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international conference on meteorology, Israel

During the period 30 November-4 December 1970, some
150 scientists from 10 countries (including more than 30
from the USA and 10 from West Germany) convened
on the beautiful campus of Tel-Aviv University overlooking the Mediterranean to participate in and hear
some 50 invited and submitted papers on a broad spectrum of recent meteorological developments at the International Conference on Meteorology, jointly sponsored and organized by the Israel Meteorological Society
and the American Meteorological Society. Contingent on
the efforts of both national organizing committees,
GOL-Albany and their American representative (Garber
Travel-Mass.), a sizable fraction of the United States
representation was afforded a significant and enlightening cultural experience to augment and interact with
their professional experience.
Converging on Kennedy International Airport on the
evening of 25 November 1970 from all parts of the
U. S. A., this hardy band of voyagers was transported by
direct group flight to Tel-Aviv where, with a minimum
of delay and international bureaucracy they were
whisked by bus to the posh Hotel Dan Carmel in Haifa.
The group was allowed a night's rest for purposes of
climatic and time adjustment, but for the next three
impression-filled days these innocents were converted
into passionate amateur archaeologists, biblicists, ecologists and photographers. In the hands of their merciless
guide, Isaac Rosenberg, whose qualifications in his
specialty were superlative and who was not to be found
wanting on any inquiry, his flock was led from Haifa
to the ancient seaport of Acre, onward to the newly
created city of Carmiel followed by the biblical mountain town of Safad, wherein a repast was enjoyed in the
shadows of aged olive trees. Recent history was subsequently enlivened by a tour of the Golan Heights with
its abandoned Syrian tanks and well disguised bunkers,
and concluded as rapidly by a sunset view of the sources
of the Jordan River. More biblical sights were then explored including Nazareth with its famed bazaar, Tiberias and "St. Peter's Fish" on the shores of the Sea of
Galilee, the archaeological findings at Capernaum, and
the hot springs south of Tiberius. The kibbutz Deganya,
oldest of many, by contrast to the cosmopolitan cities
emphasized the range of social structure in modern Israel. The return to Tel-Aviv for the International Con380

ference was also spiced with the contrast of old and new;
the ultra-modern grainery in the port of Haifa stood in
stark relief to the remains of a Roman aqueduct at
Caesarea.
The conference itself was arranged with precision and
efficiency yet with an undercurrent of casualness which
allowed the participants a feeling of comfort. Replete
with small touches such as fresh flowers surrounding
the speakers platform, the conference began on the
morning of 30 November 1970 with short introductory
comments by Shimon Peres, Minister of Transport, and
by the head of the Israel Organizing Committee, Prof.
Z. Alterman. Throughout the conference period, especially during the evenings, programs were planned to
enhance communication and maintain a high level of
spirit among the participants. True to form, the American Meteorological Society hosted the conferees with a
gala reception dedicated—so it appeared—to increased
spirits for everyone. In a similar vein but in Israeli
style, the mayor of Tel-Aviv hosted the conferees to a
reception at the municipality, followed by a tour of
Yafo, the old city with its famous art colony. The social
highlight of the week was the dinner party held on the
campus of Tel-Aviv University. Contrary to convention,
no principal speaker was engaged for the evening, but
a delightful dance program was presented by the TelAviv University dancers. Given man's predilection for
vocalizing, however, many toasts were offered; perhaps
the most comprehensive yet cryptic one was delivered
by G. Ohring in three Hebrew words, "Shalom, Shalom,
Shalom."
One session of the meetings was held in the facilities
of the Israel Meteorological Service at Bet Dagan. Following that morning's formal presentations, the participants were afforded a tour of the Service's programs
including its data collection and analysis section, its
computer section and its research and instrumentation
sections, all concluded with a sumptuous gastronomic
reception.
Although the original plans for the conference specified specialization in the two areas of cloud and precipitation physics and weather prediction, a considerably
broader array of topics was discussed, covering problems
in radiation and planetary atmospheres, instrumentation, micrometeorology, oceanography, and general propVol. 52, No. 5, May 1971
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erties of the atmosphere. Nevertheless, because of Israel's
need for water, the predominant local interest in clouds
and precipitation was strikingly evident. Arrangements
were made by the organizing committee to publish the
papers of the conference in the May 1971 issue of the
J O U R N A L O F T H E A T M O S P H E R I C SCIENCES (AMS) provided
that they were submitted to the editor in normal publication format by 11 January 1971 and were found acceptable to the Journal's reviewers. Those papers accepted for publication will appear together and be
marked "Presented at the AMS-IMS International Conference on Meteorology, Israel, 30 November-4 December 1970." Some papers were considered more appropriate for the J O U R N A L O F A P P L I E D M E T E O R O L O G Y .
Those accepted will be published in the June 1971 issue.
To assist the reader in determining the quality and
variety of material presented at the conference, and
because no detailed program of the conference has yet
appeared in this B U L L E T I N , we list the titles and abstracts of all papers presented at the conference following this brief summary, alphabetically within subject
matter groups. Some papers were invited by the organizing committee, others were submitted and accepted for
presentation; invited papers will be designated below
by an asterisk preceding the speaker's name.
The final session of the Conference (4 December 1970)
was held on Mt. Scopus in Jerusalem, offering a fitting
climax to an impressive meeting in a setting incorporating a magnificent view of this famed biblical city and its
mountainous surroundings. The trip from Tel-Aviv to
Jerusalem was arranged by the organizing committee,
and our subset of meteorologists, whose progress we
have been so assiduously following, again found themselves in the charge of Mr. Rosenberg, their ranks now
swelled by the addition of several similarly exuberant
members. Thus the passage to Jerusalem was transformed from a humdrum voyage to a pilgrimage from
the coastal plains to the hills of Judaea, a process many
times thwarted in biblical times.
Immediately following the last session and a luncheon
on the Hebrew University campus, the tour recommenced with a visit to Bethlehem. The return from
this excursion brought our travel weary crew to their
Jerusalem home, the magnificent King David Hotel,
with its well appointed but historical atmosphere, overlooking the old city. Following a brief rest, Mr. Rosen-

berg's intensity and enthusiasm again overwhelmed our
wandering tribe as he led them on a stroll through the
narrow lanes and magnificent biblical structures in the
old walled city of Jerusalem. Following a brief repast,
the group again found themselves bus-bound, heading
from the mountains through the desert to the lowest
point on Earth, the Dead Sea, and the oldest of discovered settlements, Jericho. Overlooking the Dead Sea it
became apparent to our impression-saturated band that
after 4000 years, Moses (Harry) had finally led his tribe
into the holy land.
Interspersed among the many awe-inspiring relics of
the past were also elements of the new: the Hadassah
Hospital with its Chagall stained glass windows, the
Kennedy Memorial, the Knesset building also adorned
by Chagall, and the museum housing the Dead Sea
Scrolls.
Thus we find on the morning of 7 December 1970 a
bus-load of travel-weary but experience-saturated voyagers singing with abandonment their newly learned Israeli songs as they enter Lod Airport, Tel-Aviv, for
their return from an enchanting involvement into an
ancient but revived and virile culture to the commonplace routine of their everyday lives, with memories
never to be forgotten.
ABSTRACTS

For additional information on any of these papers, the
reader is referred to the original author; mailing
addresses are available from the Executive Director,
American Meteorological Society, 45 Beacon Street,
Boston, Mass. 02108.
Cloud and Precipitation Physics

Growth of cloud droplets by condensation: a problem in
computational stability
G . ARNASON AND P . S. BROWN, J R .

