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[ ‘ E C -  T I  y E DU MM A ’ r’ : ~I lI RU ANNUAL WOR K SHOP
ON M [TEOPOLOGICI ,L AND L N V I  P O N M L N T A L  INP u TS TO AVI A TIO N SYSTEMS

Dennis “1 . Cu ll ) , ,-li l ter r ri)b t ,

J017 r7 4 . Conno ll y , Joti r H. Enders , and Joseph F. Sowar

Organization Comm ittoe

I N T P C D U C T  I O N

T° e T h l r d  Annual ~iot ’ ks hop on Meteorolog ical  and Environmental
Inputs to Aviation Systems , held at the University of Tennessee Space
Institute on Aj-ri ’ l 3-5 , 1979 , was sponsored by the NASA , NOAA , an d FAA .
The ou r p o s e  of these workshops is to t irin g t o m : e t i m e r ’ the var ious seg—
‘ loo ts  of the civil and military aviation community , air traffic personnel ,
p ilots , aeronautical educators , researchers , accident investigators ,
aircraft designers , and general service personnel with meteorologists
and a t ’Iosoheric sc ien t is ts  in round table d iscussions to es tab l ish  and
identif y the weather needs of the aviation community and to determine
how these needs mi ght best be satisfied. Some insight into the theme
of the workshops was provided by John Enders in h i s “Welcome Rema rks ” :
“The First Annual Workshop provided an opportunity for a ‘mix ’ of
researchers , pilots , designers , fo recaste rs , a i r t raff i c and weathe r
service specialists , and airline management to express their individual
and collective views on weather problems in the av ia t ion  system. The
Second Annual Workshop held last year focused on detailed examination
of the most severe weather problems identified at the first workshop,
with a view towards seeking consensus on appropriate public and private
sector act ions to solve these problems . Ou t of those di scuss i ons l as t
year it became apparent that trainin g and education throughout the
syster-i were important to achieving a better understanding of weather
hazards and weather—tolerant desi gns and operations. This Third Annual
Workshop has been organized to exp lore the training and education
question s in more detai l in the context of design , operat ions , a n d
accident invest i gation.

Resul ts of the f i rst  two workshops are presented in proceedings
of Camp and Frost , 1977; and Frost and Camp , 1978. Similar proceedin gs
for the third workshop are presented in this report.

Committee ef forts for the workshop were concerned w ith several
hazard areas: [(1) winds and wind shear , (2) icing and frost ,
(3) atmospheric e lec t r ic ity  and l ightning, (4)  fog, vi s ib i l i ty , and
cei l i ngs , and (5) tu rbulence] and how they impact (1) training,
(2 )  f l i g h t  operat i ons , (3) accident investigation , (4) air traffic
co n trol , and (5) airports . Float ing committees consist ing of individ-
uals with expertise in the area of the first five committees interacted
in round table discussions with experts in the second list of committees .

2
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S ,iImJIl ,,t r ’ f u ’s r t I e  co m ’ i r ’ m i  I r e ’ , ’ I i l C d C r m i ) ’ s  , i r ’~’ presented in the f o l l o w —
‘ i i  si ’ . j e l l s  -
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•,, ~ I N:~

y ’ d ’  t ’  t o t s s~o t i , i r i  is c l e a r ’i~ ~r idica tive of two major con—
1 ’ - , , r n~j pr ’oL ’ lern— ii i ? ’ t i~~ av i atio n ( t’ t’~ ’ l l J f l l  t~ . Ui1’ ~t ’ ib le m for general

as la t C O I l  C S  ‘ Ii ’ ‘ i’d 1 ‘ ‘ ‘ 1 ’ t~ ir i d obs erv at io r s , “iore accurate wind
, , , ‘ r t  w il l ! r n t r ” a t i ,i n I t i r ’  a l t i t udes  below 10 ,000 ‘

- t .  L . ’ .- lt ’Sr ’l 5 t ’ l i l  S I l t ’ , l r ’ i s  mo re 0’ a co ncern (prohler ~t )  to hi gh
no r ” - ’’ ’ ’ rice a i r c r a f t  dun -: t~~kr—ü f I and ci rm ’~h ru t  a r id in approach and

- I.

A r i - Is d?’d ‘ . I n i  S1- r ’a r Cl ’lmlll t t t ’ t ’ ,lt i S i ! r l’r’L i t h e  problems in the
c Of l t ”~~I 0 ’ sesi ”a l irtt ’ni ’r ’ l , it , ’d s O l O I i - , Iil “ t ’t hOdS; r ia m’ i t ’ l s • (a) sensin g

‘ I t ’ L i  i i ~ 0 ‘ - r t’~~as r i i i , -
‘ 
c) in’ ’ r’~’ ,m t I ,n t ’ s  c ~ a r )  l it ’ , d jn f0 r ’ t ia t I or k

- 1 Ii . 0110 0 )  i ’ ,iucat 1 Il a n , !  t i - _ i I ni n i .

0 .  Sr ’ r i s t ’ l ’ :  o r ’ : r ’ it r ing : It w i ’  gent - r u  1 is  a g r e e d  that  the s ta te
ar t  ‘ r ’ ”t ’ a s u r ’ t n li  winds ,ind wind sheur is advanc in g .  However ,

CO ’ ‘ ‘ ‘ ‘II ,‘.s ’, , ‘ \ l ’ i ’ 5 5 r ’ - j  1 ’ ’ , 0 r ’ “t O m , 1 -t i nu t  Invt ’ s t i I a t i e r l  C o r ni t t e e  t h a t
S • ‘0~ , ’’ ,r~ ‘ ‘ ‘ ‘ - t i t C s h r  rig p lace d on pus t  f ront - condi t ions

i t ’ 0 ’ ’’- ’ ’ a r e a s  5U t  ~ I S  l o i s ’ .  t i le t l u n d e r s t , ’ r ” ’ , frontal :ones , and
I n - , i~~’,~’ 1 ‘ ,- t  s t r , ’al ’ c’n,! u t j j i ns  ,j re ht ’ ing neg lec ted.  The Air  T r a f f i c
Cant !’ - i  L o l l  I I~~’~~’ t t ’l t o u t  ,‘l’ i ’ f l a s i s  sIni ,Iid cont inue on the developn rent
a ’ bo ’ U ,i ’ ,, -: ,i st’d art ! ul r’!i inni ’ wind shea~’ detectors . They also felt
‘‘at r ’c s , ’ a r ’c 1 l 5 l’~ij 1J  be I ‘ r i lu I t ’d in th e near vicinit y of the shear
I t i ’ t e r ’’ ’ i r ’  ‘ o ’ r i r ’ t  ‘ u t  ion , t ’ m - , l  t r a n s i t oper’ ,itio nal fact o r ’ s . Research
5 tu1i u T I  c - i  ‘ 1 I ~ ,,r: On t li ’ 01  f o r t  t o  de t €- rrn i ni’ the i ntens I t v  of wind shear
ii,, van ous ‘ , - i ’s ‘1 aircr a ft can withstand. The intensity should be

‘ ‘ ‘ r ’i’ ,’ ir” l t i  si - i’ s o r t  o f  nll i ”- ,’ r i c a l  v a lue  which a p i lo t  can use to
,[i ’ t O r ’ l ’ l tf l O  j ’.t : r ’ t ~ l r ’ r ’ ,ir ’ it h Is a i m ’c , ’ a f t  can su f t ’ lv  penetrate the shear

b .  lent ’, ,ts t i n- :  : F i r’ ge n e r a l as iat icn it w a s  the consensus of
t ’ir ’ v a r ious , “!‘Ii tt ee s  th at the tw ice  d a i l y  winds a lo f t  forecasts were
j ri , ide g u a  a , In ‘ act , t 5 ,’ Iii ~ht Operations Co mm ittee and the overview

ma ‘o r ’ On ig h OIn’r ’a lien ’ s recommended a return to the four times daily
tor i ’, , is t ‘-, . It was also recerine rrded that observed winds be used to
,t : ! , i t m ’ I ’  winds a lo f t  fent ’t ’ a s t s  and thus irirp rove their accuracy .

c . In I or - i ’  t t on  r ’ \ cha rm l : e :  An i irrprove rrrent is needed in information
t’sch anm ie in o r d e r  to Um ,’ Tp av 1 atc ns ma Le the deci  S ions necessary to
accompl ish safe t l i q h t  and to help con t ro l l e r ’ s  pass on v i ta l  information .
Ther’e was a n t  e of c a u t i  on , however ’ , expressed by the Air  Traf f ic
Con n ’ 1 Cotrni i i t t cc to ir is t i r e  that  p i lo ts  and ce nt nc l 1 ers are not being
p r o s  I ded moore in ft rr ’ i , ’i t ion than t he~- can abs orb at a given time .
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0. Irifo n ”ui ti on ut i 1 i t~ : In order to insure the optimum use of
rni f~’ rmt t ion , it  “u s t  h o  ~ccur atc -  and t i’~m el y.  This point was ampl i f ied
by H. Dna0~ Gat l i n , A lA , i n  ~‘ is 0.- r e v i e w  paper on f l i g ht operat ions;

si nce upper  a i r  I o t a  u r ’e co l l ec t e d  on l i  every 12 hours , the m ade-
u,I tt ’ n-ul’lh-or o b s e ’ - .a t i ons  l e a d s  to er - o r-’, in the winds aloft fore-

cas t - - used for f ii U t  planning and consequentl y to less than opt ir’;unh
•
~~‘ l  : nOu ”pt 10” ” T he i~’ upor - t a nc e of this info r”at ion is c lear ly  stated

py t a  t i t le  of G a t l i r ’, ’ s o’. I-’ rv iew paper , “ Needed W eather  Information
A~nre It Belongs- —In  th e Cockp i t . ”

e. Education and t rai n in ,~: The Trairing Committee stated the
problem iii this “anner , ‘A common prob 1et~

, ., was the difficulty exper-
ienced in teachin g air-en to understand and use the resources av a i l - b le
for reportin g and forecasting weather conditions. ” I n John R. Colony ’s
‘)‘,- -‘rview nop er ent i t led ‘Meteorolog ical Input to General A v i a t i o n  Pi lot
T r a i n i nj , or s ta tes  that , “Educators ‘lust develop a meteorolog i c a l
presen ta t i on  that pos i t i ve ly  ‘ lot ivates a student to learn .” If thi s
i s  Jone then no doubt a cons iderab le  p a r t  of the problem w i l l  be solved.

IC I NG AN D FROST

The need for and importance of the work being a c c o m p l i s h e d  i n  i ce
and frost was -,is’ id ly ncrtrayed in the banquet presentat ion by the well
known and Illustrious Ma~ Karant. His discourse was an amazing , if not
somewhat legendary , narration concerning a fli ght he ~ade from Washington ,
DC, to W ichit a , Kansas , a few years ago .

The si gnificance of this subject to the ground operations was
emphasized by Daniel Ginty in his tal K concerning “Effect of Weather
Conditions on Airport Operations. ” The cost of i ce , snow , and frost
re la t ive to time , s a f e t y , and f inances is such that we can no longer
accept it as slJl’ ,’ t h i n l l we can l i ve  w i t h , but as a orobler’ : that m ust
be solved by better forecasts , planning, equipment , or w h a t e v e r  is
necessary . Thus , it is imperativ e that all elements of the community
closel y coordinate their efforts to solve the ground operations problems
caused by ice and frost to ground operat ions.

The Icing and Frost Committee c lass i f i ed  their ef forts into four
ca t  e ‘j or i e S:

a. Ef fec ts  on je neral av ia t i on  aircraft: Three problem areas
were ident i f ied wi th  s ,~ggested so lutions including recommendations for
resea rch and training. The f i rst problem discussed was that of airframe
icing, wi th  the recommendation that a pract ica l method is needed for
protectin g the airframe . This entails research on the use of ice—phobic
coatings. It is i nte rest i ng to note that the Traini ng Comm i ttee expressed
the opinion that it is not known exact ly  what  i n s t r u c t i ons a p i lot
should receive concerning airframe ice. Th e next problem was that of
ice on the a i r fo i l. This problem could be solved if an inexpensive
frost remova l technique could be developed. Research on this problem
should  properly be concerned w i th  establ ishing the severity of the
aerodynamic penalties created by frost. Development of effective

_ _ _ _ _ _ _ _ _  
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training requirements would include a review of exist ing programs and
knowledge in order that pi lots can be instructed as to the best methods
by which to dea l wi th  the frost problem . Carburetor icing is the third
problem . The recomendation from the committee was that the best solu-
tion is prevent ion.  This entai ls  training and retraining on how to
r’ecognize the prob lem and what to do if a problem develops.

b. Ef fects of air carr ier a i rcraf t :  Icing prob lems the air
carriers experience are mainly eng ine ice ingestion and tail icing
(primarily whi le in a low al t i tude holding pattern), runway ice and
snow , and overnight frost accumulated on a parked aircraft . The Ic ing
and Frost Committee indic ated training as probably the best overall
answer to these problems . That , coupled w i th  some possible certif ica-
tion changes needed for the tail icing prob lem , some research and
development needed for the frost on the airfoi l problem , and improved
icing forecasts should solve these problems . The need for a better
forecast was expressed by Danie l Ginty in his paper on airport operation , j
where he stated , “A good timely detai led weather forecast c an give us
time to muster our equipment and personne l and to prepare our plan of
act ion for that part icular operation. ” With regard to the removal
aspec t , the Icing and Fro st Comittee stressed the need for continued
research on improved techniques for ice and snow remova l.

1,~ -c. Icing and frost forecast :  The importance of forecasts to
av ia t ion , as indicated by the Icing and Frost Committee , is  readi ly
seen by the fact that it is a repeat topic , having been inc luded and
reviewed in the first two workshops . Further , as we all know , whenever
an y d i scuss i ons on weathe r and i ts e f fec t s  are he ld , i t  i s i n e v i t a b l e
tha t  fo recast i ng is a topic of prime importance.

d. Icing and frost terminology and symbo logy: Most of us share
the  i m p o r t a n c e  of t h i s  t o p i c  as we have wondered what is meant by the
sub jective terms “trace ,” “l ight ,” “moderate ” , and “heavy ” as we contem-
p l a t e  a flight into possible icing conditions. In view of this dilemma ,
which i l lustrates the need for standarizat ion , t he Ic i ng  and Fr ost
Committee recommends that standarization of terms relative to icing
be an integral part of a larger standarization program for all facets
of aviation meteorology . - ‘

A T M O S P H E R I C  E L E C T R I C I T Y  AND L I G H T N I N G  : -

The audio and v isua l effects used by H. Grady Gatl in in his over-
v i ew pape r concern in g fl i ght operation put this subject area in proper
perspective. Even with the subject matter in proper perspective , a
sobering thought comes to mind ; one that the Training Committee and
A ir Traffic Control Commi ttee considered , i.e., the tendency for pilots
to accept problems caused by such factors as atmospheric electricity
and l i g h t n i n g  as a charac te r i st i c of the system wh i ch must  be “l ived
with. ”

In the discussions between the Atmospheric Electricity and Lightning
Committee and the Flight Operations Committee , severa l i mportant needs

5
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were recognized. There ant ’; ( I )  the rreed I m r both gnmrurm ~I-tia’ ~t - tl arid
airborne 1 i q h t n i r r i j  d e t e c t i o n  s y s t em m i ’ ;  , ( 0 )  a r ’epor ’ t in i q s y - ~tei rr f i r  a i d  i n
identifying the ettec ts of 1 iqh t n r inq ,  ( 3 )  b e t t e r  for - ct  a- ,t ing t t ’ c h i r i q u ~
and (4) similar’ to the ic i  rig and f r o s t  pnob 1 c i i i , a riced to irr lpr’ove t h e
standardi zat ion of corr iriun i cation ( t e rrrr i n o l o g y )

The Air T,’affic Contr’el Co i rr rr ii t ti ’ t ’  po i r r ted  out  a ver ’y  -~en iou’  1 m r’ &r l r - -
1 enr ‘‘ . . . for aircraft and  for qro un d—Li ~rsed el e rir erm I - - I or -  t h e  Air ’ Tr ’a I Ii’
Contro l Sys ter n . WI th i ncr-eased nel i arice on corripu ter ’ h i r’ ii ces c i rig in both
a i r c ra f t  and ATC e lei rrents , Sus et - l i t i b i  l r  t y  o f  the- ,t ’  cor rrp ut e r ’ - arid t ht’ i n
power sou r’ces to the  vol  t,t i~i’s end c u r l e r  ts  induc ed I’v i i  ghtn i n rq  rrrust
be el u n m a t e d ,  Nei then the  e in c ’ r ’ef t  icr ’  the A i r ’ I r ’ a f  f it  Lii r it r ’o l  ‘sv ’, t t ’ imm
can to le ra te  a sudden and tot,r 1 cu i i i pu t  en o utaqt ’ - 

‘ ‘  A hid 1 ar ‘nob 1 0111
indicated by th is  corr y ir i t t e e  i s the Lii k ci f l i g h t  i ’ sp t ’r ’  i em t ’ for’ cciii—
posit e structures relative to b o n d i n g  arid the i o r i t i n u i  t ’~ i r t  s i r i e l d i n i g
especially with neg,rr’d to d i g i t a l  avionic system s . Tire A T IC Co rmir r i t t e e
reconirrended cont i riued ne see r ’ i, h arid devel op irieni t er r these pr’o bl ems .

The Acc i dent I nves ti qa t i on Corr ir r i i t  tee p0 in ! oil out  t i re  nit ’eif f o r ’
additional infor nr ration on 1 i q htr i ir min ‘‘ . ..  for ’  j i i ’ i-si ’ nr t t t ’ i l mr ro leqy ,r i r’ m, nat t
and for advanced a i m’ s r a f t  eirrp l cm y i rig fly —b y—wi r e i, on t r ’ i il ‘ y- - t e m il - . ‘ ‘

Th s corritr i ttee also poi ri ted out. tiit’ need fun t r’a m n i rr i t et c iden r t i n v , ’- —

t i gators concernin g the effects o f I i ij l r t r i i rig on ,ri r ’ c r ’ a t t  -

The A i r ’  T raf f i  i. Co n t ro l ( ‘ oIr n mm i t t ee  a i so  r io ted that inipr’oved f o re—
castinq of 1 i q htni nr q an- m r ’  is b adi s- n eeded . , r- , is  t hi’ i a - - i ’ w i  t ir many
othe r’ irreteono log I t o m 1 toj) Ic 5

FOG . V I S I B I L I T Y  AND C E I L I N G S

This ar’ea a lso suffer ’s I norir I nadr’quete fom’ec,r ’, t s am id t~Ii ’,,’ns’,It io n s
The log , Vis ib i  ii ty and Co il inigs Coi m r mmii I t e e  put i t  over t mmm c m i st r ’ on i i i l s - ,
‘‘Ou r coirur i t tee was co n s is ten t ly  cen t r ’o rt t  oil w i t h  the pn ob l c irm o f  t i e
deter iorat ion of NWS ,iv i at io r i  f ’o r ’e , ists over ’  t i re i,i’,t ten s e,ir’ ’-
Concern was voiced that the f ’o r ’eces ts a t i r e bro ad , end mic ro’ pi’e~ iseinfo rrrmat i on is needed , espec ia l l y  the bei~i nrl i rrq ,rrij e n d  i r ig t i m iit ’s of
meteoro log rc a l  events signi f i c a r i t  to ,iii ’ c, t ’ a t  t opt ’ r ’ a t i t r r m -  . ‘ ‘ I n wh ,r t
could be taken as a co n t rast in g c-orr riir c ’nt bs’ -’ml en I. l i r - u r i s t e i r i  i n his
overv i ew paper’ on Acc ident  I nv es t i q a t  ion ire sa id , ‘‘ The ac t  un,ut ~s et
wea the r  f o n t - c a s t s  is a lways  a i Olii i’ m ’ r m , hut . u r r t o r t u m r ~r t e 1s’ . i n the i a - -es
covering the h—year period bein g di s c U s s , ’it , r m r or ’ e ii! t o r i I ha rm r iot i t
was not possible to rrmake such an as - ;ess i r re r i t - . It  c a rm ,m r r l  ‘, he s a i d  ,it
this t m ite that in about 45 of t he c as e s  , tire I o m i t  i s !  s w ent ’ t ,’ ris I dened
to have been subs tan t i a l iv  correct or the wee t i me r ’  we-~ si i qh t i v  bet t er
than forecast, ”

In f r i ’ s  p resen ta t i on , Brunis te l nr also showed t lr ,r t tog ,rrrd low m e  i i i  no
was the cause of or’ a f a c to r ’  in I • .15, ’ f a t a l  ~r c id r ’ r r t  -

‘ e’..pt ’r’ i r ’ n r t ’ed by
genera l a v i a t i o n  in tire Uni ted t i t , m t e s  t h u  i r rq  I f i t ’  her ’  tied ~i !  1’~ ‘ 3 — 1’ -i ,’ 7  -

This was a p pr ox i m r ra to ly  ‘ h i . . of  ti ir ’ t o ta l  I , r t e l  wee t hem’ - r e l a t e d  a~ id enr t  s
by general av ia t i on  dur j ug t im i s  h e r ’  I od
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(lime of t Im, - m r’ i il m le mm m- , n - - l i t . is’,- ( m m  w , ’ a t l m en - i nm fir r m mm ,r t ion anr d i t s  uti 1—
i :at l , ’ri m r  ‘i , ’r r, ’r ’,r l we-- ,rdii r ir’ ab ly s t a t , ’ ,l t r y  the Accid ent Inv e stiq a tioni
t ’,r rm l r mn ttee i n i t’ , sum i~irar ’y report . ‘ 1 f r i -n ’ ,’ is a pr ’oble nn m in the ti m rr e l i nm t ’ss

m l  observed wea then’ i ni I on ’niia t. io n m m d  P1 Bi ~ i n  I onnmat i ‘arm tiei rig transrn i tted
t i m t int’ iii k j m i  I . ‘‘ I f  WO C O U P  Ic tim is ot ’st-n v at ion with t in t ’  rnrade b,y the
r-a i n i no C ommi m m i tt ee i ni ti re i n I- b ol t , ,r truer- p i c tune of the over’a 11

r r ’ i’b 1 cnn ,‘lm m r’m’ ~ie-, , T he I m a i n  jug Com imil ttce comt~tmvn ted that • ‘‘A co mm ~rmon
i’ notr 1~ rmm wh tm , I r nr’ i ur ’ned was tint ’ di If i cul t v ex i r r ’r-ienced in teachi rig
,m i r- i ’m , -r r  t i m  un rilens tend arid use tim ’’ nesou i- i t ’’ , eva ii able f o r  report  i rig
anid f e r m i  ,rs t I nor we et  iron m im r i , l it ions

‘ m ’ r ’ i iap’. ,r s o l u t i i r n i  to  th is  pr ’ mr b lem m i could fol low o n e  of time m e t  o nr —
l - m , ’ r ld a t  i e rrs on John Co l  m ’mO S r rr h is  mve , ’v i ew p~m~’e)’ : ‘‘I l ight  i n mstn ut  ton ’s
shou 1 1  ,r I so at  te i r r i r t  I, ’ m m m v i i i , ’  neal m ’\pen i e r ree i ni f l i g h t  open~it i on
tlm ,j m ’ r n j  1,_ mm, t ’ i l i n m q s  or ’ v i - i b i t i t i e s . ’’

‘ i r i mm , ’  add r t i ‘ r , a I i oii~irenit s arid m ’ e c or rr r mm t ’ri,l,, t 1mm’ - riede by var ’ io us co nmn —
rio t I to ’s u I  t he  wo n’ ksh o p ,m r’e rim t , ’wi m nt hy

a. Thr o ne is a reed man au torria t ic obs erve t ions a t  go rier -al  avi  at ion
a I r - b o mr t S

h . T irer ’e i s  a riced f o r  some t vj ’ e  of r ’et nieve bl  e necond i rig cap e -
hi l i t  v i n m t h e  ‘~i mi t owe t to t l ow — hi ’ st  We e t i m er’  (lbs erva t i on Sv s t our
( A l  ~~i1’~~) .

[ Ic h I  t i ’ s  t - - ciioul 1 Ire c i r i r mhmi t  t m ’ !  our t he two ties t pnomrii c i  rig
t~~t hni iquut ’s f m m r ’  f i ’ m j  d is i r , ’r ’’,,i l i f  t e n ’  NASA c o r t r p l e t r ’’~ i t ’ ~ pr es e nt
I eg it i sj ier ’ s e 1 work

d. t i srj, i l 11 i m i f r t  Bules (V I  B) s h o u l d  be ex ,ni rr i ned for aihr ’ m b u ac v
e nrd r -ev i s,’d i f  no 1 i r r i ger ’  adequat e .

- kc ’se,m nc h s irou l ci he c im rr  t I nueil i i  s i  m i t  v i  sue 1 m ’ ,iniqt ’ -

I’ . Ilier’ ,’ is ,i co nt inn i rig need I on’ i nfonnii,iti ye but nnonrt et ’hni i ca l
er ’ t i c  it ’s tint av Ia t i ‘a rm wee f i re r’  I ir keep qenie r- ,i I ~iv I at i on p i lo t s
(‘U r’n’en t on a V at  i mm m i we e t ime r .

m
~. [lien’ ,’ is a riced t ii s ten idand i ;, ‘ m ’epor’t. i rig of ’ is- i at ion weath e r’ .

hr.  A i rl I ni t ’s - , im i rmu 1 d l i m i t ’ ;  i den ’ cooper ’e t iv, ’ i’t f o n t s  to  up grade the i n ’
rmr , ’ t eon’o lirq C m  ii so ny i cm ’s -

the ,rv i mt ion co i mu mu nr it shou lii ,isk tint ’ NW S t o n ’  inu re a v i a t i o n
w , ’ ,i t h e n  s i rphioi -t -

j . The Lom m , i r ’ r’ - - s - , ii ’U Id ho imiade ,nw,i n m ’ o f  t h e  c t m rm t i nn u e d dec l i  ti e
‘f a viation wea flier’ sen’v tm I t ’s  arid n’ecorrvrenida ii mrs m ad e to

nevens, ’ th is downward t rend

A
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In an e l f  ma rt to Os t rh i i  sli a , em mmm ’ m m m rm ,le I n iii i or of I unt’u 1, -mi m e , I hit’
T ttr ’ t ’4 1 1 ‘ r n ,‘ Co mm i t  t t e t ’ ‘~teted t h,’ ii ’ ~I~’ I i rim! i ,‘ r m  ma t  t uu r - t ’ mu I , ‘ rm m ,‘ , “ Ihi’ - m ’ m ,u 1 1 -
si’,n It ’ Il u’,’tuat ien r of t im , ’ w i rid dmu, ’ ~‘ r  f l i er’ t m  t ire ‘ I t , ’ , t m ‘ 5 ’ , u r n  it  ,m I
(chean’i rig ) t , ’r, i” on Im tuos ,im it (~~ i m r m t ,‘, I r ~~

,‘ o r ’ , ,“, , m r ’ both i i  I tr i g  s iinru I —
t enm t ’ omu s l,s’ - 

“ T i m I mint mr -n m ’ 1 inn i ire t , ’ , m rm i i - ’ i cmi i n r  f r I  r d I - u  tins i ,‘ rr ’ , t l rm ’i
s ta t  eu thmt ’ , i i f I r ’r’ ,’nrc t ’ between w r rid ‘.ir, ’,ir . I t r ’ ! ’ m ,  I er r, ‘ . emi l 

~~‘ ~iow r nt tr ’ ,n ft
- . t u rb o  I err t e pr’o~I mu , en r u m ’  iii ,i I n ,  ‘ i t t  i’ ’ m i i )  ,m I i ii’ . ( sim m k r rm, r ‘n - “ m m l i  —

st  ,i i,~ ~m n  t ch  i rig ,imrd ~aw r r n ;  • i ni t - , f ’ ,’,r r’ i - ‘ ,r wi nm , l di ‘. “ m t  inn r i’nmadui I nrg
a change in e m r - ~j ’ ,’ ,’,l ( i n ,  r o e - - , ’ ,rr ,h’ , 0 m m - 1  ich i i , - tg m ~,‘~~r ’ , l n a t  Is  t m u st ’
a qaini or I , m s 5  of ,rl t i tude, “ A l l  t int ’,’ , anr ro il ¶ r ’~’~ ur ’ nnt  1 i 1, ’ m ’ ~~t in
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COMMENTS

T hree m a i n  points emerged at this workshop, wh ich had as its theme
the exploration of training and education requirements in the area of
aeronaut ical operations in the natura l environment: (1) the need for
better and more thorough training, (2) the need for better forecasts
and forecast methods , and (3) the need for improvement and standardiza-
tion of comunication. An addit ional point w hich came through in more
subtle form was that new and/or better detectors (instrumentation )
are needed . As a consequence , some thought has been given by the
Organization Comittee to the possibility of instrumentation needs
be ing the theme or at least a part of the theme for the Fourth Annual
Workshop next year.

