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ABSTRACT
Rocket data from the Meteorological Rocket Network and other sources, in addition to high-leve1,rawinsonde
observations, are being employed to analyze a series of 5-, 2-, and 0.4-mb. charts. The broadscale analyses arc bcing
constructed for each week of the International Years of the Quiet Sun period, and primarily cover the North American
and adjacent ocean areas. Methods employed for processing the various types of data as well as the analysis
procedure are described.
Analyses completed thus far confirm the existence of large-scale systems, such as the wintertime polar cyclone
and the Aleutian anticyclone, to at least the level of the stratopause. I n addition there is evidence of large-scale
periodic oscillations in the heights of upper-stratospheric constant-pressure snrfaces during autumn and early winter.
Furthermore, a significant tidal component is apparent in summertime rocketsonde winds, for which adjustment
must be made in order to obtain consistent quasi-synoptic patterns.

1, INTRODUCTION

The Upper Air Branch of the National Meteorological
Center (NMC), Weather Bureau, with the aid of a grant
from the U.S. Army Materiel Command, has undertaken
the task of analyzing a series of constant-pressure charts
based on rocketsonde and very-high-level rawinsonde
data. The area of analysis is primarily North America
and adjacent ocean areas and the period is the International Years of the Quiet Sun (IQSY), January 1964
through December 1965. Previous studies [lo, 18, 211
demonstrated the feasibility of utilizing data from the
Meteorological Rocket Network (MRN) [12, 231 for the
representation of circulation patterns in the upper stratosphere and lower mesosphere (the region from approximately 30 t o 60 km.). However, the available data
permitted the analysis of only occasional samples, which
provided a t best a limited climatological view of the
region.
In recent years the frequency of rocketsonde observations has increased significantly. Although data coverage
for the 30- to 60-km. layer is still extremely sparse in
comparison with that obtained at lower levels with the
present-day rawinsonde network, it nevertheless appears
to be adequate for preparation of broadscale synoptic
analyses on a t least a weekly basis.
One of the analysis methods previously developed [18]
for the portrayal of synoptic conditions in the upper
stratosphere required a 10-mb. chart constructed from
rawinsonde data t o be used as a base or foundation for
applicat'ion of hydrostatic build-up techniques. However,
summaries of heights attained by rawinsondes during the