This paper deals with the computational stability of numerical techniques for solving the equations governing droplet growth by condensation. A numerical analysis leads to
the derivation of a simple stability criterion for determining
a permissible time step in the integration of these equations.
The time step is inversely proportional to the product of the
total number of droplets and their mean radius. This criterion is generally valid except near the activation stage
where a less simple one applies. The practical importance of
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these criteria for the feasibility of running complex simulation experiments is emphasized.
The spatial distribution
ground-based generators

of cloud seeding nuclei

from

M . AROYO AND A . GAGIN

The results of both the computed and measured spatial distributions of Agl nuclei released from a network of groundbased generators are presented. Numerical solutions of the
Gaussian plume diffusion model were obtained from various
atmospheric conditions, characterized by dispersion coefficients assumed to be appropriate to these conditions. The
computed value of such parameters as plume width, maximum nuclei concentrations, and their variation with height
are compared to those obtained by direct measurements,
carried out by suitably instrumented aircraft. The agreement between the computed values for conditions defined
as "slightly unstable" statically, and those measured under
conditions believed to be so, was found to be quite reasonable.
One of the important implications is that for an efficient
area seeding an increased number of generators having
higher nuclei outputs is required.
Rainfall control by surfactant compounds: reduction
evaporation losses

in

* B . GAL-OR

Abstract not available.
Resume of Project Skywater
ARCHIE M . KAHAN

Project Skywater, the Bureau of Reclamation's Atmospheric
Water Resources Program, was created late in 1961. The
philosophy of Project Skywater includes development of the
capability not only to increase precipitation, and subsequently streamflow, wherever this would be beneficial, but
also the capability to increase precipitation directly on
specific croplands or other areas.
The product of Project Skywater will be a series of precipitation management systems, each of which will have
been field tested in an operational mode. Precipitation management systems are composed of the following functions:
1) analyses of the nature of the water problem, 2) recognition of treatable situations, 3) treatment of the situations,
and 4) evaluation of the results of the treatment. Many of
the techniques developed for one system will be applicable
to others. Three projects to adapt research and experimental
procedures to operational conditions are now under way.
The Upper Colorado River Basin Pilot Project is located
in the San Juan Mountains of southwestern Colorado.
Ground-based silver iodide generators are used to seed orographically lifted cold clouds. Seeding is on a randomized
basis, with 50% of the storm days seeded. Seeding criteria
involve forecasts of 500-mb temperature, 700-mb wind, and
precipitation in the target area. The effects of increased
precipitation and snowpack on the ecosystem are being
studied, as is the avalanche problem. The Northern Great
Plains Pilot Project, located in western North Dakota, is
concerned with increasing precipitation from summer convective cold clouds. Airborne silver iodide generators, flown
either below cloud base or at the —5C level, are used with
25% of the days randomly chosen as no-seed days. The tar-

get area of the Pyramid Lake Project is the headwaters of
the rivers that flow into Nevada's Pyramid Lake. Groundbased silver iodide generators, located in the Lake Tahoe
area of California and Nevada, seed orographically lifted
cold clouds that form over the crest of the Sierra Nevada.
A large variety of experimental projects is under way, including studies of cloud physics and dynamics, downwind
effects, and real-time numerical modeling. Improved generators for silver iodide and for certain organics and a
variety of special instruments such as a laser radar have
been developed. Seeding agents other than dry ice and silver
iodide are being examined. Better ways to gather, transmit,
process, and display data are being explored. Social, economic, legal, and environmental implications of precipitation management are also being explored.
Model of precipitation, cloud, and vertical air currents
E . KESSLER AND W . BUMGARNER

Marching calculations of conditions in a model vertical column start with an assumed distribution of water vapor and
potential buoyancy, and a thermal perturbation. The upward acceleration of air tends to be reduced by diffusion
of perturbation buoyancy and by exchange of momentum
with the ambient quiet atmosphere, but tends to be increased by the release of latent heat of condensation. When
the cloud content exceeds a prescribed threshold, autoconversion produces some precipitation, whose subsequent development is principally by collection of cloud. The weight
of condensation products, cooling by evaporation of cloud
in entrained ambient dry air, and the cooling which accompanies descent of precipitation into the dry subcloud layer
tend to produce negatively buoyant air and a downdraft. A
downdraft accompanying precipitation at the ground ceases
quickly after precipitation ends, owing to the warming
which accompanies dry descending air motion.
Three velocity regimes are characteristic of the model:
1) a steady state condition with the maximum air speed
in a vertical column less than the precipitation fall speed,
and with precipitation beneath the updraft column; 2) a
steady state condition with the maximum air speed substantially greater than the precipitation fall speed, and with
descent of precipitation outside the updraft colmn; 3) a
singular oscillation wherein an updraft is terminated by
effects of diffusion and entrainment before precipitation
starts, or wherein an updraft with precipitation formation
is followed by a downdraft and then by a damped oscillation without condensation. The characteristic duration of
the model showers is largely determined by the inverse
square root of the condensation function.
Rather complicated relationships among initial and ambient conditions, hydrometeor development, and vertical air
velocity depend substantially on the strength of microphysical processes and on some special properties of the laws applicable to the continuity of water substance in atmospheric
circulations.
A one-dimensional cumulus cloud model
A . KOVETZ AND B . OLUND

The growth of water droplets on a spectrum of salt nuclei
in a finite vertical column of air with given updraft and
initial supersaturation has been investigated numerically.
Droplet growth is initially by condensation and subse-
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quently by condensation and coalescence. The effect of sedimentation of droplets is also included. The consequent
changes in droplet distribution have been followed for times
corresponding to a vertical rise of up to 1500 m.
Charge separation by splashing natural raindrops
Z. LEVIN

The charge separation by impact of natural raindrops on
ice and metal surfaces was investigated in the presence and
absence of imposed electric fields. The charge separated was
correlated to the hydrodynamic break-up of the crown jets
which precede the initial impact. The results obtained in
the field experiments were found to agree well with the results obtained from controlled laboratory experiments. The
application of these results to the electrification of thunderclouds and to the space charge near the ground during
rainfall is discussed.
Nonadiabatic thermal convection as a cloud-formation process
S. PANCHEV AND V . ANDREEV

This study concerns the vertical movement (rising) of damp
air thermals under the influence of buoyancy force with entrainment of environmental air. The surrounding atmosphere is assumed polytropic. The change with the height
z of the thermals' temperature, lapse rate and vertical velocity of rising is investigated after solution of the corresponding thermodynamical equations.
A new equation for the change of the specific humidity of
such thermals below the level of condensation is constructed.
Its solution permits one to determine the condensation level
for the rising thermals.
A comparison of the convection level, obtained from the
solution of the equation of motion, with the condensation
level permits one to judge of the cloud formation possibilities of the nonadiabatic convective motions in damp air.
Some numerical results are also presented.
Ice crystals and large drops in cumulus
results

clouds—preliminary

J . PATRICH AND A . GAGIN

Preliminary results of the measurements of ice crystals and
large cloud drops, sampled by an airborne continuous formvar replicator, in clouds with top temperatures in the range
of —3C to —15C, totalling 23 individual penetrations, are
related to the relevant ice-nuclei spectra. Large droplet
(>50 ji) concentrations determined in those penetrations are
also presented. The above measurements are discussed together with data on the total cloud droplet population and
related to the nature of the processes leading to the formation of precipitation elements in these clouds.
Results of dynamic seeding of tropical cumulus clouds
• J . SIMPSON AND W . WOODLEY

Two series of randomized multi-aircraft seeding experiments
on individual tropical cumulus clouds were carried out over
South Florida in 1968 and 1970. Using airborne pyrotechnics,
massive seeding can be achieved, introducing one or more
kilograms of silver iodide smoke per cloud.

The motivation of the experiments was to modify the
dynamics and hence the vertical growth of the clouds in
order to learn whether and under what conditions precipitation can be increased and, ultimately, how severe storms
may be usefully modified. The experiments were undertaken
in conjunction with a numerical model which predicts the
height and structure of both unseeded and seeded clouds.
The model is a parameterized, one-dimensional model of the
entraining cumulus tower, based on laboratory and theoretical studies of a rising buoyant plume with a vortically
circulating cap. The development and fallout of precipitation are simulated in the model, using the autoconversion
and collection equations of Berry and Kessler.
In the field experiments, the numerical model was used
in real time to predict seedability. By eliminating days of
poor seedability, growth to cumulonimbus stature was
achieved by 26 out of 27 seeded clouds.
The seeded clouds grew an average of 7000 ft (2134 m)
more than the control clouds; the difference is significant at
the 0.5% level.
Precipitation was measured by a calibrated 10-cm ground
based radar whose results have been checked by a radar
raingage comparison. Twenty-six seeded and twenty-six control clouds were within radar range. On the average, the
seeded clouds precipitated 270 acre-ft (3.3 X 10 m ) more
than the control clouds; the difference is significant at the
2% level. On fair days, the seeded-control difference was
400 acre-ft (4.9 X 10 m ), while on rainy days the difference
was - 3 6 acre-ft (-4.4 X 10 m ).
To extend dynamic seeding to cloud groups, a randomized
multiple cloud seeding experiment was executed in a target
area of 2700 n mi (9.28 X 10 km). About 15 clouds were
seeded on each seed day. A total of seven GO days was obtained in July 1970, four seeded and three controls. Two
types of rainfall analysis were undertaken, the first for the
whole area and second for "floating" targets centered on the
selected cloud complex. The experiment design and preliminary results will be discussed.
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Electrical properties of ice
E . H . STEINBERGER AND S. R A H A M I M

Accurate measurements of the thermoelectric voltage in ice
were carried out for temperature differences At between 2C
and 14C, while the temperature t of the cold side varied
between —10C and —35C. It has been found, that for constant t the voltage increases with At; when At is constant,
the voltage increases with decreasing t . The absolute value
of the voltage depends also on the size of the ice specimen
and the type of ice obtained. It was also found that at the
instant when freezing starts a momentary voltage develops
even in ice grown from distilled water.
c

c

c

Cloud condensation nuclei and their possible influence on
precipitation
B . TERLIUC AND A . GAGIN

