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‘an inversion at about the time of sunset.

INTLbDUCTION

. TTENTION }has recently been drawn by
- Lettau [11] jand-the author [3] to the
£ frequent occurrence of distinct maxima of
the ‘wind_speed below 5000 ft in the midwestern
iUnited States. An example of such a maximum

s shown.in Ficure 1. Such profiles often occur
4 the daytime but they are almost always better
b oped at night beé;ause the diurnal wind varia-
'. ﬁgﬁs‘_ usually lead to {a nocturnal increase of the
# wind at these levels. o
8iStudies of the hotizontal distribution of the
$virid in these same ldyers have led to the use of
Fithe térm loww-level jetiby Means [13] and the rec-
Jognition of the importance of this jet stream in
Athe formation of squall lines and severe weather
Hplithomena. Lettau dnd the author have used the
gifhe term to describe|the maximum in the vertical
Sprofile of the wind spl:ed.-_'It should be remarked

at although the twd kinds of maxima may and
euently do occur $imultaneously, they are es-
tially different phenomena. The occurrence of
ja@:liﬁé wind proﬁlei is by no means confined to

¥

3
.g-. {rxmmty of the jet-stream.as it appears upon
e 850 mb surface.
'_Examples of low-level wind maxima may be
i 5 ESI almost anywhere in the United States dur-

1

i ‘any .season of tl‘:le- year. Figures 2 and 3
» examples of the widespread nature of the
‘Wcurrence on typicalidays in winter and in sum-
| 'Etl’i?:f'-An interesting:and apparently rather typi-
Rtilicise was observdd in detail by Gifford [8]
R ‘Washington, D.|C,, and is §hown in Ficure
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v-a'Boundar‘y La{&e}:r Wind Maxima and Their Significance for the
.+ .| -7, Growth ofjNocturnal Inversions

- —-ALFRED K. BLACKADAR

-

ABSTRACT

A sharp 1!113.ximum is frequently observed at night in the wind speed profile below 3000 ft.
The wind speed maximum is usually at the top of the nocturnal inversion, is supergeostrophic,
and is often absociated with ‘extremely large values of wind shear at low levels.
= dtis shown that the characteristic velocity profile tends to promote an orderly growth of
the noctumal_'inversion. The supergeostrophic wind spects suggest thdt an inertia oscillation
is induced when the constraint imposed by the daytime mixing is released by the initiation of

4. Despite the extensive area of occurrence, in
the United States at least, the phenomenon is best
developed over the great plains during the night- !
time hours. =

An interesting example of a boundary layer
wind maximum is to be found in observations of
the northeast trade winds near Lake Chad in
North Africa at latitude 15°N. Mean wind speed
profiles at Fort Lamy for the winter months, as
reported by Goualt [9] are shown in Ficure 5.
Similar wind profiles and diurnal variations have
been observed in the northeast trades over the
Suddn at about the same latitude by Farquharson
[7]. Although the winds at Fort Lamy may be
affected by Lake Chad (about 60 miles distant),
as suggested by Goualt, there is little doubt that
boundary layer wind maxima are characteristic at
this latitude over dry level surfaces when the
weather is clear.

The phenomenon is of great interest because of
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Fic. 2. Distribution of occurrences of boundary layer
wind maxima at 0900Z 1 Jan. 1953 in relation to the
pressure distribution and clouds at 0630Z.

indirect evidence which may be inferred about the
turbulent mass exchange in the planetary boun-
dary layer. It is also of practical interest. Byram
[4] has pointed out that the blow-up phenomenon
of forest fires, in which a convective column pro-
duces a sudden intensification of the burning and
a rapid spread of the fire, occurs only when a jet
profile of wind speed exists near the surface. The
diurnal variation of the wind at low levels, which
is closely associated with the occurrence of the
wind speed maximum, produces a nocturnal in-
crease of low-level temperature advection which
may be a significant factor in causing the high
frequency of nocturnal thunderstorms in this area
[12].

