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We postulate that this energy heats the poles at very high levels
and causes a high cell there. One possible method of heating the area
150 to 200 km would be by slowing the west winds there resulting in
an increase in temperature and high pressure. The slowing could
be brought about by increased ionization at levels near 150 km.

Our descriptive evidence shows that the significant effect on
the lower atmosphere precedes the magnetic storm and probably pre-
cedes the reported data of the solar event. We postulate that there
is a leading event on the sun that affects the earth.

We have a theory for.the transmission of a disturbance down-

ward (feeding on the energy of the lower atmosphere).
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A recognizable disturbance of a 10 mb chart is shown to

accompany a solar disturbance. The 10 mb disturbance precedes
the magnetic storm. An effect of increased organization of clouds
as shown by TIROS photographs also accompanies the solar dis-
turbance.

The idea is promoted that energy is available from small
scales at any level in the atmosphere to force planetary motions
to follow the thermal wind equation. This idea releases students
of solar influence from seeking energy for solar influence on the
weather. Control rather than energy is required.

With this new freedom a model of the atmosphere that
allows control from above is developed. A similar model allows

descending very long period waves at the equator.
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I SOLAR STORMS CAUSE WEATHER CHANGES

Introduction

Our work that follows shows that,concurrent with certain aspects
of a solar event and before and during a magnetic storm on the earth,
there is a detectable and characteristic change of the 10 mb map. The

TIROS data also show a significant change in the circulation over the

Gulf of Mexico. The results are striking in individual cases in con-

trast to the work of MacDonald and Roberts (1960, 1961), which shows
that there is a statistically significant increase in the vorticity at 300 mb
over the Gulf of Alaska ébout 3 days after the event. The work of Shapiro
and Ward (1962) and Freeman, Graves and Portig (1963) show that there
is a positive correlation between the Kp index and the zonal wind with a

5 day lag and a negative correlation with a 14 day lag. There is an
unmistakable reaction of a 10 mb chart to a solar disturbance that is
much more striking than results shown in previous work.

We slay the paper tiger that has chewed up all previous dynamic
theories of interaction between the ionosphere (where the effect of the
solar storms is accepted and well documented) and the troposphere,
and we present a model of the atmosphere in which interaction is pos-
sible. In essence we show that control (and not energy) is all that is
required to establish a link between ionosphere and troposphere. The

energy is available from smaller scale motion at any level.
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regions. If the storm is not facing the earth, we can only detect the
increased temperature in the corona.

The corona of the sun consists of a glowing visible part, which
is the traditional entity observed as the corona, and an invisible part,
which is assumed to fill the entire solar system. The corona consists
of hot gases streaming from the sun at 200 to 600 km/sec. Since these
gases are moving in essentially the same direction and keep the same
velocity over large areas, they have been given the very suggestive
name ''the solar wind.' This follows the idea that the corona is actually
the sun's atmosphere.

The solar wind is postulated to blow throughout the solar system
with a significant change in its nature at about the orbit of Jupiter. Most
important to us is the fact that it blows right past the earth and that in
a very real sense the orbit of the earth is inside the atmosphere of the
sun.

The solar wind is made up of a neutral plasma; that is, the posi-
tive ions and negative electrons are separate and free but equal in num-
ber. Such a plasma carries the lines of magnetic force of a magnetic
field with the particles; thus the solar wind carries the magnetic field
of the sun to the far reaches of the solar system. The classical solu-
tion of the combined magnetic field of earth and sun must be modified
by the solar wind concept. Rather than the dipole field for earth and
sun with those combined by addition, we have the concept of the solar
wind blowing back the earth's magnetic field and restricting the in-
fluence of the earth so that we end up with a picture similar to that in

Figure 1.

I-3



A

A

solar
wind

/kwave

The solar cavity outlined by the magnetopause and the
shock wave in the solar wind that precedes it.

Figure 1
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constant pressure surfaces

Heating in the upper atmosphere is assumed to cause a
minimum disturbance at low levels so that all of the thick-
ness change is manifest by increased height of the constant
pressure surface above the level of heating.

Figure 2
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In the case of an artificial orbit this condition is brought about
by very careful and precise control of thrust rockets. We don't know

what causes natural orbits. In meteorology and oceanography we

postulate that the geostrophic balance is a result of mixing processes.
Briefly we say:

1. Geostrophic balance is a result of mixing of air by
small scale motions.

2. The mixing attempts to force linear profiles of momentum
and density over large areas and depth of the atmosphere.

3. The non-linear property of the equations of motion and
continuity are such that the change in the wind profile is
not linear.

4. The mixing forces the new profile to be linear again. If
the lines of constant zonal wind, lines of constant merid-
ional wind, and lines of constant density are all parallel
to the wind vectors, then the linear profiles can have
linear changes and the mixing process is no longer
needed. Thus, the parallel motion is a preferred mo-
tion because any time we are near it we stay in it.

5. If the lines of constant density are parallel to the winds
and accelerations are zero, then the winds are geo-
strophic and the wind shears are thermal winds.

6. Thus, vertical and horizontal mixing bring about

thermal winds.

*As found in NESCO's report, '"The Effects of Internal Waves in the
Easterlies on Mesoscale Weather Developments, ' Interim Report on
Contract DA 28-043 AMC-00173(E).
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Nearly all oceanographic work and most meteorological work

(especially numerical weather prediction) is done under the assump-

tion that the winds are always geostrophic. We will modify this

g

slightly and say the winds strive to be geostrophic and that the mixing

process brings this about. We need no further particular reference

to the mixing process in this general discussion.