Measurements of cloud condensation nuclei (CCN) conducted in Israel both from the ground and from an instrumented aircraft during two winter seasons, utilizing a thermal diffusion chamber, suggest that:
1) CCN spectra prove always to have, both in rainy and
dry weather, continental-like characteristics. Their concentrations were shown to depend on wind direction and found
383
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to be surprisingly high, even in air masses with a partial
maritime trajectory. The existence of local sources appears
to have a limited and a generally minor effect on the characteristics of CCN spectra.
2) On the average, CCN concentration tends to decrease
within a factor of 2 during the first 3 days of a rainy spell.
Consequently, cloud droplet concentrations computed from
the above measurements and for cumulus clouds assumed
to have base updraft velocities of 2.5 m sec , seem to show a
similar trend but are always within the range of 180950 cm- .
3) These variations do not seem to correlate with rainfall
and, therefore, are not likely to be dominant in their effect on the relative efficiency of the rain forming processes.
However, the ever-present high concentrations of CCN and
therefore of cloud droplets must have a significant effect on
the nature of these processes in view of the resulting high
colloidal stability of local clouds.
-1

3

Design, execution and results of a mesoscale snowstorm modification project
* H . K . WEICKMANN

In the Great Lakes region of the U. S. A., shallow but
heavy winter storms form through a combination of cold
continental air moving over still unfrozen, and even warm,
large water surfaces. Depending on the trajectories over
the lakes and their persistence these storms may dump large
amounts of snow onto the downwind shorelines. The natural freezing nuclei-concentration causes the formation of
heavily rimed crystals: seeding will increase their number
and prevent riming, causing smaller crystal fall velocities
and consequently a larger transport of snow downwind and
away from the urban and industrial centers near the shores.
The experiment is designed around a mesoscale numerical
model and a microphysical model of snow crystal formation. The great variability of the cloud systems prevents a
clear definition of a homogeneous sample of comparable
experiments and therefore makes a clear statistical design
impossible. The execution employs seeding from the ground
and from the air, tracking of the seeding agent through the
cloud system by means of an airborne freezing nucleus
counter, and analysis of Agl nuclei in the precipitated snow
crystals. The analysis includes radar, surface observation
stations, and airborne observations. Results indicate a capability to affect the snowfalls in the desired direction but in
strong dependence on the cloud top temperature, indicating
that snowfall can be initiated, redistributed, or not be affected at all. The project continues.
Analysis of the Israeli cloud seeding experiment by means
of concomitant meteorological variables
Z. S. WURTELE

This paper summarizes results of a statistical analysis of
the Israeli cloud seeding experiment (1961-1967) based upon
precipitation data for the period of the experiment and
upon thirty concomitant meteorological variables, both surface and upper air. The experiment had a crossover design
in which days are allotted at random to seeding in one of
two (north of center) targets, separated by a buffer region.
Two statistical tests are used, one based upon normal theory and the other a Wilcoxen two-sample (nonparametric)
test. On the basis of these tests it is reasonable to accept

the hypothesis that cloud seeding affected precipitation; results are significant for two-sided tests at the 2.5% level in
the case of the normal test and at the 10% level in the case
of the Wilcoxen test. However, these same test procedures
when applied to the buffer region instead of the center
target yield even more significant results. Analysis of wind
directions at the times of seeding do not indicate that this
contamination was due to physical transport of seeding material. This result with regard to the buffer region strongly
suggests the possibility of contamination of one target by
seeding of the other. The meteorological assumptions underlying a crossover experiment are that contamination effects
are negligible in comparison to the effects of seeding in the
target area. When such assumptions are not valid, interpretation of the results of a crossover experiment may be
grossly misleading; in fact, they may be in the wrong
direction.
On the assumption that this is not the case for the Israeli
experiment, i.e., that crossover effects are negligible, an attempt is made to determine the differential effects of seeding
under different meteorological conditions. It is estimated that
in an operational year there would be about 30 days of
actual seeding with increases of 1.9 mm per day in the
north and 2.2 mm in the center target. No evidence of large
negative effects in target areas was found, but in about 10
to 20% of the days there may have been moderate or slight
negative effects. Meteorological conditions on such days are
associated with warm surface air moving from the south.
Strong positive effects (more than 7 mm per day) are associated with meteorological conditions that are conducive
to greater than average rainfall. Tables with details about
these and other partitionings of the data by means of other
meteorological variables are provided.
Sea salt particles in Jerusalem
H . WUSHIKI

Sea salt particle measurements were conducted from 25 September 1969 till December 1969, utilizing the Toba jetimpact air sampler. General variations of the concentrations
were analyzed, and typical diurnal changes were observed.
Such characteristics as size spectra and spatial distribution
of the particles are analyzed and discussed in view of their
possible effects on precipitation.
Large Scale Dynamics and Weather Prediction

Seasonal variations of the general circulation in a numerical
simulation of the atmosphere
* A . ARAKAWA, A . KATAYAMA AND Y . M I N T Z

The governing equations for a 2-level model of the global
atmosphere are integrated over two years of simulated time.
The incident solar radiation is allowed to change with time,
but the sea surface temperature is held constant and equal
to the mean annual observed sea surface temperature.
Monthly averaged sea level pressures and 400-mb geopotential heights are shown. In spite of the fixed sea surface
temperature in the numerical simulation, the seasonal
changes in the locations and intensities of the calculated
monthly averaged sea-level highs and lows, and of the upper
level troughs and ridges, are comparable to the observed
changes in the real atmosphere.
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Effects of spectral truncation on a general circulation model
* F . BAER AND F. N . ALYEA

Although general circulation models of the atmosphere appear to yield results similar to observation, both the detailed predictive capability of these models and their normal
forecasts depend on space truncation. Such dependence may
be readily studied with a spectral model because of the
ease of modifying truncation. A simple two-level, quasigeostrophic, forced general circulation model was represented
in spectral form and 10 cases of different truncation were
integrated for the same forcing, starting with initial conditions generated from a state of rest. The truncations
ranged from six to 16 meridional waves, from five to 10
degrees of freedom with latitude, and the models were integrated for about 60 days with finite amplitude nonlinearity.
Considering the kinetic energy in the vertical mean flow,
and separating this energy into zonal and eddy, the results
show that the solutions of all truncations diverge from one
another within the first 25 days of integration and that the
normal energy levels change significantly with truncation.
The implication of these calculations is that we must consider truncation with as much care as we consider the approximation of physical processes in our models.
Depicting stochastic dynamic forecasts
E . S. EPSTEIN AND R . J . FLEMING

Stochastic dynamic prediction results in forecasts of the
expected state of the atmosphere and also of the uncertainty
of that state. The forecast uncertainty is the immediate consequence of uncertainty in the initial conditions (and/or of
parameters of the model) as propagated by the dynamics of
the system. The forecast of the expected state also depends
on the initial uncertainty. Since the notion of uncertainty
as an integral part of the output of the forecast is new, the
presentation of such results requires some novel approaches.
To illustrate how it is possible to depict such information
on the uncertainty of prediction, we have generated a few
artificial examples of stochastic dynamic predictions. The
examples are based on a baroclinic quasi-geostrophic model
of limited degrees of freedom that includes both forcing and
dissipation. Forecasts are initialized, artificially generated
data that include random errors. We examine the state of
knowledge of this artificial atmosphere both before and
after making observations, and after forecasts of various
intervals. We also examine the influence on the forecasts of
knowledge, or uncertainty, of diabatic influences. A series
of graphical illustrations depicts these results in terms of
expected values, variances and covariances of the parameters
of the flow.
Numerical and analytical studies on the energy conversions
in a baroclinic model
G . FISCHER AND V . RENNER

The conversions of both zonal to eddy kinetic energy
C(K K )
and eddy potential to eddy kinetic energy C ( A K )
are studied in a jS-plane channel confined within latitudinal
walls. The initial flow-field consists of zonal waves, depending on the meridional direction y, which are superimposed
on a zonal basic flow. The latter is a function of y and
pressure height p. First the tendencies {?/at)C(K K y and
(3/3t)C(A K y* at time t — 0 are evaluated by solving anaZ
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E
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E