Low level wind shear, which is always present
beneath jet-like wind profiles, is at best a nuisance

@ Signficont Maamume 20K

@ Signfican! Mammum< 30 kt

@ Mawmum, not sgnficont

© No moumum below 50001
47" Boundary of cloudy area
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Fic. 3. Distribution ‘of occurrences of boundary layer

wind maxima at 0900Z 25 Aug. 1951 in relation to the __"s"hroinin Weather Review Supplements

pressure distribution and clouds at 1230Z.
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Fic. 4. Evolution of a boundafy layer jet proﬁlei?éj

Silver Hill, Md., on the night of [30-31 Oct. 1950. Ob;
servations were made by Gifford 8]. A e

]
B4
in tending to cause aircraft to land short of the,
runway, and occurrences of abpormally large shear.
are hazardous because of thF rapid loss of lift
suffered while letting down into layers of decrease:
ing headwind component [14]:=L. “The effect is p "k
ticularly serious in the case (?f jet aircraft whicl
normally let down at speeds close to the 'stalling.
speed, and which require a ¢onsiderable time 49
develop sufficient forward thr?st after the need fop
corrective action is recognized;® Most of the cases;
of extreme wind shear in the lowest 100 metéﬁ%
which were recorded during [kite observations gt
Drexel, Nebraska,* occurred j}xst beneath low-_leﬁg
jet-profile wind speed maxima during the nights!
time hours. In such Situatifms the wind shear,
frequently averages 1 knot ger 10 ft -throughqﬁ%
the lowest 300 ft, and sometimes this rate is mag};&
tained through even deeper layers. At 11 p.m. op;
18 March 1918 a wind speed maximum of 70
knots occurred at an elevation of 780, feet whgq';
at the surface the speed wasfonly 5 knots. Pag
ticularly puzzling in this casg is the fact:that the
isobars on the surface map jndicated a speedgol
only 20 knots. A study of the conditions whidi
generally accompany jet-like wind profiles fna{

thus be important for. understanding and forec:
oy

ing occurrences of dangeroug wind- shear. ;
The regularity of the occurrence of the jet-like
profile at certain places and ertain times, and b
sharpness of the maximumc’ suggest that "2 16
phenomenon is involved which is ‘capable
. physical. explanation.  It'is important, -howey
-ito eliminate ‘insofar as.possible many less
spicuous but more frequenf maxima which :ar¢
associated with the smallerul scale fluctuations g

s Capt. Thomas B. Gray, Jr., Department of Meféﬁ; b
ogy, The Florida St:ftq University, Tallahassee; P
sonal communication. N 5 7 ‘“8- g
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wind and which are therefore probably due to
Sdifferent -causes. In the following sections the
Rim significant magimlan is used ‘to denote those
ccurrences in whith the wind speed at the level
{81 the wind maximum exceeds the wind speed at

Y E B level of the next higher minimum by'5 knots

s

>

tHE GeEOSTROPHIC-WIND

-

Phecodas i .
RELATION TO

s

H uring the hours after sunset,\; the wind speed |
¥at the level of the jet maximum 'incrcases{rapidly _:
#94d reaches a maximum some time betweén mid- |
ight and sunrise. | Over a fixed station the evo-"
lition of the wind profile is probably quite irregu-
r, being marked by fluctuations in the strength |
the wind and the height of the wind maximum |
ch have a perﬂod which is smaller than two
puts. Such fluctuations are apparent in FIGURE
“which has been derived from Gifford’s observa-
ons at Silver Hill‘ Md. It should be pointed out
i connection with these observations that each
vind profile is thé average of four pilot balloon
bservations nhadetat.« fifteen minute intervals.

¥ There is rather tonclusive evidence that during
night time and early morning hours the wind
eed at the level df the jet maximum is consider-
bly supergeostrop_!-lic.ljjuring the period covered
ifford’s observations the surface pressure was
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8 F1c. 5. Mean wind speed profiles in winter at Fort

A4elamy, after Goualt s[9] at various local standard times
: H{LST). The directlon is from the northeast,
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Fic. 6.. Average wind speed profile for 16 significant

. boundary layer jets at San Antonio, Tex., during Janu-
" ary 1953.

nearly constant at stations in the area, and analy-
ses of the surface weather maps and 850 mb.
charts show no change of pressure gradient during
the period. The average geostrophic wind during
the period was 25 mph at the surface and 17 mph
at 850 mb; however, it may be seen from FIGURE
4 that in the jet maximum the wind speed reached
at least 40 mph. This excess of wind speed can-
not be accounted for by the anticyclonic curvature
of the contour field, for at 850 mb the gradient
wind correction amounts to only 2 miles per hour.

