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ABSTRACT

Geostrophic and isallobaric winds are computed in the f_ricinity of a low-level
jet stream. Pressure and pressure tendency fields are determined by analysis of
microbarograph traces from NSSP stations, Wind speeds in the jet are found to be
super-geostrophic during the day as well as at night, The night-time increase in
speed takes place roughly as described by Blackadar (1957), The isallobaric winds
do not contribute in any organized fashion to the wind speeds in the jet and iﬁclu-

sion of the isallobaric term gives a worse estimate of the actual wind than does

the simple geostrophic approximation.‘

iii



iz Introduction

Pressure, temperature and humidity traces from the cooperative stations
maintained by the National Severe Storms Project have provided, to a large ex-
tent, the observational basis for the dévelopment of models of mesoscale dis-
turbances over the Great Plains (see Fujita, 1962). The use of such data, how-
ever, is not restricted to the study of severe storms. The 210 stations of
the NSSP alpha network (Fig. 1) cover an area large enough to be useful in the
study of some synoptic-scale features as well.

This report is a continuation of an earlier study (Bonner, 1963) involving
the relationship between the low-level jet stream and thunderstorm activity during
a particular twenty-four hour period. The same case is examined again; this
time, with the emphasis upon the kinematics of the low-level jet stream and, in
particular, upon the determination of geostrophic and isallobaric winds in the vi-
cinity of the low-level jet.

Estimation of geostrophic winds from standard pressure analysis in this
region is difficult for several reasons:

1. The high station elevations and strongly sloping terrain introduce large

errors into the estimation of the horizontal pressure gradient from the
gradient of sea-level pressures (Sangster, 1959; Fujita, 1962).
2. The distance between standard synoptic stations is too large to allow

for completely independent analyses of wind and pressure fields.



3. The low-level jet stream is typically found in connection with wide-
spread thunderstorm activity (Pitchford and London, 1962); it is diffi-
cult if not impossible to define the synoptic-scale features of the pres-
sure fields without first performing a fairly detailed mesoanalysis.

By using the NSSP pressure data, reduced in the manner developed by Fujita
and Brown (1957), and described by Fujita (1962), it is possible to at least mini-
mize the errors arising from each of the factors listed above.

The study was begun as a test of an hypothesis about the low-level jet
stream. Wexler (1961) has stated that the jet, in the south-central United States,
cannot be described purely as a diurnal oscillation of the wind — that the large-
scale features of the flow must be considered as well. In a case study pre-
sented by Newton (1956), a strong low-level jet is observed to the south-east of
a cyclone moving across the Great Plains. It seemed possible that, in such a
case, the isallobaric winds in the vicinity of the cyclone could contribute signif-
icantly to the wind speeds in the jet — leading, perhaps, to supergeostrophic
winds during the daytime and increasing the ageostrophic component of the flow
at night — and that this might be an important factor in producing a strong,
three-dimensional southerly jet.

As a preliminary test of this hypothesis, a statistical study was made of
the extent to which strong jet observations are restricted to the night-time hours
and of the synoptic conditions under which they occur. Isallobaric winds were .
then computed in the vicinity of a low-level jet stream. While the case chosen
was far from ideal — the pressure center was relatively weak and located on
the northern boundary of the NSSP area — the pressure traces had been cali-
brated and much of the work involved in identifying the individual mesosystems

had been performed in connection with the earlier study.

2., The Statistical Study
Vertical wind soundings published in the Northern Hemisphere Data Tabu-
lations were examined for the period,October, 1959, through September, 1960.

A low-level jet observation was defined in the following way:



The wind speed must reach a relative maximum within
the first 1.5 km above the ground and decrease by at
least 3 m sec 1 to the next higher minimum or to the

3 km level, whichever is lower.