E

E
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lytically the quasi-geostrophic vorticity equation and the
w-equation for t — 0.
The results show that the initial tendencies are essentially
dependent on a nondimensional static stability parameter s ,
the fraction of zonal to meridional wave length 2r and a
nondimensional parameter q, governing the lateral profile
of the basic current. Relatively short waves (2r 1) tend
to be barotropically and baroclinically stable, i.e.,
(d/dt)C(K K y» < 0, (d/dt)C(A K yv < 0. The maximum
baroclinic instability occurs with a pronounced peak at
2 r « l , whereas barotropic instability in largest at 2 r « 4
dropping down only slightly with increasing r. The rate of
change \(a/at)C(A K ) \
is very much dependent on s in
contrast to | (d/at)C(K K ) \.
On the other hand
| (d/dt)C(K K y \
changes considerably with q, whereas
\(3/dt)C(A K y \ does not. A relatively small range below
2r 1 shows opposite signs in the energy conversion tendencies; thus in this wave region it is possible that the
eddy kinetic energy serves as a source for zonal kinetic energy (barotropic stability) and a sink for eddy potential
energy (baroclinic instability). With the same basic method
also the initial phase velocities are obtained.
In order to test the above results and to investigate how
far in time they yield an insight into the behavior of the
wave patterns, respective numerical computations with a sixlayer primitive equation model have been performed. The
comparisons show that there exists a fairly good agreement
for the initial tendencies; the tendencies obtained by the
analytical method are useful indicators with regard to the
development within the first two days of model time. Some
interesting features that appeared in the analytical results
have been verified by the numerical calculations.
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Cyclo- and anticyclogenetic activity over the Mediterranean
and its relation with the orography
N . GODEV

Over the region of South Europe and part of the Mediterranean, on the basis of observations, cyclo- and anticyclogenetic activity of the atmosphere is established. Maps are
prepared which give the geographical distribution of the
number of the generated cyclones and anticyclones over this
region. It appears that there are definite centers with an increased activity. A map of the same region is prepared which
characterizes the mountain obstacles by means of the values
Az = (a i/dx ) + (ah/zy ). The equation of the Earth obstacles is Z = z(x,y), in which z characterizes the terrain
concavity and convexity. At concave terrain, Az > 0, and
vice versa. In the paper it is shown that the centers with
increased cyclonic activity coincide with regions where
Az > 0, and the regions with anticyclonic activity coincide
with the regions for which Az < 0.
Finally, it is tried to explain theoretically the above facts.
2

2

2

Predictability and forecast range associated with GARP data
M . HALEM

Abstract not available.
On the incompleteness of the propositions of classical mechanics: hydro dynamical aspects
P . LIEBER

This paper points out certain hydrodynamical and meteorological implications of some recent developments pertaining
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to the foundations of classical mechanics. These developments have revealed that the well-established principles of
classical mechanics, as they are known in their various
formulations, are in a significant sense essentially incomplete. This has led to the concept of the class of realizable
flows, conceived as a subclass of a larger class of flows satisfying the Navier-Stokes equations, and to the observation
that the class of realizable flows are in principle not selectively implied and, consequently, not identified by the
Navier-Stokes equations. This concept bears significantly on
the evolution of turbulence and on a conjecture presented
here which maintains that its process of evolution is in
principle not implied and consequently not determined by
the Navier-Stokes equations. Indeed, turbulence is conceived
in this work as a phenomenon that belongs to the domain
to which classical mechanics is experimentally committed,
but which is not implied and therefore not determined by
its known propositions.
Recent research in numerical methods at the National Meteorological Center, U. S. A.
R . D . MCPHERSON

An account is given of recent investigations into numerical
techniques for solving the primitive meteorological equations. Although an adequate differencing system had been
in use in the NMC six-layer operational model, occasional
failure to complete an integration due apparently to numerical problems prompted a reexamination of the question of nonlinear numerical stability.
It was noted that the model invariably exhibited an amplifying temporal computational mode prior to encountering
instability. Simultaneously, experiments in primitive equation integrations over limited regions of the Northern
Hemisphere revealed the development of two-grid-interval
disturbances in space which had been called the "spatial
computational mode," and which are related to the lateral
boundary conditions. Parallel inquiries into the nature of
these two phenomena were subsequently combined into an
investigation of the "lattice structure" of the difference
equations. The term "lattice structure'* refers to the tendency of the difference equations to yield quasi-independent
numerical solutions on distinct subsets of the basic gridpoint lattice. This investigation led to a theory in which
the basic concept is that the interaction of high frequency/
wavenumber components of undifferentiated coefficients
would achieve relative stability, and limited experimental
evidence tended to support this suggestion. An important
by-product of the stability investigation was the realization
that advantage could be taken of the lattice structure to
effect quasi-independent subsets of the basic lattice.
An effort to achieve computational economy by means of
semi-implicit integration techniques was also undertaken.
This development followed the approach of scientists in
Canada and the Soviet Union. Treating implicitly the linear
terms of the primitive equations which govern gravitational
oscillations results in a boundary-value problem to be solved
at each time step, but permits a much longer time step to
be used.
These investigations have culminated in a more efficient
differencing system for integrating the primitive equations.
The semi-implicit time integration technique is combined
with a spatial-differencing system based on a staggered arrangement of dependent variables. Relative numerical sta-

bility is achieved by use of space-time filtering of coefficients
of nonlinear terms. In principle, this system results in an
order-of-magnitude reduction in computing time for the
same order of spatial truncation error. The results of applying this system to a primitive equation barotropic model
are shown in an experimental integration.
The proposed differencing system may be extended to
multilevel models in which both external and internal
gravity modes must be considered. Since some of the internal modes have relatively low phase speeds, implicit treatment of all the internal modes may not be necessary, so that
alternative approaches to the semi-implicit integration of
baroclinic models are possible. Two alternatives currently
under development at NMC are described: one in which all
gravity modes are treated implicitly, and another in which
only the external and the fastest internal mode are treated
implicitly. It is intended that one of these approaches will
be used to develop a high-resolution, short-range prediction
model to be integrated over a limited portion of the Northern Hemisphere.
The effect of horizontal grid resolution in an atmospheric
circulation model
* K . MIYAKODA, R . F . STRICKLER, C . J . NAPPO, P . L . BAKER AND

G. D. HEMBREE (presented by J. Smagorinsky)
Abstract not available.

Numerical computation of land {and sea) breezes from the
dynamic equations
J . NEUMANN AND Y. MAHRER

Published computations treat almost exclusively the dynamics of the sea breeze. The present study places emphasis on
the land breeze though the physical model embraces the full
diurnal cycle and includes, therefore, the sea breeze as well.
The model adopts a more realistic boundary condition for
the air temperature at the land surface. This diurnal temperature wave (heating) is asymmetric in its form and is
made a function of shoreline distance. Also, while we assume, as do other authors, a straight coastline, we allow that
line to form any angle with north.
The diurnal variation of the wind vector is computed for
20 levels up to 2 km at each point of a horizontal grid. The
winds in the bottom layer show the familiar veering over the
day, but the hodograph for any point is asymmetric as observed in nature. Further, we compute the variation of temperature with height, surface pressure, and turbulent transfer of sensible heat and horizontal momentum (horizontal
shearing stress), all as functions of time and at a number
of grid points.
The results are compared with observed conditions along
the Israeli section of the Mediterranean coast.
Some application of Lagrangian description in meteorology
Z. W . RITTER

The motion of frontal disturbances in the atmosphere is
calculated by the numerical solution of a set of partial differential equations based on a Lagrangian description of the
moving incompressible fluid on a rotating Earth. Lagrangian
descriptions permit the accurate treatment of moving interfaces and free boundaries without using difficult interpolation schemes.
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We calculated the motion of a cold air front in the atmosphere using the same assumptions described by A. Kasahara et al. After making the simplifications assumed by
Kasahara, we get the following set of partial differential
equations:
u =fv-G(l/A)(h ~h yj)
(1)
v = - f u + F-f G(l/A)(h - h )
(2)
x =u
(3)
(4)
(hA) = 0
(5)
x,y: Eulerian Cartesian, east-west and north-south coordinates
u,v: Velocity components in the x- and y- direction
h: Depth of the fluid
A: (Xjy — x yj) Jacobian of transformation
/: Coriolis parameter
g: Acceleration of gravity
G = g[l -(p'/p)]
F = f(p'/p)u'
p,pf: Densities of the cold and warm air, respectively
u'\ A given constant velocity
The three dependent variables are two horizontal velocity
components and the height of the cold air layer; the three
independent variables are two space coordinates and time.
Using an Eulerian description, Kasahara et al. had to overcome a special numerical difficulty which arises because the
moving front is a free boundary along which the differential
equations are, in a certain sense, singular. They developed a
special interpolation scheme to calculate the motion of the
front points in every time step. After carrying out the numerical calculations over a sufficiently large time interval
they obtained the asymmetric shape of the moving front,
developed from an initially sinusoidal pattern. Such a development was predicted qualitatively by J. J. Stoker and
this phenomenon also has actually been observed in nature.
We were able to reproduce the results of Kasahara et al.
without interpolation, by using the moving front as a part
of a suitable Lagrangian grid. This example illustrates the
advantages of our new technique.
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Horizontal diffusion by linear filter
R . SHAPIRO

