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Purpose

USAF ETAC Technical Notes are published by the USAF Environmental

Technical Applications Oenter to disseminate aerospace sciences informa-

tion to units of the Air Weather Service. Subject matter contained in

these Technical Notes, while pertinent, is not deemed appropriate for

publication as Air Weather Service Technical Reports which are coLfined

to those studies, reports, techniqaes, etc., of a more permwnent and

specific nature. Technical Notes incluae suc-h material as wing

seminar listings, bibliographies, speci&l data compilations, climatic

studies, and certain USAF ETAC project reports which may be of special

interest to units of the AWS organization. This series is published

under the provisions of AFR 6-1 and AWSR 80-2, as amended.

Distributi on

Technical Notes will normally be given the same distribution as

AWS Technical Reports which includes Ull AWS units through detachment

level. Additional special distribution may be proviaed certain issues

when the subject matter is believed to warrant wider dissemination

within the scientific community. A smaller distribution of the Notes

will be made when the area of interest and applicability is considered

limited.

Non-AWS organizations desiring copies of USAF ETAC Technical Notes

should submit their request to Federal Clearinghouse of Scientific &

Technical InformaLion, Springfield, Virginia 22151.
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urII J'AP['I" InVi.T .)II :Ien I a1LI Tceeri~(:,iel Armnlicationr r.(nter.r ( 7!,TAC) Jto

locate referenoe material requente(] b)y the various ~n~rmr.lajZcrircie-.s

and tLho-, civii >mn oreanizationer; comple ting goverTuflert 'Prtw~v. tie

request-7 are l;~a~ nitiated Io aidI in the, solutlion of opeoifirc

problc:wus. Iiow-ver, many ot' these hil~liof-rapliies reprcscnit. a :btn

t~ial li;igof pcertinent Pouri'.Q: wtiich, having lbeen co:.rpiledi, could

prove very beeiilto other researchers with c~imilar int~ereflts in

subject i~natter or area of coverarge. It is with, this in mnind that USAY

E'TAC p~ibliuhes certain reference lis~tings :;uch as- this bitljo(graphy.

It is believed ti-at, by pýlc' on arid distribution of these consoli-

dated refere nce 1Wst s, much of thei time-con,--uming reference -search irg

of the recearcner>! -an be eliminated.

Inclupion of an item in th1is listing does not constitutp an

indorsemnent of tne infornation included therein by the DOD., USAF, Air

Weather 3Jervice, or USAF ETAC. It also must be noted that refchrernces

selected for thiis bibliography should not be construed asý being the

best or only references- available as many excellent papers, reports,

etc. were no doubt overlooked duri~nLg the limited search period

allotteai the author for thtis project. It is believed., however,, that

the listi1ng contains a cross section of studies from many of the

leading researciiers in the Clear Air Turbulence programus.

This, documenfnt tins been approved for putilic
relea.;S( and sale; Ji:; d itstributiuzi is wi-
I imi t('d.
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INTRODUCTION

This bibliography was compiled as a by-product of' the regular

reference--searching that characterizes the normal workload of the

Technical Information Section, USAF BTAC. Most of the abstracts were

taken from the publications themselves, many from Meteorological and

Geoastrophysical Abstracts, published by the American Meteorological

Society, and others were obtained in a Report Bibliography Search on

Clear Air Turbulence prepared for ETAC by Defense Documentation Center

for Scientific and Technical Information, Cameron Station, Al.exandria,

Virginia.

The items selected for this listing refer to Clear Air Turbulence,

for the most part, although several references are included pertaining

to Critical Air Turbulence and turbulence in and around clouds.

Further, only references to Clear Air Turbulence as it occurs in the

atmosphere are shown; laboratory models and/or research, for the most

part, are not referenced.

A general sampling of the articles by authors worldwide is the

main theme of this bibliography. Articles selected may not always be

the best article written by that author, however, from a selection of

several hundred references considered, these seem to fairly well

illustrate the general knowledge of Clear Air Turbulence, its problems

of detection, avoidance, characteristics, etc. at various levels in the

free atmosphere. Nevertheless, in a search of this magnitude, some

authors may have been overlooked and apologies for such oversights are

hereby offered. The author in no way implies in this bibliography

that one reference and/or author is better than any other, but offers

these references as a general compilation of works on Clear Air Tur-

bulence published during the 1964-69 period.

In 1968 the Department ol Defense published the "DOD National

Program for Clear Air Turbulence, Development Plan". Within this

plan responsibilities for certain areas of critical air turbulence

were delineated. Altitude ranges were designated for specialized

study with the following nomenclature assigned:

iv
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LCAT] Overall ClassificationsMOCAT

TOLCAT - Surf to 250 ft above gronmd

LO LOCAT - 250-1000 ft above terrain

WCAT - 10O-2O, OO ft altitude

MEDCAT - 20,0OO-4.9,0O0 ft altitude

HICAT - 4o,OOO-70,000 ft altitude

HI HICAT - 70,000 to 201,000 ft altitude

TOPCAT - Project over Australian area

Several items listed in this bibliography are either the indirect

results of these designated projects or are actual monthly, interim, or

final reports of contractual arrangements of the DOD program. These

references are shown below, by number, opposite the altitue cede name

with which ,hey a&e associated.

ALLCAT llt4, 149, 180.

LO LOCAT 118, 136, 146, 147, 1W43, 15,-, 191, 299, 210.

HI CAT 27, b4, 78, 108, 112, 1u4, 182, 184.

HI HICAT 63.

TOPCAT 11, 13, 24, 60, 89, 90, 103.

A very few items by foreign autho,. are shown as being in a language

other than English. Where a known translation exists, the translation

information is included. It may well be, however, that the foreign

language entries found herein do indeed exist in an English version, un-

beknown to the author.

References in this bibliography are listed alphabetically within

each year of publicat lon (1Q(A4-l9u9). All rtferencee- list a source

at which the Item may be lo-ated either by library accession number, AD

number, or other indicator. Generally, mosL references may be obtained

in the Washington area. Abbreviations denoting various libraries are

identified under Index to Soirce Symbols below.

v
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Index to Source Symbols

"CFSTI Clearinghouse for Federal Scientific and Technical
Information, Springfield, Virginia 22151.

DAS Atmospheric Science Library, Silver' Spring,
Maryland.

DAS P Col Periodical Collection, Atmospheric Sciences
Library, Silver Spring, Maryland.

IPB Information & Publications Branch, USAF ETAC.

NLL-M National Lending Library -1or Science and Technology,
NLL-T Boston Spa (England).

Note: References showing rn AD number can be purchesed at
the Clearinghouse for Federal Scientific & Techni-
"cal Information, U.S. Dept, of Commerce, Springfield,
Virginia 22151.

While most of the abstracts were taken entirely or in part from the

authors abstracts, others were written by the individuals identified

below:

initial Initial

EVS Evelyn Z. Sinha ALS A. L. Smita, Jr.

UR Uwe Radok ILD Isadore L. Dordick

SN Sylvia Nowinska JPD J. P. Dickson

RB Ronald Baker DLB Dennis L. Boyer

DBK Dov B. Krimgold

ý,veral of the references listed within this bibliography are shown

Sas separate entries but, in reality, can be found as part of the published

"proceedings of CAT conferences or symposiums. They have been made sepa-

rate entries because many of tne papers presented at the uonferences are

also available in other publications, possibly easier to obtain than the

"Proceedings" which, many times, are affordled very iimited distribution.

*. The "National Air Meeting on Clear Air Turbulence" on 23 -24 Feb 1966 in

Washin4tot, D.C. and the "Symposium on Clear Air Turbulence and its

rection" on 14,-lb Aug 1%,8 in Seattle are two excellent examples of

vi
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the above procedure.

Bibliographies - During the reference search to aicomplish this

listing, the bibliographies entered below were perused and, while the

referenced entries were not annotated, both bibliographies were found

to be excellent compilations of pertinent CAT material.

Rosenberg, Paul, Beard, M.G., and Harrison, H.T.
Clear Air Turbulence, Flgt Safety Foundation,
NASA CH 6202V, Dec 1965, 237 p. DAS M(051) V585cr
Nr 62028. [Contains 274 references.)

Bulford, Dorothy E. Clear Air Turbulence: A
Bibliography 1950-1967. National Aviation
Facilities Experimental Center, Atlantic City,
N.J. Final Rept., Rept. No. NA-68-17, Mar
1968, 578 refs, 82 p. AD 667731.

The author wishes to thank Mrs. Edna G. Robinson, USAF ETAC for

her excellent work in arranging and typing the numerous references in

this bibliography.

The valuable assistance obtained from personnel of the various

libraries in the Washington, D.C. area is gratefully acknowledgei;

their efforts facilitated the task of reference searching for this

publication.
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A
SELLCPhD ANNOTATED

BIBLIOGRAPHY ON CLEAR AIR TUPJULENCE (CAT)

1. Aplin, Judy E. Atmospheric Turbulence Encountered by Hermes Air-
craft xi Routes to Africa and the Far East Royal Aircraft
Es;tablishment, Farnborough (England). Tech. Note S 356, May 1964,
34 p. AD 449453.

... Counting accelerometer records were obtained of the turbulence
encountered by Hermes aircraft flying mainly on routes from the
U.K. - Europe and Africa. Comparison has been made of results
from aircraft operated by two airlines, which represent some
427,000 and 495,000 miles, respectively. Typical variations in
gust frequency with gust magnitude, altitude, and geographical
location were found an6 the different methods of operating the
aircraft also were seen to affect the results. (Author)

1. American Meteorological Society. Eastern Air-Lines-Weather
Bureau Joint Pesearch on CAT. Am. Meteorol. Soc. Vol. 45,7No. 5,
May IckL, p 2W0. DfAS MF05)7A52b.

... Fastern Air Lines weather researchers discovered that clear
air turbalence may tetray its presence by a change in surrounding
air temperatures too slight to register on present cockpit instru-
mtnts. East eri has undertaken the development of a special instru.,
meat for Installatiua in Jet cockpite capable of registering
visibly the outsl.te temperatures in fractional degrees that reveal
the approach to CAT. The instrument also activates warning lights
to &lert the pilot when certain "threshold limits" in these
temperatures are being reached. Studies of temperature-to-turbu-
lence are underway. The 'ork is being undertaken in cooperation
with the U.S. Weather Bureau. (EZS)
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3. Colson, DeVer. Aalysis of Special CAT Data Collection Program,
February 4-9, l1%. Presented at the 5th Conference on Applied
Meteorology,, Atlantic City, 2-6 March 1964. WPa+the' Daureau,
Washington, D. C. AD 447493.

... This is a study of nonconvective-type turbulence at 18,000 ft
MSL or higher over the continental United States. Data were
gathered c¢ ter a 5-day period by commercial and military pilots,
and entered on flight cards equally divided into 2,1 latitude-
longitude squares. A complete tabulation by intensity classes,
flight-altitude ranges, and 12-hour time int.!rvals for each square
was made and placed on punched cards and print-outs. It was found
that the probability of turbulence varied considerably across the
country, with the greatest probability for both light and moderate
occurrences to be over the southeast, the northwest coast, and the
northern Rocky Mountains. (Author)

4. Endlich, R.Me and Mancuso, R.L. Clear-Air Turbulence and its
Analysis by Use of Rawinsonde Data. SRI, Menlo Park, Calif.
&db-10624. 55 p. Final Report, Jun 1964. AD 603570.
DAS M(051) S785fic.

... This investigation of clear air turbulence has several parts.
The first section reviews selected aspects of turbulence and em-
phasizes the large size and persistent nature of certain areas of
moderate or severe turbulence. The next section is an investigation
of turbulence in pronounced jet-stream flow over mountains. Tur-
bulent layers in these cases appear to have the same mesoscale
structure found elsewhere; however, the turbulence appears to be
more intense and the ereas larger than one would expect with the
same flow over level or rolling terrain. Next, a turbulence index
(TI) is defined on empirical grounds as the product of wind speed,
turning of the wind with height, and change of lapse rate. Several
maps are presented that illustrate substantial agreement of com-
puted quantities with the turbulence reports. Standard statistical
ttsts show that both the Ri and TI numbers have definite skill in
turbulence analysis, and that combined use of the two numbers is
more accurate tLan use of either one separately. Suggestions are
given for further improvement of criteria for analyzing turbulence.
Experiewuts in grid-point analysis of turbulence and in objective
turbulence forecasting are recommended. (Author)

2
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5. Endlich, R.M. and McLean, G.S. Studies of the Climatology of Winds,
Temperature, and Turbulence in Jet Streams. SRI, Menlo Park, Calif.
Contract AF 19(628)-3304. Final Report, Oct 1964. AD 608773.
DAS M(051) S785fist.

,..This report consists of three separate papers concerned with
the climatology of jet streams and clear air turbulence. The
first paper is entitled "Jet-Stream Structure over the Central

A United States Deteruined from Aircraft Observations." In this
study, empirical models of jet streams are found to agree well
with previous models based on data from other regions of the mid-
latitudes. Also, we found that variations in the speed field with
season and with position in the upper-flow pattern were rather
small, so that a singl, model describes the jet stream adequately.

The second paper is entitled "Empirical Relationships Between
Gust Intensity in Clear Air Turbulence and Certain Meteorological
Quantities." This paper provides data of a type that have not
been available previously, having applications to aircraft and
missile design, and to the determination of worldwide turbulence
statistics.

The third pntper is entitled "Some Autocorrelations and Spectra
of Wind and Temperature in Jet Streams." Correlations were com-
puted for paths oriented across jet streams and along jet streams.
In all cases, the autocorrelations decreased to zero within 25
to 40 percent of the path length, indicating that the distance
considered (length of the data sampie) is important in determin-
ing the shape of the autocorrelation function. Spectral computa-
tions showed that only a smrall portion of the variance lies in
the mesoscale range - i.e., in wavelengths smaller than approxi-
av-tely 200 nm. (Author)

6. Endlich, Roy M. Thie Mesoscale Structure of some Regions of Clear
Air Turbulence. J. Appl. MeLeorol. Vol. 3, No. 3, Jun 1967,
pp 261-276. l refs, 13 figs, cross sections. DAS M(05) J86Joa.

... The structure of the atmosphere in regions of clear air turbu-
lence is investigated by means of aircraft observations of wind
and temperature in combination with objective and subjective tur-
bulence records. The nature of the aircraft data and the assumptions
inherent in the analyses are described. The detailed fields of verti-
cal and horizontal wind shear, stability, and Richardson number are
presented for turbulence encountered in three different patterns of
flow, viz., a sharp trough, an anticyclonic jet stream, and an
intense straight jet. Severe turbulence (equivalent in intensity

3
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6. (cont'X
to that measured by the same aircraft in a mature thunderstorm)
was found in certain portions Of the trough and ridge, and
moderate turbulence existed in the straight Jet. Comparison of
these cases and of twenty other flights indicates certain
similarities and certain differences of the flow conditions in
the turbulent regions. (Author)

7. Houbolt, J.C. et al. •Rnamic Response of Airplanes to Atmospheric
Turbulence Including Flight Data on Input and Response. NASA TR-R-
199, Jun 1964, 115 p. IPB Files.

... A coordinated account of flight measurements of random atmo-
spheric turbulence, of calculated and experimentally-determined
airplane transfer functions, and of analytical procedures for
determining outpvt responses is given based on power spectral
techniques. Implications of these techniques for load prediction
and for design are discussed, and a brief review of basic pro-
cedures and mathematics involved is also included. (Author)

8. Jirovskiy, V. Turbulence in Cloudless Air. FTD, Wright-
Patterson AFB, Ohio, Report No. TF64 751, Dec 1964, 6 p. Trans.
From Letecky Obzor, 7(11) pp 339-340, 1963. AD 455513.

... O May 9, 1963 a Czech TU-104 flew the distance between
Djaran and Beiruth in a turbulent zone of extreme intensity.
Most likely, it encountered turbulence, connected with the
greater inclination of the tropopause in the vicinity of the
jet stream, which is very dangerous for high-speed aircraft,
especially since it also takes place in cloudless space and
reaches greater intensities. This report explains the probable
causes of turbulence in the case under question and describes
the situation. (Author)

9. Kadlec, P.W. A Study of Flight Conditions Associated with Jet
Stream Cirrus, Atmospheric Temperature Change and Wind Shear
Turbulence, Fastern Air Lines, Inc., Miami, Fla. Contract
Cwb 1O674 Final Rpt. I Jul 1963-15 Jun 1964. 9 p. AD 447454.

... This study of certain factors that produce atmospheric
turbulence and its effect on aircraft in flight has concentrated

4
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9. (cont)

on the relationship of jet stream cirrus and temperature change
to wind-shear turbulence. Data were collected on 179 flights
while riding as a crew member on company, other airlines, and
military jet aircraft from July 1, 1963, to June 15, 1964.
Detailed horizontal and vertical cross sections for each flight
with the corresponding surface and upper-air data were analyzed
for this study. Three cloud-pattern models have been developed
to associate cirrus formed by jet. streams and areas of occurrence
of significant turbulence. A fourth model describes those situa-
tions where cirrus does not form and the turbulence associated
with it. A relationship has been observed between atmospheric
temperature changes and the occurrence of wind-shear turbulence.
Certain changes of static air temperature at specific rates have
produced a short warning period before the encounter of signifi-
cant turbi:lence. Development of a turbulence sensor to register
these chaoges has resulted in a Lest program to acquire more
data. The modification of one DC-8 aircraft has been completed
to collect improved temperature data on the aircraft flight
recorder. (Author)

10. Kronebach, George W. Automated Procedure for Forecasting Clear-
Air Turbulence. (Electronic Computer Branch, Det 51, 1210th Wea
Sq, Suitland, 14d.) J. Appl. Meteorol., Boston, Vol. 3, No. 2_,
Apr 1964, pp 119-125, 3 figs, 2 tables, 3 eqs. DAS M(05) J86joa.

.. A computer program was written to obtain several parazreters
which have been useful in identifying clear air turbulence (CAT)
from upper-air data. These are vertical and horizontal wind
shear, vertical and horizcntal gradient of kinetic energy, and
Richardson number. In addition, the distribution of CAT with
respect to the jet stream and ridges and troughs was investiga-
ted. The Richardson number was judged to be the most promising
parameter. An automated system was developed which (i) computes
the Richardson number for each wind-shear layer for all North
Ainerican soundings, (2) selects the minimum Richardson number
for each sounding, (3) analyzes isopleths of minimum Richardson
number, (4) draws these fields with the National. Meteorological
Center's curve drawer. Areas, outlined by minimum Richardson
numbers less than one, are designated as forecast areas and
are assumed to persist for twelve hours. Independent data
indicate that, the forecast areas explain approximately 40% of
the rr,0orted occurrences of moderate or severe CAT. (Author)

5
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LI. Melbourne, Uwiverrfti•y cf, Projc2cL TOPCAT Meteorolog:ical Reports
I-VII I,•eteorolotgy Department, Australia, May l9b4 and Jun

2 Vols. IPB Files.

... Project TOPCAT, a study of high-altitude clear air turbulence
(CAT) oveir southern AutLralia, wa.n carried out during August and
September 1.963 with an instrumented Canberra aircraft operated
by a group of the Structures Department, Royal Aircraft Estab-
lishrnent, under the direction of Mrs. Anne Burns, and with the
help of a number of Australian organizations. Details of these
and the project as a whole were given in the preface to the
first set of TOPCAT Heteorological Reports which comprised the
following:

I. A Survey of the Subtropical Jet Stream and Clear Air
Tuirbulence Models K.T. Spillane

II. Forecasting A.K;pects of the First Phase of the TOPCAT
Trials E.A. Mizon

III. Clear Air Turbulence Models and Forecasting for Project

TOPCAT, Second Phase E.R. Reiter

IV. Detailed Structure of Two Subtropical Frontal Zones
T. Kamiko

V. A Developing Subtropical Depression and its Frontal
Structure T. Kamiko

VI. A Mesoscale Vortex Model for Synoptic Disturbances
Observed During Project TOPCAT R.H. Clarke

VII. Turbulence and the Detailed Structure of a Subtropical
Jet Stream R.H. Clarke

Reports No. IV to VII issued in this volume all have
resulted from the work of Mr. R.H. Clarke and his synoptic
group of the Division of Meteorological Physics, C.S.I.R.O.,
who during the first phase of the TOPCAT trials made a thorough
study of 5 synoptic disturbances passing over the Woomera area.
(UR)

12. Reiter, Elmar R. Nature and Observation of High-Level Turbu-
lence, Especially in Clear Air, Journal of Aircraft, Vol. 1,
NIo. 2, March-April 1964,pp 94-96, 19 refs, 3 figs. DAS P Col.

... Describes observational evidence of CAT in conjunction with
the nature of CAT. Further defines turbulence in both stable
and unstnble atmospheres. Special attention is given to turbu-
lence problems involving supersonic transport operations and

6
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12. (cont)

missile operations. This study is also presented au Colorado
State University Technical Paper No. 41, December 1962.
DAS M(055) C719at No. 41, (Part Author Abst.)

13. Reiter, Elmar A. Progress in Clear-Air Turbulence Research and
ForecastLing. Colorado State University, Fort Collins,, Dept. of
Atmospheric Science, Jun 29-Jul 2, 1964. AST Paper No. 54, 7 P,
refs, eqs. DAS M(055) C719at no. 54.

... A brief description and summary of preliminary findings of
Project TOPCAT will be given. This project consisted of clear-
air turbulence (CAT) measurement flights executed by a specially-
instrumented Canberra aircraft ever Southeast and Central Austra-
l•a. The research program was initiated in order to augment our
knowledge on the detailedZ structure of the upper troposphere and
lower stratosphere in view of the requirements for superscnic
transport operations. (A~thor)

14. Reiter, Elmar R. CAT and SCAT. Astronautics and Aeronautics,
N.Y., Vol. 2, No. 5, May 19b4, pp 60-65, figs, refs, eqs.
DAS P Col.

... Clear air turbulence (CAT) is a small pnenomenon which eludes
the wide-meshed radiosonde network, the sole tool to investigate
the state of the stratosphere. Thus, the obtained data are not
sufficient for the safety of commercial supersonic air t:'ansport.
Cases of CAT associated with vertical vector wind shears fre-
quently found in the region between two merging jet branches,
as well as the effects of temperature inversion, are reviewed.
Recent research has heen Liproved with the use oi7 sounding
balloons, tracked hy raaar with high accuracy. Refined devicea_
detect vertical wind snea-s up to 20 kts/50m. Such wind shears
are likely to initiaLe wave formation causing turbulence to
flyiLrg aircraft. (SN)

15. Helter, Elmar R. and Mtnla, Abele. Jet-6tream Structure and
Clear-Air Turbuleuo.e (.T). J. Atmoapheric Sci., Boston, Vol.
3, pp 3, J-2uP, 13 figs, II refs, 2 eqa;.
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15. (,zont)

.. Ci2..d-photogrammetric studies conducted from the ground
reveal the existence of wave perturbations near tropopause
level, of a wave.ength the same order of magnitude as is ex-
perienced in clear air turbulence. A case study of the CAT
occurrence on 13 April 1962 reveals the importance of the con-
fluence mechanism of two jet streams and the turning of wind
with height in CAT generation. (Author)

16. Serebreny, S.M. and Wiegman, E. The Distribution of Clear
Air Turbulence Reports and Cloud Patterns as Seen in Satellite
Photograph, SRI, Menlo Park, Calif., Final Rpt. SRI-4279,
Contract CwB l048l, Jan 1964, 51 p. AD 432468.

Selected COMBAR reports of clear air turbulence for ten
days from April and May 1960 are studied in association with
the cloud distribution shown by TIROS I during this period.
Characteristic cloud patterns accompany certain types of weather
systems, particularly low pressure vortices, and often delin-
eate, rather well, the location of jet streams and tropopauses
(which are known to be associated with clear air turbulence
occurrences), about these weather systems. As a consequence,
satellite photographs of low pressure vortices may provide a
useful supplemental tool in establishing the areal distribu-
tion of clear air turbulence risk during various stages of
cyclone development. (Author)

17. Sorenson, John E. Synoptic Patterns for Clear Air Turbulence.
Sponsored by United Air Lines Inc., Chicago, Ill. UAL Meteoro-
logy Circular No. 56, 21 Dec 1964. DAS M629.13 U58mc No. 56.

... The effort in this circular is directed toward a greater
limitation or CAT forecast areas without omitting areas where
the risk of CAT of over light intensity is present. During
the study an attempt is made to get closer thin heretofore to
the cause of the phenomenon.

As a means to this end, all available CAT reports for
Dececober 1963 were studied. Reports included those logged by
the United Air Lines Weather Center at Chicago, Illinois. and
those listed in the U.S. Weather Bureau summary for the month.Of these reports 254 were in the moderate or greater category
as reported in the altitude range of 25,000 ft through 41,000
ft. The geographical distribution of these reports is Shown in
Figure 1. (Author)

8
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18. Venkiteshwaran, S.P. Observations in India of Turbulence in
the Upper Air from Sounding Balloon Ascents! Bangalore, India.
National Aeronautical Lab., Technical Note TN-AE-23-64, Mar
1964. 9 p, figs, refs. DAS M(055) 139tn.

*..Describes the special features of the F-type radiosonde,
in distinguishing from the rotation of the fan whether the
downward movement of the radiosonde balloon is due to a strong

vertical downward current or due to the accumulation of snow.
It shows how the rate of rotation of the fan can be used to
identify regions of turbulence in the atmosphere. Observations
of turbulence with F-type radiosonde are compared with the in-
ferences drawn by turbasondes in the U.S. and the Dines mete-
orograph records in India. The refimrs where turbulence may
be observed in India are indicated. The existence of severe
turbulence in the upper troposphere and in the stratosphere
has been emphasized. (Author)

19. Wescott, John W. Acoustic Detection of High-Altitude Turbulence.
Acoustics and Seismics Lab., Univ. of Michigan, Ann Arbor, Rept.
No. 3746 38 T, Mar 1964, 55 p. AD 434705.

... Turbulence is investigated by an acoustical method at alti-
tudes of 55,000 to 73,000 feet. A theory for the power spectrum
of noise radiated by turbulence (including clear air) is cited.
Descriptions and illustrations of the instruments used to ac-
quire and process the experimental data are presented.
(From Author Abst.)

20. Andrews, W.H. et al. Flight Tests Related to Jet Transport
Upset and Turbulent Air Penctration, NASA Conference on Air-
craft Operating Problcmvz, "A Compilation of the Papers Presente.,?"
Langley Research Center, Langley, Va. May 10-1.2, 1965, pp 123-
136. IPB Files.

.. A flight program, utilizing a Convair 880 and a Boeing 720
airplane, was conducted in conjunction with wind-tunnel and
simulator programs to study problems related to jet-transport
upsets and operation in a turbulent environment. During the
handling-qualities portion of the program, the basic static
stability of the airplanes was considered to be satisfactory

9
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and the lateral-<directional damping was considered to be marginal
without damper augmennttion. An evaluation of the longitudinal

control. systei ind..cate(d tha•t thin systern can become marginal in
effctiv±Lie.;_; in the high Mach nmriber and high dynamic-pressure
range of the f]i ght eve lope. (Part Author Ab!.t.)

21. Asth,;imer, R.W. Infrared Techniques for-the Remote Detection
of Clear Air Turbulence. '1;yiposi£um on Remote Sensing of Environ-
merit, 3rd. Univ. of rlichig•un, Ann Arbor, Oct 114-16, 196h, Pro-
ceedings. Feb 1965, pp 105-123, 10 figs, 5 refs, eqs, AD 614032.

... It has been established that clear air -urbulence is often
e.a:'.ociatod with temperature discontinuities in the atmosphere of
the order of 3-5°C. An instrument which could remotely detect
such temperature discontinuities at a distance of several miles
or more, would be of value as an airborne warning indicator, as
well as for gieneral atmospheric studies. Kaplan has suggested a
means for determining the vertical temperature profile of the
atmosphere from a satellite, by sensing the radiation emitted
at several wave lengths within an atmospheric absorption band.
rhe application of this technique to the determination of hori-
zontal temperature distributions within the atmosphere and the
detection or clear air turbulence is discussed. (Author)

22. Bates, F.C. Detection of Generating Eddies in Clear-Air
Turbulence Aloft by Acoustical Sensing. Symposium on Remote

Sensing of Environment, 3rd, Univ. of Michigan, Ann Arbor, Oct
14-16, 1964, Proceedings, Feb 1965, pp 95-103. AD 614032.

... Proceeding from the findings of many studies of microbaro-
variations at Saint Louis University and a simple model of eddy
generation in clear air turbulence aloft, the hypothesis that
generating eddies in such turbulence cause the microbarovariations
is offered. Estimates of amplitude and frequency based upon the
model and typical values for a turbulent layer at 10 km are made
and found to compare favorably with those sensed by the Macel-
wane microbarovarlograph. Potential application of the conse-
quent acoustical remote-sensing technique in the detection,
mapping, tracking and prognosis of CAT aloft is outlined.
Testing of the hypothesis and development of improved and field
instru.ments remain to be accomplished. (Author)

10
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23. Binding, A.A. Association of Clear Air Turbulence with 300-mb
Contour Patterns. Met. Mag., London 9l4(1l0):I1-19, Jan 1965.
12 figs, table, 6 refs. DAS M(05) G786m.

