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NATIONAL ADVISORY COMM IEE FOR AERONAUTICS

RESEARCH MEMORANDUM

SUMMARY OF PILOTS' REPORTS OF CLEAR-AIR TURBULENCE

AT ALTITUDES ABOVE 10,000 FEET

By Harry Press, Martin H. Schindler,

and James K. Thompson

SUMMARY

As part of a general investigation of the seriousness of the high-
altitude clear-air turbulence problem, a program for the collection of
pilots' reports of clear-air turbulence encountered in normal civil and
military operations was undertaken in 1949. A simple postal-card
questionnaire was distributed to groups of civil aircraft operators and
selected military units. This paper presents a summary of the data
obtained from this survey together with some additional reports from
Air Weather Service reconnaissance flights. In a period of about
two years, 443 cases of high-altitude encounters of clear-air turbulence
were reported. Of these reports, two-thirds were concerned with turbu-
lence of moderate and severe intensity. These reports indicated that
the turbulent areas are patchy with more than half less than 50 miles
in horizontal extent and 2,000 feet in vertical thickness. Although
the frequency of occurrence of turbulence at high altitudes appears
to be considerably less than at low altitudes, turbulence at high alti-
tude still appears to occur with sufficient frequency to be a factor in
the design and operation of aircraft.

INTRODUCTION

One of the problems associated with the design and operation of high-
altitude aircraft is the frequency and severity of atmospheric turbulence
at higher altitudes. Because of the scarcity of information on this
subject, an extensive program for the investigation of high-altitude tur-
bulence was undertaken by the National Advisory Committee for Aeronautics
in order to establish the frequency, intensity, and other characteristics
of this type of turbulence. This program, carried out in cooperation
with the Air Transport Association of America, the Air Weather Service, i I
the U. S. Weather Bureau, the U. S. Navy, and the U. S. Air Force, con-
sisted of three phases: the collection of pilots' reports of clear-
air turbulence the collection of airplane measurements of turbulence
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from routine and special airplane operations, and atmospheric soundings
with a specially developed balloon-borne turbulence telemeter instrument.
This paper deals only with the phase of the program which involved the
collecting and analyzing of pilots' reports of clear-air turbulence.

For the purpose of collecting pilots' reports of clear-air turbu-
lence, a simple postal-card questionnaire form was distributed to civil
and military authorities. In addition, pilots' reports of clear-air
turbulence encounters were also obtained from weather reconnaissance

airplanes of the Air Weather Service. The collection of these pilots'
reports was an attempt for an early and qualitative assessment of the
seriousness of the high-altitude clear-air turbulence problem. The
collection of a set of documented cases of turbulence was also expected
to be useful in the development of synoptic forecasting techniques. This
second consideration is being explored by the U. S. Weather Bureau and
early results have been reported (see ref. 1).

Since a large sample of pilots' reports is now available, a summary
of the reports received to date has been prepared and is presented herein.
Although many encounters of clear-air turbulence were probably not
reported, the present reports indicate the scope of the problem. In this
paper the available data are summarized and examined for their implica-
tions in regard to the frequency and intensity of high-altitude clear-air
turbulence and the variation of these quantities with altitude and season
of the year. In addition, the information obtained from these reports
on the horizontal extent and vertical thickness of the turbulent areas
is presented in order to provide a description of the physical dimensions
of turbulent areas.

SCOPE OF IOATA AND;.RESUITS'

The basic data consist solely of pilots' reports of clear-air turbu-
lence encounters at higher altitudes and were obtained primarily from
three sources: Air Weather Service reconnaissance flights, routine
military operations within continental United States (primarily fighter
aircraft), and routine commercial transport. In addition, a small num-
ber of reports from NACA airplanes were received and were grouped with
the reports from military operations. The latter two sources provide
their data in the standard questionnaire developed for this program.
A sample of a completed postal-card questionnaire is shown in figure 1.
In all cases the same basic and simple turbulence scale defined in the
following manner was used to classify the turbulence intensity:

Turbulence intensity: Definition

Slight .......................... Perceptible
Moderate ........ ...................... .Difficulty walking
Severe ...... .................. ... Objects thrown around cabin
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The intensity of the reported turbulence is thus a rough qualitative
measure and depends to some extent on the airplane characteristics, the
pilot, and particularly on the flight speed of the airplane.

The total number of reports received from each of the data sources
are summarized by turbulence intensity in the following table:

Turbulence Reconnaissance Civil
intensity flights Military transport

Slight 16 105 26
Moderate 15 193 45
Severe 36 7

Total 31 334 78

In a number of cases, the reports were incomplete, failing to specify
such items as altitude, turbulence severity, or duration. These cases
were used for the items available and, as a consequence, the total num-
ber of reports on a specific item will differ.