R E F E R E N C E S

Camp , D. W . ,  and Wa lter Frost (Eds .) 1977: “Proceedings , Firs t  A nnua l
Workshop  on Meteoro log ica l Inputs to Av ia t ion  System s ,” NASA CP-2028/
FAA-R D—77— l7 3, Wash i ngton , DC.

Frost , Walter , and D.W. Camp (Eds.) 1 978: “Proceedings , Second Annual
Workshop on Meteorolog ical and Environmental Inputs to Aviation Systems ,”
NASA CP—2057/FAA-RD-78-99 , Wash i ngton , DC.
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~PE~ I’lG REMARKS

John H. Enders

NASA Headquarters

On behalf of the Workshop Organizing Committee and NASA’ s co-
sponsoring agencies , FAA and NOAA , we lcome to the Third Annual Work-
shop on Meteorological and Environmental Inputs to Aviation Systems.
These workshops provide a unique and much—needed forum for the exchange
of i deas and v iews  on var ious aspects of av ia t ion  weather as seen across
the extreme l y broad spectrum of aviation and aviation-related activities.

The Fi rst  Annual Workshop provided an opportunity for a “mix ” of
researchers , pilots , des i gners , forec as ters , air traffic and weather
serv ice spec ia l i s t s , and air line management to express their individual
and co l l ec t i ve v i ews on wea the r pr oblems in the aviation system. The
Second Annual Workshop he ld last year focused on detailed examination
of the most severe weather prob lems identi f ied at the f ir st wo rksho p,
with a view towards seeking concensus on appropriate public and pr i—
vate sector act ions to solve these problems . Out of those d i scuss i ons
last year it became apparent that training and education throughout
the system was important to achieving a better understanding of weather
hazards and weather-tolerant desi gns and operations. This Third Annual
Workshop has been organi zed to explore the training and education ques—
t ions in more detail in the context of des i gn , operat ions , and acc i dent
investi gation .

The outputs of these workshops are considered carefu lly by the
sponsor i ng agenc i es , and I can assure you that NASA ’s av iation meteor-
ology R&D program p lanning is impacted by the expert concensus obtained
from the workshop comm ittees . For exam ple , as a direct outgrowth , we
convene d a s pecialists ’ worksho p on i c i ng prob lems wh i ch i n turn has
resulted in the reest ablishment of an Icing Research Group at our Lewis
Resea rch Ce n te r. We are also placing more emphasis on severe storms
research as a result of discussions carried out at these workshops ,
so you should feel confident that your discussions here will be heeded
and that through thi s mechanism you can have some impact on programs .
I am sure that Mr. Sowar and Mr. Connol ly could cite similar examples
w ithin FAA and NOAA where feedback from these workshops has been re-
flected in their program planning process.

Some of you have been here before. To you , welcome back; to the
newcome rs , welcome to what I believe you will find to be a most stimu-
lat ing and productive two and one half days .

12 __



DESCRIPT ION OF WORKSHOP

W e i t  or r
The l ln r iv e r -s i f t  ill T en m ri, ’s sm ’,’ °pace r o t  i t u t e

a mid

f er m i i s  k - C , m n ’ ’m ’
5A s - ~ ‘Man’’, 1m ,r 1 1 5) m ,t~T C El i gir t Peri l t’n

In keepin g with the annual fornniat of the previous Workshops on
Meteorolog ical and Environrri ent ai Inputs to Aviation Systennis , t h i s  won’k-
shop is again designed to devote a major portio n of its t un e to conrmi mitt ee

I meetin gs where the mdx i mn mu mn m exchange of i nfor ’nriati on is ach ieved thr’ough
direct m,’,m r ’ rn m nunic a t ion  between people fron t a num rm her of d i s c i p l i n e s  in
the aviation com nrmunit y . The fixed co m rm r ii tt e ,’s this yeam’ ar-c ass iiin ied
the specific topic areas of Tm ’ai n i mmg, Flight Operations , Accident
Inves t i ga t ion , Air  T ra f f i c  Cont r’o l , and A i rpor ts .  The floatin g comnmn mittee s
are en t i t l ed  Winds and W i n c h  Shear; I c i r n ,r arid Fm - oct A t r ’n sr op he n it’ E le c—
tr i c i t ’ , , r r m , !  Li gim t ri ling ; Fog, V is i hi ii Iv ari d C c i i i  rigs dnr~f Tur’hu lenice ,
T t ’ i’ ther m ,’ of t ris sear’ s wom’k simo p is  t m ’ a i n i m n m ;  a rid coinmn iruni catio n i

The con mn iittees are made up of personnel fronrn many fields related
to a v i a t i e n wea the r . In attendance are mmieteo n ’ologists . pi lots (genien’al
aviatio n , cotimimerci al and mil i tary ), aim ’ traffic controllen ’s , accide mit
investi gators , scientists , researchers , planners , and educator’s won’ki nq
in the various areas of aviation systen nms and niieteon ’oloqy for’ goven’nmii ent
agencies , industries and universities . A list of the agencies fm’omn r
wh i ch people ar ’e in attendance is g iven in Table 1 .

Five overview papers have been invited for’ this rnm orn inq session.
These inv i ted presentat ions w i l l  be in the fo rnin of assen ’ t i v & ’ , infon irat ist ’
type papers giving overviews of the areas selected for m ’oumid table
discussions. The papers will acknowledge past won’k or state of the art ,
assess past work in~ view of today ’ s creeds , identif y n eeds not satisfied
by our current data base , and suggest general options whi cb i s t r e m ul d  he
explored but are not s p e c i f i c a l l y  p rod u c t - o n ’ i e n t e d . Round table dis -
cussions will take place following the invited pn’es en itati on is where the
five fixed committees will nnmeet separately anti se q ue n ti a ll y wi th  tim e
f ive  f l oa t ing  comnm nmittees. The m ake—u p and orqa n iza t i o r r  of the cen i i i i i t tee ~
are described below .

Conm immittees consisting of a chai nmm nan and thi t ’ m rme ni rhe m ’ c h i p . shown in
Table 2 , have been assembled to coven’ specific topics under ’ the gen era l
c a t emiom ’ ies . The interaction of the coniimittees w i l l  he to acidn ’ess pn’oh-
l enms pertaining to their topic areas and to recomnm mmend actiens ri ect ’ssar’s
to effect solutions to these problems . Working session s where the
floatin g conmin ittees meet individually with each of t h e  fixo d co rnm n nmitt e es

1 .Ii

_______ k.
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T a b l e  T
FIXED COMMITTEES

T r’ a i  cm

~‘,,‘ a i n t  C.  m ,-ut l , n ’ . Char r ’m’renm Manager’ et  E l i  c m ht ‘m a  i rm r i g  ‘ r’ ,r i r ’a nl ’s
On i t ~tl A i n - l i  nec Fl , f it r ’ ,m r n i  nig m , - rnt or
St ap l et ,m m m In i t e n ’ rm , i t ional Airp ort
Den vo n ’ , (‘0 00 ,‘O 7
( 3~i3

’t , )5_4$ ‘4

H - B 1 r cc F i t  i miii T i  ‘ m e n’ L r rio
Los A rn ie los 1mm terr o r t i erie 1 A i r’pert
Li ’S Ami mi e it ’s . CA 0

(_ ‘I $~~‘4m ’—r ’1 t’l

,,lohri R . Cel orrm y Di ‘es ’ t m m,~, A s i at  i on  1 ~l uce t I en Resour ce
Pen tom’

St , PlousI st at e U ni i st ’m’s i t ,s
S t .  Cloud . MN ~,t~3I,11,‘r - ,T l ’ 3— lN O 0

Don S . Cornw all A PA
F ,rs t Mar’ s s’m’eek

P~’an’l ,mnml , TX 7Th0l
( :13 - T O N - i  09N

Wi l i i  a r m  Cri t ch Eli ght Tr’ei n i  ri m] Ce n ter
Boein g Tn ’e i n i inig Ce n t e r
P .O. Box $7~17

~e e t t l  e , WA ‘101 ‘‘T
( ‘Or’ ~r ’l ’ 5—$$9 5

Ri5 h,mr’ d P. G iess V i ce  Pn’esideni t
,Am ,’rF ’ -\ Sa fet~- Founidet ion
73 1 N Wi s ceo ci mi Av en ue
Bethesda . ~‘fl :‘ool 4
(301 10f, i ,_ $ 0 t ,1

m , ’~’ r ’;e R. Ham rm ri oni d Co rrv nanrder . 1,’ t im W , ’ethem ’ Squadm ’on
Pe t ,‘ r ’ ceni Al P. CO 00’) 1,’

( $0$)h$! ’— O ’ ) l 1 xt ’ ,’ t’

Re i ’ m  [1 , 
~

-, j mnnberl i ni Tim ,’ (hi i so n ’s  It of’ Tenn essee
S p,us ’e Inst I tot e
Tn 11 a hommra . TN 3 : 3 0 0

~6i 5 ’!455-O63i x. ’ lt ’
L oo ms Lutjw r ml FAA Genit ’m’e I Av l e t  i e rr Dii i s  ien

000 1 ndeperideni c~’ As - e n ire SW
Wash i n iti t oni , DC ,‘ON~~i
(‘0,’ ~4~’t~— O1 0t~

Loyd C. Parker NA SA Wal lo p s El i g h i t Center’
Wal lops I s l a n d .  VA ‘f l 37
(8O4 ’fO, ’4 -34 l  1 x(’40
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‘ab l e  ‘ (e~ m n~ ‘ 0 )

i l s i  P OMM I f l EES

1 1 1  o f t Ope n-at m

J a , ’o ~‘ - ~~~~~~ el  , ‘ m i  “ no rm P m ‘ - ,‘~ t 1m r . l] m t ~r -~m t i 5m rm ~ Coni t n’o l
Fm -d , ’ r , r I E ‘O’ r ’ t ’ss Headq ua r t e r s
AM ! Ri ’i $0 It’ ‘

~‘,“~ ‘f m is m ite e ra t i  5 n i m a 1 Ai rport
M, ’ r ”1 m fr  is , ~N $0 ,iO

1 ~t’’) 
—

hr~ ,st ’ 1 . Ho 1 ‘I t’s “~ 4 -
NA sA La ng ley Researc h Center ’
Ha’’ ’ i t on . VA P
(004) o:’ ~— 32 4
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~-~ro ’ r i mmmi ton , DC PO00~
(:‘o,”s’,’-~;o15

‘a T o stwa ’ At PA
1 ~5 ~‘ Com ’i~~n P m r s t ’
St. Lou r~~. M O h3l38
( 314174 -0:59

‘-~as 5,n ,’ , mi n t  C o n s u l t a i n t ,  A PPA
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NASA Aj rmes Re~ e an’cli Center ’
M of t e t t  Field. C A 94035

‘L oe em r J . O m en so’’ As - i at ion Safe t’, Pro qrarmms Man’m aqem’
F A A Headquarter s
000 I ndepemidenmc e Av en ue SW
Wr shi n i o temi , DC 20591
(P 0, ’ 4 , ’~~- ‘ t ’ O-T

,les ,’i’ ti W. Stickle MS
NASA Lenti l es R’t’seam’ch Center’
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Table 2 ( C o nt ’ d )
FIXED COMM 1 71 CES

At ident Inves t i~ a t i o n

Char les  L. Pococ~ , tr , ii m ” m r m Ch ie , B c m ” r t m n r  and 1 r a m m ’ p o r t  P r a n c h
USAF Sa t  i t  - ‘ C m ’ m i  t s r
‘O m ’t , n ’ AEB . CA ~‘~1!~
(m 1fl 382 22 f~

Alan I ’ B,- -m nst ei n C h i e f , ! n m t m m ’ na t iona l  L i a i s o n

~.,r t ional T r a n s p o r t a t i  mm Safe ty  ho a rd
W a s h i m m m t o m i , DC 20594
(2o2)-r :’ -h 143

P” ter  L t m m ’Sf l e s m’,( t m O n t  I m r v m ’,t i l l m r t i i m i l  Sta f I
FAA El n qh t St ,mnda rm l 5 t ’ rv i cc
AES-5 0
800 I nd o i m s ’ r rd e nc e Avenue OW
W i s h  i T r I m  t o n , DC 20591
(2O2 ~ - I: c-?120

H. P r a t e r  Hoqu ’ tla n am im ’r , Air S a f m ’ t ’ ,-
Poe tr i g C m ’ ’ i ’ re n - c t  a 1 A i n’pl ane Comiipany
P .O. Box 3707
O ’et t le , WA 901~~1
(71 6 ) 237-0525

Lester P. Ker foo t , Jr . V i se Pres iden t ,  °y s t e ” S a f e t y
Associates , Ltd.

(C’ l6 Apache Stm ’ e e t
O i m r i r n m f i e ld , V A ‘~‘ 15O
(703)971—5:07

R u s s e l l  S. Lawton D i rec to r , Oper a t ions  ar id Sa~ e t v
AOP A
731 5 Wi s cons i n  Av e rm ue
Washi m n i to n , DC 20014
(301 )°sl- $g l o

W illiam Melvin ALPA
1101 West Morton
flenison , TX 750:0
214 ‘t 46 3-1246

Huard H. N o rtmmr r  Chief , Accident  Pm’evention S t a f f
F AA G e n e r a l  A v i a t i o n  D i v i s i o n
800 Independence Avenue SW
Washin gton , DC 20591
(202)426- 8 102

An dy 0. Yates , Jr. AL PA
7-113 Par-k Terrace Drive
Alexandr ia , VA 27307
(703 ) 7 65 - 74 2 3
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Tabl e 2 ( C o n t ’ d )

~/ ED (IOMMITTEE’3

A l r I r a ’ ~ic -~mj rnt r o1

n - e t c .  ‘- ‘ S~ ‘ - - , rh ,i i r” si fl HO m FCS/ USAF
Ai r Traffic Control
Scot t  A FB , IL 62269
(618 )638 -5462

P . :,~~ ~~ PA T CO
Jac~ so nvi 11e AR TC Cente r
H il l ia r d , FL 32046
(904)79 1-2581 x229

~ -~~‘t’S P. Bctr ’ President - ATCA
881 Vassar  Drive
F d w a r ’d s v i l le , IL 62025
(618)256-3174

C - - ~n mfl -1~ ’” ‘-~ana ge r , Weather
De l ta  A i r l ines  Flight Control
A t lanta International Airport
A t l a n t a , GA 30320
(4 04 )346 -6478

A . ~~‘ a r ic ,- “cTee Human Factors Program Manage r
Bunker Ramo
Box 2696
Universal  City , TX 78148
(512)658-5493

Pobe~~ ~.~ n m e  ALPA
P .O. Box 69
Center Harbor , HN 03226

,-,i~~lj ar’r A . ~‘ . Pobe rt~ ’ I ” ALPA
239 Wellington
Crys tal Lake , IL 60014
(815)459-6219

Iflfl ,-~nod Chief , A tlanta Air Route Traffic
Contro l Center

299 Woolsey Road
Ha mp ton , GA 30228
(404)946-3511
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Tab le  2 (Cont’d)

E l  X ED COM M I T T E E S

A l r,por t,s

,‘~i 11iam J. Hal l , Cha i r -m or n Tennessee Pure a u of Aeronaut ics
‘.0. Box 17326
Nash ville , TN 37217
(615)741-3208

0~rm E . Djr~ a” E mO ry Piddle Aeronaut ical  Univers i ty
Reg ional Airport

a - v tona  Beach , FL 32014
IYifl4)252 5561 x388

7a n ie~ F. Gint v Airpor t  Manager
1 ort Columbus ~nternationa 1 Airport
4600 East 1 7th 4ve nue
Col un ’mb js , OH 43219

La t i  C. Park er NA SA W a l l o p s  Fl i ght O e n t e r ’
Wa llops Island , V A 23337
(004)824-3411 x64 0

Rober ’t U. Roc he FAA/ SPDS
2100 2nd S t r e e t SW

-,e sh i nm it o n , DC 22101
(202 14 26 _ 9 194

Joseph ~“ . Schwind ALPA
1625 Massachusetts Avenue
W a s h i n i m t o n , DC 20036
( 2 0 2 ) 7 Q 7 -4  188

Tom Yager MS 4 3 7
Ni’S’m La ng le y Resea rch Ce n te r
Hampton , VA 23665
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T , r l m le  2 ( [ m n n r t ’ m f )
FLOATING COMMITTEES

Wind- , ,mrrd Wi mid ‘~l rr’ar
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will be co nducted and the out uen rre ami d conc lus ion of the m eet  iniq recorded.
The conv ’mi ttee chai nmi an will then he responsible for writin g a final
corninrh t tee report for documrm entat ion of t he workshop , in a proceed i rig
wh ich will be publ i shed. These write—ups will as s ess  the problernis as
to ranqe , scope and inf or ’ mm rat ion t ransfe rn’al . For’ ex a m ple , the resu l ts
of the round table discussions should y i e l d  infor inmatio ni per ta in ing to
(‘I) needs , (2) present knowledge , (3 )  current nm netho ds , arid ( 4 )  hni fornrra —
tion exchange possible betw een agenci e s .

The third day will he a plenary sess io n c o n s i s t i n g  m a i n l y  of the
chairmen ’s presentations of overviews of their co mm ittees ’ discussions
and outl ines of their intended wr i t e—ups . Ge nera l com rvm e nts arid recomrr-
mendations fronmm the entire group w i l l  be called for during t h i s  f ina l
sessio n.
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WELCOME REMARKS

Charles A. Lundquist

NA SA M a r s h a l l  Space Fl i g ht Center

Tf m e agenda for this workshop conveys the clear recognition that
environmenta l inputs for aeronautical operations require a broad inter-
disciplinary treatment. Likewise, the diverse interests and special-
ities reor’esented by the worksho p participants reflect the same message.
The organizers of this gatherin g expect that its productivity will be
enhanced by the olanned interdisc io linary treatment.

A multidisciplinary effort , su ch as t h a t embr aced i n the scope
of this workshop, hi ghl i ghts the commu ni cat i ons proble m s that too often
exist between diverse interests and responsibilities. Communications
issues are therefore g iven particular attention in the agenda. In - - -

this vein , the workshop organizers believe that indiv idual participants
will appreciate and benefit from the opportunity to exchange ideas
with colleagues from - n rela ted fields.

I shou l d l ik e to emp has i ze that we at the Ma rshall Space Fl i ght
Center take seriousl y the  “Aeronautics ” in our agency name . We find
that the topics of rocketry and aircraft flight through the atmosphere
require the same knowledge of a tmospheric phenomena. With technolog-
ical advancement , these topics merge even more intimately. The Space
Shuttle , for examole , flies out of the atmosphere much as a traditional
rocket craft. However , it returns through the atmosphere and lands
on an airstri p as a nearly conventional aircraft.

Ce rta in ly we ho pe an d t rust tha t  the am biti o us objec t ives  of t h i s
workshop are in consort with the pressing needs of the aeronautical
commu n i ty an d w i th the des ir e of NASA to address these needs.
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WELCOME REMARKS

Robert L. Young

The Univers i ty  of Te nn essee Space Inst itu te

On behalf of Dr. Edward Doling , Pres i de n t of The Un i ve rs i ty of
Tennessee , and Dr. Charles Weaver , V i c e  P r e s i d e n t  of the Univ ersity
and Dean of the Space Institute , it is ny pleasure to welcome you .
We are very pleased with Dr. Frost ’ s A tmos phe ri c Sc i ence D i v i s i on and
the many good things that have conre from his concept of meteorology

~ith a strong emp has i s on en gineering. We are grateful for your atten-
dance at this Third Annual Workshop featuring meteorology , the environ-
ment , aviation and engineering. The support of NASA , NOAA and FAA i s
much appreciated. Since i ts inception in 1964 , the Space Inst i tute
has defined space as beg inning at gm -cm und level and continuing upward
indefinitel y. Throug h this workshop and several activities we strive
to make contributions to aviation . Our efforts include graduate level
academic and m’esearch work in areas im n mporta nt to av ia t i on  progress,
a short course progra m which features intensive instruction in m any
theoretical and applied areas pertinent to aviation , and two well-
i nstrun mented ai rem-aft for’ i nis tm’uc t i on and research in al n-plane perf en—
mmmance , stability , contro l and handling qu alities , Fi gures 1 and 2.
We have just obtained a novel , blown—win g aim -craft (Iigun -e 3) which
l m renm i ses to give our facul t~ pilots and gm’aduate students mniuch enter—
L am ing resear’ch. In the near futur’e , we are a xious to expand our’
a c t i v i t i e s  in av ion i cs .  S

So, our best wishes for a third successful mmmeteorology/envi r-onmiment/
av ia t i on  workshop. Let us do anythi m no we may to mm ia ke your stay here
nleasant and productive.

I.
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FIGURE 1. D E HA VILLAND O T T E R .
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FIGURE 2 . CESSNA- 310.
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FIGURE 3. BALL-BARTOE JETWING.
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METEOROLOGICAL INP U T
TO GENERAL A V I A T I O N  P i l O t  TR A IN INO

R. (‘ sr i ,m m ’ .-

St. Cloud State I l r iiv e r ’ ,it ~

An al y :i rm : :‘ m ’t em m m ’ol oq ical im npu i to ~e im s r ~i l aviation pilot training
pr ’mm m ’ mn ’ , ’ m m - s m ’equi m’es an n s’xami ninat ion of the present effec t iveness of the
‘ - ‘‘ m ’o ro lo g i ea l  eml u ca t i on  process amid the ex a i i r inat ion of the instructor ’ s
pr ’m’]’ a ra t i f l n n , t h e  “ sy nrm bol Set ” u t i l i z e d  in the co m r iim unication , and the
S~ u ,t m ’m m t ‘ S exper ience in meteoro loqy . Speci f ic  recom nmmrnendations nmay then 

‘
he :“ ‘ ,‘sented based upon the anal y sis.