IQSY and the results of high-level analysis experiments
have indicated that those observations frequently penetrate t o at least the 5-mb. level. Therefore a pilot series
of analyses was undertaken in order t o determine the
feasibility of raising the base level to 5 mb. It was found
that consistent results could be obtained, provided
daily 10-mb. charts [6] were utilized as an aid in the
construction of these analyses.
While the 5-mb. chart is based principally on rawinsonde reports, rocket observations constitute the
primary data source for the higher-level analyses. Since
the rocket winds and temperatures are obtained and
reported as functions of geometric height, whereas pressure
is computed, constant-level (e.g., 40 and 50 km.) charts
would seem to be the logical form in which to portray
synoptic patterns. However, this representation would
require that the 5-mb. chart be transformed to a constantheight map, so that differential analysis methods could
be applied for the construction of charts a t successively
higher levels. The transformation is difficult in that it
demands a knowledge of the mean temperature field in
the layer between the 5-mb. surface and the corresponding
standard [4] constant-height surface (approximately 36 km.
in this case). A t northern latitudes in winter, when the
5-mb. surface is well below 36 km., a mean temperature
field cannot be readily obtained. A further and well
known disadvantage of constant-level analysis is the dependence of the geostrophic wind equation on density,
which results in the need for a separate wind scale at
each level.
Constant-pressure analysis of rocketsonde data, on the
other hand, is not without its shortcomings. Since pres-
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sure is not a measured parameter in such observations,
an initial estimate of the height of the pressure surface
must be made before temperature and wind values can be
extracted. An alternate method of obtaining this height
is to compute the pressure-height profile from the reported
temperatures, utilizing rawinsonde data t o initiate the
integration of the barometric equation [19].
After consideration of the aforementioned factors, it
was decided that constant-pressure analysis was the optimum method, both technically and economically. The
IQSY series of analyses at weekly intervals thus includes
5-, 2-, and 0.4-mb. (approximately 36-, 42-, and 55-km.,
respectively) charts nominally portraying synoptic conditions on each Wednesday of the analysis period. In
addition to description of the techniques and theory employed in obtaining these analyzed charts, a brief discussion of large-scale features apparent from preliminary
analyses is also included in the following sections.
9 . PROCESSING OF RAWINSONDE DATA
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The preparation of high-level data for analysis presents a
myriad of problems. Some of the difficulties encountered
in the use of rawinsonde information, such as the achievement of compatibility between daytime and nighttime
observations, extrapolation and interpolation of data, and
identification of erroneous reports, have been summarized
by Finger et al. [g]. In lieu of the application of sophisticated computer methods t o 5-mb. data, the last of these
problems, and t o some extent the second as well, must be
solved by the analyst. However, compensation for the
systematic errors in reported temperatures and heights,
1 1 I I I I
I
I
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I
I
,
I
I
presumably introduced by effects of radiation on the
radiosonde thermistor, can be, and has been in Previous FIGUREl.-Monthly mean day-night (a) temperature differences
work, accomplished in pre-analysis computer processing
and (b) height differences a t the 5-mb. level as a function of
of observational data.
solar clevation. Data points represent (l/N)x(Td- T,) and
(IIwZ(Hd-Hn),
The temperature and height adjustments designed to
compensate for instrumental radiation errors are applied
to all 5-mb. rawinsonde reports. Initially an adjustment
is made, which in essence reduces daytime values t o the
(a)
level of those reported from nighttime observations. The
magnitudes of these day-night adjustments, which are in*tended t o account for the effects of solar heating on the
rod thermistor, were determined with the aid of a com,puter program which calculates monthly mean differences
6 between reported daylight and darkness values. Input
5 to this program consisted of all available 5-mb. data for
1964 from stations in North America and adjacent areas
that employ United States outrigger-type radiosonde
instruments.
Monthly mean day-night temperature and height
2.
differences for a group of North American stations are
'shown in figure 1 as functions of solar elevation angle
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level. Similar computations had previously been carried
out [7] for all levels from 100 to 10 mb. A comparison FIGURE2.-corrections for long-wave radiational error of radiorevealed that the 5-mb. differences are approximately
sonde thermistor at 5 mb.
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FIGURE
3.-Computer output listing of high-level rawinsonde data from Midland, Tex. (72265), for the week centered on Wednesdayr
October 28, 1964. Winds (DDD, FFF): degrees and knots. Temperature gradients (GRADT): "C. per deg. latitude. Sola
elevation angles (SUN ANGLE) : degrees and tenths; negative angles are for nighttime reports. All temperatures (TTT) : "C.;
. heights (HHHHH): geopot. m., with the 10's of km. digit (3) omitted. Both reported and, for the 5-mb. level, corrected (COR)
' values are shown.
I

equal to those at 10 mb., although the dispersion of plotted
values increases substantially a t the lower pressure.
Theoretical and laboratory studies [l, 141 of the rod
thermsitor used in present-day radiosondes indicate that
a significant error may be induced by infrared cooling
a t stratospheric levels above 10 mb. Therefore a second
adjustment (fig. 2) based on estimates developed by Barr
[3], is added t o all 5-mb. "nighttime" data, including
observations actually in darkness as well as daytime
reports that have been adjusted for solar-radiation error.
The magnitude of the temperature correction is a function
of reported temperature, while the height adjustment
vanes linearly with the temperature correction.
Rawinsonde data utilized for the 5-mb. analyses are
processed by computer methods. Input to the program
consists of North American and adjacent-area observations for the 7-, 5-, 4-,and 3-mb. levels in the form of
punched cards obtained from the National Weather
Records Center. Output listings, an example of which
is shown in figure 3, include all observations for one week
at each station. The data for levels other than 5 mb.
are also listed in order t o supply the analyst with as much
supplementary information as possible. Thermal winds
and corresponding horizontal temperature gradients are
computed for the layers from 7 to 5 , 7 to 4, and 5 to 4 mb.
In addition, the 5-mb. temperature and height adjustment schemes, including calculation of the required
solar elevation angles, have been incorporated into the
systern.
3. PROCESSING OF ROCKETSONDE DATA

Rocket winds and temperatures form the basis for
analysis of the 2- and 0.4-mb. charts and in addition are

