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THE EF FECT OF li'RONTAL PASSA GES ON FLIGHT 
RESTRIC 'l' I ONS A'l' THE CHI CAGO, OMAHA, AND 

KANSAS CITY TERiVi I NALS 

I. Introduction 

This study has for its primary purpose the provision 

of a means for assis t ing a for ecaster in predicting the 

extent ·and dura tion of bad weather during front a l pas s ages. 

~tis particularly inte nded t hat t he results pres ented be 

used to determine h ow poor flying conditions will get, when 

t h e worst conditions will occur, and how long they will per

sist. 

The st andar d weather clas s ifica tions of Contact, 

Instrument, and Closed h ave been used for denoting the 

weather conditions at t he a ir termina ls and are as defined b y 

t he Civil Aeronautics Authority. These cl assifica tions a re 

transmitted on t he t e letype wea t hBr sequenc e s used by t he 

airway forec a ster. The fina l r esults of this thesis are 

in t h e form of curves for the individu al sta t i on s whi ch sh ow 

for a c ertain t ype of front al pas s age a t any particular time 

of year, whether t he station can be expec t ed to go to con

ditions of instrument operation or closed, when the restricted 

condition is like ly to occur, and approximate ly h ow long it 

will l ast. 
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The tr:ariation ' of the actual vveather from these "probable" 

curves can be considerable and the skill of the forecaster 

in recognizing the intensity of an approaching front from 

his synoptic chart and in making a suitable adjustment to 

the values· read trom th~ curves is required in order to 

m·ake · the best . possible use of the results of this study~ 

Important factors influencing the weather, namely local 

effects caused by topography, hlkes, sources of smoke pollution, 

etc~tera are takeµ into account in the mean curves, as the 

latter are construfted from a: study of the ac-tual · weather -

in connecti9n _witJJ._ synoptic maps _ and weather reports. The 

same ·frontal passages were studied for Chicago, · oma:ha, and 

Kansas City and the relative a>..mount of flight restriction 
. .,. . 

is very apparin£ and may be of considerable value in picking 

alternate terminals for flight operations in the vicinity of 

fronts. 

This study is primarily concerned with the weather 

during and ·immedh,tely before and after surfnce frontal 

passages, so 'consequently a great deal of bad weather du·e 

to sjstems which p&ss near io but not thru th~ stations was 

necessarily omitted from the data used herein. For the 

purpose for 1Nhich this analysis was made, hO\vever, it is 

beli~ved that · a forecaster could assist himself to a large 

extent by ,c areful correlation of these results with the 

synoptic charts. 
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In segrego. ting t he fronts which passed through the 

Chic ago, Omaha, a.nd Kans as City area into t ypes it was 

concluded t h at s . . system of s epar ~tion based upon the 

t wo air mass e s forming the surface discontinuity would 

be t he b est meth od. It _wa s found that t he fronts passing . ' 

t h~se t hree stations could be grouped into four general 

types. The air mass notation used is t hat devised by 

Dr. Krick . 

'i. 

Fronta l Air Mass Air Mass Front Type 
Type {before front) (beh ind front) Most Frequent 

... I ' Old Polar . Fresh Polar Cold 
Continental · Continental 

• II Old Polar Fresh Polar Occl. or 
Type Pacific cold with waves 

III Polar Type TropI_~aI (Ju"Ir Warm 

IV Tropic a l Gulf Fresh Polar Cold 
Type 

The fronts of e 2ch particular type are all suo

st s.ntia lly of a uniform nature . The Type I fronts are 

almost inva~:i,ab~y cold fronts while the Type II fronts 

are e.ither occlusions or slowly moving cold fronts with 

wav_e systems movi ng along the discontinuity. While the 

latter t ype include_s t wo k ind§ of --fronts, the minimrun 

conditio-r;is produced:_ by the t wo were not found to be very 

different, . and c~n:se quently the pure air mass typing system 

was used, both pf ~hese fronis being considered as Type II. 

While the occlusions generally move faster than do the 
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cold front wave systems, the time of flight restriction 

was very similar in both except in the cases when some 

warm moist air entered the cyclone structure aloft. 