Irm order to be a sa fe  and pno r i c i en t  p i lo t  o n e mm m ust develop effec—
‘ iv ~’ , cogn i t i ve , and psych oirnotor data in the “ hunr ian comm iputer ” through
n’du~ at i o n. Persons ‘ lay  be very knowledgeable about the factors that
a t f m ’, t fli g ht operation , hut w i t h o u t  e’spe n ieml ce in the ski 1 is involved
‘ m ’ m s  author would ‘-om ’io usl y doubt theim ’ ability to open-ate the syste irm .
Ur n ) m me ot hem’ hand , arm i nd iv idua l  ‘ may he “God ’ s gift to aviation ” in t

-
~~~ ill , hut without a knowledge of procedures , nnneteo n-ology , syste mnns de-
s ig n , and pe r - fcnr m mm a nce param inet or ’s , this author would doubt if they would
1’, ’ sa fe  p i l o t s . Knowledge and s k i l l  are equal requiremrments for’ safe
a n t  pn ’of ici i ’mi t pilot operation.

One nay  e v a l u a t e ,  to som’me extent, nun- pm esent educational effec—
‘ i v e m m s ’ss by ox amr r i n n inq  t m m c s t a t i s t i c s  of those ind iv idua ls  who have riot
hoem i successf ul in avo id in g  d iffim u ities (i.e., weathem ’— related accidents).
One minus ) rea i i~ e that  those s t a t i s t i c s  do not n- e f le c t  those ind iv iduals
who h a v e  s u r v  1 ved a “close eni co um i ter of t h e  ter rif y ing kind” w i th  a re-
s o l v e  t o  never a m ma in i  a t te m pt a fli g ht in that type of nneteorological
‘he noirrena

~~ 0’:’. . ~~~ :~ 
‘ “ ‘ -  , ‘ . .

~C ‘ ‘ for the general avia-
tion calendar year - 1977 , publish ed by the Nat ional  Tra n sportat ion
Safety Board , indicates a total accident count for 1976 of 4,193 and
a total accident count for 1977 of 4 ,286 . Of 1 ,490 accidents involving
injury , 23~ occurred in weather -  that  was below minimums . There was a
total of 317 accidents in IFR weathe r’ and 27 in weather that was below
m nn ini m ums. The total accidents involv ing small fixed—wing aircraft were
3,842 wi th 875 involving weather as a cause or factor in the accident.
Weather was involved in 22.7.~ of the reported sm m ma ll fixed-wing acci-
dents. The latest specific inr fom- mi r a tio n available on weathe r- -r elated
a c c i d e n t s  is for 1976 in ~~~~~ 

. 
‘ 

. 
‘ 

•“~~~~
‘ ‘ i ’ ’ ’ ‘ - p . . ‘ , 

~~
‘ , 4 ,  : ,

published by the Nat ional  Transpor tat ion Safety Board .
The rm ’~’m mrt i nid icatm ’s a decrease in ) the weather-related accidents per
hours flown since 1)61’ , h u t  also indicate s 908 accide n ts involving
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weather in 1976 . The b r i m  fs p n t - s e ’ m t s ’ t  onm w, ’ o n  ‘ r — r  ( 0 m  , ‘ i, d I n t
i n dic at e that mm :anv p i l o t s  a t  t i l ed  to  ‘ : a i n m ’ , n m r m  a i ’ -  ,r ’t C m m n m t n  II
We~ then’ did r io t  mCI r’m I t I v ause  I I i -  So at ‘, i - t m - ’ I ~ ; p i lo ’  ‘ I i  son i , ‘ m  I d ‘ 1 m m ri
was the c a u ’ o  - The di son to i l  a t  I O~~I m m —  i n m i ~~ ‘0 , 1 c i., ’ of i- al m , -i ‘ n—
ence and not mne m es’~a n i 1y Iy thr- snv em ’ i t ’ , ‘n ~~~~~ ‘,~ ~~~~~~~ , ~r m~ iac~pi lo t  unden ’s tand mnq of i b m ’  of t ’ ’ V 01 L’ t ,-o m ’m ’ loqi , al - H” ~“si urn p h 1 ’
operation is evide rmt. -

me i nd i ca t i ons  an ’r - t h a t  the  m i me )n ’ o r o l o ’ rical i m m p u )  I ‘ I R’ r:, ’ rd l
aviation pilot training pr ’om lr ’a rr r S ‘, frm m l s l m I , in dee d - m ,st . rm :’ ] m In
or’mier to arrive at a pr ’a~ t i s  al s n - i  of nm ‘ m r- i’ ri t a m  h o rns , H~- ] r ’n-- t ’ m m t
“ system ” nmust be ev alu a ted.

The “FAA appr ’ovod” I,- f i n m i t ion i  of le a n ’ m i i n nmm is a “change in hm hj ~ ion
t ’ n ’com m iht abou t throug h ex pe r ’ ienc t ’ . ‘ T h i s  a ut  no n w o u l d  add 1 m m  t h is  - Im ’i —

in it I 0 tha t the exper - hence c o y  he r e a l  or in- caq I n e d  . M s ’ m ~ t educat m ’n ’S
nn ri x t o e  real arid i ; - - a m i n m ’ t exper iences  t in’ th,’ir s t L - I m n t s .  S oc - mm ’  disci—
p1 i nes do nm ~ 1 t ’nnd t i m id - sd yes to t hi’ use of’ n-ca l i.’xp e n i  enmc e in time
education al process arid there - a v  he otn m m ’r rm ’stm ’ i c t i o n s  ( s t a t  t , facili-
t i es , budgets) that pr-oh i hit the edu cat em ’ f m ’c m m ’ i involving the St udm’nt
in a real expe ri ’ m nc n ’  dun- i ng t hm ’ ,‘ d u c a t i o n m a i  pr om ess . This does riot
i nd i c a te , however - , that the learning e~,pt’ n i enice was riot a va l  ua h lm ’ erie
for  the student if the imagined expen ’ience was a well-contrived erie .
I think that one would aqree that the enmotional expe n-ience one had
during the viewing m mf Alfred Hitchco c k ’ s 0- , - ‘ was  indeed a ver ’y “real” t

one. In recent years the industry has utilized aircraft sim ulator’s as
a means of substitutir m e bmn ra gi ned ex~m en ience ~or real expem ’ i ence and th is
has pn’oved to he most e f f e c t i v e .

Education has m anl y o b j e c t i v e s  to inc lude:  the discove n ’y of new
km mow l edqe ,  the d i ss e mrm i imat i o n of e\istinq knowledge, and the translation
of fac ts  and knowledge into ac t ion on the pa r t of the stude n t. Nieteo r—
oloqi cal resea n’ch invo lves  the u t i l i :a t i o m r  of t echnolo gy to expand our
knowledge of the ongoing process.  The speci f ics  of the mnm eteom ’o log ical
educat ion syste nrn that  th is paper ex a r ’ m ines involve t h e  d issemn n inm a t ion
and t rans la t ion  phases of the process.

Meteo roloq ic ’~ education is a co mm unicat ions syst em nn involv ing a
sender (educator - ) ,  a set of s y nnnhois (veh ic le ) ,  and a receiver ’  ( s tudent ) .
It is vital to the effectiveness of the individual’ s education that the
system ‘main tains its inte gri t y, Each “block ” is vital to the st m ’uct nmi ’e
of the system. Education is a lifelong process and , t iim ”nefs~r’ t” , one mim ust
not res t r ic t  the exan nination of m i m e t eo n ’ o log ic al  educat io r m to the in i t ia l
“precertif ication ” classroom im phases of p ilot training.

Professionalism is a niust for the educator’ to be eftective. This
dpp lies to all meteorological instructors , ho they clas s roon mi teach :’ r’s ,
f l i ght or ground ins t ruc to rs , or pi lot briefer’s . Profession al is inn m’e-
quires extended training and preparation; study and research; log i cal
and accurate thinking; good judgment; and , perhaps roost i rm ip om ’tant.
individual commitment to become the best that one is capable of becoming
while operating within the systenm .
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The , i e nm t m ’a l  a v i a t i o n  industry is confronted w i th  sev era l prob le m m m
a r e a s  conc , -nn i n m-i f l i g h t  am id ground ins t  nuct  ion in general and in
mm me ’e oro loq ica ]  educ a t i on  s p e c i f i m a l l y .  Historicall y the tra :ing and

~‘nepar’a t ion - ‘~~ a ph lot  to become ar c inst  r’u tor has been m c m i  mm i m mca I . V e r y
few f l i gh t  and groun ml i ns t ru c to rs  have received an nml . c~ ion in the
t n ’ ac h im n t prom r’ss s in mn i l a r  to that which is required for t ea m . tmen c e r t i —
f h c a t i m ,m m n of nc!m~c - m~n i t a ny or s e s ondar ’ v  educator ’ s .  The re m er t i fi ca tio n
r-~’qu i m ’ec- ’ erm t S a no n -m in i in c - a l  co nrrpar ed w i t h  t ime ormgo i ng educat ion that is
r ’,’m’ij h n r ” l  ~f an instruct o r ’ in a scho ol systemrm . The typical exposure
to  t he the ory of ~d , nt ion) i nvo lses  a m - c e c c m o n i z a t i o r m  of the

i n o rder to pass the FAA - - .~~~-~~
‘- - - . ‘ 

~~ r’~ “ .o —
wri t t m ’nm ox , lrifla ti o r , Ti me applicant may receive sommme classroom or

individualiz ed inst nu n tion in the educat ional  process , but this is
us L ia l ly  m c mnd ucted hv a rn m m t i n m ’ r ’ inst ructor  who was t rained using the same
appr ’oa U , Ti nt ’ r ’e sm j l t has been a mi nimmm a i knowledge of the educational
p rocess a - on : the m rr a jority of flight amid ground instructors .

The pno t ’ le nn n is com m cpounded by the speci f ic  background in various
d i s c i p l i n e s  that is required for comrrpetent instruct ion.  The meteoro —
logical  m l  ( i m ’m ’u rmd of m m m o st ins t ructors  is li nmmited to the exposure dur—
m g  initial pilot certification (i .e.. t he  meteorological sect ions of
the pr iva te  and instrunnent courses ) .  This background var ies from “read-
in g t in o ~na Lmton ” to im rst r ’uction received fronm another pilot who is a
product of the samrne system : , Few p i lo ts are fortunate enough to have
rt ’ m ’ e ivem l i nm ct r ’ uc t ion , in depth. fronm professional mi meteorologists or
i nd i v i dua l s  wi th ex tens ive  educat ion in t h i s  area.  Continuing educa-
tion in c’- n’teor’oloqv is riot a requirei nnent for the typical flight or
-:i ’ oui mm l i ns t ruc t  en .

A m iother a n n a  of cnnc m ’ rr c is the  tm ’a ns i tory nature of the majority
of general aviation imms truc t m lns , Many individuals who seek certifica-
t i o n  are u t i l i z i n g  tiii’ i ns t ruc to r  posi t ion as a bridge to a career in
corpor a te or airline operation. This is not to say that these indi-
viduals ar’ m ’ inadequate instm’uctors , hut to indicate that the cadre
does not have an) aver-a le experie n ce level that is found in the secon-
dary school s y s t e m I c , ton t’xi im m p l e. Unfom ’t unate iy , many of these individ-
ual s  are ‘ore i n t e r ’ n s t e d  in building t i m e than they are in teaching
technique or stud y and research in the required disciplines . They ,
in ‘man y cases , are riot inte m ested in becom i ng the best instructors
that they are capable of beco nriinq while they are involved in flight
in struct ion .

The recent incre ase in ai r ’lin m e flight crew positions has depleted
the ‘nih t a r ’y , corporate, and general aviation pool of p ilots. There
is c mm r ’ r enm t l s  a shon’tage of flight instructors in many parts of the
countr ’v - More individuals are leaving the profession than are enter-
ing i f , pm ’im mi an i l v because of econo mnmics (i.e., income). The positive
aspect of this shortage will be an increase in the average income of
a general aviation inst m’ ime tom’ , wh ich . nmos t individuals feel , i s long
overdue.
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‘‘ t n ’,- is rls o - m pr ’e t’ it ’m’ - an - ’ - ,m r i m i n m s t n ’im m Ic r ’ ,‘t ~ m i t i o nm t h a t  re la tes
‘0 ~~~~~ , c I m m r O l .  S ti n ool It ’ l l  ‘ - m ’s ‘ ccci ’ , ’ I o ”p im ’t n a ;m t ’ r ’ io d u t  t u n e  in
a pr -act ic , t a ,  U m n i  s m t u a t  r e m- , fm m ~ c~~r ’ i f i c a t i o n  I ’ s -f ete graduation.
There is mo su p r e v i s i o n  ‘ - m m ‘ ‘ mm c m -mm ~~ral i. ia t i m m m c  b n st r uct mi r ’ . Tin s ’
“ ra , ~i o te achi nc e.\t’n ’nh , ’ rcs, - m e l - m t  in inst ~ t e n  t r ’ a i nr i n ’t is usual ly
1 m m c m I ~~ to the s V Is” n cs n ’ , t e m ’ t’ras t iS i n -n ; -  nm ”,e rm t a ti mrs to  the
inst n ’ -,c- , ti c c ’ l h n s l r ’m s ‘or . T im , c t , i , ’r mt j ’ c ’ : l n L m I  I- ’n usc i - i lly m a - , no oppor-
t m m n m l - , t e n - 3 nt -a l e\ pm ’ nit ’nm c t’ ‘I ‘m a  ~ m m : : s’ ‘ten ’’ , i — ~ Im r ’ supm ’nv is io r i .
E v a l u a t i o n  of an applican t ’ s i n m ~~’ r ’u~ I i n :  a t ’ i i i t ’ ,- is l im ” ’r t e d to t i m e
c e n t F i c a t i o n m  p ra t i~~a 1 etO hn n a t h o m : , ,‘.i ’ i ci r i s  a r m r i m n i c ’ c a l lool at the
app hi ,,a n mt  a t  best.

The st’ i n d i v i d ua ls  t m i a t  edu a f, Vt ’ g m - c ‘ m l  a v i a t i o n  p i lo t  in the
p r ’~’ s e m ’ I  m m d  fu ’mm r , - I n c  ‘ - - of t m ,  ‘ - - I , - I’ m ’o le m l i ,iI S y S t m ’ -  ( I ~~ ’ ,. rim eteor —
o b o i s t ’ - amm O F l i g i m t  Sn ’r~ ic , ’ S t a t  ion t ’r ’io ’ - -r s ) a rm ’ critical to gene ra l
,iv i ,mt ior I  opera t io n . These et u L a t ns ‘ - m iS t a ls o hay - e \ t ~ ’ mm ’ ~ive ‘re ran-
a t i o r m , t r ’ a in im i g ,  and c L d ’ inu j n g m l  c a t i o n , ~

1m n ’ fact  V a t  i t  is possible
to ot ’t ain Vm ’ Ji t’ft ’m ’ent tm ’ i t ’ t i m n ’ l s  ~~~ ‘ - -- t w o  di~~n , ’,’ m - m c t  hnie fens  a t  the
s am ” ,’ F l ig h t  Ser v i c e  S t a t  ion) w i t t - h n  a sn~

- ii ’ I i m m e  f r a m e is an indication
t h a t  the br i , ’~er ’ s ,‘Jui at ion s nc e u t , l  t n ’

T i m , ’ s m ”m d,’n ‘“ conil m muni c ati m lmns us~ C, ’ “ewl ’ ci, ’,rb ie of the n-eceiver ’ s
b a c k g r o und  in ond m ’r t o  ,‘ s I r I i i s ’  ‘i ~et  n’ s,’’ ’ t m s m l s  t g  he ut i l i c e d  in tim e
proces s. :t m s “hv~ ous tha t Ir on,’ :s a nmm ’ s t ’s ’- i t y  to uti1i :~’ a set  of
cyi’m hnl c in this c e ’ - m - - u m m i c a t  ion t h a t  l ic t ‘h~’ s a c ’ t - ” e ,m m r imn : to  the receive n
as t he ,  do to the ‘;r ’ n mm l m ’n , T h i s  “ s’,- ’tol  se t ’ is c m - i ’ i c a l  to the educa-
tor ( t , - m-c imer an m i br ief ’ ’ r ’) if Ut’ is - g o hmn- :  I-a he e f f e c t i v e  whi le  paint ing
a w e a t h e r ’  p i c t  ,mro for  I’ m, ’ St jl t ’m m ’ or i l o t - ‘The ,‘ n ’c ” “h uc’ :per ” ‘cay be
received as c -- m ’ ,mnn i  rig a thunn lm ’ r - ,t ‘n” inn’ as - -  t ’ an m hrm ’ t  t tm mt ’ dev ice  f o und on

‘me ‘ r ’ cn t  and  ba of  a m  a. t o - - ct l i e  , Vi ’ e ~a m ’ :  1 nm ,

1 n n ’xa c ”m nat i om n  of t h t ’:’ r, ’ - ,,’ m mt svc’~t - ol set ‘‘evs ’als a mi xin g  ~f m ean—
i r ims  amid sy nm mh ol s th,1t am ’e di ~‘j ~ -,~ I ’  0 lea n - mm , t ’as i  lv c r- :e t  ten arid
eas i l y min i sundenstood . T he s ’quence r-epor’t ut iii  cs’s sonmme m num :mh m’ n ’ s to
m’e; ’ res~ n:t s t a t u t e  mi les  ( v i s h h i  l i t ’ ~) ,  sum’ ,- na tion’s t o  n’e’, n ’es en c t na u t i c a l
m i l es  (wind vi’ 1 oc i ty ) , and so’ :, ’ n , mm t- , -m ’ S t o  ‘ - ,‘ m ’noso r it fee t  ( RV R Vd 1 LIeS)
The r”- ina l for ’ec ast w i l l  oH t a v i  s ihi ‘ii V ni , mm’t ’ t’r ’ if the f orecast  is
for v i s i h i l i t ’ , gm -eaten ’ th a n S i \  - -  l b s  arid s - i ll s lc ’ : i t  a w ind  eroup if
the f o recast  winds are less t h an 10 h - c - ,’ ’ ‘- , ‘m e  area t’er’ocast does net
utilize the sar’e fnr ’n ’cat as tm e ‘,‘n” m i nal f c ’ r ’ ec as t .  t ’ m m t is pm ’epared in
a “nolo ha n d” pm ’e s e n t a t i o m c  L J t m  1 i : i n n m c  c o n t n ,m, ‘i on’, .

Th0 weather charts ,,t i l iz e  d i  t f e ’ e m m t  :l !’ ,’’,e n t dt i o n s  depe nm ding upon
the  type o~ chart or t h e  l e~ e b i t  no; r ’ o s t ’ m m t s , The l i m m e ~ - u t i l i z ed  on
a sun -t ac o anal y sis ,Jc , r m ’t  n ’ec ’ ’ ’ ,’’-Pn t  iset’ ,m n ’S , IV 1 c r ’ ~ s en a weather’ de—
p ic t io m ’ - cb,trt rn’m’ n ,’sort restm - ct i omn s I, ’ v ns c Cm 11 tr or cei l i r ig , and the
lines on a radar su” nn c a r ’ ~ c ha r ’t r ’ ’ : m , - m ’ nsemi t an ’ t’,m S e ’ n- adam - e c ’ -e n’etur’ n.
The l ines on a law lcv e l  s f e r m i  le an t  s- m ’at’’ ’’n pn’e~mn e St iC ~har ’t a re  uti 1—
b zed to re m ’ n - e se m i t  cci 1 im ig ,~ n l  v i  s i  hi l i t  i res t  ‘ 1  Ct bo r i s , n’ee:ing levels ,
t urh u le mm ce areas ,  ari d jset” rrs . r im ,’ im i , : Iete? s i u n i  n m u m m m t  w eather ’
t m nogmm o s t  IL I im e n - t s  ii lu s t m’ ,mte su’ ’’ ac e lgca l ion s  oh um’ess u” ,” c e n t e r’s and

“ ‘



I m e r i t ’ ; , bu t  t i m - - m n  t I c im i  ovm ’m ’ m m m l ’ ,- dov e ‘ -I ,MI)I) i t  l i i  (‘101) m l i i  -

ba r- ,), l i n t ’  l m ’ m i , l  c m m v , - r  I’ , ‘ ln ”,~ m m  I ’ m ’ t v - m t 1 -  nmci m ’ cl - m ’ m ’ , i n ’ ~’ n ’ - ’.m ’nnl in’) ‘I m i j it h S
01 co v e m ’ , i ’ i i ’  I nm - , 1 ’ - , m , l ‘ I t i n , ’ ‘i i ’ i 0 m i n , mm ’ 1 ‘v ol ’ I w in . h n m’ ; mm ’n ” i - n n t  ‘, t ’  - i m i Ic ’ ,
t n t Coy , ’ m i t ’ ’ , li m , ’ c - i i ’ , I a r m  1 ‘ n m -  - , c m m ’ i ’ h,r m ‘; ‘ ma y m m’ mn n ,m y m i l l  mn , -- ‘ n i t

“ t ’  ‘ n t  i n ’ ’ 1 ‘ i- po inn  I - - ‘ ‘ n i I , (in i ‘cc i  I ai in ’ , , t m I’m ‘ m m l i m m  g i n  l i i  - I ’  ‘ v i ’  I
r p m  ‘- m m m l ,‘m l , l i i ,-  m ’ - m m t  m i i i ’ I n ’ v , ’ 1 ’ - s i n ’ ,- m m ii t i n , -  i n , -  i - t im I’ ; p m ’ n - ’ , m ’ n i t m ’ m l  m m

cm ‘I ’ ’ n 5

The t e n - m r  ‘,O ) ,” ( V i s u a l [ l ig h t  Pu t , ”,) - c m v  m m - t m ,  a t~ v j ’ , i l r l  l i t ’ , i’
m m ’ ‘ V nm I i  v~’ m m m  i l ”  ,m , - r I I r n n ~ ‘ , ‘ m m - - ,m 1 , - n  ‘ i m an i  . 1 ,0I) 0 t o n - s-d mm ‘ n c

mm cm l i n  ‘ m t i n ’ ’ n t  - V i  P m m i v  m I - -n i n in t h  i t ’  ,m s i - , i l m  l i t  s- m , n n nm r , ’ it m i n i , ’  - -
t o  I i v m c  1 - ’ ’ ~ d n - p m - n n l i rim) J p t n m n  , m I I i t  m m ’ I n ’  ,n m m m l t yjn ’ ol i i  r p m  m 0 w i m , ’ nm i i ” m ‘ m l
i nn  nm ’ t ’n1 - m  In liii’ Im ’ m t m ’ m ’,il A ’, n t  1 m m  P , - m i m i l a t  i n n ’ , :

T i n , - dii I i s  t i l t  it ’S t in t t mu m n  1 m m  ‘ I  my , ‘ ,j um i t  m n - ‘  m i nt ‘— t nih - n t ”  a ii i n n
‘ c m - t e n  i n :  t i r e  - ; v i ’ m t m o l  ‘;t ’t n o n  m m m v  ‘ i nc - l i d i m y  t i n t ’ nt i - ,’ , t - m n m n m i , m t  im nmm mit lh,’

i m mcn mccm sn n im _ nt ion ’ - . Ftm ’ s e n t  h mu lg, ’ t  ‘ ‘ I I I  I j o in ’ ;  i mav , ’ m’ l i m nn i n i a te d  ronnie of t ’ is n’ ’
i t  t h , - Vt lO nma I ~‘ m ’ , m t  hm ’r ‘ t ’ t ’ V  1 m m ’ , n m m m l c i i m ’ t , t  i In -i l ‘; l i t  f i m n ’ m  m t  m i t  m m - i  - . ‘

4

11 j m i ii I S, ’i’v f~~,’ Ut  ,m t n ‘nm-; l n ,ms ’ m ’ i l - m m  i ’ -
‘ ‘ h  5 m m l  l m w l ’ m m - l  m u l mm I ‘; - 1 1 m m ’ j i m m t

i nn  m 1 ,n iv m m , a t c i  ‘ i n ’ - , , l m mm ” , mm i i i im,i V t ’  n’  ‘ i l  v , mm m m’ - , ‘ , I t t  t i n ’ ’ mint - Ii - t i m ’  li mi t i n  , m I
C t i mm n mc nu n i t  at n - mm’ , - V t  n’ m c c , m m mi i ,  h 1, ’-~-~ t i m , ’ oji l it m n 1 c c  mc i t  y F i n n ’ arm i n n  - f r o m - mim I
I ’ m ’ m e t  inm ’~ -

the n- i ’  a ne - - s n - m r I t n t  - 1 ’ , t i n  t i m , ’ n- i’ m m ’ i ’ ,m, ’ n ’  ‘ - , ( s t  m i m h t ’ n m t  ‘ )  ) n e m ’cm- j i t io mm
of a c em m m m m m m n c  Ii. , m t n o r m :  p l c ’ ,- ’  H m l  om ’ g , imm i s m m n , t m , , -  r t  nn , ’ m ’ mI , m lo , m I’; anmm i  v ,nliii ”
elf (‘ m m m l ,  i ’ l l  , t i m m ’  m m , ,  I mm f n pon  t m m i t  v . ,n mm i i  ni -i. - om~ ii I I i mi ni  m f  t h o  e Im ’m m , ‘ n i l  ( ml

th n ’ o , n t  - 0m m ’ 01 t h n — mcmt i - , l i mmn p mi i’t am nt t , i m l t u ’ - , is v iol i s - n t  ion , limit ’’ ; t h e
n cm , ’ t , ’ m ’ n ’ n n l m n m i i n , i l s- I c - u n i t  a t  j u n  ‘ y ’ , t , ’ ncm p m i ’ i l  ivu’ l v m mc m l i s - i t , ’ f l i t ’ ‘, ti j u ii ’mit to

‘ t r i m  line- - t i n - v - - I ‘ m m m m m m s n  I t ’  11m m’ nt,” , il _
n ’ t o  I m ’ n m ’ n n  , i t m mni i t  r iot m ’oi’H m m g y

ii ’ m lii,” , i t  liii ’, m - I 1 c m ’  ‘ , I n i h -rn I ti n I e m  n- mn mini I v w h m , m I i - c  mm ’ , es’ ,, mn m,’ t o
a w r i t  t e r m  ‘ s m .  i n i a t  i m m n m

4

t i n is a mit htii’ m ] m l m  ‘s t i m m m i ’ , t i m , ’ m t  I t - s I i v e m i m ‘ - s  mi t  t i m t -  m ’ xpo m . f i n n , ,’ inn
i nt’ l m ’om n ’olim gy t m a t  ‘ - c un ’i ’ m ’ r m l l v  ,ivai lii I n ’  r i m  m t , ’ mn , ’ m ’ ,m l  ,iv i ,m t io m m p i l i n t

i - n in n i rig pn’ m m m l m ’ , m nir ’ - I t i ’ , 
~‘

m ’’’’’ I I, ’ f i nn ’ ,n p i It ’d t o  h i ’ m m ’ n ’ t  I fim it ‘ml iv i ti m —
om it  tiny m ’’sp, ’n ’ i ‘ m i t t’ 1mm isv i’i I i m n m l  or’ mit’; v i s i t ’  i I m I y - m np em ’a t i tm m n ’ , - f i r e
n,” i m m l a t  i m m m l ’ , , i m m m m ’ d m ’ v n ’n , t l n i ’ m n ,m l low t l m , m t i m m m l i v  ImIU ,i I t o  ,mn’m’ y ra ’ , ’ m ’ r m l m ’ m ” ,
f r i a’- l ow a v i  s i i  l i l y  as i nn , ’  min i ii ’ mv i i i ) , ’ , I m i  I s  n ’ m ’ m m m , n  c m l  n m  l oa m ’ m l  c l ouds .
Pilot— ; cla y rem m ’ j V e  t hm ’ u n - I rmm mmci ’ rm l ‘ a t  m u m  m y 1 t h imu t  ‘v i m ’ mn i a k i m mg  a 1,1 ight
i m m  ,i t m miii t in ’  s I m m  n ’ c - ’ ,y’ , I t ’nnm. l l t mmv m li i , ’’; mi m I , ’ min m min ’ n ’ ’~ I gri d t h m ’ ,‘t ’ t ’n’ , t  -;

o t ’ St n’ i it  I ur’,m l i ,, at i. um nmi ml , r t l io n - in n 1 ‘ 1 hem’ m m m m n i h i  I ion - ;  ivi th is i t  i ’ x f i m ’r ’ i m ’ m m m  O m ’
r m mm i I a I t in’ I ’s ln nro l m m ’ m y i - , mm m lv  i t  i min i  l i i i- ‘- m itt e n t my liii liii’ um lm l i t ii’ t t i n i l y  t i m
n ’’tpi ’n ’lm ’m nm i’ a ‘‘ i’ n ’ ,i I ’ ’ m m m m l  m ’ m v m ’ m l  ‘~i I m i , m t i,m rm , limit h ’ not um ’m ’ t ’ ni t ly ,m v ai 1—
ai r I , ’ ti n t hr j r  ‘mm , ‘rum I a v i , m I urn j m  i I ’ t

Is I hm ’ m ’ m ’ a n m , ’m ’t i t o  , m m m i , - t i n , ’ mnnm ’ t  i’~~i’ m i l m m m ~ ii a] m onm m nn m unn ii , m t i o n m  ‘— v - — —
m ’ m ’ T  Tin i ’, , mmi t m mii’ in m ’ I iv’’ ’ I h a t i n , m m n m r , ’  t im ’ m m  m l m n m m \ - m ’ c l mm ’ nn t i s im’ ,i ’ ; i t n l , ’ , mnm t l

n m , ’m , ”- - ; , nr ’ v .

} t i - l o r ’ j i  . m l l y ,  mnmcm ’ ; t t I i m i m l  m m m i i  u~n ’onmmm ’ t i m i ’ _ t m ’ t i t  liii’’ , 1 m m  m i m ’ mit ’ m ’,iI ~m v i a —
t 1 ( 1mm t im - n , ’ fn ’ mn n mm t i m , - ji i l in t  r - , n nml - ,s , lin , ’~- m y - n ’, ’ ph l i nt  5 f i n - — i  , m m mu i t i m m ’ m ’ n mm nim a
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I
m n n m n m m c ’c , r I a “ - ‘ c t  ,m t 1 m g  n m  r i m - :  I’,- , ,nnm m o li n t ‘ m m ,  I en ” . ‘ m m  map ’~ t Ine nmnmlu ’ - t m
- - n, m~, Id n ’ nim Cmi r , r  o’ inn i s  i n s  m I r t ” - I , ’ lu ’S, ’ I ‘p a ‘n o n , - ’ - -- m , ‘ n n , m  1 ,m n a I r n m  n m  -

s t O a t  t o n  m om i t  m l ’ -  t t i , n I lm , ’mm m t c ’ ,n n , n  1 , -I t n , ”- , - m U m  r I t  m aL i  , , m m ’ r ’ , - m m t  I s  m m - - i ’d
Ii ’ ‘ ‘ ‘lii, i t , ’ ‘,, ‘ , m m m l i  n ,, i 1 m ~ ,~ I I ‘ n ,  I , ’ , 1 m m  ‘, s~,’ ,i l~l t ,m k, I co- -n ’ rod  m n Si-
11,1 Is t h a t  ,mn’ ,’ l’s n m ,n I o n - ,- I iSm , i - ’ ’ — ami s t ,‘,l m ,  ii, - t i n, - mmn m m m as n ,m t m , n n m 1 m m - ,
Wi ’ - , I ~l pnos iii,’ t t~ , i m mmli i ’ - t n t  w n t i n ,m - ‘ t at ’  1 ’  , n i  Ot’ , ‘ l  ‘ m m ’ f  n ” - - n , ‘nc ,n I ‘ t im ,  a —

h r - S t i n n  t a n ’  ~
, ‘ 1 1 i’mhi, ali t r m m  Ii ‘ , m m m m  m m m i  I i ’ m ‘ n m mmjmi n ’- ~ as mm m l I ,m ‘ - m n  t i n t ’

ml i s~ p 1 inn , ’- - ‘ 1  as  m i t  m u o n .  A d s  .mnn , - n  , e m  I ‘- , ‘,m m ’~~ m mm m i n i - I ,- ,‘r ’ ,’ I t m  t Oi l  1 mt
g ,

~r ’gj u,n ron ‘ ‘,‘g- , i n t’ t ’nm m , ’m n t - ‘ ‘n roo m I norm • a pn ac I i , ,’ t t ’ ,i m h m r i m r  i ’ \ l ’ m ’ r
n ,’,n~ e ‘ j u l  m ’ m ’m ” ,’ n t  is , ’ 1, 1 ‘m ’s m l , - th , - ‘. m  m u , i , ’r n t i n n - - I c m, ton- - ii m l i i  “ r e t  1”
t m ,n cii m r i m  n ’ s  ‘n -n n no ne, ’ - - a mm I ,n mc n ’s , m I mm, n I m ‘ m m  m m I t in , ’ m r I, mm , ‘u~ I e~l ’m , ’ a m n , l  I 0th i i -  I

i m  I — , him I gun ’

i -\ ‘\ n , ’ , m m i l a t , ’ m ’~ m ‘ 0 m m , - m m ’ g u t r m m ’ - : ‘ i m ’m m l \  u , ‘ n ’ t  i t  m m d
I e I ,‘,n - h mi n m , t , -n t m , - s c m i ’ , ’ m s  m - - i t ’ll ,,! - ,, - I ,  ,l , h r , ’ t I m Pit rim’ - I i~ I u ’ r ’ ,

t m ,’ n n~ ‘ - I s n ’ , m n m ’m m m l i, t ,m 1 ~ m ’ I’ , ’ a pp  m m J m n m a I ,‘ - i n, ’ -. i n i  ,‘n m m ‘ - I ‘ c u , h e r ’
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Thunde r ’ r u ll i ng,  t r ,~m m

I assume every pi lot has had a s im i la r  exper ience end wond e n-ed ,
“How in the hell did I pet into a s i t ua t i o n  l i k e  th isd ’

Or perhaps he has been unf ortundte enoug h to be involved in m’o’cther-
related accident investi gations attributed to wind shear , turbulenc e.
or other’ hazardous wea ther cond i ti ons- -a cci  dents t 1 n , m t might have been
a v o i d e d  if the pilot had had needed weather in forrm iation where it belongs- -
in the cockpit. So as the Flight Operat ions overview foi this workshop
let’ s look at “Needed ~ m ’ ,mth e r  In fo rmation  Where It B e l o m i c t o - - i n  the
Cock pit. ”
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But w i ns ’ says we need army information in the cockpit anyway? Well ,
for  erie . the ~AA~ They proposed a ru le in 1976 which was adopted and
i ’ :,m n be m ’n t ’m n ted on Decemmmber 31 , 197 7 , w h i c h  says , in effe ct ,  “a ll a v a i l a b l e
weather reports and forecasts of weat her phenomena that may affect the
s a f e t y  ot  f l ight , suc h as clear air turbulence, thunderstorms and low
a lt i t u d e  w in d sh ear for  each route to be flown and-airport to be used”
nnm ust be c ’ m ’c nv i d e d to the  pi lot - in - conm irm and by the airl i ne dispatchers
before and during each f l ight.

~ s m ’ m n  without the regulations , however , the nunmber of weather-related
acc idi’ m m t s  in t i m,- industry testifies to the need for accurate real—t ime
‘,,‘e,m t imer bein g av ,i ila b le to the pilot-- 66 at JFK; New Hope , Georgia;
St .  Louis ;  1iji ~ etc.  ,All too often the information in the system
never -  nn ’,i, t n n ’s t im e m m ’ t, k p i  t where it ’ s needed .

Ic , ’ 1 AA s , m t n ’,ms m r i  .‘~‘r weather  as hazardous when it is  dangerous to
, m i n ’ , m a I t • j m a r r e r m g , ’ m’ ’~ , and crew and is m ii ’ mln ’ m — a l lv as -o imc i ated with:

• - t m m l m n  t , ’ns I ‘ n - I - m t - ,

• T u r ’bu l i ’ nmc n ’ (c 1e~ n’ a i r——mimounta im :  w a ves )
• Icing
• Wind shean’
• Ce il ing and visibility (deteriorating)
• Wind (sustained 30 knots or qn’eater)

Rout ins ’ weather is categorize d as:

• A ir temm rperature
• Dew p o i n t
• Atm m mospher ic pn’esS um ’e
• Cloud height and cover
• Wind d i rect ion and velocity
• Pe, mk gusts
• RVR
• Precip itation
• Al tic’cet n ’n settin gs

W i  nj’~ amid tencc p eratures ale 1t

To co nmn p lv w i t h  the FAR ’s , a pilot as stated mrmust be provided with
av ,m i l g hlm ’ h,m ,m’a n - de m u r arid n’outi n e  wea timer ’ in fo n’ mmmat ion before ari d during
f b i  uiht t o  permnit pl a nmn m i nmcj amid execution in a safe and effi cient nmanner ,
arid the ai n’l m e  d i s j n , m t u  inn ’ m ’ ( i -ve i n  m a n y ,  m m mani y m u les away) i s  to furnish it.

TmwI ,m v , the a n’l I rIm’s ’ mi mean is of providing weathen’ i nfonmiat ion to the
pi l o t i ’ , involved with commmputerized flight plans and weather packages.
As ,jn exa mmm ~m 1e . one of umun rmmajor a i n ’ l ines  has a direct con~m’munica tions
l i n k  tm n ’twn ’emm the FAA Weather Message Sw itchi n g Center’ in Kansas City and
t in , ’ a in’ Iin e ’s r -m’sm ’n’v ations com mm p u ten. We~ thm er in for mm m ation is stored in
the m’ n ’ n p mu t m ’n’ and is avail at” 1 e I or ’ i nnnnnn n ’d i ate disp lay  and ‘or reproduct i on
to fl i r j n , mt , I n , M, ’t  n ’ mnn ’ m n b o , ms , an ti arm s - m~ t i 1, ’n ’ b ’ m s ’ a t  ion h a v i n g  a CRT or a d irect



I i n k  t m m It s  m i n t  ra 1 co nmip utc i’s . I n add i t immm c , another d i r e c t  l ink  I ruIn
the ~,nt io na l  ~Ie t e o n - m m 1o qic , i l Center ’  at  Sui t l a m u d , M a r y l a n d , pnimvid ,’- , w i m p
ani ,t t e n ’c l m n ’ n ’ a t : u n- ,’ ab e t t f o r - n ’ c ,n rt s .

1 1 m m ’ ,  s t o n e d  h nf o rm m m a t  ion is used to p r o v i d e  Flight Di spatch a com m r—
l ’ t m t i ’i’ L’t ’J I l ig h t  pl an along the F A A  pn ’efen ’enti,m l route beior ’e the ci’ew
am ’r’i se - at t’ :s ’ airpon’t , arid i f the p m’ t’fe m ’e n th al route is bom n s~t’r ’ by s i ’s

mmm i nut cc em ’ m ’ ’ e m ’e , ,mmn m m t hi - n -  n :n in  h mm m uum m n’ou te on’ mn inn im m m u m m n cost  p b a n  ivIl 1 au t i m —

c ’ n a t i c al lv  In n ’ m r -os’ided .

0mm h is  a r n ’ i va l , the I m i l t nt r ’ev iews poste d weather  in format ion that
contains pas t , present  , arid forec ast svt ’ather ’  conidi t i orms. But more u rn—
portanit 1’. , i t t  ached to h is  ~li m min t plan for rev h cmv and use w i l l  In n ’ a
t’On’l i m Iu t , ’ m’ m m ’~l sea timer ’ pa d -, m g,’. T in is ‘ac kaqe is so n net i nm n e s ca l l ed  ‘‘I In n ’
Co m m n m manmd W ee t i mer ’  D o cc m c ’ m , ’ mm t . “ This dO~ m m m c m t is spec I f h ca l l  v ta i l  on’ed te n ’
each fl Ip i nt  , m n ’e~5 din g 1T~ (IS f i e l d  condi t ions , im oun ’ ly st ’qut ’ m nees and
f o recas t s  for t h a t  pan ’ th c u la n ’  route , thereby e l im im ina t ing  a l l  ex t rane o us
info nm mat b o r n . t is possible , howt ’ven’ , for ’ the 1’i lot to request  addi-
tional wt ’a th c m ’  on the CRT on ha n ’d—c o py p r ’ h nt o utn ,  It is a l s o  p o s s i b l e
and dcc i  n’ahl e fm ’ r ’  Ill,’ p b l o t  to net i’i ye yen - hal hr i efi rigs fr - a n n t in e di s — 3 -
p a t c h e r ’ s tin ’ - ‘ c u ’ t , ’on ’,m l s ’m s u i s t s  w h e mm wea the r  c o mmdi tions ca l l  for’ it . S

\t t h i s  po in t  time pi l o t  hm I S been g ive n a c c e s s  to al l the a v a i l a b l e
weather’ hn fo nm m a tio nm in the r v ’ s t e m ’ c  ami d should be able to  conduct a safe
f l i gh t  iniso fm i r as weather  is concerned. Perhaps we should take a c lose r
look at when ’ s’ a l l  t im i s i n f on ’ m ’ na t  ion canines f r e r n , how it was cob 1cc ted arid
d i s t n ’ ibuted , ami d w het her  it is cur ’r e mmt l y v a l i d  coni ce n’ n im iq f l i ght s a f e t y .

The cun ’n’ent A v i a t i o n  Weather ’  Sy s t e n’ m is a c o l l e c t i o n  of f u n c t i o n a l l y
independent e lerrients t’n ’np b oyi nis i m n i mmma n’i by a slow (100 WPM) and m m mediu mm n
(1200 W P M) speed tm ’b epr ’i nten dis tributio n netwon’k coupled with a s l o w -
speed e l e c t n o w m - i ten’ s y s t e c ’ :  wh i ch  is used to tn ’a nsmrmi t both weather ’  arid
a irpor ’t  d a l i . B a s i c a l l y , time S y s t e m - n  can be considered slow . la bor ’
i nten m s ly e , arid not  c a pa t ’ be  of mi re et i  rig time dem mm and for’ ti mmm c l v and accun’at e
weather u n  to n m - c a t  ion mm eede d by time ai ,‘l i mies to operate in the Nat ional
Ain ’spac e Sys t e n-n . As an as ide c ol ’ un m emn t at t i mis  ti m nue . it should he poi n ted
out that t i me mn in’l i nm es ar ’e c lose ly  fo l lowing dev eb o p mm ments and planned
im m mp lt ’ nm ment a t ion dates ~ f time Au te m nn a t  ion of Field Obscr’vati ons arid Services
(A FOS ’i Pn- rg ram m m by t ime National Weath e r Sen ’vi ce , whi cii will pn’ovi ~le the
g r a p h i c  f o r u m s  v i a CRT . However’ , cost of installation . equi p n rient, ari d
needed ch a nge—over circuitry are o n l y  a few e\ m mn mn pl eS m i t a n :m s ’n’i ad of ques—

ion ic t o  whm cii a i n’l i nit ’s n mm us t ha’~ e , n n m a n s w e r ’  be I on ’ u ’ adopt h rig ,m puS i t  ion ton’
on’ aq,r ins t  AFOS. As t f  n o w , a i n’ l  i n n e r  ,mre wo rk ing c b ose lv wi t Im se qmnm ents of
~~~~ O m m  O n- m ie n - t o  ascert ai m m fi r i m dates fon’ n’educt i on sif sonmie of the cur-
rent f a csimmm ile c i r cu i t s  kn own n - mo n ’e f a m i m i b i a r ’ I v  as Forecast  O f f i c e  Fac-
s im i le  (F O FA X )  and National armd Aviatio n Meteon’obog ical i ,it ’ siumnil e Network