TR

A few manipulations of the equations of motion or an appeal to

the laws of conservation of angular momentum lead to a relation be-

e

tween the absolute vorticity in, or circulation of, a mass of air and
the area covered by the mass of air.

If the air is of uniform thickness or has a known relation be-
tween thickness and area, then the thickness and the vorticity can
have a known relationship.

The relation between thickness and vorticity is usually expressed
in terms of the '"conservation of potential vorticity equation,' the primary
action of which is summarized as follows:

(a) Decreased thickness results in decreased absolute

vorticity which may even lead to anticyclonic rela-

gy

tive vorticity.

—

(b) Increased thickness results in increased absolute
vorticity which usually results in éyclonic relative
vorticity.

We assume two major physical laws in our study of the atmos-

phere that follows.
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=

low value of earth's value of high value of
absolute vorticity absolute vorticity absolute vorticity

After subtracting earth's vorticity ~—:

A B C

@
=

anticyclonic zZero cyclonic
relative vorticity relative vorticity relative vorticity

The air in cylinder B is at rest relative to the rotating earth. If
the thickness of air is decreased, A results with anticyclonic re-
lative vorticity. If the thickness of air is increased, C results
with cyclonic relative vorticity. Absolute vorticities are shown

at the top of the figure.

Figure 3
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We assume the thermal wind and vorticity conservation hold
from the lower ionosphere to the surface. We place the control for
our model atmosphere in the lower ionosphere and there is significant

modification of the vorticity relationship due to viscous like forces.
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The vertical distribution of temperature showing changes
with the season and with the sunspot cycle. Note the sta-
bility in the mesospheric region in the wintertime.

Figure 4
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Figure 6
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The work of Shapiro and Ward led to the development of the

£
%

table in Appendix C (p. 13 ) wherein ""predictions' we have made,

which were based on their results, and all of the predictions of

increased westerlies and ultimate decreased westerlies turned

e

out to be right. Thus we can summarize as follows:

1. There is solar influence on the ionosphere that

leads to heating the stable polar core of the

stratosphere.

——

2. There is sufficient energy available in small
scale to bring about any large scale motion that
a control requires.

3. A model that conserves potential vorticity and
includes the atmosphere striving toward geo-
strophic balance controls the atmosphere so
that disturbances can descend.

4. These disturbances call for an action of the

stable polar core that has been observed by

several workers, including the authors.

5. Thus we offer theoretical and descriptive evi-
dence that solar storms cause weather changes

on the earth.
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cently the correlation between the solar wind and the magnetic behavior
of the earth has been established (e.g. Snyder and Neugebauer; Snyder,
Neugebauer, and Rao,1963). Using the Z Kp index for the geomagnetic
activity, the correlation between Z Kp and the speed of the solar wind

is linear, or at least it seems to be so.

EKp - Solar Wind Relationship

It seems reasonable to assume that an event on the sun, whose
exact nature need not be specified here, produces an emission of
electromagnetic waves reaching the earth in eight minutes, and the
ejection of particles called the solar wind, which reach the earth after
3-1/2 days, assuming that their speed is near 500 km/sec. We used
the graph published by Snyder, Neugebauer, and Rao and applied time
corrections of the solar wind data which are due to the different loca-
tions of the Mariner II probe with respect to the earth. The solar wind
data are presented in such a way that no correction can be applied. In-
stead we added the (published) correction with inverted sign to the ZKp
index (which is published broken down into 3-hour periods). The
correlation coefficient between the adjusted 2 Kp index and the speed
of the solar wind was found to be r, = 0.71 (Snyder, et al. found 0.73
for the unadjusted values).

This coefficient changes as follows when we introduce time

lags between the variables:
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thesesor perhaps even a third explanation,applies. Tentatively, one
can compute from the Mariner II data a periodicity to be 6.7 + 2.4
days.

Whatever the explanation may be, we have to deal with the fact
that at least during the time Mariner II was relaying data, the average
S. W, maximum and the average Kp maximum were preceded and fol-
lowed by subnormal values. In particular, a marked minimum was
found on the 3rd and/or 4th day before the maximum in 12 out of 15
cases, and on the 3rd and/or 4th day after the maximum in 11 out of
15.

The minimum preceding the Kp maximum has been described
before by Wurlitzer (1958) who concludes that it is an essential part
of the geophysical mechanism which culminates in the maximum. Data
presented below support his hypothesis.

Although the second minimum is less conspicuous than the first,

it does not preclude its possible importance.

ZKP Index and 10 mb Charts

The previous paragraphs showed that solar wind data and K
index can be used almost interchangeably. Our studies began with
the use of the solar wind data. However, it soon became obvious that
in order to obtain conclusive results, it would be necessary to extend
the studies into periods for which solar wind measurements are avail-
able. Consequently, the Kp index was taken as the indicator for the

processes to be investigated.
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Also the Kp data are more representative than the Mariner
data since they stem from several observation sources which check
each other.

Another reason to replace the S.W. with the EKp data is the
possibility to extend results obtained for the period of the Mariner II
flight into other periods of time. The result described below in con-
nection with a recent paper by Labitzke (1965) gives rise to the hope
that an extension of these studies to other years may shed a new -

perhaps the deciding - light on the nature of the 26-month periodicity.

Approach

The mere scanning of the 10 mb charts (Scherhag, et. al.) showed
us the effect di;cussed below. There were, however, considerable
difficulties to isolate it from the normal seasonal variations. Many
attempts were made, only two of which will be presented here.