‘Nor does it appear likely that much larger values

of the geostrophic wind speed occurred in the layer
between the surface and 5000 ft, for there was no
horizontal variation of temperature whatsoever at
850 mb. It appears therefore that the winds at
around 2000 feet were indeed supergeostrophic.
Above the jet level the wind at each level exceeds
the gradient wind at the same level by roughly the
amount of the gradient wind deficiency at 1600 E
on the previous afternoon.

Similar conclusions may be drawn from an anal-
ysis of the average of 16 occurrences of low-level
wind maxima at 0300 Local Time at San An-
tonio, Texas, during the month of January 1953.
During this month, low-level wind maxima oc-
curred on all but two out of the 23 pilot-balloon
observations available at that time of the night, but
five of these cases were not significant according
to the criterion adopted above. The averages of
the wind speeds at each level are shown in FIGURE
6 together with the dverage wind speed profile at
1500 CST of the previous day. The average geo-
strophic wind speeds were 23.0, 274, and 23.3
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Fic. 7. Comparison of the height of the wind maxi-
mum and the height of the top of the nocturnal inversion
of 88 selected cases from a series of kite observations. at
Drexel, Nebraska, between 1916 and 1918,

knots at 0030Z, 0630Z, and 1830Z, respectively,
as measured from ozalid copies of surface maps
for each of the 16 days prepared at the WBAN
Analysis Center. At 850 mb the average geo-
strophic wind speed was determined from similar
charts at 0300Z and 1500Z to be 21.5 and 209
knots, respectively. A gradient wind correction
was determined for each day from a 12-hr tra-
jectory centered at San Antonio. The geostrophic
wind speed averages, including the average gra-
dient wind correction of 0.7 knot at 850 mb, are
plotted in FiGURE 6. A comparison with the
actual wind speeds shows that the wind speed in
the jet maximum is supergeostrophic. ‘Generally,
where the wind is most strongly retarded during
the afternoon it becomes most strongly super-
gradient during the night.

RELATION TO THE NOCTURNAL INVERSION ..

During the period from 8 p.m. to.8 a.m.,, the
height of the wind speed maximum usually"coin-
cides with the top-of the nocturnal inversion.
FiGURE 7 is a scatter diagram of the height of the
wind speed maximum vs. the height of the tem-
perature maximum obtained from the kite obser-
vations at Drexel, Nebraska. In order to restrict
the study to nocturnal type inversions, only cases
which conformed to all of the following conditions
were selected. - :

BULLETIN AummCAN"M;n'ruollmpuw:\t, S(g_c vily
1. T.ocal time between,8 p.m| and 8 a.mh}
2. Temperature increasing with height up
single maximum within a|distance of 1000.m8
of the surface (1396 m ahove sea level) £
. A significant \wind speed maximum “bgl
1000 m above the surface: Rt
. Temperature  decreasing {with height up
2000 m above sea level at some time duf
the previous afternoon. ;
No obvious air mass changes durin,
night or during-the prevjous afternoon.-y

5

Most of the night-time imiersions durin,
summer satisfy these restrictfons. During
season the association betweer the heights
two phenomena is striking. During the" wini
when persistent daytime inversions ofteri”ogs ]
the association between the wind speed maxi
and temperature maxima genefally becomes my
more casual. The association which appears;
Ficure 7 is thus characteristic of conditions
which strong diurnal variations are displayg
The reasons for this association will be discusseds
in the next two sections. - 2 ;

There appears to be a slight increase of ‘the
height of the nocturnal inversion with an in
of the wind speed at the height of the maximug
This tendency is no more thar; would be expe
from the fact that the nocturngl inversion is risig
during the night while the wind speed is incr
ing during the same period. :