NAMI A\ ) . A dd i t i ona l  l’~ i t  i s  u’ t p ,nn’ a n i m umm rm t i rnmp o r ’ t an mce t ha t  in tor iriat he n
tin ’ m ade ava i l  ab In - on N WS n m m, ’ a m ns  to m m m ~t ’t s t a ted  a ir l i  m e  r’equ i n’em u memi t s t on
m t ’s i ’m p1 of weather dat~m fronmi the sa t ’,’b b i t e s .
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Returning to the real world of today , meteorolog ical data is collec-
red by the National Weather Service , Federal Aviation A dministration ,
,)e ;mirtnrment of Defense , air carriers , and con t rac t  obse rve rs; a nd th i s
data includes surface observations , upper air soundings , and radar.
The FAA is responsible for 35 of this information as well as the dis-
tr ’ibution of PIREPS while the National Environmental Satellite Service
i s th e so ur ce of a l l  ava i l a b le sa te l l i te wea the r  in format i on.

After all this data has been processed through the National Meteor-
olo g ical Center and the Air Force Globa l Weather Central , it is distri-
buted to the users by the FAA throug h t he Weathe r Messa ge Sw i t ch i n g
Center and by the National Weather Service using facsimile for graphic
weather inform mnation .

This system is time consuming, and although it fulfills the FAR
requirements , it does not ade qu ate l y co nt rib ute to safety  of f l i ght f rom
hazardous weather conditions. In fact , since upper air data are collec-
ted only every 12 hours , the inadequate number of observations leads to
errors in the winds aloft forecasts used for fli ght planning and conse-
quentl y to less than optimum fuel consumption.

After ’ takeoff , airborne radar weather reports from other flights
and air traffic control become the prime source of weather information
en root s’ and durin g approach and final landing. Unfortunately, con-
trollers in the Air Route Traffic Control Centers (ARTCC’ s) and approach
control obtain their weather information from the same source as the 

-airlines , which is not timel y enough for real -time decision making by
the pilot or controller. In an effort to help decrease the time between
when the hazardo us weather conditions are observed and when they are
received by the p ilot of the air craft concerned , the FAA ,in collabora-
tion with the NWS ,ac tivated Center Weather Service Units (CWSU ) at 13
ARTCC ’s throughout the country during bate 1977 and early 1978. Addi-
tionall y, the NWS instituted the Convective SIGNET program with FAA
broadcasting Convective SIGNET information over its Visual Omn i Range !
Transcribed Weather Broadcasts (VOR/TWEB) outlets . During the initial
testing of the Convectiv e SIGMET program it became apparent to the air-
lines that the requirennent to plot locations of data on significant
weather on charts within the cockpit was both burdensome and time con-
suming and still was not close enough to real time to be useful. Sub-
sequently . follo wing meeti ngs w i th ATA , a i rl i nes , an d othe r segments
of industry , NWS and FAA have revised the program , thus eliminating the
detailed cockp it plotting requirement specified earlier. We are watch-
ing closel y both the CWSU and the Convective SIGNET programs.

PIREP ’s a re a source of real -time hazardous weather conditions.
Since hazardous weather is subject to rap id change , im m m n mi ediate dissenmin-
ation of PIREP ’ s is an absolute necessity; however , the ma jor i ty are
not transmitted beyond the receiving facility , and those that are
transmitted take so long over the antiquated communications system that
they are of no value to the user.
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Since airport and air route survei l lance radar are opt imized for
aircraft dete tion and have limited capability to detect and disp lay
Stor ’c’: inten si~~, variations , it does not provide accurate or sufficient
de f in i t i on  nt w i- e ther area s for control lers to provide reliable vector—
in’ ; or ad . i so ry  serv ices  to the p i l o t s .

Tn m-  Na t ion a l  W ea ther  Serv ice  operates a network of weather rada r
s”~ tion s east of the Rockies to detect and observe severe weather. They
a re mc ’ j t co lb oca ted  w i th  FAA radars and except fo r spec i al pr ojects are

n ’- - ’ -
- 

t , -e  to FA A A TC f ac i l i t i es .  Data from weather radars is used by
‘ - i b ona b  Severe Weather Forecast Center in Kansas City where a radar

- - chart is constructed and transmitted by facsimile. Again , this
- i ,u Ju a b l e information is not available to the pilots for real—time dec i—
S i - n r c  “cd~ ing.

In f act , the only real-time information available to the cockpit
is fr -nj nmn the FAA control  towers whi ch provide wind , alt imeter set t ings
and RVR on f inal  approach. Even the Automated Terminal Information
Service (ATIS) is subject to providing obsolete information when con—
trollers ’ workloads are heavy and weather conditions are changing
rapidly.

,‘,hc a t weather information is needed in the cock pit? In flight
p l annhrn q we need current wind s aloft. Observations every b2 hours are
inadequa te ; we suggest that such observations should be made every six
hours.

En roate and in the terminal areas the pilot needs real—t ime
hazardous weather informat ion and he needs it direct ly from the observers .

As discussed , the current Aviation Weather System has the infor-
mation , but it is not availa 3 le in the cockpit on a real—time basis.

Currently the FAA has developed an Aviation Weather System Prelim-
inary Program Plan desi gned to improve their capability for providing
hazardous and routine weather infornmation to pilots and controllers .
The plan is very comprehensive and the FAA should be complimented for
its thoroughness. rt identifies the problems and proposes solutions ,
and when it is li -im plemented our Aviation Weather System will have
efficient air operations. For this reason we wholeheartedly support
this program and all the technolog ical improvements in the plan with
one exception. Although the technolog ica l capability will be available ,
the p lan i s i n the futu re and we need someth i ng now , particularly real-
time hazardous weather information in the cockpit.

As lo ng as the f l i ght dispatcher is held responsible for providing
en route hazardous weather to the pilot and until the FAA assumes some
responsibility for real-time information to the cockpit , all the programs ,
tech no log ica l  imp rovements , and money spent w i l l  not ach i eve the ir fu l l
potential in providing safe transportation to the traveling public!

Before I close I want to mention my indebtedness to Capt ain J. E.
Fra nku m , V ice President - Flight Operations , Trans Worl d A i rl i nes for
some of the mater ial  I have used and for his ass is tance in this preparat ion.
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ACCID E NT 1NVH~ IGAT IO N

A l a n  I . n n L mn s te l n

N,i t b e mm a 1 Tn ’anmsp ’nt n t ion Safe ty  Boar’d

T i ne Nat  i onal Trans pe nt a t  10 mm Sa t , ’ t Board (Ni  s~) was created by
the Dm ’ pa m - tn ’ e m nt of Tr’an spon’t at io n A c t  of l imt ,e,  wh ic in s hu m mul  ta n me ci us l y t’ S —

t ab b i sh ed he Depa m’ tu nmenm t 1 m f Tr ans pent at h o rn . However ’ , i t  was time Inn —

dependent Safet  v Boar’d A~~t of 1-17.1 wh ic h - i  e s t a b l i s h e d  t ime Sa f ~’t  Board
‘is arm emit i n’e l v i mmd s’pendt ’ m nt F~’dena 1 a ’ le m ls ’v amid bn ’ o as ts ’ m r , ’ si t inc m ’ esp on ms i  —

h i l it  ies of t he Board in the i n v e s t i g a t i o n  a mud pm’ ~ ’s’~ ’ m r t i o r n  ot ti ’anu s—
‘o n - t a t i o n  a c c i d e n t s .  An ’’om m ,~ smt ii,’r t h i n g s , the Boar d is char g ed w i t h :

• In i s es t i s ia t i n i g  c~’r’ ’ a in a v i a t i o n , hl i c m1nwav  , ra i l road , p i p e l i n e .
and mnma n - i  m e  accid ents

• Rt- p e ’  m g  nub l ie ly or- i tin t ’ t ac t  S . cind i t  I m inis a mi d c i n’cun ’ns t am m c es
and the c a u s e ( s )  on’ probable causn ’( s~ of suc h ac c ideni t s ,

• Issu i ng peri odic m’ :pon’ts to t i n t ’ Con g ress arid to mk’dt ’r’a l , s t a t e ,
ami d loca l tr ’ ansp o m’ tat  ion s a f s ’ t v  a qenc i s ’s arid others n’ t ’ co mmumu en md—
m g  nm n easun ,’s to  nedu is e the 11 kel I m ood of tn -e: nsp o r ’t at horn
accidents.

• Init ia t i m n t i  nm n d co n duct ing spec ia l  t n ’ a n s p o r t n t i u m m  saf ets studies
and i m y u ’s t i pat  i onis .

Imi asn ’c cuchm as t in s wor’kshop dea ls  w i t h  a v i a t i o n  s y s t e m s arid the
c - - e t eo ro loqic ,m b and env i nem im’ m e mi ta I in puts to such sv - s t e n ’ s ,  th is  ov e rv iew
w i l l  deal o n l y  w i t h  n ’ , ‘ 

‘‘ acc ide n t invest i ga t ion  arid pa r ’ t i c ub a r l y
w i t h  those c’i ses i n wh ich  t h e re  was a weather’ invol v e r’ n cn m t , A weather ’ —
i n v o lved a cc i d s ’nt w i l l  he defined as one in- i wh ich  the Bo~’in’d has dete n’ -
mined that weather  was a cause or a c o n t r i b u t i n g  f a c t o r ’  -

h,’fone d iscuss  i no so cmce s p e c i f i c s  of weathen’ - i nivol ed ace i ~1enmtsit might he a p p r o p r i a t e  to pn’ovide a bn’i ef s um m m ~m r a ry of the nm m anmmit ’n’ in
which the Board conducts its investi gations, for’ the be n efit of those
attendees fortunate enough mm o t to hav e beer-i active pan’tic ip an its 1 m m such
investigations . The Pea n~m l ‘ S headqua n’ to n’~ am’e loc ated a m. 800 I ndepeni—
dn ’ r ice Avenue Southwest in Washin gton, DC ,--the sam ire buildi n g t h at
houses time Federal Aviation A dnminist n ’ati o nm (FAA ) iieadqu artc n ’s , There
are 12 field offices spread out from Mianmm i . Flo r ida ,  t o  ‘\ m mchora si e
Alaska. Eleven of those 12 ar’e desi gnat ed as A v i a t i o n  F ie ld  O f f i c e s .
E igh t of the 12 are also Railroad Office s , fo ur’ am’e also Highway
Offices and three are also Pipeline Offices , sinm ce t he  Board ’s work is
intermodal . Undei’ nior’nmma l circum stances , time field offices conduct in-
vest ig at ion s ci t  general aviation type a ccide n ts , The i m mv e sti g a tho n
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is u suall -i m :o ’ndc js t,’d by um cm ’ inv ~-st l~~a t o r  fn c y ’ c a field office assisted
l n ’ m c s’r al 1 - .- . an rAA ‘ - an am-id on Cm m i s  ion by a m an ufacturer 5 represen-
‘i~ ive , i .e., t he ”- ,i in uta c m ,uner of the aircraft , powerplant or on-board
sysrems . Tin e field offices are provided with a ny required technical
H ~-~un ~r - o n m ’ appropriate pr ’u t s - s ’ , i n ’ m c a l  experts in W ashington . For exanm —
ple , t h e  case cia m’equi ns ’ ‘hi’ services of our metallurg ical laboratory ,
en ’ in vestiga t ive a~ shst ami c e fr : cn an n air ‘raffic contr ol specialist ,
a “- eteor - e logist or others . Field office personnel are also called upon
to “stor’ ~‘ down the scene n n f an -i air cam- i c r accident u n t i l  an investi —
ea tive t e onm — ar ’n iv ’- ’ from’: •-~as in i mm gt o n , a ssist i n the investi -ni tion and
also pn e’,-ide logistical support .

Air carrier accident inv eY igations . on-i the other hand , are con-
ducted diff erentl y, In Washi n gton , there is always a so—called Go—
Tean- ’ on standby. The Go-Tea nmn is “ado up of about 10 investigators.
There is an :mmve st igator— ir ’n -~ harne and experts in t h -  va r ious  t e c h n i c a l
areas such as operations , air traffic control , weather , powerp lants ,
etc. The team ” is nor m mma l l -, accompanied to tine accident scene by a Board
Member and a repn ’esentative from our Office of Public Affairs . In
order to develop a coum iplete fa ctual record , the BOard wil l , at an or-
ganization nm reetinq , designate Parties to the  Investigation to assist
the Board in it~ work.  The Part ies consist  of such agencies as:  the
FAA , National Weather ’ Serv ice  ( NWS - ), l o c a l  iovern’ cental organizations
and others. Also included as :‘p i ’tjes will L’e s cu ci m organizat ions as:
the air carri er involved , ai n ’fn ’ac - e , pew m ’mnlan t and systemm ns m anufacturers ,
the Air Line Pilo t~ Association (‘~~ 

‘A ), ~rafessional Air Traffic Con-
trollers Orn anizat ion ~JATCF c), and va r ’iOUs o~hen ’ trade unions and or—
anizations as nmay be appropriat e.

Under the overall direction of the NTSB Investigator -i n—C harge
the investigati on is conducted by the various groups in  their own-i areas
of expertise under the chairmanship of an ‘ITSB investi gator. Infor nmm a —
tion is exchanged between parti cipants and coordination is effected at
periodic Progress Meetin es convened by the Investigator—in-Charge.
Under the d i r ec t i on  of each NTSB ~n-o up Chair n mna n , one set of group notes

L 

is n-’a ’intained from” wh ich  there even tua l l y  w i l l  be draf ted a Group
Chairman ’ s Fac tual Report ,

Should c i m n T u n c :s t a nces  d i c t a t e  that  a f te r  the f i e ld  phase of the
inves t i ga t i on  is comm iplete a pub l ic hearing be held , a l l  Pa r t i es are
notified and Parties to the Hearing will be designated , nor mm ma ll y frommm
among those agencies and organizations s’ m nich have alread y participated
in the field phase. A~ the Public Hean ’ing, testimony is taken under
oath from appropriate witnesses with questions first from the Board ’s
Technical Panel , nor mm ma lly n-made up of NTSB Group Chairmrmen. Questions
a re also allowed fm ncm ’ spokesnnen fi -ono each of the des i gnated Parties
as well as froc” members of the NTSB Board of Inquiry which conducts
the hearing. Subsequentl y, a forma l Board report will be prepared for
public release and will contain pertinent findings and the cause or
probable cause. At any time after the accident , the Boar d could i ssue
Safety Recommendations pertinent to the case involved , directed to
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,rp lr r ’u iI )p ’ l a b  r’ m n - m u  m i - s  annu l u ’nu~, m r m  m .‘a I m c nn ’ , w I t b m an i rid ii at i mini of ( 1 m m ’
‘n ’ ‘ i - I  b y  s t a t u s  m l  cam b u n - i’, m ’ rn im ni ’ n n , I , n t  i i ’ m n  , A i ’ .o a’ . y o u r  know , t ime h ioa mu f

‘ I ’ m ’’. pt ’n’ r o b  m~ a l i v -  p it h ii si r r ’ i’ ; n o r ’ t  s e rr ‘ im ec i a 1 -
‘ ( mi i i  ‘“ i t  has (te v elo l med

i mnn v - m u m ’ , s u t ’ J i ’ m I’ , - We i i i ’ . r w , m r ’ u ’ t h u m b  ‘r ’ i ’v’iou’~ we n’ksi m o; ’ ’ . d iss ’u- .-~ed
a t  ‘ .em nm c I - r i p t  in I bnu ’ r’ ,’sui i t ’ , o f  I lii ’ b m i ,mrd ‘ S~m , ’u Ia 1 St t idy inn F,r h a l
Wi - ,r t b c -i ’ I m m vi i] v- mi Gm ’nm , ’n,m I A v i r t  me rm A ’  i u t r ’ m n t ’

v tm m - I m i t  tb m t ’ r’ ,’ nnn , m i n iu hr ’ n’  i i i  I in m s , i v i ’ n v l , ’ w  i,i~ier w i l l  he d i v i d e d  i n t o  
~hi~m ’ r ’ , i i , ’ m I iu

~
’ j , ” . , I - ~‘ , . i m m t u i i ’n : n , r t  ion c o mm u ’ rm n j niij a n n  u a n ’ n ’ i i ’ r  ~ncc id enm t c  ,lfl nb

m u  ,‘n ’m m ,m t r ’ nn r — u ’ I , m t  m mm i tu ’ j i - m mi ’ r ’ ,rl ~m v n , r t  1 m m  ru u i u h , ’ t m t  - - -

;u ’m n t ’r-a I As m - r r ‘m c -‘i, i i uteri I”

l.nHt ’ I br a s hei -m r mim ’v~’ l ia pi’ul f u r  ~i~ m uv m mli - arm im v r ’ r ’ v j , ’i~ m i t  iii m u m ’ mmi ’ral
_ i y n ,n b i , i m m lu s rd en r t ’ — u ’s- i ’ m ’ 1 r’eu e nit ‘ ‘ — v i ’,rn ] im ’n - m i r d  . r c  w e l l  a’. a c o m m m b ma r i s u m nm
L ue t wei ’ rm a l l  ,m~ c i  do nut , mnrul t i r e  weat  b ier ’ — i rmvu ’  I you 1 ii u i  b e r m Is , I h m t ’ NTS B

err t inn ui ’ - t u r hi’ m m ’ m m m i’ n ’ m ni ’,I m u  I m nn r 1 s- w i t  In I m m ’ over ,n 1 1 m u m I mlc nm I. p i u t tire
b u t t  i~r t hi 1 he u sm nm (  m m m m i i  re~ I , im ’ mO ’ mnmi uuu ht ’ m - o h ~ t ’ n 11 m m-i’ I nivol vm ’mmm en nt s - Wea t t me r  4
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It is m o  I t I nt ’ I nut cnn I m it  t I m - - pap er’ I o uinda t e om nmp It ’ t m ’  iy the a fore-
mum e nm t ioned Speci a l  Pt udy , h u t  i t  wa s m ’ n i ’ , idere d iii ir m t em’ t ’ - - t  t i n  j u m ’ o v j i l t’
a n o the r ’  look at su u nnne of the s t  ,m t i - - t i  md l  dat a avail abl

F or’ i ’ va nnn n lc , w l mat k i rmds of ii i m i t  ‘ a t  imm u ’~ wi - mm -  I m e l d  t ry t l u o - - t ’  i n n —
v ui l ycd inn t in, ’ wea t into ’ a , i skim t ‘, mit - l i  mic a ted  i n  Ta Lc Ii’ 1 ’ 1 hr Iioar’d l i s t ’ ,
mm m or e t h a n  ~‘O k i m ud ’ , m ct p i l o t  n - n t  m u ’ ’— a mu d also t lm t u a t e q i ,nry mi t  ‘ Nm ’ Rat m u m . ’’
hlu m m r an n a  t u r e  hit’ i m m q w b m ,n I i t  is , we b rave f o unmd I Ira I a lmm m m ,ms I 1 . P - ‘ of t in c
p i lo t s  inn wea t b n t ’ m ’ I niv ’ m n l  vest a, m I  m lu ’ nu t  ‘ - lm , m d mm mi n - a Ii mm m u s ot army k i m m d . O nu
t h e  o t bie r’ h,m mmd Pb. ,

‘ m m t I hi - n c  had a i op I a rue — s i n nu l 11’ — err - i i n r c— l a  m m mi  m’a t i mu ’ ~- ,

1 1  lna l a i  r’p l a r m e — s i m m q l m ’ nnn uu I t  I — i - nnm im u , - — l , m m m m l  m ’ , r t  m m i i ’ . ,n mmd abo u t  dl) - brad arm
i mm ’ . I r um m u e mi t m m  h i nm -I m t  cu m nnm m ’ k i mid . I hut ’ I i m o u n t ’ - - a lso - , h nm u w t mat  n c - of 11 m m ’
p i 1 mc) s wi  t I m i ni’ - I m’ uunm t ’ m n t r a t  r i m s  w ere i nuvo l  ved inn f a t a l  a u m  i ulm ’ rut  - (lmne
unr e st  corns 1 ude , I i n , ’,’, I m ni i , t h ma I w i r i ii’ inn i mu ’ . I ru im n m enmt n- ,i Ii nnm l j ‘ , rm i t t ’  hu n

- . i t  is mim i m )t ian ’ , mr i t  t~e t o n  pr’ u m t  i’ m I i ‘ mm ,uu i ,m i r is h  I- i - n  mi - u i m y - md vm ’d in ,m
wc,n the n’ lu u i dt ’nn I

T In , ’ I P1 - i t ,”  mu i r i .‘ m ”- a t u m i mi I ~, , ‘in ,n -c ’ - tnt  o] u t-n ’ a t i u r n  . Inn ,m mm a t  I e mn m i
t o  - c , ’ ’ , u r - m t o  I I n -  ph ua ’ - m - - - ot sd pe m’ r I n o rms m lum n i m m )  wh m u lu m nnm u s 1 d m m  j mtt ’ mi t  - — m m  m ui r ’ n ’ t ’d
i t  was tnuj nmd t h a t  11 m m— ~c m ’ m o - m I a m i’- - inn wea l  l i t -n — i rm v i ’n lve d , Im m j m t t ’ n m t we nt ’
iliU m lm the - - , m r mmm ’ , m - , t he ‘ v i - m on II m ut ’ mne n ,m 1 m v i , n t 11 m m lu 0 i u l i ’ mm t  pi - _ I tire ,m m msl I I m a t

h ue hi i m ht’’ ; I pe m ’m m ’ u i t a -m i ’ mit r i m  i m i m ’ m m Is ( ii- -] ,- ) 0 m m  m m m ’ r ’ e m l mi u n’ i rig I Ime 1 a n udi mmm i
phiism ’ - ‘ Ib m i S is J r s - i  ded a’ - I mi ll ow’ - :  I t ’vt ’ I — m t  I / t ,c m ~ I mu lm ’uwnm I P 2 , ,  Pm’ 11
f i \ m ’ d — w i mmm l ) Id . ,i , an m b F im m a l , m ) I ~i’ n ,n H ti ,~~ . I , i k m— m~it wa s mm cd i m m 1 i mmc

w i t h  1: ’ . 1 am id I n n t  1 im ~ht ~~~ nm , ’ - ’, t  w i t h  I I , ( c  - Inn , m i I t in t ’  m - ,- nnu ,m ini irm q
a p ) m r m ’\ ir m a t e l y -  (‘0 a t  t - - i o m ’ i  i- -  . t Im , - l ie n- u err I , n - m i ’ - , w o n’ t ’ I i’s ’ .  t h a m  , i inn e,mdm .