Types III ~nd IV are always found to be warm and cold fronts 

respectively. It is seen from the synoptic charts that the 

types adopted include practically all fronts which pass 

these three sta tions. Like any other statistical weather 

study, it is believed that the value to be derived from 

these results lies in the recognition of the differences 

between any particular frontal passage and the usual or 

me nn passage of the type during the season under consider

ation. 

It is intended that this study of frontal weather be 

used in connection with the thesis of Dahl and Hills-r.• 

written at the California Institute of Technology in 1939 

which covers substantially the same area (Chicago to Omaha 

air route) in relation to purely air mass weather. By a . 

use of both papers it is hoped that a forecaster may 

accelerate his recognition of the weather which he may -e~e:et 

in this region from almost any type situtation. 

To agree with the method of seasonal segregat ion used 

in the Dahl and Hills thesis~:-, the year is divided as follows: 

~~ The Technique of the Development of Dynamic ClimatologicaI 
Tri'formation by75a~(U.S. A. )"ancl R"flls (U.S.A.) California 
Institute of Technology, 19 39 • 
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·;/INTER: December, January, February. 

SPRING: March, April, May. 

SUMMER: June, July, August. 

AUTUii N: September, October, November. 

These seas ons are more or less standard and "l:'rere 

found to be satisfactory for this investigation. 
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II. Procedure in obtaining data ----- - --
In order to get a general concept of the problem, 

and provide data for the classification of the fronts 

affecting the area, a tabulation was made of the frontal 

passages at Chicago .for.the ye ars of 1936 to 1940 inclusive. 

This tabulatiof\ was -made from the 6 and 12 hourly synoptic 

charts 8.nalyzed by Dr. I.P. Krick and filed at the California 

Institute of Technology. The weather produced by all 

frontal passages within the five yea r period was tabulated. 

This data was used in the separation of the front a l types 

and also to compare the general intensity of the weather 

produced. Figure~ IX to XII show portions of the synoptic 

chart during typical passages of the four general frontal 

types. 

To obtain accurate data concerning the minimum con

ditions resulting from a frontal passage and an accurate 

record of the time of instrument and closed conditions, 

the hourly airway teletype sequences were exe.mined and the 

weather recorded for e ach of the three stations during any 

flight restricting conditions. The synoptic charts were 

used as a guide in reading t he hourly reports. The time 

of the passage of the surface front was determined by the 

sequences (to the nearest hourly report). As the hourly 

sequences for the stations examined were available only 

from January 1, 1940, to March, 1941, only two winters and 



one each of the other seasons were covered in this manner. 

The conditions existing during the passages were, however, 

compared with the five year map record when the mean tim;e 

curves of instrument and closed were computed, in a~ attempt 

to eliminate the long period displacements of the stream

line flow. , ,_The existing ;north-sou.th and enst-west displace

ments of the streamline fl.ow must also be borne in mind by 

the forecaster when considering the mean time studies. 

One difficulty encountered in studying and recording 

data from the hourly sequences was the determination of the 

boundary of influenc·e between_ one front and the next. This 

difficulty was found only dµring the most intense portions 

of the w.inter seasons. Other conditions giving difficulty 

were: air mass ~ogs, air mass t,hunderstorms, and long 

per:i,ods of visibility-reducing, smoke conditions requiring 

instrument operation. Careful consideration was, however, 

giv~n each case in an endeavor to eliminate restrictions 

which were not i:q some nianner a_ependent upon frontal activity. 
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III. Analysis of data 

The first step in the analysis of. the data obtained 

from the hourly sequence~ 2nd the synoptic charts was the 

establishment of the values used in the mean curves. In 

ord_er to do this histogrHms were drawn for the following occur

rences for each type of front at each station. 

1. Hours Instrument plus hours Closed before 

frontal passage. 

2. Hours Closed before frontal .passage. 

3. Hours Instrument plus hour~ Closed -

after frontal passage. 

4 . . Hou~s Closed after frontal passage •. 

