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ABSTRACT 

There is nuch disagreement as to (a) what causes clear air 

turbulence (turbulence which Is not in or nesr convective clouds and 

is above 15,000 feet in altitude) and (b) which meteorological paras- 

ct3«-s ".en be used to detect and foreca  its occurrence. The approach 

to this {•roblem has been to relate not one parameter to clear air 

turbulence but various parameters. By sinning these parameters areas 

can be defined where there is a high probability of encountering clear 

air turbulence. Each parameter has been based on a statistical study 

which found a relationship with clear air turbulence. The parameters 

used were horizontal and vertical shear, curvature, kinetic energy 

and their derivatives. 

The numerical forecasting program proposed here can be extended 

to the stratosphere when more reliable height and temperature fields 

are available. This program will haw much more significance when 

intermediate forecast height fields, temperature fields and a grid of 

much smaller mesh length are available. 
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I.     urraocucTioi 

Tb* ptxtnooeaon of clear sir turbulence   Cbenceforth denoted aa CAT) 

mffmaxm to coculct of raadoe three dlinensional eddies that occur in 

certain confined regions of the »tmoaphere.    This phenoeenon was first 

recognised In the early 1940"s ag "air pocKete",  and has gained  In Im- 

portance ajc depth of study with the development of fast-flying swept 

wing and delta winged aircraft.     It  Is of prime  Importance to the avia- 

tion Industry because it affects the safety and  cmfort of passengers 

and crew,  as well ea operational costs.    There have been several cases 

where  loss of coutrol  of aircraft,   structural damage,  passenger and 

crew 5njurlea   (even deaths)   have resulted  fröre GAT. 

Aircraft manufacturers and the airlines are  lacerested In CAT In 

order to determine the  strength of airframe design so that  it can be 

built to witiistand all degrees of turbulence.    Planning of supersonic 

transport  aircraft  is considering the effects of this unexpected turb- 

ulence occurring at auy flight  level In the atmosphere.     Therefore,   it 

faccoaes an even greater operational problem in the era of future design 

of SST aircraft as  to coat,  safety and comfort.    CAT is usually leas 

intense than turbulence encountered in thunderstorms    I     .    CAT may be 

considered at times mors dangerous  than "thunderstorm turbulence"  as 

it usually occurs with no visible warning. 

The various military agencies ere deeply concerned with the under- 

Ätaading of CAT and  its prediction so they oay be better prepared to 

take it  into account operationally in all areas of the world.    Scleatiets 

are highly interested  In CAT because it  Is a phenomenon of our environ- 

ment that is not clearly u^derstood.    We are faced with the problem of 

having to rely on mesoscale data while the phenomenon is of a microscale. 

Because of the great differences in scales involved in the forecasting 



problem. Isolated patches of CAT (In either space or tiaa) art verv 

difficult to identify. It is the Intent of this p*?«? to develop a 

numerical forecasting aystea of CAT «hereby aa enzplrtcal approach ba« 

been used to e-complish this end. 
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2.      MIA nOLLBCTUM 

Tä« ofttore of clear air turtclenc«,   its pbytics «x   Its aeteoTolo^j, 

aro «till not  coa^latslj «Sbemtdod.    More aeeoscale  (2Vs» to lOCk« 

beriajotal dietaacc)  «si rlcrosctle  (less thaa 21o»)   stad.es   «u». be 

lüde  coccemiiig  cbe  ccaces »ad geoeratico of CAT.    Any laprovsaent  In 

forecejtlng  «kill that »kT be reelixed by this study vlil probably reralt 

froa iöcressed ■ecotcaie  input date Into the   forect-t problem.     The only 

•esoscale aeaasrsaests arailsble operationally at  this tiae which concern 

the problea «re ratrinsoode dats that give s nearly coccinooos Äearure- 

»ent  la the vertical of vind,  pressure,   te&perature  and hxaldity fros 

the  surface to atovt 301» is altitude,   and  satellite clcoi pict-.rä? 

that delLieate cluntd  itrocturts devn to a scale of about  Tea. 