Because of general differences in airspeed range and pilot experi-
ence, the three sources of data (reconnaissance flights, military fighter

operations, and civil transport operations), have been evaluated and pre-
sented separately as will be described.

Air Weather Service Reconnaissance Flights

The pilots of the B-29 airplanes operated by the Air Weather
Service over the northwest Pacific Ocean reported all clear turbulence
encounters in their routine missions. The weather reconnaissance flights
are such that practically all the flying is done over water at either
about 10,000 feet or about 18,000 feet so that the turbulence reports
are at those levels. These data cover 1 year of operations and repre-
sent close to 7,000,000 miles of flight. Summaries of these data are
given in table I and include the number of occurrences of turbulence by
severity, the total miles flown, and the miles of turbulent air encoun-
tered during each month.

Military Operations

These data represent reports from military operations from selected
fighter-type training units in various parts of continental United States
over a period of about 18 months. A few reports also included in this
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group were, however, obtained from bomber-type airplanes and from oper-
ations at aeronautical research centers in various parts of the country.
These data were intended to cover operations from an altitude of
25,000 feet to 45,000 feet; although contrary to the instructions on
the postal cards, a few cases of turbulence below 25,000 feet were also
reported. These cases were included in the present summary for com-
pleteness. Unfortunately, no data were available on the total amount
of flying performed in the operations covered.

In order to determine whether these data indicated any trends in
regard to variations of turbulence with season of the year and with
altitude, the distributions of turbulence reports for the moderate and
severe cases were determined by the month of the year (table II) and by
altitude of flight (table III). For ease of interpretation, the primary
results are summarized in figures 2 and 3, respectively, for the com-
bined moderate and severe turbulence reports. The data for the light-
turbulence cases were intentionally not used as these reports were felt
to be seriously affected by the speed of the airplane and the pilots'
discretion.

Civil Transports

Data are presented which cover a period of about 18 months in which
the pilots of civil transports within the continental limits of the
United States reported on clear-air turbulence which was encountered
at altitudes above 10,000 feet and at least 5,000 feet above terrain.
The reports were also made on postal-card questionnaires of the type
shown in figure 1. In general, these flight operations did not include
altitudes above 25,000 feet.

As with military operations, the distribution of reports by month
and by altitude were determined separately for the moderate and severe
turbulence cases and are given in tables II and III, respectively. The
results obtained are also shown in figures 2 and 3 for the combined
moderate and severe turbulence cases.

DISCUSSION

Frequency of Clear-Air Turbulence

Of the total 443 cases reported, 296 have been of moderate and
severe intensity. Since this program covered perhaps as many as several I
million flight hours, the over-all incident rate of this type of turbu-
lence appears lower than that normally associated with air operations at
the lower altitudes (see, for example, ref. 2). It would thus appear that,
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for operations at higher altitudes (above perhaps 35,000 feet) where
turbulence may be expected to be primarily a clear-air phenomena, the
over-all occurrence of turbulence would be substantially lower than
for operations at the lower altitudes. This indication appears to be
confirmed by other data recently obtained in flight-test investigations,
reference 3.

In view of the evidence from the present data and other sources now
available, it appears that the frequency of turbulence and particularly
clear-air turbulence at higher altitudes is considerably less than that
at low altitudes. Because of this reduction with altitude, it may be
anticipated that high-altitude-operating airplanes will encounter sub-
stantially fewer gusts than low-altitude-operating airplanes. In view
of the number of cases reported in the present survey, over 400, turbu-
lence at high altitude still appears to occur with sufficient frequency
to be a factor in the design and operation of aircraft. The fact that
turbulence at the higher altitudes occurs predominately in clear air
poses a special problem in that airplanes may be expected to run into
turbulent areas without warning and at high speed.

Geography and Season

In order to determine whether the pilots' report data indicated
any variations of turbulence with geography and season of the year, the
available data were examined for geographical and seasonal variations.
Clear-air turbulence was evidently reported in all parts of the United
States with no readily apparent indications of geographical variations.
The distribution of observations of the turbulence reports over the
United States did not, therefore, appear to warrant further examination
in detail. The distribution of pilots' reports by month and year shown
in figure 2, however, appear to show a marked predominance of turbulence
reports during the spring seasons of the year. Although the number of

flights varied by season of the year due to weather and traffic consider-
ations and were believed to be influenced by gasoline shortages during
the period, it is believed that the indications of a predominance of
clear-air turbulence reports during the spring may be real and warrants
verification.