GrowTH STABILITY OF NOCTURNAL INVERSION

Above a height of about a: meter the rat
nocturnal cooling is too large fto be accounted §
by the radiational or conduction fluxes, and
therefore evident that turbulent transfer is
chief control on the rate of upward propagal
of the inversion surface, The| cause of the tu
lence lies in the large wind shear which develo
within the inversion and which is capable of supst-
plying sufficient turbulent energy to overcome {
stability. In some -cases the inversion ma

_ destroyed ‘in"the surface layers, or never beco
established; in other cases the inversion gro
slowly upward despite an \qxltremely large swigg
shear and despite episodes Pf turbulent w,

such as were observed by Durst [5} and. Giffor

The charactér of the wind lprofile is importz

in determining whether ‘the growth of the
turnal \inversion is orderly Fand controlled:
whether \it is chaotic ‘or perhaps entirely ab
The following discubsiqn indicates that wh
jet-like profiletexists with the wind maximum
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any’ removal of heat from the -

a smiall anlount of ; turbulent~ mixing in-
eases the.potentfai temperaturé. §, at the surface

and increases the height of the
n by an increment dh.in such

manner as to transform the line 4B into the line

._The height| j
affected by mixing is found by

m at which the potential tem-
AOC and DOB. . The follow-

d2 above the inversion is small
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w arises whether the new distri-

fature and wind resulting from
{ses give rise to a greater or

or further turbulent breakdown.
fesolved by determining whether

i
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iricreased as a result of the change.
In this equation, 7 is the wind speed and g is

dRi/dh > 0 3)

e new Richardson _nﬁfﬁbérjis' greater than that
}, and so it may be expected that

ecreased the likelihood of further
least in the absence of other

of the inequality, treating 6,, 6,
ibles, leads, after substitution of
b the relation:

=__-_—"-“‘_V'°_);

S0,

L) '%] @

(V}. o Va) dk

8s — 8,), and (V' — V,) are posi-
tive quantities under the conditions being consid-
fefore

,jwhether or not the inequal-
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ity is satisfied depends upon the values of df,/dh
and dVy/dh.
- At and above the level D in FIGURE 8, the tur-
bulent processes being considered here do not
change the potential temperature or the wind
speed. Therefore,

s @ =>'.___...-—8D =0

; dh ~dh
which is equal to the value of 8§/dz prevailing
above the inversion. In a similar manner, the
ratio dV3/dh is equal to the value of dV /8= which
prevails above the point reached by the rising in-
version. The ratio d,/dh is not likely to become
significantly negative. Therefore, in order to sat-
isfy the inequality (4) it is sufficient that above
the inversion the wind decrease with height, 2
condition which, of course, exists when the maxi-
mum wind occurs at the top of the inversion.

While the wind shear is probably sufficient in
most nocturnal inversions to allow a continual
generation of some turbulence, the presence of a
wind speed maximum at the top of the inversion
assures that this generation is kept under control.
Then the generation of turbulence continues only
so long as other processes tend to increase the
wind shear or to change the temperature distribu-
tion. Moreover, these considerations show that a
jet-like profile with a wind maximum at the top
of the inversion is a stable configuration, whereas,
the existence of a wind maximum above the level
of the inversion is liable to result in a chaotic
breakdown.

EXPLANATION OF THE PHENOMENON

The diurnal wind variation which is character-
istic over land surfaces was first explained by
Espy [6], and later in more detail by Koppen
[10], as the result of variations of the downward

h¢dh

h

Height

Fi. 8. Potential temperature distribution in an ideal-
ized nocturnal inversion (solid line) and the correspond-
ing distribution after a small amount of turbulent mixing

(dashed).
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turbulent flow of momentum; Wagner [15] ‘is possiblé.fh#t afte'r:.a,i)réﬁoﬁnged‘jet—likéfiji-o

showed that the daytime maximum wind speed in
the surface layers is caused by the strong increase
of eddy viscosity with height in this layer. Inas-
much as the wind was supposed to be in a quasi-
equilibrium at all times it was predicted that the
wind above the surface layer is retarded during
the daytime and approaches the geostrophic value
at night. Thus none of these theories explains the
strongly supergeostrophic winds which occur at
night within the boundary layer.