The uAial detinitioc of CAT ic "atmospfesric turbulence isfeich is 

not in or near cocrvective  clcods,   including thuoders'.ozBS,   and is not 

below 15,000 feet  in altitude'',   *4} Thus, aechanlcal turbulenc*.   induced 

by ro-vigh terrain is excluded.     It  is realized that this  is  am cxtrenely 

arbitrary definition resulting fro« a desire to 5i«plify pilot  reporting 

procedures. 

Turbulence  intensities «rej,  at present,  de-tignaf.ed as light, «od- 

erste,   severe and extreme.     In recent ys^.s  several definiticms of the 

four categories of turbulence have been proposed.    The current defin- 

itions  in official use were developed by the National Advisory Co«aittee 

for Aeronautics  (HACA)  Subcooaittee on Meteorological Frobleas   (1957), 

See Table 1. 



There are few quantitative measurements of atmospheric turbulence 

at any scale. The bulk of the aircraft turbulence data available is 

based upon the four categories stated in Table I, (4) , and, conse- 

quently is highly subjective and qualitative in nature.  Included in the 

factors that affect the subjectiva decision cr the pilot when reporting 

turbulence are the wing loading, the aircraft's speed and attitude, the 

pilot's training, experience, and his psychological reactions (1) , 

Objective criteria for turbulence reporting must wait until more 

seasurements are made of the conditions existing in the turbulent eddies, 

and uitil cockpit inatrucentation includes a gust load or turbulence 

indicator. 

Much tlae, effort and finai. ;ial support have been expended in this 

cot.ntry by the government, the aircraft industry, and private rind public 

research facilities to investigate the problem of clear air turbulence 

and to find a good approach leading to a rolution to this prublCT. Thio 

research has gone forward in three broad categories:  first, research 

concerning the correlation of CAT with macroscals, mesoscale, and/or 

«icroscale atmospheric aeasurements; second, research into instruafn- 

tation ftr the detection of CAT sufficiently far in advance of the air- 

craft to allew evasive measures (6) and third, research by military and 

airline organizations ccjnceming the operational aspects of CAT. 

Various projects such as HICA.T, ÄLLCAT, and TOPCAT have been under- 

taken to study clear air turbulence. The problems encountered were many 

but the results showed that it was indeed possible, with suitable in- 

BtrMentatton, to find, track and record CAT. The use oi: constant level 

bsllona and doppler radar to detect CAT has met with sooe success, but 

again tbe lack of detail necessary in CAT studies leaves uuch to be 

desired. 

10 



^««sujfaBects &* the aderostructure, which contains the parturbrttona 

of CAf dtatesslons (100 to 500 seter wavelength), have been taken by 

specially inatruaeoted aircraft, until  receutly the alrcreft itself 

«aa use*! &n  a sensor to aeasure ataospheric gusta fron the aircraft 

acceleration data. The Air Force realized the danger of relying «clely 

on the acrei«ration response of the U-2 aircraft as & meanure of turbu- 

lence at high altitudes. A full knowledge of the aircraft's response 

to turbulsne* over a wide range of wavelengths is required for meaning- 

ful iaterpretation of ?uch data. This procedure usually gives reliable 

results at short wa'-2lengths up to a few hundred neters. At long wave- 

lengths, this InstrueentatioQ becosnes lees  sensitive. Accüierations in 

longer waves «re usually snail and can be masked by pilot induced air- 

craft aotlons. 

.-■ A supersonic or hypersonic craft of some radical shape, flying four 

to ten tia&s the speed of the U-2, will obviously have a soaewhat dif- 

ferent respemae to turbulence than the U-2. An aircraft flying at 

t-hese hi,  speeds would be affected such more by longer turbulence wave- 

lengtba aad leas by the shorter. 