Seven cases were selected out of seventeen. The criterion

was a sudden, strong rise of the Kp index rather than the occurrence

of the maximum. The seven days are (date of S.W. max. in parentheses):
Aug. 29 (S.W. unknown), Sept. 3 (3), Sept. 12(13), Oct. 1(1),Oct. 8 (9),
Nov. 15 (16), and Dec. 17 (20). These days are called K, correspondingly
the days before K-1, K-2, etc., and the days after K, K+1, K+2, etc.

The largest rise lies in each case between days K-1 and K, It
should be mentioned, however, that the days can also be combined in
slightly different ways. By shifting the time series for some very
few days we can obtain that either all maxima or all preceding minima

are in phase. Table 1 shows the different outcome of the three methods.
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The heights of the 10 mb surface were read at 78 grid points
for the days K-7 through K+7 and tabulated. The grid points lie along
the meridians OO, 30W, 60W, 90W, 120W, 150W, 1800, 135E, 90E,

and 45E, and are spaced from 10° N to the North Pole. (See Figure 3.)

TABLE 1

Average Kp‘s Obtained Through Different Arrangements

I. Arranged for the strongest ascent of Kp (used in this Section)
K-7 K K+7

20 20 21 21 18 18 17 33 30 25 24 21 20 21 25

II. Arranged for maximum Kp (2s used on page II-31)
20 ZO" 24 18 16 21 24 34 28 22 23 17 21 23 25
III. Arranged for minimum Kp (not used as yet)

3 20 18 19 16 13 25 29 32 29 24 22 17 22 23 23

£ There would be no differences between the three arrangements if the
time difference from the minimum to the maximum were always the
same and if the timing of the strongest rise between them were always
equal.

It is contended that at the present stage of research a change
from one arrangement to another would affect the results only in a
. negligible way. With increasing refinement of the research methods,
re-arrangement may become in the future an essential tool in the study

n of the physical causes of the effects in the following paragraphs.
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Fig., 4 Difference between the highest

and lowest 10 mb contour height

 (in hundreds of meters)
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The listed height values show a strong decrease with timé. The
North Pole, e.g., had on August 21 a 10 mb height of 31420 meters,
which dropped to 28240 meters on December 31, 1962. (See Fig.2.)

It was assumed in the first investigation to be described here that the
decrease of contour height is linear. The slope was found through the
mean values of all days of the first two cases and of all days of the last
two cases. Figure 2 shows for one grid point, the North Pole, the
actual values, the two mentioned means, and the assumed slope for
linear seasonal adjustment. The line of the Figure 2 indicates an
adjustment of 2590 meters in 91 days equal to 28.5 meters per day.

In the computations of the height at this grid point the values for the
days K wili be taken as given, the values for K+1 (K-1) will be increased
(decreased) by 28.5, for K+2 (K-2) by 57.0, etc. The amount of adjust-
ment changes from grid point to grid point, but does not change with
time.

Figure 2 shows another obvious difficulty. The amount of inter-
diurnal variation increases drastically with time. The accuracy of the
maps decreases in the same degree so that the large variations at the
end of the year are neither more significant nor better established than
the small ones in summer. This is also true for the changes of vari-
ability from latitude to latitude. Figure 4 shows, as an illustration of
this fact, the difference between the largest and the smallest grid point
values used in the computations of this paper. The spacing of the lines

of Figure 4 islogarithmic (except the 2400 meter line).
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The considerable time and space changes in interdiurnal vari-
ability are a severe handicap. In order to make differences of grid
point data comparable, it would be necessary to apply a time-space
system of corrections which would require the use of an electronic
computer. The present stage of the work does not warrant the amount
of work necessary for punching and programming. It is recommended
that this problem be solved in future work by grouping cases of the same
month from different years rather than different months of the same

year.

Method A

In this stage of the project only the sign of differences with time

was considered, i.e., all differences were set equal to -1, 0, or +1.
In the following they are called '"'mormalized!' The maps are based on
the arithmetic sum of these ''normalized differences (changes)' for
each grid point. It is pointed out that seven cases were considered

so that the absolute maximum of such a sum can be not more than I?l .
"Plus' means rises of contour height during the time period specified

at the bottom of the charts.

Results of Method A

The strongest changes of the 10 mb contour heights, after free-
ing them from the seasonal trend, are found day K-1 to day K+3 (Fig. 6)
and from K to K+3 (Fig. 10). These are the only parts of the time
sequence where the maximum values of +7 and -7 are found. The

seasonally-adjusted contour height dropped in all seven cases over
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the northern At‘lantic inthe time from immediately before the strbng
rise of the Kp index to three days after it. At the same time it in-
creased in a ring around it with maxima near Bermuda, over the
Mediterranean Sea‘ over Japan, and over northern Siberia—Alas_ka.

The location where the 10 mb contour height drops is approxi- .
mately the same which can be designated to be the center around which
the "explosive warmings'' of the stratosphere seem to circulate (Labitzke,
1965).

Figures 5 through 7 show the sums of normalized increases or
decreases of the season-corrected contour heights during the indicated
interval. The numbers do not exceed 4 for the time before the rise
of Kp, i, e.‘, the strongest effect - always in seven cases -, was:

5 rises, 1 fall, 1 even, 5-1+0= 4, This picture changes when we pro-
ceed in time. With the rise of the Kp index (Insets of Figs. 5-9) the
contour heights begin to rise and to fall more uniformly, and the lines
labeled "6'" comprise several ""7'"'-points, i.e., points where the height
change has had the same sign in all seven cases. After this the extreme
values rapidly give way to statistically insignificant numbers (Fig. 7).