In any one -histogram the values recorded from the 

individual -cases were plotted against _convenient hour 

·ranges in order to find the most probable _number of hours 

for the particular case. Histograms were plotted for each 

frontal type at each station in each of the seasons for 

the occurrences recorded above. From a consideration of 

the most probable values in each histogram and of the in

dividual values involved, mean values were obtained for 

each of the four groups noted above at each station for 

each season for each of the four frontal types. These means 

are plotted in figures I through VIII. In order to use 

these mean curves the factors of the individuB.l case must 

be forecast in order to determine it variation from the mean. 



Some of these factors will be considered in a later part. 

The smoke pollution quadrant diagr f,ms ( figures XIII, 

XIV, and XV) were constructed in order to show the directions 

of the surface wind (on a sixteen point compass) at each 

station which give smoke pollution at the time of a frontal 

passage. In obtaining the values plotted it was necessary 

to make corrections for the differences in the total 

number of cases of smoke pollution occuir.i.ng in each of the 

sixteen compass directions. For each c~se less than the 

maximum number of cases occurring, a value of five miles 

was added in before the aver age was taken. For example, · 

if the maximum number of cases were 20 and they fell in 

the south-east wind sector and only 14 cases fell in the 

east-north-east wind sector, then 6 additional values of 

five miles would be added to the 14 recorded cases in the 

eas_t-north-:east wind sector bef~ the average for this 

sector was t aken. In this way it is believed that a more 

representative value for e nch wind direction sector may be 

obt a ined. 



IV. Results and Conclusions 

The adherence of actual conditions to those represented 

by the Instrument plus Closed and. Closed curves (figures I 

through VIII) is relative to th~ unique peculiarities of 

the individual situation. As these curves represent only 

the mean conditions of a number of similar type front a l 

pass age s in each case, t he import ance of the deviations 

from the se values cannot be overlooked in the successful 

use of the curves in the forecasting of operating conditions. 

It may be stated that the maximum deviation in any case 

c an amount to 100% or gra nter. Because of the i mport ance of 

the variations, some of the more prominent factors as observed 

in the course of this research will be noted. 

The most important factor in the intensity of a Type 

I frontal passage seems to be the temperature difference 

across the front. From a deductive consideration of this 

point, such an opinion appears logical, since some of the 

other important factors in frontal intensity, i.e. specific 

humidity, frontal slope, and upper air structure are more 

or less constant within a given se .? son for this type of 

front. The second most important factor in Type I frontal 

intensity is prob ably the orientation of the front with 

respect to the station. The orientation of the front 

de termines to a large degree the direction of both the 

pre-frontal and post-frontal surface winds, as well as the 
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tra jectory of the air in both air masses. The surface wind 

directions are important since the terminals considered 

are associated with large metropolitan and manufacturing 

areas and show the effects of smoke pollution from these 

sources. The subject of smoke pollution v.rill be treated 

in a later portion of this report. The trajectory of the 

a ir is important since it determines the latter's stability. 

This is most import2nt in the case of the air behind the 

Type I fronts in winter since it determines the distance that 

the air travels over the water surfaces of the Gre at Lakes, 

which in turn is a measure of the amount of snow flurries 

in the convectively unstable Polar Continental air. 

As is indicated from figures I and II, t he effect of the 

Lakes is relatively much more noticeable at Chicago because 

of its position. The tra jectory of the air also determines 

the extent to vrhich local terrain will affect weather con

ditions. Since all three of the stations under discussion 

are located in a part of the country which has little or 

no topog-raphic relief, the orographical effect · 1.s "' in •·this case 

practically negligible. The only role of any importance 

played by the terrain is in its relation to air drainage 

2nd smoke pollution at Kansas City. 

Since Type II fronts pass through the area under con

sideration as either occlusions as slowly moving cold f~onts 

along which waves form, the frontal intensity is best judged 

- 11 -



by the c:o.ntrast l:Yetween the two air masses; involved, as well 

as the stage of development of the cyclone formed along the 

front. The maximum intensity of a Type II front is reached 

when Tropical Gulf air is drawn aloft into the upper air 

trough. tt can be seen from an inspection of figure III 

that conditions both before and after a Type II frontal 

passage are relatively worse ·than those brought about by a 

Type r fronta1 passage. This may be explained in pa.rt by 

the · fa.c 't • that the area. involved · is usually affect~d by warm 
.-

front type precipitation with a Type II frontal passage in 

· contrast to the usual cold front .precipitation of Type .I. 