Distribution With Altitude

The distribution of turbulence reports with altitude shown in fig-
ure 3 unfortunately gives little indication of the variation of turbu-
lence frequency with altitude, due to the lack of information on the

flight times at the various altitudes. The lower altitudes of the
reports from the civil transport operations principally reflect the

altitude limitations of the present equipment in transport use which
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preclude operations much above 25,000 feet. It is of interest to note
that of the 229 military reports of high-altitude turbulence, 60 were
at altitudes above 35,000 feet.

An inspection of the summary of the Air Weather Service reports in
table I indicates that the portion of the flight miles in rough air was
0.00015 and 0.00050 for operations at 10,000 feet and 18,000 feet,
respectively, and in no cases was heavy turbulence reported. It is
obvious, therefore, that, at least for the region studied, the occurrence
of clear-air turbulence at moderate altitudes over oceans is relatively
rare and does not appear to be a serious problem. The increase in turbu-
lence frequency with increasing altitude indicated by the data of table I
appear contrary to what has been regarded as common experience. No
explanation of this result appears evident although it may be associated
with local variations in wind velocity with altitude.

Horizontal Extent of the Turbulent Areas

Most of the pilots' reports provided information on the horizontal 4

extent of the turbulent areas, which, in miles, is summarized for both
the military and civil operation reports of moderate and severe turbu-
lence in table IV for encounters above and below 30,000 feet. This
separation of the data into groups of above and below 30,000 feet was
made in order to provide information on the possible variation with
altitude of the turbulent-area dimensions. The over-all distribution
of the horizontal extent of turbulent areas is shown separately in fig-
ure 4 for above and below 30,000 feet.

Inspection of figure 4 indicates that most of the turbulent areas
were of relatively small spatial extent with more than half the cases
reported having horizontal extents less than 50 miles. A few cases
were reported, however, in which the turbulent areas were widespread
and extended over 500 miles. From figure 4 and the average values given
in table IV, it appears that the turbulent areas have about the same
horizontal dimensions above and below an altitude of 30,000 feet. A
separate examination of the severe and moderate turbulence occurrences,
table IV, gives some indication that the areas of severe turbulence were
larger than the dimensions for moderate occurrence.

Vertical Thickness of Turbulent Areas

Since the vertical thickness could be determined only if the air-
plane encountered the turbulent areas during climbing or descending,
only a part of the reports, roughly, one-third, contained information
of the vertical thickness of the turbulent areas. The available data
on turbulent-area vertical thickness are summarized in table V and show

RESTRICTED



-/ /11 V I{ V i |l I IIAI I k a
1
1

NACA PM L52L30a RESTRICTED 7

the distribution of layer thickness for the encounters above and below
30,000 feet. As in the case of the horizontal extent of the turbulent
areas, these data cover both the military and civil operations for
moderate and severe turbulence. The over-all distribution of vertical
thickness is shown separately in figure 5 for above and below 30,000 feet.

Inspection of figure 5 indicates that the turbulent areas were
generally thin with more than half the cases reported having a vertical
thickness below 2,000 feet. One case was reported to be 14,000 feet
thick and occurred above 30,000 feet.

Figure 5 and table V also indicate that a slight variation of
thickness with altitude may exist with the average layer thicker below
30,000 feet. There is also an indication from table V that the areas
of severe turbulence were of larger vertical thickness. The average
thickness was about 3,000 feet for the moderate cases and almost
4,000 feet for the severe cases. The relatively small vertical extent
of the turbulent areas as compared with the horizontal extent indicates
that a change of airplane altitude offers the best operating practice
for getting out of turbulent areas.

SUMMARY OF RESULTS

A two-year survey of high-altitude aircraft encounters of clear-
air turbulence based on pilots' reports from selected military and civil
operations has indicated the following results:

1. A total of 443 cases of high-altitude clear-air turbulence were
reported of which more than two-thirds represented occurrences of
moderate and severe turbulence.

2. Although the amount of flying covered in the survey is not
known., a rough estimation suggests that this program covered as many
as several million flight hours. It thus appears that the over-all
frequency of encountering turbulence at the higher altitudes, above
25,000 feet, is small and is substantially lower than for normal oper-
ations at lower altitudes.

3. The data indicated more turbulence at the higher altitudes
during the spring season than during other seasons of the year.