The Figures 8-11 break the critical interval down in order to
make it more accurate. Comparison of the maps shows clearly that
the peak of the atmospheric development is reached on the third day
after the Kp maximum. At that time the depression discussed above
is surrounded by a ring where the pressure had been rising through
the previous days. If these changes of the pressure field would be
cancelled by changes of the opposite sign, the subsequent change

charts would be reversals of Figs. 6 and 10. Since this is not the
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case, we conclude that the change of pressure pattern has a certain
persistence. This is similar to many other meteorological phenomena,
especially to the explosive warmings, which begin with remarkable
changes, are rapidly fully developed, and then diminish gradually in
such a way that one cannot say when they have come to an end.

The amount of the contour height changes during the Kp maximum
cannot be fully assessed because seven cases spread over four months
are not sufficient. A rough estimate gives us as an order of magnitude
70 to 100 meters contour height change near the polar circle, counted
from day K or K-1 to K+3, and freed from the seasonal trend. For the
Tropic of Cancer we arrive at approximately half that amount.

Table 2 lists the contour heights averaged over the seven cases

for two extreme grid points.

TABLE 2
Mean Contour Heights 10 mb at Selected Grid Points (in meters)
A: original; B: freed from seasonal trend
K-4 K-3 K-2 K-1 K K+l Ktz K+3 K+4
60N 30W
A 30950 30984 30942 30914 30855 30835 30727 30722 30701
30900 30954 30922 30914 30875 30865 30777 30792 30781
25N 60W
A 31152 31148 31155 31121 31105 31120 31137 31142 31128

B 31142 31138 31155 31121 31105 31130 31147 31162 31148

I1-16
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One would be tempted to explain the belt of pressure rise through
an intensification of the high pressure belt which separates the east from
the west winds for most of the year at the 10 mb ' level. Figure 12 shows
that such an interpretation would not be correct. The high pressure
belt is non-existent in mid-summer because the highest pressure is at
the North Pole at that time. With the advancing season it forms as soon
as the polar vortex exists. With the increase of the latter, the belt
moves further southward towards, and perhaps sometimes beyond, the
equator. Figure 12 indicates by H's where the high pressure belt inter-
sected the 50th meridian west on the seven days called "K'". The dashed
line is supposed th insinuate the approximate linear drop in latitude.

The same figure shows also as dots the latitudes near 50°W
at which the strongest pressure rise occurred while Kp had its maxi-
mum. The location where this unseasonal rise occurs does not ob-
viously change as the high pressure belt does. Hence, the effects on
the winds can be an enhancement as well as a slowing-down, depending
on the considered latitude and the position of the highest pressure. In

other words, the effect of the atmospheric changes connected with a

maximum of the Kp index and of the solar wind is primarily not a

change of the kinetic energy of the air. Such changes do occur, but

only as a secondary effect. The change of atmospheric pressure, how-

ever, is a primary effect,
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Method B

A time difference chart may derive its features from the first
of the days on which it is based, from the second of them, or from
both. The change may occur in any portion of the time interval; and
this portion is not known. Hence, attempts should be made to change
from differences between two days to absolute values of particular
days. But again wé face the considerable seasonal and local changes
as obstacles that tend to veil the effects we want to uncover. The
local extremes of one day, December 17, 1962, e.g., were 31150
and 28160 meters with a difference of 2990 meters. The time ex~-
tremes of one grid point, the North Pole, were for the K day 31, 340
meters on August 29, and 28,560 on December 17, having a difference
of 2780 meters. These differences compare with the previously men-
tioned 70-100 meters which is the order of magnitude of pressure
height changes related to Kp extremes,

It becomes obvious from the foregoing that the computation of
mean contour heights for certain K-days would mask the subtle effects
we are after, in the ''noise' of the data. Only anomalies can be expected
to show the desired effects. It was decided that the linear interpolation
betwe‘en values at the beginning and at the end of the period was good
enough for the computation of differences over a short period of time
(Method A), but not for the computation of anomalies. Twenty-five
running means were chosen to be the basis for anomalies. 13,104
contour heights had to be extracted from the 10 mb charts to compute

the running means necessary to arrive at a relatively crude composite

of only seven cases.
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the days K-5 through K-2. Figure 15 does the same for K+2 through.
K+5. The small diagram below the figures presents - as before - the
variation of Z Kp index with time. The days from which the sums
were computed are designated by vertical lines. It is remarkable that
the area of negative anomalies in Figure 14 is much smaller than the
area of positive ones. This makes us conclude that the influence of the
solar event has already influenced our atmosphere before it becomes
manifest in the magnetograms, and possibly even before it becomes
visible on the solar disk. Figure 16 shows the time variation of the
EKp index, averaged over the seven cases, together with the average
''normalized contour anomaly' of all grid points. (For better compara-
bility the scale of the latter has been inverted.) It is quite apparent that
the effect of the solar event on the earth begins before it shows up in
the Kp index (or in the solar wind).

The change from the time before to the time after the solar event
is presented as one chart in Fig., 17. For more legibility the lines are
spaced at double the increments in Figs. 14 and 15. Without much
imagination the following scheme becomes evident.

There is a center of positive anomalies near 65N 180 long. sur-
rounded by a ring of negative anomalies stretching from the north
Atlantic through the U.S., south of Hawaii to northern India and back
to the north Atlantic., There is a center of negative anomaly on this
ring near 57N 30W. This is surrounded by a circle of positive - or
diminished negative - anomalies which goes through the positive center
near Alaska, central Russia, west Africa, central Atlantic, and ex-

treme western Canada. Figure 16 contains these two circles which
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to be compared with the Kp index. This is sufficient to group

the cases for seasons so that the very disturbing change of vari-
ability during the course of the year would be eliminated, and
""normalized anomalies''could be replaced by actual contour heights.
Relating the contour heights of all eight years with the Kp index

would enable us to assess quantitatively the response of the atmos-

phere to solar events.