4 Lm Iu l , - 2 w,m -. Jm ’vm -lo ped 1 m m c r y  i i , ’ - .om irm ’ mm ufon ’ u um ,mt mm c m ,mlnou t I hue I m l  —
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The nmatter of weather briefing is always of interest , particularly
those provided prior to an accide n t which falls in the weather-involved
category . Table 3 was developed to show the major sources of weather
briefings and as would be expected , briefings by Flight Service Station
(FSS) personnel head the list with unore than 33’~ of the briefings hay-
ing been provided to pilots in all accidents and almnnost 40 provided
to those who had wea ther type accidents. As you can see , NWS personnel
provided less than 3 of the briefings in both cases. It should be
noted that in relation to both , all acc idents as well as the weather-
in vo lve d cases , there are large percentages in which there is no record
of a briefing having been provided. There is not the i nnrp lication that
the pilots received no briefing (in accordance with the Federal Aviation
Regulations for mmma ny flig b mts), but that the air safety investigator
cou ld  not loca te  suc h a reco rd , even if there was one . We are well
aware that there are m any ways to receive a weather briefing and that
no record mnmay ex i s t .

T a b l e  3

U.S. GENERAL AVIATION ACCIDENTS
1973- 197 7

WEATHER B R I E F I N G

Al l  A m c i d o n t s  Weather - Invo lved Acc idents

FSS
by phone 21.9 25.8~.

FSS
in person 5.2 5.7

FSS
by radio 6 . 4w 7.5

Total 33.5” 39.0

NWS
by phone 1.6 .~~~

NWS
in person I .l~

’ .2

Total 2 .7  2.9

No reco rd of
briefing 41.2~ 35.4

Unknown/not
reported l4.O~ 1 3.4

50
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In Ll cri mi e ction with the weathe r— involved accidents , more than 51Y-
m c I  tint ’ pilots did m ie t a weather br ief ing of some kind (when we had ev i—
ml er c m,e ,nt a brie firn q ) . Ove rall , 45 o f th e pi lo t s  rece i ved a weathe r
bm’ ii’ t’ i rig.

The accum’ m cv ci weather forecasts is always a concern , but unfor-
tun atel y, inn the cases coverin g the 5—year period being discussed ,
c - non e o f ten  than not , it wd S riot possible to m ake such an assessment.
It car-i only he said at this timu ne that in about 45’ of the cases , the
forecasts were considered to have been substa ntiall y correct or the
weather was slightly better’ t h an forecast. It can also be said that
in only about 5- of the cases , th e wea the r was wo rse tha n fo recast .
However , on e m ust note that in mnuore than 50’ of the cases our data bank
shows onl y that forecast informat ion was “Unknown/Not Reported. ”

We are frequently asked to provide information concernin g the types
of weather phenomena most often associated with accidents. It appears
that over the years the list is alm mmost invariably the same in fatal acci-
dents (Table 4-a) and in the non-fatal accidents (Table 4-b). As is
quite evident in Table 4, low ce ilin g , fo g and rai n to p the l i st as they
did in our 1974 study of the fatal accidents; and unfavorable wind condi-
t’i ons , updraft/downdraft and low ceiling are among the top three just
as they were in our 1976 study of the non-fatal accidents. The Board
uses moore than 20 categories of whi ch Table 4 is just an abstract. It
should be noted that a category which has been added is wind shear ,
which has been cited more than 30 tinues as a cause or factor over the
5-year period covered by this paper.

Table  4-a

U.S . GENERAL AVIATION ACCIDENTS
1973-1977

CAUSE /FACTOR TABLE : WEATHER PHENOMENA

Fat a l Ac cid ents

Cause Facto r Total

Low ceilin g 7 795 802

Fog 6 544 550

Rain - 298 298

Snow 1 151 152

Thunderstorrmu activity 6 133 139

Icing condit ions 8 107 115

51
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Tabl e 4-b

Non-Fatal  Acc ident -,

(‘ nu’.e ’ Factor ’ Total

lin t avor abic wi rid no t - I ,.,‘~8 I ,564
cond it i m inus

Up 1d owni dr,j t t 00 ,‘4~i 335

Low co i l  ing Ic 300 3 13

Fog 5 2~10

Condit ions coniduc i Vu ’ 10 ‘02
to c,mm ’tium ’etor ici nn m i

R a i n  — i to) 160

It is comrx mro n knowled ge that m mr ost genera l ~v iat ion  fly ing is in the
f ly ing-for-pleasure category . It would he ant ic ipated , t h e r e f o r e , t h a t
roost of the accidents would occur during pleasure f lying, and t h a t  i s
quite correct. The Board lists more than 50 categories of fl y inq , and
Table 5 l i s ts  sorune of the top categor ies where accidents are involved.

Table 5

U.S. GENERAL AVIATION ACCIDEN T S
- 

1973-1977

KIND OF FLYING

Al l  G /A Accidents W ea th e n’ - I r ’ mv ol ved Ac ci dents

P1t ’,nsure 50.6 ”~- 58 ,8” ,

Business 7. : ” 9 .S ’ t - ‘ -
~~~~~~

Aerial application 5.ti —

- Instructional/d ual 5.3, -

Instructional/s olo 4.3 -

Air taxi —passm’ nqen’ - 4.
operations

_ _ _ _ _ _ _  
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As you ar m’ wel l  m w anm ’ , t h e  p i lo t  immvo lv e ’ in ie ’ ni t as a cause or’ factor
inn ivmsn t hnm ’n ’ type acciden ts is q u i t e high . Tabl e &- bias been developed to
hi q ml j gIn t the nm naj on’ types mit I’ i lot i ruvol veumnen t (of the nmuo re tha n 60
i r s ted by t ire Iioan’d ) wh i cli occur red in w ea t l nen - — involved acci  dents dur-
ing the 1973 —19 7 7  i m - ri m c d . Four of these top f ive  am’e the sammme c i ta t ions
outl inied in t int ’ 10 74 study )cm ’ev iously mmn en ti oned .

Tabl e Ic

U.S .  GL N[ RA L A V I A T I O N  AC~’ ID ENTS
1m ’:’~l 977-

CAUSE / FACTOR l!’nftLL : P I L O T  I N V O L V E M E N T

I , mt a i  Acc iden ts

Pi lo t — im n—co m im n iand Cause t , nct o r ’  Total

Continued f’l iqht in advers e - w m ’ a t h n - n ’  c- l i 12 653

Spatial d isor ien ta t ion  458 1 459

Inadequate pm’eflight pr’epam’ ationn or I -Pc 157 302
plan n ing

Improper i nf l i qht decision or 243 51 794
p lan n ing

Fai led to obt m in / nnu a im ntai n f ly in g 195 — 195
spee d

Ai r  Ca rr i  i’ m’ A cc do rm t s

Table 7 i- n a table for a i m ’ ca m- n-i ou ’ du ’C i dm ’mi tc  para l le l  to Table 1
for the gerreral a v i a t i o n  se qu nne- nit of tin e I nidus try . Wim ii e the nuumrbers
are rrnt neam’l y so lan-g e, exc e pt tm ’ n the f a t a l i t i e s  r’esu l t log fm ’omrm time
Teneri fe mi nm iund coll i sion - i inn 1977 , tine ) ‘e r ’ cem n tage of we a t b mer— i nivo l ved
a c c i d e n t s  is d is turb im n . It is pe r fec t l y  obvious tha t  of tine f a t a l
accidents 50- ’ wer e weather — invo lved am - id t lna t conmpar ’ed to the total air
carr ier  accidents , almum ost 50 were w pa t l me m’ — i n v o l ved . Look i ng  at al l
acc i derm Is , 15. 0 were fatal  ,ucc i den s , win I cli is ,ihout tint ’ sa m m uc as in
ye m m m ’ r - al ,iviat ion . Ignor i r ium tire Teneri fe ,n cc  I den t as arm un usual and
hopef’u liv a non— n’ecum’ r’ I m g  eve n t , there were , cmi the ,rs-em -aqi - . 41 nct~rS ofl5
k i l l ed  in each ,uir ca n- r im-n acddenit.

- - — —  ‘—‘-—-‘ 
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Table 7
U.S . AIR CARRIER ACCIDENTS

1973 - 1977

Al l  Acc iden t s  W e a t h e r - I n v o l v e d  A c c i d e n t s

Total Total Fatal Fatalities Total Total Fatal Fatalities

1973 43 9 227 22 4 143

1974 47 9 467 25 4 195

1975 45 3 124 2 1 2 122

1976 28 4 45 1 2 3

1977 26 5 655 13 2 644

Total 189 30 1 ,518 93 15 1 , 149

In discussing air carrier accidents , it was decided riOt to deal
with such matters as pilot ratings, flight plans , weather briefings ,
and weather forecasts , It was also umnne cess ,ir- v to discuss kinds of
flying.

Table S lists the weather phenomena , both fatal (Table S-a) arid
non— fatal (Table 8-b), m ost frequentl y cited by th e Board in n air’ cam’r ien’
accidents from 1973-1 977:

Table 8-a
U.S.  AIR C ARRIER ACCIDENTS

1973-1977

CAUSE / FACTOR TABLE: WEATHER PHENOMENA

Fat Accide n t s

Cause Fa c to r ’  Tu c t a l

Thunderstorm activity 3 2 5

Low ceiling — -n .1

Rain — -1 4

54
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Table 8-b

Non—Fat al Acc idents

Cause ractor Tota l

Turbu l enc e associated w i t im 32 1 33

cloud s and !om ’ thu nde u ’ s tOr u n us

C i t -ar a i r  t un’ b ul m ’ n n ce 21 1 27

Th muni de m’s tn’nnn ,ucti v i  t v 2 6 8

As in the gene u ’al avi ation an’ea, it was considere d of interest

to review the pi lot invo lve unuent as a cause on’ f a c t o m ’ - In the air car-

rier accidents , the citations were well scattered over more than 35

different types Table 9 deals with the  top cit .,ntjonS invo lved in

both fa ta l  (Table  9-a) and m o m - f a t a l  (Ta ble 9-b) accide nts.

Table 9-a

U.S. AIR CARR IER ACCI DENTS
1973 - 1977

CAUSE/ F ACTOR TABL E: PILO T INVOLVE MENT

Fatal Acc idents

Ca u se Factor Tota l

F a i l e d  to  t m c i l u n ~ approved 6 1 7

pm’o edum’es , d i  nec t I yes , u’t c .

Iumnproper in f l i qht  deci s ion s .1 4 7

or pla nning

luopr000r’ h R  operat ion 4 — 4

55
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Ta hl m ’ ‘4—b

No n—Fatal Am ,’cide nuts

C,m c , se I am ton ’ lo t ,n I

[ am led to ~c 1 1 om, _ n p p n ’ m ’c u~~I 11 1 I
l’r m iced unm -S d i  ni’c t  m c  es , etc.

a i led t o i ri m m a t e  -no - ano n ml t ’ -

lcco r ’epu ’n ’ I ni 1 1 m O n d - c  n - n i  c m -~ 1
m cr 1 a n urm i nmm ~

F a i led Ic irma inn  t ,n inn  - —

di nm ’c t m  gri m I c u_n o t n’ uc l

\ 5  I p.mpcn’ u, ,n ~ icc m m - : - u_ c - c l ’  I m ’ I Omi . s O nnm e ,i dO m t  m e n i a l  u r n ’  n u~ :,u I norm
t’ i’m mccc ,n a i lab 1~- ~, I n i c in m o ’ . - e m s  I 0, - ‘e,l t m tm he u ’ unit e n’cs t t o  1 1 m m - n  -ne , ’ I —

m n i i .  The i n n to n - ’ n ,nt n err ccm ic ,’m - m m s ,n 1 0 — c o i n  l ook  ,nt s u cn ’ c m ’ o f  t l i m ’ ,m in ’
n icr’ dat a. I c m’ \a n c n n ’ i i ’ , t u_ c r tin e ic — c e,n m ’ pen nod I - ,~n hmr ’ oL on i n  10 -

,

wr’a t he n’ u~a’~ t tm ic ‘co-nt I r ’,’,~ n em c I Ic’ c i t t ’ ,i I a u _- t o n  inn t bi g -mn l i ed  St a t i -s m’c m ’ —
m i ca tO t i  romu t o  a n n u _ n m  i m ’n ’ mc ,  m dorm t s —— -10 . 3 inn a l l  .ucc I den t ,  ,n n rd -10 .

inn n a t ml ,r c i  di ’n r t in . rn um ’h u i len i u _’t’ u~’ ,m s c i t  e,I ,n -n the cost I n - m ’q ue nnt ,,‘ cu us a i
m’ it  a t  i 0mm whe n Ii st i mu _ u  t ~c ‘u_ ’- n o f  ,n cc 1 Jo int s — — 3,’ 

- o I t ce 1 o t .n 1 . I ,-n n ,-m n cm ’
has s lmu ’Wnn that n o rm ’ a no i m ’wo r’ CA c m t ,r t i m c c — - t m a n  c i t a t  i o n ’ , ,— u n r ’hu —
I , ’ n i me ,m s s m ’ c i a t e m l  w i t h  t hum nder ’st m c mi -’ -,. I I:,’ n’ .nt Ic g~~ c o n c o c t  i s , - t c  pm ’
census C AT i —. g om m e ’n’a I lc  sonc ni -wt n a t I c — .--’ t b m , m mm two  t m ’ c ’n m c

u;m - n nt ’n’a i

As nc n u _ ’s t  of  the a t  to m u d o t ’s Km n , ’c~ , t ire ~‘, a f m ’t c im ,am - ,I is r iot a n ’ m - c u l a t m n m - c
amlon mu ’ -, . Chic m n f  t ime i - nmcs t  n ’ n l c m c r ’ t  ,n n n t i—mimi m ’ r ’ ’ I l u c t  S i s  t int ’ sat etc r- ,’cm i m n m umm en m—
da l i ,‘m n addm ’ t’-nsed to ‘1 c , -n a ,m en n c i Os and or - - ma n n ,‘,nt i om n s . 0 I u ’ u m m s t ’ t h e
m’ e’ c u _ ’ c n n n n i’ mi  d,n I i ‘ m n s are u_ f t ’S n m in ed t i ’ nt — t i c ,  - i - t n  I ike 1 i b u eou _ i o f  t m ’ ,n mis cm ’ m ’ t a t  i onn
a m c i u_ te rm I ‘-, . lhii ’~ do m m m i t h i _ n c i - t i n , - I o n t o  m u 1 mw • n ’lu_ ’ on ’ t i c e- , arc c n n_ ide
pub l ie  Us - ‘ i nns - ‘ u - n r c — , i nr c 1 iiul i m g  ‘iib 1 i c r  t ion m m  t hi, ’ - ,— Ji ’ u ’ ,r I Roe n - n t
[‘nespi to  t in t ’ i n t l  1 u .n t l i mo m ’ e c o r c ’ en n u _ l a t  i m inis art ’ r io t  n ’ n , nm n m la t crc , ouu inc as be
t o r t  ,m inn t u .n  t t im, ’ u. n n r c  e m — . I do n’ .nl’ le mci ’ I ,i b n t um i t  n I but ’ mo m i p i cnn Is .
arm ’ a w are  t h a t  t iii’s ,nn’c ml so - ‘ I corn s i dt ’r’ ,mb I,’ n mt , n ’ ,’s I t o  t n , - u ’,’m n g r ’ m ’ss .
As s t a t e d  pr os lu _i u ’ ,  1 , , • cat Ii r’ m ’co cn nn cn i ’ m nd a t  i m ’mn c a m ’  i i ’s w i t  hi i t  .ini mmdi a —
t i on - , I t i n , ’ n - n -  m m c m’ m t m t in hou it1 be u _ I r s  i i i .

Si m m cc I inc Po ,u r d  t ’t ’ c , n ’ ’ c m m ’I’m ’ n. m t momma 1 m mm I -~m- 7 . i t  u . n —  i ss  ned 0,’ r e m  ci’’ —
mmnen dat i u_ cm ~s mel ~) t ‘ml t O  we a them’ , - ‘ n ,’s t 01 w 1i i - ‘ m n .nc c mmm c mi , ’ t o  t ho I -\ -\ ,u nnd on-
NOA”\ NWS . A n’ ec - i m ’w of t u e  “ t n t  us c i t m nm i’,t ’ n’ cc o ’ - n i - t -m n , i , n  I i  c nn —n n nm u _ I i m i t  m ’s
t ima t~ on 1 10 m’ t h u c n - n hr s, - bct ’ mm ~ I cined w i t  hr t I n t ’ nrc t a t  m m c mi  u ’ I -‘ u n ma u _ u _ t ’ ~t nt ’ 1 o
am ’ t im ~n • ‘‘ As a ‘ ‘hat m rug as c u’ ,u -Ii ’ • ‘‘ t brat  ‘ s r im ’ t had , t’u t ‘c t ’,u t t lu g ,i c m ’ r ’ ,em it ’
u_ c m’  acceptan t - n ’ n - ate , j s  mmcl ,ms m u i r p m n r t a r m t a- . I hi - i n ’ c m - r ’ m c s t ’ i ’ n u - r c t s mnuad c to t a m ’ —
il l t i e ’s , scrc- n u t ’ s ,m mi d pr’ m c m t ’dum ’os le , im l  n ru u _ n t o  amu m m u m r i n s e  u r n  ,u s c a t  m cnn
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safety . Obviousl y, the Board cannot take full credit for a l l  of tine
changes , hut certainly the inm upetus of many of therm has connue fro mm n the
Board am - i d can be attested to be representati ves from the FAA and -‘IO-’\A - NWS.

The statistics provided unmake it obvious that there continues to be
a require mmment for a decendin g trend in weather—involved accide n ts in U .S.
aviation. What are the major problems standing in the way of such a
downward trend? Based only on the s ta t i s t i cs  in th is overv iew , it
would appear that pilot trainin g, particularly in the general aviation
area , is one of thenm . Why do so many pilots continue fli ght in advemse
weather? It could be , as the Board has said many times before , th a t i t
may well be because of the pilots ’ mistaken idea of their abilit y to
cope with certain weather situations. Is it because of the lack of con-
tinued training after a pil ot obtains his initial certificate? Is it
the overall quality of the trainin g ? Why is he cited so often fon’ in-
adequate pr’ef li gh’u t preparation or planning? Is that because of the
problem s associated with obtaining preflight infor mmma tion ? Why are tinere
so many cases in whi ch no record of a weather briefing? Why does weather’
continue to be so domin ant a factor in air carrier accidents? Why ,
despite airborne weather radar , do there continue to be so m any acci-
dents invol v ing thunderstorms ? Why so nmmany CAT accidents?

These amid nmany other questions will be discussed over the nest
three—day period in accordance with the overall objectives of the won’k-
shop. I trust that there will be agreement on some solution - is to the
problems raised and that the workshop will be successful in m’eco mnim nend-
ing priori tizatfon and implementation of these solution s .
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- Don ‘,Oc m c ml 
--

it l i i  ,m -‘n i , h- Ou t m ’ T m ’a ff Ic Cai mt m e l  Cm ’m ten’

b ” e H- u_ i c  I’j ’~u_ ‘ n c - i  uci t int’ [,‘m lem ’ a l A v i a t i o n  r\d c i i i mi i s tm ’a t ion ’ s A v i a —
i u _ ’ ’ i , - . - -  i~~’ - , ’n Ss’s t,’i’ - mci h o  ‘ nev id~’ t n : -i, -I s - , accuu’ at ,’, a rid operationally

- ‘, u ’ - j n q l j i  s-c -n t ’ ,, ’,’ jnm ’ ’ , - ”- ,mt i ’ m  t o  tine N at im i m n a l  - ‘ n i r ’ s n c ,ice S v s tc n , c  arid it s
uu ,,’ u ’ s .  I s i l l  u s ,  c uss  u,m ’,m f  her’ 1nc ,c, m i -c u ’m n ,i wh ich i’ca n- he ha:a r’do ius to the
,m i ’ - c u ’ ,n’ -n ,i c scom : ’ t i n -  t o  ‘lii’ o r ’ J ,n ls ’  f low of a im ’ t r a f f i c  as it pen ’tains

- , :‘,mr~~ c , ’ u l nr’ am’ ,- ,m of ,c nu _ e u ’ni __ I c r’o vid imig a i r - t r a f f i c  sen ’v ices in- i the
‘c’ m’ecu ~ ,’ ‘ ‘ \  m n ’,’’l ”,’’c I ‘‘i a d,c ’, - t c div bas is .

Cm m- m n ,nc s ,n ‘ m i , ’’ i c k  i n t o t I me past  mci 11 set  tine St , iq m ’ for’ d i scuss—
‘‘ it c’s iS  ne ‘- ct ~~- ,1~ of J i s t ’ ’  thu _ u t i cn ~t weather  im nf ,’r’ c- at i on thn ’ouqhouu t the

p- Ic’ ‘n m ’ ’  mm ’ C ‘ - h r  ‘~~ 
-~~‘, S t ~t’ ’ - ’ ,

Si  nc ’  t ” , - i - - c u - n t  io n of ,n in tr a ffic - ‘m t  n c -i , t I,,- i i  ss iom r  has L’ m m m n

~10 ‘ c v  -t, ~~~ s a t , ’ . o nd, ’ c ’ l v  ,m n n ,i e\n, - ,t i l l on u s f i~ w of ,i in’ t r a f f i c .  -‘ In
‘u ’,-- ” ,mdai ’ J,mss, çc u’i om ’ he the i,i t~ h~ 0O’ s ’ ucca ~, hgr i n fe n ’c” ,ch ion uc, cs
‘ j m ’ n m s 1ced 1- i i u _ c t  in i v  a in ‘ i t  I Ic civil ‘ ‘ 1 1, -n - . • cor el lv .  m’n i l v  wh en t tm cc
d,’s I ‘- a ‘t ~’cc a i rn - u t u _ m s  Net ~~~ tln ~ l’ nm ’v c n ’ n I-ed weal bier’ n i  c m j c ” ,i ,

1, - m t  ‘c -n ’ i n t o , ’ : n m - mm th ,n t could .id s - c n sm ’ ii ,mff , - , I tb - i c

‘I i  -:~~t u-.-” - I t ’ ~c c route uc.is tii~ sm ’ I c  c - i - -pe n I s 1 - i l l  t m ’f t h e  p i l o t .  Whe n
m m _ n  n i _ n d ’ , m mm’ u - ,m If Ic ~e, t i m  i , ’ , p, m- .s, -J ,m loncm pilot r-ep om’t s mif bm a zan ’d—
‘u S m ’ ,~~~ er ,

I ~, ‘ dc - “t u_i ’ u ’ ,nd ,n m n u ’ u_ ’ u- nhe ut t h e  ii n’ n,if ’ f i c  c o n  t e l  Svc i t~ n nc
,‘\~ ,i ’idi ’u_ l un ’ i,m’,c t ‘c o n ’ ,ids i sem i ~‘s - Pm ’ec ip u  t a t  j or u area s cOL ul d now
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systems , the co nt ro l  le n’ was riot aware of prom i1’ I ta t  ion a m ’,-as whi im h
were in tens ive  enough to m ake  f l ight  throug h t int -n ’  i n aca n mi uc i u s . [lut . as
it was at the inception , t im ,- cont roller ’ s primar y function was to ‘cop—
crate air craft fr omc c eac h other , an- id Inc needed t m c see thenun on radar t -
do so. Although weather flight advisory infom ’ m nnati o n ccum ntinued t o  m nc c u n ’ c
an increasingly m ore imn nport a nut role, it was s t i l l  u_ em n s ide m ’ t’ u_ l a lot-,
pr ior i ty i tenm inn t ime schem mue of tin I m n c m s

We now nnove forwa rd a lmm uost two decades to t im , ’ mi m iml IC 1970 ’ s , wh em n
cornputem ’ i c m - u_i ‘ c y s t u’n cc s  were -  installed i m m aim’ t n ’ ,mf f i  c err route f a c i l i t i e s .  -

Cou mnputer i co d m— adam ’ i nfor ’nmna t i cm i en na tc 1 cml the corn t no l i t -n I’  ad ,j us t I f , -
inte nns i ty of weather data or- i his 5,1,1cC - This nm n aul e i t  possib le for  b nin ’ c
to track targets t imrouqh weat inen ’ wi thou t ci inuni ruiti mimi dat a - If  we e t n or
was too ineavy , he could  te inipora ri lv ci innil na t e  w ,’ a t i c m -r data ar id t ine n c
put it ha ck on his scope wi t b u the push of a but ton.  Desp i te these
sophi -~ti ua t e d systenms , weather fl i gi nt n m f v is ou ’ it’s m ’m -c ’ c , n m m n e- l , mn m add i t i ona l
s e m ’ v ice and a r ’e lat ive l y low pm ’ io m ’ i ty  i t u ’c’ i . Tint ’ air  t r a f f i c  u _ m c n n t m ’ m l l , ’n
still depended upon pi lot reports tin m l e t m ’ ru mninic t Int’ in t m ’ m msi ty annul b me i~t h t
of weather cells , amid a i rhorne cqui punier -it nm - - i  t r ied supo r i on’ in n u _ to te m t —

ir ’nq we a t be u ’ at a l t i t ude . Nei them ’ -n y s tm -’ i ’ had the capahi 11 ty em dt su _ ,‘nnn —
in im ci mmnore tha n two levels of i n tc mn s i t ’ ,- .

0mm Apr i l  -1 , 1977 , less th e r m a nnuomuth a f t m - m ’ ~minun f i r s t  an nual wor k—
s h op  here in Tul 1 ahomuma , a comn m unnem ’c id a in’ l i n e ’ s L l C— ~ f i ,-ms immt o anu ,n m e,n
of seven ’e thunderstorn ims oven ’ northwest Ac u im - mi I a annul m nes ined ,n f te n’ los i m imi
power in both engines.  ‘Tine National  Tm ’ an ispom - t a t iomm S a f t - t c  Boar’d n’ ,’cm s cc-
nnuended in its cu in’c raft acc ident  repon’t tinat the FAA u ’\p,’m l l t m ’ tine d e c e l m ’ —
nnnent ar- id ium mp i eminen ita t ion- i of’ am - i a v i a t i on  weath e n’ i n ’ c - .  t m -c -n l u _ c r  FAA A im
Traf f ic  Con I rd Centers and te n’m mni n-ia is .  The NTS B pm’oposed tb - ia t th is
system should be capable of providi n g real -tin m ne display of eith em’ pm’ ,’-
cipitation or tur h ul € ’m n i ’t’, or both , which would i m m m ’iud e a n m n u i t i p l e  i nn-
tens i t y c l a s s  i fi ca t  i cii schennne . By this we nnie a nu a m e t  hod el dct &’m’nn ii mm i m n ,~
severa l levels of intensities of pn’e c ipit a tionn on’ tun ’hu _ u le nn c m’. The NTSIi
further reco unnmm nem -ided that tine FAA estah i ish cm s t a n d a r d  sca le  of th u _ m o dem ’ —
ston ’nn intensity based on-i the Nat ional  Weather Sem ’v ice ’ s s i n  lu -sd  sca le
and pro m muote its widespread use as a cou mmu m non language to de~c niNe t h u mm nd e n ’ —
storm p r e c i p i t a t i o n  i n m t e n n s i t y .  The Aim’  I m ’ a f f i c  — , - m v i ce h.-i s i mm np lu ’ ci ’ t ’ mc le d
the NT SB ’ s reconr im nendation by in im l oc tn ’ i nn a t i i mg p i l o t s  aund a m ’  t rat ’ f it ’
control pen’s o nm ’ ne l in the use of this sy s t  u_- cm - As an e\anmn pi c . the At larn t a
Center was des ignated t lie f i r s t  site for tm-st 1 m g  t i n e  Em i ten ’ i c n ’ i cm ’ l I g m ’ —
tronic Corpor a t ion - i ’ s weather n’adam ’ d i s lc iay .  Tine A t la n ta ‘m ’ mmt m ’m ’ m ’e c m ’ i c t ’
wea uher radar data fm ’o unn Nat i o n ma l W~’ a tb nem Se n’v i m e  n-adam ’ S i l t ’s ,mt Cm ’ mm t n ’ e—
y u le , Alaba ma ; Athens , Georgia, ami d Tn t —Cities , T eun n ies s m ’u’ , Tine must ’ 01
a site at Nasiuvi lle , Tennessee , i s inn t ine p l an em in g stage.

The equi pnrent installed in the Atlanta Center consi sts u_ c t d m m ’-
ceiver processor and one color TV nnn om nit o r ’ for m’achi cl t ile t hm m’ ee s i t u -s .
Preci pit ation intensity can m’asu ly he d m t m u ’ n i i n e d  fronun these u n i t s  cs

the color coding associated with tim e intensity levels m’ st ablis i i m ’ml cv
the National Weather Service. This systennm a i lucu c s rapid dett ’ ct i m in r of
squall lines an-id storuin cells and their’ nnnov ennm en it. Cb n ammqes 1 mm s t m ci ’l ”
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ce ll in tens i t y  levels  curt ’ readi ly detected and ass is t  personne l in
r, m i m id id e r n t i t i a t i on r  of sto rm nm s y ste mm n characteristics and peculiarities.
Intensit y lu v u - l s  withi n - i a st om ’ r ’ c  are clearly defined and can be displayed
individuall y or in i nn y conmbin atio n n . This allows any intensity level
or levels of int , -r - eu _ t 1,1 be isolated and observed on request. The
t”- u_n~ ec ’y is pnest ’mctu ’,i in , si x selectable contrastiung colors against a
black bac k cm n ’cc unn d u-,ith full data retention . Locations of thunderstor nmn s
and squall lines ar’e pi n poi n ited by utilization of geographical reference
poin ts co - I c - onn to those used on the radar scope of the air traffic
cent no 11cr.

Th is i r f o m - :- - a t j nm c tu rn the locat io n- i  of the more im ntense weather ce l ls
is a va luab le tool m m  nm ain - i ta i n ing  control ler  awareness of severe weather
cond i t i ons  that  could a v n - r v , - I y  a f fect  f l i gh t .  Th i s  now — t in m ne weather
i c c f ou -c ’ca ti on also aids out’ f low control lers in re-routing a i rcra f t  to
prevent  sec to r  s a t u r a t i o n  caused by weather conditions.

As a r ’esu u l ’ ~ nun success w i th  the color weather radar prograic i ,
• ice FAA u- . em m Ii cum-u,m rded a ~ 7 ,000 , -c- -0 cont ” ac t  f u n  the reummoti nq of
mmun ie rous Nat iona l  - u -e ther  Serv ice  n’adars to A ir Traf f ic  Control Centers

‘cr ’ o ug ho u I t he cc nu n i t  nc -

The next major inuprovenient in our capability to relay weather in -
for ’nation tcc time pi lo t  in f l ight  was the estab l ishnnnent of the Center
weather’ service unit. This un i t , staffed by Nat iona l Weather Service
rc n ete on ’o log is t s , is responsib le for col lect ing , interpreting and disse unn-

m a t i n g  pert inent weather information . These units were placed in most
of t he contro l cen ters w i th in  the past year . For the f i rs t  t inne , con- 4

t m ’c l lers  h,n d imnuediate access to experts in nnnet eoro logy .

The contr ’ol lers ’ response to the Center m nmeteorolog ists has been
very sa t i s fac to ry . lnfo rmcnat ion provided to control lers is extren nnely
useful because of its quality and timeli ness. The controllers are
able to relate this inforuination to the air traffic picture easily,
because the nneteoro logists have done a fine job in learning the lan—
quac~e of air traffic control and tailoring their briefings accordingly.

The controllers appreciate the value of this weather data for
increasing safety and i nmiproving flow control. They are also convinced
of the pilot’ s appreciation for this immnproved quality of weather infor-
c ation , because of the enthusiastic response of the pilots to the program .

A special training course has been established at the FAA Acadeu mny
to teach weather coordinators the basics of nmeteorology . Weather coor-
dinators provid e the necessary link between the nneteorologists and the
control lers since they themnnselves are fufly qualified controllers who
are knowledgeable of the entire control area and its special require nmments.

We have a vast array of addit ional tools and com nnmuuni catio n sources
suffic ient to stagger the controller of yesteryear between the observa-
tion of weather ce l ls  on air traffic and weather radar dis plays and the
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observat ion and reporting of the ce l ls  by the airborne p i l o t .  It som m me —
timrmes appears staggering to us when we try to understand ternmms such as:
.~ I~~’IiI , AWA NS , GOES , SANDS , TIPS , NADIN , ETABS , DABS , ErAS , etc. Just
one of these--EFAS , En route Flight Advisory Services-—is a rapidly
growing serv ice better kmnown as “Flight Patch .” While this is p n i—
r imaril y thought of as a ser vice for pi lots f lying under visual flight
rules , more  and nnore p i lo ts  flyi nim i under instrunnuent f l igh t  rules are
providing observed weather phenomnnena for our use and for relay to t he
F l i ght Watch pos i t ions located in many FAA Fl ight Serv ice Stat io n is .
The Center weather coordinator and meteorologists continually share
their information w i t h  F l ight Watch personnel . This  constant exchange
of observed weather data has removed Center um ieteoro logists frou mn the
forecast ing bus iness ann i bias nuade “now—casters ” of then mn . Wi th  a high
deqree of accuracy , contro l lers are provided inforn nnation as to t re nds
and severeness of weather areas within radam’ coverage.

So , wha t ’ s in store for the f utu r’e? T h e  FAA ’ s Av ia t ion  Weather
Syste n m prelinrinan ’y progr aunn plan takes us to the umnid- 1980 ’ s a n d  includes - ‘

‘ce th ods to detect  tine locat ion and intensi ty of tun’ h u lence——a nnother
giant step forward .

Curm’ent plans call for m odification of the u - \ist ing Air Route
T r a f f i c  Control Cu- nte r radars to generate and report the ra mige, az i inmuth
and up to eight levels of weather intensity . Data assoc ia ted w i th  any
two leve ls can be selected and forwarded to the contn ’oller ’ s radar
scope . This broad range of intensity levels will iumi prove the outp nut
in terpretat ion in teruins of possible hazards to aircn’a ft.

Additionally, the pl a n - i calls for pn’ogress in the following areas:

1. Reumnote Nat ional  Weather Sen ’vice weat b ien’ radars to each center
weather service unit ,

2. Co nnmp lete analysis and l imi ted f ie ld  experim n nentat ion of autounnated
weather data d is t r ibu t ion  funct ions.

3. Conmp lete installation of satellite receivers at center’ weather - ‘

service units. Flight Service Stations and the Air Traffic Control
Systenms Command Center.

4. Provide an autom m m a tic weather data processi ng arid di spla s - sn-ster n
at the Air Traffic Control Systenmus Command Center.

5. Upgrade the weather omessage switch ing centen’ for m ore rapid dis-
tribution of surface obsen -vations. S I GM ET’ s amid A I RM ET ’ s.

6. Interface the center weather service units amid the FAA Syste mmms
Connimnand Center directly with the National Weather’ Service automuma-
tion of f ield operations and serv ices.

61

1~~~~~~~~~~~~~ “- ‘- -

• 1



- - - - ‘ 

I i
’ 

~~

Ilun’ nno ,m n- t ‘ p ’mmu m~uu ,m i s  • ‘ - t m ’ , t u in I m nu i  f m  I no.1 . a re :

1 . Ilove lop annu l beq inn to i mgi I enum enm t , In m ’ or’nj u nuc t ion w i t h  NWS and USJ~F
,n n ew  Popp 1 e m - w i~,i t h in - n ’ r,n mba r to ml is p lay  t un ’hmj 1 once

-
- 

- A ppl s .111 1 m i n i m 1~~ 1 ye ice m ’ i ’spo nu sn ’ t n ’c b n n n iq u m ’- . for  uluda h i  rut wea thor
adv is  unm’ v lurmna dm - - mc i -, -

.1 , Pt ’’~irm i mm m p l n ’ n m n t ’nn f it  i o n  of anubomm m cm t i ’m l wo,i t men d i s tn’i hu t i onu fun ctio n s

.1. 1 -- u ’ le n mnem m t t h e  N,n t ionm, i l A i rspac m ’ Data I m m t t ’ m ’ c b r a n u u i i ’  Netwo n’l-. ( N A P I N )
cur a l l  inn t ra —I PmA we,i th em miat , m’ni mm m mnm u nm i m ’cn t I omns

- I i ’ npr ’ov o h n ,mm mm i Ii rig ani mi di ‘c ’~r m mmi m t  i on u r t  pj  1 mit ropom ’t ‘c through
u n i t  m m m i  t m em .

t ’ . lmnmpienmmenu t t o n  the MC Svs t  e nmi , a .‘n ’m’o to  t i u i r t y - nmm inn ut e t l mu mn ml e n ’ st o rn m m
t ’m n m e m ’ n  ‘.t i rich ‘~e rvu_ ’e - 4

h i m  I S 1 n ’ d V CS our’ 1 0 m g —  1 em muu ‘io, l u— — fromun Im)8t.u a nnu l heyoniml :

(‘om nm p le to t I m , - im u mp l emuue nt it  ionn mif Dopp i en ’ wea ther  m’ada n’ s y s t m ’ mnm s . I
I nn ’~ t i l l  m’o lor ramla rs for I nm m im r o v t ’ m l d is iu l  ay mit’ t ma ff1 c am -id wea l her
inn fu im nnn a h i on . —

1 , l mn n p ie nmn e rnt di n o e l  , ulu l mi ’ss Nm- an -c nn sys !  ,‘ m m n (DADS) ion d i r e c t  f low of
w e n t  m o m  i n u f mcm ’ mm n a Ii mimi tue t w t ’ e mn i m u — I ’ Ii u i b mt a i rer~u f t  a u_i the A v i a t i o n
W ’ a  I lion’ c y s t  omun (AWlS )

-1 . Provide la rge m m u mmm h m ’n’ ’- o h pilo t , i m dOS S devi m ’t’ c’c and aut omunat om i vo i ce
m ’ u ’ - - p m u n l - .e ‘vst ennns I on’ di n ’ i’t’t p ilot access t o  the exp ani m led ISS
- - s- - ‘ t enmn mba t a b~n so .

r a t nu r ’ i’ i’ t ”.,’a rm - hr w i t  In imm rprov od s n  t e l  ii to  d a t a  w i l l  undoubtedly me-
‘ci i 1 t inn new i’ i u nmn .’n ’pt m m m d ,n hot her uimd en’ s t ai mm l i r m q of the r e l a t i o n s h ip
t u m ’ tweenm c - n t el l i t  e m ia t a  amid the ml v r anmn i m S  of the atmmm osp here . inn tiit’ past
te r n  y e n  n’s , t lie wea t her fom m ’cac t act -uracy ha~ i ncreasm-’d frommu appr oximmu a t el y
I’D tm i 71- . A ~ i l o t  requir es 100 acm ’ur,im ’v an nu l t h a t  i-s the ot’m.iectiv e ‘