... Experience at London Airport has indicated a possible con-
nection between clear air turbulence and the curvature of the
flow. The investigation reported here was made to determine to
what extent 300-mb contour patterns might be associated with
CAT and whether such associations could be of use in fore-
casting. Several cases of CAT were found to be in positions
remote from jet-stream core. The non-jet stream cases were
associated with identifiable 300-mb contour patterns and it
was found possible, in the year under review, to associate
jet-stream cases as well with 300-mb patterns, thus indicat-
ing the possibility of forecasting CAT primarily from one
prontour chart alone. The data used were taken from a record
maintained at London Airport of repolrts of CAT from aircraft
on transatlantic routes. Three conditions for turbulence are
given: 1) ridge type, where c-ontours are anticyclonically-
curved and the wind speeds and curvatures near to the
theoretically limiting values; 2) sharp trough type, which
would, on passage, produce a wind shift of at least 900, and
3) instability area type, with marked cyclonic curvature of
the contours and cyclonic shear with the probability of
cumulonimbus activity below. (Author & RB)

24. Burns, Anne and Rider, C.K. Power Spectral Measurements of
Clear Air Thrbulence Associated with Jet Streams, Project
TOPCAT, TR 65210, Royal Aircraft Establishment, Farnborough,
England, Sep 1965, 39 P. AD 476548.

... Preliminary information is presented on the power spectral
data obtained during Project TOPCAT in Australia. Measurements
of moderately-severe clear air turbulence were obtained from
a Canberra aircraft flying at altitudes of 26000 to 33000 ft
in the vicinity of the sub-tropical jet stream. In some re-
spects, particularly at long wavelengths, the spectra are
dir~similar to those found for low-level turbulence and there
are indicatlins thet the turbulence is anisotropic. At short
wavelengthn. the power spectra agree well with a minus 5/3rd
power law, and the energy densities of the three components
of the velocity of turbulence are similar. (Author)

11
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0.Coii.:, Rznald T.H. Use of Lidsar in Atmospheric Research. Sill,
Menlo Park, Calif., American Institute of Aeronautics and
Astronautics, AlAA Paper No. 65-464, 1965, 3 p, figs, refs.
DAS M(05'_) .[,,121p.

... Describes the basic form of the lidar (light detection and
ranging) technique; discusses and illustrates its capabilities
and limitations as an atmo:spheric probe; and examines how it
can be aprlied tD research into a variety of atmospheric
pheno:-.ena. Possible future developments are indicated. It. is
concluded that lidar is a tool of great p~romise for atmospheric
research, providing new capabilities for observing clouds and
the state of the "clear" atmosphere. (DBK)

,26. Colson, D. and Panofsky, H.A. An Index of Clear Air Turbulence
Dept. of Met.' Penn State Univ, Quart. J. Roy. Meteorol. Soc.
Vol. 91, No. 3•0, Oct 1965, Pp 507-513. DAS M(055) R883q.

... Aa index is derived for the intensity of turbulence in a
sloping baroclinic layer. Preliminary estimates of this index
from ordinary meteorological information suggest that the index
is proportional to turbulent energy and that it discriruinates
better between regions of varying intensity than vertical wind
shear or Richardson number. An exact test, however, would re-
quire -more detailed synoptic information than is usually
available. (Author)

27. Crooks, W.M,. High Altitudle Clear Air Turbulence, Lockheed-
California Co., Eurbank-, Interim Report, Apr 1963-Feb 1965,
LR 18'794, TR 65-144, Sep 1965. AD 474616.

... The purpose of this report is to describe the high altitude
clear air turbulence (HICAT) program. In the work accomplished
thus far, an analog kN instrumentation system utilizing a fixed-
vane gust probe and a 7-hour recording system was installed
aboard an Air Force U-2. HICAT searches were conducted at Air
Force bases in California, Florida, and Puerto Rico. Over seven
hours of HICAT associated with jet streams, convective activity
due to low level heating, and mountain wave activity were re-
corded. (Part Author Abst.)

12
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28. Endlich, R.M. and Mancuso, R.L. On the Analysis of Clear Air
Turbulence by Use of Rawinsonde Data. Monthly Weather Rev.
Wash., D.C., Vol 93, No. ., Jan 1965, pp 47-58, 9 figs, 2 tables,
14 refs. DAS M(05) U587m.

•..Regions of clear air turbulence in the upper troposphere and
lower stratosphere are classified into 4 groups and the charac-
teristics of each group are summarized. An empirical turbulence
index is defined that describes meteorological conditions
associated with a type of turbulent region that is relatively
large and that sometime contains severe turbulence. The turbu-
lence index, Richardson's number, and other meteorological
quantities are described in relation to a clearly-defined case
of turbulence observed by a research aircraft. (Part Author
Abst.)

29. Endlich, R.M. and McLean, G.S. Empirical Relationships between
Gust Intensity in Clear Air Turbulence and Certain Meteorological
Quantities, J. Appl. Meteorol, Vol. 12, No. 4, Apr 1965. pp 222-
227. DAS M(05) J86Joa. (See Stanford Research Institute, Final
Rpt. Oct 1964. DAS M(051) S785fi, AFCRL 65-635, Aug 1965, AD
623941).

See Item #5 (1964) Paper #2.

... Due to a lack of observational data, little information
exists in the literature concerning quantitative relationships
between turbulent gust intensity in the free atmosphere and
commonly measured meteorological quantities. Measurements of
turbulence, wind, and temperature made by a B-47 research air-
craft are used to investigate such relationships in order to
satisfy several practical needs. It is found that a quantity
that is the product of wind speed and turning of the wind with
height is more closely related to turbulent gust intensity than
vertical wind shear or Richardson's number. Variations in the
frequency of occurrence of turbulence are determined as the
quantities mentioned above increase in magnitude. (Author)

30. Endlich, R.M. Objective Analysis and Forecasting of Clear
Air Turbulence. SRI, Menlo Park, Calif. Final Report, Jun 19%5.
Contr. Cwb--lO71. DAS M(051) S785fio.

... This investigation is based on pilot reports of high-level
turbulence for the special turbulence reporting period of
February 4 to 9, 1963 and upon standard meteorological data

13
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analyzed. by cemiputer. D[rlng this five-0ay period, a series
of rather sharp aIpper-al-r troughs travelled across the United
States, wdille jet streams were notably absent. Many of the
regions reported as turbulent were associated in a general way
with the troughs. In order to test and compare meteorological
quantities as indictaors of arbulence, a number of vertical
deri-vative; of wind vnd temperature were computed from indivi-
dual Woundings. We fo~ind that the vertical wind-shear vector
was a.- good a single criterion as aný; howeýrer, several other
qunEPities (including R'ichardson's rnnnber and wind-direction
shear) were nearly as effective. (Author)

3. Finkelstein, Roy P. A Parametric Analysis of Automatic Low-
Altitude !V'.LiiL. Operational Evaluation Dept., Stanford Re-
search In t. Menlo Ptrk, Cal.f. Contract DA-49-092-ARO-lO,
Oct 19(-). ',i p. AD 4,56219L.

... A paranetric analybis was performed to determine the family
of mininrir altitudes at which an aircr.ft. can fly above the
terrain while maintaining a fixed level oi safety. These alti-
tides will be used to establish constraints on the Soviet low-
altitude threat for use in Army Air Defense Studies. The air-
craft is assumed to be under the control of an automatic
terrain-avoidance system that programs maneuvers in the
vertical plane. Computer programs were written to generate
terrain with the desired characteristics and to simulate the
flignt of an air.raft over the terrain. Included in these
m:xxlo I• are the effects of air turbulence, system errors, and
reutct ion timeýs, •. precability of saircraft sturvival (i.e.,
no coliloio for 2.06 kn of flight, its median clearance
qbovt, L't, tarrain, an.i ius averarye control load. All were
oxt•ained _nv t'urict io.s of tho type ai' terrain, air turbulence,
aircrnft ;peed, de.sired clearar:e, and control-system charac-
ter, •[. rcLidc(d ac' part. of control-system characteristics
were Co1LITL equatlion, ,ystem errorý, and delays, sensor range,
ad rnmqc-L.•L's. ib'om the data, tne mi.nimnurm obtainable median
a1t i idcF, for ,inriou.,; .-afety levels were plotted against, air-
cr:Yt: pe:',, rypn of i�.,rrfai-, nnd wind conditions. (Author)

Ei rrm•.•, U. x. e: al. .irboic nve1t igntions of Clea' Air
. ... ,n • .. , h t I ta'tr. wiic,,a3 Univ., Ann Arbor.

"," .Sofic-l.•i-'i, Lc I".. 1(5 p. AD ,3`030.
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32. (cont)

...*The program was initiated to explore the possibility that
characteristic optical rada.r echoes might actually be corre-
lated with clear air turbulence. A light, twin engine airplane
was equipped with a laser radar and ancillary equipment for
monitoring acceleration, temperature variations, and relevant
meteorological data. Th, design of this equipment and the
development of the flight programs were predicated on theore-
tical considerations of optical scattering from particulate
matter. (Author)

33. Hardy, Kenneth R. et al. Multiwaveleng..h Backscatter from the
Clear Atmosphere. Air Force Cambridge Research Labs.., L.G.
Hanscom Field, Mass. Rept. No. AFCRL-ERP-191, AFCRL-66-308.
Dec 1965. 20 p. AD 635317.

.. Simultaneous experiments have been conducted with ultra-
sensitive radars at 3.2-, 10.7-, and 71.5-cm wavelengths to
observe 'angel' echoes from apparently clear air and to diagnose
the scattering mechanism. Two types of echo layers have been
found. Type I echo layers appear incoherent at long ranges or
with wide beams but are seen to be composed of discrete coherent
echoes when viewed with high resolution. Type II echo layers are
composed of incoherent echoes at all ranges, show little or no
wavelength dependence, and are generally undetectable at 3 cm.
(Part Author Abst.)

34. Harrison, Henry T. The Mountain Wave. U.S. National Aeronau-
tics & Space Administration, Wash., D.C. NSR 33-026-O01, NASA
CR-315, Oct 1965. 56 p, incls., figs. DAS M(051) v585cr Nr 315.

.. •Five case histories of severe to extreme Clear Air Turbulence
(CAT) are analyzed. All qre mouiftain wave situations. The study
is intended for alleviation of problems posed by CAT. The detec-
tion and a possible forecast of CAT are discussed. Incidents of
CAT penetration of drantic nature, as well as its effect on air-
line operation, are reported and each case is illustrated by a
chnrt of aUir circulation. Individual case histories of airline
incidents provide evidence that the tropopause zone is a
favored one for turbulence. (SN)

15



USA•? 1 TA2 t il 7: .. Janiuary 1970

35. KadMic, 1.W. F;ilJ,'iL UUV. Analysis of the Relationship between
Atmo~zjhericTgnperatu~re Chanre and Clear Air Turbulence, EAl,
Inc. Dept. of Meteor., M4iami, Fla. Prepared for USWB, Contract
No. Cwb 10888, Jun 1965, 4a p. AD 620989.

.. Certain atmospherie temperature changes have been observed
to be a factor in detecting the occurrence of clear air turbu-
lence, especially at Jet altitudes above 25,000 ft. Data for
this study vere collected on 146 flights during the year while
ridirg as an eytl'a crew memnber in the cockpit of airline and
military jet aircraft. An aircraft flight data recorder which
was modified to collect static air temperature information,
provided another valuable source of research data. rThe study
concentrated on inves[tigating the validity of the theory that
temperature gradients may be used to indicate clear air turbu-
lence. (Part Author's Abst.)

36. McConathy, D.R., Jr. A Detailed Analysis of Clear-Air
Turbulence over Utah on April 0-11J 1963.. Penn State Univ.,
Mineral Industries Experiment Station, University Park, Pa.
Scientific Report No. 1. Contract No. Cwb-10393. Jan 1965,
32 p, 2 tables, 16 figs. DAS M(051) P4l5sc no. 1.

. .Previous studies have related areas o[' Cicar Air T~urbulence

to regions of sloping baroclinic or adiabatic layers with low
Richardson numbers. With the aid of detalled aircraft measure-
ments and radiosonde soundings, an aialysis of a strongly
baroclinic region is nvide. Although some of the usual problems
of uncertainty in data and analysis arise, the results agree
well with previous theor-y. In one region of intense thermal
gradient the agreement; between geostrophic and actual wind
fields is poor, thereby excluding the use of the thermal wind
equation in obtalning realistic information. Values of the
Richardson number and ICE index are analyzed over a cross-
section grid with the aid of a computer, and the results show
low values of Ri and high values of ICE :1n regions of turbu-
lence. The observations are consistent with the hypothesis that
"the critical Richardson number lies within the range 0.25-
0.50, although they are not sufficient in density or accuracy
to establish this range definitely. (Author)

37. McLean, G.S. An Investigation into the Use of Temperature
Gradients as an In-Flight Warning ofImpending Clear Air Turbu-
lence. Air Force Cambridge Research Labs., L.G. Hanscom Field,
Masi;. Feb 1965, 30 P. Rept. No. ERP-85, AFCRL-65-117. AD 6136r

16
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37. (cont)

... This paper discusses a study that was undertaken to investi-
gate the technique of using in-fligni. tempevu-,ttve gradients to
forecast impending Clear Air Turbulence and some recent studies
concerning the relationship between Jet-stream winds and turbu-
lence. (Author)

38. Merritt, E.A. and Wexler, R. Radiometric Detection of Clear
Air Turbulence. Paper presented at Fifth Conference on Applied
Meteorology of the American Meteorological Society, Mar 1964.
Aracon Geophysics Co., Concord, Mass., Oct 14-16, 1964, Sym-
posium on Remote Sensing of Environment, 3rd, Univ. Michigan,
Ann Arbor, Oct 14-16, 1964. Proceedings, Feb 1965, pp 125-140.
AD 614032.

... The mesoscale nature of Clear Air Turbulence (CAT) makes it
unlikely that any technique developed from synoptic scale
observations will prove generally effective to predict the
occurrence of significant turbulent areas in the upper tropo-
sphere. An airborne passive-detecting system is, therefore,
required.

CAT often occurs in regions of strong horizontal and verti-
cal wind shears which are associated with strong horizontal
temperature gradients; the detection of these temperature
gradients and turbulence-related temperature microstructure
might provide the means to sense the turbulent area.
(Author)

39. Nanevicz, Joseph E. et al. Correlation between Clear Air
Turbulence and Aircraft Electrical Activity. Stanford Research
Inst., Menlo Park, Calif. Final Rept., Oct 63-Aug 65, Oct i9oX5,
76 p. AD 625309.

... The results of a cooperative effort by Stanford Research
Institute, UniLed Air Lines, and Air Force Jambridge Research
Laboratorles Lo determine the correlation between regions of
C.lear Air Turbulence (CAT) and aircraft electrical activity
aie described. Corona discharges from precipitation static
disch!irgers on DC-8 aircraft were monitored and correlated
with CAT encounters. A significant correlation was found to
exist. between CAT encounters and periods of electrical dis-
charge. It is sat'gested that these electrical di.;ciarges may be
cau.,.ed by electric fields in the region of Clear Air Turbulence,
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parLiculate watter in the region that charges the aircraft, or
a combiration of both. A meteorological analysis was made of
the regionm; WheLe turblhtence a!;sociated with electrical acti-
vity was observed. This analysjs indicated that the CAT inci-
dents were associated with jet stream s. (Author)

Sc•.2! alZo: National Ai'r Meeting on Clear Air Turbulence, Wash.,
PD.C. 1½b 23-24* .9,Q66, Proceedings. N.Y. Society
of Automotive Eniuineers, 1966. pp 77-83; p 96,
figs, table, rr-fs. DAS M51.5 N277pro.

See also: Correlation uetween Clear-Air Turbulence and
Electric Fields. Stmaford Research Inst., Menlo
Park, Calif. Rpt. No. SR-i, Feb 1965, 33 P.
AD 613035.

40. Pinus, N.Z. (Editor). Atmospheric Turbulence. Translation of
"Atmosfernaya turbulentncst, Trudy Tsentral'noy Aerol. Obser.
No. 54, Gidromet. Izd3at., Moscow 1964, NA.A Tech Translation,
T•TF-246, Wash., D.C. Sep 1965, 129 p. IPB Files.

.. This collection is concerned with the work conducted at the
Atmospheric Dynamic3 Laboratory, Central Aerological Observatory,
1961-1962.

Some Results of the Experimental Investigations
of the Atmosphieric Turbulence Using Radiosondes,
V.P. Be yayv et al.

The Turbulence in Jetstreams in the Clear
A.A. Reshcnikova

Application of the Bounda~y_Layer Method to the
Determination of the Parameters ot Turbulence in
the Free Atmosphere, V.A. Shnaydmian

Turbalence in the Proximity of Jetstresums
T.P. KrupcETUTnikova

Some Results of the Determination of Turbulence
ChLraviteristics in Jetstre us, V.D. Litvinova

Application of a Thermoanemometer on an Air-
craif, N.K. Vinnichenko
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41. Reiter, Elmar R. and Burns, A. Atmospheric Structure and
Clhar Air Turbulence. Colo. State Univ. Atmospheric Sci. Tech.
Paper No. 65. Presented at the Intern Colloq. on Fine-scale
structure of the Atmosphere, Moscow, 15-22 , Jun 1965, 17 p,
refs. DAS M(055) C719at No. 65.

... Measurements of Clear Air Turbulence spectra conducted by a
Canberra aircraft over Australia between August and October 1963
reveal the existence of a wavelength region from approximately
2000 to 4000 ft in which the atmosphere receives turbulent
energy mainly in the w-component of motion. It is suggested
that this energy stems from gravitational shearing waves which
break up into turbulent eddies below critical wavelength. The
energies of these turbulenr eddies seem to be well represented
by a proportionality to w , characteristic of the inertial

subrange of turbulence. (Authcr)

42. Rosenberg, Paul, Beard, M.G., and Harrison, H.T. Clear Air
Turbulence, Flight Safety Foundation, NASA CR 62028, Dec 1965,
237 p. DAS M(051) U585cr Nr 62028.

... This report was prepared to assist NASA in keeping iEbreast
of research and development projects directed toward the
alleviation of problems posed by flight in clear air turbulence
(CCT). Included are a poll of industry for information about
development activities on CAT detection, a chronological
listing of conferences and interviews, reports on conferences
and interviews, airborne CAT detection devices in active
flight testing. CAT incidents, meteorological developments
relative to CAT, and economic aspects of turbulence in air-
line operations. A bibliography of 274 references is also
included which contains references to the physical,
meteorological, and operational aspects of air turbulence.
(Part Author Abst.)

43. Spillane, K.T. Atmospheric Structures Associated with Turbu-
lence in the Free Atmosphere. Australian Meteorological Magazine,
Melbourne, No. 50:44-4 5, Sep 1965, refs, eqn. DAS M(05) A936.

... Reports brieflyj on the results of a study where the tele-
metered information from 54 pillotles9 aircraft flights, made
over a period of several years at altitudes from 15,000 thru
65,000 ft, was interpreted in terms of turbulence by way of the
"Nroll-rate" record of the aircraft, and related to vertical wind
shear, Richardson number, and to the statistic stability as well

19
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as ,O itoO local and individual chaniges. Turbulence was con-
centrated around 35,000 ft with another and more pronounced
mAximumn around 55,000 ft (the latter recently confiirmecd by U-2
flights), bel.ieVed to arise from mesoscale disturbances whose
vertical and horizontal distances are of the order of 3000 ft
and some hundreds of miles, respectively. (Author)

44. _tanton, T.E. Convective Clear Air Turbulence. Hqs Third Wea
Wg, Offutt AFB, Nebr. Scientific Services Tech. Note ii, May
1965, 33 P, 13 figs, 16 refs. IPB Files.

... Convective CAT can be defined as that turbulence in the upper
troposphere cau3ed by shallow convection. It may occur in clear
air but is more frequently associated with a cirrus cloud shield.
It does not include turbulence associated with cumulonimbus or
towering cumulus. However, since instability rather than shearing
stresses provide the primary energy source, the techniquez uti-
lized to forecast thunderstorms are applicable. The primary re-
gion for the occurrence of convective CAT is in the barotropic
zones on the anticyclonic side of the jet stream, particularly
in areas of thick overcast cirrus. (Author)

45. United States Air Force, Dept of. Clear Air Turbulence Meeting.
26-27 Apr 1965, Washington, D.C., 283 p. AD 67080.

... Clear Air Turbulence is recognized as one of the unsolved
problems in aviation meteorology. While the intensity of this
high level or wind shear turbulence is not as severe as thunder-
storm turbulence, it can result in injuries to passengers and
crew, possible loss of control of the aircraft, and in some
extreme cases some actual damage to the aircraft. The high level
turbulence encounters are all the more dangerous because they
usually occur without any visual warning. Work on this problem
can be divided into four main categories: data collection and
analysis, theoretical studies, development cf forecast techni-
ques, and detection or warning devices. (Author)

2O
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46. Wescott, Jc'n W. Acoustic Detection of High Altitude lTurbu-
lence, published in Proceedings 1964 AFCRL Scientific Balloon
Symposium A.F.S.G. No., 167, AFCRL 65-486, Jul 1965, pp 295-316,
19 figs. AD 619695.

... The causes of low-frequency acoustic background noise that
was monitored from instrumented balloons floating at about
60,000 feet were investigated. Tape-recorded samples of the
noise were analyzed. Spectrograms, signatures, cross-correla-
tions, and probability-density curves were obtained. Examples
are shown. The results indicate that Clear Air Turbulence is
one of the principal sources of infrasound in the upper air. A
theory for the power spectrum of the far-field noise radiated
from the turbulence is cited, and the predicted spectrum is com-
pared to experimental results. (Author)

47. Wiegman, Eldon J. The Distribution of Clear Air Turbulence
Reports and Cloud Patterns as seen in Satellite Photographs.
Stanford Research institute, Menlo Park, Calif. Final Report,
SRI project 484 2. Contract Cwb-10791. Jan 1965. 101 p.
DAS M(051) S7B5fidis.

... The objective of the study was to ascertain if the cloud
patterns displayed in satellite photographs would provide an aid
in locating areas of Clear-Air-Turbulenee risk. The data period
consisted of four days in April and tvo days in May 1963. A
total ow 1,042 reports (including turbulence and no-turbulence)
taken between the time span beginning 3 hours prior to the
earliest orbit and ending 3 hours after the latest orbit cn
each day were available over the U.S. for the six-day period.
Therc reports include both military and civilian ai.rcraft
operating between 7,000 and 42000 feet MSL. (Author)

48. Atlas, ~David et al. Optmirulng the Radar Detection of Clear
Air Turbulence, U CAF Cmbridge Res. tabs., L.G. Ranscom Field,
Mans. Report No. AYCRL ERP 2146, AFCL-66-354, Apr iv', 15 p.
AD 648723.
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.A geriera], analysis is rade of the turbulent refractivity
spectrum in and beyond the limiting microscale and a relation
derived fotr it scattering reflectivity in either the bac! or
bistatic dlrecttons. R{adar reflectivity is computed as a func-
tion ofA avcl:fngt~h for regions of CAT. The results are compared
to the minimu-m detectable reflectivity of airborne radars having
optimuln : t-ate-of-the..art characteristics at each wavelength. It
is shown that the best radars now feasible can barely detect
the most refleutive CAT at 10 n mi (i.e., 1 minute warning). A
20-db improvement in sensitivity is required for detection of
most CAI, which appears to be just attainable by pre-detection
integration. The optimum wavelength to implement is 5-6 cm.
The best radar at this wavelength will also detect cirrus clouds
reliably. Whether detecting clcuds or chaff, a measure of the
echo fluctuation (or Doppler) spectrum is required to identify
the inirbensity of' CAT. However, in the case of high altitude
clear air e-chces, thcre is an indication that the reflectivity
in e.occss of some minimum tla'eLhold value is a sign of some
de.r'ee -if mechanicU. turbulence. It is also demonstrated that
a grcund-bas.,?d forward.-scatter link holds great promise for
reliable CAT detection. A tentative quantitative classification
of CAT severity is also proposed. (Author)

See also: Optimizing the Radar Detection of Clear Air
Turbulence, J. of Applied Meteo., Vol. 5, No.

PP 450-4-10, Aug 1966", figs, table, ref 3,
eqs.

.9. Ieard, M.G. Analy5is of COlcar Aix- Turbulence Incidents. (In:
Nationaal Air Meeting on Clear Air Tu,"bulence, Wash., D.C., Feb
23-24, 1.966, Proceedings. N.Y. Socieuy of Automotive Engineers,
iQ6*. pp l536-I•9, table.) DAS M51.5N277 pro.

... Analysis of turbulence incidents since 1959 indicates that
the record could have been much better if a good CAT detector
had been available. A device which defines CAT areas and indi-
cates the degree of turbulence could be more exact than weather
radar is in .ndicating storm areas. This paper briefly summarizes
the turbulence incidents during the last 6 years and discusses
the cause of some of The more severe onesi. (Author)

2,-)
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50. Beard, M.G. Status Report on Latest Development in Clear Air
Turbulence, Journal of Aircraft, Vol. 3, No. 5, Sep-Oct 1966.
pp 443-44, fig. DAS P Col.

... This is a service to the governmental departments interested
in this field and to industry. This paper is a status report
about new developments in CAT forecasting; it also is a r4sum4
of the various proposed principles of CAT detection and the de-
tection devices being developed and laboratory and flight
tested. (Author)

51. Beckwith, W. Boynton. Minimizing the Effects of Mountain
Waves and Shear Genelated Clear Air Turbulence in Airline
Operations. (In: National Air Meetirng on Clear Air Turbulence,
Wash., D.C. Feb 23-24, 1966, Proceedings, N.Y. Society of Auto-
motive Egineers, 1966, pp 181-135, figs, refs.)
DAS M51.5 N277pro.

... The development of techniques employed by the airlines in
overcoming the problem of Clear Air Turbulence is outlined.
Improvement in transport aircraft brough new sets of challenges
in this area which were overcome by applied meteorological
studies conducted by the airlines and assisted by military and
government research. A distinction is made in the methods of
bypassing the turbulence regions caused by wind shear and those
caused by the mountain wave. A new study on mountain-wave tur-
bulence evasion showing considerable promise is discussed.
Recommendations are made on methods of keeping pace with an
increasing exposure to this important operational problem.
(Author)

5L. Bontroxid, E.A. (Conment on) De Ver Colson: Summary h of Ki•
Level Turbulence over the United States. La Nt.orologie. Paris,
Býer. 4j, No. 711:135-i4C, Apr/Jun lb64, issued 196&. Figs, tables.
French, English and Spanish summaries p 135. DAS M(05) M)60v.

In Frencý]
... At•io:.p`ýeric turiutic-ce is & pnenomenon of great complexity,
depending, on many v.riables, and not permitting further syste-
matLi and oontinuo-3 olservations. So, a statistical way is
r-orarcL-d tn order to enable this study, as for exauuple in
Frrunce, Meteorolo+%ie Natlonale Monographies, No. 17, of
B, r,'n,p..r and Hvts-,at., or in the survey of De Ver Colson,
Montt,1y Weather Rev. 1):10-12, 19)3. It is: the rc:-uLts of this
latc•At work which are itnalyzed and cormnented on here. The



IMti hut. i w ri:k 11 *;'!P "Y et!'icavor to estimate uie riskIt of tur-
bulenc- , ýonýi:-;!sf t~nc period of the year, geographic situa-
t.ion, )pqj[~ pj.s; I iu~ r':,l.ttve to Jot. E-revnis., and -type of
synloptji ",)_rti~ ~icular *aLtention is pasi4l to the.
bh-,erv~i Lirlt: h i ;ii 'e aoshr whic1h unfortunatcy r

feýw in n r~imbn. (ou tio~r)

5 3. Bray, R. S. :%nd 1.. E. I'ej.Simiwa. t or -In vest-i.ations of t1he
Probletray.ý of 'lyn.a 1£vt.pt-wing ,rrtnsport A5.rcruft in He avy
Tur'ou.ix-ce, NP..,3il Ccrk',,rence on Aircraft Operat-iing Problems,
-1A mllt~u of the up: Pr'esented, " .,angley Rerearcui
Center, . ie, Va. skxy .1(.,2, 1965, pp 13,11-146. IP.E Files.

