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Abstract

The first of the IGY World Weather Maps have already
appeared but due to limited distribution their existence
might not be known to many potential users. This note
is intended to draw attention to the Southern Hemisphere maps and to describe the procedure developed
for obtaining 500-mb maps over the extensive ocean
areas where no upper air stations existed during the
International Geophysical Year (IGY). Brief reference
is made to the available data and to the principles of
frontal analysis which have been followed. The views of
the analysts on the reliability of the maps are given because this will be a vital question in the minds of serious
research workers.
In 1955 the Weather Services of the United States, the
Federal German Republic and the Union (now Republic) of South Africa undertook to prepare and publish
daily sea level and 500-mb maps for the Northern Hemisphere (20N to the North Pole), the Tropical Zone (25N
to 25S), and the Southern Hemisphere (20S to the South
Pole). The long delay in the preparation and publication of the maps is firstly due to the late issue of some
of the IGY microcards containing the data and secondly
to the magnitude of the task, which was underestimated
at the beginning. The maps are being coordinated in
the overlapping zones (20th to 25th parallels of latitude).
At the present rate of progress it is unlikely that all of
the maps will have been issued before 1966.
The data used for the Southern Hemisphere maps are
mainly those contained on the IGY microcards published
by the W M O Data Center C. However, it was found that
a considerable number of ships' observations in this
Hemisphere was not submitted to the Data Center. This
includes many vital observations made on whaling ships
in the Antarctic Ocean, as well as a great number of reports received by radio from ships which crossed sparsely
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Attention is drawn to the IGY World Weather Map project of the United States Weather Bureau, the Federal German Weather Service and the South African Weather Bureau. Reference
is made to the data and the procedures used for sea level analysis of the Southern Hemisphere
maps. The procedure for obtaining 500-mb maps over the large areas of the Southern Ocean
where no sounding stations existed is described, and the reliability of sea level and 500-mb maps
is discussed.

1. Introduction

2. Data
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covered areas. Therefore it was decided to utilize also
these unchecked observations and to include them on
the published maps. Similar use was made of a large
number of observations copied from the deck logbooks
of ships which crossed the southern oceans without reporting by radio or submitting logs to their national
meteorological institutions.
T h e surface data coverage shown in Fig. 1 (27th February 1958) can be taken as representative of the summer months, December to March, when whaling and
expeditionary ships operate in the Antarctic Ocean.
Whaling was permitted in the central Pacific sector of
the Antarctic Ocean during the 1957/1958 season but not
during November and December 1958. T h e network of
land stations remained roughly constant throughout the
IGY, but as in other years ships were rare south of the
40th parallel from April until late November.
The upper air network during the IGY is indicated
in Fig. 5. A small number of stations started observations toward the end of 1957 and a few others operated only temporarily, but otherwise the number of
radiosonde stations remained about 60 and the P I L O T
stations about 100 throughout the IGY. The effective
coverage of the radiosonde network in the Southern
Hemisphere during the IGY has been graphically depicted by Taljaard and Van Loon (1960) and by Obasi
(1963). It is clear that only the four continents and a
small ocean area east of Australia (including New Zealand) were sufficiently covered for objective upper air
analysis, leaving two thirds of the hemisphere either
blank or very sparsely covered.
3. Sea level analysis

The procedures for sea level analysis, and particularly
the principles employed for frontal analysis, have been
described by Taljaard et al. (1961) and will not be repeated here, but a few remarks on fronts are relevant.
About 60 time sections of the 6-hourly observations at
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FIG. 1. Sea level weather map (1200 GMT) for Southern Hemisphere south of 15S for 27th February 1958.
Dots represent reports from fixed stations and double circles are ships' reports.
the isolated island and Antarctic stations and at selected
subtropical land stations, and aerological diagrams of
the soundings at roughly two thirds of the 60 upper air
stations south of 15S were plotted, in addition to the
ships' observations of all hours. In this way it was attempted to make the fullest use of all the available data,
particularly for frontal analysis which forms an indispensable framework for obtaining plausible sequences
of systems over the sparsely covered southern oceans.
T h e definition adopted (Taljaard et al., 1961) for a
front which is of sufficient significance to be indicated
on a hemispheric weather map, is the following:
A front is a narrow sloping layer with a vertical extent
of at least 3 km, across which the temperature changes
sharply in the horizontal direction by an average of at
least 3C in subtropical regions and 4-5C in middle latitude and polar regions.
This definition was formulated as a basis upon which
to start the analysis of fronts on the IGY maps, but the