~~~~~~ -

i n n  t ho fut nine -

A onm npi i’t i ’ lv u_ ’ om m m pu t n-ri :m’ml col 1 ec I ion am id r eport  i ing wea t i mer  c y s t  emmm
is mmcl beyond rt ’,lsotu . ~AA is pn’esm ’ iut ly work i rug cnn a c y s t  enum t h a t  w i l l
I ma rr cnmi i I I nrc t n’ u :m h i minis to ci d i s p l a y in  the m ’ock p i t ,  linus ol im m n i m a t  i nuq
o,• ,u I lois t remlun i mmi i • ven’ lnciqo hot wm ’em m tine p i lot arid t lie e m — n t ro l ler .
1 hr i -c d i  rem ’ t f l ow n- if t i m n m t ’l v and at ’ m ’un’a to mrme t onrolo qi cal i nf m - im mum a Ii on
t’ u -twe emu the m’uim m m put or anti the c o c k p i t  Is inimleed a chal 1 enqi nq goa l
t ’u I onm o win i el m . I In’ 1 1 eve , will he at tai m ed

I, 7 

- -  . ‘- ~~~~ ‘- ~~~~ -



EFFECT OF WEATHER _CONDITIONS ON AIRPORT O P[ RATIONS 
-

Danie l  F. G i n n t y

Port C olnmn’ ~t ’i m I n nt m -i - !I,m t i orn ,ml -N i m ’n ,on t (PCIA)

Ladies and gentlemnnen , thank you for invit ing nine to this i mm m ~uo rtant
workshop on Meteorological and Envi ro nm t menta l Im m mp a cts to Av ia t i on  Sys-
ter m s.  I sincerel y appreciate the opportunity to speak and discuss with
you the effect of weather conditions on airport operations.

We in airport ninanagennent feel that the av ia t io n- i  systemn m c ounnmniences
and terminates on the ground , fronm the point at whic h the a i rp lane f i rs t
starts to move , comnupletes its m ission and comnmes to a stop on t lmc ~
ramp . Our aim m i , as is yours , is to find ways to insure that the entire
operation w i l l  be accom rnp l ished safe ly and w i th  nnmini m rmu mm m inconvenience to
the travelling public.

We fully realize that we cannot hope to control Mother Nature , but
we must discover ways to live in peaceful coexistence with her.

We are continuousl y confronted with new developn nments in aircraft 
- -

desi gn. We now have the equip mm nent and techniques to insure the rapid
and safe niovement of these aircraft around the world , and it has been
proven technically feasible to bring an aircraft into a safe landing
without humnman hands. The runway condi ti cmi dun flu_ i nc lem n mer’ nt weather
is the erie r ’e n nm ai ning limitation to all-weather operating capability .

We in airport nnanagement are aware of this and are learning through
intensive programs of scient i f ic and technical research , as well as
through exchanges in in for nmmation regarding operational viewpoints ,
to shape our environnuent and truly learn to live in peaceful coexistence
with good old Mother Nature in her various m oods.

There are basically three areas of adverse weather condition -is with
which we are concerned: rain , snow/s l u s h , and icing. Let mi m e discuss
these one at a time .

Rain . The prob lenm of wet runways can be stated sinmnpl y wi t h - i on-ic
-: word —— hydro~nlaning. Th is  s i  t u nt  ior c ’ ccnnm ’ s w hena sun ’fau ,’m’ w a t e r  t e l  l u - c t  s on

the runway. Hydrostatic pressure can then build up inn the for nmn of water
under the aircraft ’ s tires and reduce or even e l imm min a te the tin’e-pavemnuent
contact a t speeds in excess of 120 knots. When this happens t he  pilot
loses bra k ing and directional control.

This condition has all but been eli mm ninated by safety grooving.
This process is achieved by cuttin g transverse grooves the full length
and width of the runway . The recomnmmni ended dinui ens ions of the grooves are
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-1’ ’  u te n ’p . I’ - i w m do , with I 1/.’’’ c Dt - nm i nq between q roove cern t n ’ m ’ ’~I in i-n O m ’ u u m ut - m mm l i nm n’easos tuie s un ’ fam 0 wat I’m - i’unuff ,nmud g i ves  the p 1 l o t s
t h e  hn’st J ’ m’”’- i tile hr’ak i rig on a wet sun’t ’at ’o . Inn  ad di  t ion to t h i s .
‘ i i ‘ u ’ u~V i mi m i iii’ . ht’ I ped to i impede i cm’ fonmia t i on cnn the runway . and ci us in
,i pp ’ .n n ’ - t o  ~I m cc m pa In ’ fas te r ’ .

-‘i t  Pu,’ I A Wt ’ uiroovemt both u-if our mmmci inn n’unw ays of 10 , 7 00 f t  a m u d
r - .000 t t last -, i - ,lr’ arid high lv n’ m ’m ommni nren md t Ine f ur oc t ’ - ’ . as ,m s- ,n 1 m icit u 1 o irma inn—
I i’ n n , m ml , ,‘ ,n m m ,t ‘,,n fo Is ’  i m mmpn ’ o v emm mer m t -

5 n mu ~ ‘ S lush . A l  n’pon’ts in tl m r ,_’ Non’ t horn liem umi sph er , ,un ’nml inn u_ it her
n - a n - I - . m ’t ’ i b u ’ w o n- Id where ttw n- i  in’ua t m’ j

~ s im nui l,im’ , a m ’e subj ec t t m - i pr - m-i Iu—
I ,“m ’- n’ m~~m ml t i n ’ng ,‘çmnim snncu w ’ s l u s h  and wi  nj .  At  one t u ric i t  was p o s s i b l e
to  ci m m e l’t  m a j o r - cnmiwstor mm ns anti hiq in wi n nd ’ n ,us ci pa n’ t of t i me ima~’ards mit ’

i s - n m m mi amid we i n n I he i mndij ’~ t m’ s- 1 n ’ci r ’ m m t ’mI t o  l i ve  w i t  in t im ’ chanuq I mm m i t’ l emm nent s
mm m d nimi l ii’, I fun t h non m m . Nodet ’nu t m’a nrc per tat ion c,v s torus • howev en’ • w i t h  even’

m u m  m t - as  m imi nn n i nnn ht ’ r- ’ - u_ u t t r ave l  len ’s , lan - g em - arid fas ter  planes , i n t r i m , n t m ’
Pa’-st ’nitlt ’r sm- n’ s-ice s , busy cic m’ess route s armd cons tant m’ em n n i n ud e m ’ c of sa t m ’t y,
t arn no 1 onumer n’ n l s  o n m s k i l l f u l  nm~uy i qat  io m u a 10mw ’ , bu t  m m m us  t h a v e ,n s sur ammm ’e
of - n  f t ’ , l i t  m u n ’ ,u t n ’ ar id f’um m m ’ t i onuci 1 procodures

~ ‘ ,n t imer ’ f a c t  on’ s art ’ e~ cr present , am id s i mn r ply ca n n ot be di Se m i m i umt t ’ d
at  a n y  t iumu e . 5nnow and s lush u_ tint n’ol is ci mnna .imlr (‘(- iris i dora t i on a t  u n u am my
,i m m ’po m’ t  c annu l is riot c i t  t a I nmt ’d w i t  h io mi t n ’\pm ’niS i ye a m m d  m ’ l ahora to  equ I l u mmm t s m nt
c i ’. WO 11 aS i,i r u ’  nium nm he n’ s of per ’—.on inme 1

A m i m r u i l  t i mmue lv  u _ to t  a j led we,i t iut’i’ to ren’as t u _ ar m give mi s I imm n t ’ tm mm mu s tm- n ’
‘Un ’ em~ii i pn nn m ’nt annd pen conuru e 1 and to  prepare our pl an - i of a c t  ioi m for t ha

O , m r ’ t  it u l,un -  cupm ’ n ’ a t uo nn .

I s- i’ m ’ s t ’Xpm ’ r I e nmi ’ m ’m I m n ma mn~u qer knows that tim e bi ggest pn’oh 1 emni wo t du _ - t’
t he fact t ha I a 1 um mos t every s now remmnova I opera t I cmi is di f t’em’en t t han

ho err , - ho fort ’ i t  . As com ud it i c nn-s change Sml do t h e  umuet hods

‘i riot emiro I miq ic t  l’n’ iend of mm m i no om uco t o l d  m mm c I iua t t’m i m ’ t ’u ci s t  i mug the
imnne of snowfa l l  the type of snow , w et cur dry; t Ime t o t  a I ac cu n m mul at  ion ;
he w i numb ve l o m ’ l iv anm d time w i nut dir ect io m m mitli ’ i mm q and a ft em’ t lit’ s t m ’mn ’mmi is

pm’o ha t ml  s- t in t ’  mu l c t  inie \ai t ar t  iii t int’ nnnyst i ca l  cm - it ’mice of weat luer t o r e —
cci ’. t i r i m .  hiowt’ver • the state of t he art of weat  he,’ pi’edi m ’ Ii err s has
St  t’cid 11 v unmoved t’orward ,-nnd the imnipn’ oved performnn amm - t’ t- i t’ m ’ onnm iuu ten I ore—
m i c t  in’] ~5 m ’nm ’miun’cl g i rig .

The ,it ’u iso i m u f ’ormm na Ii err is ext r enne ly im nr pon ’ t c inu t and m i s  t be kmn iw nn
cm rid I hon ’cnmigl u lv thou ght out i f we hn~ pt’ to u_ m m nnn p it— to I lit’ snow reim nova 1
m u l ie n’at  i om n as e’spt’d m I ic us ly and o,, on om u ni ccil ly as po s s ib l e .  At Pt’IA we
a me for’ t unia t o  to ha vu - ci Na Ii or-ia 1 W eather Serv i m e  Stat i on 1 ccci t ett Oil

lit ’ ci i  u’l ’um iu’ t . ,mmrm j he t’onnlniun i cat  i mm m i between the t’orecas tens and m y  per’—
cm ’nm nr iel i ‘. i ’ s ,  ,- l 1 enm t . The  o n ly t imnne I really get worr n m - mi is wh en I hey
ten t’ , ,isf ‘ s n o w  f l ur r ies . ’ On minany om ’n’asioiis we have luau_ I t o  p low t hree
on’ fm m mi r I rue but ’s of f lu r r ies  . The a i n’por t nmua imaqer ‘ s foe ii mug for ch ow
is well expressed by my son ’ s poem i l lustrated iii Figure 1. i bowever,
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I do keep a copy of the cuu ’ m ’ n ’ mn t  s- n ’~n n ’ ‘‘I ,nm ’ l nmi ’n ’ - , A l num a nm a m ‘‘ i nn num y m ies k as a
backup.

Ser ious  l v  t hou g h , 1 et m e n’sp la in  win y t in t - above i n ufu m n m ma t i on n is
inmportant prior to u_ ’ommnm mn ,’ m n m i nun I inn - n m  t mi,n l sniuw m -em mm o va 1 , u l u i~ m ’ ,n Ii cnn . Win i in ’
snows ton’mni s may he t he pr m m m l  n’v n’t’asm m ni for ’ t int ’ proh I onmi s i t  j c i  t l o rm • i t  is
rea l ly  the w i n d  that  po-~i’’ t hn’ u m n ’ n ’ , n t n ’’— t  t imr , ’a t  , as 11 m m ’  w i m ui t  t e l  low i rig
the snow ston ’ nn u w i l l  ,it tn -rn i’ umu ann ,n to fn’ m innm ci m l i n n ’’ I i c m i m ’ u u mmn l m lo t i’i V mihilioc i t t ’
fromnn that of the s n u uw c tormru . (‘ l mu ’ , n ’ m ou _ ’ r ’ d inm , n t 10m m w i t  In f b i , - d m j t s -  b i ’ m’ ,’, a’~ t e n
dictates how t m n ’ s t  to ,,n r - m’ v ou t  th ,’ u’ i ’ ’ ’ n - ,nt im ’nn a t  t m a t  t m m , ’ -

Va n i ous a] term s , I i vu- ’ - m ’ u - l i t  ry e  f u _ u us i mu t t c m i n t ’ ’ . I vp n’ ~~I ‘~m um w , o t ~ -
resul t  m m  a umt ’ ,’uI t o m t o t a l t,’m l m m m ’ d m n m a t  n o rm - - f  n ’ ’ t ’ nn t i m ’’ ’, ’ m ’~’’ - ; ’ m ’ni ’-. it i l , — l u _ m m’
s n o w  renniova I , the I tuc,i 1 mu _ n -a t i n  i ’ m - - n -n ’  ~~u _ , ’ • ‘ inn ’ t n’a t i n t  , on I m u m Ii umnu _ i t ine
ci i  v’port user’s - A t  ‘C IA we n’s t a t ’  l i’ — i n  f i r  ic uu _ m un ’~ n m m ’ ]  m u  ‘ i m ’n I t inn ’ , u m j ’ u l m I hut ’
formni a t i on  of a smu cu w co mnrmm mi It  n’t ’ . We int ’l’ t ‘u ’ m ‘n ’ t o  i~~\ n -n ’-, ‘ , u , , ’t~ ‘ .n ’a’ .ohn , , rn uu l
as n’equ ired durin g the ce, m ’ ,o mi . t o  se mi i f  ‘ u ’ m i u _ u m ’ ’,,’ i y n ’- , a nnu l  m m mii ’  a , f it m t  rn -c ,
pronnip t lv oak i rug c ha mu u un ’ s wbw’n net -do d -

T e l  mi~ . The th i  n’ ni at ls ,‘ m ” - t ’ , ‘ mm m l i t  u ,u nu _ m c m u , ~. a u n ,l ,‘t u n i t ’ 1 mm ’’ m n
to u ce formmm i rig cnn thn ’ inavt ’ nmr t ’ nu t  . m ’ . mip ;u ui’ _ n ’ d I o l u _ i ’ u- inn t i n ’ i n  in m . n  I t  - Hoi’ o
again we Stre ss the d o - ,,’ u ,i ,’nmj m ni,, t n m i m u  nn - f m n  in, - ,l I- u - tw in - rn ‘ n, ’ - ,- m ’ t ’ - - ; ’ o mi - - 1-
ble for’ sn nm nw ari d i c m’ c o nmt  m m ’ 1 cim u ,l n ‘-~,m t m 0 m m  1 ~c, ’ , m t n - u  o r s  I, n - -

At the pr e se m m t I inn ,’ tin , - i i tml ’ -, I , -
‘ , ‘ m n m i - -  u _ i  ci 1 cim m ,t , - r I n ’, u _ n ’ ‘ n -I Int u it cu t

ice contn’ol is by u inn ’ n m i n t  ,il i’ m, ’,n n n ’ , . 0m m , ’ , t  1~~~ ’ I r n - c t  ,, im i ’ ’ a m  ,nl ’ . t o  be
uct— d was urea. Ti - ins mmm , i t n n m  m l  u , ’is i’’ - i nn ci ‘i i  1, - f  n ’  m itt m c u _ l i ’ . t n ’ m t — m u t  ott
on the pav e nnr emu t simm ’ I ,i, e by n n , ’a m u ’ , m ’ t  ci ‘— i  m l  ‘,t ’  m i - n u n  a t  t ,n, bi n - ti I,’ t b ,
back of a truck. In n m ’ r ’ ,li ’ n’ t , i u’ ,’,l m u _ m ’ i’’ . I c , I ‘ n n m n ,mm n s - s i - u n ’ ’. u~n ’ i - - , ’ ,1 tum
mist ’ a 50/ liul mm m i ’ u _ t ure 01 nire ,m i n t l  w ,n i’ in ‘ - , u nn ,l , u —  ai m ’ m a rT i n -n ’ - - ,
ul iscover ed t im a t  th ,- la m - u , ’ n i l  t mun t ’ m mu , ’ - - uc, ’m ’ ,’ i m m - ui ’- .f m i n t t int ’ - .am u ,i u vb mn ’uu
t hin —v develu i i nn ’mi h im u h ‘.i u , n ’,l ’ , ‘ in I hm’ u’ m , nm n ~,n \ I ’m’ I ,i~ ,‘ ‘ I~t , nmm , 1 I c i m m u t m n i t u  -

This resu 1 tn’d inn esu ,’- -c i s, ’ wm ’an’ ,n mm t nm n ’ L u I rim ’ I’ I cim t i ’’ - c im mm i , au- ., ’,l mum m l m a c t
da mnm aqe in of her t’\ l n m ’- _ , ’m t , n m n ’ , n - - s u n c l u  u - 1 , m m u u l r m m ’ m  -u rn ’  in tl a i r -  m m nmu l i t i om m—
I nq opem n i nngn - As a m ’m ’’ - m n I t  s’,’ mmm ’s , nu ’ j ’  i s  c t m i  ‘min t mu _ m m - i  0 mm t in , ’ m ’ m n nn s - ,n \ — -
when it is  u’ , i ’m i , A nn,m t i m e r i’ m ’’ - t n ’ i u I im m nu n u n  tin , - ii’-., ’ ‘I t b n i s  nnn at , ’ m’ i , i l

hat it is e l f , ’ t i t— n - on lv  u_ tow n 1, 1 ,n i um iu _ i  I ‘ “ r  a I host  -

The mn nos t  m ’I t n ’ c t i t - p to , ’l we b r - u t , - fm -n - , lO iu  1 m m  or c i n m t  n - i ,  i r n ’ u  t m ’ ,l , ns
is a mate r ia l  uln ’yn’ l ,n l u n5t ~t t I m , — 11 m m 1 i ’ m ( ‘ ,imh do Cmi , n a i l  out u_ -’iR R n m r m w , u s
Deicer. ih is  is a m i t ,  , u l — h c i ’ - n ’,i l i q i m i l  m - c l m i t h n  i’ i f ’ t , ’ , t i t ,  t o  o r I l m a t
is sprayed ‘ r n I he pav erm iern I - - e m  I Iron ~i i ’ i m ’  m ’ I mm m~’ j  f i n — n’  t hin ’ m ,  ,‘ br a s I om ’n m mn ’mi .