Of course, after this has been done, the study should be ex-
tended to other, mostly lower, layers of the atmosphere (see also
Part B of this section, on relations between cloud patterns and solar
events). The extended study of the 10 mb level should precede (or

parallel) that of other levels.

B, Satellite Cloud Features and Solar Events

In the course of the last year three attempts have been made by
NESCO to relate cloud features, as they are seen by weather satellites,
to the solar wind or to the Kp index. Two of them were inconclusive
while the third one was a surprising success.

Before we describe the successful investigation it is appropriate
to discuss the reasons why the previous attempts had no positive results.
The philosophy was originally to combine as many pictures as possible
for few days that have some time relationship to solar events. In order
to draw conclusions it was necessary to have at least two different time
relations. Expressed in the terms of Section II-A (Relationship Between
the Solar Wind and 10 mb Contour Heights), we strived to have optimal
TIROS coverage for a day K+i and a day K+j, li-j l ?2. The first in-
vestigations aimed at the amount of clouds, the second at cloud shapes

II-28



and patterns. Both studies suffered from the impossibility to have
cloud pictures for the same large areas for two days or more, so

that differences in the pictures could be ascribed to either solar
effects or to local influences. Also, the number of usable days was
too small to separate these two types of effects from synoptic develop-
ments originating from terrestrial dynamics.

The first of the investigations of TIROS pictures was part of a
study in which, for the period August 29-September 12, 1961, as many
atmospheric parameters as possible were compared. (See also Appen-
dix C.) The second of the investigations was made after the work with
the 10 mb data had revealed that a Kp maximum is likely to be in the
middle between two different weather patterns. The selected event
was supposed to be in the time when Mariner II made its measurements
of the solar wind, i.e., between August 30 and December 30, 1962.

It was not possible to find a single pair of suitable days because the
probability is too small that the same large regions have a good
TIROS coverage on two days which are typical for certain phases of
a solar event, and in a certain part of a certain year.

After this had been recognized the conditions were relaxed.

A search was made for days from four days before to four days after
any K maximum when a sizable part of the area 10-30°N 70-100°W
was viewed by a weather satellite. Seventy such days were investi-
gated. They are distributed with respect to month and Kp index

as follows. (See Table 4.)
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K is the day when the Kp index had a marked maximum.
(This is in modification to Section II-A of this report where K is
defined as the day after a strong rise of the Kp index.) The differ-
ence of the definitions affects the results only insignificantly.

Several days are counted twice because they belong simu-
ltaneously to the wake of one Kp maximum and to the introduction of
the next.

It is obvious that there is a bias towards March and August-
September which should be borne in mind when the meteorological
side of the results is discussed. For the statistical significance it
is essential that there is no bias between the K-days. The column
b (before) presents the sum of the days K-3, K-2, K-1, and a (after)
the sums of K+1, K+2, K+3. The series a and b coincide well. Both
emphasize the times around the equinoxes and neglect the solstices.
So that we conclude that there is no bias between the two periods which
might invalidate the results. There are several periods with enough
TIROS pictures to cover several K-days belonging to the same Kp
maximum.

After preliminary studies 17 criteria were set up which are,
in part, rather unconventional. For each day (case) it was decided
which of the criteria were fulfilled. Then the data for each of the
K-days were lumped together (i.e., seasonal differences were
neglected) and it was computed how many (n) of the cases (N) showed

a positive response: p = 100 —; .
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There are some criteria that do not show a variability of p
with respect to K. Such criteria are of no use in our study (but may

become of special value in future phases of investigation). In partic-

ular the following criteria were dropped: ''outlines sharp on one side
of cloud units, and fluffy on the other,' "much cirrus,' ''clouds at
more than one level,' '"cross patterns.'" Some other criteria were

abandoned because their computed p-K relationship was too complicated

to be significant, or because p stayed throughout too close to 0 or to 100,

These criteria are "large areas with overcast skies', '"streakiness of
Ci, especially jet-associated,' ''streakiness of clouds other than Cu,
Cb, Ci," '"no obvious organization, " ""smooth, fluffy outlines (Ci)'".

The eight remaining features are listed in Table 2. The
values of p are slightly smoothed by combining two consecutive days.

Cloud shapes A and B, sharp or fibrous irregular outlines,
have minimum frequencies shortly before a K_ maximum. One can
also say that the cloud shapes tend to become smoother when the geo-
magnetic activity begins to rise to a maximum. This is also borne
out by the (approximately) simultaneous rise of curve H, sharp smooth
outlines.

There seems to be a change from more vertical cloud develop-
ment to stratification, as the frequency of large areas with broken
cloud cover (C) increases, and the numbers of plumes (F) and Cb
cells (G) decreases.

From another point of view a stratified system seems to be
more uniformly organized while vertical processes tend to be more
individual developments. Under this pren{ise, it seems logical that,
during the evolution of a solar event, ill defined lines of Cu (E) become
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partly replaced by well defined such lines (D). The corresponding
pictures (Fig. 19) show very well the difference between these two
types. The cases of '"no obvious organization,' and "streakiness
of clouds other than Cu, Cb, or Ci", which were excluded from
Table 5 and Fig. 19 because of their small number, do not contra-

dict the interpretation of increasing organization during a solar

event.