. - An irive-t.Lj1.,W, i on ot' !releral. fac tors wh)ich may Czon tribute to
the pý*01 lern1 of joit tran:-porL aircraft in heavy 'uurbu-

teri? wa conuia,2ed. 5.y us~in- a piloted simulator that included
thle 111',it liiicat irplane respons,ýe arid cockpit V JUI.at 4On S

induced 1by rough -,iii. W~lsindicated (Lhat the, primnai7/
fuselage s true tu ral frequentcy contributed significantly to a
d 4stractint.., ccý!piz cavivronmeflt, and t~here was obtained
evidcncne of severcl:/ reatuuerl inontrwnen~t flight proficiency
during simulated maneuvering flight in heavy turbulence. It
j.,- coricludtod thr-t tHie addition of similar rough-air response
capabil~it ies. to LroArinig, f-ism,!aaors would be of value in'
pilot rio rntIUin turbulent -flight procedures. (Author)

54. Brecs, R. C, Fried, P. L. anid ScdaJ.B. Remote MAeasure-
mnent of Differena.ial At moc;piieric Veloci ty. In: National Air
Mlecting on Cli~ar Air rtITb'l~r.Wash., U. C., Feb 23_-24, 196",

Proeeing. N.Y. ½u~vof Aut(,)!o~oix'e Engineers, 1966.) pp
13ý5-16Ž-, figzs, refs. eqs. DAS M51. 5 WN;77pro.

* A concept for detv~ection of Clear Air T!Urbulence utilizing
the Doppler freqlicncy shift in laser light backscattered from

atmopriricaersol isdescribe Thsý concepL employs- detection
of bc-it frequencifci; in t~he output current of' a phot.,-detector
resulting from. phouo mix~ing thie bacKscattered light from 2
.laser pulscs .A, licxrmlrating separat~ed volunmes ofl air. Analysis
of the Fspect-Ral anar' coierence prooert~ies of scattered light
is giveni which Lro-wes 'Lhat thie basic phenoinena exist. The
reali,-.Qilitly of a practical systefm depends upon sufficient
aer-osol rlen.itics, and higher prerforzr~Ance lasers to achieve
adequat.e 3/Nt at. us:erul dist1.ancers, (Author)
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55. Breece, R.C. et al. Design Study of Laser Radar for Detection
of Clear Air Turbulence. Space & Information Systems, Div.
North American Aviation, Inc., Downey, Calif. Rept No. SID-
66-450, Jun 1966, 170 p. Contract AF 19(628)-5135. AD 634886.

... The objective of the research was to perform a design study
and feasibility demonstration of a Doppler laser/radar system
for use in detection of Clear Air Turbulence. Both CW and
pulsed radar techniques were investigated to determine
applicability to analysis of laser light backscattered from
atmospheric molecules and aerosol particles in order to
measure macroscopic motion of the air. It was desired to
detect wind gusts in excess of 25 feet per second while
operating in a jet aircraft at an altitude of approximately
30,000 feet. (Author)

56. Brylev, G.B. et al. Joint Radar and Aerological Observations
in the Lower 1.5 Km of the Atmosphere. Rept. No. T-R-523, Mar
1966, Contract Nc. AF 19(628)-3880, 26 p. AD 631967.

... The results of joint radar and aerological observations in
the lower 1.5 km of the atmosphere are discussed, and a connec-
tion is indicated between radar echoes from a clear sky and
convective and turbulent motions in the atmosphere. (Author)

57. Buehler, W.E. and Lunden, C.D. Radar Detection of Tarbulence
in the Upper Troposphere. In: National Air Meeting on Clear
Air Turbulence, Wash., D.C., Feb 23-24, 1966, Proceedings.
N.Y. Society of Automotive Engineers, 1966. pp 107-118., figs,
refs. DAS M51.5 N277pro.

... Encounters of jet aircraft with high altitude turbulence
prompted the investigation of various techniques to probe and
locate turbulence in area,5 iacking particles (rain drops, hail
stones). A promising tech.ique is to measure the radio re-
fractive eddies and gradients by radar backscatter. Radio
refractive index eddies ca-n, in principle, be found where the
atmosphere characterized by a nonadiabatic lapse rate of re-
fractive index is stirred up bý turbulence. This paper pre-
sents a sequence of VHF backscatter experiments which will
hopefully lead up to an airborne CAT detector. Described are:
A CW bistatic backscatter experiment showing returns from
turbulent volumes, a monostatic pulsed radar with returns
from definil• turtulent cells at various as1ttudev, and an
alrhorn(: eyperiment !arrled atoard a Jetlincr. The wavelength
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V(. (cont)

dependence of radar backscatter on the detectability of signi-
ficant turbulent eddies is discussed. (Author)

58. Burns., Anne tt al. Turbulence in Clear Air Near Thunderstorms.
U.S. ESSA, Nk-SL Tech Memo IERTM-NSSL-30, Dec 1966. 20 p,? figs,
tables, refs. Contents: Burnham, J. and Spavins, Clifford S.
Some Results of a Study of Atmospheric Turbulence in Clear Air
above Thunderstorms and of the Relationship to Weather Radar
Picture_ pp 1-9. Burns, Anne end Harold, Terence W., Atmo-
f_•eric Disturbance Encountered by A Canberra over Storms at
Oklahoma on My 2y, 195 O-19. .AS M(055) V5852re N3730.

... In the first article, derived gust velocities up to 20 ft/
sec and indicated airspeed fluctuations up to 34 ft/sec have
beet measured during flight through clear air at altitudes
tetween 40,000 ft and 45,000 ft in thunderstorm areas. The
possible use of weather radar to avoid such disturbances is
discussed. The second article notes that in clear air over
the top of a group of storms, a Canberra aircraft encountered
rapid changes in temperature and horizontal airflow and
moderate to severe turbulence. An explanation involving the
deflection of the wind over the storm tops may account for
the aircraft observations. The disturbance is discussed as
a potential cause of aircraft upsets. (Author)

See also: Burnham, J. and Spavins, C.S. Some Results
of a Study of Atmospheric Turbulence in
Clear guir above Thunderstorms and of its
Relatlonshik5to Weather Radar Pictures.
Logistics Div. General Staff, Wash. D.C.
Rept. No. TM-AERO-928, Mar 1966, 15 p.
AD h87330.

See also: Burzai, Ajne and Harold, T.W. An Atmo-
p pih e Disturbance Encountered by a

Canberra Aircraft over Storms at Oklahoma
on 27thMay, 1965. Royal Aircraft Estab-
liohmrnt Farnborough (England). Rept. No.
TF-tR-),Q41, Axwg 1966, 19 p. AD 805t)'2.
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59. Clark, John B. Pilot Technique in Turbulence. In: National
Air Meeting on Clear Air Turbulence, Wash., D.C., Feb 23-2k,
1966, Proceedings. N.Y. Society of Automotive Engineers,
1966. pp 190-197, figs, refs. DAS 1451.5 I277pro.

... Clear Air Turbulence and thunderstorm turbulence are com-
pared. The flight technique to be used is the same in all
turbulence. Upsets in thunderstorm turbulence are discussed.
Years ago there was evidence of clear pattern in the upsets
involving propeller-driven airplanes. There was heavy airplane
nose-down elevator use following a violent updraft with
eventual recovery from a deep dive. A similar pitch axis
pattern is apparent in Jet upsets. The swept-wing Jet has dif-
ferent stability characteristics; has a motor-driven horizon-
tal stabilizer as well as an elevator to control around the
pitch axis; and has improved flight instrumentation. Pilot
training and a stabilizer modification have contributed to a
dramatic decline in incident reports. (Author)

60. Clarke, R.H. Turbulence and the Detailed Structure of a Sub-
tropical Jet Stream. J. Atmospheric Sci., Vol. 23, No. 5, Sep
1966 , pp 516-530, 27 refs, 3 appxs, 14 figs, formulae, map.
DAS M(05) A512J.

... Jet-stream wind data obtained during Project TOPCAT in
August 1963 at Woomera, when rid of fortuitous detail by
averaging serial soundings (about 12 at hourly intervals),
show detail in the cross-axis flow which can be ascribed with
fair certainty to sub-synoptic scale eddy viscosity. This
fact is employed to estimate stress, eddy viscosity, and
viscous dissipation over one mean profile taken in the Jet
axis. These are found to have values compatible with existing
knowledge, and, with eddy stres@ in the strong shears beneath
"a Jet stream of order 1 dyne/cm, one can explain at least
"a high proportion of the upper branch of Krishnamurti's
mean cross-axis flow. The variation of vertical velocity
with height is qualitatively that inferred from Angell's and
Krishnamurti's observations. (Part Author Abst.)

61. Colson, DeVer. Analysis of Clear Air Turbulence During
Selected 5-Day Data Periods. Weather BureaupSilver Spring, Md.,
Techniques Development Lab. Final Rept., Dec 1966, 77 P.
AD 64•6io.
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61. (cont)

... Clear Air Turbulence data were collected from two of the four
worldwide reporting periods set up by the International Civil
Aviation Organization (ICAO). The occurrences and non-occurrences
of turbulence were sumearized with respect to time periods, alti-
tudes, and geographical locations. These data were analyzed in
relation to associated meteorological parameters and large-scale
synoptic patterns. Speclal attention was given to areas with at
least 25 percent probability of moderate or greaver turbulence.
Vertical wind shear appeared to be an important parameter along
with 12-hour changes in wind speed, vertical wind shear, and
horizontal wind shear. The synoptic patterns on the mean 300-mb
charts and the individual 300-mb charts were discussed in rela-
tion to the probabilities of moderate or greater turbulence.
The following forecast criteria were suggested: moderate or
greater turbulence will be found (1) within 150 miles of a jet
stream with at least a 100-knot maximum wind speed if the verti-
cal wind shear is at leabt 4 k.aots per 1000 feet, or (2) within
150 miles of a sharp trough line with a marked horizontal wind
shear across the trough line. (Author)

62. Colson, DeVer. Nature and Intensity of Clear Air Turbulence.
In: National Atr Meeting on Clear Air Turbulence, Wash., D.C.,
Feb 23-24, 1966, Proceedings. N.Y., Society of Automotive
Engineers, 196o6. pp 1-4; 27. Tables, refs. DAS M51.5 N277pro.

... The phenomenon of CAT is reviewed indicating the role of
wind shear, Fgru.cty waves, Richardson number, and other indices
in relation to turbulence intensity. Standard CAT intensity
criteria are reviewed, including vertical accelerations, de-
rived gust velocities, and airspeed fluctuation. Various
descriptive criteria are reviewed along with some newer con-
cepts such as "chop". A panel has been established to up-date
the current intensity criteria. A research flight program is
now underway which will furnish a more complete understanding
of CAT and a basis for a more quantitative set of intensity
criteria. (Author)

b3. Conner, Fox. Preliminary Design Study for a HI-ICAT Vehicle
and Instrumentation System. Lockheed-California Co., Burbank.
Final Rept. 1 Jun-31 Dec 65, Oct 66, 4i 4 p. AD 809829.

28
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63. (cont)
... A preliminary design study was conducted on an unmanned HI-
HICAT (higth-high altitude critical atmospheric turbulence)
vehicle and instrumentation system to measure turbulence at
altitudes from 70,000 to 200,000 feet. The vehicle configuration
selected as optimum for this extreme range of altitudes is a
parawing. For the study, emphasis was placed on designing a
system for the middle portion of the altitude band from 100,000.
to 150,000 feet. Iii this band a lifting body configuration is
competitive with the parawing. Both systems feature a one-
stage vehicle which is air-launched from an F-4C aircraft at
supersonic speeds. Turbulence data is gathered by a digital
system and stored on a magnet -Ic tape recorder and telemetered
back to the launch site. (Author)

64. Crooks, W.M., Hildreth, W.W. and Stauffer, W.A. Clear Air
Turbulence. Lockheed Horizon, Burbank, Calif. No. 5 2rnd
quarter 1966. pp 7b-96. IPB Files.

... The phenomenon of Clear Air Turbulence and details of the
iIoC*A program carried out by the United States Air Force and
Lockheed Aircraft are discubsed. Methods for the satisfactory
measurement of the data and HICAT encounters, are given. The
nature of turbulence, gust design procedures, models of turbu-
lence, and response characteristics of the Lockheed L-2000
aircraft are discussed. (ASS)

65. End]ich, Roy M., Serebreny, Sidney M. and Ligda, Myron, G.R.
Clear Air Turbulence Research Programs of the Aerophysics
Laboratory. In: National Air Meeting on Clear Air Turbulence,
Wash., D.C., Feb 23-24, 1966, Proceedings. N.Y. Society of
Automotive Engineers, 1966. pp 69-76, figs, refs.
DAB M51.5 U277pro.

... Research programs are discussed that concern the nature
and causes of Clear Air Turbulence; the practical identifica-
tion of turbultat r-egions by computer analysis of ordinary
radiosonde measurements of winds, temperature, and pressure;
the use of satellite phot"raphs of clouds in turbulence
analysis; determination of the climatology of Clear Air Tur-
bulence; and possible detection of layers that contain turbu-
lence by meani of lidar observations. (Author)
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66. Endlich, R.M. et a&. Techniques for Determining a World-Wide
Climatology of Turbulence through Use of Meteorological Data.
Stanford Research Inst. Menlo Park, Calif. Interim Scientific
Rept., May 1966, 65 p. Scientific Rept. 1 AFCRL 66-355.
AD 634154.

.. This report consists of an introductory portion followed by
separate sections concerned with aircraft observations of jet-
stream and mountain-wave turbulence. Statistical relationships
between airline pilots' reports of turbulence and concurrent
meteorological conditions, and the feasibility of measuring
turbulence from rising balloons tracked by FPS-16 missile-
tracking radar. The aircraft data show that turbulence corre-
lates well with the horizontal wind-direction shear measured on
the mesoscale. Recent aircraft data also re-emphasize the
hazards to aircraft that exist in mountain-wave turbulence. A
number of meteorological quantities were correlated with fre-
quencies of turbulence determined from pilot reports. Contin-
gency tables of turbulence frequency as a function of vertical
shear and lapse rate indicate that lapse rate is not signifi-
cant in the manner indicated by Richardson's number. From
meteorological data and empirical equations, expected fre-
quencies of turbulence over the United States were computed
and compared witbi observed frequencies. (Author)

67. Frinco, X. The Use of SST Radar for the Detection of High
ALtitue.e Phenomena (WR-(9X* Lockheed-Caifornia Co., Burbank.
Rept. No. LR-20237, Nov 1966, 8 p. Contract FA-SS-66-7.
AD 81790"4L.

... This report deals largely with one major area of high alti-
tude phenomenon, Clear Air Turbulence and its detection.
Recent theoretical studies and some experimentation indicate
the possilLe use of C- or X-band radar as a detector of CAT
anomalies. Radars of this frequency have frequently detel .ed
so-called angels which were considered to be produced by high
tomperature air causing rei ractive surfaces off which the radar
bounces. It can also be theorized that the varying refractive
indlc-g in turbulent air mwy be detected. (from Author Abst)

08. FraLker•, P.A., Jenny, J.A. and Rink, D.M. Airborne Laser iladar
Investintions of Clear Air Turbulence. In: •iatiola Air
Heeting on Clear Air Turbitlence, Wash., D.C., Feb '3-21, 19%6,
vroceodiuni. N.Y. Society of Aut tive Eagineers, lbt.

pp H3.-l3i. DAS 51.5 N27lpro.
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68. (coat)

,..Conclusions based on the airborne experiments with laser
radars are sumarized in this paper. (ALS)

69. George, Joseph J. Airline Practices in Forecasting Clear Air
Turbulence. In: National Air Meeting on Clear Air Turbulence,
Wash., D.C. Feb 23-24, 1966, Proceedings. N.Y. Society of
Automotive Engineers, 1966. pp 172-180; 197. figs, refs.
DAS M51.5 N277pro.

... The flight problems of Clear Air Turbulence are brought into
focus. The forecast problem is reviewed and airline practices in
forecasting are described. It is demonstrated that adding the
requirement of an axis of minimum temperature at levels from
300 to 200 mb reduces the average forecast box appreciably as
well as edding accuracy. A practical forecast procedure is
suggested. (Author)

70. Gibson, Frank W. S , Application of the Laser as an Atmospheric
Probe. (Issued as AMS/AMAA Conference on Aerospace Meteorology,
Los Angeles, Calif., Mar 28-31, 1966) AMS/AIAA papers (preprint)
66-374, Mar 1966, 20 p, figs, refs, equs. DAB M(G55) A5l?1p
b6-374.

... Investigations are being conducted to determine the possibility
of detecting Clear Air Turbulence (CAT) with laser optical radars.
Experiments in the Laboratory and afield have shown evidence of
variations in particle concentratloes, but no positive identifi-
cation )f turbulence or correlations of rougb flying have been
made. The feasibility of measaring wind velocity components with
a laser doppler radar is being examined. Provided sufficient
aerosol scattering is available, spectral frequercy analysis
should give a wore direct meaaurement of turbulence. A laser
searchlight technique has been used to measure atmospheric den.
sity vertically up to tO km. The method uses the Rayleigh
scatterlne theory to deduce the molecular Dumber density from
the number of bmckscattered photons detected. (Author)

31
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71. Gre'ene, Joel; Roberto, ý.. and Loewinstein, M. !Ear Warning Of
Clear Air Turbulence by Photometric Measurements. In: National
Air Meeting on Clear Air Turouilence, Wash., D.C., Feb 23-24.,
1966, Proceedings. N. Y. Society of Automotive Engineers, 1966.
pp 163-171.. figs, refs., eqs. DAS X451.5 N277pro.

...Deals with techniques of phaotometric mneasurements of star-
light var iations which propagate along a line of sight coinci-
dent with the flight profile of a jet aircraft. Thus, a CAT
"Yoluae" intersecting this flight path may be detected at some
prior point in time and compared to nouturbulent measurements.
A star tracker viii produce information wehich by statistical
processing will establish a threshold for advance warning of
CIT. Recommendations are presented for nighttime feasibility
tests to be made with operational hardware under controlled
conditions. Daytime tes~ts requiring the measurement of weak
bodies in high ambient conditions poses severe problems.
(Aathor)

72. Jefferson, G. J. An Incident of Severe Low-Level Turbualence
The Met. Nag. go. 1130., Vol.. 95, Met. Office, London, Rag.
Sep 1966, pp 279-285. DAB W(05) G786a.

.. On 14 April 196b, 3.everal aircraft In the vicinity of
Akrotiri (Cyprus), reported severe turbulence. A Canberra
fitted with an accelerometer flew over the area. at an altitude
of 8500 ft and wais completely overturned. The accelerometer
readings were observed between .lIg and -3g. (ALS)

73. Kadletc, Paul W. Exploration of the Relationshiip betwee!1
Atmosph~eric TeaErcatture (Qiande and Clear Air Isirblilence. in:
National Air Neetting cmn Clear Air Tizrb~alence, Wash., D.C.,
Feb 23-ý4, 1l(6. Proccedinl~, N. Y. Scelety of Autom~otive
LF2"gineers, 066. pp 4L-1;0, figs, tables, refs. DAS 51.55 127"Ipro.

... .Certain atmosphv-oic texperritu~ro changes have been observed
to be a factor In detecting~ the o.o:,urreace of :3!ear kir Turbu-
lence, espezia1.ly n't %et altit~ude-i above 25,0) f"'. Data for
this study were collectted by tne authnor or, 14w) L~l1ghts dtxrirAg
the year whili, riding as an extra crew insror~r in the cockpit.
of a~rliae and milita~ry .', aircraft. The aircraft. Irstrumen-
tation in the research program included a portablzr teat instru-
ment to detect teinpe.rature changes as well, as the normal comn-
ponofnts of an air lat~a nyfitem And temperature se~nsors. A
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73. (cont)
comparison between several rates of temperature change was
made in an effort to determine which would indi,3ate actual
flight conditions most efficiently. From flight observations
using the portable test instrument, a rate of temperature
change of 1.Ofr/min was found to be the most useful criterion
for correctly ivdicating flight coolitions in the majority of
cases. (Author)

74. Kad&ec, Paul W. Flight Observation' of Atmospheric Turbulence.
Eastern Air Lines, Inc., Miami, Fla., Meteorology Dept., Ccc-
tract FA66WA-1449, Final Report, Jvn 1966, 52 p, figs, photoa,
charts, table, refs,. DAS M(051) -13fi.

... This is a report on continuation of in-flight examination
of meteorological parameters associated with non-convective
turbulenze initiated in December 1560. Results of analysis of
data collected on 963 flights by a research meteorologist
riding in the cockpit of airline and uilitary Jet aircraft are
summarized. The equipment and procedures and three cloud-
pattern models that associate cirrus formed by Jet streams
with turbulence are described. k r.efinement in the theory
indicates tnat a rate of temperature change of l.OC/amn with
e. total change of 2.C0C is the most effective combination for
detecting impending turblulence. It was found that clear air
vortices formed in the precipitation-free area below the
base of severe thunderstorms wAy produce turbulence capable
of 1.ipseTt'.ng muiti-engiae jet aircraft. An cirborne portable
sciatilloawter described. an- shown in a photograph was flight
tested. (DBK

75. Kao, 6.K. anm Sizoo, A,H. Analsis of Clear Aix Turbulence
Year t•e. JeL Streaa. J. 1 eop-1y. Res., Wash., D.C., Vol. 71
No. kx, lI Ai•g l~o pp 3799-3105, figs, tables, refs. DAS P

... F1 gatz; of Proje-zt Jrt Stream (1956-1957) have been analyzed
witi4 rspe't to various bet.eoroaogical persmeters and Clear
Air .Tu:rulence near the Jet stream in order to find a method
for the prediction of high level turbulence in the atmosphere.
it !6 Aourt that the borizonta'. velocity convergence has a
proccntuzed effect on turbulence in the atmosphere. The per-
Zecn-age of turbulence ccurrerce and the turbulenze intensity
gerr&1'-;; inicrease with increasing horiziontal velocity

-- i:e • sn y be approximated by an exporential functiOn
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75. (cont)

of the latter. An analysis is also m.de of the distribution of
turbulence in the vicinity of the jet stream an. the effect
of Jet stream curvature on high level turbulenae. It is found
that (1) the percentage of turbulence occurrence is higher to
the north than to the south of the jet and the percentage of
turbulence ocaurrence is greater below the jet core than above
it, and (2) aurved jets have a higher percentage of turbulence
,-.stribution than straight jets and the straight segment east
of a cyclonic jet has a higher percentage of turbulence
occurrences than the straight segment west of it. (Author)

See J.so: Sizoo, Antoine Renri. A Study of Clear
Air Turbulence Near the Jet Stream. Utah Univ.,
Salt Lace City, Dept. of Meteorology. Jun
1966, 22 p, Contract AF 33(60B)o12388.
AD 481944.

76. Lederer, Jerome. Economic As•.ts oý Flight in Turbulence.
In: National Air Meeting on Clear Air _turbuleace, Wash., D.C.,
Feb 23-.)4. 1966, Proceedings. N.Y. Society of Automotive
fngineers, 1966. pp 35-39. DAS K51.5 N277pro.

... iPresents an ir, itia1 attempt to est~imate the economic

effects of turba.ience on airline opera'tiors from the stand-
point of costs of temporary grounding for inspections and re-
pdirs, cost of t. airLLg crews to cope with turbulevce, the
cost of dis~eminatiag information on -urbulence, and the cost
of injurles sustained by passer:gera. The dat. -ere obtained
f•-ow several airlines covering a wide geographic axea. The
costa were difficult to ascertain because ýhe accounting
systems do not readily separate the cost elementU from
several associ,4cred costs of oppration. The information was
xtrapolated for ali tObe waJor ailrlines to arrive at Mn

estimate that tucouleace costs about $o.()O per flight.
(Author)

77. Lhermitte, Roger. -Pobing Air Motion by Doppler of
Radar Clear Air Returns, IEfTM-NSqL. Report No. ý!6, Iorw•.n
Oklahcxa, Tech Note 46 NSL,'L 2b, 14Y 19t4), 37 p.
bAk, 14(055)v 56d%'ý-e No. .

... A Doppler radar ias been used in cential Cklahoma Lo probe
the aotiou of invisible targets uwually ,-t-e'erreac to as
"angels". The large, (xeut-ity of tsrgetr. deteted ,wa certain

,,;uggest.s the pzeceezwv of a den,•e 5t:•o~ p.i "lan~toi"

'4
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77. (cont)

drifting with the air. Uniform motion for all the targets in
the area surveyed by the radar beam in confirmed by the
systematic pattern of target radial motleus as a function of
radar beam azimuth. Target horizontal motion direction and
speed are derived from the rndial velocity-azinuth patterns and
interpreted as horizontal wind. The small vertioal motion of
targets is also estimated from the data. This technique is
applied to the analysis of wind variance and the study of a lov-
level Jet. (Author)

78. Loving, Neal V. High Altitude Air Turbulence (HICAT): A Menace
to the Aerial Highway. (Isued as A4S/AIAA Conference on Aero-
space Meteorology, Los Ange.es, Calif., Mar 28-31, 1966, ANS/
AIAA Papers (preprint), 66-362, Mar 1966. 16 p, figs, refs,
eqs.) DAS M(055)A 51 21p 66-6,2.

... Due to lack of airborne Clear Air Turbulence (CAT) detection
capability and high operating speeds which disallow evasive
action, future aerospace vehicles must posse3s the inherent
structural integrity for repeated high speed penetration of
CAT. Hence, there is a requirement to identify the types of tur-
bulence at high altitudes :nd to measure the intensity and wave-
length of each. To fulfi.l this requirement, a High Altitude
Clear Air Turbulence (HICkA I Project has been initiated to
provide accurate, continuous wavelength CAT measurements in the
altitude range of )iO,X00 to 70,000 ft. In the work accomplished
thus far, an analog FM instrumentation system utilizing a
fixed-vane gist probe and a Y(-br recording was installed
aboard an Air Force U-2. Actual vertical guut velocity time
histories containing gust wavelengths from 70 to 2500 ft have
been calculated from tiie power spectra. Extended HICAT program
will. utilizo a new digital (PC)() instrumentation system. This
syRtem will includc a stable platform which mill greatly im-
prove the precision of HICAT measurements and permit turbu-
lence wavelpngths in excess of 12,000 ft to be measitred.
(Author)

79. Mancu'o, P.L. and R.M. &dilich. Clear Air Turbulence Fre-
quency as a Fur..tion of Wind Shear and Deformation. Monthly
We.ather Rev. Vol.•'), No. 9, Sep 1966, pp 581-585, 13 refs,
2 figs, 4 tables, formlae. DAB M(05)v 587a.

35
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79. (aont)

... The probability is determined that an aircraft will encounter
moderate or severe high-level turbulence during a 100-mi flight
segment when particular values of certain meteorological quanti-
ties exist in that locality. 'rAe turbulence data used are pilot
reports collected by the U.S. Weather Buireau Clear Air Turbu-
lence Project for March 12-24, 1962 and February 4-9, 1963. The
meteorological qusntities which were computed from standard
data include vertical vector wind shear, vertical wind direction
shear, temperature lapse rate, horizontal wind shear, vorticity,
and resultant deformation. A correlation of 0.45 was found be-
tween turbulence frequency and the product of vertical vector
wind shear and deformation. This v.lue is the highest correla-
tion found so far with data of this type. The product of wind
shear and deformation is an important factor in the develop-
ment of fronts. (from Author Abst.)

80. McConathy, Donald. Care Study of C. in the Rockies, Pennsyl-
vania State Univ, Minerals Industries FExperiment Station,
Contract Chfb-iO926, Final Report, Sep 1, 1964-Feb 28, 1966,
issued Jul 15, 1966. 27 p, figs, table, refs. DAS M(051)
RP415fic.

... Presents a detailed 3-dimensional analysis of the fields of
wind, temperature, and Richardson number over the Rocky Moun-
tains for 007, April 11, 1963. At this time, the usual rawin-
sonde information was supplem.,ented by winds, temperature, and
turbulence reports from spenially-instrumented aircraft. The
reports of turbulence correspond in a general way to regions
of low Richardson number associated with a strong internal
front. However, there is no agreement in detail. This may be
due to lack of precision in the turbulence reports and in-
sufficient resolution in the wind and temperature data.
Distributions of actual. and geostrophic Richardson number
agree with each other in general, but not in detail. Most of
the turbuLence reports coincide with high terrain features.
(Author)

81. McLean, James C., Jr. Snoptic Analysis of Clear Air Turbu-
lence. In: National Air Meeting on Clear Air Turbulence, Wash.,
D.C. Feb 23-24, 1966. Proceedings, N.Y. Society of Automotive
Engineers, 1966. pp 28-3h; 54. fig, refs. DAS M51.5 N277pro

36
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81. (cont)

... It is hypothesized that frontal surfaces between air messes
of differing characteristics are the source of much of the
Clear Air Turbulence encountered by aircraft in the upper
troposphere and lower stratosphere. These fronts can be de-
tected on detailed soundings as adiabatic zones of mixing and
traced over geographic areas by isentropic analysis. (Author)

82. Moore, Richard L. (Douglas Aircraft Co., Inc), and Krishnasurti,
T.N. ATeory of Generation of Clear Air Turbulence. In:
National Air Meeting c.r. Clear Air Turbulence, Wash., D.C. Feb
23-24, 1966. Proceedings, N.Y. Society cf Automotive Engineers,
1966. pp 13-27, figs, refs, eqs. DAB M51.5 N277pro.