As pointed out earlier, the meteorologist has few direct measrre- 

oents of turbulence intensities and must depend upon the ^curacy of 

the intensities reported by pilots. In our study, we used the Colson 

monthly turbulence siaa&tarieo which «"are obtained from the Air Force 

3rd Weather Wing at Offutt AFB, Omaha, Neb. This report suited our 

needs most closely because the CAT reports were detailed as to location, 

time, altitude and intensity. In the period used in our study, December 

1964 through March 1965, there were no less than 3670 CAT reports. The 

11 



TLfmnt «rr«   »SCJCJB* v—a z.m  Tnxet   i- tza  mac ur.Jom*?  frm thotsz 

15,aB£ ittrt   b« tec« 4! ,8»^ £•*».    Tte »ct« vert coile«»«  fnm miiiZMxy, 

zUriXim   ij» »ri««a« •.lrcr«£r      TWr «ra,  •« «miMarf Mfert,  fait« 

Ix t3M cxr«« atf £klfl MM? tsrr* tia» ^trMtAt *« lac«rv*ii vill 

It u  taovrtcK t« «*t«i;i4fe as  lilj »«lac «M.<& f.lot* «ex« 

A imm mmBti. >«Ti^£   3»^eB3«T  IM* tkr^^ei *Lr^±  1965)   i« «»•£  for 

tat r«**4»irc4 .TTa^ra« s«ria( «tier an^ra.1  ftaü* ««r« eas^rjrs^SSli. 

.vÄS»iaB  si   fi<*«» s4 4iii«a«äE£ ae:««<cLacteal pan^^tar* «era  »aa«- 

Zjmm* •ar^Lw.    Tbac all MC  ?m  si taaa war« irw^wi ta aar x-rdhar 

■~T*m -«^ag xan*.     Is cria «sr arly tire«  si r^e  sriflaa.! ac-rcs 9*xi 

?^«e t-'ja* fcrx ^rrioc    li -  12 Sa^rä.  iät» aaa a»^« ter a -«rlfl- 

tj&Um a« «acr-alatue «ca^f.    ^ariai tikis perlor a£ riaa a eaaparlac« 

v>a*  «ac« t* f ia£ «ue  Sksw aair? tiaa« Ut? arraaily accarra^ ia area* -sbarc 

Flaallr.  12 r^raarr  1ÄJ  wu  irt^rzarllf caaaaB fnm the imst 

IKMCS. far^K anc sac^  am'y loz iJvamrtratixt$ torn -KarlBaa  tttiÖM ami 
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3. tm  CLEAB AIX TÜSBÖLEIKS STUDY 

Cleer «ir turbulence (CAT) is a mlcroscale pheEocienou (less thaa 

2 kilceaeters In horisontal sxtent) but the coraiitiona which are sympto- 

tsatic of It" exietfeßce are of amyoplie scale. Therefore, synoptic 

scale psraaeters sisv be uaed to determine areas where CAT could occur, 

that is forscasting areas where there Is a high probability of CAT, 

Frc= various reporta sad theii contradicaions it appears that no 

single peraneter can detect GAT. Certain parameters can detect the 

possibility of CAT in  seme synoptic situations but fail in others. 

The approach used in this paper was to take statistical studies 

made by previous investigators and to use the basic parameters which 

they related to GAT (2,3,5,7,8). If the magnitude of any one parameter 

becomes large or the sum of various parameters becomes large then there 

iß a high probability of CAT in that area. Therefore, the problem is 

not one of forecasting actual CAT but rather to forecast areas of high 

and lew probability of encountering CAT.  In this way flights may be 

planaed so as to expect least CAT. 

The research program consisted of computing the equations shown 

in Appendix A. These equations were computed using the CDC 1604 digital 

cottputer. The program was written utilizing symbolic coded relocatable 

assembly program (SCPAP).  It was necessary to use fixed point fractional 

rashers in order that Fleet Numerical Weather Facility (FISWF) subroutines 

coold be used. Ail finite differences were computed using standard FNWF 

mesh length of 381 kilometers true at 60 degrees north latitude. There 

are BO time derivatives in the program. The research reported here is 

accomplishsd uaicg analytical fields. Operational use would employ 

13 



forecast fields.    Results would naturally not hav« been as jood tf fore- 

ci&ot fields were used In thl« research.    "Prog 24 hour»11  printed »t the 

bottom of each field represent» the practical forecast interval  *o be 

usad operationally. 

The research prograa was written to compute CAI In t'cree layers 

500 to 300, 300 to 200, and 200 to 100 »illlbar». Ca»putations were 

not isade for the third layer since 100 »illibar fields ver« not available. 

The research program was written to compute on the entire 63 x 63 

FNWF grid of the northern hemisphere.    A. boundary condition of aaro WM 

used for the outside rows and  coi'jaans.    The print routinea are 22 z 22 

extracts of the united States starting at FHWF grid point J008,  1018.. 