If this concept is correct, it should also find its expression
in the appearance of the weather map. For the same area and for
the same days from which Table 5 was derived, some weather map
features were counted.

Some of them showed a clear relationship to the evolution of

a solar event, some of them did not,

Features that were discarded because of either erratic patterns

ortoosmall numbers of occurrence are '""'several anticyclones,' '"easterly

waves, ' "'well defined front,'' and "wave development at a front,"
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TABLE 5

Percentages, p, of Cloud Features as a Function of Time Around a Kp Maximum

Sharp, rugged outlines

Fibrous, rugged outlines

Large areas with 5/10-
9/10 cloud coverage

Well defined lines of Cu

I11 defined lines of Cu

Plumes

Numerous Cb cells

Sharp, smooth outlines

K-3
K-4

72

29

72

43

Values larger than the line average are

K-2
K-3

)]
o

50

72

43

underlined

K-
K-

78

56

1
2

K
K-1

29

41

71

K
K+1

41

47

76

29

47

76

52

K+1
K+2

38

54

31

54

69

46

K+2
K+3

53

35

53

53

47

K+3
K+4

52

43

81

29

48

67

52



Figure 19 shows for each cloud shape a typical picture. In
the left lower corner on both pages of the figure, we find diagrams
depicting the variation of the percentage frequency with time. Though
the absolute values are different, the shapes of some diagrams are
so similar that they were combined, and the averages of A+B, C+D,
and E+F+H are presented.

It was to be expected that several types of curves would be
encountered, partly because of their definition (compare D with E),
and partly because a parallel change of all types would mean a change
in cloud amount which had not been found in previous work.

Table 6 presents weather map features that appear to show

a relationship to processes manifested in a maximum of the Kp index.

TABLE 6
Percentage Frequency of Weather Map Features

(area and days the same as for Table 2)

K-3 K-2 K-1 K K K+1 K+2 K+3
K-4 K-3 K-2 K-1 K+1 K+2 K+3 K+4
V  One well defined LOW ﬁ 39 33 32 2 _52 35 44
W One well defined HIGH 33 39 33 45 59 57 45 40
X Several LOW's 22 17 29 23 23 36 25 32
Y Confused pressure 44 44 43 45 41 29 30 36
distribution
Z Dissolving front 56 39 24 23 23 21 30 24

Values larger than the average are underlined.
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For the interpretation of Table 6 one should be aware that
the considered area lies most of the year in the tradewinds where a
closed isobar (depression) is a higher form of organization than the
wave. Bearing this in mind we see that the concept developed from
the analysis of the cloud shapes holds also here. The atmosphere
becomes better organized during an increase of the Kp index.

"Better'" is to be understood as "

regionally rather than locally."
The preliminary results presented here can be combined

with the results described in Section II-A as set forth in Table 7.

Recommendations

Since the preliminary results offered here apparently
open quite new aspects as to what is and what causes weather,
more studies are needed to create the necessary heuristic, later
statistical, basis on which the theorist can operate for the ex-
planation of the mechanisms that relate processes on the sun to
the forms of clouds and the appearance of weather charts. Studies
should begin with an extension of the considered area, and with
checks of whether better descriptive criteria for cloud features
can be found. After this has been done attempts should be made
to find numerical relations between the intensity of cloud-K
relations and geomagnetic properties of the places where they

occur,
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TABLE 7

Summary of Preliminary Finds Concerning the Occurrence of Certain Weather

Height of 10 mb level

Cloud shapes
(10-30N, 70-100W)

6¢-11

Weather map
(10-30N, 70-100W)

In general
(10-30N, 70-100W)

2-4 days before the maximum

General increase, especially over
NW Europe.

High percentages of plumes, Cb
cells, clouds systems with smooth,
sharp outlines and ill defined lines
of cumuliform clouds. Decreasing
percentage of cloud systems with
rugged outlines,

High percentages of confused isobar
patterns and of dissolving fronts.

Tendency to local developments
with emphasis vertical movements.

S g SR o

Features Before and After a Maximum of a Solar Wind

2-4 days after the maximum

Strong decrease, especially over
North Atlantic. Increase over
Bering Sea. Decrease pre-
dominates on a hemispheric basis.

High percentage of cases where large
areas are covered with broken cloudi-
ness. High percentage of well defined
lines of Cu. Increasing percentages

of cloud systems with rugged outlines.

High percentages of well defined LOWs
(single or multiple) and single HIGHs.

Tendency to regional weather systems,
horizontally well organized.

g T s B

s [r—

U



II1 A DESCRIPTION OF THE PHYSICAL MODEL

The following is a physical discussion of a model of motion
of the ionosphere and the subsequent effects to be expected in the
troposphere. There is a basic underlying assumption to all of this
discussion. This assumption can be summarized as follows:

1. There is always much more (by factors of

3 to 10) energy in the atmosphere in the
small space scale and small time scale
motions than in large scale motions.

2. The energy flow is usually from the large
scale motion to the small scale motion,
which follows turbulence theory, with at
least one very important exception. The
small scale motions force the large scale
motions to be geostrophic. Thus the very
large amount of energy of the small scale
motion is available to bring about changes
in the large scale motion that are required.

3. The problem of control of motions from one
level to another is not a problem in trans-
porting energy but rather a problem of re-
quiring a certain change in the flow to bring
about geostrophic winds. We will discuss

point 3 first.