Similar definitions have been used by Blackadar (1957) and Pitchford and
London (see Means, 1962). All wind maxima satisfying this criterion were re-
corded; however, data are presented only for pronounced wind maxima —
where the wind speed at the level of maximum wind and the decrease above
are greater than or equal to 16 m sec ~! and 8 m sec -1 respectively. While
the selection of these figures is arbitrary, the percentages of low-level jet ob-
servations occurring at each observation time were found to be relatively in-
sensitive to the particular values chosen.

Diurnal variations in the frequency of occurrence of strong jet maxima
near the ground are summarized in Table 1. Wind maxima at both stations
are clearly much more common at night than during the day. However, they
are not entirely a night-time phenomenon. For instance, in Table 1, more
than one out of every four jet observations at Topeka, Kansas occurred on the
daytime soundings. While this does not dispute Blackadar's explanation or de-
scription of the nocturnal jet (Blackadar, 1957), it does indicate that processes
other than the purely frictional or radiative effects may be important (Wexler,
1961).

Daily weather maps published by the U.S. Weather Bureau were examined
on each of the days with strong southerlyl jets on the midnight observation. On
roughly 60 percent of the "jet days' at each station, cold fronts or low pressure
centers were to be found within 350 n mi to the west of the station. On roughly
one-half of these days, frontal passage occurred within the next twelve hours.
Thus, while a moving low or frontal system is certainly not essential to the for-
mation of a low-level jet, there appears to be enough of an association to justify
an examination of the contribution of the isallobaric wind to the wind speeds in

the jet.

1 Data in Table 1 refers to all jet observations regardless of the wind direct-
ion at the level of maximum wind. More than 70 percent of these jets, how-
ever are classified as southerly ( wind directions from 135 to 255 deg),



Table 1. Diurnal Variations in the Frequency of occurrence of
strong low-level wind maxima at Fort Worth, Texas
and Topeka, Kansas — October, 1959 through Sep-
tember 1960. Column A gives the number of jet ob-
servations; Column B, the percentage of the total jet
observations occurring at each observation time.

OBSERVATION FORT WORTH TOPEKA
TIME A B A B

18 CST 8 7.8 18 16.2
00 CST 36 35.0 47 4953
06 CST 46 44,7 33 29,7
12 CST 13 1255 13 11.8
Total 103 100.0 111 100.0

3. Calculation of thé Isallobaric Wind

The isallobaric component of the wind,

Vs = -9 v &

(Petterssen, 1956) was computed from the gradient of pressure tendencies as
determined from microbarograph traces at Weather Bureau, FAA and coopera-
tive stations within the general region of the NSSP network (Fig. 1). During
the period chosen, thunderstorm activity was widespread in this area and pres-
sure traces were highly disturbed by the mesoscale systems. Therefore, the
first step in computing an isallobaric wind that was representative of the large
scale flow was the elimination of the mesoscale disturbances from the individ-
ual pressure traces.

Small scale variations in pressure of the order of minutes were simply
smoothed out of the traces. In the vicinity of recognizeable mesosystems,
smoothed pressure traces were obtained by connecting the undisturbed traces
at beginning and end of the "disturbed" period and then plotting a series of

hourly smoothed pressure maps based upon this first estimate of the undisturbed



pressure, The traces at individual stations were then adjusted to give a
pattern of undisturbed pressures that was regular and consistent in both space
and time.

While the errors in the pressure tendencies at any given station are esti-
mated to be as large as 0.5 mb per 2 hrs simply from the inaccuracies in
reading the charts due to alignment problems, thickness of the ink line and er-
rors in the tracing of the original records, the tendency fields are actually over-
determined. The station density is much greater than would be required in order
to determine the broad-scale features of the tendency fields and smoothed isallo-
bars could be drawn by subjectively averaging the tendencies at a number of sta-
tions within a very small area.

Before proceeding with the discussion of the isallobaric wind, several fea-
tures of the pressure traces in the vicinity of squall lines will be mentioned.