A simple linear filter is adapted for use in numerical models
of the large-scale circulation to act in place of an explicit
horizontal diffusion term in the equations. The filter can be
shown to be ideally suited for this purpose in the sense that
it can be made increasingly scale dependent as the order
for the filter is increased. The filter of order n is constructed
from n, three-point symmetrical operators and involves 2n
+ 1 gridpoints. It is capable of eliminating 2-grid interval
waves completely, yet allowing little or no damping of
longer waves.
In one-space dimension, the use of the n = 1 order filter
can be shown to be equivalent to the incorporation of a
one-dimensional Fickian diffusion term in the differential
equation. For any order, n, the use of the one-dimensional
filter is equivalent to the incorporation of a one-dimensional
linear diffusion of order Bn. It is therefore apparent that as
n increases, the ability of the filter to discriminate in its

response to short and long wavelength components becomes
increasingly sensitive.
The damping properties of linear diffusion are examined
by means of the two-dimensional, horizontal Fickian equation
and compared with the response of the order n — 8 filter in
two dimensions. With typical values for the space and time
increments and with K — 4 X 10 cm sec , K\J reduces
2-grid-length waves by a factor e in 15 hr, 4-grid-length
waves in 30 hr and 10-grid-length waves in 157 hr (6.5 days).
The filter, applied each time step, removes the 2-grid-length
wave immediately and reduces 3-grid-length waves by a
factor e in 0.8 hr. This compares with about 20 hr for K\y .
For 4-grid-length waves, the effect of the filter is nearly the
same as that of K\J , but for longer waves the damping
effect is drastically reduced. The filter requires 5 X 10 days
to damp 10-grid-interval waves by a factor e and 3 X lO
days for 20-grid-interval waves.
Thus, waves shorter than 4 grid lengths are effectively
eliminated, while longer waves are essentially unaffected
except insofar as nonlinear interactions among the longer
waves produce a cascade to shorter wavelengths. If the grid
length is properly chosen for the physical system being
studied, the equations adequately model the large scale
dynamics. The filter will automatically handle the cascade
to smaller scale and should represent the effect of viscous
damping that takes place in the atmosphere. Some desirable
properties of the filter are demonstrated by a one-dimensional
example with no dynamics in which the order n = 8 filter
is applied successively ten thousand times to gridpoint data
of the sea-level pressure field.
Finally, the use of the filter in practice is illustrated by its
incorporation in a hemispheric general circulation model
and compared with the use of a nonlinear diffusion term
of the form #|v |V 9
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Contribution of satellite meteorology to the spectrum of
prediction
* M . TEPPER

A recent study of the Committee on Atmospheric Sciences of
the U. S. National Academy of Sciences considered three
main intervals in the prediction spectrum: 1) local forecasting characterized by persistence, extrapolation, and
statistical inference; 2) synoptic forecasting characterized
by numerical prediction using the hydrodynamic prediction
equations; and 3) seasonal and climatic forecasting wherein
radiational effects emerge as important. Satellite cloud
observations are already established as an integral element
of local forecasting. The success of the satellite vertical
sounders will insure their use in operational numerical
prediction and in the future Global Atmospheric Research
Program (GARP). Additional remote sensing techniques currently being developed for satellite flight may also contribute
a variety of radiational measurements which may prove
useful for the longer range prediction problem. Examples
will be shown of each.
Frontal motion in the atmosphere
E . L . TURKEL

The motion of frontal disturbances in the atmosphere is
studied by means of several nonlinear models proposed by
Stoker. In the first model, the air is considered to be an
incompressible fluid moving over a plane tangent to the
rotating Earth. The fluid consists of two layers and the
387
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density in each layer is assumed to be constant. The hydrostatic pressure law is then used to reduce this to a two-spacedimensional model. The boundary between these layers is a
contact discontinuity and so instabilities may occur at this
frontal surface.
To simplify this model, we assume that the dynamics of
the perturbations in the upper warm air layer can be
neglected. In this case only the motion of the cold air need
be studied. The frontal surface intersects the horizontal
ground in a curve called the front, which is a free boundary
for the cold air. Following the procedure of Kasahara,
Isaacson and Stoker, we make a numerical study of this
model using generalizations of the Lax-Wendroff scheme.
The movement of the front is based on following the motion
of material particles at the front. This study indicates the
development of the occlusion process from an initially sinusoidal frontal pattern. Thus, we show that the qualitative
features of the occlusion process depend only on the
Coriolis and gravitational forces while the thermodynamic
processes can be ignored.
Various initial and boundary conditions are considered,
and a comparison of their effect on the occlusion process is
made. In all cases, the cold front propagates faster than
the warm front, and a relatively strong mass convergence flow
exists behind the cold front only. A cyclonic circulation pattern also appears near the cold front. These facts suggest
the occurrence of severe storms associated with cold fronts,
but not with warm fronts in the atmosphere. The methods
developed here have application to general free boundary
problems in fluid dynamics.
The numerical study of these equations is still quite
difficult and so a one-space-dimensional model is introduced.
Numerical comparison with the two-dimensional model
shows that this simplified theory gives many of the important
characteristics of the frontal motion for reasonable lengths
of time.
The one-dimensional model is then considered for a semiinfinite domain with constant initial and boundary conditions. The solution of this first order hyperbolic system is
expanded in a formal perturbation series. The lowest order
terms satisfy a quasi-linear homogeneous hyperbolic system
of equations. This system can be analyzed by introducing
the Riemann invariants as defined by Lax. Necessary and
sufficient conditions for the existence of continuous global
solutions are given. When these continuous solutions exist,
they can be found explicitly for both subsonic and supersonic flows. The higher order systems are all linear nonhomogeneous equations which can be solved explicitly for
the terms in the expansion. Comparison of the series,
through second order terms, with the numerical solution of
the original system shows close agreement away from the
boundary. These techniques can be used for all nonhomogeneous quasilinear systems where the solution to the
homogeneous system is known.
Radiation and Planetary Atmospheres

Solar radiation maps for IGY and IQSY
D . ASHBEL

World global solar radiation maps are presented here for the
IGY (1957-58) and IQSY (1964-66); maps for radiation balance are included in both series.
A comparison of the IGY and IQSY maps (for maximum
solar activity and for minimum activity years) shows that

the highest annual amount of sunshine on Earth is in the
subtropics of both hemispheres, with an annual daily average
of 500-550 cal cm" (or 182-200 Kcal cm" y r while the
tropics receive no more than 140 Kcal cm yr (or about
380-400 cal cm" day- ).
The temperate zones come third and the subarctic,
Arctic and Antarctic areas come fourth, with 35-40 Kcal
cm yr .
Before the IGY it was not possible to draw maps for the
whole globe because of total lack of observations in areas
beyond 60N or 50S. Since 1956, many stations and observatories functioning in those remote ice deserts give an idea
of the distribution of solar radiation, including polar areas
of both hemispheres.
2

2

-2

2

1

-2

-1

1

-1

The interaction between the ozone and the circulation in the
upper atmosphere
L . BERKOFSKY AND S. GYOERI

A zonally averaged model including photochemistry is integrated numerically to study the effects of transport by mean
meridional motions and by eddy diffusion upon the ozone
concentration. The model contains 22 levels in the vertical
and 18 grid points, from pole to pole, in the horizontal.
Numerical integrations are carried out to study the seasonal
variations in ozone concentration.
The effect of doublescattering by water droplet clouds on
the polarization of laser pulses
A . COHEN, M . GRABER AND J . N E U M A N N

Lidar (Laser-radar) scattering measurements, conducted in
the Department of Meteorology in Jerusalem, from cloud
layers, indicated depolarization values up to 5 = I J I n — 0.7.
Since single scattering alone does not effect the polarization
of the linearly polarized incident light, higher order scattering (double, triple etc.) is responsible for these high 5
values. We present here the calculations of 5 values, based
on Mie scattering theory, for double scattering effects as a
function of the size parameter of the droplets.
On the interpretation of energy and polarization spectral
distributions characteristic of scattering planetary atmospheres
* A . L . FYMAT