III-1



g

s

S

¢-1IIT

,, "uoT13eINOIT) d1Iaydsojerlg ayj jo uorjeio[dxy 19300y
1801307010919, PeTITIUD qga@ M “T STITIM L9 G961 ‘g "AON ‘£121008
[BO13070I0919 N UBDTIdWY 2y} JOo 193dey’) UOJSNOL] 9Y] 0] UDATS M[® T x

b

‘uorjendwiod IoyjeoMm JEOTISWNU I0J SUOTJBRW

-1xoxdde ayenbope A19397dwioo Jursq se spurm [rwiay] puer d21ydor}soad
oY} poyst[qelsa aaey (1961) uosdwoyy, pue (1661) Leureyn

‘stsATeue aite zoddn ur

pPTe JB9I8 B ST UOT}R2I PUIM [RULIDY} oY} pue sisAleur dew ioyjeam

Jo uorjepunoj ayj st uorjewixordde orydoiisoad o2y], ‘oinssaaxd

Jue}sSUOD JO soull 03 To[Tered moTJ o} Aouapuaj s,axoydsowie ayjy jo

SIBME UI9( 9ABY SPUIM Y} PIIPNJ}S 9ABRY OUYM 9S0U] ‘9I10joq Alqeqoxd
pue ‘,Gg1 ut mer] joIeq-sAng JO JUSWYST[qBISd 9} 9OUIG

‘peziseydws uasaq jou sey aoueleq SIY]

I0J S9ATIJS 3T YDIUm Agq WISTUBYDDW 93 JO JIBIDP Y3} pPU®B 2dUBIRq
otydoxlsoaB 103 Surtatils sxzaydsowre a9yl jo aduejzodwit 9y,

*SINOY OMm]} UBY)} SSI] UT

o10d 2y3 03 o2pnirie] ,0€ woxy o1ydoajsoo3 swod9q SPUIM 9] 1BY]J UOT]

-dwinsse 310®] 2} pauteldxa oy ‘Jurjesy opniry(e Y31y L10a 0] UoIjRISI

IT9Y)} PUB S2AeM 2INSsdid [BUINIP-TWSS pue JeUINIP 2y} pauterd

-X9 Q@ M USUYM (S3ST30]0I0239W 9AT3AIIDSOP JSOW YITM UOWULUOD

ur) jng ‘swalqoxd pajelaI pue uoIljdIPaId ISY}EOM [EDTIDdWNU Ul
paaloaur 9soyj} axe uorjewixoxdde o1ydoi}soad oyj JO @SN MueIJ IMeWwW

oym SUBINIJDIO0DY]J AJUO 9Y] 3BY] 230U 0] 3UI}SIIIIUT AIDA ST 3]



The overwhelming majority of oceanographic current
estimates are obtained from a combination of density measure-
ments and a geostrophic approximation. Because of this theorists
in oceanography usually assume that the currents are very nearly
geostrophic.

All of these statements have been made to emphasize that
the geostrophic wind is accepted as being very nearly the actual
wind.

The theoreticians in meteorology show in nearly every
textbook, (see,for example,Hess (1959), Haurwitz (1941), and
Brunt (1939)), that it is possible to have geostrophic winds in
a rotating coordinate system. Experience shows us that the

atmosphere is nearly always in geostrophic balance. This note

is concerned with the question: '"Why is the atmosphere nearly
always in geostrophic balance ?"
Later we will give a theoretical discussion. However, the

reasoning can be outlined as follows:
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Turbulent transport of momentum from one layer to another
brings about an acceleration in the direction of the wind
difference.

If we consider the middle of three layers and it is losing an
amount of momentum ML to the lower layer and gaining

MH from the upper layer then the net gain in momentum

is MH - ML.

Thus if (\V.2 —\Yl) is the same across both boundaries of a

layer (or if —g—\% = constant), the change in this layer due

to momentum exchange is zero.

If \Y7 -\Y]L differs from layer to layer, then the momentum

changes but it changes in such a way that 2 oV —» 0.
I ot o

This is the primary physical process that we plan to discuss

as forcing the geostrophic approximation. So we will re-

emphasize: If the coefficient of friction K is not a function

of 2z then turbulent mixing of momentum serves to "straighten

out'" momentum profiles.

We illustrate below with typical layers in the free atmosphere.

Looking at A.

Momentum from M is lostto U and L so that
a later profile is given by B,
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In C momentum is lost from M to L then from U to M

to L and the profile D results.

This is a perfectly straightforward physical result. When
-g—;}- = constant the rate of loss and gain for a layer are
equal and no change is expected.

(5) All of the reasoning above works the same for density in
an incompressible fluid and for potential temperature in

a compressible fluid. Thus Q,é— = constant or

'z
%62—— = constant is forced by vertical mixing. For con-

venience of discussion we will treat incompressible fluids.

(6) If we integrate the equation for conservation of mass with a
linear vertical density profile (and with a velocity profile a
function of z) we find that the linear density profile will be
destroyed except under very special conditions. Thus we have
the paradox of vertical mixing forcing the profiles to be linear
and the vertical distribution of velocity destroying the linearity.

(7) Our hypothesis is that nature solves this paradox by seeking
a very special horizontal density distribution. Namely the
lines of constant density are streamlines. - Thus even though

velocity is a function of z the advection is zero at every level.
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(8) Thus there is a '""bias'" toward isotachs of the wind shear
and isotherms being streamlines. The study of upper
air maps shows a marked tendency for isotherms to be
streamlines and a trend toward isotachs of the wind
itself and, therefore, the wind shear to be streamlines.

(9) When the conditions of (6) exist, further investigation of
the differential equations reveals the full thermal wind
relationship including velocity inversely proportional
to the distance between isotherms.