The boundary of a typical mesoscale disturbance associated with a squall
line is generally drawn to coincide with the leading edge of the pressure surge
line (see Fujita, 1962). In most of the cases examined here, it was necessary
to consider the disturbed area of the pressure trace as extending well ahead of
the pressure jump. A pressure drop was typically observed ahead of an advanc-
ing mesohigh, This drop, in several cases, was very pronounced and could not
possibly be considered to be a "normal" feature of the pressure field. The most
distinct pressure fall of this type occurred ahead of a well-organized squall line
moving through the northern boundary of the NSSP area. Pressure traces and
smoothed pressure fields in the vicinity of this squall line are shown in Figs. 2
through 5. A similar fall is apparent in pressure traces in northwest Texas dur-
ing the formation of a squall line in this area (Fig. 6). The pressure traces in
Fig. 6 give the appearance of a thunderstorm high embedded within a mesolow
(see also Fig. 19). In northern Kansas, however, the low appears to form ahead
of and possibly as the result of the squall line itself.

The pressure drop, in other cases, was very weak but still evident from
the calculation of pressure tendencies. For instance, the pressure trace at Kal-
vesta, Kansas (not shown) indicated only a slight increase in the rate at which

the pressure was falling, beginning about 40 minutes before the passage of a strong



pressure surge line. At this time, the pressure tendency increased from an
average rate of approximately 1.5 mb per 2 hrs to an instantaneous rate of
3.5 mb per 2 hrs — too large to be explained by the synoptic-scale features
of the flow.

Pressure and pressure tendency fields at each of the standard wind observ-
ation times are shown in Figs. 7 through 11. The gradient of apﬁ‘r in the vi-
cinity of the low at 06 CST and 12 CST gives an excellent estimation of the
movement of the cyclone from the Petterssen kinematic expression (Petterssen
1956); the instantaneous pressure tendency at the center of the low at the same
observations times (with the diurnal tendency removed) gives the average ob-
served rate of filling of the low. Thus, the configuration and the size of the
pressure tendencies at these times are essentially representative of the behav-
ior of the synoptic-scale cyclone. The small region of pressure falls ahead of
the advancing cold front (Fig. 9) appears to be an almost sub-synoptic feature
of the type mentioned earlier in connection with pressure surge lines. Since
the tendencies, however, are of an appropriate magnitude for synoptic-scale dis-
turbances, this pressure dip was retained in the analysis.

Geostrophic and isallobaric components of the wind were computed at the
intersections of latitude and longitude lines separated by 1.5 deg within the re-
gion of southerly flow. Geostrophic winds, isallobaric winds, and observed winds
at 1 km above the ground are shown vectorially in Figs. 12 through 16.

The isallobaric components of the wind are quite large in a number of
cases — of the order of 10 to 15 m sec -1, They do not, however, contribute
in any organized fashion to the wind speeds in the vicinity of the low-level jet.
For instance, at 12 CST, 16 May (Fig. 12), a narrow zone of wind speeds great-
er than or equal to 20 m sec "1 js located in western Kansas. Most of this zone
is to the north of the center of pressure falls (Fig. 7) and the isallobaric com-
ponent of the wind is contributing in exactly the opposite sense to that expected.

Wind speeds at 00 CST (Fig. 14) are now greater than 20 m sec "1 through-
out almost the entire area. The jet appears as a center of maximum winds —
wind speeds approaching 30 m sec ~1 — located in Kansas and Oklahoma. Along

36 deg N, there is a component of the isallobaric wind in the direction of the ob-



served wind; further south, however, the contribution of the isallobaric wind
is negative. At 37.5 deg N, nearly uniform wind speeds are observed at
neighboring points where the isallobaric components are large and nearly 180
deg out of phase. In general, the hypothesis of an organized contribution to
the wind speeds in the jet, arising from the isallobaric wind, is completely
rejected by the data.