... Presents additional infornmtiori of a theoretical nature and
a synoptic case st .dy concerning the nature of the generation
of Clear Air Turbulence. The hypothesis in this paper is that
(a) shear is generated rapidly in a specific region of the
atmosphere, (b) the shear reaches a critical value and the flow
field becomes turbulent, (c) the turbulent flow field, in the
form of a cell or eddy, is carried away from the source region
and gradually decays. The theory on which the prediction of
shear is based is developed on a nonlinear basis to show that
if convection of vorticity is neglected, the vertical com-
ponent of the vorticity depends quadratically with time on
the solenoids of temperature and divergence of velocity, plus
another smaller term. Thus, the horizontal shear of the
velocity may be expected in certain large-scale synoptic
situations to grow nonlinearly. (Author)

For similar report, see also:

Moore, Richard L. and Krishnamurti, T.N.
Atmospheric Clear Air Turbulence. Nature,
London 209 (5022):Lb2T-49, Jan 29, 1966.
Figs, refs, eqv. DAS P Col

... Synoptic evidence suggests that Clear Air Turbulence (CAT)
is aqsoclated with certain well recognized large scale
patterns in whichi large vertical shears arise. It is suggested
hvre that CAT is formed in the following phase; a) shear
iL generated rapidly in some region of the atmosphere to be
caliled the "source region," b) the shear reaches a critIcal
valu" and the flow field becomes turbulent, then c) the tur-
bulent flow field i3 carried away from the source region and
gradualiy decays. It iJ shown bow shear is measured in terms
of tie vorticity veý:Lor. To test the proposed hypotheses with
a GpezlJfic example -urve.; of constant value of the Jacobian
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62. (cont)

of temperature and divergence of the velocity at 300 mb are
drawn for a particular well-documented observed case of CAT.
The reported cases of severe turbulence are all seen to be
close to a center of marked negative value. Later reports of
moderate turbuleuce are not inconsistent with the hypothesis.
(RB)

83. Mount, Wayne D. and Fow, B. Richard. Results Applicable to
Clear Air TuPIrbulence Detection Using a Millimeter Wave Radio-
meter Probe. In: National Air Meeting on Clew Air Turbulence,
Wash., D.C. Feb 23-24, 1966. Proceedings, N.Y. Society of
Automotive Engineers, 1966. pp 119-124, figs, refs, eqs.
DAS M51.5 X277pro.

... Experimental results show that it is possible to obtain a
remote measure of the temperature and temperature gradient by
using a millimeter wave radiometer probe. Temperature gradients
typically associated with CAT are formulated in a model for
computing radiometric temperatures that an inflight remote
sensor would detect. These results show that a millimeter
wave radiometric sy3tem could be used more effectively than
a direct temperature measuring system to provide a more
reliable and earlier warning of impending Clear Air Turbu-
lence. (Author)

84. Norman, Sol M. and Macoy, Norman H. Inrference of Clear Air
Turbulence b Means of an Airborne Infrared System Journal of
Aircraft, Vol. 3, No. 4 ul-Aug 1966, pp 289-296, 12 refs, 9
figs, table. DAS P Col

*..Various researchers have shown that some forms of clear air
turbulence are characterized by temperature gradients, of the
order of 30 to 5'C. A prototype airborre infrared system has
been developed to remotely detect this type of temperature
discontinuity at ranges in excess of I0 miles. The detection
system is a novel infrared spectrometer consisting of a
rocking Fabry-Perot etalon that scans its narrow wavelength
pass band from approximately 13.5 to 11.5 L at the edge of
the CO 2 absorption band. Since the infrared transmission is a

strong functioni of wavelength in this spectral region, the
instrument sees sequentially shorter atmospheric path lengths
during the course of the scan. This permits a temperature
discontinuity ahead of the aircraft to be detected by a change
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84. (cont)

in the normal instrument output produced during a scan. The
instrument is described in detail, and a comparison is made
between it and other types of infrared techniques for this
application. Typical output, wave 8hapeb for various idealized
temperature discontinuities are presented, as well as results
from initial field trials. (Author)

85. Peulsen, Wilbur H. Investigation of Techniques for Detecti
Clear Air Turbulence, AFCRI.. In: National Air Meeting on Clear
Air Turbulence, Wash., D.C., Feb 23-24,, 1966, L.:oceedings, N.Y.
Society of Automotive Engineers, 1966. pp 51-54.
DAS 51.5 1277pro.

.A review is made of the various approaches considered in
trying to develop an instrument capable of detecting CAT ahead
of an aircraft. Because of the widespread regions in which
CAT can occur and its often limited size, an airborne instru-
ment is felt to be necessary to provide the pilot with suffi-
ciently accurate and timely data to permit appropriate action
to be taken to minimize its effect on the aircraft. While
progress had been understandably slow, the outlook is not as
black as it was a few years ago and the interests and efforts
of many more people, plus advances in technology, enhance the
possibilities of finding a solution to the CAT problem.
(Author)

86. Pcbelko, I.G. Turbulentnost'pri lasnom nebe. (Clear Air
Turbulence. ] Gidromet. Nauch-Issled. Tsentr, SSSR. Meteorolo-
giia i Gidrologiia, Moscow, No. 12:10-18, Dee 1966, figs,
table, refs. DAS P Col

Translation available under AA-N67-30407.

... The incidence of Clear Air Turbulence recorded during four
5-day periods in 19b4 and 1965 over the continental part of
the USSR and over the eocialist countries of Europe is
analyzed. The prob.bibity of bumpiness over the USSR is small,
amounting to an average of 5.6%. In Dkc 19U4 and Iftr 19b5,
there were days in which the mean was exceeded considerably,
1.3 and 19.c4, respectively. The geographical and horizontal
distribution of zones of high frequency of turbulence depends
upon season. The horizontal extention of bumpiness zones

' Q
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8b. (cont)

ranges in most case:3 (51) from several kilometers to 100 km
and up to 200 km in 'T8§% of the cap.es. Over the European USSR
and over the socialist -uiuitries of lkirope, the maximum
turbulence frequteýuy occurs during southwest wind; over Siberia,
during northwest i:ind; aud over Central Asia, vest wind. (ILD)

87. Polve, James H. Thecre tical L'vest_•istion and 0 ,i..zation
of an Airplane Chist Alleviation Syt•em. Arizona Univ., Tucson.
Doctoral Thesis, 196, )if"o p. Contract AF 33(608)-1205.
AD h81453.

... The syst .,r calls for a method to sense the air turbulence or
gusts as changes in ingle and to rels.y this information through
an appropriate servomechanism control to an alleviation device
to cause it to alleviate the effects of the turbulence upon the
airplane. These effects are manifested as changes in load
factor, and a principal. goal of this investigation was to
optimize the attenuation of these load factor variations. The
servomechanism control regulaces the input to the alleviation
device through proportional, derivative, and integral control.
The problem resolved itself into finding the gains of these
control parameters and to show how much attenuation of the
load factor could be achieved across the entire gust frequency
spectrum. (part Author Abst)

88. Pritchard, Francis E. The .Purbutlence and Terrain Environments
Affectin Iow-Altitude, Flh-:Sped 1l ht. Cornell Aeronautical
Lab., Inc., Buffalo, N.Y. Rept. Nio. CAL-FIV4-393, Jul 1966, 46
p. AD '436689.

... The appropriAte statisti.cal theory and the data are reviewed.
Representative data and, where possible, models of the turbu-
lence and terrain are presented. For thW turbulence environ-
ment a valid and u;vefal model :Is presented. Here, the approach
was to develop a w.odel no more complex than current knowledge
and data warrant. Wjth regard to the terrain, no model is
comparable to the one for turbulence. The primary reason for
this is tba-, the terraJn statistics, theory, and data have
not been developed to the srmeu level, although very reccat
research has considerably improved the situation. (Author)

•o0
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89. Reiter, Elmar R. Clear Air Turbulence: Problems and Solutions
(A State-of-the-Art Report) In: Nstlozal A'ir Meting on Clear
Air Turbulence, Wash., D.C., Feb 23-24, 1966. Proceedings, N.Y.
Society of Automotive Engineers, 1966. pp 5-12; 27, figs, refs,
eqs. DAS H.51.5 N277pro.

... A sumary is given of the present state of knowledge on the
physical causes of Clear Air Turb, lence (CAT). Special reference
Is made to recent measurement. results from Project TOPCAT.
Imrlications of these flight investigations, which were made
over Australia, on remote sensing of CAT, and on the planning
of future research efforts are outlined. (Author)

90. Reiter, Elmar R. et al. Structure of Clear-Air Turbulence
Derived from TOPOAT Aircraft Measurements. J. Atmospheric Sci.
Boston, Vol. 23, No. 2, Mar 196b, pp 206-212, figs. .

Similar article published in 1965 (see No. 41).

... Measurements of Clear-Air--Turbulence spectra conducted by a
Canberra aircraft over Australia between oUd and Oct 1963,
reveal the existence of a wavelength region from somewhat less
than 1000 ft, in which the atmosphere receives turbulent

energy. It is suggested that this energy stems from gravita.
tional shearing waves which break up into turbulent eddies
below a critical wavelength. (part Author Abst.)

91. Rosenberg, Paul. Clear Ai:' Turbulence Detection and Warning.
Paul Rosenberg ARsoc. In: National Air Meeting on Clear Air
Turbulence, Wash., D.C., Feb 23-24, 1966. Proceedings, N.Y.
Society of Automotive Engineers, 1966, pp 40-43.
DAS M51.5 NŽU(pro.

... Ponsitle iethods for the advance detection and warning of
Clear Air Turbulence by airborne devices are surveyed briefly.
These include: active use of radar, microwaves, infrared and
visible portions of the electromagnetic spectrum; passive use
of infrared millimeter waves and visible portions of the
electromagnetic spectrum; passive use of infrared millimeter
weves and visible light; air temperature probes; electric
field meAsurements; electric charging of aircraft; mi.iro-
baro•et. ic measurements etc. The state-of-the-art of CAT
detection and warning is still exploratory. No meLhod has
yet N en demonstraLed to give advance warning of CAT with

4t
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91. (cont)

a confidence level sufficient to justify operational use, and
too little is known about the physical parameters of CAT to
enable any one method of detection and warning to be singled
out as the most promising. More basic research on the physics
and meteorology of CAT itself is needed. (Author)

92. Sadoff, Melvin and Bray, S. Summary of NASA Research on Jet
Transport Control Problems in Severe Turbulence. Journal of
Aircraft, Vol. 3, No. 3, May-Jun 1966p pp 193-200. DAS P Col.

... Research results from analytical, piloted-simulator, and
flight studies have made it possible to evaluate the relative
significance of cockpit accelerations, stability and control
characteristics, and handling qualities in the upset and
recovery problems of swept-wing jet transports encountering
severe turbulence. Results of simulator tests, conducted on
a device capable of reproducing cockpit acceleration response
to thunderstorm turbulence, indicated that cockpit accelera-
tions (including vibration caused by a predominant fuselage
bending mode) were distracting to the pilots and impaired
their normal instrument scan pattern. These acceleration
effects appeared to be primary contributing factors to
several incidents involving marginal and complete loss c.f
control observed during pilot performance of a complex task
in the simulator. Results and comments from a number of air-
line pilots exposed to the simulation demonstrated the
training potential of this type of simulator. (part Author
Absi. )

93. Sastry, P.S.N. Note on Evaluation of the Richardson Number in
Relation to Forecasting Clear Air Turbulence. Indian'J. Meteor.
& Geophysics, Vol. 17, No. 3, pp 415-418, Jul 1966.
DAS M(05) 139i.

... For forecasting Clear Air Turbulence Richardson's number is
one of the widely used parameters. With increase in air traffic
and aircraft operating at very high altitudes, the necessity
for providing accurate information on turbulence in clear air
is keenly felt. (Author)

42
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94. Saxton, David W. Nature and Causes of Clear Air Turbulence.
U.S. Air Weather Service, Scott AFB, Ill., American Institute
of Aeronautics & Astronautics, 3rd Annual Meeting, Boston, Nov
29-Dec 2, 196b, Paper 66-966, 6 p. DAB M(055) A5121p 66-9b6.

... The characteristics of CAT are discussed in terms of turbu-
lence-measuring systems and data reduction methods. The spectral
density technique of datat reduction, which nas largely replaced
the discrete gunt method, is used to illustrate the interaction
between the aircraft and turouience .nd to highlight the diffe-
rence between undulance and turbulence. Internal gravity waves
and the conlitions wnich appear favorable for their amplifica-
tion aud breakdown into isotropic turbulence are discussed.
Meteorological data available to diagrose and foreca't CAT are
evaluated and a comparison is made betweeu conventioual rawin-
sonde data and wind data obtained with precision missile-
tracking radar. A recent XB-70A encounter with GAT is used to
illustrate the challenge of the future. (Author)

95. Shur, G.N. The Spectral Structure of Turbulence in a Free
Atmosphere based on Data Obtained by Aircraft. Redstone
Scientific Informatior Center, Redstone Arsenal, A.&. Rept.

No. RSlC-543, Jun 1966, 16 p. AD 637728.

... On the basis of the analysis of experimental data on turbu-
lence obtained by a TU-104 aircraft, this article examines the
energy spectrum of the vertical velocity component of turbu-
lent gusts in a temperature-stratified atmosphere. The relation-
ship between the spectra of the vertical and horizontal com-
ponent in a stably stratified atmosphere is ai3o examined. The
measurements of the gust loads in a narrow band of frequencies
(wave numbers) make it possible to obtain the dispersions in
the velocitieR of gUStS in a wide range of scales. (Author)

96. Sairnova, G.A. Pa-s ive-'Reflector Experiments in Radar Measure-
ment of th,! Turbulenct of the Clear Sq. An. Meteorol. Soc.,
Bobton, Mans. Res. Translation, Rept. No. T-R-517, Jan l9tb,
lb p. Contract No. AF 19(o028)-38W&. AD 630553.

*.. Some ret;ults of radar investigation of the atmospheric turbu-
lence of the clear sky are presented and cmpared with data from
aircraft obRervatlon6. (Author)

43
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97. Steiner, Foy. Revie of NASA High k•titude Clear-Air Turbulence
Sampling Frora,. AIAA PaPer No. b5-13, Jan 1965, Ii p. J. of
Aircraft (3 ):1iI-•2, Jfan/Feb 1966. DAS P Col.

... The NASA sampl' of' Olear Air Turbulence from flight operations
of U-2 airplanes has been extended to nearly 320,000 miles for
altitudes betit.n -:,iY}J send 75,000 ft. The flight measurements
indicate that for th higiher altitudes (Lv-.;,Y'O to 75,000 ft)
turbulence In both le::s fireŽq:ent and less severe than for the
lower altitudes (2oooD to 4 0,o00 ft). lhrbulence appears to
be present at the nigh altitudes less than 1• of the time. The
intensity cf the turbuJercz decreases in an orderly pattern
with increasing P.Itit,,de and Less than 50% of the turbulent
areas excevded 10 rr2iles in length. The maximum measured value
of derived gust velocity was 20 fps at tn altitude of 52,000
ft. On the bat;is of rough approximations, this value corres-
ponds to a true gust velocity of 58 fps. (Author)

See also:

S urry Of Atrno6pheric Turbulence Data.
NASA Conference on Aircraft Operating
Problems, "A Compilation of the Papers
Presented." Langley Research Center,
langLey, VW. May 10-12, 1965, pp 19-27.
IPB Files.

98. TenBroek, H.W. and Sca;hore, C.R. Study of Low Frequency
Electrical Characteristics of Clear Air Turbulence and Storm
Front Centers. Honeywell, Inc., St. Paul, MKin., Systems &
Research Div., Contract AF 19(b28)-5C060, Final Report, Mar
15-Sep 15, 1965, issued Feb 1966. 123 p, figs, charts, tables,
refs, eqs. (AFCRL-43b-2ThO). DAS (M(O51) H772fist). AD 636050.

... This report covers work done in investigating the low
frequency electrostatic field characteristics of Clear Air
Turbulence and storm front regions. The general theory des-
crJbing the field sensing antennae is presented in addition
to the practical aspects of those antennae actually utilized
in the program. The electronic instrum=entation used in ridge-
line turbulence encounter and three storm-front flights are
analyzed with respect to frequency content in decade band-
widths from 0.1 to 10,0OO cps. Results frorn the turbulence
flight reveal signals due to the turbulence which differ
from pre- and post-en,?ounter norms and present the possibility
of anticlpating the encountexr. (Author)
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98. (cont)

See also:

TenBroek, 11.W. and Seashore, C.R. Low-Frequency Electrical
Characteristics of ',ear Air Tu-bulence. In: National Air
Meeting on Clear Air Turbulence, Wash., D.C., Feb 23-24,
1966, Proceedings, N.Y. Society of Automotive Engineers,
1966. pp 84-96, figs, tables, refs, eqs. DAS M51.5 N2T7pro.

.. The results of an investigation of the low frequency
eiectrostatic fieia characteristics of "lear Air Turbulence
are presented. Brief descriptions are included of the general
tneory and practital aspects of the field sensing antennae
uaed during the program and the electronic instrumentation
used in data-gathering flights and subsequent data reduc-
tion. The data fryo a ridgeline turbulence encounter are
analyzed with respect to frequency content in the decade
bandwidths from 0.1 cps to 2000 cps. The results reveal
turbulence generated signals in the 0.1-10.) cps region
whicn differ from Dre- and post-encounter norms, presenting
the possibility of anticipating the encounter. The direc-
tion of future effort is described. (Author)

U.S. Air Force, Cambridge Res. Labs. Radar Detection of
Clear Air Turbulence. Meteorology Lab., Office of Aerospace
Research, Research Review, 5(6):15-17, Aug 1966. Photos.
IPB Files.

... Reports briefly that experiments are being conducted at
the Joint Air Force-NASA radar facility at Wallops Is., Va.
&xperiments that may lead to a ground-based radar network
for C]ear Air Turbulence (CAT) warning are being conducted by
AFCRL. The AFCRL program is not only concerned with CAT de-
tection, but with obtaining a general understanding of the
atmospheric pro.esses which result in radar echoes from clear
sir. Ir turn, this understanding can provide a theoretical
basis fnr apprc*cnhinp the CAT detection probl_-m. One suggested
radar nitvork conflleuration would have ground stations spaced
vll to en:) mi &part. The beam from one antenra wo,_ld scan at
a low nnJg' in the direction of another antenna. Any CAT In
the air corridor between the two antennas would zause some
of the Pnerjy from one ant-nna to be reflected to the other.
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100. Vinnicieneuo N.K. [Clear Air Turbulence at the Heights of
6-12 km! Turbulentnost' v iasnom nebe na vysotakh 6-12 km.]
Akademila Nauk SS3R, Izvestiia Fizika Atmosfery I Okeana
2(li:1135-].!41, Nov 1966, figs, refs). Transi. into English
in corresponding issue of its Izvestiya Atmospheriu and
Oceanic Physics, issued Wash., D.C. DAS P Col.

... Experimental data about power spectra of horizontal.
component of CAT in the upper troposphere are presented.
It is shown that: 1) the relationship o.f meso- and micro-
scale spectra is not uniiorm and 2) mesoscale spectra can
be extrapolated into the high frequency range following
the "-5/3 law" only in rare cases. Three types of micro-
scale spectra are discussed. The influence of degeneiating
gravity waves on the character of turbulence spectra is
'escribed. (Author)

101. Vinnichenko, N.K., Pinus, N.Z. and Shur, (.N. Nekotorye
dannye o turbulentnosti, vyzyvaiushchei boltanku samoletov
v verkhnei troposfere I stratosfere. [Some Data on the
Turbulence in the Upper Troposphere anf Stratosphere which
causes Aircraft Bumping. Meteorologiya i gidrologiya, No.
11, 1•6u, pp 26-33. DAS M(05) M589.

... Recently a great deaT of experimental data has been
accumulated in the Soviet Union on Clear Air Turbulence
(CAT) from flights at heights of 11-12 km. Radiosonde
data are also available on the distribution of turbulence
up to heights of P5-30 km. In order to obtain significant
qualitative data on the spectral and correlativw charac-
teristics of turbulence, computers are required. In this
study, turbulence is treated only from the point of view
of its effect on aircraft. Vertical profiles of the fre-
quency of turbulence causing ah7planes to buffet in
"various geographical regions of the world, constructed
from data from airplane observations, are compared.
(Author)

1.m. Voronts(ov, P.A. Pogra& ant Technigues of Atmoslh'rio
TurbuLence Rvsearch on Mountainous H.elicopter Rout es.
Leningrad. Glaunaia Jeofizicheekaia Observatorlia Trudy,
No. 1l:1)--1, 965, Trans. by AIS for AFGRL, OAR, T-R-
03•0, _ re-'f, 4 figs. Contract AF 19((328)-3Mv, Oct 19uu.
AD 6111Q.;W

A4o
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l10. (coat)

...TVe fillowing problems were presented: a) to generalize
the available experience in aviation weather forecasting for
helicopter flights, b) to study atmospheric turbulence on
mountainous routes with specially equipped helicopters and
airplanes and passenger helicopters, c) to discuss flight
conditions on a given route with the flight personnel, and
d) to have the forecasters of the Aviation Weather Stations
servicing helicopter flights engage in a study of the flight
conditions on the route and in a refinement of the existing
operating instructions on the forecasting of buffeting.
(Author)

103. Wells, E.W. Project TOPCAT: gary of Meteorlogical Obser-
vations and Aircraft Measurements durag Routine Flights In
the Australian Jet Stream. Royal Aircraft Establisbment,
Farnborough (Sgiand). Tech Bept. No. TR.66122, Apr 1966, 103
p. AD 64o375.

... A number of flights were nade over 96t tracks and heights
to measure Clear Air Turbulence in the vicinity of the Flinders
Ranges In South Australia. Details of the meteorological obser-
vations and flight paths, and measureme•n•s of wind, temperature,
and turbulence obtained froa the aircrWt instrumentation are
presented. Wind and temperature gradients were derived for
cross sections on the upwind and dowvwind sides of the ranges
and a comparison made of the intensity of turbulence between
the two sides. (Author)

104. Wormser, Eric M. Remote Detection of lea..ir Turbulence9 by
Means of Airborne Infrared InStruments. Darmes B 7 Co U:
KtIamal Air Meetlng an clear Air Turbulence, Wash., D.C.,
Feb 23-240 1966. Proceedings, IN.. Bolety of Automotive

ngineers, 1966. pp 125-131# figs, rea's. DAB N51.5 U2TOro.

... Air temperature gradient. are ftequently associated with
CAT. Radiation measuring instruments have alread been used
for the remote sensing of air temperature. A sultably designed
instrument should give adequate warning of turbulence regions
aeno" and provide an opportunity for their avoidance. A
spectral-*caming infrared radiameter has been designed for
this purpose and is described in this paper. Extensive ground
tests have been conducted, Including making atmospheric tem-
perature analyses in horizontal and vertical direct.ions.

47



USAr ETAC TN 70-1 January 1970

104. (cont)

Mountuintop tests are being planned and airborne tests will
follow. Detection ranges of 25 mi are anticipated. (Author)

105. Zirkle, Raymond E., Jr. The Feasibility of Optical Radar to
Detect Clear Air Turbulence. In: Xational Air Meeting on
Clear Air Turbulence, Wash., D.C., Feb 23-23, 1966. Proceed-
ings, N.Y., Society of Automotive Engineers, 1966. pp 55-68,
figs, tables, refs, eqP. DAS M51.5 N277pro.

... Pl8ed ruby laser optical radars were used to examine the
feasibility of turb.lence detection in laboratory test chambers
and afield. Many returns obtained showed evidence of particle
concentration variations, but none were identified as inter-
actions with either turbulence or correlates of rough flying.
Calculations and recently reported evidence show that ow
laser Doppler Optars might eventv~aly measure wind velocity
components and gust spectra. (Author)

106.0 Zirikie,, Raymond E., Jr. Stuy& of Techniques for Detection
and Measurement of Clear Air Turbulence. Honeyvell, Inc.,
Roseville, Minn. Systems & Research Center. Rept. No. 1540-
FRI, Jan 1966, 135 p. Contract No. AF 19(628)-2376, AD 636325.

... Two general ,.ays in which laser optical radar (OPTAR)
might be us, ful for Clear Air Turbulence detection were
examined. The first method involves spectral analysis of
Doppler-shifted light, backscattered by moving particles,
to provide measur-es of average and gust spectrum velocity
components. The second methoa involves the mapping of parti-
cle formations arrayed in the atmosphere by correlates of
rough flying conditions such as win" shear, the Jet stream,
mountain waves, etc. Calculations show that the particulate
matter of the troposphere which dominates optical back-
scatter is dynamically suitable for the mapping of wind
motions consistent with anticipated requirements of CAT
detection. Kxperiments by other groups have shown that
laser Doppler methods can teas,•re particle velocities in
the laboratory. (Author)
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107. Atlas, D. et al. Bistatic Microwave Probing of a Refrac-
tivePy Perturbed Clear Atmosphere. University of Chicago,
Dept. of the Geophysical Sciences, Tech. Report No. I,
Chicago, Ill., 15 May 1967, 43 P, 16 refs, 9 figs, 10 eqs.
DAS K(055) C532re, No. 1.

... Calculations are carried out to predict the signal levels
to be received by bistatic scatter systems (a microvave
transmitter and receiver) from vertically thin layer s of the
clear atmosphere that are turbulently perturbed. This is
done by measuring the refractivity perturbations. The re-
sults indicate that the model system can detect regions
having only modest perturbations. Clear Air Turbulence can
be readily detected at least in the vicinity of the aid-path.
(Author)

108. Boone, Joseph P. High Al.ltude Critical Atmoshric Trbu-
lence Data System. Air Torce Flight Dynamics Lab., Wright-
Patterson AFB, Ohio. Final Tech. Rept. 15 Feb 65-10 Feb 66.
Rept. No. AFFDL-TR-67-l, May 19b7, 29 p. AD 816976.

... The purpose of this report is to provide a synopsis of the
data system designed to measure, record, and process high
altitude critical atmospheric turbulence (HICAT) data. The
HICAT project Is to measure gust velocity cowponents in the
altitude range of 40 to 70 thousand feet in several world
areas. The goal Is a statistical definition of the 'Roughness'
of the atmosphere which can be applied to design requirements
for advanced aircraft structures. A pulse code modulation
airborne system is described. Eighly accurate sensors and
components, including an inertial platformp are used aboard
a WU-4 tent aircraft in an attempt to resolve fine scale
forces, acceleraLions, and aircraft motions irn the atmoophe-
tic gust field. The magnetic tape* and other pertinent infor-
mation are sent to a data-processing ground statim for gene.
ratios of a computer-compatible tape, processing, and detailed
analysis. Power spectral functions of the gust components are
of major Interest. Output data are correlated with meteoro-
logical and geographical data associated with the test site.
(Author)
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109. Brochet, P. and Glwid, f. Contribution l'etude statiogue
of the turbulance en air clair zone Europe -Wditerran&e.
[Contribution to the Statistical Study of a Clear Air Turbu-
lence Zone In Mediterranean Europe. ] La Meteorologie, Ser. 4,
Paris, No. 61, pp 3-23, Jan/YMr 1966, issued 19o7, figs,
tables, refs. French, English, and Spanish swumaries p 3,
DAS M(05) M5•9v.

IaFrenchl
... In ]964 and 1965 TCAO organized 4 worldwide periods of
investigations on clear sky turbulence. Here are given some
results for the first period concerning a part of the area
for which the Meteorologie Nationale was responsible. (Author)

ILO. Bullen, N.I. A Review of Counting Accelerometer Data on Air-
craft Oust Loads. Aeronautical Research Courcil, London
(%rigland). Current Papers, Rept. No. ARC-CP-933, 1967, 49 p.
AD 819835.

...Counting accelerometer data collected over a period of
several years on a number of passenger transport aircraoft are
summarized and the derived gust frequency distributions
studied. The intensity of the turbulence encountered is com-
pared with that observed by research aircraft in storms and
clear air. (Author)

ill. Colquhoun, J.R. A Summ,& of Four Five-D•-y Clear Air Tur-
buence Reporting Periods, Australian Meteorological Magazine,
Vol. 15, 1967, pp 131-132, table, 6 refs. DAS 14(05) A938.

... The paper summarizes the results of the ICAO short term
high-level turbulence program covering the South Pacific
region, which consisted of four periods each of five days dura-
t lion im December 19th and March, June, and September 19b5, The
results of these studies are published in the folloviig four
articles:

Clear Air Turbulence analysis over the South Pacific re-
gion for a five-day period in December 1964 by J.R. Colquhoun
and V. Lynn Bourke, 4' figs, i5 tables, 7 refs, pp 4'ý-72-. 41o.i)

Clear Air Turbulence analysis over the South Pacific re-
gion for a five-day period in March l9b5 by J.H. Colquhoun
and V. Lynn Burke, '2 figs, 24 tablea, 8 refs, pp 73•93.

50



January 1970 USA) VAC TV 700-1

U.(cont)
Clear Air !ut-bulence analysis over the South Pacific

region for a five-day period in June 1965 by J.-R Co1quhoun,
2 figs, 21 tables, 8 refs. pp 94-111.