The latitude and longitude coordinates of the four corners of the printed 

fields starting with the lower left comer proceeding clcckari« ar«; 

9.1M 109.5W, 44.5H 165.5W, 57.7B 3.IS,  13.OH 58.8tf. 

All printed fields are pure numbers and have no diaecaional 

meaning.    All scaled outputs have been chifted to the left end of Ltae 

register and the first three numbers with sign bit are printed oat  Lx 

decimal.    Grid points can take on values  from -,955 to -^999 szcapc t.:cse 

fields which have been made all positive.    The deciaal point doet acx 

appear on the printed fields.    Therefore,  the printed grid point values 

are from -999 to +999. 

In the research program, the capital letters refer to the paraantar 

as computed  from the data.     The  small case  letter«  serving as expoaeats 

represent the number of times and direction t e register has to be 

shifted in order to place the significant portioa into tha first thn« 

numbers.    Therefore,  the two with exponents  represent tbc  scaling co- 

efficient.     Since Che computations were  in  fixed point  fractional  all 

14 
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t« ^ai tm k* tklttoc »a M »at to «KaM< aac cz ay sr^ ?oi*t 

I* et» fi^U.    frr—<1^| amm -wld rfc#zlt  ta a aMaiagl««« Tata* at 

tint yarsLeaUr grid yelac.    La aMUloa the ««tir« fUid b*< t« Iw 

tape lax«* «aaaBh »P ckar ytttra» caoii aalrc aa£ sot b* at or aear 

tk* flcU.    ilaoc täaac flaU« ua  i — I tkey wtt be 

► a« aot to caaac tat  .imu itioa field to easaarf oae at 

aay grU »slat. 

tVe retaarcfc paagaraa «aa rse for tklrty-ti» day« Asrlsc acoaabar 

l>b4 «M  Jamazy. Pcbrwxy.  aerf Mortä 1%5.    The türty-stx iaya «eia 

-So»«ia brton  tbry aar« t^c aaat tctiwt la CJLT raporta Aarlat A* ^o"" 

yariai.    ia otbar mmc**r Caere «ere msTt refortt by pilots «a- 

CAZ aa tbeaa pardaalar dar».    Ia order ts obov ae n aajle 

of aufc ClaU frlatai oat by tae caacarcb Teofraa cat rlac 90Z 23 TO «5 

aoe «r^iccartly aalactarf.    Vktm ttaUs appaar la lypea^ia C.    Kaeä fcUU 

by «a Laitotteol tera *lct «HI be oeacrlberf  o«  lollfnm: 

m ran ss cv rm tu am rmcajm jjraBu. u 

Ike rUat Tasa U t* k ebez* 4 U cäe Laslaclaa af ^oolotc 

aartisiry.    Ihea tfcU t*r» ts se^ozivc Cbaza  Is a local aaxloEB af 

afcaolote   «orticix; saaaiat ^  *-*  iaryer at Z±MI  grU polsz  cbaa the 

«aezapa rsf cbe aan-ti—Hat »rl4 poises.     13» re fore,   the cycloai^  carra- 

rore or c^loarc abaar or bocb are  reLaclvel* larse rt tsat jrüi ooiat. 

Tkla cboalM  ^iiaa»uarf  to eke  ccU  tl^e  of  tbc  ;et especially la 

bccaeälas to lailixs. md Hdaaa (1)  tiers  is a greater per- 

i£ CAT oa cbe  cell sUe  af tbe  >ai.    Also acroi^toc to aarriaoa 

(7>   Ckrrc   is a otraaf  tiaieary  for aoderatc   ts  aerezc  CAT  to be   asso- 

«IrÄ, t-raaü  liaas. 

15 



Tbi» term was cocputed for the layer by first caiculattng the 

absolate Torticlty of the upper and  lower level 0 fields, the Laplsciaa 

was then taken of each field and e vertical average eadc of the upper 

sod lover levels to obtain the Laplacian of vorticity of the layer. 

This parameter has depleted most of the CAT associated with the 

troogh over the western United States. The severe CAT near Kew Orlean« 

is in «n area of very large negative numbers.  The field is contoured 

at intervals of 100 with the origin at aero. 