Not only does the isallobaric wind fail to contribute in an organized fash-
ion to the jet, it fails to give, in most cases, an approximation to the actual
wind that is as good as the simple geostrophic assumption. Table 2 shows
the vector error in the approximation of the wind at grid points first, by the
geostrophic wind, and second, by the geostrophic wind modified by the isallo-
baric term. At each of the observation times, the mean value of the error
vector is larger when the isallobaric wind is considered, suggesting that the
concept of the isallobaric wind, advanced by Brunt and Douglas (1928), does
not result in a useful approximation to the actual wind. The same conclusion:
has been reached by Haurwitz (1946) and by Houghton and Austin (1946) in
studies of the winds at 10,000 feet.

Table 2. Error in the approximation of the observed winds at
1000m above the ground by the geostrophic wind,

, and by the sum of geostrophic and isallo-
baric winds, Vg + Vis . . Values shown are mean
values of the vector error at grid points in the reg-
ion of southerly flow. Units: m sec -1

V-Vgl  [V(Vg+Vis)]  Number of

Grid Points

Time Period

12 CST 4.9 6.2 30
18 CST 7.6 9.5 33
00 CST 9.6 118 23
06 CST 8.9 9.2 19
12 CST 4.7 8.3 17
All Times Tul 8.9 122

A second test of the reality of the isallobaric wind was made by using

the observed changes in the geostrophic and observed winds to examine the



validity of a fundamental approximation in the derivation of the isallobaric wind.
The complete expression (neglecting friction) for the horizontal wind may

be written in the following way: (Haltiner and Martin, 1957)

(1 (2) (3) (4)
V=V + £x¥ 4 kyyov .+ Gl @)

Inclusion of the isallobaric wind is an attempt to improve the geostrophic
approximation (term 1, equation 2) by including the local acceleration of the
wind. The local acceleration of the wind is then approximated by the local
acceleration of the geostrophic wind. It can be shown that this approximation
is not valid during the particulai‘ period chosen.

Table 3. Six-hour time changes in observed and geostrophic
winds. Values are in m sec ~ per 6 hrs and re-
present the average scalar magnitude of the accel-
eration vectors at grid points in the region of south-
erly flow. Error in the approximation is indicated
by the mean magnitude of the difference between ob-
served and geostrophic changes —— roughly, the ac-
celeration of the ageostrophic wind,

: Number of
Time Period AV [aVgl  1AV-AVgl Grid Points
12 CST - 18 CST 4,2 6.4 7.5 31
18 CST - 00 CST 11.1 7.8 10.1 26
00 CST - 06 CST 8.6 7.8 7.6 19
06 CST - 12 CST 8.0 4.6 7.0 18
All Times 15T 6.7 7 94

Table 3 shows the mean values of the 6-hr vector changes in observed
and geostrophic winds., Mean values were computed from the values at indi-
vidual grid points within the region of southerly flow, The mean value of the
error in this approximation is of the same order of magnitude as the change
in the wind vector itself. Thus, on the average, GVg / dt was useless as
an approximation to the observed changes in the wind. Neglecting the time

rate of change of the thermal wind in the layer from the ground to 1000 m



above the ground, the error vectors are the time rate of change of the ageo-
|
strophic wind aV/ dt . During three of the four periods considered, the

magnitude of this vector, on the average, is larger than the magnitude of GVQ/?T .

4, Geostrophic and Observed Winds

Detailed description of the jet proved to be impossible because of the lack
of an adequate network of upper air stations to tie in with the surface analyses.
However, a general discussion of the structure of the jet and of the time changes
in the winds near the ground will be given, emphasizing those features that are
relevant to Blackadar's explanation of the low-level jet (see Blackadar, 1957).

Cross-sections through the low level jet stream at 18 CST and 06 CST (Figs.
17 and 18) show a strong increase in the southerly flow during the night-time hours.
The jet stream, incohesive at 18 CST, is apparent on the 06 CST section as a
well defined center of maximum winds between Oklahoma City and Tulsa. A cross-
section along this line could not be constructed at 00 CST since Oklahoma City did
not report at this time and the feport at Tulsa was complete only to approximately
1 km above the ground. However, the low-level jet stream appeared to be most
pronounced at midnight on wind charts constructed at constant levels above the
ground (see Fig. 14). Referring to Figs. 12 through 16, the zone of maximum
winds at each of the observation times was generally unreflected in the geostrophic
wind fields.

