fact that a change is of the wrong sign does not necessarily mean
that there wae much difference in the actual magnitude of the cheanges.
The percentages in Area A indicate that significant changes frequently
occur in which the 3-km. temperature change 1s not representative of the

change in the 3--10-km. layer.

The results reported in this paper are based on preliminary analyses. 1In
meny ceses the types of analyses are experimental and subject to revision
after more dete have been examined and the preliminary results studied in
greater detail. Several of the relationships reported are based on a
limited series of data, and the results will probably be modified after

more data have been gtudied.
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CONCLUSIONS

Static analyses of presaure data can be used to meke & simple check
on constant level data, and also to determine the changes in mesan
virtual temperature between the different levels.

Attempts to forecest changes in potential temperature at 13 kilo-
meters by advection alone were unsuccessful. The average error was
greater than 1t would have been if "no change" had been forecast
each time. The 1solines of potential temperature usually move in
the same direction as the wind, but with less apeed.

There 1s a high negative [correlation between the changes in
potentlal temperature at 13 kilometers and the weight changes in
the layer between 10 and 16 kilometers.

8.

b. There i8 a high negative correlation between the changes in
potential temperature at 13 kilometers and changes in pressure at

10 kilometers.

There are smaller negative correlations between the changes in
potential temperature at 13 kilometers and the changes in tempera-

ture and pressure at 3 kilometers.

d. There is very little correlation between the change 1n potential
temperature at 13 kilometers and the change in preseure at the
surface during the same time period.

If the atmosphere is divided into four layers, O--3 kilometers; 3--6
kilometers; 6-~10 kilometers; and 10 kilometers to the top; the

layer above 10 kilometers contributes most to the surface pressure
changes, but the layer next to the earth's surface contributes almost

- a8 much.

If the weather map were divided into two areas, (1) where the strato-
sphere dominates the 3-km. pressure changes, and (2) where the tropo-
sphere dominates the 3-km. pressure changes, the first area would
cover about 74% of the average map.

a. In the majority of cases the pressure and temperature changes at
3 kilometers and the mean virtual temperature chenges between the
surface and 3 kilometers agree quite well in sign and value when
pressure is measured in millibars and temperature in °c).

b. In 78% of the cases studied the temperature changes at 3 kilometers
were of the sesme sign as the temperature changes in the layer
between 3 and 10 kilometers.
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