THE SBC01© TMH 

The Second Tera is 2 B where B is the absolute value of the 

vertical change in toe vector thenaai wind. One of the paraneters 

which Lake's (7) statistical testing indicated was associated with CAT 

was the vertical gradient of wind shear. As shown by Richardson (9) 

the thermal wind shear is proportional to the gradient of static 

stability. 

The u and v componencs of the thermal wind were computed from the 

upper and lowei level temperature fields. The difference between the 

upper and lower level values of the u component was found and fach 

difference was squared. This was also done for the v component. The 

square root of the sum of the squared differences gives the magnitude 

of the vector difference. According to Endlich and McLean (3) the 

largest values of the thermal, wind shear appear on the warm side of the 

jet. This was found to be true throughout the four months. The contour 

interval for this field is 25 and the origin is zero. 

THE THIRD TEBM 

The Third Term is 2C C where C ia one half the geostrophlc wind 

velocity squared. C therefore represents the specific kinetic energy 

or in other words the kinetic energy per unit mas» 

16 



Cl«» (2) focad that aost cases of aoder&te to severe CAT v«r# 

«ssociAted with Areas of laotach atazlma. 

This ten was computed for the layer by calculating the u and v 

covpoaents of the geostrophic wind at the upper and lower levels. The 

upper and lower level u cooponents were vertically averaged to obtain 

an average u component for the layer.  The average v component for the 

layer was obtained by a similar process. The magnitude of the velocity 

squared Is just the BUS» of the squared components. 

In the research program this field is contoured at intervals of 

100 with the origin at zero. Contoured at this Interval the kinetic 

energy field clearly depicts the isotach maxima regions. The kinetic 

energy field in Appendix C shows this field depicting the CAT in the 

western part of the united States occurring in areas of relatively 

large wind speeds. The kinetic energy field fails to indicate the 

severe CAT near New Orleans because it occurs in an area of relatively 

light v»inds. 

THE FOURTH TEEM 

The Fourth Term is 2d D where D is the absolute value of the 

derivative of the kinetic energy with respect to pressure. 

Lake's (7) statistical testing indicated that the gust intensities 

are related to the vertical gradients of horizontal kinetic energy. 

This term was computed for the layer by first calculating the velocity 

squared at the upper and lower levels. The vertical gradient for the 

layer was then obtained by computing the difference between the upper 

and lower level values of the velocity squared. The absolute value was 

taken so as to have all values positive. CAT should be associated with 

17 



large values of this field. Large values of this field were found 

only in areas of large values of kinetic energy. This field was 

therefore redundant and «ras eliminated from the CAT forecast program. 

The coatera interval was 100 with the origin at aero. 

THE FIFTH TERM 

Tha Fifth Term is 2s E where E is the absolute value of the 

Laplacian of kinetic energy  The statistical survey made by Endlich 

and McLean (3) rhows the maximum occurrence of CAT along the edges of 

the isotach uaxima. The Laplacian of kinetic energy shows large 

horizontal changes in kinetic energy, both positive and negative. 

Therefore the absolute value of the term is taken in order to give 

only positive numbers. The contour interval was 25 with the origin 

at zero. 

This term was introduce1 to depict the areas of large horty.ontal 

change in kinetic energy. However, there was no relationship with 

reported CAT. This field was therefore eliminated from the CAT fore- 

cast program. 

THE SIXTH TERM 

At this point in the research program it was necessavy to sum the 

first five terms due to computer memory space. This term, referred to 

as KAT1, was the Sixth Term. The contour interval was 250 with the 

origin at zero. It was found that this term did not supply signif- 

icantly new information since it was dominated by the kinetic energy 

and the two associated terms. 