Fig. 19 shows the six-hour vector change in the wind at 1 km above the
ground during the period from 18 CST to 00 CST. The acceleration of the wind
is remarkably uniform over the entire region of southerly flow. Between 06 CST
and 12 CST, the vector changes in the wind are again quite uniform within the
region of southerly flow; however, the acceleration is in almost exactly the op-
posite sense (Fig. 20).

Vertical profiles of the observed and geostrophic winds at 18 CST and 06
CST at Tulsa, Oklahoma City and Fort Worth, Texas are shown in Fig. 21.
Geostrophic winds above the level of the terrain were computed by analyzing mean

virtual temperature fields in 50-mb increments from ground level to 700 mb. The
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thermal wind equation (see, for instance, Haltiner and Martin, 1957) was then
used to compute the geostrophic wind fields at successive pressure levels.

At 06 CST, all three stations show a distinct, super-geostrophic maximum
in wind speed within the lowest 1.5 km above the ground. At the level of maxi-
mum wind, observed wind speeds at each station exceed the geostrophic speeds
by 10 to 12 m sec "1 | The ageostrophic wind vector at all stations is directed
to the left of the observed wind. If the only process acting were the inertial
oscillation of a frictionally produced ageostrophic wind as proposed by Blackadar,
the ageostrophic wind should be directed to the right of the motion at this time,
indicating a local deceleration of the wind.

Schematic temperature profiles are included in Fig. 21 at Oklahoma City
and Fort Worth, Texas. At Fort Worth, the level of maximum wind coincides
almost exactly with an inversion surface. At Oklahoma City; however, no such
correspondence is found. A general check of the wind and temperature sound-
ings available from stations in the region of southerly flow revealed no consist-
ent relationship between the wind maximum and an inversion surface. The cor-
respondence at Fort Worth appeared to be the exception rather than the rule.

At 18 CST wind speeds at Tulsa and Fort Worth in the zone from 0.5
to 1.5 km above the ground are approximately geostrophic. The only station
with a distinct supergeostrophic maximum in the vertical wind speed profile is
Oklahoma City (see also Fig. 17). Winds at all levels, at each station are di-
rected to the left of the geostrophic wind indicating a consistent acceleration of
the air as it moves northward.

The higher level jet stream at 18 CST (Fig. 17) is apparent at all three
stations in Fig. 21 as a super-geostrophic wind maximum near 2.5 km. No ex-
planation of this phenomenon is attempted. This feature, and the northerly jet
in the cold air near Amarillo at 06 CST (Fig. 18) indicate, however, that fairly
strong wind maxima may occur at various levels in the atmosphere, with north-
erly or southerly flow. The southerly low-level jet can be regarded as a true
phenomenon only in a statistical sense — as a well-organized feature that occurs
with relatively high frequency at certain altitudes and in certain regions.

Comparison of the geostrophic and agecstrophic winds in Figs. 12 through 16
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indicates, at least qualitatively, that there is a regularity in the distribution

of the ageostrophic winds in the vicinity of the jet and in the time changes of
the ageostrophic wind. Vector deviations to the south of the zone of maximum
wind at 12 CST and 18 CST 16 May are strongly towards the west -—— roughly
at right angles to the flow. While the magnitudes of the deviations appear to

be too large to be purely the result of friction at this level, they can be ex-
plained at least partially through the convective acceleration of the air as it moves
into the isotach maximum, At 00 CST, the ageostrophic wind vectors have ro-
tated to the right, now pointing to the northwest or north over much of the area,
with a sizeable component in the direction of the motion. This is precisely the
type of rotation described by Blackadar. Changes in the ageostrophic wind there-
after do not appear to fit this simple model. This could perhaps be explained by
changes in the geostrophic winds and in the convective acceleration terms (see
equation 2), both of which have been assumed by Blackadar to be negligible; how-
ever, the topic did not seem worth pursuing with this particular data unless a
more accurate calculation could be made of the ageostrophic wind and its time

derivative.