The i;mrport ani t  Ii ’ m t n m n - n ’ - ‘I t i m ’, n m m a t , ’ m - i , n l n - . m l —  m n m t  i — m m  m u g  c i p a t n i l —
i ty. It sta n- nt is 1 m m n ’ n ’, n - , ,u mm I im,i I u I vu ’,, h n,m s - e I ’  u m- .e it  n -  a t lei u en ’ 5- m u m u
have already 1,1st t lie n- u m rm w ,n ’, , ‘f e c  I i nn —ru b m cis n ’ t o  npp i s t tm m, ’ nnci t i - r n  c m l  t o
break the bond hetwn ’n ’ nm I In,’ i t t ’  ,mm nti I but’ m’ minisns ‘~u n m ’ ,lm ,‘ a mmm l t be rm ‘.wm ’ej ’
or blow the i u _ ’o awa y .  1 1 m m  ‘— 1 u n - ,n , n -— ,- m’ m~ni I t  t , i km ’ as leni n 1’. u rn, ’ hmuur or
more on our 10, /011 I 1 m’ nin mw , nv - R m i m r w n ’ , c l u - i ri :- . f~ m ’ f i n - i c  j ’n ’ n ’ I Out i— I t m mmi ’
could well reiiu ire c u t  n i  I I I u ’ ,i m s- n ’ m ’ t  t , u  a m m u u t  hm n ’i’ a n  m ’ Im o rt , crud  t i n  is i s
ven’y costly .

L - —
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We find that with close com i rd inat io m i and  c onn nmuun ications between
our snow renmova 1 m~ oon’m li na tom ’ a mmd the d u t y  fom’ t-c as I on ’ we h a v e been a b l e
to use the IJCAR munateria l as an anti-ic on ’ . It is appl ied to the pave-
ment prior to the fon ’ecas ted freezing i’a inn amid pre v e n t s  the bond fro mrm
forming between the ice ar- md the runway surfai c . The ,judqeminent iii tinnimi q
of this application is very cn’i tica l . If it i s  applied too soomi it
could be carried away in wa te r  n’umioff an-itt I cu t a l ly  lost’ i t s  effective-
ness. We would also have let about $1,000 rum down-i the drai n - i .
Another i nnnport amu t reason to use this mm u ateri a l as am -i anti — ic o n’ rather
tha n a de icer is , cruet ’ aqai nn , cost. The cost of deici n n i tbn is  samn me
runway would have tim - n - rn  $4 ,000 .

Inn suninmary . I mm m i glut say we in a i rport nmm ana qemmm en t an’e St n’ iv i rig
to achieve better and faster’ snow am - id jet’ comnt n ’ol at oun’ aun’ports.
We do not want runuw ay cond i t  i onus to he the one n’emmna in - i i rig ii mini tat ion
to a l l—weather  u_ ipera t i rig capabi ii ty . I fee l t bm n ’om mu ib i wom’ks hops such
as this and wi tin bet t m ’r comnimiuni c - i t  ion - i between a l l  of us involved we
will att a in - i m iU n ’ goa l.

Lad I es anti m i , ni t 1 em nm eni , I want to express my I ha m uks l u_ i n lu _ - I t I nq mime
participate in - i your pro qramnm . It has hot -n n y p l e~ms un’ u ’
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FIGURE 1 . SNOW FLURRI ES.
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THE_ PRIVATE PILOT A Nfl Ml T I l~ Cu ~ u_~
’n ~ ‘ u_ np’ . - - -

NIn ‘, Ku n - a nn

Al n’c n’a ft Ownuen ’s anud I’ll ‘1 4 -  com i,n t i e n m

Max Kan ’ami t began h rs  im r ’e sem nt a t ion t’v m -nu m ’ i iu s iz  mi n t i n s  s io ’ t - n  i s o  a t
being invi ted to speak at this ccnm n t er - u _ - rude ,  lie ,‘spl a im m t ’ml ‘ n m ’uv bit ’ has
conti nuousl y lambasted the FAA and NWS in thie ‘ac t  , n mu , l  u u _ i ’ i l  u_ I I ci ki ’ f l u _ i c
opportunity to at tack these organization s ,imuair n . l n n m - l - -u _ m i a L los inn i - a r m ’-
casting, conummun i cating and observing were e unu i nb nas i ~ed t inn - m ’ nu _ n l ’ - ,i~ c u _ ’ m m m n  t s
of ac tu al f l i ght experie n ces.

In relat ing a severe i ci ni q I nici do rm t which was m’nlc ou nn t , n - ,’J dum ’ i rug
a fli ght fromnm Washi nmgton i , DC , to WI cli i ta , Ka n s a s  - Mas ill mis t  r ’ a t m ’d u _ u _ms

the lack of ab i l i ty  to fo n’ecast ice was a lna~ amd m e t u_ inn it  to  - um ’n i t ’nal
aviation but also to tranisport aircr a ft. He wont or-i l u _ n  m n i t i c i .’n’ tb i u _’
observational ability of the cont r’ol tower by mel at i n i m u an i m c i  iu_ ’nt of
landing throug h rain an-id haze although the c o n t r o l  tuiw u_ n u - eu ’ e ’ mt e d no
rain at the airpom ’t.

The fact was then expressed that too umuucbn di’p enmden mu ’ is boi n u t
placed upon instrunnents inn time A TC s y st e u m m and that s n o r e  bu n - i n n  ,‘hc eu’ t -a-
tions are requi red. Notin iq that ttm e ATC is a s y s t m ’n’ i tm m cu i ’ n l t ’ l ’ le nmt the
pilot when the pi lot cann ot see what 1 mm ’ is do i ng  beca use u _ mI t Pu - wt’at hen ,
Max concluded , however , that ci i ri i rues tenmd to operate  100 lb  R esem n
when the sun is s h i n i n g .  He cmm npbi asi: i ’mt t h iat it ~ S a d , m nn~n u _ ’ m ’on ms fa ll ac t
to assun rie that this systu ’m t n w i ll m n ’ u _ n t u _ c t  t h e  p1 lo t  f , ’ u_ ’r’ at  i m i’ s u_u_i t b - i
w1’monu they share tuie a I n’space and St n e c n m ’d t h a t  tInt ’ San ‘l u_ ’~:m c i t  as t r’ u_ iph p
is only the la tn -st of m an y such r’esu l t c tha t  ‘ u_ ’ in t  out t h i s  d ar n , um ’n
Mcix be 1 i eves that the pilot  n’ - ,ust he n’esponi s i He I m ’r his Ill um ht and unnus t
a 1 so be held accountable for hi S en- n ’ m mnc - The -TT m ’ cu _ ’ m n t e rn Ii ,‘ mn t ima
“see and avo id ’ ’  is obsolete is n imit acc , -p ta t ile c i cc en ’ ml i m n m u to t’f ,m ”,,

He went on- i to point out that mit ’nen -al av i a t i o n  u_’ o m us t i t m n t e s  ~0 01’

all civil aircraft in this countr y. Tire genera l a v i a t i m in m fleet is
com posed of a wide variety of plane types , s izes ,  shapes arid m ode ls -—
each of therm designed to do spe c i f i c  jobs of load c a m’m’ y i n nq arid co mrmnruu n i -
cat ion. The fac t that FAA projects the prese n t general aviatio n fleet
of 187 ,430 to grow to 291 ,300 by 1989 . and our ’ pn’esent ‘704 .000 p i l ot s
to increase to 1 ,102 ,000 pilots whi lc  at the samnu e timn’ne the ain’ line s
probabl y w i l l  - ot exceed 3.000 units • or less tb - ian - n 0 , - u _mt  tOt ’ flom’ t u s i n g
the airspace , suggests that -more attention should he given to tine
genera l aviation community.

-- I - ~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~



or a m c t ’p t a n u m ’e n - a t e ,  i s  m mm u t  m s i m mm i u u_ u n ’ t  , mn mt ,ns t lie n nnm i ’ n ’ ,’s o nnn t ’ r m t  s mmmd, ’  t mu I nm —

iii t res • so n’s i u _ m ’ S arid In r’omodu n’ t’s Io,n l i m m u _~ lu _ u , im r j m m  n ’ n ’cist’ m mu . m -, 1 at m u _ inn
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EFFECT OF S P A N W I S E  GUST V A R I A T I O N S

John C. Houbolt

NASA Langley Rese arch Center

The left side of Figure 1 dep icts the assumption conmiiionly used in
power spectral treatunients of gust encounter ; that is , the turbulence is
considered random -in in the flight directions but uniform in the spanwise
direction The right side of the fi gure depicts the more realistic
situation wherein the turbulence is considered to be random in both the
f li g h t  and spanwise directions.

The top sketch of Figure 2 indicates that we can consider the ran—
dorm gusts to be composed of the summ r of a numm nber of sinusoidal gust corn— -‘

ponents. It has been found that the long wavelengths and the very shOrt
wave lengths do not contribute si gn i f icant ly  to airpl ane loads or response.
The intermediate wavelengths , on the order of from one to ten times the
span of the airp lane , are found to be the major contributors. The mid-
dle two sketches show the result of the uniform spanwi se gusts assumption
on the ve rt i cal fo rce an d rol l ing nuonme nt .  Th e le ft ske t ch  shows tha t
the entire span is effective in producing a ver tical force. The right
sketch shows that the ri ght and lef t  wings produce equal upward forces
and thus no rolling momnent is produced . Thus a fa i l in g of the u n i form
spa nwise gust assumption is that no rol ling moment can be produced ,
For the lower two sketches we show the inf luence of a sinusoidal gust
component which has a wavelength roughly equal to the airplane span.
On the left we see that the upward force is essentially cancelled out
by equal downwa rd forces. Thus for this component , a nd for the smaller
w a v e l e n g t h  com pone n ts , there is very little vertical force production.
On the right we see in contrast that this wavelength component is a
major producer of rolling mnno mi ment. We thus need to take into account
all the spanwise comn-iponents to accurat ely establish the rolling moment
produced by gusts.

Figure 3 gives three of the key reasons why spatial or spanwise
variation of gust is important. rteni 1 deals with the N0 parameter ,
which refers to ti-me number of ti m es per second the response quantity of
interest crosses the l—g loa d level with a positive slope. This N0
value is found as the radius of gyration of the area under the output
spectra about the vertical axis. If the gusts are treated as uniform
in the spanwise direct ion , N0 evaluates to infin ity by our norma l anal-
ytical approach procedures. ~f we al ter’ the non-steady aerodynami cs we
can make the tail of the output spectra converge faster; a finite but
unrealistically high value of N0 results. If we take into account the
spanwise variation , th e ta i l of the spect ra co nver ges much faste r due to
the cancelling effects discussed in Figure 2; the N0 value m s now found
to be correctly evaluated. Itenri 2 indicates that the proper treatment
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ot n o n — u n i on-n- span wis e m I UStS  does lead to a ro l l ing  nmonment. Item m n 3
indi c ate s timat we are interested in general about the cross -correlations
of the gust velocities that are found across the span of the wing and in
the cross — con - r s -l at ions between vertical an-n d lateral gusts. We need
esu ’ en i n ’ m enn ta l  conf i r nmia t ion of our a n a l y t i c a l  assu mn iptions with respect
to the r- akeup of th i -s e cn u_ iss - co r re l a t i on  funct ions.

Fi gure -1 shows a way for’ generating realistic turbulence veloci-
ties I r a - - t  a ‘ m n ndoi ” - numm iber source. The ri ght side of the equation repre—
sennt s th e r~nmnj-a -- n n u i i t m i ~ n s (wh ich  1 ia v u _- a whi te noise type spectra) .
Solution - i o this equation for w gives a sequence of nunnnbers which have
a ml limnl j ter ’ s in- n il ar to a tmn uo sphu _ ’ric turbulence ve locities . The spectra
of t h e  w values , shown in the bottoun , is a good practical appn ox i mni ation
t u _ m the spe ctr ’a of gust velocities found for the atmnmosphe re .

F i g u r e 5 s h ow s  the type of results that brave been found in an
,mn n a l- ,- tic al study to evaluate the rolling nm n~ mnent spectra that develops
on an aur -~ r a f t  due to the s p ann w ise  gust va r i a t i ons .  The c h a r a c t e r i s t i c
shape of the spectra is as shown. The peak is found to be associated

— w i t i n turbulence wav e leng ths s l ight ly  larger than the wing span , as
dep icted in Fi gure 2. The para umn eter \ is seen to be a f u n c t io n of the
t n e m t u m C n i c - v - , t he forward speed V , the s c a l e — t o — c h o r d  rat io L/c , and the
w i n g  a spec t  r a t i o  -~ .

Fi~iuu’e t ’- shows the equat ion that was a l so  der ived m i  the st ud~
which a l l o w s  for the generat ion of a t im uiewise history of the random-i- i
r’ol 1 i ng i- i o i:ne nt t ha t  is fe l t  by the a i m’pl ane due to gusts.  The quanti ts
v in this fi gure represents an input uust tinne history , as found by th e
techni que s 1 lou_ -ini in Fi gure 4;  the quantity X in this figure represents
tO,’ ro l l ing  nmm ’~ ienit . Thus , a step—by—step solution of th is  equat ion
gives a tin i me histon ’y of the n-oi l ing uinominent immipressed on the airplane
due to gusts. The power spect no- ’ - of \ is the power spectru m-i-i shown in - n
F f m t 1 u _~ t 5. The de pendence of the coefficients of the equations on vel-
Om i t v  V . chord c , and scale — to— chiord ratio L ’c is also shown.
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TH E 1 - .8 THUNI’JI R/ i bA I  [STORM PEN ET RAT ION Al RC RA I I

Jmm hmmn Pn’odan

Iris I it ut  0 m it Atnnro sim her’ i c Sm i t ’nnc t ’s

line J u u j m’ l m m m s i - m it nnv presentat i  on -i this mm m o n ’ mm i ru g is to  t o l l  you about
ci un ique ai n’ m n,m f t  ——minim ’ a lnmm ost. 1 i t o n a l  ly u_ li — c I qm n em l tm -i ‘‘ go winere angels
t’t ’cin’ t u_ i t m’ t’,id . ‘‘ TO,’ ci i n’cra ft is ,u in ig im lv  nod i f  led , fornmu er Ai n For’co
I ,‘ci i n mn ’ n - — — t i nt ’ f— ,’ i i ——m m r ’ i i i i n ma lly imui i t  by Nort hi A um u enicam Av m a t  ion (n-now
Ru _ - nm’ kwo 1 1 1 mut t ’  m m c i  t i m mnici 1 inn 1 Q4~i

Inn the I a t t t ’r n u , m m ’t u_ m f the 1000’ s , tim e idea of mmmod i fyi m g ann a im’ —
oral I to  t a k e  Sm im ’ mm t i ll,’ iim oasur en ruent s Wi t i m i ni ,nt - t  i ye m i  1 stom im ns emnuerged.
A-~ a n- ec u i t  m it st  uu_ l i t ’s u_ -o mn duct em i by Pr. Paul B. MacC rea dy of Meteor—

m u i m u m u s T i ’- , i ’an’c b m , I mm - . , under subcontract t ’ n ’m m nnm t int ’ l nms t  i t  u t e  u _ n t’ At mnosph e r’ i  c
Sc i e n mm ’ t -s (I As m ’ I tin t ’ S m um u tO Pa ko ta Sc bm o o 1 of Mines arid fm ’c ’hno 1 u_ iqy
(~ PS M1~.T )  and c u t i i u m n n ’ t e m l  by tin e National Su _ - ie n mce Founda t i u_ i m u (NSi ) . the

thO m i s i m m m n  w , ms urm ci dt ’ t o  ~m m’ ou_ - t’t’J with su u_ -bi a m mm di f i u _ ’ , u t iom i . The ciircn ’aft
so l r ’c I i’d wa ’, the Nmun ’ t hi Ammm e n’ i can T — ,’U tn ’ ,n imum ’ r - usemi by t he A i m ’  Fm-m n—ce and
N,n~ s I n n ’ p 1 lu _ m t t r,n in i o u _ n (F iqorm— 1) . An a i  n ’ cn - a t t  was lo c at e d  and Iu u~ ’_
m hcis i ’m t mmm i t In t ’ u_ ’ u _m m m mn m mt ’ ru _- i cii m a r k e t  . Aria lys  is showed t h a  t a n’nn nu_ in ’ i nq the
w 1 nim u • t a i l . u_ ’annoJ n s - a mut l u_ t n - mw ii mim i wcuu l u _ I lue rmn mi t the a i rp lane to sal u_ 1 y
pt — mu m — t m - a t m ’ a l l  b u t  t in s st ’ v e m’ m ’s t of ’ i - n a ils tmun ’ mrms . Au _ ’co rdi m u _ I  1y , t he fu_ i l —

1 muw r mmm i nmro mi i t  I u_or I i m in us m were mm ma dn’

• T Ime 1 t ’cid m mm m ’ e m l u_ i n ’s of t ine w i  rigs we re a r m m m on’ 1ul c i t ed  wi tO 0 .090
I mm , ’ In inea I — t roa ted al u_ mm i m mum m r

• I hit ’ ml J pt’r’ s un ’t , n u_ ’es m m 1 1 1mm ’ wi  rigs amid t a i l  were an ’ m nmu _m m ’ p1 c i ted
w i t  b m . ~ ~~, ‘ i m mcii hm ’a t — t roci ted cii u_m r i mm unnm

• Tine I cad i m g  m ’mlm i t ’s m m I the ( ‘ m m m l i  mm’ cu _ mw l I mu g wen’e ci n ’ nnmm m r p1 citem l w i t h
0. 1 ‘l~ i m u m - in ci i m m m i  m inmmn r ,

• l ine c mmmopy was rep] aCt’u_l w ith a nn r u m u _ ’h st  n’ongen’ n m nu i t  u_ :u_ mn u st ru c te d
m l  ff~ 1 ‘1- .um-nd (1.090 i mum - in al un mm i nuunr ,mniml hay i rig s ide  pan e 1 s mit
0 .1m0 m u m - h ct  notched am ’ryl Ic . T i me wi n m ls i m ie l  ml was r’e~ula c em1
with ~u anuels cut ft , 75 imiu _ ’ii s t m’ m ’ tm ’hm’d ,m u _ - m ’ -c l  it ’ ( 1 i m iuum’ t’ ,‘‘f .

• l l i ’ n v s  ci 1 u m m m i mu ummn m J l ’  i i i  s were iris tall cml mmv e r t he a in~ i mi t akes of
t int ’ m ,r rhum ret t r  ,mi mm l cu r 1 dmmo 1 or to  n- n ’s t r im ’ t h- n a i l  f ’rommm en tori rug.

T i m, ’ 1u rope lit ’ m ’ governon’ and the push ,‘mid aims inif s were a m’mmmon ’ed
It- i proven t h~i ii th rn n m , mg t ’

Mu_ u-  I momi m f m  m , r  t m onus we re 1 m m  m m nn u] u Ii s imed in ti nt ’ lQ o8 — 1Q71 t mm , ’  pen’ i od
,r m i m l I bmt ’ n’ m ’ ’ , t ,m ’ — 1 1mm’ need arm u si ’.
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Along with anm mon- J m la ting the aim-cm-aft structure and strengthening
the canopy , ot h er m ir odi f icat io mns were unmade to en hance tine perfoniiance
and su r’vivabi ii tv  of the ci i  rp lam mu _ ’. T he s e  i nc l uded :

• Propel len an-m d can’hureto r ,iln m Th o i amu t i — ice sys temmus were instal led.

• A Wr iqht  R— 1 8 2 0 — d m A  erm gi  no del i  von rig 1 42h lip to a i-hamnmi 1 ton
Standan’d three—bladed propeller was insta l led.

• The fuselage structu m-e was s t r e n g t h e n e d  to support the larger
engine (1425 lip vs .  800 lip f n ’ ommm t Om ’ orig i m u ci l ernqin e )

• Anu inmnpm ’oved fuel sv s  t e nn n was i nstal  led.

• A new n-nose la m - n di nq gm-ar w as iris t a i l ed  along w i t h - i  the nose gear
ton-que Imu_ ix . 

- 
-

• A larger o il cool en’ sys temmu was i mis ta i led .

• A new oxygen sys teumi was i ns ta l led .

• As a rm - sn l t of Ai r ’ [Of’Cn - u_ ’\t uen ’ienl ce , w i no spar ca ps we n-e added
to s t rengthm’n- i I he wi rmqs for i nicr u_ ’ased turbulence dun rug sto rmmn
penietrat ions .

• The hon- i ~ontal stabi ii c u _ -n was rep l acu _ - mi w i t h  one des iqned to
w i t h s t a n d  buck l i n g  u m n u _ l u _’r turbule n t fi iqht loads.

• The 100 vol t—an ipe nu_ - i n c - on - l u _ -n ’ s  were n’e] ul aced w i t h  250 vol t— ammnpere
iruv erte m-s .

• The n-ear cock i-ii t cu_ ,mi t n-ols arid fi igbnt ins tn ’ ummue ni ts wen’e n’emnnoved
and n’ep laced by tine pm’ u nma n - v i nst  r’ umm meni t at ion- i record I rig sys tennu .

• PMS data process i rig equ I l n mnm m ’nt was m m mo u n t u_’d on ,u mr inns tn’umnrentat ion
p1 atfo m—imi in the bam lq, ng u_ - c o mmupan ’ tmmme n n t an’ea

• The 1-28 avionics were n’eplaced with - i ummode rn reliable equipmmnent.

The net result of these m nmodificat io ns is t h at the 1—28 can safely
f l y  through thunders tu _ - i m - m ns and hai l  s ton - mrms w i t  ii hail of up to ~

‘ .6 cmii
(3 in) in di drmmeten’ , At tiit’ san nm e t imm ne , the innstn - umi rentat ion and data
gathering syste mm m s ca m’ n- it ’d Os tIn e 1—28 w i l l  take nnea s um’e mir ents of the
internal cha ract  enis t i  us eI the storm that are of I n I t - r u_ -s t  to research
scientists .

At the n n n s u _ m n  t t ins, - , h~- T — 8  incis lu _ c m ’ I mi s t nu nmm en ta t ion- i sy ~ ter m s that
al low mn me a stm r ’ e m i mm ’ nt of thie var ’ i abi u_’s l i st ed in Table 1 . The pm ’ in m m am ’y re-

cording sys t o n  cor ns is t s of ci P m ’m’c is i mini In ic t n ’u mmm e mnts Model 1 387 c omirpute r—
compat i bit’ mag net  i c 1 ape n— eu _ - m i n - m I t-n ,nnid a Monm i t u _ i n ’ L alm s MoO t ’ ° 100 mu it i —

plexer unit . This svstm ’nnu _ is u_-apa hlm’ of recor - u_ l in g 30 BCB di gits of

i-i _ i
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Table 1
VA R IA B LES REC ORDED BY T-28 INSTR UM EN TAT ION SYSTEM

I i  Instru m ent 
~~~~ 

of Measurement

St a tm c Pressure (Altitude) ~Rosemount 0 to 15 PSI
*Ball Eng i neer ing 0 to 21,000 ft (8.2 km) MSL 

‘ 

-

Tota l Temperature Rosenm iount -25 to +25°C
0N CAR Reverse Flow —25 to 425°C

A~~~~af ~~~ayJ~ at ion~~~Perfon nnance:

Attitude Se rv om ech a n isn n n c m n n q l e — o f - a t t a c k  vane -15 to + 150
‘P i t ch  (Hun n~nh n- , -y v n ’ n ’ t i c a l l y - s t a b i l i z e d  —50 to +500 - ‘

accen erorneter
‘s -li (nuunnphr t’y vertically-stabil i zed —5 0 to +50~

acce le ro m eter )

Navigation Headin g indicator 0 to 360° ma gnet ic
‘CESSNA DME 0 to 200 n mi
‘NARC O OME 0 to 100 n ml
N -\RCO COM/ NAV (2 units) 0 to 360° from station
NARC O NAV 0 to 360° from station

Performance Ball [nq ine en’in g va riometer -6000 to +6000 ft/m m
(ratt’— o f —c ii nnb ) (—30 to +30 m/s)

‘Rost ’mommn t dynamic nressure — 3 to +3 PSI
( Ir id . airspeed)

‘NCAR True Ai m -speed Computer 0 to 250 knots (128 mis)
*F lum n np h rey vertically—stabilized — l to +3 g s

acce l eromet er
G i annini m anni fold pressure 0 to 50 in Hg

~~~ om~~eors:

Cloud droplets Johnson -Williams LWC — 50 u _ n m dia (liquid only);
0 to 6 9/rn 3

‘Particle Measuring System s FSSP 3 to 45 u_ mm di a ; adjustable

Rain , graupe l . snow W illiamson Foil lnnpact or I to 20 m dia
‘Pa rticle Measuring Systems OAP -20 31 to 1000 u_u_ rn
‘Cannon Pa rt i c 1~ Camera (alternates Appr ox . 50 u_ mm up

with- hail nmpect n ’ometer)

Hail Las er Ha il Sp ec tru _ m n n ne t e r (alt e rnates 4.5 to 50+ n u n  dia
w i th Cannon camera)

•Ft ,rnished by NCAR.

1 
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information pius 32 channe ls of analog data converted to di g ita l form.
The basic recording interv al is once each second , a lthough s ome of the
var iables are sam pled twice during each one—second cycle to provide
higher frequency response. In addition , a Pertec digital recorder ,
wh ich is used to record particle size information from the PMS probes ,
serves as a backup recorder. It records all of the digital and some
of the analog data that are recorded on the primary system.

A two-channel aud io recorder records all comunications transmitted
an d received by the T—28 along with the pilot’ s comninents through a “hot
m i k e ” capab ility on ore channel , and records prec i pi ta t i on and ha i l
impact noises on the other channel. These comments and recorded impact
noises are inval uable in subsequent data anlysis. A side-looking
remote controlled 8 nmi movie canmiera is used for qualitative pictures
of the st orm environment.

Data sensors are mounted on the unders ide of the wings (Fi gures
1 and 4). The basic wing structure is that of a T—28A and , as such ,
has  one “hard point ” ext ernal stores mounting location for each wing.
The Johnson —Will iams LWC sensor (Figure 3) is located on the r i ght wing
near the wing tip. Two total pressure sources are mounted on the ri ght
wing (Figure 4)--one for the pilot’ s airspeed indicator and the other
for the data system . The angle-of-attack measuring vane is also mounted
on the right wing. The PMS Forward Scattering Spectrometer Probe (FSSP),
the PMS Optical Array Spectrometer Probe ( UAP-2D), and t he Wi ll i ams on
Fo il Impactor are mounted on the right wing pylon (Figure 5). On the
left wing pylon mount , the one unit of the Cannon Part icle Camera
(Figure 6) alternates with one for the Laser Hail Spectrometer. The
renm aining unit for each system is mounted Just outboard of the pylon
locat ion. At the wing tip, two temperature probes are mounted (Fig-
ure 7) with the National Center for Atmospheric Research (NCAR) Reverse
Flow instrument just inboard of the Rosemount instrument.