The warm front precipitation area by its very nature may 

produce longer flight restrictions than that •of Type I, 

since it usually affects the stati<l!n for a relathrely 

longer period. Low stratus decks with their accompanying 

drizzle and fog are a common Type II phenomenon. It is 

to be noted that Type II post-frontal conditions are far 

worse at Chicago than at either Omaha or Kansas City. This 

is usually due to the fact ,that the ·cyclone center p_a.sses 

much nearer to Chica.go than to the other two stations. The 

usua.L'.exj:ension of the precipitation area to the rear of the 

front in the vicinity of the cyclone center may produce re

stricted conditions at Chicago for a longer period than at 

Omaha or Kansas City. A second reaa.on why chicago is more 

af'.f'e;eted1 by T:ype II fronts than are the oth(;)r terminals is 

that often by the time the upper trough has reached 
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Chicago, the Tropical Gulf air has had sufficient time to 

enter the upper structure of the cyclone. 

The chief factor in the estimation of the individual 

Type III f r ont is the intensity of the cyclone wiith which the

front is cronnected. The :Lnt-ensity o:f' the 'cyc'lone determines 

the extent to which 'the Tropic'al Gulf air overruns the warm 

front surface, which in turn determines to · a- large extent 

the pre-f'rontal reatrictions of afrcra:e·t o:.perations. ]tt 

can be stated· that p@'B'-sd.bly· :tlhe·· wor.mtt weather., of' a:bli oc-milt's 

in the area c·onc··ernedl when ccyc·-lones :Unvoll viing,· T!ype' III :flront s 

pas,s-; well to) the s:outh~ · silince in the maj ari1tyr o-.ff. erases thes;e 

cyc·lcmes are more intense than thos:e whfieh travel' cm a more 

no.:rtherly p-ath. - There are excrept:tcms to) this howev,er, a 

no:table one being the storm which passed through the central 

part ofl the country on Nov:emb-er 11, 1940". • 

The criteria which affect the Type IV fronts are much 

the same as th◊~e affecting the Type I fronts, since boxh 

are ess.entially cold front types. Since no closed conditions 

were observed with Type IV fronts this curve was --omitted". 

I 1t must be sdta-itedl that-. the nuni5:er' of' Typ·e III and1 IV fronts 

pass;ing through the area concerned is much less -than the 

number -of Types I and II, and the results fn the c·as:es , of the 

former two are therefore less conclusive. In figures v · and VI 

the curves for Omaha and Kansas City are omitted due to a lack 

of sufricient frontal passages to indicate a curve. This is 

especf.ally true of the winter seasons. 
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The correct estimation of the amount of restricted 

visibility conditions due to smoke pollution from metro

politan and manufacturing sources is also of much im

portance in determining the deviations of any particular 

case from the mean curves of fi gures I through VIII. For 

this re ason the smoke pollution quadrant diagrams were 

constructed. The data used in the construction of these 

diagrams was taken only at times ne ar :fro:Q.ta l passage 

and is only valid under these conditions. It is obvious 

that if much _turbulence i~ present because
1
of strong 

surface winds, this will .. substantially redu,.ce _ the y ossibili ties 

of smoke restricting_ the vi.sibility. Oprimum conditions 
···-

for this type of flow are found in the air in back of 

Typ$ I and IV fronts. Subsidence in the air in advance 

of the front Pf pd~ce co:Q.ditions which increase the pos s ibility 

of smoke pollution. 

It has b e en observed that the time of day of the 

front a l passage is a factor which can be used in the 

estimation of the intensity of pre-frontal smoke conditions. 

Pre-frontal smoke conditions were found to reach a maximum 

when the surface frontal passage was in the early morniIIg 

hours. 
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