(10) Thus,it follows that vertical momentum transport forces
linear wind profiles, maintenance of the linear profile
forces isotherms and isotachs of wind shear to be
streamlines. When they are streamlines, accelera-
tions of the wind shear are very small and the thermal
wind relation holds.

Vertical mixing of mass or momentum following* the same law

with the same constants throughout the vertical will lead to velocity changes

unless

"My I*M Mo
vz 00§30 40 (1)

We assume incompressibility so sz/Juand Myz/o/u- .

*We recognize that there are many expressions for vertical momentum and
mass transport. However, nearly all of them lead to a local condition

u = u(kx,ky) f(z) or u-= u(xk,yk) f(k (x,v) z), in particular k = k(z) in

the stratosphere.
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Now let us assume that this process is at work and explore the con-

sequences.,

for very small time*

2
d dn dU dar S o _ _ L. _zaf’_. _fou
dt éz+ dE IX +éz dy P dEdy ' oE (3)

for very small time%*

Assume we have obtained
(/LzU(X,Y,t)z W = V(X,Y,ﬁ)z

From the hydrostatic relation we get

d 2t Py 0%p d
S0P 0 AR SHECIY @
Equation (2) becomes

dU U |
Gt U STeVe g £ 955V (5)

and Equation (3) becomes

4V s OV .oV . _ g op _
ar TV G Vg & 35U

If we set

(7)

we can then write Equation (6) as follows:

dV )
dr c "%y fU (8)

#These include transport and vertical variation of density. Some of
these terms will be significant near the ground.
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This is a contradiction unless di;’ is independent of z. The

only way for the left-hand side of this equation to be a function of (x,y,t)

and not of z is for %‘C :%%ﬁ We say that friction brings this about

(especially in the troposphere). Thus we have

ov_ Sp _ U
z

St dx (9)

and

SU g gy
P

9
(10)
and if we can show ?}Y << §£U and ‘g‘g << £V
we have —ﬁ-é@—{-‘U= 0 (11)
X
and
- —F- 92 +£V=0
oY
(12)

which are equivalent to the thermal wind approximations.
Now we are only concerned with the reasoning that requires
g\tl << £U and %g—<< £V . Of course, we can appeal to observation but

that is unfair since we hope we are explaining the observations.

We have been ignoring the equation

%* Uz—gf-f'sta%)?—:O (13)

*This can be very nearly true if lines of constant U and lines of constant V

are parallel to velocity vectors.
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which is a very good approximation to the way P changes.

the following system of equations

So we have

%&—+Ut—§€—+\fz%=o

=)

A a
5 - S U
Op + £V

oy

and

cF
- £ 4

We say ——%——gﬁ—-

—éﬁ are independent of height.

If/ais

independent of height then U and V must be parallel to the lines of

0.

constant density so that ?67%—

Thus we have from Equation (13)

) p .
Uﬁf'v—aﬁy--o

(15)

Multiplying Equation (10) by U and Equation (9) by V we have

AU o)
Ust--4 U
IV _
V 5t *
and hence,
<U2+V

In summary:

(1)

to linear wind shear U(x,y,t),

(x,y) on the earth.
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+ £ UV

(18)

Vertical transport of momentum gives an active tendency

V(x,y,t) at each point



%

—

(2) This leads to an equation for the wind shear in which

there are terms implying that U could be a function

r
‘

of z, and V could be a function of z. We know the mixing

forces these terms to be ineffective. This leaves U and A"

effectively functions of x, y, t only, and not functions

of z. These terms are ineffective if the lines of con-

stant U + V are parallel to the velocity vectors.

[ er s

(3) When this condition is added to the equations for U

and V the result is —:—t-(Uz-f VZ)= 0] :

(4) The effective way for this to be true is
F-1VA A 0
At ~ at < (19)
and thus,
2 9 .
T % Ix +fV-0 (20)
-3 2% - $£U-0 (21)
P oY
i.e., we have thermal winds.
Note:
i i bili 3 (U2 a(v?)
There is the possibility that 3t ST TSt # O . But we are ‘
free to choose the axes, so we choose them parallel to the wind. Then
sU _ _ dp :
at _ﬁ_ X O
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constant along streamlines, but then

o 2 2 z
Se(Utevy- 280 o

because P =

Thus from Equatlon (9)
d -

fo

The previous discussion concerning the effect of mixing on
curved profiles applies equally well to the horizontal on scales such
that the coriolis parameter f = constant.

Thus on a small scale we find that -SL — constant and

X

9 x — constant for all values.

=

Sy
Thus

w(x,y,2,t) = U (£)x + Uy (t)y + Uy(2)a + Uy (e)

(23)
/I)'(X, Y. i't) —_ Va (t)x + Vz (t)y t V;; (t)e + V4. (t)
P (Xr Y, & €) — Ve (t)e + Vs (t)y *t /s (t): + /s )
Because of non-linear terms the linear profiles have non-linear

changes. The only way to get rid of the non-linear changes is to have

the terms:

% oy
W 2L 4 w2 _, 0 (24)
Ix y
) w22 5 0
u —72"&)( + 37’

or for lines of constant velocity to be nearly parallel to streamlines

at all times.

Note then that horizontal on a small scale as well as vertical

mixing can actively bring about quasi- geostrophic winds.

*The discussion of the geostrophic wind up to this point was accomplished
under sponsorship of the U.S. Army Electronics Command on Contract

No. DA 28-043 AMC-00173(E). The following discussion was developed

for this contract.
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