Clear Air Turbulence analysis over the South Pacific re-
gion for % five-day period in September 1965 by J.. Colqiahaa,
2 figs, 22 tables, 10 refs, pp 112-130. (Author)

112. Crooks, Walter M. et al. Projeqt RICAT. An In vstiztie of,
L Altitude Clear Air Trbulenceg Volume a1d 1 I 1110

Lockheed-California Go., Burbank, T Rep. 12 Fb br,-O
Ju. 67, RePt. No. LR-2W771-Vol-lI-1I, Al FDL4--67-123t Vol.
i-1, Nov 1967, 269 p. AD 824%5., Vol. II AD 824904, Vol.
Ill AD 825369.

.. These reports describe the high altftude critical air
turbulence (DICAT) flight investIgatioe with prim••y emphasis
upon the results achieved since 15 February 1965. On that
date the proteai was redirected to utilize a now digital
instrumentation system for the mearewmnt of CAT In the t evs,-
length range from about I0 feet to 60,c00 feet. Tha progrem
effort required the measurement of CA velocity components
at altitudes of 15s000 to 70,000 feet Is soven Geographic
areas. Instrumentation carried aboard the RIGA? aircraft, Ga
Air Force U-2, consisted of a PC system, an Inertial navl-
gation system, aerodynamic and alrreaft response seaors
including a fixed-wvane gust probe, oseillegrah recorder,
and a digital magnetic tape reoordor. The Program objective
is to determine the statistical cbaraoteristlis of high
altitude CAT so as to Improve structural design criteria.
OveraUl, 29.2 hour* of high altitude CAT were located and
recorded in flights covering over 2%,,000 miles from bases
in California, Massachusetts, Alaska, Ea•vi# Puerto Rlio,
Mew Zealasd, and Australia. Actu•l verticale laterals ad
longitdlnal gust velocity time Uistories were ealculated
Trom the measurements anA used to obtain gut velocity
pover spectra. Wtaeorologial factors were aonsidered In
oategorising and 3• elating data. (Part Asthor Abet).

113. Donn, J.W. et si. A Techique to Investigate the Nature of
C1mar Air Turbulenme. Pae 1. Computed FrgraiT uar,

is-al -•epoR *s-292. The Ibeeaerc Triangle ntittte,
P.O. boox la9hp, Ms. Triangle Park, N.C., Ma 19b7, 139 p.
IPS YUi*e.
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113. (cont)

... Computer programs developed during the study of the nature
of Clear Air Turbulence are presented. Program descriptions
including the governing differential equations, finite
difference formulations, and numerical nnalysis are given
when appropriate. Logic diagrams and diagrams of finite dif-
ference grids are included. (Author)

114. Dutton, John A. Bel ___. the CAT iii the S§M Bull. An.
Meteorol. Soo., Vol. 4, No. 11, pp 613-620, NV 1967.
DAS 14(05) A512b.

... The CAT in the usky, which has created a variety of pro-
blems since aviation began, is being attacked by an extensive
measurement pro&.'sm sponsored by the United States Air Force
under the code rnmae ALLCAT. CAT data-gathering programs at
all altitudes Imaportant to modern aviation are described,
and some of th-, meteorological applications of the data are
pointed out. , t is shown how a properly Instrumented air-
plane can be used to obtain actual gust velocities. The
power spectral and exceedance statistic methods used to
incorporate gust measurement data In aircraft design pro-
cedure are numarized and illustrmted. The article aon-
eludes that, the program will be an Important step in
taming all. the CATS. (Author)

115. Endlich, Boy N. et al. Forecasting Clear-Air Turbulence by
.Compter Technisues. Stanford Rosearch Inst., Menlo Park,

Calif., Final Rept. Sep 1967, 92 p. Contract FA-66-WA-1442.
AD 664Y1,'2l.

... Pilot reports of Clear Air Turbalence from four special
five.day reporting periods are used to Investigate relation-
shire between turbulenee probability sad meteorological fac-
tor,!. The meteorological analyses are made by computer on a
2.5,.degrees latitude/longitude grid on the basis of standard
uprer-air observatioos. Analyses are amde for the United
States for altitude layers 50 0b (approximately 4Mo rt)
tUiiek. Thuperature analyses interpreted as therýl vind
wrat are used to cnmepnsate for wind observ.etons missing
i.a higb-opeed portions of the flow. The best meteorologioal
Itoloators of turbulence are thooe related to the wind field.
'bese indicators are vertical vector wind sheart deformation,
and divergoeo. The &Aaysis for turbulence is made from
meteorologliaL fa•tors and pilot reports in term of the
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115. 'Oont)
probability of encountering significant turbulence (greater
than light intensity) during flight segments 100 nautical
miles long. Numerical forecasts of upper winds ae prepared
for the turbulence-reporting periods on the bsis of oe4,-
tion and geostrophic departures. The departures are evaluated
directly from the wind analyses by ass of the balance equation.
The advection uses upstream space differences and is tested
In both explicit fonrs. (Author)

116. Rttel, Michael Joseph. Numerical Forecasting of Clea Air
Turbulence. Naval Postgraduate School.M Noterey, Calif.
Mster's Thesis, Jun 1967, 172 p. AD 818985.

... There is much disagreement as to (1) what causes Clear Air
Turbulence (turbulence which Is not In or near convective
clouds and is above 15,000 feet in altitude) and (2) which
meteorological parameters can be used to detect and forecast
its occurrence. The approach to this problem has been to re-
late not one parameter to Clear Air Turbulence (CO), but
various parameters. By suming these parameters, areas as
be defined where there is a high probability of encountering
CAT. Each parameter hees bee bead ao a statistical study
which found a relationship with CAT. The parameters used
were horizontal and vertical shear, curvature, kinetic
energy, and their derivatives. The mierical forecasting
program proposed here can be extended to the stratosphere
when more reliable height and temperature fields are avail-
able. This program will have mach more significance when
intermediate forecast height fields, temperature fields, and
a grid of much smaller nesh-length are available. (Author)

117. Poltz, Harry P. Predictio• of Clear Air Turbalenoes Ooloeado
State Univ., Ft. Collins, Dept. of Atm•osperic Sceence,
Atmospheric Scivence Paper No. 106, umA Contract waO-59, jh
19b7, 145 p, figs, charts, tables, bibilo. MS N(055) C719at
No. lOb.

Reports results of a study of lee waves carried out near Ft.
Collins, Colo. in the spring of 1966 in which tonstant-level
balloon trajectories, cloud photogrametry, satellite photo-
graphy, pilot turbulence reports, and ravinsonde data were
used. Sowe of the results and oras observed principally by
i.tellite are used to evaluate the CAT forecasting methods.
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117. (coot)

By using the "-5/3" spectral density slope, the energy per
cycle in the mesoscale, obtained theoretically, was related
to that ob•-erved in the microscale and also to the degree
of CAT. Tht results agreed well with actual reports of air-
craft turbulence. fnergy docay-times based upon computed
disolpation rates using the "-5/3" law are consistent with
the observed CAT patterns. The wavelengths of mountain lee
waves observed by satellite are found to be close to those
derived from theory. Graphical and computational aids were
developed for forecasting CAT from ravinsonde and satellite
information. (Author)

118. Gault, J.D. Low Altitude Atmospheric Turbulence LO-WCAT
Mid-Term Technical Data Analysis. Boeing Co., Wichita, Kans.
15 Apr M-.5 Jan b7, Aug 1967, 126 p. Contract AF 33(615)-
3724. AD 8208W0.

... The contents of this report describe low-level critical
air turbulence (LO-LOCAT) program accomplishments through 15
January 1967. These accomplishments cover the first four
months of the one-year flight period. Four instrumented
C-131B aircraft are measuring turbulence and meteorological
da&4 at absolute altitudes below 1000 feet while flying over
specified routes located in California, Colorado, Kassas,
and New York. At the mid-January point, approximately 130
hours of low-level turbulence data had been obtained.
Analyses of these data are included showing gust amplitude
and spectra experimental results consistent with atmospheric
turbulence theory. (Author)

See also article in Canadian Aeronautics
& Space Journal, Ottawa, Vol. 13, No. 7, Pp
3O7-314, Sep 19b7.

119. Glad, M. (Met. atalonsa. ). Turu-.rIene xceetionnelle on air
claiz sur la FraneJzeq 2M5NW--ticsual Clear Air Turbulence
overFrancepov 5, 19b5. j is Mteorologie, Paris, Ser. 4,, No.
Up pp 954103# Apr/Jun 1966, Iasued 19671. Figs,, refs. French,
Eglishn , and Sipinih mimrles p 91. DAB PM N(05) N5blv.

... On the bLas of numerous reports of CAT recorded by pilots
on Nov 5, 19b5, the author has InvestigatLed the pieral

5'.
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119. (cont)
character of this phenomenon. The meteorolcgical sitauttio
over France on ?iy 50 1965 is analyzed vwVb th alid at a
300mob surface map, a map showing the distribution of h•ee-
sontal gradients of the zonal wind *amponent at 300 abo and
a vertical cross section of the atmosphere, perpendicular
to the plane of the Jet stmea. Tho distribution of obserya-
tio•s of Clear Air Turbulence including Intensity, altitute,
and geographical location an shown on a map. The study sims
an exceptional concentration of cases of severe and extrems
turbulence in the interior of the zone separating two Jet
streams of opposite directions. In the case investilted in
the paper, where two rapid and well organized currents flow
in opposite directions near one another, it appears that
horizontal wind shear may be the origin of the observed tur-
bulence. ( )

120. Relvey, Roger A. Observations of Stratongheric Clear4-ILr
Turbulence and Mountain Waves over the Sierra Nevada Noun-
talns:An Anlsis of the U-2 Z.i .ts at.13-1 M .
California Univ., Io" Angeles, Dept. of Meteorolog, Final
Papt 14 Jun 6-1-4 Sep 67, Dec 1967s 93 p. Contract Ar 19(628)_
4146. AD 667222.

... Data obtained frou a specially-instrumeted U.•2 aircrft
have been used to relate Clear Air Turbulence with •m•ntain
wave structure observed during two research fl1hts in Ushe
stratosphere over the Sierra Nevada Mountains on 13 and 1.4
May, 1964. fte several case* of severe turbulence encountered
took place In regions ismdhately downstrem of wave troughs,
in area of decreased static stabIlity sad slower wind speed
associated with the prevailing upwlad tilt of the waves. An
expression for the Richardm nwmber Is obtaled vwh1ch
Incorporates modificati ons Imposed im flow through sta-
tionary disturbances such as muntsam waves. ("Ator)

ia1. lawric, LK. at al, A C o CimreAr au lea
in w KiXVest. Dept. of '% Pe mAv
Report., .31 Har 19.67. Castract Qvb 11308 MB (051) ?"15fi~r
final.

.- Wrift flights *n APr 23-2%. 10443 Un the ftytm-Pllt eaes
two a"rlsn samplng redia•ct ve debris Reateet rte
a4 severe tarbulae. etomase tese fpaee also reca"Ae
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121. (cont)
temperature and wind, it was possible to obtain more de~ailed
analysis of vertical cross sections than is usually the case.
All the reports of CAT oCcurred in a strongly baroclinic layer,
in which Richardson numbers decreased, ,•uring tbe report period.
A "critical" Richardson nuniber of O 5 is consistent with the
turbulence reports. There is 6troug indiiation that the most
severe CAT occurred at the edges of the iate,.rnal front.
(Author)

122. Hicks, John J. et al. C.elar-Air Turbulence! Simultaneous
Observations by MAircraft, Applied Phys. Lab., Johns
Hopkins Untv., Silver Spvrit, Mi. Science, Wash., D.C., 157
(3790):8o8-6o9, Aug L, 1967. J, refs. WS P Col.

... Ultrasensitlve radasr_ aad O.ninstramented Jet aircraft in
concert have probed, rc. .)ns of thae cler atmosphere in search
of Clar Air Turbulence. -tll ,oar(es of clear-air radar echoes
above o ?Aioaetz.r: thr,. were probeA3 simultaneously by the air-
craft were foAnd to be turouent. (Author)

123. Hodge, Mary W. La~re irregularitis o.' R-avirisonde Ascensional
Rates within IOC Nauticail Miles &an 3 Hours of Reported Clear
Air !%arbulence. Monthly Weather Rev. Vol. 95, No. 3, Mar 1967,

Pp 99-106, 5 refs, f igs, tabi-s. PAS M(05) U587 .

... T'he assumption that a rawinsonae balloon system may ex-
perience large chwiges. in !tt rate of ascent, as compared to
the average rate for tn'e observation, while traversing a
region of Clear Air Tkrbutlence is investigated. In a 5-day
period, a well-defined region of turbulence, concentrated
near a trough, progressd .eastward for several successive
synoptic observation. R4L.,sonde ascensionai rates are
studied for 20 staticoi loceted within and outside this
turbulent region for layers ý2,ck' ft to 2,500 It thick be-
tween aboat 20,C000 -t and 45,,Q00 !t in altitude. Those ravi4-
so*e observations within the turbulent region show sucih
larger agcensinlus rate cnxnges i'etveen layers, compared to
the average for the observation, tuan do those outside the
turbulen*t regio. Further*ore, the observation *having the~e
large variatioos proir. tiv eastvard with time torre'sponing
generally to the eastwbd mati" of the turbulent vegioc.
(Author)
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12 4 . Huntley, E. The Longitudinal Response of a Flexible Slender
Aircraft to Random Turbulence. Aeronautical Research Council,
Ltondon (England). Rept. 3o. AC-o/m-3454, 1967, 14 p.
AD 818005.

.. The responses of a slender, supersonic aircraft flying
through random turbiJenoe have been evaluated for the cruise
condition. The problem was simplified by assuming that the
aircraft responds only in heave, pitch, and longitudinal
bending as defined by the fundamuntal normal mode and by
using piston-theory aerodynamics. The results show that the
CG normal acceleration response is very dependent on the
pitching degree of freedom but is relatively little affected
by flexibility. Flexibility does have an important effect on
normal acceleration at the aircraft nose, where it increases
the RMS value by a factor of 2.2 but has negligible effect
over the rear 70 percent of the aircraft length. It is shown
that strains occvuring in the fundamental mode can be corre-
lated with CG accelerations; the factor relating them being
1.37 times the strain per G that would be measured in a
steady pull-out. (Author)

125. Kindle, Earl C. et al. A Technique to Investipte the Nature
of Clear Air T!urbulence. Res. Triangle Inst., Research
Triangle Park,, N.C. WJ-242. ESD-TE-67-292. Contract No. AF
19(628)-4895, May 1967. 75 p, 5 refs. AD 816864.

... The development of a feasibility model to study the nature
of Clear Air Turbulence is treated. The initial phase of the
study is limited to a feasibility wdel for transverse pertur-
bations in a Jet stream environment. Various tests were con-
ducted to select the most suitable numerical integration
technique for use on a high resolution model. The problems
of computational stability are treated in det&al. The results
achieved in the Phase I study support the feasibility of the
overall concept. (Author)

126. King, G.R. Civil Aircraft Airvorthirness Data Recordin
ProraMe •tudy of Severe Turbulence Encountered by Civil Air-
craft. Aeronautical Research Council, Loodon (Tngland),
Current Papers, Rept. No. ARC-CP-9741 , Jun 1967, 50 P. AD 83693Y.
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1,26. (cont)

... Continuous trace records of airworthiness data have been
taken from a small number cof aircraft in normal airline service
since October 1962. The acceleration trace on a sample of
records covering 3284 flying hours has been read to give peak
values. The durations of the patches of turbulence have been
estimated and an attempt has been made to distinguish between
gust and maneuver loads. The most severe of these patches of
turbulence have been studied in detail; it is found that the
largest acceleration in a patch is often larger than would be
predicted from Rayleigh distribution of peaks, which is the
distribution normally used in spectral analysis of turbulence.
(Author)

127. Kordes, Eldon E. and Love, Betty J. Preliminary Evaluation
of XB-70 Airplane Encounters with Htgh-Altitude Turbulence.
U.S. National Aeronautics and Space Administration Tech Note
D-4209, Oct 1967. 21 p, fig, tables, refs, eqs.
DAS 629.1308 U585tn D4209.

,..Measurements of airplane response tc CAT were obtained
during supersonic flights of the XB-70 airplanes to an alti-
tude of 74,000 ft over the western U.S. Ir general, the
results for 75, 757 Ni of operatian above 40,000 ft altitudes
show that turbulence was encountered an aver-Kge of 7.2% of
the miles flown between 410,000 ft and 65%000 ft and an avarage
of 33% of the miles fiown above 65,000 ft with less than 1%
of the turbulent areas exceeding 100 ai in lenglh. Power
spectral density estimates of the accelerat~on response to
turbulence show that the structural modes contribute an
appreciable amount to tae total response. (Author)

128. Lappe, U.0, A Prel0.inoLr Ealralt ior of the F-100 12mh Rider
Turbulence Measurement &stem. Norman, Okla., Institute for
Atmospheric c'.0eLces, LtitoeA Severe Storms Lab., 1967. 25 p.
.'U.S. fatlemal Severe Storup 1%b. Tech Hemo No. 36).
DAB W(055) u5852re no. 36.

... R esponse data for elevator control inputs are used as a
basis ior evcluating .he I-lv0. a.razaft gust measurement sys-
teas. The procedure involves 1) use of the gust equation to
evaluate responses of the aircraft. maneuvered in a zero-gust
(nonturbulent) envtroument; 2) analysis of the separate
responses, with the aid of calculated frequeacy resptAse
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128. (cont)

functions, to isolate probable instrumental problems; anc 3)
est.Lmation of overall gust velocity measurement accuracies
from estimates of equivalent gust velocities obtained from
measured and calculated responses. The analysis indicates
that with pitch dampers off, the overall error for the F-100
gust measurement system ranges from a threshold value of about
5 ft/sec to a maximum error of about 20 ft/sec. The accuracy
estimates (error per unit gust velocity) range from a few
percent to about 60 percent. (Author)

129. Yather, G.K. Flight Evaluation of an Infrared Spectrometer
as a Clear Air Turbulence Detsctor. National Aeronautical
Establishment, Ottawa (Ontario) Flight Research Section, hlay
1967: 84 p. AD 819533.

.A prototype of the Barnes infrared spectrometer proposed as
a Clear Air Turbulence detector has undcrgone initial flight
tests while mounted on the Canadian National Aeronautical
Establishment T-33 turbulence research aircraft. Advance
warning of up to 8.5 nautical miles before interception of
horizontal atmospheric temperature variations were recorded.
A high correlation between temperature variations and mountain
waves and/or turbulence was found during the tests. The neces-
sity of pitch stabilizing such a device against spurious air-
craft attitude changes has been demonstrated. (Author)

130. Pchelko, I.G. et al. Turbulentnost' pri iasnon nebe. [Turbu-
lence in a Clear Sky. I Gidrometeorologicheskiy Mauchno-
I1sledovatel'skiy Tsentr SSSR. Trudy. USAF AFSC FTD-l!-24-.66-
68, 1967. 19 p. IPB Files.

... The results of a systematic and statistical study of Clear
Air Turbulence encountered along thi main airline routes over
the Soviet Union and the Socialist countries of eastern Europe
are now available in sumry form. The data were collected by
crews of turboprop and turbojet aircraft, generally flying at
altitudes of 6-10.5 km,, for four 5-'ay periods (9-13 Dec 1964,
10-14 Mkr, 9-13 Juno mad 8-12 Sep 1965). The data were grouped
into four b-aour daily observation periods (240.0559, 0600-
1159, 12•0-1759, and 1800-2359 hr Greenwich timr). Some of the
results of a similar study mode by Colson in 1962 for the
United States and those obtained in an earlier study by Soviet
scientists are compared vith the data of the present study.
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130. (cont)

Major aspects of the analysis include determination of 1) the
probability of encountering turbulent zones in various regions
of, and altitudes above, the area covered by the study, 2) the
relationship of turbulence to wind speeds and directions,
vertical wind shear, Richardson number, and horizontal wind
shear. Data on actual encounters with turbulence are presented
for the four 5-day periods in tables and are graphically por-
trayed on four small-scale maps. Orig. art. has: 4 figs and 9
tables. (Author)

131. Peckham, Cyril G. Flight-Measured Turbulence in the NATO
Ntions. North Atlantic Treaty Organization, AGARD Aulvisory
Group for Aerospace Research & Development, 64 Rue Do Varenne,
Paris 7E France, Report 555, Feb 1967. DAS 629.1308 x864r
no. 555.

... As atmospheric turbulence environment is one of the primary
problem areas in military aircraft structure design, all avail-
able data on turbulence were surveyed. The major portion of the
data vo~s collected with instruments that record airspeed, alti-
tude, and acceleration at the center of gravity plus elapsed
time from takeoff; although the instruments used in the various
countries differ, the pertinent information is the same. The
use of the discrete gust and the continuous turbulence con-
cepts are discussed in relation to establishing the required
spectra for both approaches. All data are reported by the indi-
vidual countries: Canada, Germany, Italy, France, United
Kingdom, and the United States. In addition to the turbulence
data, flight loads commercial survey loads, ground loads,
sinkir; speeds, and runway profile data were also surveyed.
(Author)

132. Penn, Samuel et al. Mesoscale Structure %,f the Atmosphere in
Regions of Clear-Air Turbulence, Volume I. Air Force Cambridge
Res. Labs., L.G. Hanscom Field, Mass. Air Force Surveys in
Geophysics No. 190, Rept. No. AFCRL-670115, Apr 1967, 9o p.
AD 654267.

... The masoscale structure of the atmosphere in regions of
Clear Air Turbulence (CM!) 13 Investigated by means of aircraft
observations of wind, temperature, and ozone obtained in the
upper troposphere and the lower stratosphere. Analysis from
five CAT missions are shown, including vertical cross sections
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132. (cont)

normal to flow patterns and also detailed vertical 'soundings'
of wind, temperature, and the Richardson number. A verifica-
tion is obtained at intervals of 1000 ft between the occur-
rence of CAT and a Richardson criterion of 0.5. Over 70 per-
cent of the 149 CAT cases are correctly specified by the
criterion. (Author)

133. Piggott, B.A.M. AtMo3pheric Turbulence and Aircraft Height-
Keeping Accurcy. Royal Aircraft Establishment, Farnborough

TEngland). Technical Rept. io. PAE-TR-67195, Aug 1967, 31 p.
AD 823324.

... As a contribution to the study of vertical separation stan-
dards for use in air traffic control, an examination is made
of the possibility of applying the spectral methods alresly
used in gust load evaluations to the problem of deterami'ing
the height-keeping errors caused by atmospheric turbiuence.
Although it is found that the data available on the low-
frequency components of atmospheric turbulence and on the
nature of the control applied by the pilot, whether human
or automatic, are not sufficient to allow an accurate estima-
tion of these errors, it is concluded that they do not make
a significant contribution to the total errors experienced.
It is noted, however, that certain atmospheric phenomena lie
outside the scope of the theory used here. (Author)

134. Pinus, N. Z., Reiter, E.R., Shur, G.N., and Vinnichenko, N.K.
Power Spectra of Turbulence in the Free Atmosplere. Tellus
19(2):206-213 (1967). ABE M(05) T77".

.,.Presently known data on the spectrum diLtribution of tur-
bulence energy in the free atmosphere near st-stream level
are combined from various Russian, Australian., %ia ,%erican
sources. A comparison is made between these data. SpLaial
attention is given to the phenomenon of Clear Air Turbulence
(CAT). (Authors)
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135. Plunkett, Allan B. A Radar Design for Atmospheric Turbulence
Stuuies, Report No. P-20, Antennas and Propagation Division,
Electrical Engineering Research Laboratory, The University of
Texas, 1 Aug 1967, NASA CR 88494, 64 p, figs, tables, refs.
DAS X(051) U585cr.

... Atmospnez.a Lurbulence can presently be measured only on
the ground or by means of airplanes flying through the turbu-
lent area. A properly designed radar system may be able to
detect and analyze atmospheric turbulence from a position
remote from the turbulent area. The choices of antenna,
wavelength, transmitter power, receiver sensitivity, and
detection methods are examined. The differences between
pulse or aw and bistatic or monostatic systems are discuss-
ed. A comparison with existing radar systems used for atmo-
spheric turbulence research is made. (Author)

13b. Priestley, J.J. Low-Level Critical Air Turbulence. Boeing
Co., Wichita Kans. Airplane Div. Technical Progress Monthly
Rept. No. D3-7087-16, Aug 1967, 45 p. Contr. No. AF 33(615)-
3724. AD 821529.

... The contents of this repor% describe the low-level criti-
cal air turbulence (LO-LOCALT) program accomplishments and in-
clude milestone forecast and accomplishment schedule data as
of 1 August 1967. Turbulence and meteorological test data
are included. (Author)

See also:

Priestley, J.J. et al. Low-Level Cri-
tical Air Turbulence. Boeing Co.,
Wichita Kans. Airplane Div., Technical
Progress Monthly Raept., 6 Oct-5 Nov
1967. Rept. No. D3-7087-19, Nov 1967,
76 p. Contract AF 33(615)-3724. AD

... The contents of the report des-
cribe low-level critical air turbu-
lence (LO-LOCAT) program accomplish-
ments and include milestone forecast
wad accomplishment schedule data as
of 1 November 1967. (Authors)

See also:

Report of Contrw.t AF 33(615)-3724
by Gault, J.D. (No. 118)
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137. Reiter, Elmar R. Problem of Clear-Air Turbulence (CAT):
Possible Future Developments. Astronautics & Aeronautics,
N.Y., 5(8):56-5d, Aug 1967. "Sate.ant by the AIAA Techni-
cal Committee on Atmospheric Environment," DAS P Col.

... Discusses four methods that may be taken to alleviate
the effec.ta of CAT on air traffic. These are: 1) to rely
on improved teh~niques for forecasting CAT, 2) to hope
for the development of inflight remote detectors that
would "see" CAT ahead of the aircraft, 3) to depend on
groundbaaed remote CAT detectors, ano 4) to think about
satellite-borne CAT detectors. It is szgestcd that it
would be highly desirable to develop sensors that reveal
the mesoscale of atmospheric structure and motion, and
leave the operational details to forecasting and onboard
detecting of CAT. The present state of the art indicates
that CAT, in a thermally stable environment, is caused by
gravity waves forming under vertical wind shear. These
waves break down into random isotropic turbulence. Air-
craft measurements taken over Australia and the Soviet
Union indicate the presence of such a "breaking" wave
phenomenon. (ES)

138. Reiter, Elmar R. and Lester, P.P. The Dependence of the
Richardson Number on Scale Length. Colorado State Univ.,
Atmospheric Science Paper go. 111, Report under Grant
WBG-59 from the National Environ. Satellite Center, ESSA.
Jul 1967, 43 p. DAs N(055) c719at No. 1ll.

... It can be shown theoretically that the Richardson
number depends on -he thickness L of the layer over which
it is computed. The relationship has the form Ri a I?

where 0 < p < 4/3. Experimentally, FPS-16 radar vind
measurements and detailed radiosoade observations show
that p ay also be a function of L and that with actual
wind profiles even aegative values of p my be encoun-
tered.

From this study t appears that until accurate obser-
vations of the state of the ataospber.o mesostruoture are
available, no unique correlation betveen Ii sad Clear Air
Turbulent3e (CAT) should le expeeted V exist. (Author)
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139. Rosenberg, Paul et al. Clear Air Turbulence. Flight Safety
Foundation, Inc., N.Y., Contract RS-33O2T-00l, MABA-CR-
900•1•, Mar 1967, 162 p, refs. 968-10364. DAB K(051) U585cr
No. 90011.

... This paper is, in j-nera, concerned with the allevia-
tion of problems posed by flight in turbulence. Specifi-
cally, it evaluates developments in (1) forecasting and
detection of air turbulence and (2) devices for indica-
ting turbulence with particular emphasis on clear air tur-
bulence (CAT). It also lists incidents and accidents in-
volving turbulence, including their effects on airline
operations, for 1965-66. Although the emphasis is on CAT,
a broadened definition of CAT takes in almost all other
types of turbulences except those actuall) within clouds,
storms, gales, tornadoes, and hurricanes; included are
studies of pilot/aircraft responses, turbulence reporting,
alerting, and aircraft rerouting, engineering aspects of
turbulence, and the economics of turbulence. (Author)

11O. Royal Aircraft Establishment. Civil Aircraft Airworthines.
Data Recording Progrwime Special Events of Meteo0•ological
Oaigi (Jan 1965 to Dec 1965). Farnborough (nld)-.Tech
Rept. No. RAE-Tn-67071, mar 1967, 47 p, AD 823143.

... Continuous trace records of airworthiness data have been
taken from a small number of aircraft in normal airline
service since October 1962. Throughout the recording period
the records have been searched for unusual occurrences, and
each one has been studied to determine its nature and, where
possible, ito cause. Thui report describes a selection of
events of meteorological origin which were found in records
taken between January 1965 and December 1965. (Author)

141. Saxton, David W. •ature and Causes o, Clear Air Turbulence
Journal of Aircraft, Vol. 4. Mo. 4, Jul-Aug 197. pp , 359.
10 refs, 7 figs. DAS P Col.