.data as presented in the Data Report,
Meteorological Rocket Network Firings [Ill: (a) listings, (b) graph-

FIGURE
4.-Rocketsonde
ical representation.
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between rocketsonde and rawinsonde temperatures measured at nearly the same time and level (rawinsonde minus
rocketsonde). Curve represents least-squares fit of A T versus log P (after Finger and Woolf [SI).

used t o supplement' rawinsonde observations at 5 mb.
The information for each week is extracted from the Data
Report, Meteorological Rocket Network Firings [I 11. An example of the format employed for the Data Reports is
shown in figure 4. The listings (fig. 4a) include component
winds, observed temperatures, and computed pressures a t
selected heights. Although the rocket data are available
in a form suitable for computer application, the desired
temperatures and winds are at present selected from the
graphs (fig. 4b).
The basic steps in the extraction of rocketsonde information and the computation of heights for the 5-, 2-, and
0.4-mb. surfaces are as follows:
1. Temperatures observed above 40 km. with the Arcasonde 1A instrument are reduced in accordance with a
recent theoretical study [ 5 ] . The magnitude of this correction increases to about 4OC. at 50 kni. and 12' C. at
60 km. Published data obtained by the Deltasonde generally include a correction [20] and hence are utilized without further adjustment'. No correction schemes are available for other instruments. However, the great majority

of observations have been made with the Arcasonde and
Deltasonde.
2 . As mentioned previously, an initial estimate of the
height field must be made before the temperature at a
given constant-pressure surface can be selected. This
estimate is obtained by extrapolating the trend of the
height field from the analyzed charts for the previous two
weeks. The selected temperature value is then utilized
with that derived from the previously completed lowerlevel analysis for the computation of a layer-mean
temperature.
3. Heights for tjhe upper surface are computed hydrostatically with the aid of the mean temperature obtained
as described above.

-

4. Since the analyses are intended to portray synopticscale features, portions of wind component profiles that
exhibit rapid oscillations in the vertical are smoothed.
An objective smoothing procedure is being programed for
comp u ter opera ti on.
5 . Wind components are extracted from the profiles a t
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the height of the constant-pressure surface and a resultant
wind is computed.
6. Thermal winds are determined for 6-km. layers
surrounding each pressure surface.
It is interesting t o note that rather large discrepancies
appear t o exist between rocketsonde and support rawinsonde temperatures observed at levels above 30 km. and
within relatively short time intervals. According to
figure 5 (after Finger and Woolf [SI), the difference between reported values at 5 mb. may average more than
5OC., with the rawinsonde temperature lower than the
rocketsonde. Although an accurate determination of the
average differences is difficult because of the extreme dispersion of values, it nevertheless suggests that the two
temperature-measuring systems are not truly compatible
above 30 km. This’incompatibility presents the meteorologist with a serious analysis problem.
4. ANALYSIS PROCEDURE

Conventional techniques, including differential analysis
methods, are being utilized to construct the 5-, 2-, and
O.4-mb. charts. The analysis system consists of the
following steps.
1 . The temperature field for a selected constant-pressure
system is analyzed with the aid of processed information.
At the 5-mb. level allowance is made for any discrepancies
between rocketsonde and rawinsonde temperature measurements. Since data for an entire week are available at
each station, reported “on-time” temperatures may be
checked for temporal continuity. If the “on-time”
temperature is missing, an estimate may be obtained by
interpolation. I n addition, computed thermal winds are
utilized as a guide in making localized adjustments to the
temperature pat tern.
2. A mean temperature field within the layer between
the previously analyzed lower surface and the selected
surface is derived graphically. This mean field represents
a geopotential thickness, which when added to the lowerlevel height field, yields a smooth, conservative first approximation to the contour pattern at the upper surface.
(The standard [4] thickness between 10 and 5 mb. is
approximately 4720 m.; between 5 and 2 mb., 6660 m.;
and between 2 and 0.4 mb., 12605 m.)
3. Winds and heights for individual stations are used
to- adjust the first approximation of the contour field.
Rjnds are accorded the highest priority for this
adjustment .
4. The analysis is checked for vertical and temporal
consistency. For example, centers of systems, as well as
ridges and troughs, are examined with the aid of all
available data t o verify vertical slope and movement with
time. Time-height sections and height-change charts are
especially useful for these purposes. Additional data
considered for the analysis include rocke tsonde observations taken a t Sardinia by the German Meteorological
Service [2] and results of rocket-grenade and Pitot-static