THE SEVSHTH TERM 

The Seventh Term is 2f F where P is the Jacobian of t?mp€rature 

and omega (component of the wind norsial to the pressure surface). This 

18 
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v c*ZB «M dr*«lofwl V* Dr. üoore of Dowlas Aircraft and Dr. Fi IITIIIIMIH I 

i (.T>.    Tkc UttcT ws aiaociated at that tiae with the CniTercity of 

Callivrala, Lot in^i 1 ■ ■ «sd eocatilttat to Dougl*« Aircraft.    The term 

«a« dc-vclcycd «a tht Jaccbias Ctf  -emptracmre and three dimensional 

dl-vcrceace.    As shoan in their paper this  is proportional to the nega- 

tive «f the Jacoeiaa oi teaperatsre and osega.    This tern was coaputed 

rot tha  tower level of each layer in the research progras.     The contour 

interral  for this ten» was 100 with the origin at rero.     In this pro- 

fraa ac aifalficaat nclstio«Jsbip was found with large negative or 

poaitiwt aasbcrs ever the four aoftth period.    This tene was therefore 

cltateatad fron etas CAT forecast prograa- 

>i IITKTV: n* 

TSJ Eighth Ten» is 2' G wvere G  is the absolute value of hcrieontal 

4iwerf*ace.     It «as  cosseted by taklag the derivative of oaega with 

respect  to pressaxe.    As previocsl* stated the entrance and exit regions 

of  Lsocach manrkm* w.M have t-tvo. found to b* associated with CAT. 

Tfeaac area» arc also asaocisted with horizontal convergence at the 

entrance and divergence at the exit  regiocs.     Therefore the absolute 

ralae of the  change  in oaega with :resrure  represents the convergence 

asd divergence  ia the  layer parallel to the pressure surfaces. 

R>is teas was ccapated by subtracting the  lower level  oaega value 

f rcw tht sepper level  oMege value at each grid point.    Areas of con- 

'wrgence cad jiverg.yace of tht height  field are cuite vividly depicted 

by tbe div<rgri ie  field.    So significant relaticmshi? was  found between 

the •ivergcec«  field actd the Qtl " .curreaces,   therefore-   it was eliÄin- 

area  fiaa the CAT forecast  progria. 



THB KISTH TEHM 

The Ninth Term was KAT2,the smmsatioa o£ all previous terns. No 

significant xelaticnshlp was found with CAT occurrences since several 

terras tended to cancel each other out. 

The program thsn goes into the second layer from 300 to 200 milli- 

bars. All terms were computed and scaled the same,  except the diver- 

gence term. It could not be computed because the 200 millibar omega 

field was cot available. 

The third layer from 200 to 100 millibars could not be run for 

these time periods since the 100 millibar fields were not available« 

There were very few CAT reports above 200 millibars, thereforej the 

loss was Insignificant. 

In all three layers the lower level height field s printed out 

first. This gives a general impression of the synoptic situation and 

renders more significance to the patterns developed in the other fields. 

The contour interval for the 500 millibar field is 60 meters with the 

origin at 5580 meters. The contour Interval for the 300 millibar field 

is 120 meters with the origin at 9120 meters. The contour interval for 

the 200 millibar field is 120 meters with the origin at 11,760 meters. 

The GAT forecast program appears in Appendix D« The first three 

terms of the research program are used with minor changes. In the first 

term "a" is changed to minus one and the contour interval has been 

changed to 150 to give better defined patterns. The second term has 

been used unchanged. The third term is  unchanged except for the con- 

tour interval which was changed to 50 to increase the pattern size. 

The KAT field itself is the summation of these three terms and gives 

quite reasonable patterns and pattern sizes. 
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i « The p«ttem arc« daplctiag a high probability of CkT Mould  necei- 

sarily be larger during a more active GAT period. The swat active 

part of the year was ths fcur month period December 1964, Janaary, 

February, and March 1965. During these months the most active three 

day period was the tenth through the twelfth of March 1965. Therefore 

the KAX fields hive quite large pattern sizes in Appendix E since they 

represent the most active three days of the year. The SAT field 

pattema xvere smaller for less active periods. The total area covered 

by these patterns is much less in the KAT field than in the other th.-ee 

parameter fields. 