Planetary spectra of increasingly high resolution, obtained
from both ground-based and space platform-borne instruments, are becoming available since the development of
interferometric techniques. The analysis and interpretation
of the recorded spectral distributions of intensity and state
of polarization of the radiation field emerging from the free
boundary or propagating towards the interior of a planetary
atmosphere constitute a powerful means of remotely sensing
the structure, composition and optical properties of this
atmosphere.
A theoretical basis for such an interpretation, as yet
nonexistent, is provided particularly when both atmospheric
absorption and scattering are present, as is certainly the
case for Earth, Venus, Jupiter, and probably also for the
other major planets. A plane atmosphere stratified in directions parallel to its free boundary, or to the solid surface
(if it exists) of the underlying planet's body, and exhibiting
arbitrary height profiles of absorption and scattering characteristics is considered. This atmosphere, called inhomogeneous, is characterized by both its single scattering albedo
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and its phase matrix of scattering, and by the variations of
these functions with depth in the atmosphere. The investigation of such a model is necessary if no recourse is made,
as is usual, to assumptions such as isothermalcy and constant
relative concentrations of all absorbing and scattering atmospheric components. In this atmosphere, the diffuse reflection
and transmission of the incident solar radiation are studied
in terms of certain auxiliary functions of scattering (X, Y,
X*, Y*, K, L, K*, L* for finite optical thickness and H, N
for infinite thickness of the medium) which all depend on
the atmospheric opacity and direction of observation. The
set of simultaneous nonlinear singular integral equations
satisfied by these functions is solved analytically using a
multiplicative perturbation technique. The unique solution
of the linearized system of equations is provided in the
form of a Neumann series involving the repeated use of an
integral scattering operator whose introduction is suggested
by the method of solution. The convergence of the series
solution is investigated in general, and examples of domains
of convergence corresponding to isotropic, anisotropic, Rayleigh, and resonance line scattering are delimited. The
region of convergence is generally the smaller the larger the
departure of the scattering process from isotropy; however,
by a judicious selection of the appropriate perturbation
parameters, it is possible to find a solution that is always
convergent. An iteration scheme for computing the solution
is also described. Finally, an error analysis is performed
in the case where the atmosphere is optically semi-infinite,
and error diagrams are drawn for a wide range of perturbation values. These diagrams will be useful for estimating the
maximum relative error to be expected in the solution of any
particular problem when the present perturbation technique
is applied.
In order to demonstrate the working and efficiency of the
method, various illustrative applications are provided in
particular for the class of homogeneous atmospheres, characterized by constant values of the single scattering albedo
in the range (0, 1), that share a common phase matrix of
scattering. It is shown that the solutions corresponding to the
infinite number of elements of this class can all be generated from the solution corresponding to one element of the
class. This application is one particular albedo value, e.g.,
Rayleigh scattering atmospheres of finite thickness whose
solution has so far been obtained only for the value unity
of the albedo. Although in all practical cases investigated the
solution of the linearized system of basic equations has been
found to be very accurate, it is also possible to improve
upon it by using it as the starting approximation in the
iteration of the system, for it yields a smoother convergence
to the final solution at each stage of the iteration process.
Measurement of total atmospheric ozone using sky radiation
A . GHAZI

Instead of measuring total ozone by observing the direct Sun
(if visible) or at the zenith, photometric measurements of
sky radiation are made in the solar vertical plane. The newly
developed spectrophotometer uses filters and a photomultiplier as the light sensor. The wavelengths used are 0.32
0.36 /x, 0.39 /i and 0.47 ji.
Applying a theoretical model of the atmosphere as a primary reduction parameter, the measured spectral intensities
of sky light are compared to deduce total ozone amount.
Preliminary results show a good correlation with the ozone

values obtained by the Dobson spectrophotometer, the
standard instrument.
Ease of operation and continuity of measurements are one
of the advantages of this new method.
Secular and seasonal variations of the turbidity of the
atmosphere at Jerusalem
J . H . JOSEPH AND A . MANES

An extended record of normal-incidence solar radiation
intensity, both in the entire spectrum and in selected spectral
regions (as determined by cutoff filters), is used to study
the turbidity parameters of the atmosphere at Jerusalem.
The radiation data, covering two periods, 1931 to 1933
and 1961 to 1968, were kindly made available by Prof. D.
Ashbel of the Hebrew University, who has pioneered actinometric measurements in this region.
The worldwide buildup of atmospheric aerosol has
become a matter of concern and a close watch on atmospheric turbidity is indicated. A variety of turbidity parameters have been employed by different authors, and it was
therefore found necessary to determine most of those in
general use:
a) Linke's general and short-wave turbidity factors;
b) Schiiepp's turbidity coefficients; and
c) Angstrom's turbidity coefficients.
The latter was determined by applying the recently developed Herovanu-Angstrom method providing the so-called
"true" turbidity coefficient, which is a function of the
amount of particulate matter, /3 , and the wavelength exponent OQ, which is a function of the particle size distribution. Mathematical procedures, suitable for computer treatment, were developed in the course of this study. The secular
and seasonal variations of the turbidity parameters were
determined. The highest values over the year occur during
the transition months from winter to summer. This can be
explained by the high frequency of khamsin weather occurring during this period, associated with the advection of
desert-borne air masses with extremely high aerosol loads.
The measured frequency distribution of particle sizes in
khamsin conditions shows that about 50% are between
40-60 rad. This seems to be in agreement with the low average daily values of the a exponent (as low as 0.6-0.7) found
in the present study to be prevailing under these conditions.
On comparing the turbidity parameters computed from
the radiation record of the 1931-1933 period with those of
the 1961-1968 period, a marked increase in the turbidity is
observed in the latter period, e.g. the average shortwave
Linke turbidity factor shows an increase of more than 10%.
It is doubtful whether this increase can be explained only
by the growth of population and industry in the Jerusalem
area. The global buildup of the aerosol might be reflected
in these results.
0

0

A comparison of atmospheric turbidity between Jerusalem,
Israel-Athens, Greece
G . J . MACRIS

The purpose of this paper is to study the variation of the
turbidity, between Jerusalem, Israel, and Athens, Greece, on
the same dates, under cloudless conditions, and under the
influence of the same synoptic situations.
In effect, we determine the monochromatic turbidity of
air masses by comparison of the actual atmospheric trans389
Unauthenticated | Downloaded 01/09/23 03:15 AM UTC

V o l . 52, No. 5, May 1971
mission at Jerusalem and Athens with the theoretical values
for a pure or molecular (Rayleigh) atmosphere.
For this research we have used pyrheliometric measurements over the period 1962 to 1964 for both stations. The
measurements are based on observations of the intensities
of solar radiation on a normal surface using at both stations
Kipp-Zonen pyreheliometers with two filters and without
filter (total direct radiation).
The variations and the values of atmospheric turbidity
over the regions of Jerusalem and Athens are mainly due
to the influence of various local climatological factors.
Thermal equilibrium calculations of the temperature profile
of the Venusian atmosphere
G . OHRING

Recent spaceprobe and Earth-based observations have provided information on the composition and pressure of the
Venusian atmosphere. This information is used to calculate
the temperature profile of the Venusian atmosphere with the
use of a thermal equibrium model. Under conditions of
thermal equilibrium, the vertical temperature profile is
influenced by vertical convection and radiative heat transfer.
Absorption of solar radiation and emission of infrared radiation by carbon dioxide and water vapor are considered to
be the dominant radiative transfer processes, and are calculated with a nongrey transmission model. The thermal
equilibrium temperatures are calculated with an iterative
scheme. Mean temperature profiles are computed for a
range of water vapor ratios and surface pressures that represents present uncertainties in these parameters. Best agreement with the temperature profiles observed by the spaceprobes to Venus are obtained with a model atmosphere that
has water vapor mixing ratios of order 10~ and surface
pressures greater than 60 atm. Under these conditions the
computed surface temperature is about 700K and the convective layer extends to a pressure of the order of 0.1 mb.
Calculations of the latitudinal variation of the temperature
profile are also performed with this model atmosphere. The
results indicate a variation of Venusian surface temperature
from 765K at the equator to 475K at 80° latitude.
3

Water vapor amounts in the Martian
J . OTTERMAN AND J . H . JOSEPH

atmosphere

It has been hypothesized that the water vapor quantities
in the Martian atmosphere can be of the order of 250 n.
This hypothesis is not inconsistent with experimental determinations, if a pronounced midday "bulge" of atmospheric
water vapor quantities exists with afternoon deposition as
a pronounced process.
Such order-of-magnitude amounts of water vapor have
been recently postulated by Koval and Morozhenko.
The hypothesis of the existence of water vapor amounting
to hundreds of microns, at midday, is examined from the
point of view of the capacity of the atmosphere to contain
such quantities.
Latest experimental atmospheric temperature profiles obtained from Mariner-Mars 1969 are examined, and it is
found that the above water vapor quantities are only a fraction of what the atmosphere can contain according to these
models, in which the tropospheric temperatures rise well
above 180K.
An examination of possible water contents of the atmosphere as a function of Martian time of day is carried out for

various latitudes. This examination leads the authors to
the conclusion that if a daily bulge is indeed very pronounced, than it is slanted well towards the early afternoon
and, accordingly, examination of Martian water vapor
quantities at the sub-Earth meridian by the Doppler-shift
method should yield higher values after the opposition than
before it, other conditions being equal.
Recent experimental determinations of water vapor quantities are reviewed from the point of view of the daily bulge
hypothesis.
General Atmosphere