65’5

tube experiments conducted at Wallops Island and Fort
Churchill [17].
The above procedures appear to produce excellent
results a t 5 mb., and are successfully applied to obtain
the 2- and 0.4-mb. charts. Generally, only slight adjustments of the first approximation height fields are necessary
at the 5- and 2-mb. levels. However, rather formidable
analysis problems are evident a t the 0.4-mb. level. Foremost among these is the sparsity of observations. Another
difficulty is the apparent occurrence of large day-to-day
temperature changes, at times exceeding 10’ C., as well as
rapid oscillations vithin many wind .profiles. It is not
the intent of this paper to attribute these changes either
to real variations or to error. Whatever’ the cause, the
result is that the analyst must consider every sounding
for its individual peculiarities. A further analysis problem arises from the apparent intersection of the stratopause with the 0.4-mb. level. Sinde the normal stratospheric temperature inversion ceases a t the stratopause
level, the graphical method for obtaining mean temperature, which depends on the existence of a linear profile,
is no longer valid. This is especially true in lower
latitudes, as will be shown later.
5. ANALYZED CHARTS

A substantial increase in number of observations during
the autumn of 1964 afforded the analysts an opportunity
t o gain proficiency in high-level analysis techniques.
Therefore the series was initiated with that period.
Examples of completed charts for October and early
November are shown in figures 6 thqough 11. The
computer-analyzed 10-mb. chart [6] for October 28 (fig. 6)
illustrates a typical early winter circulation ‘ pattern,
dominated by a deepening cyclone centered over northern
latitudes. This system first developed over the subarctic
during the latter part of August, and gradually drifted
poleward. The associated cold air center of approximately -65’ C. is situated near the low center. Of
interest is the zonal asymmetry, especially noticeable in
the temperature field. For example, the cold air located
near the coast of Greenland is at nearly the same latitude
as the -45O C. warm center over eastern Siberia.
The 5-mb. pattern (fig. 7) is strikingly similar to that
at 10 mb. throughout the analysis area. A temperature
inversion between these two levels is indicated at all latitudes, and is most pronounced over the subtropics and in
the ridge located over the Alaskan-Siberian region. The
time-height section of smoothed winds for Fort Greely
(fig. 12) was utilized as an aid in substantiating the
existence and tracing the behavior of the Alaskan ridge
at the 2- and 0.4-mb. levels (figs. 8 and 9). As can be
seen from the section, winds immediately adjacent to
October 28 increase in strength with height and veer
slowly from westerly a t 10 mb. (30 km.) t o nearly northerly
a t 0.4 mb. (55 km.). Thus eastward slope and intensification of the ridge with height are indicated. Examina-
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IO-mb. chart for October 28, 1964 [6]. Contour (solid lines) interval is 80 m.; isotherm (dashed lines
interval, '5 C.

FIGURE7.-5-mb.
chart for October 28, 1964. Contour (solic
lines) interval 160 m.; isothcrm (dashed lines) interval 5'
Plotted rocketsonde observations (winds in knots and tempera
tures in "C.) are shown for map day ( O ) , one day prcvious (A
and onc day subscquent
Earlier and later data arc denotcc
by ( A ) and
respectively. Locations and times of rawin
sondc observations arc identified as follows: (*), map-day; (X)
onc day before or after; (4),two days before or after.

c

(a),

(a).
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FIGURE
8.-2-mb. chart for October 28, 1964. Contours, isotherms,
and plotted rocketsonde data as in figure 7

FIGURE10.-0.4-mb.
chart for October 21, 1964. Contours, isotherms, and plotted rocketsonde data as in figure 7 .

FIGURE9.-0.4-mb.
chart for October 28, 1964. Contours, isotherms, and plotted rocketsonde data as in figure 7 . Heavy linc
denotes orientation of cross section shown in figure 13.