... The bahracteristics of Clear Air Turbulence (CAV) are
discussed in terms of turbulence-sei•uring systems and
Gats-reduction methods. The spectral density teahnique of
data reduction, which has largely replaced the discrete
gust methodp Is used to illustrate the interaction between
the aircraft and turbulence and to highligbt the difference
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141. (*out)
t-tween undulance and turbulence. Internal gravity waves
and the conditions which appear favorable for their
amplification and breakdown into isotropic turbulence are
discussed. Meteorological data available to diagnose sad
forecast CAT are evaluated and a comparison Is made between
conventional ravinsonde data and vwid data obtained with
precision missile-tracking radar. A recent XB-70A encounter
with CAT is used to illustrate the challenge of the future.
(Anthor)

142. Sisuons, J. Analysis of Clew Air Taubulence Reports aver
Africa and Adjacent Ocean Areas Soh of Latitude r h.
East African Comon Services Organization, Nairobi. Nst.
Dept., Memoirs, Vol. 4., No. 3, 1967, 19 p, figs, charts,
tables. DAS M(055) 213ae.

.. Despite the relatively saall number of turbulence re-
ports available for this study, several Important features
have emerged: 1) the number of cases of moderate or severe
CAT over Africa south of 150N Lat Is considerably lover
than had previously been imagined; 2) no appreciable
diurnal variation in high-level CAT can be discerned;
3) there is a pronounced seasonal variation In turbulence
which c•n be associated with seasonal high-level tempers-
ture and wind-flow charts; 4) areas of temperature dis-
continuity between cool westerlies and warm subsidian
air circulating around the high-level sub-tropical high
pressure zones appear to be potential areas of Clear
Air Turbulence, and the frequency and intensity of the
phenomenon may well be related to the temperature gradi-
ent and to the waritude of the westerly compoment; 5)
it appears to be extremely ualikely that frequent or
widespread moderate or stosgear CAT will occur below
nL300; 6) instanaes of CA! which can be related to lee
waves do occur In the vicinity of high mou7tain but
these are not frequent as h#A been =tI-
cipated. (Author)

143. Otephens, J.J. et &Il. let t etractive Index
gletrr In Plson of ClarAr TWt leaee. J. AWpL.

teoro . Vol. N. O 1 pp -913, 6 refs,
fig, fo-malaM. UAS P Col.
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143. (coot)

... Estimates of the spectrum of refractivity fluctuations
to be expected in regions of Clear Air Turbulence are
shown for scales in the inertial sub-range. Based on the
complete analysis by Atlas et al., it is concluded that
radar detection of Clear Air Turbulence with current tech-
nology is unlikely for all but inversion conditions. How-
ever, the present analysis can be used to provide consis-
tent estimates for particular environmental conditions.
(Authors)

144. Tchen, C.M. Turbulence in Stratified Atmosphere. Space
Sciences Lab. General Electric Co., King of Prussia, Pa.,
Aug 1967, 25 p, 4 refs. AD 819689.

... We investigate the spectral distributions of velocity
and density fluctuations in a stratified atmosphere. The
equations determining the two spectra contain the following
transport functionw: modal transfer, production by shear,
distabilization or dampiW, by buoyancy, and acoustic dif-
fusion. The method of cascade decomposition is applied to
attack the nonlinear vquations of momentum and continuity.
Three cases are solved, (a) spectra by acoustic diffusion.,
(b) spectra by buoyancy damping, and (c) spectra by dista-
bilizing buoyancy. The eddy viscosity, the eddy diffusi-
vlty, and the acoustic diffusion functions are derived.
(Author)

145. TenBroek, i.W. et al. Low Frequency Electric Field Char-
ecteristics of Clear Air Turbulence. Honeywell, Inc.
Systems h esearch Div.,, ft. Psal, Minn. Contract A? 19
(628).5983,, Final Report, Nar 15, 1966-&l 15, 11967. Jul
15, 1967. 150 p, figs, photos, tables, eqs. DAB N(05l)
1772fiLo.

T .. his report covers work dowe by Moseywell in coopera.
tion with Northvest Orient Airlines to inrestigate the low
fr"ency electric field cbamaoteristles of CAT. A des-
eript••n is given of the oleotrie field seaalog system
desle ead constructed by lomeyvell and Installed in 5
Prthvest AIrlnes* 72M pasemer jets. The e"lpmat was
used to gather experbintal daia an the correlation of
elealtri field activity vita =AT, when enaomteared,
during the saheduled fligts of these aircraft In the
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145. (coat)

period between Oct 1966 and Jun 1967 (a total flight time
for all 5 CAT units of approximately 4300 bra). ;n this
period, a total of 2320 hrs of recorded eleotr'- field
data was obtained, during which 131 pilot-indicated en-
counters with CAT occurred. An investigation of the corre-
lation of these encounters with the recorded data is to-
sented, and the effects of various noise sources on system
operation are discuased. (Author)

146. Tucker, G.T. et al. Low-Level Critical Air Turbulence.
Boeing Co. Wichita, Kans. Airplane Div. Teah Progress
Monthly Rept, 6 Jsn-5 Feb 67. Rept. No. D3-7O87-1C, Feb
1967, 291 p. Contract 33 (615)-3724. AD 822605.

o..Tm ecatents of this report describe low-level critical
air turbulence program acecmplishments during the period
fros 6 January through 5 February 1967 and Aclude lle-
stone forecast and accomplishment schedule data as of 1
February 1967. Results and discussion of gust boom vibra-
tion checks are presented. Also included Is a portion of
the meteorological snd Sust data obtained thus far in -•e
prop-an. (Author)

147. Tucker, G.T. et &l. Low-Level Critical Air Turbulence.
Boeing Co. Wichita, Kans. Aipl= Div. Te-chnicl Pro..ss-
Monthly Rept, b Feb-5 Mer 3967. bpt. We. D3-7087-11, Kar
1967, 97 p. Contract No. AF 33(615)-3724. AD 8226O4.

. .. The contents of this report describe low-level critical
air turhuleace program acc lishments during the pericd
from t February through 5 March 1967 and include milestom.
forecast and acaomlishment schedule dat as of 1 Mcrsh
1967. Rsults and discussions pertaining to an evaluation
of L4W calculated gust velocities are preented; gust
and mworological test data are also Included. (Autaor)
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146. Tucker, G.T. et al. Low-Level Critical Air Turbulence.
Boeing Co., Wichita, Kans. Airplane Div. Technical Progress
Monthly Rept, 6 Apx'-5 May 1967. Rept. No. D3-7087-13, May
1967, 12 p. Contract AF 33 (615)-3724. AD 822603.

... The contents of thic report describe low-level critical
air turbulence program accomplishments during the period
from 6 April througu 5 May 1967 and include milestone
forecast and accomplishment schedule datn as of 1 May
1967. (Author)

149. USAF, Air Weather Service. ALLCAT Conference 16-17
January, 1967. Figs, tables, maps, graphs. IIB Files.

... The obJective of the AL=!tT Progzrm is to provide fine
scale, true, gust velocity measurements of continuous
wavelength turbulence for all altitudes, seasons, and
typiCal geographical areas. These turbulence data, corre-
le-ted with meteorological conditions and synthesized with
other data, will be used to establish Yalid turbulence
design criteria for advanced vehicle structures, flight
control systems, and humai factor investigations. The
turbulence data will be utilized in evaluating struc-
titral modification and life determinations of existing
flight vehicles. There data will assist meteorological
agencies in verifying, changing, and establishing new
techniques for forecasting critical atmospheric turbu-
lence. The turbulence data will also be useful to other
technical disciplines such a• physiologica&-- and psycho-
logical investigatrions of crew members, crew accommoda-
tions, g.idanoe, flight instrumentation, and mission
planning in operational organizations. (Author)

1 11). Astheimer, Poburt '. ermot- Dvtet-ion of Clear Air Turbu-
lence by Infrared Rndii ton. (8 ses Eng. "o., Vtanford,
Conn.) Boeing" Scientlfii- esearch Labn., 5eattle, Document,
DI-,,),•032- ,O, Aug 1968. Feparat'ly-paged papor (15 p.) Figs,
photoL, efn. (Sympotium on Clear Air Turbulence ind its
D-L:ct i�o�,cattle, Wa.;h., Aug 14-I, 106. -AumLries of
papern'. DAS M.1.5 1 u-5.
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150. (cont.)

#...Describes the devel.opmecnt of an experimental airborne
scanning IR spectrometer., essentially a Fabry-Perot inter-
ferometer with a narrow field of viewo directed along the
flight path., to Investigate the applicability of radiometric
measurement of IR energy emitted in appropriate spectral bands
to the remote detection of Clear Air Turbulence (CA2). The
physical and theoretical fov.ndat ions of the problem are pre-
sented and miaz~lyzed. Initial flight tests indicated a very
high correlation between turbulence and temperature changes,
with CAT detection achieved at distances up to 10 mi.. Instru-
menit modificat~ions to eliminate the unacceptable sensitivity
of the prototype device to pitah are described. '.'a redesigned
instrument, "IR(M5"., remained sensitive to residua.Z. pitch mo-
tions. Special filter systems designed to eliminatc this source
of error proved effective in later test flights; other techni-
cal improvements in additionally-planned "IRCAT" instruments
are expected to optaiidze -the IR techniques in long-range CAT
detection. (JPD)

151. Atlas, David. Clear Air Turbulence Detection Methods: A
Review. Geophys. Sc, Dept., Chicago Univ. Boeing Scietiic
'Research Labs., Seattle Document D,1-82-0740., Aug 1968.
Seperately-paged paper (15 P. + appendix), refs. eqs. (Sym-
posium on Clear Air Turbulence & Its Detection,, Seattle,, Wash,.,
Aug 14-16, 1968 summarjes of papers). DAB 1451.5 S989sun.

... Discusses and evaluates various methods of Clear lir Tur-
bulence (CAT~) detection. Possible techniques Include passive
and active acoustics, optical stellar scintillation, micro-
wave scintillation of radio stars end satellite beacons, IR
and microwave radiomtry., lidar backscatter,, tropospheric
bistatic radio-scatter, and ultrasensitive radar. Suggested
approaches include airborne,, ground-based, and even satellite-
borne detectors. Ground-based ultraseasitlve radars appear to
be the only remote sensors which have provided definite indi-
cation of CAT. It is recomended that an airborne radar be
developed with a required a).db Improvement in sensitivity for
reliable CAT detection at 10 n mi. Other methods includin~g
ground bases troposcatter radio techniques, the dual-pulse
lidar technique of Breece et al (1966); and lB or microvave
radiometer procedures show promise, If developed. An extensive
bibliography is appended,, together with a brief appendix on
the feesibility sand costs of estsblishing an operational radar
system unit for CAT detection. (JD)
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152. Atnip, F.K. Turbulence at Low Altitudes: Summary of the Results
Of LO-LOCAT Phases I and II. Boeing Scientific Research Labs.,
Seattle, Document DI-82-0740, Aug 1968. Separately-paged paper
(3 P). (Symposium on Clear Air Turbulence and its Detection,
Seattle, Wash., Aug 14-16, 1968. Summaries of papers).
DAS M51.5 S989sum.

... Purpose of the investigations was to obtain a rational defini-
tion of the turbulence environment belot the 1000-ft altitude
using statistically representative samples of turbulence data on
a wide range of meteorological, topographical, seasonal, and
time-of-day conditions. Turbulence wave lengths up to 7000 ft/
cycle were measured. Another objective was to describe the pro-
bability distribution of M4 gust velocities; also, the analysis
of the gust-velocity, spectral density functions to define their
shape. The analysis employed turbulence and meteorological data
acquired during the period Sep 15, 1966-Dec 20, 1967, by 4 instru-
mented C-131 aircraft in 1244 test flights over 340,000 mi. The
flight patterns, area covered, and techniques of data acquisition
with a summary of major resultb are presented. The probability
of encountering a gust of given magnitude vas found to be greater
over rough terrain, at lower altitudes, and when the air is un-
stable. Aiaong the findings It was determined that at absolute
altitudes below 1000 feet, atmospheric turbulence is character-
ized by a high degree of stationarity, isotropy, and homogene-
ity. (JPD)

153. Badpkey, F.I. Large Scale Processes Contributing Energy to
Clear Air Turbulence. Boeing Scientific Research Labs.,
Seattle Document Dl-82-0740, Aug 196b. Separately-paged paper
(5 p), refs, eqs. (Symposium on Clear Air Turbulence &0 its
Detection, Seattle, Wash., Aug 14-16, 1968. Summaries of papers).
DAS M 51.5 8989sum.

... Discusses: 1) the iossibilities of the initiation of turbu-
lent motions in directions other than the vertical (including
implications with regard to the critical Richardson numaber),
and 2) the manner In which the atmosphere, starting from a
condition in which the Richardson number is everywhere greater
than critical, can reach a condition where there are patches
of lover than critical Ri (the latter calling for a decrease
of static stability, or an increase in the wind shear, or
both.) The first problem is analyzed from the perspective of
the equation for the energ budget of eddy motions; although
it is admitted that shears in the atosphere are in fact much
stronger along the vertical than other axes, It is held pos-
sible to conceive of eddy motions in a horizontal plane . is
concluded that only nougeostrophic motions can be effective in
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153. (cont)
changing Ri, thus making detection of incipient Clear Air
Turbulenze (CON) especially difficult. Available evidence
indicates that the large scale motions preceding CAT are such
as to increase both the stability and wind shear; the latter
is the determining factor. (JPD)

154. Beard, C.I. et al. Microvate and Infrared Scattering and
Absorption Related to Atmospheric Inhomogeneities. Boeing Sc.
Res. Labs., Seattle, Document DI-62-O74O, Aui19"68. Separately-
paged paper (6 p), refs (Syuposiun on Clear Air Turbulence and
its De;ection, Seattle, Wash., Aug 14-16, 1968, Summaries of
papers). DAS 151.5 S989su.

... Describes a combined experiment to study the scattering of
electromagnetic waves by atmospheric turbulence; meteorological
measurements of the atmospheric structure and its statistics
are taken simultaneously with the radio-wave statistics. A
10.4 GCz microvave line-of-sight avzospheric measurement
technique is employed; capable of observing the statistics of
the phase quadrature components of the incoherent scattered
field directly; it is also sensitive to the effects of spheri-
cal vavefronts. The techniques involved and the results of the
operation of the 10.4 Glz and related systems are presented;
the significance of the findings with regard to the cause-and-
effect relationship between the characteristics of the random
refractivity field and the random signal statistics is dis-
cussed. The ability of the transmissometer measurements to
isolate the particular feature of the atmosphere active as
the causative agent in fluctuations in the radio signals is
noted. Preliminary results of the experiments indicate that
the radio signal statistics respond to atmospheric refracti-
vity turbulence and not to wind turbulence per se although the
correlation betveen simultaneous occurrences of the two types
of turbulence in good. (JPD)

155. Belyaytv, V.P. et al. Certain Results of Mperimental Inves-
t1iations of the Turbulence of the Atmosaher. with Velp of

adiosoades 1C.apt . 11 and III). TD.C4-24-.2•-07-67, WP-Afl,
Ohio. (Translated from Tseatral'saya Aerol. Observatoriya,
Truwy, Central Aerol. Obs. Trans. No. 54, 196s, pp 4-52). 26
Jan 1968, 58 p. IS Files.
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155. (cont)

... In this article is given a description of the methodology and
equipment for measuring the turbulence of the atmosphere with the
help of radiosondes. Presented are the results of theoretical and
experimental investigations of the methodology a.d also the char-
acteristics of turbulence over Moscow, Sukhumi, and Tashkent. For
the Moscow region, according to data of annual observations, we
show the distribution of turbulence by height and its seasonal
movement, data about the thickness of the turbulent layers,
about stability of turbulent zones in time. We consider the con-
nection of turbulence on vertical gradients of temperature and
wind speed. (Author)

156. Bhaskara Rao, N.S. et al. Correlation between Clear Air Tur-
bulence and Temperature Gradients at Standard Isobaric Levels.
Indian Journal of Meteorology & Geophysics (Quarterly) Issued
by India Meteorological Dept. Vol. 19, No. 1, Jan 1968, pp 59-
64. DAS M(05) 1391.

... The forecasting offices which render service to turbo-prop
and jet aircraft have to indicate the probable area of Clear
Air Turbulence (CAT) and, if possible, the intensity of the
CAT which is likely to be encountered by the aircraft. Fore-
casting of CAT from synoptic data is beset with many problems
which have been discussed in Section 2 of this paper. There
is, however, an apparent correlation between the occurrence of
CAT and the increase of thermal gradiert. This was statisti-
cally tested in the case of all flights for which post-flight
reports were available at the Main Meteorological Office,
Santa Cruz for the year 1964. The results of the test are
discussed in this paper. Briefly, the results show that the
method based on thermal gradients is a good guide for delin-
eating probable areas of CAT occurrence but the method was
not very sensitive for discriminating different inteneities
of CAT. The method has a good potentiality to be used as a
forecasting tool. (Author)

157. Bourquin, R.R. et al. vtigation of Air-Flow Velocity by
Laser Backscatter. NASA TN D.4453, Wash., D.C., Apr 196d. 21
P 7 refs, 2 figs, 3 appx., formulae. DAS b"9.1308 U585tn
R453.
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157. (cont)

... An investigation of laser-light backscatter properties from
an atmosphere emphasized the effect of frequency shift. The
detection scheme described is based on this effect and proved
successful in the laboratory determination of flow velocity of
a contaminated atmosphere. The results agree well with measure-
ments taken with a hot wire anemometer. This investigation used
a continuous wave laser radiating in the visible region. The
velocity of an air stream containing a small concentration of
contaminants was measured. Using this technique to detect
Clear Air Turbulence would require that tie scattering pre-
dominate in the turbulent region. This technique does not
presently appear practical for airborne detection of Clear Air
Turbulence considering the available laser transmitters and
detectors and the uncertain knowl.edge of the contaminating-
particle content, in a turbulent region. (Author)

156. Burnham, J. Atmospheric Turbulence and the SST: A Review in
the Light of Recent Research. Royal Aircraft Establishment,
Faznborough (England), Tech Rept No. RAE-TR-68096, Apr 1968,
87 p. AD 841714.

... Atmospheric turbulence problems which may be met by an SST
are considered in the light of the results of high-altitude
turbulence research programmes recently conductid in the U.K.
and U.S.A. Disturbances have been found in the stratosphere
which are of sufficient size to be significant for SST opera-
tions. Indications from results already available are that it
will be possible to devise means for the avoidance of major
disturbances, although it appears that turbulence in the
stratosphere is less wide-spread than at lower altitudes. Up
to 15% of the time, at altitudes up to 60,000 ft, may be
spent in noticeable turbulence in some regions at nertain
times of the year. Recomendations for further work are made.
(Author)

159. Businger, J.A. On the Energy Suply of Clear Air Turbulence.
Atm. Se. Dept., Wash. Univ., Seattle. Bosing Scientific Re-
search Labs., Seattle, Document I-82-.OT40, Aug 1968.
Separ••ly-paged paper (6 p), figs, refs, eqs. (Bympolua
on Clear Air Turbulence ua Its Detection, Seattle, Yeah.,
Aug 14-6, 1968, summarles of papers). DAS M9,1.5 8989sum.
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159. (cont)

... Presents theoretical approaches to the investigation of
certain atmospheric conditions under which stable atmospheric
layers contain kinetic energy that may be released into tur-
bulence, once turbulence has been triggered. The condition
for instability for a perturbation of a stably-stratified
atmospheric shear layer is discussed. Equations are derived
to gain some insight in how much kinetic energy is available
in a shear flow. It is concluded that if an atmospheric layer
has the conditions that Ri = 1, then limits of 0.25 and 1
appear to indicate that a shear layer may for some time store
energy available for turbulence before release. For certain
specified cases of Clear Air Turbulence, the sequence of
events is presented in diagram form. A turbulent energy
equation is also developed; among other determinations, it
is found that the maximum possible Ri number under steady
homogeneous turbulent conditions is not yet known. (JPD)

160. Clover, K.M. et al. Radar, Aircraft, and Meteorological
Investigation of Clear Air Turbulence Conference on Radar
Meteorology, 13th, McGill Univ., Montreal, Aug 20-23, 1968,
Proceedings, Ed. by J.S. Marshall. Boston, American Meteo-
rological Society, 1968, pp 242-247, figs, tables, refs.
DAB M01.81 R124tr 1968.

... Simultaneous studies of the lower 15 km of the atmospdere
by multiweve-length radar, jet aircraft, Jimspheres, and
special radiosondes have been conducted at the JAFIA radar
facility at Wallops Is., Va. Below an altitude of about 6 km,
most of the Clear Air Turbulence (CAT) is detected with the
Wslop6 radars; however, the intensity of the radar echoes
is not an indication of the intensity of the CAT, and not all
of the clear air echoes are associated with turbulence of a
scale affecting aircraft. Most radar layers correspond in
height to regions of marked humidity stratification but with
slight or no accomaying temperature inversions. Seldom is
the reported CAT intensity greater than light at these alti-
tudes. Above about 6 imn, radar detections of clear air
phenoena are less frequent but are generally associated wits
significent turbulence. Much of the CAT reported by the air-
craft at these higher altitudes is not accompanied by radar
echoes. This turbulence is usually associated with large-
scale wind she"f and Richardson numbers less than 1.0. Indi-.
cations are that radars of sufficient sensitivity can regu.
larly dtect CAT at altitudes at least up to the tropopause;
however, a rodar parameter other than reflectivity must be
used to differentiate between turbulent and nonturbulent
phenomna. (Author)
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161. Cole, A.L. et al. Evaluation Studies of Clear Air Turbulence
Detection by a Multipulse Laser Radar. Michigan Univ., Ann
Arbor, Rept. No. 07830-10-F, Final Tech. Rept. Contract AF 33
(615)-3588, ARPA Order-746, Aug 1968, 126 p. AD 843777.

... A two-dimensional multipulse laser radar (PPI Laser Radar),
featuring an azimuthal scan of several degrees, was designed,
built, and installed in a JT-29A aircraft to evaluate the
feasibility of detecting Clear Air Turbulence (CAT) by laser
radar. The laser radar design was based on a theoretically-
possible detection of a 10 percent change of aerosol concen-
tration In a few hundred meters at a range of 1 or 2 kilo-
meters. CAT eddies, especially near the interface of dif-
fering air 4wsses, should provide aerosol gradients suitable
to ruby laser radar detection. Evaluation flights were con-
ducted in the mountain wave and thunderstorm turbulence
regions of Colorado and Oklahoma during the spring and early
sumer of 1967. The results of these flights indicate that
large atmospheric aerosol concentration gradients can be
detected by laser radar; however, the gradients existing in
reasonably clear portions of the atmosphere were not detected
and are assumed to be less than 10 percent. An advance in the
state of the art will be necessary before a pulsed ruby laser
can be developed into an operational CAT detector. (Author)

162. Collis, R.T. et al. Recent Studies Related to Clear Air
Turbulence: Co2uuter Analysis and Forecasting, Turbulence
Climatology, and Lidar Observations of Atmospheric Struc-
ture that Indicate Air Motions Stanford Res. Inst., Menlo
Park, Calif. Boeing Scientific Research Labs., Seattle,
Document Dl-82-O07O, Aug 1968, Separately-paged paper (6 p),
Symposium on Clear Air Turbulence and its Detection, Seattle,
Wash., Aug 14-16. (Summaries of papers.) DAS M51.5 S989sum)

... Suzmarizes the basic atmospheric conditions associated with
the occurrence of Clear Air Turbulence (CAT) in relatively
small areas and cites the difficulties of positive identifi-
cation of the turbulence volumes of the atmosphere. It is
suggested that probability analysis presents a practical
approach to the problem. Initial findings show that the most
reliable indicators of turbulence frequency are the vertical
vector wind shear and the horizontal deformation of wind
patterns. Other approaches discussed include studies of the
distribution of turbulence as a function of place, altitude,
end season; use of weather balloons bearing special sensor
equipment; analysis of vertical wind profiles measured by
FPS-16 radar, tracking rising balloons; study of satellite
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162. (cent)

cloud photographs for possible indicators of turbulence; and
application of lidar (laser radar) techniques to CAT detec-
tion including aircraft-borne, vertically-scanning lidar to
recognize turbulent regions. (JPD)

163. Colquhoun, J.R. et al. Clear Air Turbulenee Analrsis over
the South Pacific Region for a Five-Day Period in December
l_ Central Off., Bur. of Met., Melbourne. Australia
Meteorological Magazine, Melbourne, 15(3), pp 47-72, Jun
1967, received Apr 1968, figs, charts, tables, refs. PAM.
DAS M(05) A938. (see #111)

.. As part of the ICAO short-term high-level turbulence
reporting program, data have been compiled and analyzed for
flights at or above 20,000 fl. Areas of non-oc-currence as
well as areas of occurrence of high-level Clear Air Turbu-
lence (CAT) were determined over the South Pacific region
during a selected 5-day period in December 1964. Latitude-
longitude "squares" of 2.5 degrees were used to tabulate
the flight data. Flights were divided into (1) flights at
or below 30,000 ft and (2) flights above 30,000 ft.
Frequency distributions and percentages of CAT occurrence
were computed over individual "squareF," fur flight ele-
vations and also for various parameters, mainly of a
meteorological nature. Six parameters - Endlich's turbu-
lence index, vorticity, vorticity advection, "averF-ge"
vertical wind shear, Richardson's number, and the Colson-
Panofsky turbulence index were investigated in a study
restricted to flights in the area bounded by latitudes
22.5' and 40" south and longitudes 112.50 and 1.60" east.
Average vertical wind shear and Richardson's number gave
the best results. (Author)

164. Crookes, Walter M. et al. Project HICAT. High Altitude Clear
Air Turbulence Measurements and MeteoroLoaical Correlatiuns
VolumeI. Lockheed-California Co., Burbanx. Final Rept., 13
Mar7YI3 Jul 68, Rept. No. LR-e'1718 Vol. 1, Nov 9io8, 326 p.
Contract F33b15-67.C-1461. AD 81"86. (See Vol. II - same
author, title, AD 8471A97).

... The program objective was to determine the statistical
charatteristics of high-altitude CAT so as to improve struc-
tural design criteria. In addition, meteorological forecasts



January 1970 USAF ETAC TN 70-1

164 . (cont)

and analyses were to be correlated with the CAT measurements
to improve CAT forecast procedures. In the extended program,
18.3 hours of high-altitude CAT were located and recorded in
flights covering over 156,000 miles from bases in England,
Louisiana, Maine, Panama, Florida, and California. Actual
vertical, lateral, and longitudinal gust velocity time

histories and power spectra were determined and analyzed.
Peak counts of true-vertical gust velocity and derived-
equivalent gust velocity were obtained. A practical proce-
dure for forecasting high-altitude CAT was developed. (Author)

165. Colson, DeVer. Meteorological Analysis of 1964-1965 ICAO
Turbulence Data. U.S. Weather Bureau, Technical Memorandum
WBTM TDL, No. 14, O'ct 1968. 80 p, figs, tables, ref s.
DAS M(055) U587te No. 4'4.

Also his Clear Air Turbulence and Uper Level Meteorological
Patterns• Boeing Scientific Research Labs., Seattle, Document
DI-82-0740, Aug 1968. Separately-paged (6 p). DAS M51.5 S989sum.

.. Summaries are given of Clear Air Turbulence (CAT) data over
Alaska, Canada, Greenland, North Atlantic, Caribbean, Mexico,
and Central America during four 5-day periods. (Dec 1964, Mar,
Jun, and Sep 1965) in ICAO worldwide, high-level turbulence
collection program. Turbulence reports are summarized by
intensity, altitude layer (30,000, 30,000-33,999, 34,000 ft),
and location by 5o latitude-longitude squares. Meteorological
analyses are presented shoving probability of moderate or
greater tisfbulence in relation to 300-mb circulation Fatterns,
jet Ftreams, isotach, horizontal wind shear, and contour
gradients. While no sharply defined criteria are established
for routine prediction of occurrence of intensity of CAT,
some interesting meteorological patterns associated with un-
usually turbulent conditions are shown. The study illustrates
the importance of large values of wind apeed, wind shear, and
contour gradients and also rapidly increasing values of these
parameters. The study particularly shows the importance of
sharply curved flow patterns around troughs and ridges. The
second paper, presented at the Syupocium on Clear Air Turbu-
lence and its Detection, Seattle, 1968, presents in summary
the contents of the first paper. (Author)
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166. Dutton, J.A. et al. Probabilistic Determination of Aircraft
Response to Turbulence at Low Altitudes. Deputy for Engineer-
ing, Aeronautical Systems Division, Wright-Patterson AFB, Ohio.
ASD-TR-68-39, Oct 1968, 163 p, 22 refs. AD 685184.

... The theory of the distribution of maxima and exceedance
statistics developed by 8.0. Rice is combined with available
information on atmospheric turbulence in an attempt to pre-
dict the statistics of aircraft responses. Details of the
theoretical method are expounded, and the turbulence is
assumed to be a Gaussian process to permit explicit calcula-
tion of the desired probability functions. Data from B-&e
and F-106 gust investigations are combined with theoretical
results to compute the statistics of maxima and exceedances
for a variety of special cases.