Wagner [16] made a study of the boundary-
layer winds in the midwestern United States, and
came to the conclusion that the diurnal variations
of the wind could be completely explained by the
superposition of three wind systems:

1. A circulation between the dry region in the
southwestern United States and its sur-
roundings.

2. A circulation between the plains and the
mountains to the west, and

3. A circulation between the sea and the con-
tinent.

Wagner’s conclusions are open to question be-
cause the analyses were made of observations
which, being at a constant height above sea level,
were therefore at various distances above the
ground and at varying local times. Thus Wagner
neglected boundary-layer mixing and did not make
allowance for these effects in his analysis.
Vertical turbulent mass exchange through the
jet level is not favorable for the maintenance of
the jet because the tendency for mixing is always
to smooth out maxima and minima of the velocity
profile. It is postulated, therefore, that after the
nocturnal inversion first begins to be established
at about the time of sunset, the turbulent mixing
very rapidly dies away above the inversion, and
ceases to have any important effect on the motion!
at these levels. Within the deepening nocturnal
inversion some turbulence is maintained because
of -the large wind shear. Heat is transferred
downward to the surface where it is lost by radia-
tion. This heat loss-which is not compensated in
the upper layers results in the continuous upward
growth of the inversion during the night. In a
like manner momentiim is removed from the upper
portion of the inversion and is carried downward
by the turbulence to the surface where it is dissi-
pated most effectively. Above the level reached
by the deepening nocturnal inversion, no appre-

ciable cooling has yet taken place, and it seems -

reasonable to postulate that likewise there has
been no loss of momentum from these levels. It

* where W, is the deviation at thelinitial ﬁﬁu_e_,_

o ; | ;
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as be_come_establjshed,‘é.the‘.-"gegative wind shea
above the wind maximum may become sufficient tg
generate turbulent mixing, especially in view of
the relatively small ‘hydrostati¢ stability. Sucly
mixing would have an important effect upon t
subsequent evolution. of the .wind profile, but i
probably not a significant factar during the for;
mation of the wind maximum.j
It is assumed for simplicity:
pressure gradient is constant i
horizontal plane. It is also
motion is completely horizontal.
inversion, the equations of motipn may be wri

= =) = 0 —{9)
2
at :

in which %, v, %, v, are compgnents of the wind

. - . qs A 34
and geostrophic wind and f the goriolis paramet:
The solution and geometric inte{pretatior; of the
equations are facilitated by:introducing the c
plex number : e

b~

W= (= ug) +ip — v)
which, when plotted in the complex plane, gives
vector representing the deviation from the geo
strophic wind. The equations (5) then become
aWw _

at "’{W L

which may be integrated to give, the solution
W = Wog—iﬂnh' ; ’ :
whi
is taken to be at about sunset. | The type of m
tion which this solution represents is shown
Ficure 9. It is seen that the deviation from th
geostrophic wind remains constant in magnitude
but rotates to.the Tight, its pefiod for one com
plete tevolution being one-half pendulum day.. It
may be seen from FIGURE 9 that if W, is a typ
geostrophic, deviation -at the- time of sunset,
supergeostrophic{maximum of phe wind spee
reached about six’ pendulum- Hours later—abouf
12 hours at San" Antonio and 9%% hours at Washgge
mpton, DL G0 - D BEE
Above the top of the im(ersiop where this solu
tion is valid, the solution at ch level may hel
considered independently of thf:T:)ther levels abovels
or below, except that at the initial time, W, is agt

determined fimctipnlof height: From the init | 3

-
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. bf the complex number W zind'thej
d vector ¥ (¢) tb the initial values W,, ¥., and the
ostrophic wind vector ¥, during a frictionally initiated