subsequent work confirmed that fronts vary through
wide limits as regards intensity, shape and the vertical
extent of the transitional layers. With only 6-hourly surface observations available and upper air soundings at
12 or 24-hourly intervals, it is seldom possible to determine whether a change of several degrees in the temperature of the air column over a station has occurred
within a narrow sloping layer or whether it has taken
place in a more gradual way, or even started at levels
other than those to be expected from the definition.
T h e fronts which now appear on the published maps
can be described as relatively narrow zones in which the
horizontal temperature and wet bulb potential
temperature gradients greatly exceed those of the surrounding
extensive air masses. T h e inclusion of the gradient of
the wet bulb potential temperature in this definition is
essential for the interpretation of the fronts indicated
on the IGY maps. It stresses the view that fronts are
not only temperature discontinuities but also air-mass
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boundaries. This is not in conformity with the conceptions of some dynamical meteorologists who consider
fronts to be determined solely by the gradient of the virtual temperature, i.e., by the density gradient.
In practice it is found that appreciable temperature
changes in middle and high latitudes are mostly associated with changes in wet bulb potential temperature
too; but in regions where subsidence inversions predominate, such as in the subtropical high pressure and trade
wind belts, temperature changes often tend to be accompanied by small or insignificant changes in the wet bulb
potential temperature. This kind of change cannot be regarded as indicating the passage of a true front because
it is mainly due to vertical displacement of the inversion
layer, caused by low-level divergence or convergence. It
is true that the inversion layer may acquire an appreciable front-like slope and therefore become dynamically
similar to a front, but "fronts" of this nature have as a
rule not been indicated on the IGY maps. Distinction
can be made between temperature and moisture fronts,
the latter being indicated by a strong horizontal change
in moisture but not in temperature, i.e., by an appreciable change of the wet bulb potential temperature
only. Cases where successive soundings indicate the passage of moisture fronts are quite frequent, but such cases
were not considered as frontal passages if there was no
corroborative evidence in the form of marked discontinuities in pressure tendency, wind, clouds and hydrometeors, at the same time. In practice a sharp change
in huniidity which is not also accompanied by a change
in temperature of more than 2C through a substantial
part of the column, was either analyzed as frontolysis or
not accepted as a front. The difficulty in such cases is
mostly that one has no clear proof of what the situation
was like at the actual time of passage of the frontal
feature.
4. 500-mb analysis

T o reduce the handicap caused by the lack of upper
air observations over large parts of the Southern Hemisphere, a method of 500-mb analysis was devised which,
although it can never achieve the accuracy of an analysis
based on an adequate number of observations, yet contains a measure of consistency and gives a reliable picture of the large-scale features of the atmospheric circulation. T h e basis of the method was described by Taljaard and Van Loon (1960) and the monthly mean 1000500 mb thickness maps needed were published by Van
Loon and Taljaard (1958). T h e final procedure was developed during the course of analysis.
T h e usual method of extrapolation for obtaining the
heights of isobaric surfaces is to construct hypothetical
temperature soundings based on reported surface temperatures, dew points, cloud types and hydrometeors.
This method can obviously not be applied over those
extensive regions of the Southern Hemisphere where no
observations are available at all. Furthermore, the surface observations are often not representative of free