Methods to utilize the actual distribution of turbulence
are investigated. Straightforward approaches will probably
not be practical unless the turbulence possesses a nearly
Gaussian joint distribution for the velocity and the first
two derivatives. (Author)

167. Dutton, John A. Probabilistic Structure of Clear Air Turbu-
lence: Some Observational Results and Implications. Met. Dept.,
Penn. State Univ., Boeing Scientific Research Labs., Seattle,
Document Dl-82-0740, Aug 1968. Separately-paged paper (13 p).
Refs, eqs. (Symposium on Clear Air Turbulence and its Detec-
tion, Seattle, '.ash., Aug 14-16, 1968, Summaries of papers).
DAB M51.5 S989sum.

... Turoulence is described as a physically-generated random
process. Improved models of the probabilistic structure of
turbulent motion in the atmosphere must be based on a better
understanding of its statistical characteristics; these
characteristics are discussed in relation to Gaussian pro-
cesses. A review of relevant statistical concepts is pre-
sented, incluaing peak and exceedance statistics. The time
history data for various parameters of turbulence derived
from several observation periods are examined with respect
to the dis,.ribution of the velocity components; a hypo-
thesis consistent with this distribution is developed. It
is concluded that the observed turbulence is patchy and the
velocities distributed locally In a Gaussian meaner. (JPD)
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168. hdlich, Roy M. et l. The Turbulence Climstology of the
United States between 20,000 and 145,000 Feet Istimsted from
Aircraft Reports and meteoroloaical Data. Stanford Bee. Inst.
Menlo Park, Calif. Final Report, 10 MWy 65-9 •m 68, Jun
1968, 71 p. Contract No. A? 19(628)-5173. AD 672988.

.The climatology of Clear Air Turbulence is defined herein
as the likelihood that an aircraft or missile will encounter
turbulent air at a giveL locality, altitude, and time of year.
Turbulence data of three types were used in this study. Thtse
include observations by instrumented research aircraft, bal-
loon tracks measured by FPS-16 radar, and turbulence reports
made by pilots. The FPS-16 tracks of rising jimsphere and
rose balloons were obtained during studies of detailed wind
profiles. We investigated therr potential value in identi-

fying turbulent layers. The subjective turbulence reports
from pilots collected during special five-day reporting
periods comprise by far the largest volume of data avail-
able. Meteorological conditions for these periods were
analyzed by computer from standard rawinsonde data and
were correlated with the turbulence reports. Optimum mul-
tiple regression equations between turbulence frequency
and the mean and standard deviation of the vertical vector
wind shear were obtained. In summer a different regression
equation vas found than in other seasons. (Author)

169. Falcone, Francesco and Nania, Abele. Prelisinar. per uno
studio regionale della turbolenza in stmosfera serena.
[Prelimina•res for a Regional Study of TLurbulenae in a
%xiet Atmosphere. ) Rivista di Meteorologia Aeronautic•.
Rome, 28(14):~39-.18 Oct/Dec 1968. Mig, charts, tables,
refs, eqs. Italian, F"nh and •Iglish summaries p 39.
DAS H(o5) R625.

... The authors present a for sialyn an a
regional scale over Puglia, the relationship between Clear
Air Turbulence (CAT) and the Richardson number and wind
velocity and direction at the flight level of an aircraft.
The contents include the following: a nosogrem for calcu-
lating the Richardson mber for thlicnesses of 500 %
above and below flight level; the relationship between
observed CAT over Puglia wid different val&es of the
Richardson number presented in a frejuenoy table; and the
application of the relatiomaulf between C aT d Richardson
In CAT prediction fof Pglia. Authors)
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170. Flint, E.F. Clear Air Turbulence: An Aviation Hazard Naval
Research Reviews, Wash., D.C., Vol. 21, No. 7, Jul 1968, pp
1-6, figs, photos. DAS P Col.

•..The author sumukarizes briefly various approaches used to
develop a workable Clear Air Turbulence (CAT) detection
system, such as laser, r'adar, microwaves, etc., and points
out their inadequacies. This is followed by a brief account
of the develoomaent of the Infrared Identification System at
Autonetics. The infrared approach is based on the evidence
that turbulence in clear air, or in cirrostratus clouds is
associated with thermal density or ice crystal concentration
changes. The latest model of the Infrared Identification
System (IDIA-5X3A) is described briefly and its operation
is illustrated. (ILD)

171. Flint, E.F. Infrared Clear Air Turbulence Detection and
Warniig System. Autonetics Div., No. ArLr. Rockwell Corp.
Boeing Scientific Research Labs., Seattle, Document Dl-
82-0740, Aug 1968. Separately-paged paper (46 p), figs (I
fold laid in), photos, tables. (Symposium on Clear Air
Turbulence and its Detection, Seattle, Wash., Aug 14-16,
1968, Summaries of papers). DAS M51.5 S989sum.

... Describes the development, design, testing, and capabi-
lities of an operational, Clear Air Turbulence kCAT) detec-
tion and warning system usiug a passive, infrared radio-
meter to sense atmospheric turbulence, both in clear air
and in Cs, at distances up to 32 miles ahead of the air-
craft. The various technical approaches to CAT detection
are outlined and the advantages of the system presented
are discussed. A detailed technical description of the
sensor, its components, data acquisition, processing and
display systems, physical specifications, and mcouting is
provided. The flight test prcoram results are sunmarIzed.
(JPD)

172. Gannon, Millard T. et al. Contract End Item Detail Specifi-
cation. Part I. Perforuace Desi ard Qualification Re-
qurmet Air Turbulence M~easuring Set, ANas-26 andRi•,39 P, Contrtct ft. P1962d.6,-C-0229. AD d4696

... The Air Turbulence Measuring Set (ATMS) is used to sense
the longitudinal components of turbulence gust from a moving
aircraft and to convert theae turbulcnt gusts into an output
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172. (cont)

voltage proportional to the gust intensity. The ATMS senses
atmospheric turbulence by means of a pitot-static tube mounted
in an unobstructed airstream on an aircraft. Pressure varia-
tions incident upon the pitot-static tube are converted by a
differential pressure transducer into an electrical signal.
The signals are then processed in an analog computer and
recordable output signal is provided. The ATMS also consists
of a control panel from which all system functions are con-
trolled, rind from which the system output can be monitored.
(Author)

173. George, J.J. The Prediction of Clear Air Turbulence, Eaetern
Airlines, Atlanta, Ga., Jun 1968, 76 p, 78 refs, 30 figs, 7
tables. DAS M09.329 G348pr.

... Cites examples of Clear Air Turbulence (CAT), notes in-
complete understanding of its causes, warns against over-
forecasting, and describes and illustrates the generally
employed techniques of forecasting CAT. Basic types of CAT
are listed as convective, wind shear, low level orographic,
and mountain wave (Harrison). A general classification of
the numerous forecast predictors is provided. The discussion
of each separate predictor within each classification is
limited by the degree of usefulness to the forecaster.
Forecast parameters include the wind field, its relation to
jet streams, and other wind relations; the temperature
field including stability; synoptic patterns; combination
parameters, and miscellaneous factors, including mountain
waves, significance of edge of cloud cover, upper tropo-
sphere configurations, extrapolation of cuirrent CAT reports,
and geographic associations. CAT over land occurs primarily
in winter and spring months; over water, in winter and fall.
Dimensions, duration, and percentage of occurrences of CAT
by month are cited. Special conditions over ocean are also
discussed. Specific procedures are suggested for preparing
CAT predictions; in CAT forecasting to date, however, a
subjective judgment is an important element. (JPD)

174. Griffin, C.R. Jr. ad Lgrone, A.H. The Correlation of the
Scattering Cross-Sections of the Disturbed Index of Refraction
and the Acceleration Sncrement of a Conventional Aircraft DMe
to Clear Air Turbulence, Tex. U., lAustin, AnteDnas and Propaga-
tion Lab., Rept. No. P-V8, May 1968, 28 p. Contract NS?-.A-7?2.
AD 675647.
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174. (cont)

... The theoretical relationship between the effective radar
backscattering cross-section for regions of atmospheric
turbulence and the mechanical energy of the turbulence is
developed along the lines of the existing theory. The cross-
section formula is developed in terms of two parameters, the
mean gradient of refractive index fluctuations in turbulence,
and mean squared velocity fluctuations. Next, the response
of a conventional aircraft, in terms of load factor, to
vertical components of velocity is determined and the sub-
stitution of parameters, which is effected, results in an
expression for turbulence scattering cross-zcction in terms
of mean squared load factors measurable from an aircraft,
and refractive index gradient, also measurable from an air-
craft. A method is thu6 obtained for verifying the theory
of homogeneous tvrbulence and associated scattering theory
by simultaneous measurement of radar cross-section para-
meters from an aircraft in the turbulence and by u ground-
based radar set. (Author)

175. Hardy, Kenneth R. Radar Investigation of Clear-Air Turbu-
lence. USAF Cambridge Res. Labs., Bedford, Mass. OAR Research
Applications Conference, 3rd, Arlirgton, Va., Mar 21, 1968,
Proceedings. [1968] Vol. 1:Sec. D (16 p), figs, photos, refs,
eqs. DAS 629.43 U5851oar OAR 68-O01. AD 6668oo.

... Ultra-sensitive radars regularly detect echoes in the clear
atmosphere. The echoes are caused by insects and birds or by
scattering from regions of the atmosphere where the f]uctua-
tions in refractive index are large. Thin elevated layers
and the tropopause have been detected by virtue of scattering
from refractive index variations in clear air. The relation-
ship between these clear-air radar echoes and turbulence is
discussed. The radar experiments during which aircraft probed
the atmosphere in search of Clear Air Turbulence are described.
It has been found that all regions of clear-air redar echces
above 6 km probed with the aircraft were turbulent. (Author)

176. Hardy, Kenneth R. Recent Advances in the Radar Detection of
Clear A-Ir Turbulence at Wallops Island, Va., Boeing Scientific
Research Labs., seattle, Document DI-32-0740, Aug 19u8.
Separately-paged paper (4 p), Symposium on Clear Air Turbu-
lence and its Detection, Seattle, Wash., Aug 14-16, 1968,
Sumaries of papers). DAS M51.5 S989sum.
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176. (cont)

... Evaluates the potential of radar as a sensor for Clear
Air Turbulence (CAT) with srecial reference to the December
1967 through March 1968 Wallops Island multiwave investiga-
tions of the lower 15 km of the atmosphere in association
with jet aircraft, Jimspheres, and special radiosondes. The
physical parameters of CAT d'tection are described ani analyz-
ed, noting three conditions essential to the development of
turbulence; increasing wind-shear stresses; flow irregularity;
and a stable initial lapse rate. It is suggested that the de-
velopmett of more sensitive radars than those at Wallops
Island should permit significant CAT detection up to alti-
tudes of at least 15 km. (JPD)

177. Katz, Isadore. Probing the Optically Clear Atmosphere with
Radar: A Review. Applied Phys. Lab., Johns Hopkins Univ.,
Silver Spring, Md., Boeing Scientific Research Labs.,
Seattle, Document Dl-82-0740, Aug 1968. Separately-paged paper
(4 p). Figs, photos, refs. (Syaposium on Clear Air Turbulence
and its Detection, Seattle, Wash., Aug 14 -16, 1-968. Sum•aries
of papers). DAS M51.5 S98 9sum.

... Assesses the capabilities on high power radars for viewing
the optically-clear atmosphere in motion within 20,000 ft of
the Earth's surface. Layer-type echoes, echoes from convec-
tive cells, and instrumented aircraft flights into echo re-
gions are discussed. Tests conducted at Wallops Is. (Konrad
and Randall, 1966) to pinpoint radar and atmospheric measure-
ments for a check of the theoretical relationship are des-
cribed. It is concluded that high power radar may be used
very effectively to probe the troposphere. (JPD)

178. Lawrence, J.D., Jr. et al. Laser Backsc&Lter Correlation with
Turbulent Regions of the Atmospýhere. NASA, Langley Research
Center. Boeing Scientific Research Labs., Seattle, Document
Dl-8&-0740, Aug 1968. Separately-paged paper (7 p). Figs,
refc, eqs. (Symposium on Clear Air Turbulence and its D'mtection,
Seattle, Wash., Aug 14-16, 1968, Sumries of papers.)
DAS 1451.5 S989sum.

"...Describes a program at Langley Research Center, Va. to in-
vestigate the correlation between local aerosol concentrations
as observed by a ground-based laser radar and turbulence as
experienced by an aircraft. The scattering of ruby laser
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178. (cont)
radiation in the atmosphere is expressed by an equation whose
solution is interpreted in terms of the presence of sharp
discontinuities at various altitudes, indicating the presence
of local aerosol concentrations. The equipment employed in the
system is described and the experimental results in conjunc-
tion with a T-33 type jet aircraft are presented and evaluated.
Significant correlations of turbulence detention were deter-
mined. (JPD)

179. Long, Robert R. Vertical Velocities in Clear Air Turbulence.
Mechanics Dept., Johns Hopkins Univ., Baltimore. Boeing
Scientific Research Labs., Seattle, Document Dl-82-074O, Aug

1968. Separately-paged paper (5 P). (Symposium on Clear Air
Turbulence and its Detection, Seattle, Wash., Aug 14-16, 1968.
Summaries of papers). DAS M 51.5 S939sum.

Also: Long, Robert R. Vertical Velocities in Clear Air Tur-
oulence. Boeing Scientific Research Labs., Seattle,
Wash. Flight Sciences Lab. Rept. No. Dl-.32-738, May
1968, 21 p. AD 683425.

... Presents an evaluation of significant elements in the
occurrence of Clear Air Turbulence (CAT) with special
reference to the probable sources of energy for the dis-
turbed motion, including available potential energy in a
stably stratified atmosphere and the energy of mean motion.
Smoothing of variations of mean veiocity is stated to
release kinetic energy available for the atmospheric dis-
turbances. CAT in mountain waves is discussed and various
explanations of the phenomenon are offered. It is consi-
dered thnt, if the highest atmospheric stream velocities
(as in the jet stream) attain 200 mph, a maximum vertical
velocity in CAT associated %rith mountains car be 75 mph.
Turbulence in shearing currents is discussed as the second
basic source of CAT; the importance of the Richardson
number in relation to the interplay of shear and stability
is emphasized. The essential terms of a total energy equa-
tion as a basis for a theory of turbulence in a stable
shearing current. are presented and analyzed %ith reference
to momentum and neat transfer and other factors in qu-ntita-
tire estimates ef the ýinaracteristics of weve disturbanct,,
turbulence, and mean distributions of velocity and density.

(JPD)
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1i0. Loving, Neal V. Technical and Meteorological Planning to Meet
the ALLCAT Program Objectives. Air Force Flight Dynamics Lab.,
Wright Patterson AFB, Ohio. Boelag Scientific Research Labs.,
Seattle, Document Dl-82-0740. Aug 1968. Separately-paged paper
(12 p), figs, (Symposium on Clear Air Turbulence and its Detec-
tion, Seattle, Wash., Aug 14-16, 1968, Sumukries on papers).
DAB M51.5 S989sum.

,..The objective of the Critical Atmospheric Turbulence (ALLCAT)
Program assigned to the Structures Div., of the Air Force Flt.
Dynamics Lab., Wright-Patterson AMB, Ohio is obtaining a
statistically adequate and meteorologically-correlated sample
of atmospheric turbulence data required to establish gust
design criteria for aerospace vehicles. A secondary a:um is to
provide data to verify old., or establish new, Clear Air Tur-
bulence (CAT) forecasting techniques. The major structural
design data requirements are presented with emphasis on the
definition of variance as a function of altitude and local
meteorological and geophysical parameters. The six ALLCAT
Program projects to measure atmospheric turbulence from the
Earth's surface to an altitude of 200,000 ft are described.
They include takeoff and landing, and very low, low, medium,
high, and very high altitude CAT research tests, using
specially-instrumented aircraft. Associated activities in
meteorological planning and correlation, ALLCAT data pro-
cessing and analysis flight planning and costs are discussed
with reference to the program's objectives. (JPD)

181. Hather, G.K. Clear Air Turbulence Research Activities at the
National Aeronautical Establishment. (Natl. Aeronautical Estab.,
Natl. Res. Council of Canada, Ottawa). Boeing Scientific Re-
search Labs., Seattle, Document Dl-82-0740, Aug 1968. Sepa-
rately-paged paper (7 p), refs. (Symposium on Clear Air Turbu-
lence and its Detection, Seattle, Wash., Aug 14-16, 1968.
Summaries of papers). DAS M51.5 S989sum.

... Discusses results of two cooperative field experiments of
the National Aeronautical Establishaent's T-33 research aircraft
in measuring mountain waves and Clear Air Turbulence; (CAT) at
Moffett Field, Calif. and at Boulder, Colo. in 1967. The T-33
is equipped to measure longitudinal, lateral, and vertical com-
ponents of atmospheric turbulence; a description if the instru-
mentation system and its capabilities is provided including
dynamic checks on performance carried out before and after each
CAT measurement program. The methods employed in data analysia
by analog computer are •ummarized. The assessment or the re-
sults of CAT measurement by the systems described includes

85



USAF ETAC TN 70-1 January 1970

181. (*oat)

power spectral aralysis and other spectral parameters.
Richardson numbers were computed and compared as derived from
several aircraft soundings. Tests involving remote thermal
detectioa techn.ques, and their preliminary results, are also
discussed. It is concluded that an lt instrument capable of
detecting thermal gradients ahead of an aircraft can be built,
but extensive testing will be required to demonstrate its
reliability as a CAT warning device. (JD)

182. Mather, G.K. Evaluation of an Infrared Spectrometer as a
Clear Air Turbulence Detector, Pt. 2. Natl. Res. Council of
Canada, Ottawa. Symposium on Remote Sensing of Environment,
5th, Univ. of Mich., Ann Arbor, Apr 16-18, 1968, Proceedings.
Sep 1968, pp 599-608, figs, photos, refs. (For Pt. 1, Weiss,
M.) DAS M(051) S989p.

... Sumnarizes significant details of tests made at Edmonton,
Alberta (Can.), Nov 22-Dec 7, 1966, and at Moffett Naval Air
Station, Calif., Feb 1-Mar 3, 1967 to investigate the poten-
tials of infrared techniques for remote sensing of Clear Air
Turbulence (CAT). Also, reports on initial experience with an
improved infrared detector currently undergoing flight trials.
Capabilities of the N.A.E. T-33 turbulence research aircraft
are outlined and the test results from the infrared spectro-
meter are presented (in graph form) and interpreted. A con-
densed summary of the results, with respect to temperature
variations recorded, presence of waves and turbulence, and
advance detection times (in seconds), is provided. Present
and future infrared sensor test flight programs and their
objectives are outlined. The correlation between moderate to
severe CAT encounters and temperature change is useful, and
results from the U-J HICAT program suggest an even stronger
correlation in the stratosphere. (JPD)

183. Minervin, V. Ye. Turbulence in the Lower Layer of the
Atmosphere and in Low-I~vel Clouds, Tsentral'Naya Aerolo-
gicheskaya Observatorlya. Trudy, i9b6, USAF, AFSC, FTD Trans.,
FTD-Mt-24- '-352-68, Wright.-Pattersou AFB, 1968, 25 p. IPB Files
MF. AD tŽ85962

... Containb the results of the low-level flights made by air-
craft of the Central Aerological Observatory during the 19tg2-
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1963 period. 624 observations were taken; of these, 106 verti-
cal profiles of the coefficient of turbulent exchange were
constructed. Several graphs of turbulence in relation to lapse
rate, specific humidity, and coefficient of turbulent exchange
are included. (DLB)

184. Mitchell, Finis A. and Prophet, David T. Meteorological
Analysis of Clear Air Turbulence in the Stratosphere. Lock-
heed-California Co., Burbank. Boeing Scientific Research
Labs., Seattle, Document Dl-82-0740, Aug 1968, Separately-
paged paper (8 p), figs. (Symposium on Clear Air Turbulence
and its Detection, Seattle, Wash., Aug 14-16, 1968, Summaries
of papers). DAS X.51.5 S989sum.

... In Part 1, a detailed meteorological analysis of several
high altitude Clear Air Turbulence (HICAT) flights is presented.
The evaluation of the high-altitude forecast procedures C¢uring
field operations for the HICAT project indicates that the most
effective method is to analyze the horizontal and vertical
temperature profiles. The intensity of turbulence in the lower
stratosphere is shown to be normally associated with the magni-
tude of vertical and horizontal temperature gradients. Based on
an analysis of HICAT flights, thp relationships between tempera-
ture gradients and turbulence, kpresented in tabular form for
small. medium, and large temperature gradients) is suggested as
an aid in forecasting turbulence intensity. In Part 2, an
interpretation of radiosonde temperature profiles is presented
in terms of wave motion in the stratosphere. It is demonstrated
by mathematical and physical analysis how a simple sine wave
disturbance could provide a physical explanation for the
apparent relationships of Clear Air Turbulence and large
changes in vertical temperature gradients on the one hand, and
of smooth air with constant, or only slightly varying, vertical
temperature gradients on the other. A mathematical expression
is derived permitting calculation of values for RMS vertical
acceleration directly from the temperature profile. (JPD)

1.65. O'Hara, F. et al. The Atmospheric Environment and Aircraft -
Now and the Future. Royal Aircraft Establishment, Farnborough
(England). Tech Memo Rept. No. RAE-TN-AERO-1Ob7, Jul 1966, 52 P.
AD 84&96.

.. A survey is made of the effects on aircraft of the main atmo-
spheric factors and of the way they are dealt with in design and
operation at the present time. Possible developments in the
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pattern of the relationship of aircraft to the atmospheric
environment are discussed, in the light of expected advances
like operational VTOL and orbital-type flight, reliable
weather forecasting, effective turbulence avoidance and gust
al]eviation systems. These developments should all be conducive
to safer and more comfortable flight. Further benefits would
accrue from weather control in the vicinity of airfields, of
which there are some prospects. Improvement in en-route
operation through weather control appears legs probable, and
the prospects of smoothing turbulence ahead of the aircraft
are speculated on. (Author)

136. Oklahoma State Univ. Stillwater School of Electrical Engineer-
ing. A Center for trL Description of Environmental Conditions -
Weather Phenomena. Annual Rept. No. OSU-WP-o9-1-4, Oct i961 , 90
p. Contract DAAB07-68-C-0083. AD 691122.

... The program was initiated with a three-phased effort: 1) the
development and use of instrumentation to measure the electro-
magnetic signature of certain weather phenomena (Clear Air
Turbulence, thunderstorms, tornadoes) in airborne and ground-
based laboratories: 2) the investigation of pattern recogni-
tion in the total data acquisition program (sferics, severe
weather, existing meteorological information); the data
analysis and application to identify indicators for probabi-
lity of specific phenomena; to determine possible trigger
mechanisms which induce the phenomena; and to define tech-
niques for possible modification-abatement, diversion, or
intensification of the phenomena; 3) the development of one
or more simple airborne instrument packages which can be
put in any aircraft for short term measurement of the
severity of weather imrediately ahead. (Author)

1, NPanofsky, B.A. et al. Case Studits of the Distribution of
CAT in the Troposphere and Stratoshere, J. Appl. Meteorol.,
Vol. 7, No. 3, Jun 1966, pp 384-3 9. DAS M(05) J8&Joa.

... Two separate case studies of Clear Air Turbulence are
presented, one in the stratosphere over the Rocky Mountains,
the other in the upper troposphere over the midwestern plains.
The mechanism in both situations appears to be slailar. CAT
occurs in strongly baroclinic zones with strong vertical wind
shears and low Richardoon numbers. There is a tendency for the
most severe turbulence to be located at the edges of the baro-
clinic zones. (Author)

t3&8
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188. Pao, Yih-lo (chairman). Sympoium an Clear Air Turbulence and
its Detection. Boeing Scientific Res. IAb., Doment D1-2-
o74o, Seattle, Wash., 14-16 Aug 1968. DAS 451.5 S989oua.

... This symposium presents and reviews the recent developments
in CAT, especially on; 1) theories and measurements concerning
the origin and structure of CAT, 2) methods of forecasting
CAT, and 3) methods for the remote detection of CAT. Special
emphasis is placed on CAT in the upper troposphere and strato-
sphere. (Fr. author's abst.)

For individual papers appearing in the Proceedings, see
Item Numbers

189. Pchelko, I.G. et &l. Turbulence in a Clear Sky. Foreign
Technology Div,, Wright-Patterson AFB, Ohio. Rept. No. FTD-
MT-24-66.68, Jun 1968, 24 p. AD 679685.

... The results of a systematic and statistical study of Clear
Air Turbulence encountered along the main airline routes over
the Soviet Union and the socialist countries of eastern Europe
are now available in uunsary form. The data were collected by
crews of turboprop and turbojet aircraft, generally flying
at altitudes of 6-10.5 km for four 5-day periods (9-13 Dec
1964, l0-1I Mar, 9-13 Jun, and 8-12 Sep 1965). The data were
grouped into four 6-hour daily observation periods (24O0-
0559, 0600-1159, 1200-1759, and 1800-2359 hr Greenwich time).
Some of the results of a similar study made by Colson in
1962 for the United States, and those obtained in an earlier
study by Soviet scientists, are compared with the data of
the present study. Major aspects of the analysis include
determination of (1) the probability of encountering turbu-
lent zones in various regions of and altitudes abor the area
covered by the study, and (2) the relationship of turbulence
to wind speeds and directions, vertical wind shear. Richardson
number, and horizontal wind shear. Data on actual encounters
with turbulence are presented for the four 5-day periods in
tables and are graphically portra~ed on four salla-cale maps.
(Author)
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190. Pedeau, R. Contribution A L'Etude De La Turbulence en Air
Clair [Contributions to the Study of Clear Air Turbulence],
Ministere des Transports, Direction de la Meteorologie
Nationale, Monographies de La Meteorologie Nationale, No. 68,
Paris, Dec 1968, 143 p. DAS M(055) F815mo.

1In French
... This statistical study is well documented with 30 figures
and 88 tables. Man.- ef the figures are maps showing synoptic
situation3 involving CAT. Tables include freq;aency of occur-
rence of CAT at various altitudes ana locati'ns, also, in-
cludes CAT in vicinity of tropopause. (ALS)

191. Priestley, J.J. et al. Low-Level Critical Air Turbulence.
Boeing Co., Wichita, Kans. Airplane Div., Monthly Tech.
Progress Rept., 6 De; 67-5 Jan 68, Rept. No. D3-7087-21, Jan
1968, 46 p. Contract No. AF 33(615)-3724. AD 830072.

... The contents of this report describe low-level critical
air turbulence prcgram accomplishments during the period from
6 Dec 1967 through 5 Jan 1968 and include milestone forecast
and accomplishment schedule data as of 1 Jan 1968. (Author)

l9 1. Reed, Richard J. Studýy of the Relation of Clear Air Turbu-
lence to the Hesoscale "tructure of the Jet Stream Region.
Atm. Sc. Dept., Wash. Univ., Seattle. Boeing Scientific
Research Lab., Seattle, Document Dl-82-0740, Aug 19L8 .
Separately-paged paper (6 p), fig, refs. (Symposium on Clear
Air Turbulence and its Detection, Seattle, Wash., Aug 14-1b,
1966. Summaries of papers). DAS M451.5 S989sum.

... With regard tQ the occurrence of a widespread persistent
area of Clear Air Turbulence (CAT) observed over a 500-km
distance between New York City and Gordonsville, Va. on
April 18, 1965, the relation of the CAT to tne mesoscale
structure of the jet stream, previously found by Penn and
Pisinski (1967), i& confirmed and reviewed, and the origin
of the mesoucale structure is 4etermined by tracing air
trajectories. The meteorolgioea synoptic setting is des-
cribed and the principal features of the MesOsCale structure
and its evolu~ion are presented ar analyzed. It is concluded
among other findings that C.A can rapidly alter the atem-
spheric str-ctare iu the jet-stream region, producing sharp
features as heat and momentum are rapily redistributed in
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192. (cont)

thin layers. !esoscale features may assist in locating CPT,
but do not necessarily have predictive velue, although they
may serve as initiators of further turbulence, once small-
scale features have been produced. (JPD)

193. Regula, H. Luftaufnahmen von Turbulenzcirrev in einem
Hohentrog. Aer7al Photos of Cirrus Turbulence in an Upper
Tro"u7h, Offenbach am Main, Meteorologische Rundschau, Berlin,
21(5):155-*.56, Sep/Oct 1968,, figs, refs. German and English
summaries - 155. DAS M(05) M587.