e entire wind ditribution at a later time, subject
“the limitationd imposed by the assumptions.
e manner in which: the solutions at each level
may be combined {6 explain the wind profile above
the inversion is indicated in FiGure 10. In many
# 2 tases the initial deviaticm is not exactly opposite
to the geostrophic' wind ; in such cases the time of
fhaximum will be reached after a somewhat differ-
it interval of time and will not necessarily occur
Simultaneously at bil levels. Tt has not been neces-
'i‘y_to assume tHat the geostrophic wind is inde-
i pendent of height. Therefore, Ficure 10 could
sily be modifiell to ‘apply in cases where the
strophic winchhang% with elevation..~The
sharpness of the i‘ ind maximum tends to be en-
hanced when the 'geostrophic wind decréases with
201 eight. If the decrease is sufficiently rapid, a
i jet-like profile may occur even in the daytime.
versely, the jet profile may not occur at all
dring the night if the geostrophic wind increases
o rapidly upwatd. .
Below the level of the wind maximum, the
elocity distribution must be explained by sup-
osing that varyihg amounts of momentum have
n extracted bif the downward turbulent flow
d subsequently Ldissipated at the surface. After
hsideration of the difference between the ob-
erved velocity al-ld that which would have pre-
vailed if the 'mot:xon had been frictionless, it be-
omes apparent that the greatest losses of momen-
itn have been stiffered near the surface, the least
at Tevels just below the wind maximum. Since
1e.loss of moméntum at each level may be ex-
ted to be proportional to the loss of heat, the
wrofiles of tempeFature and wind speed may be
xpected to be| similar within the nocturnal

Seinversion. i

ribution of wihd with Height, one may predict

. ._Wind Profile affer
¢ Pendylum ‘Hous

-—

Altitude

Wind Speed
Fic. 10. Schematic illustration explaining the evolution
of a boundary layer jet profile.

Ficure 11 shows the result of an analysis of
the deviations from the geostrophic wind which
occurred at O'Neill, Nebraska, en 31 Aug-l
Sept. 1953. The winds, plotted at 2 hourly in-
tervals, represent in most cases averages of several
determinations using smoke puff and pibal swarm
techniques [1, 2].

* The geostrophic winds were measured at 50 mb
intervals above and below 850 mb by the follow-
ing procedures. First, 850 mb charts were plotted
from regular radiosonde observations at 1500Z
31 Aug., 0300Z, and 1500Z 1 Sept. These charts
were analyzed independently by four analysts and
independent geostrophic wind measurements were
made over a 300 km line segment centered at
O'Neill. The averages of these determinations at

V- (m sec”)
10
600m
/ e
. b
r/d. tgh/o' 1000m
1 = —\
I o
t?.h\q 'zh°\ \ ;u-uq
T e ] 5 yw sec’)
94f -
- o

Fic. 11. Geostrophic wind deviation hodographs at
600 m and 1000 m at O'Neill, Nebraska, 31 Aug. to
1 Sept. 1953, Times are CST.
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each time were extended to the other levels by
the use of thickness charts constructed for each
50 mb layer from mean temperatures measured
from the radiosonde observations. The geo-
strophic wind at 800 m averaged about 13 m sec™
from the southwesterly direction.

During the period following 1800 CST, the
deviation vector remained nearly constant in mag-
nitude, and swept out a path which is roughly
circular. Between 2000 and 0400 the angular
velocity of the deviation vector averaged 13.5°
hr* at 600 m and 17.0° hr* at 1000 m, compared
to the predicted value of 20.2° hr. ‘

It is probably possible to improve the accuracy
of the predictions by refining the simplified ex-
planation given above. The frictional restraint on
the upper layers has been assumed to die away
instantly at the initial time, whereas it probably

decreases more slowly. As mentioned previously,—(11] Lettau, H., 1954:

the large negative shear that appears in the not
so stable layer above the inversion at around mid-
night makes it reasonable to expect that there is
some mixing in this region. Studies are now in
progress to determine the periodic variations
which result from various distributions of eddy
viscosity in time and height. : :
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MEETINGS (Contd from page 282)

Sessions are tentatively planned on Descriptive Mete-
orology, Theoretical Meteorology, Climatology, Long
Range Forecasting, and Numerical Weather Prediction.