B Estimétfon of 'the Tﬁermal Wind Witiﬂn the '}rﬁr'li‘rrstr Kilometer

In Fig. 21, the vertical shears of the ageostrophic winds within the low-
est kilometer appear to be quite small; however, they cannot be ignored in a
direct comparison of the geostrophic and ageostrophic winds at the level of the
jet. Several attempts were made to define this shear at each of the observation
times in order to pursue the discussion of the ageostrophic wind; however, no
method could be found for estimating the thermal wind with sufficient accuracy from
the available temperature data.

The method described in the previous section (the analysis of mean virtual
temperatures from upper air data) proved to be unsatisfactory for several reasons:

1. Because of the sloping terrain, estimates of the gradient of the mean

virtual temperature along a constant pressure surface must be com=-

puted from a series of charts with varying horizontal dimensions, For
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instance, the 950 mb surface intersects the ground at 99 to 100 deg
W. Thus, estimates of the temperature gradient within the layer
from 900 to 950 mb must be based upon observations from only a few
stations, in the central and eastern section of the region. Near the
ground, mean temperatures are strongly dependent upon the lapse rate
within the lowest few hundred meters. It was difficult to define the
larger scale temperature fields since these lapse rates are influenced
by local conditions of cloud cover, topography and wind. In the cases
presented in Fig., 24, thermal wind shears within the lowest 50 mb
were determined primarily by a downward extrapolation of the tempera-
ture patterns at higher levels.

2. Since temperature soundings aloft are available only at 18 CST and 06

CST, it is necessary to assume some sort of regular change in the
temperature fields in order to estimate the thermal winds at the other
observation times. Simple advection of the isotherms or linear inter-
polation of the positions of particular isotherms did not seem legitimate
since the most pronounced temperature changes near the ground are the
result of the heat lost or gained through radiation.

Considerable time and effort was spent in trying to analyze and extrapolate
the thermal wind fields aloft before this approach was abandoned. A second at-
tempt was made using the surface temperature data.

Smoothed isotherms were drawn at the surface at each of the five observ-
ation times. Estimates were made of the horizontal gradient of the temperature
at the level of the terrain under the assumption that this should be closely re-
lated to the mean horizontal temperature gradient within the lowest kilometer.

The thermal wind equations were written in the following approximate form:

ou _ _9 oT

0z fT ay 3)
ov _ 9 T

0z fT ox

(see, for example, Hess, 1959). Symbols have their usual meaning.
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The temperature derivative 0T/0x , for example, may be written

o _ 8T _ 9T 3z

0x  Sx 0z Bx
where the differentials denoted by 8 refer to increments measured along
the sloping terrain. A similar expression may be written for the y derivative

of temperature. Thus, equations (3) may be written

du _ _9 8t L(.@I)iz_
dz fT 8y  fT\dz/y (4)
& - 98T _ i(ﬁ)ﬁ
oz ~  fT Bx fT\az/dx

The terms in equations (4) involving the slope of the terrain cannot be
ignored. Their contribution to the thermal wind within the lowest kilometer in
western Kansas and Oklahoma is as large as 10 m sec -1,

The terrain slope (8z/8x, 8z/3y) was computed at grid points over the
entire area using the mean-terrain map constructed by McClaine (1960). Dur-
ing the day, lapse rates were assumed to be nearly dry adiabatic over most of
the region and at night, approximately isothermal.

The results of this experiment, however, were not satisfactory. At 18
CST and 06 CST, the winds obtained by binilding upward from the surface were,
in general, 20 deg or more to the right of the most likely direction of the geo-
strophic flow at 850 mb. While this does not seem to be a large error, with

winds of 20 m sec ~! the error corresponds to an uncertainty in the ageostrophic

wind of the order of 8 m sec ~1.