FIGURE
ll.-0.4-mb.
chart for November 4, 1964. Contours, isotherms, and plotted rocketsonde data as in figure 7.

tion of 10-mb. charts for early November reveals that this
feature rapidly developed a closed circulation. The vertical extent of the center to the 0.4-mb. level on November 4, (fig. 11) is suggested by the light and variable
winds shown on the time section.
The vertical cross section for October 28, shown in figure 13, is oriented southeastward from the Aleutian
anticyclone t,hrough the polar trough to the area of the
subtropical anticyclone (see fig. 9 for line of section).
This section includes soundings from stations located near

the line, as well an analyzed temperatures, heights, and
geostrophic winds interpolated a t the intersection of the
cross-section plane with the 0.4-, 2-, 5- and 10-mb.
surfaces. Isobars drawn through the interpolated height
values illustrate the intensification of the polar trough
with increasing height. I n addition, the generally southward tilt of the subtropical ridge line is indicative of the
polar cyclone’s expansion a t the higher levels.
As previously mentioned, the intersection of the stratopause with the 0.4-mb. surface is evident in many analyses.
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section of winds (knots). Small symbols in lower part of diagram denote winds from rawinsonde observations
at Fairbanks, Alaska; large symbols represent rocketsonde winds from Fort Greely.

From the observed temperatures (fig. 13), it can be seen
that the stratopause is located well below the 0.4-mb.
surface a t lower latitudes. At Fort Greely it appears to
be quite close t o that surface. Unfortunately, temperatures a t Churchill were available only during the previous
week. However, these values were still increasing with
height, suggesting that the stratopouse a t that time was
located well above the 0.4-mb. surface.
The high-level charts for autumn indicate rapid intensification of the polar cyclone with time. However, largescale variations appear to be superimposed on this general
trend. For example, height changes a t the 0.4-mb. level
associated with the rapid development of the Aleutian
anticyclone during the period from October 21 t o November 4 exceeded 1000 m. (see figs. 9,10, and 11). Increases
of this magnitude were centered over northwestern North
America, while equally large decreases occurred during
the beginning of the period over more southern latitudes.
These latter changes were undoubtedly associated with a
southward displacement of the polar trough. Rocketsonde temperatures observed during the two-week period,
mainly a t relatively low-latitude stations, substantiate a
decrease in temperature followed by an increase over
those areas. Unfortunately a similar series of temperatures at higher latitudes is not available.

The variations within the rapidly falling height field at
10 mb. can be seen on the graph (fig. 14) containing daily
values of the polar cyclone central height during the 196465 stratospheric winter. The values were extracted from
the series of computer-analyzed charts [6]. One of the
large excursions in center height occurred during late
October and early November. This evidence, combined
with changes in lower latitudes a t 5, 2 and 0.4 mb., suggests that the entire upper stratosphere over North
America might have been affected. It is difficult t o
determine whether this phenomenon is cyclic in nature,
although it may be argued that the portion of the 10-mb.
graph for early winter contains several similar oscillations
with a period between 10 and 15 days. The largeamplitude changes that occurred later in the season
appear to mask the oscillation. Removal of a linear
trend from the portion of the record up to December 5
results in the pattern shown in figure 14b. Warnecke [22],
using rocket winds from Point Mugu during summer of
1960, found a perturbation with a period of approximately
13 days in both the speed and the direction of the prevailing easterly flow. If such a general oscillation exists,
its cause and its phase structure with latitude and height
remain to be determined.
In the course of analysis of charts for other seasons,
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Bracketed temperatures and geostrophic winds (small symbols) plotted on these lines were extracted from the analysis. Rocketsonde
data are shown at and above 30 km., with rawinsonde information below that level. Underlined temperatures at Fort Churchill are
for October 21.

additional problems became apparent. During summer,
for example, the circulation at the upper surfaces (2 and
0.4 mb.) would be expected t o follow the pattern established for lower levels, i.e., rather uniform easterly flow
about an anticyclone centered at or very near the pole.
However, on a typical summertime 0.4-mb. chart (fig. 15),
the majority of the reported rocketsonde winds exhibit
significant southerly componenks. If these winds were to
be given full weight in the analysis, t,he resulting pattern
would consist of contours oriented from southeast to
northwest, spiraling toward a high center located, apparently, over northern Europe. Such a pattern, it is felt,
would be quite unrealistic.
The prevalence of positive meridional components in
summertime rocketsonde winds has been noted previously
[13]. In recent studies by Reed et al. [15, 161, utilizing
MRN data for several summers, it was demonstrated
that the meridional wind component due t o the diurnai