Meeting headquarters for the Conference will be the
Sheraton-Fontenelle Hotel, 18th and Douglas. Streets, and
2 block of rooms has been reserved for those making
reservations. .- M s ‘

Meeting in College Station, Texas,
13-15 November

The 161st national meeting of the Society will be held
on the campus of the A. & M. College of Texas, 13-15
November. Dr. Myron G. H. Ligda, President of  the
College Station Branch, is Program Chairman, Deadline
for receipt of titles, abstracts, presentation  requirements
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METEORDLOGICAL Socxg:‘.' g

PR i vl

BuLLeriN AMERICAN

nomenon.” Institute of the
Preprint No. 519,
[4] Byram, G. M., 1954: )
lated to Blowup Fires.” Station Paper No. 358
Southeast Forest Experiment Station, Asheville i

N C ]
—=[5] Durst, C. S., 1933: “The Breakdown of Steep Win
Gradients in Inversions.” = Quart. J. Roy. Meteo
Soc., vol:-59, pp. 131-136." -} 2 -
[6] Esg . ]. P., 1841 “The Phtlosophy of Storms,
harles Little and James Brown, Boston. ‘-
[7] Farquharson, S. J.,

1939: “The Diurnal Variati
of Wind over Tropical Africa” Quart”J."Ro
Meteor. Soc., vol. 65, pp. 15-183. Py

—{8] Gifford, F. A., 1952: “The Breakdown of a LowrHi
Level Inversion Studied by Means of Detail
Soundings with a.Modified, Radiosonde.” . By
Amer. Meteor. Soc., vol. 33, pp. 373-379. . i

—{9] Goualt, J., 1938: “Vents en Altitude a Fort Lamys
(Tchad).”  Annales de Physique du Globe de'lg}
France dOutre-Mer, vol. 5, pp. 70-91. ~ *°

{10] Képpen, W., 1883: “Uber die tagliche Anderunﬁ&
re.

eronautical Sciencegt

“Atmospheric Conditions Reg 3

des Windes iiber dem Lande und dem Mee
Ann. Hydro. Marit. Meteor., vol. 11, pp. 625-643. %
“Graphs and Illustrations of Dix
verse Atmospheric States and Processes Observed ¥
During the Seventh Test Period of the Great’
Plains Turbulence Field Program.” ( ions
Report No. 1, Atmospheric Analysis Laborator
Air Force Cambridge Research Center. . ¢+
[12] Means, L. L., 1944: “The Nocturnal - Maximy
Occurrence of Thunderstorms in the Midwest
States. Miscellaneous Reparts, No. 16, Uniy,
sity of Chicago Press, o e R
—[13] Means, L. L., 1952; “On Thunderstorm Forecasting
it the Central United States” Monthly Weather,
Review, vol. 80, pp. 165-189. A
{14] Neyland, L. J., 1956: “Change Without Noti
Flying Safety, April 1956, pp. 16-20.
[15] Wagner, A, 1936 ;:-~“Zur eorie des taglichen
Ganges der Windverhaltnisse.” Gerlands beitrd
aur Geophysik, vol. 47, 2
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7, op. 172-202.
[16] Wagner, A., 19 r die Tageswinde.in d
freien - Atmosphire.”
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vol, 25, pp. 145-170. : e
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is 15 July. Dr. Ligda is also interested in receiving namg:
and addresses of students who attepded the meteorology,
training program of the Signal _Co_rgs_’during World Wa
I at College Station to-enlist support for a class re '}
Information -should be directed tq the Department:
“'Oceanography and Meteorology, 4. i
Texas, College Station, Texas. =
Papers are especially invited on‘q-xe following subjects?
Agricultural ‘Mete"prology, Weather Modification / gnd:
Cloud Physics; Severe Weather iobservz\tion, aua.}
and forecasting) ; Trajectories; Inseraction between, Sea!
and Atmosphere; IGY observations or studies.” Tenta:
tively, special symposia are pl_a,nr_leq on Education Pro;
fessional 1Standards and Objectives; Encouragement
Research; Public, Commercial and ilitary Meteorology®
Requirements. i st
Programs of the fall meeting programs will be pub
lished in the September Bulletin, ~ = S
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