Surface wind divergence over the tropical Indian Ocean
M . HANTEL

The wind data of the "Dutch Atlas" (Kon. Ned. Met. Inst.,
1952) were used to compute monthly charts of surface wind
divergence over the Indian Ocean, on a 2° X 2° basis. Compared with the over-detailed divergence chart of van Dijk
(1956) for January, the present compilation (which uses an
objective filtering method to smooth the errors and the
inhomogeneities of the observations) exhibits mainly regional and large-scale patterns. The monthly divergence
charts show, besides a general convergence in the inner
tropics and general divergence over the subtropics, strong
annual fluctuations on the Northern Hemisphere. They also
exhibit regional differences between the Arabian Sea and
the Bay of Bengal.
The charts are discussed in connection with the cloud
and precipitation pattern (as observed from the ocean's
surface) as well as with satellite pictures (Sadler). Hints for
the existence of a double ITCZ are found. Over the Northern
Hemisphere (0°-10°) a jump of the wind divergence in April
from convergence to divergence and a similar jump in
September-October from divergence to convergence is observed; this is an outcome of the turnover of the Indian
circulation due to the monsoonal rhythm.
Global determination
measurements

of winds from satellite

temperature

* R . J ASTRO w

Abstract not available.
Computer prediction of precipitation
cities in the United States

probability for 108

W . H . KLEIN

The "perfect prog" method of combining numerical and
statistical weather prediction is applied to develop an automated system for forecasting the probability of precipitation
at 108 cities in the mainland of the United States during
daytime and nighttime periods from 12 to 60 hr in advance.
Multiple regression equations are derived from a 5-yr sample
of data for each city and each season of the year by screening
twice-daily geographical arrays of the following predictors:
initial 850-mb height, initial 850-700-mb mean dew point
depression, and previous 12-hr precipitation at the network
of surface stations. Each of the three predictor fields contributes about equally towards explaining the variance of the
observed precipitation, but considerable geographical and
seasonal variation is exhibited by the equations. The forecast system is applied in an iterative fashion in 12-hr time
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steps by using as input numerical predictions of height and
moisture at standard grid points as well as prior values of
precipitation. The resulting computerized forecasts of precipitation probability, when applied on an operational basis
in real time, should offer valuable guidance to the local
weather forecaster.

and Deganya. Large differences in the intensity regimes over
the rainly season were found between some stations.
Storm patterns. The distribution of intensities during large
storms was computed for the following stations: Tel-Aviv,
Lod, Yavne, Jerusalem and Afula. The results of this study
are useful in defining design storms.

Analysis of rainfall intensities in Israel

On the subtropical jet stream as a predictor of the autumnwinter rainfall in the Middle East and neighboring regions

Z. SCHEIN AND N . BURAS

Intensity-duration-probability relations are a basic tool in
the design of drainage and soil-conservation projects. Nevertheless, no comprehensive, quantitative study of these relations has been published until now in Israel. The main
purpose of this study is to try to fill this void, and to
supply engineers and other technical personnel with design
data on short duration rainfall intensities.
The main part of this study is devoted to the probability
analysis of the annual and partial series for various durations at 17 index stations. The following 17 stations were
chosen: Acco, Haifa, Even-Yitzhak, Ein-Hahoresh, Tel-Aviv,
Lod, Yavne, Dorot, Beer-Sheva, Mashabel-Sadeh, Mt. Canaan,
Afula, Beit-Jimal, Jerusalem, Dafne, Deganya and MaozHayim. The durations analyzed were 15, 30 and 60 min, and
2, 6 and 12 hours. The modified log-normal and "Gumbel"
distributions were used. The results of these analyses were
summarized in depth-duration-probability curves, for probabilities of 80%, 50%, 20%, 5% and 1%. These curves are
suggested as basic design tools.
Many difficulties were encountered during the study, because of the large differences in the length of the records
(including very short periods of record) and because of the
varying quality of data. Various tests were made, both
quantitative and qualitative, in order to estimate the reliability of the suggested design curves. Tests were made on
the time representativeness of the period of record, on the
length of record relative to the variance of the series, and
on the general quality of the data.
Daily rainfall data are more plentiful and of better quality
than the data derived from recorders. Although these data
represent a long duration, a considerable effort was made to
use them for two main purposes: to supplement data on
short duration probabilities through analysis of daily rainfall, and to define the area represented by each family of
curves.
Promising relations were found between daily and shortduration rainfall. High correlation coefficients were found
between daily rainfall and the 12- and 6-hr durations, and
rather stable ratios were found between daily rainfall for
various probabilities and short-duration amounts for the
same probabilities.
The areal distribution of point rainfall intensities over the
country was defined by two methods:
Four isopluvial maps were prepared (from the 17 index
points) for the following combinations of duration and
probability: 1) 60 min, 50%; 2) 60 min, 5%; 3) 12 hr, 50%;
and 4) 12 hr, 5%.
A map was prepared, using daily rainfall data from 54
stations, in which each index station was assigned an area.
Two additional studies dealing with rainfall intensities
were also treated to some extent:
The seasonal effect. In this study, the varying probabilities
of the events for all months of the rainy season were examined for 5 stations: Haifa, Tel-Aviv, Lod, Mt. Canaan

I. I. SCHELL, W . M . LEVI AND Z. D . GOKART

An analysis of the subtropical jet stream in the Mediterranean (1952-1969; n = 14) showed a tendency for a stronger
jet stream, for example, during the late summer-early
autumn to be associated with heavier rainfall the following
late autumn-early winter in the Middle East and neighboring
regions, but lighter rainfall to the north as the subpolar jet
stream is drawn southward and the ascending air motion
over the Mediterranean is intensified.
Optimum station network in the tropics
G . STEINTZ, A . Huss, A . MANES, R. SINAI AND Z. ALPERSON
The meaning of a "sufficiently dense station network" is
rather obvious. An "optimum density network," however, is
dependent on the definition of optimum.
The present investigation, based on the statistical method
of interpolation developed mainly by Gandin, defines
optimum density as that density of stations which makes the
error of interpolation equal to the error of observation.
Of course, for each meteorological element a separate optimum density has to be derived, which will depend on the
proposed interpolation scheme and on the error of observation as well as on the correlation functions.
Our correlation functions were computed as best fits to the
scatter diagrams of correlation coefficients vs. distance in
the sense of least squares of sets of preconceived suitable
functions. In principle, the error of observations should be
derivable from the same diagrams; however, the actual scatter
was far too wide to rely on such a procedure. Accordingly,
we represent our results not for one random error of observation but for a whole range covering all reasonable
assumptions.
The observations used in our investigation are those of
145 stations in the tropics north of the equator. The period
of observations covers approximately 5 yr. All data used
had to conform to certain criteria as to reliability and
statistical significance.
As is to be expected, different meteorological parameters
do lead to different optimum densities. Some details of our
findings are discussed.
The behavior of the space correlation coefficients shows
some peculiar features, which should be studied in more
detail; e.g., the positive correlation coefficients for short
distances of V^o decrease rapidly to become negative from
about 1500 km up to 4500 km with a minimum near 2800
km; at great distances correlation coefficients become again
positive.
Besides this "average" behavior, as expressed by the correlation functions, we have found a rather large scatter of
the individual coefficients. Even at great distances some high
positive as well as negative correlation coefficients are found.
Of course, these results somewhat invalidate our method of
investigation, which is based on the assumption of homo391
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geneity and isomorphy in the distribution of the correlation
coefficients.
The annual wave in the temperature of the troposphere
and loiv stratosphere

A flood in some parts of the German Alps south of Munich
will be taken as an example. This flood happened during
the period 9 to 11 August 1970 after a precipitation locally
of nearly 300 1 m~ within 60 hr. This case is classified as
rain type 1, but it was also influenced by type 4.
2

H . VAN LOON AND R . L . J E N N E

We have made harmonic analyses of the mean monthly temperature at standard levels to find the amplitude and phase
of the annual wave. The maps of the amplitude and phase
at the surface, 500 mb, and 100 mb are sufficient to describe
the wave in the troposphere and low stratosphere. Among
other points we stress the two following:
1) In the lower half of the troposphere it is plain that the
difference between the effect of land and water on the
annual wave is reflected not only in the expected larger
amplitude where land prevails, but also in a diminishing
amplitude with increasing latitude over the open ocean
poleward of the subtropical ridge. This is in contrast to
the conditions over land in the same latitudes, and is a
planetary property of an ocean surface, related to the heat
balance of the ocean's mixed layer.
2) In the low stratosphere in both hemispheres there
are marked peaks in the amplitude—roughly between 25
and 40 S and between 30 and 45 N—in regions where the
annual wave has its maximum in the winter of the hemisphere. We suggest that this is associated with the seasonal
change in the vertical shear of the subtropical west wind
above the latter's peak near 200 mb. The fact that the shear
is larger above the peak in winter than in summer implies
that the equatorward drop of temperature in the low stratosphere, in accordance with the thermal wind relation, must
be steeper in winter than in summer. This is accomplished
by the temperature's rising from summer to winter at 100
mb on the poleward side of the subtropical wind maximum.
A short contribution to the synoptics of flood situations in
Central Europe
W . WEHRY