4. The horizontal dimensions of the turbulent areas varied from a
few miles to, in a few cases, many hundreds of miles although more than !
half the cases reported had dimensions of less than 50 miles.
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5. The vertical extent of the turbulent areas varied over a range
of several hundred feet to roughly 10,000 feet with more than half the
cases reported having thicknesses of less than 2,000 feet.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va.
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TABLE II.- DISTRIBUTION OF TURBULENCE REPORTS

BY MONTH AND YEAR

Military and
Military airplanes Civil airplanes civil airplanes

Month Frequency Frequency Frequency

Moderate Severe Total Moderate Severe Total Moderate Severe Total

1950
January
February
March 4 4 44
April 3 3 -3 3
May 2 2 2 2
June 4 1 5 4 1 5
July
August
September
October
November
December 1 1 1 1

1951
January 3 333
February
March 2 2 2 2
April 17 5 22 4 1 5 21 6 27
May 25 1 26 13 2 15 38 3 41
June 10 1 11 7 7 17 1 18
July 9 9 1 1 10 10
August 11 1 12 2 2 13 1 14
September 3 1 4 2 2 5 1 6
October 5 3 8 2 2 7 3 10
November 4 1 5 1 1 5 1 6
December 3 1 4 1 1 2 4 2 6

1952
January 11 3 14 3 3 14 3 17
February 15 8 23 5 1 6 20 9 29
March 24 4 28 4 1 5 28 5 33
April 25 1 26 25 1 26
May 5 1 6 1 1 5 2 7
June 4 4 4 4
July 3 2 5 3 2 5
August 1 1 1 1
September 1 1 1 1
October _
November i
December

Totals 193 36 229 145 7 52 238 43 281
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TABLE IV.- FREQUENCY DISTRIBUTION OF HORIZONTAL EXTENT

OF TURBULENCE AREAS

Frequency distribution
Horizontal

extent, Below 30,000 ft Above 30,000 ft All altitudes
miles

Severe Moderate Both Severe Moderate Both Severe Moderate Both

0 to 25 9 35 4 25 25 9 60 69
25 to 50 5 31 36 1 22 23 6 53 59
50 to 75 4 11 15 2 6 8 6 17 23
75 to 100 1 8 9 2 5 7 3 13 16
100 to 125 1 9 10 1 5 6 2 14 16
125 to 150 2 2 4 1 4 5 3 6 9
150 to 175 2 2 2 2 4 4
175 to 200 2 2 4 4 6 6
200 to 225 1 7 8 2 2 1 9 10
225 to 250 1 1 2 2 1 2 3
250 to 275 1 1 1 1
275 to 300 2 2 2 2
300 to 325 2 2 1 3 3
325 to 350
350 to 375
375 to 400 1 1 1 1 2 1 2 3
400 to 425 1 1 1 1
425 to 150 1 2 3 1 2 3
450 to 475 1 1 1 1
475 to 500

500 to 525 1 1 1 1
525 to 550 1 1 1 1
550 to 575
575 to 600
600 to 625
625 to 650
650 to 675 1 1 1 1
675 to 700
700 to 725
725 to 750
750 to 775
775 to 800
8o0 to 825
825 to 850
850 to 875
875 to 900
900 to 925
925 to 950 1 1 1 1

Total 27 114 141 8 84 92 35 198 233

Mean horizontal il

125 83 91 122 90 93 125 86 92extent
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14ACA - U. B. Wather Barse yeam~ e

CLEAR AIR TURBULENCE utMPORT no

Purpose:, To collect informaion an the froency and semrity, d
turtadence is clear air at high altiteue so tI afar
aIpleaam can be designed and meansat prectiq new

avoiding such tbu~mlence can be developed.

Instructon: Complete this report for esscoveters with bt*bl qe
ONLY IN CLEAR AMR at altitudes above0, 0feet
(for the civil airlines) and 25, 000 feet (for "h Mui.

S tary Uervlces). In momntinous areas, homer, tar-
C O balance at les than 5. 00feet above the smmftine

within a 20-mile radius need not be reported.

(D Date .30 j~ ~~~ 1  '/9 J-
®Airplane Type WoAfA JA 4 0-d531

() Time occurred /0 p. m. local standard tiont

® Location miles in Of direcui

or lat. _ long.

® Indicated altitude: &ZO06l t)

altimeter setting a a inches Hg.

(g) Indicated airspeed:

Ci) Estimate of maximum intensity (check one):

Cl slight (perceptible)
CIE moderate (difficulty walking)

M severe (objects thrown around cabi) '
(1) Lenpif of time In turbulence: 2-'r min.

(1) If climbing or descending,
Vertical extent of turbulence _____ft.

Remarks: (Describe characteristics of tvurbulence--choppr, herd
jolts, heavy drafts, continuous or intermittent_, etc.;
describe airplane reactions-wallowing, unconotralled
roil, momentary upe, etc.; describe evasive ac-
tiom-changes in altitude, direction and airspeed. etc.
if there are any clouds in vicinity, note types seed esti-
mated distance.)

elPA ,, i v- At- vd zIS

IL/O ;, 6Lps

Figure 1.- Sample of completed turbulence qluesbionnaire report.
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450o

630, A/i/ aryi--

'go

II I I I

0 /0 20 040 ,.40 x/0 3

Figure 3- Frequency distribution of turbulence reports with altitude.
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