air conditions, e.g., over the Antarctic Ocean where during summer the surface air temperature seldom varies
through more than 3C and often shows no change before and after the passage of fronts or troughs. Therefore the procedure described below was devised so as
to be largely independent of surface observations, the
use of lapse rates, and the repeated calculation of virtual
temperatures.
T h e method consists of estimating the deviation of
the 1000-500 mb thickness from normal under different
synoptic conditions, and the 500-mb map is obtained by
adding this deviation, the normal thickness, and the
1000-mb height derived from the sea level map. The relationships between thickness deviation from normal
and synoptic condition in the southern west wind belt
were established by studying the upper air soundings at
Marion Island (46°53'S, 37°52'E) in conjunction with
the daily historical maps of three years. The results obtained were tested by applying them at four other island
stations in the west wind belt. The correlation coefficients between estimated and actual thickness deviations
from normal at these four stations ranged from + 0.66
to + 0.78. This is regarded as proof that the method
can be applied to obtain realistic 500-mb geopotentials
from sea level maps in the zone between about 30 and
65S.
The example of 27th February, shown in Figs. 1 to 5,
is used to explain the procedure. T h e steps in the analysis are as follows:
Step 1. The sea level map (Fig. 1) is converted to a
1000-mb map and added graphically to the monthly or
decadal mean thickness map (Fig. 2). T h e resulting map
(Fig. 3) is the uncorrected 500-mb map for the particular
day as it would have looked if the thickness everywhere
had been normal.
Step 2. At each radiosonde station the deviation from
normal thickness is determined by comparing the actual
500-mb height with that on the uncorrected 500-mb map
and this deviation is plotted on a third map which might
be called the deviation map.
Step 3. T h e deviation map is then superimposed over
the sea-level map on a light table and the corresponding
maps for the previous and the following days are displayed in a convenient position for enabling the analyst
to follow the successive deviations over a period of three
days. Guided by these actual deviations and the positions
of fronts and the pressure patterns, the analyst enters
lines of equal deviation on the map as shown in Fig. 4.
Many considerations enter into the process of estimating
the thickness deviations, but the results found by Taljaard and Van Loon (1960) are mainly applied at this
stage. The extent and speed of the meridional displacement of air masses, the probable vertical movements
indicated by developments, and other considerations all
enter into the estimation of thickness deviations. However, the sequences of the actual deviations at stations
form the basic control and often show that the general
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"level" of the thicknesses is above or below normal over
extensive areas.
Step 4. Finally the uncorrected 500-mb and the deviation maps are graphically added and the result, after a
limited amount of smoothing and adjustment of the
gradients to fit the observed winds, is the 500-mb map
(Fig. 5).
In practice the uncorrected 500-mb and deviation
maps are drawn on a single sheet of transparent paper
as this considerably facilitates the procedure. It is found
that after a good deal of experience a 500-mb map can
be prepared in this way by one person in 6 to 9 hours,
depending on the complexity of the surface and deviation maps.
Over the continents and well covered oceanic areas,
such as the vicinity of New Zealand, this method is
clearly unnecessary. It is found that the relationships
between surface pressure patterns and thickness deviations are poor in the subtropical zone, but the standard
deviations of upper air temperatures and thicknesses are
fortunately very small north of about the 30th parallel
of latitude. Also in the Antarctic region the relationships
between surface pressure patterns and thickness variations are more ill-defined than in the west wind belt, but
fortunately, again, Antarctica was fairly well provided
with sounding stations during the IGY.
It has to be pointed out that the synoptic times for the
500-mb maps of the IGY are 0000 GMT in the Australasian region and 1200 G M T for the remainder of the
Southern Hemisphere, while the time for the sea-level
maps is 1200 GMT throughout. This introduced a complication in the construction of the 500-mb maps, since
it was impossible to prepare special 0000 GMT sea-level
maps for the Australasian region. The result is that the
extrapolation procedure described above was not carried out in the vicinity of and over Australia and New
Zealand. The 0000 GMT analyses over these territories
were simply linked up with the 1200 GMT maps in the
best possible way along the boundaries indicated in
Figs. 3 and 4.
There are several sources of error inherent in the above
method of constructing the 500-mb maps over the southern oceans, but under the given conditions it is thought
that no method can be devised which is more objective.
The errors can arise in the following ways:
(1) It is obvious that the sea level maps may be wrong
in the blank areas both as regards pressure distribution
and fronts. Wrong pressures will cause errors of the same
magnitude on the uncorrected 500-mb maps, while
wrong frontal analyses will affect the deviation maps.
The combined errors can be of any magnitude, depending on the distances from observing stations.
(2) The monthly or decadal mean thickness maps used
in the graphical addition to obtain the uncorrected
500-mb maps may be wrong. The data used for constructing the mean maps were heterogeneous and over
South America and Antarctica the only stations with
sufficiently long periods of observations were Port Stan-