This is exactly what was attempted In order to obtain optimum 

slse of the forecasted danger areas. If the KAT field patterns are 

too large, flights will be rerouted uunecessarily. On the other hand, 

if the KAT field patterns are too small, there is a real danger of CAT 

occurring outside these areas. Therefore, the restraint of the KAT 

field patterns Is necessary in order to have an operationally useable 

product. 
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4.      DISCDSSICa A» RSCaeffiJEATIOl F(Ä FÜTüai STGDIM 

The period used  li* this p*per was  chosen bec«n»e of tht largest 
I 

nuaber of reported CAT oecurrtatei.     Of the  foar »oath period   (Decenber 

1964, J&mxkzj, Fehruary and March 1965>  there wer* scattered pericd« 

«here a large maaber of occurrences were reported.    This  fwir-««rth | 

period was used to d'tenalm which parameters were best  «uited  fox 

forecastiag purposes.    The three-day period of 10-12 March 1965 wts 

selected  for a correlation study in order to find out how successful 

our forecast method  is.    Tables 2,  3,  and 4 show the various fields 

used  and the resultant KAT field for the 10th,   11th and 12th jf March 

1965. 

The use of the term "percat  correlation" as used In this study 

does not mean to imply a statistical correlation. The ideal forecast 

verification makes use of those cases where CAT Is forecast, but does 

not occur, and where CAT is not forecast and does not occur. la our 

study it was impossible to take those cases quantitatively into account. 

Therefore, it is to be understood that "correlation" as used in this 

study was a general comparison of those reported CAT occurrences that 

fell within the delineated area of high probability of CAT against those i 

that did not. For example, if there were ten reported CAT occurrences 
I 

for a given layer and time reriod and six of these reports fell inside 

or on the line dpslineating the CAT area and four reports (-ill  outside ! 

the area, then for that field, layer and time period we would list It 

as six occurrences correlated or a sixty percent correlation. 

Listed are the names of the fields, the number of occurrences 

of CAT for each field and the percent correlation by field. Also shown 

are the number of occurrences and the number of occurrences that cor- 

related by field and CAT Intensity. i 
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I 
Aft« txmkttiag ö» i*M9li£i*L of Vostictty, ?ert.ic*l Cr»(leac «f 

Tfeecaftl Viad «nd Kiaittic Kasru *n arrive &t cite LiZ Field whici is OKT 

end product  for ti* «T*A of bifh probability of CAT occorresc«».    5i»s 

thoo^b « hijfher corrclktioB my be seczt in SOBC  fields other tbaa the 

ZAT field, o«e should realise tbet these fields eacaapessec e ler^er 

theft everts» are«>    la such case« oat wn»z expect e high correletioK. 

Tb» high correlctlso Is then not due to the floesse of the  forecast 

method, hut raKher due to the fact that for aost nf the ISA tb^te w» 

a forecast of high probablllt; tor CAT.    Theoretically,  It uooid he a 

good  idea to divide the percent correlatloa (ruch as we coaccted)  Ij 

the sise of tha area for «hich CAT was forecasted.    Vfe did iwt folio« 

this Idea quaatltativelj,  but ualy qualitstiTcly.    Therefore,  one fiais 

that the pcrceat correlatloo for owr ultlaate forecast  (laheied EAT) 

is sflnetiaes lower thss. the percent carxelstion for oec tt ti*t three 

separate forecastlag fielai. 

Table 5 is a trmmtrj for the three day period.     It shows the total 

nuGiher of CAT occarreaces by turboleace category,  pesceat correlatieci 

by field «ad torboleace category, erai the three day percept cerreistic» 

by field. 

The x«s«lts were acst eacooraging aad we feel that asx end prodect 

was a substantial step is at least the right direction tewatd fexecrating 

cleas air ttarbuleace.     Our kncwledge of the seso-  sad ad.cro- strrscture 

of flc       attems in the free atmosphere,  especially above the tro^paEie, 

Is -rill rather poor,    A strong need still exists for a well organised 

and >rell equipped »>esureaent  progras,  especially at  flight  levels of 

the future superaouic transport aircraft.    Measuzesent progra&s using 
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TH1 MDJTH TEBM {p.   20) 

KAT2 « KÄT1 + 2U J[T^j  - 213|—| 

PROG KAT PIOGRÄK  (p.   20) 
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7.    AFPEKIX B 

THE  RESEASCR CCKFUIEE ?*OGTiäH 
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10. APPENDIX E 

PRINTED FIELDS FROM THE CLEAR AIR TURBULENCE FORECAST 

COMPUTER PROGRAM FOR OOZ 10 MARCH 65 THROUGH 12Z 13 MARCH 65 
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