tide reaches maximum southerly strength about noon,
local time. Since most MRN firings occur near noon, the
measured winds naturally contain this component. I n
the same study, it was found that the daily mean meridional wind in summer is essentially zero.
On the basis of the findings described briefly above, it
was decided t o "correct" the observed winds for the tidal
effect by considering only the zonal components in analysis, as is evident on the chart presented here (fig. 15). If
the observations were taken on a truly synoptic basis, i.e.,
at the same Greenwich time rather than the same local
time, it would of course be possible-and necessary-to
portray the worldwide tidal oscillation in synoptic analyses.
During 1964, rawinsonde observations from a number
of stations included several temperatures, but few winds,
for the 2-mb. level. Nearly all of these soundings were
made with the aid of hypsometer-equipped radiosondes.
Comparison of the rawinsonde temperature reports with
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chart for July 8, 1964. Contours, isotherms,
and plotted rocketsonde data as in figure 7.

FIGURE15.-0.4-mb.

amount of subjectivity as the analysis proceeds t o higher
levels. However, it is firmly believed that with the system employed, the final product is considerably more
substantial and well-founded than the product of an
“analyst’s imagination.” Unfortunately, at the present
time the Meteorological Rocket Network stations are not
distributed, nor are observations sche‘duled, in a manner
conducive to synoptic analysis. With regard to the former
problem,
there is an acute need for several additional sites
I
ocr
NOV
DEC’64
north of 35’ N. For example, the wintertime circulation
FIGURE14.-(a) Central height of the lO-mb. polar cyclone, Sep- could be described more accurateIy with the aid of obsertember 1964-May 1965. Arrow denotes peak in oscillation vations from a site near the western or central portion of
during period covered b y high-level aiialyses (figs. 7-11). (b) the United States-Canadian
border. An additional staExpanded view of portion of 10-mb. cyclone-center record up to tion situated in the extreme northeastern United States or
December 5, 1964 (dashed line in (a)), after removal of linear
Newfoundland would be of great value. Furthermore, it
trend.
is hoped that the recently activated site at Thule, Greenland will soon become a regularly reporting MRN station.
the 2-mb. temperature fields analyzed from rocketsonde The non-synoptic timing of MRN firings leads t o the
data yielded a mean difference of 19’ C., with the former presence of significant tidal components in observed
lower. Since the great majority of the very high rawin- winds, which render the construction of consistent synsonde ascents occurred in summer or at low latitudes, optic patterns difficult. This problem is particularly
differences due to synoptic-scale variations should be serious during the spring and fall transition periods, when
small. Therefore, the mean difference of -19’ C. should prevailing winds are relatively light and variable.
provide a reasonable measure of the discrepancy between
The IQSY analyses constructed t o date tend t o confirm
rawinsonde and rocketsonde temperatures at 2 mb. It is previous indications that the wintertime polar cyclone
interesting to note, in this regard, that the analyzed curve gradually intensifies and expands with increasing height.
in figure 5, when extended to 2 mb., gives a rawinsonde- In addition, the large-scale Aleutian anticyclone appears
minus-rocketsonde difference of - 16’ C.
to extend upward through the entire 10- t o 0.4-mb. layer,
altlhough the vertical structure of this system, including
6. CONCLUSIONS
its slope within the layer, is difficult t o define. Finally,
Although careful consideration of high-level data allows several charts, coupled with information from a series of
a broadscale depiction of circulation patterns up to 0.4 mb. daily 10-mb. analyses, suggest the existence of large-scale
(55 km.), the sparsity of reports requires an increasing pulsations of stratospheric .pressure surf aces. Whether
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these pulsations are periodic in nature or are a random
manifestation of changing circulation patterns remains to
be investigated.
The definition of small-scale perturbations within the
general circulation is not possible at this time. However,
many time-height sections presented in the literature, in
addition t o those constructed during the initial analysis
phase of the project, suggest complex variations within
both reported temperatures and winds. A substantial
increase in the station density of the Meteorological
Rocket Network as well as a greater frequency of observations at individual stations may be necessary before the
validity of these perturbations can be verified.
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