I G-erm-anI
... Cirrus clouds are often an indication of the presence of
Clear Air Turbulence. A photograph of Ci turbulence obtained
from an aircraft near Newfoundland on March 31, 1967, and a
chart :howing the topography of the 500-mb surface at 1.200
GMT for the same date are presented. Turbulence occurred in
the vicinity of the clouds and a light disturbance was per-
ceived at a distance of 60 n mi. Turbulence was intense at a
height of 10,000 m for a distance of 140 n mi, but it was light
during flight above the Ci clouds. The turbulence was associated
apparently with a trough aloft above Newfoundland. The clouds
were in the longitudinal axis of the trough. (ILD)

194. Reiter, Elmar R. Nature of Clear Air Turbutlence: A Review.
Atm. Sc. Dept., Colo. State Univ., Ft. Collins. Boeing
Scientific Res. Labs., Seattle, Document Dl-82-0740, Aug
19b8. Separately-paged paper (12 p), refs. (Symposium on
Clear Air Turbulence and its Detection, Seattle, Wash., Aig
14-16, 19t8. Suvmaries of papers). DAS K51.5 S989sum.

... Clear Air Turbulence (CAT) is defived as comprising "all
turbulence in the free atmosphere of interest in aerospace
operations that Is not in, or adjacent to, visible convec-
tive activity. This includes turbulence found in cirrus
clouds not in, or adjacent to, visible convective acti-tity.
(9•9w Resolution, Natl. Comm. for Clear Air Turbulence)."
The meteorological aspects of CAT are discussed in relation
to the problem of CAT detection, forecasting, and forewarning.
The dimensions of CA, the conditions and locAtionas of its
occurrence, as theoretically derived and actually observed;
and the uature of the phenomenon are discussed, with special
reference to the inertial eubrange of turbulence anV to the
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194. ( ýont)

conditions lying beyond this subrange in which the redistriba-
tion, generation, and/or dissipation of kinetic energy by
various physical processes became importankt. "Models" of CAT
formation are evaluated. (JPD)

195. Reiter, Elmar R. Rexr%;t Ad.vMcnes li the Study of Clear-Air
Turbulence (CAT). Navy Wea. Res. Facility, NMW 15-046b-336,
17 Apr 1968, 26 p. 39 refs. YPB Files.

... This paper summarizes the contemporary state of COT research.
Among the features noted are that CAT is essentially a small-
scale phencmenon with a horizontal extent which is usually 40
mi or less. Its o'-currence and intensity depend upon the degree
of instability of the atmosphere and tLe presence of a "small
perturbation" to act as a cutalyjt. A physical CAT model is
presentcd wLicn explains many of the characteristic features
that have been obserred, a-,nd effects to be expected by aircraft
in Lhe fluiure. This mod(el has exhibited promising forecasting
applications. (Author)

196. Scorer, R.S. Mechanisms of Clear Air Turbulence. Imperial
Coll., London. Boeing Scientific Res. Labs., Seattle, Document
DI-82-0470, Aug 1966. Separately-paged paper (22 p), figs, refs,
eqs. (Symposium on Clear Air Turbulence and its Detection,
Seattle, Wash., Aug 14-16, 1968. Sum-aries of papers).
DAS M51.5 S989sum.

... Presents a theoretical discussion of the mechanisms which
produce the vorticity held responsible for Clear Air Turbulence
(CAT). It is essential to an understanding of CAT to discover
where those .mechanisms can operate which will co~itinuously
change tile vorticity structure ' the air as it passes through.
The discussion considers the foxowing: 1) changes in the
velocity profile, accompanied by changes in the temperature
prcfile cf t.e air (an increased static stability may accompany
the pr,,Yictton of greater shear); 2) mechanlms for changing the
vornicitjd-analysis of the relevant equations developed leads to
the conclusion, waong other findings, 'hat the greatest decreases
in Ri occur where air with forware shear is cecelerated and flows
upslope, or where air with backward sr.ear (negative n) is dece-
lerated while flowing townslope; 3) centrifugal instability,
whern accllerat.Lon due to curvature can produze important
effect.; when the static irstability is small and the shear
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already large; and 4) thin shear layers produced by larger
scale centrifugal instability-cellular overturning will
produce in jet streams both the velocity and temperature
gradients required for the mechanisms discussed above to
become operative in creating CAT. The discussion concludes
wl'"), comments on the form of CAT, with special reference to
billows and billow motion, and on other possible forms of
CAT. (JPD)

197. Sharma, Om P. et al. Molecular Backscatter of IAser Radiation
from Turbulent Air. California Univ., San Diego Le Jolla. Jul
1968, 5 P. Contract F4 4620.68-C-O00l. AD 682115.

.. The backscatter of laser pulses transmitted from the ground
has been previously used to determine density profiles of air.
For detection of Clear Air Turbulence (CAT) produced by random
temperature fluctuations, theoretical estimates were reported
for turbulent backscatter of laser light; correlations of
laser backscatter with turbulent regions of the atmosphere
have also been reported. In this note, theoretical estimates
for measurements of density and velocity fluctuations
associated with turbulent molecular backscatter of airborne
laser sources are discussed. The analysis includes detailed
consideration of molecular backscatter. The effect of unusual
aerosol con!.entrations is, of course, easily calculated once
the nature of the aerosol is specified. However., this problem
he-, nothing to do with our analysis. The occurrence of size-
able aerosol concentrations can only simplify the detection of
CAT. Evidently, deviations from normal backscatter may indi-
cate CAT. (Author)

198. United States Air Force, Air Force Systemk Command. DOD
National Progream for Clear Air Turbulence. (NCAT) Development
Plan; Advanced Development Program, DOD Program Elemert o34
XXXXF, 17 May 1968, and DOD Measurements and Observations
Program, 30 Jun 1968. IPB Files.

... because of the concern of various govertnental agencies on
the level of coordination of the efforts in the Clear Air
Turbulence (CAT) area, the National Committee for Clear Air
Turbulence (NCCAT) was established in February l9bb to
investigate the research and development of airborne (AT
detection devices, CAT forecasting, basic CAT research, and
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196. (cont)

CAT data collerction. This Committee concluded in a report
dated December 1966 that the solution of the CAT problem is
in the national interest and there is a need for a coordinated
national effort leading to a common solution. The NCCAT Commit-
tee recommended that DOD assume primary rcoponsibility for, and
coordination of government efforts in the area of measurements
and observations of CAT, including remote detection, and act
as the executive agtent for the operation oe c.ýie Natlonal CAT
Data Collection Project. The~e responfiL,-&-u*0s were dele-
gated to the Air Force by DDR&E. (Auuhor)

199. Weiss, M. tvaluation of an Infrared Spectrometer as a Clear
Air Turbulence De'ecto•"t._i. Barnes Engr. Co., Stanford,
Conn., Symposium on Remote Sensing of Environment, 5tfl, Univ.
of Mich., Ann Arbor, Apr 16-18, 19t8, Proceedings. Ann Arbor,
Sep ].,A, pp 587-597, figs, photos, refs. DAS M(051) S996p.

Part 2 of this report - see Mather, G.K.

... This paper briefly surveys a variety of techniques that
were tried for the Cetection of Clear Air Turbulence (CAT)
including microwaves, lasers, electric fields, light beams,
and infrared; etc., and then discusses in detail the infrared
method. The primary objective is to provide a way of remotely
detecting CAT and to obtain adequate advance warning of the
presence of CAT so as to prevent encounters with it. Indica-
tions are that of the variety of techniques explored, infrared
appears to be one of the most promising. The infrared instru-
ment and its principle of operation are described. Data traces
are presented of the actual flight records that show the pat-
tern of the instrument response for instances of detection of
mountain waves, CAT, and the response of the instrument as it
approaches the side of a mountain as a known Ooundary having
a well-defined temperature discontinuity. An improved instru-
ment was developed based on the results of the above flight
test results. This instrument is presently under test. The
basL improvements include much simpler optical sampling,
precise pitch stabilization of the line of sight, and a
mechanical design configuiation and size more suitable for
use in operational rather than research-oriented aircraft.
(Author)

94



January 1970 USAF ETAC TN 70-1

200. Vinnichenko, N.K. Recent Investigations of Clear Air Turbu-
lence in the USSR. Central Aerolog. Obs. Boeing Scientific
Research Labs., Seattle, Document Dl-82-O74O, Aug 1968.
Separately-paged paper (6 p). (Symposium on Clear Air Tur-
bulence and its Detection, Seattle, Wash., Aug 14-16, 1968,
Summaries of papers). DAB M51.5 S989sum.

.. States the need for prediction and detection of Clear Air
Turbulence (CAT), especially for supersonic transport at
high altitudes; review current Soviet methods of investi-
gating CAT at various altitudes using meteorological towers,
helicopters, balloons, aircraft, and radar stations; and
describes the types of standard airborne equipment employed
in CAT research. Results of investigations suggest the pre-
sence of at least 4 types of energy spectra, whose distri-
bution and characteristics are described. Frequent condi-
tions of severe turbulence noted over mountains, where
effective vertical velocities up to 10-12 M/sec have been
determined and turbulent zones are retained over periods
of several hours. Future research will require the combined
use of aircraft, special ground based radar, and aerological
t.echniques. At present there is a lack of any theory des-
cribing the conditions of mesc- and micro-scale instability
of 3-dimensional flow in the free atmosphere. (JPD)

201. Wilson, H.P. On Forecasting Clear Air Turbulence, Met. Branch,
Canadian Dept. of Transport, TEC t72, 6 May 1965, Toronto.
9 p, r -efs, 5 eqs. DAS M09.329 W748on.

Presents a discussion of forecasting Clear Air Turbulence,
based partly on observation but mainly on Clodman's theory
on the subject. (Author)

IAh. Brylev, C.B. Radar Probing of the Troposphere )uder Clear
S§y Coaditions. Leningrad. Glavnau Geofizicheskaya Observa-
toriay. Trudy (Russian) 1968. FlD-m-24-l60-69, 9 Sep 19b9,
28 p. Orig. art. has: 7 figs, 1 table, and 29 formulas. IMB
Files.
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... The author discusses the nature and the origins of radar
echoes in clear air in the absence of hydrometeors. Four
different types are defined: 1) discrete-coherent echo, 2)
reflections from inversion layers, 3) reflections from layers
containing aerosols, 4) reflections from regions of turbulence.
The latter source is extensively discussed. (Author)

203. Buldovskij, G.S. Meteorological Conditions for the Occurrence
of Aircraft Bumpiness in the Stratosphere. National Lending
Library for Science and Technology, Boston Spa (England). 20
Jul 19o9, 24 p, refs Transl. into English from Tr. Nauchn.-
Issled. Cent. SSSR, Gidromet. (Leningrad), v. 35. 1968 pp 36-
48. Avail: Natl. Lending Library, Boston Spa, Engl., NLL-M-
778- (5828.4F)).

... Characteristic features of the stratosphere and their role
in turbulence formation were studied for their disturbances
of aircraft flights. Meteorological analyses of cases of tur-
bulence in the stratosphere showed that turbulence develoýped
mainly at levels near which there was a more or lesE sharp
"kink" in the environment curve. Turbulence which produced
moderate or severe bumpiness was observed at stratospheric
heights up to 18 km. Analysis of upper air synoptic condi-
tions during bumpiness in the stratosphere show.-d that turb%-
lence formation occurred in upper frontal zones and regions
of divergence.

204. Burnham, J. Atmospheric Tvubulence at Supersonic Transport
Cruise Altitudes, Quart. J. Roy. Meteorol. Society, London,
Vol. 95, No. 4o6, oct 1969, pp 782-783. DAS M(05) R886q.

... The passenger in a supersonic transport is likely to have
a noticeably smoother ride than he might expect on current
subsonic aircraft. Although severe turbulence can occur at the
altitudes at which he will fly, research done in recent years
has led to a fairly good understanding of the situations which
produce it, and means are available by which flight in likely
affected areaa can be avoided. (Author)
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205. Cooley, D.S. et al. Research to Determine Cloud and Synoptic
Parameters Associated with Clea, Air Turbulence Interim
Report. fravelers Research Center, Inc., Hartford, Conn.
Contract NAS12-699, NASA-CR-86229; Rept-7496-362, Jul 1969,
78 p, refs. Avail: CFSTI CSCLO4B.

... The relationships between Clear Air Turbulence (CAT) in
the stratosphere and upper troposphere with meteorological
variables, circulation data, and clovd features were studied.
The principal turbulence data used wEre instrumented reports
of CAT in the 45,000- to 70,000-ft layer. Approximate quanti-
tative specifications were determined for ranges of parameters
representing vertical variation of wind and temperature de-
rived from rawinsonde observations. Large values of wind shear
and negative values of temperature lapse rate or irregular
lapse rate in the stratosphere were often associated with at
least light to moderate intensity of CAT. Significant strato-
spheric CAT appears also to be associated with strong south-
westerly flow and with banded and cumulonimbus clouds.
(Author)

200. Delov, I.A. Turbulence in the Upper Atmosphere at Altitudes
of 90-110 Km and its RelationshiR to other Phenomena. Kiyev.
Universitet. Problemy Kosmicheskoy Fiziki. Sbornik (Kiev.
University. Problems of Cosmic Physics), Compilation No. 1,
1966, pp 126-139. Foreign Technology Division Translation,
Wright-Patterson APB, Ohio. FD-M.-23-761-68, 31 Jan 1969,
14 p, 7 figs, 12 refs. IPB Files.

... Systematic radiosorde measurements of turbulent motions
and average wind speeds, (about 200,000 wiLd speed measure-
ments), carried out at altitudes of 80 to 110 km (meteor
zone) over Kharkov in the period from March 1962 to December
1963 are analyzed. Vertical profiles are constructed for the
mean arithmetic values of the turbulent velocity gradient,
the mean square turbulent wind speeds, the mean wind speeds,
and the vertical dimensions of large-scale eddies to deter-
mine the dependence of these parameters on altitude, diurnal
changes, seasonal variations, and long-period variations in
relationship to other phenomena (solar activity, cosmic rays).
(Author)
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207. Gebhard, J.B. Mementum, Heat Transfer, and Energy Spectra
for Clear Air Turbulence in the Mld-Stratosphere. A Thesis
submitted to the Faculty of the Univ. of Utah, Dept. of
Meteor., Univ. of Utah, Aug 1969. 58 p. (in publication).

... An analysis of the Clear Air Turbulence in the mid-
stratosphere indicates that the turbulence is generally
characterized by a highly anisotropic field of turbulence
with an intense lateral component of turbulence, associated
with strong thermally-stable stratifi -ation.

Three categories of turbulence are conisidered. They are
daytime, nighttime, ana mountain-wave tarbuleý. e. The daytime
turbulence is found to be associated with la:•ge turning in
the wind direction with height and a Richardson number
small,- than 1/4. The nighttime and mountain wave turbu-
lence are generally associated with small turning in the
wind direction with neight and a Richardson nrunoer greater
than 1/4.

Analyses of the mcinentum and heat transfer in regions of
turbulence indicate that there is %n upward transfer of
the horizontal momeatkin, however, the vertical transfer of
heat varies from case to case. (From Author's Abst.)

208. Glover, Kenneth at al. Simultaneous Radar, Aircraft, and
Meteorological Investi6ations of Clear Air Turbulence. in
Proceedings of the Air Force Science & Engineering Symposium
(1968) Vol. II, USAF, Arlington, Va. Report No. OAE-69-0004,
Mar 1969, pp wl-w37. AD 686101.

... Simultaneous studies of the lower 15 km of the atmosphere
by multi-wavelength radar, jet aircraft, and special radio-
sondes have been conducted at the JAFNA radar facility at
Wallops Island, Va. Probably the most important result is
that for the particular aircraft and velocity used in thesE
experiments, every clear air radar echo above 3 km has been
associated with aircraft reports of at least Bome per2ep-
tible degree of turbulence. Between the altitudes of 3 and
b km, all CAT was detected by the radars; however, the
ability of the n-adar6 to detect weak CAT decreased with
increasing altitude and only the more intense turbulence
was detected above I'C- km. Tbe indications are that more
sensitive radari than tnose at Wallops Island should make
it possible to detect most, it not all,, of the significant
CAT up to altitudes of at lea&t 15 km. (Pt. Author Abst.)
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209. Gunter, D.E. et al. Low Altitude Atmospheric Turbulence
LO-LOCAT, Phases I & II. The Boeing Company, Wichita Div.,
Wichita, Kans. ASD-TR-69-12, Contract No. AF 33(615)-3724,
Feb 1969, 418 p, 37 refs. AD 853299.

... This report presents procedures, analysis methods, and
final results pertaining to the LO-LOCAT Program (Phases I &
II). Approximately 300 hours of low-level (0-1,,000 feet)
turbulence and associated meteorological data recorded from
Sep 15, 1966 to Dec 20, 1967 are analyzed. A model of the
turbulence environment at low-level is presented in terms of
gust velocity primary peaks, amplitude samples, RMS values,
maximum values, and derived equivalent gusts. Mathematical
expressions of turbulence spectra and scale-length statis-
tics and correlations between atmospheric gust velocities
and meteorological and geophysical phenomena are shown.
The frequency spectrum of turbulence and the associated
characteristics of isotropy, homogeneity, and stationarity
are discussed. (Author)

210. Jones, G.W. et al. Interim Analysis of Low Altitude Atmo-
spheric Turbulence CLO-LOCAT a Boeing Co., Wichita
Div., Wichita, Kansas, TH 69-7, 15 Apr 1966-15 Sep 1967,
Contract AF 33(615)-3724, Feb 1969. 129 p. AD 850301.

... The contents of this report iescribed low-level critical
air turbulence (LO-LOCAT) program accomplishments through
15 September 1967. These accomplishments cover the first
year of the flight period. Utilizing four instrumented
C131B aircraft, turbulence and meteorological data were
obtained at absolute altitudes below 1,000 feet while
flying over specified routes located in California,
Colorado, Kansas, azd New York. At the one-year point,
approximaLely 600 hour- of low-level turbulence data had
been obtained. Analyses of these data show consistent
agreement of gust velocity statistics as obtained from
amplitude and peak samples. (Author)

211. Kadlec, P.W. Atmospheric Temperature Changes Associated
with High Altitude Turbulence. Eastern Air Lines, Inc.,
Miami, Fla. Jul 1969, 0 p, refs. Contract NAS4-1392.
Avail: CFSTI CSCLO4A.

... Previous research has indicated a correlatio•. between
atmospheric temperature changes and Clear Air Turtitlence
in the upper troposphere and lower saratosphere. Date from
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211. (cont)

13XB-70 test flights and military training flights were
analyzed in conjunction with information compiled on
commercial flights to further explore the tempera+.ure-
turbulence relationship. Threte cases were discussed in
detail in which significant high-al.itude turbulence was
encountered. This analysis rcvealed -hat horizontal tempera-
ture gradienrs o0 1- 0 C per 10 nautical miles dep.itea on
met•eorological conotant. pruisuct .arts Lre •indicative of
moderate turhjuleuce. 11 01 ontiittion of 450
or more between two suAceaiuv •,natory cons3tant pressure
levels appear to e "reŽlatea to imiar intensities of Clear
Air Turbulence. ThiL information, Iogether with vertical
tempt.rature profile criterkia. may De isefe'il in developing
remote sensing devices to det_,t C>ýear- Air 'I.hrbulence in
the stratosnj•ece. (kAnthor)

212. rap vt; Albert. Se.vre ý--,usmning of Aircd'aft Caused by
HLip>_Pcitude -t1o:-phetic 'u- enc,, FTD, Wright-Patterson
AB, OhLioe!; . No. MD-ST.-23_-l-49.-O, Web i969, i2 p.
AD 852150.

... A detailed discussion is presented for the occu.rencf-e of
high-altitude turbulence which caused severe aircraft bumping
on the Budapest--rankfurt au Maio route. Various hlpotheses
on turbulence analysis developed in recent years are taken
into consideratiorn ýn an effort to give Hungarian aeronauti-
cal meteorologis);s better insight into th-s phenomenon and
to formulAte an approach to successful analysis of turbulence
cones in everyday forecasting, (Author)

213. Litvinova, V.D. Dal. Variation inL the Turbulence Co-
efftcieiit abov- Fiat Terrain. T'IFentr•.L'Naya Aerologicheskaya
Observatoriya. Truwly (Russian), FT), Wri.,nt-Patterson AFB,
Ohio. 1TD-MT-:44t-osY I199, 9 p. IPP Yii.es.

... The ret~uits of WaXrcraft investigations of' xtmoupneric tur-
bulence between IV ri t.o i ru I.n hI.e area around the city of
Dolgoprudnyy carried out uy tnUi Central Ae-otogical Observa-
tory in 194U are anaiy:ed. A meteoro6.-apr. and an accelero-
graph for recordiag acceleration In A ierticaL plane were
instalied on the air-ral'u. Duri.g the fiignts verti,-al
souzdin6.; were madet from areaý; at heigthti of ivo, 3•U, ')00,
1000, 1StO, A)(A, and 3002 mn, and at the surface of ttie ea-'tn.
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213. (cont)

The turbulent exchange (K) was computed. Individual flights
analyzed with the aid of graphs of the vertical profile of
the turbulence coefficient and the daily variation of the
turbulence coefficient at different altitudes. (Author)

214. MacPherson, J.U. and Lum, K. Instrumentation of an RB-57F
to Measure High-Altitude Turbulence Encounters. National
Aeronautical Establishment, Ottawa, Ont. Report No. NAE-LR-
522, Mar 1969, 24 p. AD 690304.

... The National Aeronautical Establishment has installed a
turbulence instrumentation package and memory recorder on a
USAF RB-57F weather reconnaissance aircraft at Kirtland Air
Force Base, New Mexico. The object of the project named
'COLDSCAN' is to record turbulence encounters and tempera-
ture changes on routine weather patrol and training flights
at altitudes above 50,000 feet. A description of the instru-
mentation system and its operation is presented along with
example data from two of the first project flights. These
initial results are most significant for the magnitudes of
the temperature gradients encountered near 60,000 feet.
(Author)

215. Nathan, N.H. et al. Airborne Turbulence Measuring System
Desin Study, Instrumentation Laboratory, Mass. Institute
of Tech. (MIT), Cambridge, Mass., Report No. R-640, Jun
1969. 129 p. DAS M(051) M4145r R-64O.

.. •This report covers work performed by personnel of the
Massachusetts Institute of Technology Instrumentation
Laboratory under contract to Woods Hole Oceanographic Insti-
tution. The objective of the work has been to join with
personnel from Woods Hole and conduct a design and feasibi-
lity study for an aircraft turbulence measurem,.2t system based
on the Pace II inertial navigation system. An advanced state-
of-the-art system is proposed consisting of a gust-data
reference system interfaced with a remote meteorological in-
strument package. The reference system measures the position,
velocity, and attitude of the gust probe mount with respect
to the earth and records this data and the meteorological
instrument data on a real-time basis. An optical measure-
ment unit, conceptually designed under the contract,
references the externally-located gust probe to the inboard
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2.15. (cor't)

inertial measurement. unit. The system mechanization) although
oriented towlards use of the WUQI C-54, aircraft and an available
15-foct vertical mast, is flexible enough not to be restricted
to this particular aircraft or this particular configuration.
In additi on, the reference system can be used independently
for other airborne applicaiions requiring accurate position,
velocity, and attitude datai. Analysis covers system design,
including velocity compensation of the g-u;t -probe data, and
a technique for accu~ratcly aligning Lae inertial ifeastUrement
unit ½~ the aircraft prior to flight, (Author)

216. Prophet, r~vidi T. Clear Uir Turbulence in the Stratosphere
abo~ve a 1~j.l Line. Lockaeed,-Calif. Co., Burbank, Calif.
Conference on Severe T~ocal S-torms, bth, Chicago, Apr 8-10,

l9,P-reprint cf papers pre'se-t:!d. at the Conference.
(3os'.cn, Americ~an Meteorclogical Society), 1969. PP 3-63-366.

FL. 2ttl, e~.DAS Y. -3 C743pa.

... Aircraft tU:'-bulence data obtained in thie 'Lower stratospnere
above a s;quall 7line are eanalyzed in~ terms of observed irre-
gular-ities in radiosonde a6,eusional rates and mesoacale
meteorological featurez E~ssociated with the squall line over
the special. meso-network of radiosonde stations in Oklahoma.
On this occasion, the irregularities in radiosonde ascensional
rates in the stratospherE are shown to be small and less than
I1 rn/sec prior to the arrival of the squall line. However,
after thunderstorms appe~red over the meso-networks, some
soundings displayed relatively large irregularities amounting
to 2 to 4rn/sec. These vE.Ltues are shown to be comparable to
the aircraft vertical1 vuý.t data obtained over nearby thunder-
stormus. (Auithor')

,I Tatarskii, V.1. Atmospihcriý Turbulence; fIoreign Technolci.Fy Div.,
Wrigtit-Patt.ersoti AFB, T~hic. Edited Trans of YLemlya 2. Vselen.aaya
(IJ'SSR) Vol. 4, No. e, pp 43-4o, lxi6, Bpt. No. FD4-W-C`-45-.t9,
'3 May 14--Q, 13 P. PD !,93d4.W

*... lit thlb convs~rsatxorniaI approach to tnie eff'ect4 of atmospheric
tw-bulence, the Rtmoisphere is ý,ocpared to a Ltibe filled with
wattr containinx.r sowe vif.ible partic~les wkica can be obs.-.rverl
at; Lhey are affe-,ted ILy turbulent ,totion. The eftects of turbu-
lence Kre -:eenI in the at~tion of an airpla~ne whien prestiure on the

vig: 1, uneven, cau--iný., ni t2x.rupy ride. Turtm'ience nas a great
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effect in preventing heavy gases, smoke, radioactive waste,
and such substances from collecting at the surface of the
earth. It is also seen to have great influence on the heat
cycle, refraction, propagation of radio waves, and astrono-
mical observations, causing stars to appear to twinkle.
(Author)

218. Vasilev, A.A. An Ana. rsis of Clear Air Turbulence Using Rsaio-
sorde Data. Transl into English from Tr Nauchn-Issled. Cent.
SSSR, Gidromet (Leningrad) No. 35, 1968, 20 Jui 1969, 32 p,
refs, pp 13-28. Avail: Natl. Lending Library, Boston Spa,
England (NLL-M-7726-(58284F).

... Clear Air Turbulence (CAT) forecasting is studied. The diffi-
culties involved are: 1) small-scale atmospheric processes,
distinguished by intense turbulence, from a few meters to a
kilometer in thickness and from a few kilometers to hundreds in
horizontal length and variable in time and space; 2) the sub-
ject nature of estinw.ting the severity of the turbulence.
Optional predictors of turbulence for an objective anal.ysis
and turbulence forecasting from radiosonde data are chosen for
this investigation. it is concluded that the best form of
analyses are pilot reports of turbulence on regular flights.
Turbulence forecarts by means of simply moving the actual
report eastward using the best meteorological parameters are
considered highly reliable.

219, Vasilev, A.A. An Assessment of the Effectiveness of Synoptic
Criteria for the Existence of Clear Air Turbulence. Transl.
into English from Ti, Nauchn-Issled. Cent. SSSR, Gidromet (Len-
ingrad) No. 35, 1968, pp 29-35. Avail Nat!. Lending Library,
Boston Spa. England, -L-M-7732-(5828-4F).

... An analytical method for squaring off turbulent and non-
turbulent areas in the upper troposphere is used to test the
predictive ability of synoptic criteria. Four observation
series were used to detert~lne the irequency of turbulent
squares, the frequency of nonturbulent squares., and the pro-
bability of bumpiness for 11 synoptic models. Statistical
distributions of these frequencies revealed thit none of the
synoptic models was adequate to forecast turbulence morpholo-
gical criteria vere essential for this achievement. Findings
are 1) bumpiness zones produced by turbulence could develop
in any %f the synoptic criteria, 2) turbulence is observed
most frequently in a diffluent oataur zone, on the cyclonic
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J'i9. (cont)

side of a Jet stream, or the axis of a trough, and formed in

ridges almost as often as iii troughs. 3) Bumpiness formation is
greatest in troughs, and sometimes unassociated with any pres-
sure field characteristics, but instead with vertical wind shear
7one3. Synioptic %nd quantitative criteria combined were re-
comu.ended in the anaiysis of' bumpiness.

,?O. Zimmerman, Samuel P. Turbulent Atmospheric; Parameters
Determ~ined from FRdio Meteor Trails. Hanscom ?ield, Bedford,
Mas'., Air Force Ceu.breage Research Labs., Office of Acrospace
Re:.eaich, U.S. Air Force, 19b9. l1 p. (U.S. Air Force. Office
of kerospace Research. Environmental Research Papers, No. 300)
PYCRL-69-0iuo. DAS M(05) U56en no. 300.

. .The application of -oirbulence theory to atmospheric struc-
tuýre revealed by rwtic meteor •rails clearly demonstrates that
"a>tc;elor ana Cbjiukoff 'I r stricture function for isotropic tur-
bi,;i.ce explains some ou' tue obse -,d -?Iations. From these
measuremnert.s, parmceters such as the rate of viscous dissipa-
tion, the edlAy intensity, the local eddy Reynolds num oer
de.3cribing the ,urbulencc, and turbulent diffuEion cceffi-
cient are dete-mined. An estimate of tne rate at which
t'urbulence extracts ?iind energy from the diurnal tide is
given.

The± resultb of t' parametric s'Iudy suggest very strongly
tha... thA universal range of the turbulent spectrum, in the

upper atmosihere, contains little or no energy extending
into the inertial subrange. buL lies for the most part near
tne vie.ous (high wave-number) region. (Author)
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