In order to describe and predict heavy precipitation situations, five different rain types have been established for the
area of Central Europe giving the general atmospheric circulation; in addition the numerically computed 72-hr 500-mb
contour maps were taken into account to confirm the
forecast. A "heavy precipitation situation" is defined as a
situation with rainfalls of more than 50 1 m (2 inches)
within 24 hr over an area of at least 50 km . In the area of
Central Europe (Germany, Austria, USSR, and Poland)
about 25 cases are registered each year, but only a few cases
lead to flooding because other parameters such as topography
and the water supply of the rivers are involved. In detail
the five rain types are defined as follows:
1) Rain caused by topography (moist air damming up against
mountains),
2) Stationary frontal zones,
3) Upper lows (cold pools),
4) Mediterranean-influenced lows in Central Europe (Vb-type
lows according to van Bebber),
5) Thunderstorms in easterly flow (in summer only; showing
moist warm air from the Black Sea damming up from the
east).
-2
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The heat flux density patterns in an anisotropic desert soil
M . FUCHS AND A . HADAS

A large fraction of the net radiant energy absorbed by
desert soils is dissipated in the form of soil heat flux
density. Energy exchange processes at the interface between
the atmosphere and the ground are strongly affected by
changes of the soil thermal properties resulting from cultivation and irrigation of desert soils.
The classical solution of the heat flow equation cannot
predict these changes because of the vertical heterogeneity of
the thermal properties due to space and time variations of
the water content, bulk density, and state of aggregation of
the soil.
This work shows that the effect of soil condition changes
on the relationship between the diurnal patterns of the
radiant energy exchange in the atmospheric surface layer
and of the measured soil heat flux density.
In situ determinations of the soil thermal properties are
compared with those computed from Lettau's theory based
on a Fourier analysis of the diurnal variation of soil temperatures and soil heat flux densities.
Plume rise evaluation—fact and myth
H . MOSES

The literature is replete with plume rise formulas, many
of which have been designed from a limited set of data and
have little general applicability. This paper reviews the
formulas currently available in the literature and provides a
critical evaluation of their effectiveness using data ranging
from those of small chimneys to those of large power stacks.
Information is presented to allow the calculation of meaningful plume rise values which may be applied in practical
diffusion calculations.
Drag on a windbreak in a two-dimensional flow
I. SEGINER AND R . SAGI

A method is proposed for calculating the drag force and the
moment exerted by the wind on a windbreak placed perpendicularly to the wind direction. The balance of forces and
of moments on a carefully selected control volume, with
faces far enough from the windbreak, yields very simple
(approximate) equations for the determination of the drag
and the moment from pressure and shear measurements at
the surface. For aerodynamically rough surfaces, the shearing
stress can be deduced from wind measurements on one
mast placed in the undisturbed flow and from measurements
near the surface along a line perpendicular to the windbreak. Existing experimental wind data from the literature
are used to illustrate the proposed method, resulting in a
suggestion that actual drag on a windbreak could be less
than previously determined.
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Parameterization of mixed layer convection in a model of
haline convection in the ocean with application to the
Weddell Sea
H . SOLOMON

The vertical circulation driven by the seasonal formation of
sea ice is calculated numerically in an idealized two-dimensional (vertical and horizontal) ocean. Salt and momentum
are assumed to be vertically well-mixed in a surface mixed
layer; this mixing is parameterized using the concept of
conservation of potential energy as developed by a number
of workers, principally Ball, and Kraus and Turner.
Application of this model to the Weddell Sea shows
that a net sinking of surface water and its outflow as Antarctic Bottom Water, in the amounts in which bottom water
has been estimated to flow out, cannot be driven by the
density gradient set up by seasonal ice formation. Either a
stronger driving force must be found, or there must be
some other mechanism of the formation of Antarctic Bottom
Water—possible vertical mixing (rather than net sinking) in
the Weddell Sea, combined with outflow as part of a circulation that is essentially horizontal (restricted to lower levels).

1 to r: V. L. Tokatly, chairman, Israel Meteorological
Society; S. Perez, Israel Minister of Transport and Post;
Prof. Z. Alterman, Chairman, Israeli Organizing Comittee;
Prof. George S. Benton, Chairman, American Organizing
Committee; Prof. B. Sharfstein, Vice Rector, Tel-Aviv
Universitv.

Some of the participants at the international conference.

The eddy viscosity in the planetary boundary layer as related
to the turbulent kinetic energy

F . WLPPERMAN

Abstract not available.
Instruments

Balloon-borne radio altimeter
N . LEVANON

A newly developed radio altimeter enables geometric altitude measurement of meteorological balloons up to altitudes
of 30 km. The one-second averaged random error is smaller
than 0.1%. The 1-W peak-power pulsed radar is simple and
light enough to be carried aloft by a regular sounding
balloon together with a radiosonde. Flight tests were conducted on standard radiosonde flights and on board GHOST
balloons.
This paper briefly describes principles of operation and
results of flight tests. It suggests possible applications in the
areas of improvement of atmospheric sounding and new
scientific experiments.

M. Gilead and G. Steinitz of the Israel Meteorological Service.

Receiving line, AMS Reception, 1 to r: Evelyn Mazur, AMS
Assistant to the Executive Director; Dr. Kenneth C. Spengler,
AMS Executive Director; Mrs. Spengler; Prof. George S.
Benton, The Johns Hopkins University; Mrs. Benton.
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Some of the AMS Organizing Committee: Prof. Yale M
University of California at Los Angeles; Mrs. Mintz;
George Ohring, GCA Corp., Bedford; Mrs. Berkofsky;
Louis Berkofsky.

Prof. Ferdinand Baer, Colorado State University, Fort Collins,
and Evelyn Mazur, AMS.

1 to r: N. Levanon; Dr. G. Arnason, Center for the Environment and Man, Inc., Hartford; Dr. Archie Kahan, Bureau of
Reclamation, Denver; Mrs. Kahan; Mrs. Benton; and Prof.
George S. Benton on a tour of the Israel Meteorological
Service.

Executive Director Spengler greeting guests at the
AMS Reception.

D r

Robert Jastrow (left), Goddard Institute for Space Studies,
NASA, N. Y., and N. Levanon, Tel-Aviv University.

At a reception, hosted by the Mayor of Tel-Aviv, are Mrs.
Kahan; Dr. F. Wipperman, Institut fur Meteorologie der
Technischen Hochschule, Darmstadt, Germany; Mrs. Benton;
Dr. H. K. Weickmann, NOAA Research Laboratories,
Boulder; Prof. George S. Benton; unknown; Deputy Mayor.
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Israel Deputy Mayor and Dr. Morris Tepper, NASA,
Washington, D. C.

S. Gadish, Israel Meteorological Service, and
M. Miller.

Harry Moses, Argonne National Laboratory, 111., talks with
M. Gilead, Israel Meteorological Service.

Mr. and Mrs. R. McPherson, National Meteorological
Center, NOAA, Suitland, and Dr. Edwin Kessler (right),
National Severe Storms Laboratory, Norman.

Prof. E. S. Epstein, University of Michigan, Ann Arbor;
J. H. Joseph, Tel-Aviv University; and H. J. Bolle, Meteorologisches Institut der Universitaet Munchen, Germany.
395
Unauthenticated | Downloaded 01/09/23 03:15 AM UTC

A COLLECTION OF PREPRINTS OF PAPERS PRESENTED[AT THE

FOURTH NATIONAL CONFERENCE
ON

AEROSPACE METEOROLOGY
Sponsored by

American Meteorological Society

Volume price:
$20 nonmembers
$15 A M S members

and

American Institute of AeronaMtics and
Astronautics
M a y 4-7, 1970
Las Vegas, Nevada

The
National
space

theme

of the
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Conference on Aero-

Meteorology
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meteorol-

ogy in design, test, and operation of
current and future aerospace vehicles which
included balloons, aircraft of all types, rockets,
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missiles, space vehicles, and satellites.

The two main

categories of papers were: a) Meteorological studies related to aerospace system design and operational problems,
b) Engineering studies of the influence of meteorological parameters in mission planning, design, test, and operation of aerospace
systems.

Approximately 70 papers were discussed providing a valuable

exchange of communication between scientists and engineers concerned with
identifying and solving problems included in the following sessions:

Aerospace platforms in meteorology
Meteorology in aerospace design and operations
The orbital altitude atmosphere (Earth, Venus and Mars)
Accuracy of meteorological instrumentation for aerospace systems support
Special meteorological instrumentation for aerospace systems support
Low level winds and loads on launch vehicles
Inflight winds and loads on launch vehicles
Atmospheric structure of upper stratosphere and mesosphere
Visual and microwave "seeing"
Atmospheric turbulence (CAT, etc.)
Cruise problems
Aerospace vehicle noise and pollution problems
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