6. Summary and Conclusions

Attempts to measure the ageostrophic winds in the vicinity of the low-level
jet stream were not successful; however, several features of the observed and
geostrophic winds are worth noting;

1. The low-level jet stream on quasi-horizontal charts is not a reflection

of the geostrophic wind. Geostrophic wind speeds were roughly uni-
form throughout the region of southerly flow yet a distinct isotach maxi-

mum was apparent on the quasi-horizontal charts. The low-level jet
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stream must be viewed as a superposition of a strong ageostrophic wind
field within this broad region of roughly uniform geostrophic glow.

2. Wind maxima are completely ageostrophic in the vertical. Thermal wind
shears at Tulsa, Oklahoma City and Fort Worth gave no indication of a
vertical maximum in the geostrophic wind.

3. While the low-level jet stream did exist during the daytime, it was much
more cohesive and more. pronounced during the night-time hours. The
night time increase in speeds takes place roughly as described by Blacka-
dar (1957), as a fairly uniform acceleration of the wind within the entire
region of southerly flow.

The experiment with the isallobaric wind must be regarded as a failure. The
geostrophic wind has been shown to be a valid approximation to the actual wind in
certain cases and for certain scales of atmospheric motions (Charney, 1948). It
has not been demonstrated that the isallobaric correction (eq. 1) gives a useful ap-
proximation for any scale of motion. It is obviously unrealistic in the mesoscale
where pressure tendencies may be practically discontinuous. Inclusion of the isal-
lobaric term did not give a useful approximation to the actual wind in the case ex-
amined here and studies by Haurwitz (1946) and by Houghton and Austin (1946) have
failed to indicate any validity to the isallobaric winds as determined from 12 -hour
pressure changes at 10000 feet. It would seem that the burden of proof is, at this
point, entirely upon the isallobaric wind.

A fundamental problem in analysis of the type presented here is the difficulty
in attempting to define two scales of motion from two different network densities.
A surface pressure analysis can be made quite accurately with the NSSP data; the
elimination of the meso-systems constituted a real problem only in determining the
pressure tendencies. However, until a much more complete network of wind and
temperature observations can be established aloft, attempts to combine the surface

NSSP data with the data at higher levels will probably always be unsatisfactory.
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Fig. 1

NSSP area. Alpha network stations indicated by black dots.

Pressure traces in the vicinity of an intense squall line in north-
ern Kansas., Symoptic charts during the period are shown in Figs.

3, 4, and 5.
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Smoothed (solid line) and excess (dashed line) pressures associated
with the squall line in northern Kansas. Winds are plotted in stan-
dard synoptic fashion. Map time is 01 CST. '
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Fig. 4 Same as Fig. 3 except at 03 CST. Fig. 5. Same as Fig. 3 except at 05 CST.
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Fig. 6 Pressure traces at Amarillo Texas and alpha station

L-4 (see Fig. 1) during the early stages of squall line
development.
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Smoothed pressures, excess pressures and pressure tendency
fields as determined from the NSSP data. The excess pres-
sures associated with the mesosystems are indicated by light
dashed lines; isallobars by heavy dashed lines.

Map time is
12 CST, 16 May, 1961.
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Fig. 12

Geostrophic and isallobaric components of the
wind at 12 CST, 16 May. Dashed vector is the
geostrophic wind; light solid vector is the isal-
lobaric component of the wind, Observed winds
as determined by streamline and isotach analy-
ses at 1 km above the ground are indicated by
the heavy vectors. Wind speeds in m sec-1
are written by the head of the appropriate vec-
tor. Shaded areas denote regions of strongest
winds, Light shading indicates speeds between
20 and 25 m sec™!; medium (see Fig. 14) 25 to
30 m secl; heavy, greater than 30 m sec1,
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Fig. 17

Vertical cross-section of the southerly
(solid line) and westerly (dashed line)
components of the wind at 35 deg N. 18
CST, 16 May, 1961. Heavy, broken
line indicates the level of maximum
wind in the southerly flow.
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