ley and Argentine Islands. Over wide ocean areas, particularly in the South Pacific Ocean, the mean thickness
maps were compiled by using surface mean air temperatures and average lapse rates determined for island
stations in the west wind belts of the Atlantic and Indian Oceans. Although the assumption of similar lapse
rates in the three southern oceans might not be entirely
valid, it is estimated that due to the well known comparative simplicity of mean thickness maps the errors
in the monthly mean thickness maps used will seldom
exceed five dekameters.
(3) The estimates of thickness deviations from normal
may be wrong. As indicated in Table 5 in Taljaard and
Van Loon (1960) this kind of error can exceed seven
dekameters in about one out of every five cases.
In some instances the errors from the various sources
will be additive and in other instances not. On occasion
the errors might be considerable. However, if the maps
are combined into averages for three days or more they
should be accurate enough to be used in studies of the
general circulation, especially during summer when the
presence of whaling fleets and expeditionary ships ensured fairly reliable sea level analyses.
5. Reliability of the maps

The reliability of a series of weather maps depends primarily on the network of observations and secondly on
the analytical skill with which the observations from
sparsely covered areas have been integrated to construct
consistent synoptic sequences. The advantage of historical analysis, of which the IGY series is an example,
over current analysis is that an optimum number of
observations, including post-date conditions, are available for analyzing the maps in the sparsely covered areas.
Therefore the reliability of the IGY maps of the Southern Hemisphere ought to be greater than that of maps
for restricted areas which were prepared currently by
Meteorological Services during the IGY. However, it was
impracticable to study and analyze the maps of each day
as meticulously as can be done for particular case studies.
The main features of the distribution of reliability
can be gauged from the data coverage for 27th February
1958 (Figs. 1 and 5) and from the remarks in Section 2.
Fig. 6 illustrates the views of the analysts on this question. The diagrams could have been prepared in an objective way, e.g., by using the distribution of the total
number of observations per month or season in each
area and taking the variability of the pressure in each
area into account, but little would have been gained in
this way above the subjective way in which the diagrams
were actually constructed. Factors taken into account in
addition to the fixed network and the normal distribution of ships are the synoptic activity as revealed by the
numbers, intensities and speed of movement of systems
in the various regions and the clustering or random distribution of ships along the sea routes and in the whaling
grounds.
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FIG. 2. Monthly mean 1000-500 mb
thickness map for the Southern Hemisphere south of 15S. Isopleth intervals
4 geopotential dekameters. (After Van
Loon and Taljaard, 1958.)

FIG. 3. Uncorrected 500-mb map
(1200 GMT) for Southern Hemisphere
south of 15S for 27th February 1958.
The height units are geopotential
dekameters.
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FIG. 4. Isopleths of 1000-500 mb
thickness deviation from normal at
1200 GMT on 27th February 1958.
Zero deviation indicated by shortdashed lines, negative deviations by
thin long-dashed lines and positive
deviations by solid lines. Isopleth intervals 4 geopotential dekameters.

FIG. 5. Corrected 500-mb map ror
1200 GMT on 27th February 1958.
Circles with dots represent radiosonde
soundings on 27th February, large
open circles are IGY radiosonde stations with no soundings on this date,
dots and small open circles are IGY
PILOT stations with and without
soundings, respectively, on this date.
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FIG. 6. Reliability of IGY sea level (a and b) and 500-mb (c and d) maps for the Southern Hemisphere south of 15S.
Blank areas indicate good reliability, hatched areas medium reliability and cross-hatched areas poor reliability.
The improved coverage during summer in the Antarctic Ocean necessitates the construction of two diagrams for both the sea level and the 500-mb maps. The
reliability of the 500-mb maps over the Antarctic Ocean
is considered to be increased appreciably by the improvement of the surface analysis in this season.
Three categories of reliability are used, viz. good, medium and poor. A map is considered to possess good reliability if not only the main systems are correct but
also most of the details. It is poorly reliable if only the
major features are qualitatively correct. Medium reliability implies that the main features are not only qualitatively correct but that occasionally the details are also
correct and that quantitative deductions, particularly as
regards mean conditions, can be made with confidence.
Since the total range of reliability of the Southern

Hemisphere maps varies from high over and immediately
around the continents, to almost zero in the central
South Pacific Ocean, some latitude must be allowed for
each of the categories. Thus the shipping route between
South America and South Africa and portions of the
Antarctic Ocean in summer are included under good
reliability, even though the data coverage over these
areas is deficient from time to time depending on the
movement of ships. The shipping route between South
Africa and Australia is included under medium reliability, but there is occasionally a sufficient number of ships
along the route to make the maps reliable.
It will be seen that the reliability for the regions north
of approximately 40S remains unchanged throughout the
year. Further south the reliability diminishes from summer to the remaining part of the year, designated as
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"winter," except over and immediately around Antarctica where the coverage remains nearly the same
throughout the year. The interior part of East Antarctica is left blank on the sea level maps because no
analysis was attempted for this region. On the 500-mb
maps the analysis over the ice cap is considered to be
of medium standard, partly because the heights above
sea level assumed for the stations Vostok 1 and Vostok
appear to be consistently somewhat too high and too
low, respectively.
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announcements

University of Washington assistantships

The Department of Atmospheric Sciences of the University
of Washington announces the availability of a number of
teaching assistantships and research assistantships to eligible
graduate students beginning 16 September 1964. The teaching assistantships are funded by the university, and the research assistantships by contracts and grants. Both of these
assistantships provide a monthly payment of $280 for 9
months from which the appointee pays resident tuition of
$100 per quarter. An appointee is required to carry an academic load of 9 quarter credits. Higher rates are available
for full-time summer work on most of the research assistantships. Two traineeships are available from NDEA Title IV
for those who desire to specialize in cloud physics.
The Department awards the Master of Science and Doctor
of Philosophy degrees. Course offerings and program of study
provide a broad exploration in the atmospheric sciences with
emphasis on energy and motion, cloud physics and precipitation processes, high atmosphere and air-surface interaction.
A student normally takes additional mathematics and physics
and may select studies in other fields such as oceanography,
chemistry, aeronautics and astronautics. Entering graduates
do not need an undergraduate major in atmospheric sciences
but must have a strong background in mathematics and
physics.
Some of the research in progress in the department includes the following: air-sea interaction (much of this with
the Indian Ocean Expedition), large and small scale motions,
polar and glacier meteorology, turbulence, ozone, instrument
development, and radiation.
The Department is an active participant in a newly developed interdisciplinary graduate program in Geophysics
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leading to both Masters and Ph.D. degrees. A student who
enters this program is expected to have a strong background
in physics and mathematics and to have some familiarity
with chemistry. A one-year senior introductory geophysics
course encompassing the atmosphere, the ocean and the solid
earth is offered. The program permits a very wide variety of
specializations in geophysics.
Application forms and further information may be obtained by writing to Professor Phil E. Church, Chairman,
Department of Atmospheric Sciences, University of Washington, Seattle 5, Wash.
Meetings of interest

13-15 April: Institute of Environmental Sciences, Annual
Technical Meeting and Equipment Exposition, Sheraton
Hotel, Philadelphia, Pa. Theme: Reliability versus Reality.
Contact: Richard Tuft, IES 1964 Publicity Chairman, General Electric Co., Missile and Space Dept., 3198 Chestnut St.,
Philadelphia, Pa.
21-23 April: Third Plowshare Symposium on Engineering
with Nuclear Explosives, Freeborn Hall, University of California, Davis, Calif. Sponsored by Lawrence Radiation Laboratory, American Society for Engineering Education, and
American Nuclear Society, in conjunction with the U. S.
Atomic Energy Commission. Contact: Plowshare Symposium
Committee, Lawrence Radiation Laboratory, Bldg. T-105,
P. O. Box 808, Livermore, Calif.
25 April: Division of Earth Sciences, National Academy of
Sciences-National Research Council, 1964 Division Conference, Auditorium, Carnegie Institution, 1530 P St., N.W.,
Washington, D. C. Prof. George S. Benton, Johns Hopkins
University, is moderator of the conference on Air-Sea Interaction. Speakers are Prof. Herbert Riehl, Colorado State University, Dr. Philip D. Thompson, National Center for Atmospheric Research, James M. Snodgrass, Scripps Institution
of Oceanography, and Duncan C. Blanchard, Woods Hole
Oceanographic Institution. Contact: E. F. Cook, Executive
Secretary, Division of Earth Sciences, NAS-NRC, 2101 Constitution Ave., Washington, D. C. 20418.
(More announcements on page 103)
95
Unauthenticated | Downloaded 01/09/23 02:38 PM UTC