Data processing for the 1-28 system is conducted in two phases.
The first phase is the “quick look” reduct ion and provides “ rap id
recall” plots of the data. In th is phase , the data ta pes from the
Mon itor Labs 9100 and Pertec recorder units are Sent to Rapid City ,
South Dakota , and Boulder , Colo rado , by the most expeditious means
ava ilable for imediate processing by the lAS and NCAR respectively.
For example , in SESAME ‘79 air freight is used. Computer-generated
p lots (Figure 8) of the reduced data from the 9100 recorder are trans-
nmitted via telecopier to the field site——usuall y within a few hours
after receiving the data tapes in Rap id City. The reduced PMS data
from the Pertec recorder are rev iewed at NCAR inimnediately and then
sent to the field in microfilm form for comparison with the other data.
This technique has been a key element in early detection of equipment
mal functions and minimizing lost research opportunities. A further
adva ntage is availability of the data in the field for on-the-spot
preliminary analysis while the conditions of observations are still
fresh in everyone ’s minds.
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FIGURE 8. E/T ½M H E OF REDUCED ~ i FOP (~I PG ICAL DATA FROM RAPID RECALL
OUTPUT OF FLIGHT 183, 22 JULY 1976 . THE TOPMOST TRACE
I N D I C A T E S  UPDR A FT SPEED (SCALE +25 TO -25 M/ SEC),  AND THE
OTHER TRACES D E P I C T  J A R I A R L E S  INDIC A TED ALONG TH E LEFT-HAND
E D G E .
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The second phase of data handl ing consists of detailed analyses
by the principal investi gators. In the past this has been done jointly
at Rapid City and Boulder. The most useful form of presentation for
the T—28 data has been in the fonri of computer listings and plots
(Fi gure 9) showing the variables measured and computed as functions
of time . Initial presentation of the PMS data is as is shown in Fig-
ures 10 an d 11 . There are numer i cal techn iq ues wh i ch perm i t comp rehen-
sive description of the hydrometeor characteristics and allow various
sumarizatior i s in terms of particle number and mass concentrations.
A typical frame from the Particle Camera is shown in Fi gure 1 2.

Past operations of the T—28 are summarized in Table 2. For 1979 ,
the T-28 will participate in the National Severe Storms Laboratory ’s
Project SESAME at Norman , Oklahoma. It will be one of two storm pene-
trating aircraft— —the other is an Air Force F— 4——however , it will be
the only one penetrating the high radar reflectivity areas of the storm
(up to 55 dBz) where hail mi ght be encountered. Operation during
TRIP ‘79 at Socorro , New Mexico , has also been prop osed.

Table 2

OPERATIONAL SUMMARY _ BY YEARS

Cloud
a F1J~hts Penetrations 

_ _ _  
Pr o~ ram

1970 40 20 1. N.E. Colorado Hail Experiment
(NECHE)

2. Hail Models - Rapid City

1971 21 -- Eng ine problem - no research
flights

1972 54 83 NHRE

1973 38 27 NHRE

1974 8 -- No field program

1975 40 48 NHRE

1976 50 60 NHRE

1977 18 -- No field program

1978 47 108 1. Convective Storm Division
(CSD) — N.E. Colorado

2. Thunderstorm Research Inter-
national Program (TRIP) -

Florida

The fli ghts listed include research flights , maintenance f l ights , and
equipment test fli ghts , so the number of cloud penetrations is a better
guide to the amount of data collected.
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1-28 FIT 2~8 13 flhJG 1978 (AESE 1~RCM ) tRIP

~~~~ I x ,

• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _0 *
I~S5QO5 ~~~35~

FIGURE 9. PLOT OF DATA FOR A 4-MIN SEGMENT OF THE T-28 FLIGHT ON
1 3 AU GUST 19 78 IN FLORIDA . POINT S OF CLOUD ENTRY AND EXIT
ARE INDI CATED BY THE IN-l AND OUT-l MARKS ON THE ABSCISSA ;
THE TIME SCALE (EDT) CAN BE CONVERTED TO AN APPROXIMATE DIS-
TANCE SCALE USING THE NOMINAL FLIGHT SPEED OF 6 KM/MIN.
VARIABLE S PLOTTED ARE INDICATED ALONG THE ORDINATE , WITH THE
SCALE RANGE AND PLOTTING SYMBOL INDICATED FOR EACH CURVE.
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Future plans for the T—28 syst e m c d l i  for instrumenting the air-
plane to take measurements of the e lec t r ic a l  conditions in the storm
ce l ls ;  redesi gning the p r i m a r y  instru me ntat ion system to include an
on-board microprocessor wh ich w i l l  a l low data to be col lec ted more
e f f i c ien t ly  and at a hi gher frequency ; and insta l lat ion of a f l i ght
test boom to qiv e angle of yaw and more accurate angle-of -a t tack
information .

In suninary , the T-28 is a uni que research platform for providing
information about the interior characterist ics of thunderstorm s and
hail storn~s. Its full potential has yet to be reached. If you are
interested in the use of the T-28 for any project or program , please
feel free me at the lA S or Dr. Arnett S. Dennis , Director of the lAS . — V
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I’  .~ ‘ ‘ - - ~V h oa

n -  
~ a I co n  i -  on how best to te ach the phenomenon of

‘ n o r ’  • ~~~t di  l t ’i’ r o 4 
W t V L I t I C I V I V t V  t~ 5t~ h e~ tensive t . ~ ~~~ - or simply

- . 
- - - has  ‘p t V

~et  been res o lved .  The consensus
+~ tS t ’ - J  t t t V  ;‘~~n a- ’en on c r ’  he dot 1 ned arid understood and that an eng i

m a  so lo t i p r i  ~an he ‘ - a  I . - -- o re e f f e c t i v e l y  c,,ape wi th  the problem .

011+1 ~) i  i i  m O  c a p t a i n  u n d t lr - S (  ~r’ ,’d t’e i nadequacy of t’-ds t ing proce—
j , 4 l ~~~~ ’ V ~~~~~ - l;’lr. ;  w i t h  t ’ e  ~~1 1 V - ~t s hear pr V ob l e .  He reconrended the method

a p p n ’ c V : n ’ i a t e  :n ’oa n d sp ed and i’ llrl i -luin a i r -speed values con —
S i  d i n ’ 1 r io S i~r ’ ~~~~‘ ‘~j nfl ‘~~l ues . An a i ; ) r a a c h  can then be successfu l  ly
ca ’ a i e t i  I tv ke et i np S V l b t + V  spe eds i t o ve  a p p r o p r i a t e  minimum va lues .

~~~ a i ” b i r e  L a p t a i n  s t a t e d  that  he has been adequately exposed
to t ’  e o rv  t~-r oo ;h c- V V : V , I V . t ra i n i ng ,  but he fee ls there is a need for
no r ’  pr~~ ‘ so de~~ini t io n of approach and ta~,eoff area condit ions upon
‘-1 + icr ’  0 l O k ’a t j n g  51t ’ n 1 S 1 U I I S  0 n be b ase u ,

V V
~ I e’~~~~1 j V n s

• R”sea r-. n and de~ ol o~~~”-e thods of f o recast ing  and detect i  rig 
V

~~nfl shear , o s ro c i o l ly  in the a r e a s  of approaches to runways.
0res ent V

O
I P V I SI S, do no t prov ide  o r e c i s e  enough information in

t ’ l t ”-O d rOS !S.

~~~. ‘-‘a l l  FAA A d v i s o r ,  C i rcu la r -  CQ-C.’A ( , t VJ ’ ,V j s o r~ Circular Check
L is t ) t -~’ a l l  ‘ :o w i~ -~e r t i f i cd t e d  a i r - ye n .

A nj ~~ e~ o~ [AA i n - 0 ’  ‘ 1011 ~~~~ t 1 d 1 1 V , i  a t e r i a l s  ex i s t  (v ideo
t , rp t ’S , t i  1 - s  , p r i ” t e d  ‘ a t o n al ) and are a v a i l a b l e .  Advisory C i rcu la r
A C 10 _ 5CA V , ‘id S 0 ’ )  has been recent ly publ ished. Some airmen are

V n15 t a~-~ n,’ 0’ t t’e 0 ‘. i s  0’ 00 0 t t ~~ SO ‘ la t e r - i a  1 S. V

V A .  V V b + o r  1 E1ec t r ic i~ y and ~ j~ h t n m n ~

D i s c u s s i o n  ce n te red  around tendency for p i l o t s  to accept  conruni—
c a t i o n  proble ms as s i - p l y  a c h a r ac t e r i s t i c  of the syste m . Many problems
can be trac ed t o i n a d e q u a t e ly  ma in ta i ned  p itot — stat ic (p—st atic) bleed
dev i ces  5i n d associ  at ed al function .

kecis’inienda t i o n

A d e q u a t e 1 ’~ t r a i n  p i l o t s , as well as maintenance and electronic
repair personnel , in the importance of p—static bleed devices and
t he  e f f o o t  f f a u l t y  equipment on radio performance.

Ic i r a  and Frost ‘Turbu lenc e

In discussions with both of these committees , two problems emerged.
The first was the lack of precisio n in forecasting techniques and the
sei ond w a s  the lack of f li q h t training in actual adverse conditions.
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1. oni tin u e n ’esear~h int l  - t~t h tj J~5 of accuratel y forecasting
L o n d it i o n s  of ic i r lu  and tu rbulence.

2. Encou n -a~e fli ght schools and flight i nstructo rs of the FAA
and the ~e no r a 1  a v i a t i o n  industry a s s o c i a t i o n s  to provide
f l i q bt  t ra in ing  in a~~t ua1 ; n s t ? S : e i lt  Meteo ro l og icd l Condit ions 

—(JY V whenever possible and appropri ate to do so.

3. Enc ~~una~ e industry to develop a low—cost  f l ight  simulator
c a ; o b l e  o~ re ’ i l i st i c  s imu la t ion  of trubulence , ef fects  of
ind uct ion  sy st o - : and structura l icing and low ceiling !
~is i b i l i t ,  c o n d i t i o n s . ~ht 5fl th is  new generation of simula-
torS ho5o mes ava i lab le , f l ight  schoo ls  should develop sy l lab i
and t ri inin q scenarios to afford the most effective use thereof ,

~in a1l- , , it was nocoa nized that ul t insi te ly the individ ual pilot
is res~ o rs ih le ~ 0VI ~~‘-:s ol f . T he fin est equipment , the most elegant

Ii .  IV  ci tions S s t e - s . the  most reli a ble reoortinq and forecasting
S~~~S t t ’ ’ S cannot  co nd e n s a t e  f o r  neg li gen ce on t he part of the pilot.
_ nles s so use’, the rosnur- ces available , nothing will be efficacious.
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SUMMARY REPORT : FLIGHT OPERAT I ONS COMMITTEE

James M. Dunkel

Federal Express Corporat ion

4
M embers : Jame s M. Dunk el , Chairman; Federa l Express Corporation

Dale Istwan , Air Line Pilots Association 4

Max Karant , Airc raft Owners and Pilots Association

Richard L. Kurk owski , NASA Ames Research Center

Loren J. Spencer , FAA

Joseph W. Stickle , NASA Langley Research Center

At this workshop all the committee members found them selves review-
ing many of the same problems that had been discussed at previous work-
shops on this subject. This is not to say that improvements have not
been made , but rather that specific recommendations and comm i tments
are necessary for more rap id improvements.

The Fli ght Operations Committee met w i th  five floating committees
in order to understand the current state and limits of technology in
each area , review new developments , and communicate those areas of
concern as they dealt with Flight Operations. The discussions with
the floating committees are given below .

4
Atrno~ phenic E1ectr ~ç j pd L ~ g~ tning

The committees discussed the current inability to identif y the
atmospheric conditions which would allow specific forecasting of these
occurrences in a timely manner . All efforts in this field to date
have been in the developm ent of ground-based units only. We felt that
if this trend continued , it would be necessary for the developers to
address five basic concerns:

• Timelin ess of reporting (real -time vs. delayed reporting)

• Standardi zation of communication (terminology )

• Quantity of inform ation required

• Accessabili ty of information to genera l aviation

• Detection and range potential and actual atmospheric conditions
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The’ tell i)W 1rI ~ recomiinie rida t F o rt s w&’ ru ’ p nt ’s en ted t so the 5) u-so up

• That the ai ni ilies ~) o in t oqet her ’ t on  s u l i  t ra i i 1s’ sl r iot  r - o r ~s’ l i t q  i s  l i i
1100(15 - T h i s  na’ , see m f a r t  e t c hed , but due to the i ni ns’as m nq
s s t s t s  s k I  110 1 r i ta  in i n iq t lie’ i t -  t)WI i met u’orcr l os~ ic a l  dt” part r imt ’n t ‘.
i t i 5 tS cOi i i i  niq a se r -  F son s i i ’ ll ’ . I dera t ion -

• That the aviation sVoum i iliIln i t  v pet i t  it ’ll the NWS for inert’ support

• Tha t  t lie Co nqr- ess he node 1twa r- u’ of the eu t I riued d u s l i  rue of
tOi~t1t

V ‘- - t i  nq s e t - v t  s O 5  and I’e p i t ’ - tor t t ’d w i t  lm t host ’ res oimsrme ’ndo t ionic
Os  ps ’s 5 i He sol Ut i o n s

• Roeva I no te ’ pr io~- i i me ’ .  of  t he NWS resources -

• I rives t, I qa to t h ’  t e d s  i t t  j i l t  ~V s i t  I SO rs’port I t’i~ 10 t t i t ”
0 00 1 n ic coon tab j i l t ’ ,  V

Turbulence

f lj  scu ss  F oil on t IC is ‘ .u i ’ ioct  wa s bas i s  a l l  ‘, hr- okt ” ni  dow n i nit 0 two 1i r ’ t ’as

• Wa ke t urhu 1 ens ’ e

• I I e ar — a i r tu rhu I ence ( C AT

( i t  t he two . u rea tor- ad ’ ,-- arl c e rr ienu t ‘. ha Vt ’ t~t ’ u ’li ilisi CIt,’ in the a rea of inea sun —
i no wake tu r- bu iens e , Twel vt ’ oF rpo rts i n  t he t in i t  ed S to  tos cunu -ont lv
hove i’ieos ui- i nq t’q iii pnmon t , and t IC is number ’ is to he’ ~x paitde d t o  t went ,’,’—
f i n n  w i th in six y s ’a m ’ s -

Whe n dea ii Ut] wit IC CAT . however , we found t 1111 t I soot! — r Ons]e ’ lor e—
ca s t  i niq i s  cun.eni t lv a h u e s  t i mpo’. s i hi o and t hot ro i l  — I imo report i no
and ant  i c i p a t i  r io ire we ak - A rev i ew of 5~~~ ’ ,V~~~~~~~~ ] ~~‘, s te in ’ .  was s j i v en i  h~

V 
rt ”J ’ res e nl t at ive qrs t up s  . e. o , NASA ’ s t u •s t w i th  Hend i \ u t  i 1 i :1 r io wa t  or

apo r - and Doppler - ‘s q r n uni s f— ho ‘ .es t  n— o dor to dot oc t  t or — nod es ar id desirt” t”
of tu rb u 1 once wi tIC in a s tot - in

Our c on~ii it too f e l t  t h a t  i irnproven iren t of our repau - t i l l s !  5 ’, - ’. t ems and
qather i nq tochn I quos won lsl be a s]OOsl I t i te r ’  irs s t e p  - Tb is wou ld iii’, ‘, e
the usu ’ of ~ I t ;Mt i s  and U I RIPS by 1) ill ot t i n s i  t horn on 0 nliOJi . .

‘ ‘f I rac k F I r s !
t hem , and 31 s e t t  inq spec j f~i c qui dpi i nec I o r - qet t intl s t  rnisl a u — d I .‘est and

i rmr e l y repo rts hack to the p i l o t .

Wi nuds and W F rid Sheau .

W Ind s lit — or s i t ’ t  Oi ti on u~r i t s  , wh i i i i  o re keyed I’-~- a n y  5 ! l ’ i d  ( i on  of
* I IC knot ‘. , have” now been i n s  tall i’d at s e v e n i  r i ’ a jsor -  a i rJ’ o r I s arid I hi’
i ns t 1 t  I lo t  ion of these ur n ts in o t he r  U. s - o i  rpor - t s i s  proo u- u ’ss ins ! .

However , inanu t 1 ic t o  n o r ’ -. • as well Os the 1 AA • hove been c1tll ed s ’ni to
dot u ’ r i’ imfl e spot i t i c  a s t  ions to he I akeni a t ten d e te s t ion re la t  iv e to
a i rc r a f t  1 iiin it 1t t  i on-. arid s t t i l l J t u ” ni - - a t  i ye miaIi ~’u’, er’ I~’ ho nadp b’, s row
mm it ’iimhe rc

Iii’_ ’
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The major prob lennis in dealing with winds aloft were suriinarized
by th u’ F l i ght Operat ions Conm~n i t t e e  as:

• Inadequate reporting by the NWS (12-hour reports).

• Inaccur a te foreca s t in g below 12 feet , mostly due to terrain
changes.

• Lock of updates on a real -time or exception basis.

Our recomm endations to increase our winds aloft reporting accuracy are :

• Direct  i n pu t  to and fro mni Center to the a i r c ra f t  to update and
report actual  winds a lo f t .

• Plot actual winds aloft in the saimie im ianner as forecast winds
(from the PIREPS). This would make the necessary briefing
informati on available to genera l aviation.

• Incr-ease the num mmbe r - of soundings miiade by the NWS back to four
times per day.

Ici ni y m d  rrost

Of all the weather phenomenon reviewed , this area drew the most
discussion. To date , all large aircraft have operating lin ii itations
based on type and amount of frozen precipitation. They are exact as
to the -ei ght penalties , but they g ive no guidelines with regard to
wet vs. dry snow or where measurenients should be taken on a runway .
Flight Service ’ does riot presently hove adequate niieasur ing techniques
f o r -  repor’tiniq wet vs. dry snow . The FAA , in conjunction with aircraft
nnia niutact urers , commercial operators , and the NWS , should establish
these ni ieasurement criteria and reporting procedures .

It was reported that SAAB has developed and is marketing a breaking
iniea’~urinig device which measures the coeff ic ient  of f r ict ion. If this
d e v i c e  is proven functional , it should enable standardization of break-
i n n s j  ac t io n  reports which w i l l  enable each aircraft  manufacturer to develop
the per-for nita nce charts required .

Our discussion of ic ing condit ions brought fcrth the concerns of
both rotorcr aft and genera l aviation participants . NASA and several
other groups are developing and testing anti-ice and icing effects on
r o t or c r o  f t . The con~iri t tee fel t t ha t  the manufacturers must define the
icing envelope of the aircraft with and without icin q protection . The
NWS must insure i t s  report ing system can be correlated to the iiianufac-
tu rer ’ s specif u-a tions (i.e., standardization). More research in the
areas of on-hoard measuring devices and investigation of regulatory
reform dealing with such operations is required.
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Genera l av i a t ion su f fers a twofol d p ro b lem :

• The weight penalties on the aircraft resulting from installation
of ice equipment.

V 
• Cost of i ns ta l l a ti on of such equi pment .

Since the perfo rmance penal ties to general av ia t ion  a i rc raf t  are so
g reat , the corirnittee asks that NASA , in their develo pment of rotorcraft
p rotec ti on , keep i n mi nd tha t the same requi rement of a lig htwei ght ,
low -cos t , low -power system is also required by genera l aviation.

Conclusions

We no ted three major areas of commo n concern througho ut our inter-
faces . Industry as a whole has made great strides in technology , but
mus t concentra te on th ese three areas:

• Create rea 7-~~rns ’ meteorological support and safety systems .

• Improve coninunications among the aviation community to solve
problems and to meet our real-time requirements .

• Improve training by:

• Identifying requirements for all users ’ and producers ’
meteorolo gical information.

• Stan dardizing requirements for pilot weather training.

Key factors necessar y to accom p l i s h  these goals are :

• Standard terminology

• Documentation

• Coor dination by all parts of industry to interrelate activities
in a s p irit of coo peration .
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Pha rl s ’s L. P ’ 1 5 1 1

U .S . A i u  I em ’ s 0 Sa l t -  m i t  t m ’

~- N - r n b , r s :  C hari e ’s L. Pocock , Chi j  i m - i ’~a m i U .S . A l  r F or - i e S o t  u t ’ , ’  I e n ti’r V

P et e r  ( k iO5f l ,~t , FA A F l iq ht St ,tn dard 5o rt-  l i t ’

H . ‘ r , m t , - r  Hoque , i n l t e r - u 1 a t i - l i ~ 50i ie t 5 i t  A i r  S u t e l t  I n v e s t i g a t o r - ’ .

L e s t e r - R. k e i ’ f o o t  , Jr ., ‘- yst c ’ -  s i t u ’ t ,  A ’ , s o c i a t e s , l t d .
Ru ss , - ]  1 s _ Lawton  , A OPA (

~i ieu ’a t  loui s arid S a t u - t  ‘,‘

Wi  lii am M1 - iv i n , A i m  L i  no Ui 1 i’t  s A --soc lo t ion
Huord H . Norton , FAA A 1 c ide n t  ~~~~~~~~~~~~~~~~~~~~~~ 5 t 1~t f

A ndy 0. Y a t e s , ‘n. , A i m ’  1 i lit ‘ i i  ot As- Sot l o t  io n

T i e  Ii se~I coniimii i t tee Oh O t t  don t m i s t  1(10 t i oni h iatt a ‘,‘ s l l ’ 1 t  O f
p i l o t  5 and , mono ~‘ m r - t i  c i i i  or - l  , a v a - i t o f  1icc i deli t i lives t I qato r - -- .
Mi ii t any , in ilile ry i al , pci v i  I e and ru’s ] U I tor t  m i t  s ’ m ~o5 I were re pu-esen t i’d.
A v a m - i e t t  of  sub ,i s ’ c t s  wer e ’ ( I iscu 1~sesI .  Th is m-e po i - t  i - ” V u ’rs tw o ty pes

V of s t i b 3 s - c t ~ : l u s t , t l i i ’i~, ’ w e r e  i’V O i \ t o p i c s , or topn i t  a s i e m i —
o r a l in t i - i - e s  t to one sir ’  u mmo u - e o f  t hi5 ’ rot at jog it-soup s . Second , there
wo re nor -~’ 5 poc i t  i s ’ I op i cc  wh I oh we r ,  si I ‘.c u~ sod in de~ t hi wit hi on e’ of
the’ special i .od ]ni ’U]is .

GENERAL SUBJI ~fS 

5 - i - o went ’ d i s c o s s e s h  as ca usa l  in o i l ’ s m - i t ’ t ac c i d e n t s .
The i nvest i q m  I i om i t i rouli h~- l I evs -d t h a t  s i ’ c o n i da r - t  s o u s e  f i s  t o n s  whi cli
are  the real why ’s. am - u - o f t  i ’ l i not o dd rs ” s s od,  pi-o bab i t due t o inadequate
inv e st I got ion. The f i s t  t h a t  a p i 1(1 t a t  tempted 1( 1 t I  ‘,1 V F R  in i n s t r ut —
imien t c o n d i t i o n s  i s on ly  a u- s ’s u i t  o f  s oine 0 t hu ’r true caus e of t he 0. ci  —

u l en t .  What we m ioed to  know is wh y diii th e ” 1i~ lo t  t t r n ’ ,  t O  do t h a t ?  W a s
i t  inadequate t ra in i ns i? inadequ ate pu’ epa r- a t ion i nads ”qua I s ’ hr— i ofi rig
get—ho um ie— it is? or- some of her- reason w h it he” a ll owed Ii imsel I to  s ie t
into the ace 1 de n t —p u’od uc ln i i ]  si t u r t  ion I uu rt her - , on e s ” the VI’ R p 11 ot
r e a l i zed  he was i~pt t I nq lot  ~l Ir ~s I ruinient condi t i oni s whi oh ho was not
qua l i t  lo s i to hand le , whit- didn ’ t he a i t  or - cour se t o  avo id  t he ws ”a t l ieu-
or turn around and ret urn to his slepar t tire pci nit?

T h e invest I qat t ill s ’onnn i t t t ’u ’ f e lt t h a t  W i ’ s O i s l  i a usa 1 a m e n  t 5 are
occasionally a t t a c h e d  to O t s I  dents 1 t ’s ru st ” of 1 asV k of thorough huu nn ran
fact on-s in yes I n go t ion , and  th i s is a in~i or- pr -sob 1 0111. I t  is I n c  uin nhon t
upon all of ti c who p ar-ti ci pat e ”  in a t ’ s i s I s ~ i i t  im i v s ’s t i  s la t 1 ons to s ake sur-e
that we a u t i  ye ” at the tn’us - s O  use of e a s ’h os -c i de ”ni t —
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was d i sc u s se -d  and the s: t imi clusio ni was t ha t  i t  is
s t i l l  1i hidden k i l l s ’ u’ . Th e n-c au _ c ’ I wi ’ pr-oh] om— a s s o c i a t e d  w i t h hi qh
(lens i t y  a l t  i tude. F it - s t  is the 1 1ick of i- s -p or t  i rig, and seco n d is t he
lack  ot pm lot  understa ndi lii] abo ut a i  u n - a f t  pu ’ n — l ormance d e i n ’ a d i t  li~li i n
h is : f i  de n isi  t ‘, altitudes . Ss ’verol a]’f’roas f i t s were s Ol is  idered as ret ol i—
men dat  lou is. Uni t - ni 1gb t be t ina t in n des i qnates l mountainous a r e a s , de n i- , i t t
a l t i t udes  wh ich  o r - c more than 1 ,000 f e e t  above f i e ’ ld e l e va t i o n  should
be repon-ted on sequence reports. Tb ni  s is onl y a po ssi his ’ suggest ion ,
not a s t udi ed r-econiiur endat ion . The oroup felt that there nee’ds to be -m
mlnore ~

sos it lye way to I nisure hi gh den si t y  alt it tide I nf o nm no t ion is u t - o i l  —

ab le to the p i l o t .  Hi gh den s i t y  a l t i t u d e  pn- esent s the inbound p i lo t
c e r t a  in pu-ob i onus , hut more importa nt it , the depart i niq pm lot must know
how hi s a i r c r a f t  is a f f ec ted  pr io r-  to coiiiuittinq t o n  takeof f .

-

. 
- V : ‘ : - ~. ~‘ 

- 
~~~ Maniy a i i- cr - af t  ac c i  den t lo t  ~- s I i  —

~ia to t - s  1 a s k  t he nei, ossar ’ ,  nrett - s n - o lo i i  i ca l  infor i nma t i  on to  form t i l l  d
t i ni din gs one uec onm mn mi e n dat io n s about a spe d fic ac t  ide ’nt . In som e ’ c a ses
the inf o m—mo t i un I” not oval lob le.  In other cases in’,’e ’s t  i qators fa i l
to use o l 1 sou n-ces ava i lable. Dete riuinat ion of the e ” s a e t  w e ath e r -  con—
d it  ions at the t ime an d p1 ace so t the acc i  dent is innporV tan i t  . I f  the
ace i den t occur - s at an a i rport • spec ial a i rport obse r- va t i ons a m e  usua l ]  v
oval l ah ie;  however , if the occ iden t  occu r’s o f f  the a i rpor t , inivest i s ia—
tors nimoy have to go to other -  Sour - ce ’s 10 or’der to assemble ’ the acc ident
we a t hen’ p1 ctu r-e . The de ’s t i  not ion oi n- por’t innay take a special cl— sor t -a—
t iou when i they d iscover an a i rp lane is mmm i s s ing . Howeve r , t hei-e ore
a lso  many other sources in fede r-al , s ta te and local qove r- ni min o nt s as we l l
as pu’ i v ote  concerns ohserv I rig woo l her oni a fr -equen t has I s The proh J e’ i ’ ’
is  th or -c is  no central i :ed l i s t i ng  of a l l  thes e ’ agenc ies . T he inves Ii —

got ion group t’e 1 t that a riced e’. is ts for an u p — t o — d a t e ,  com isol ida ted
l i s t i ng  of weather observ in g s t a t i o n s — — n o t  a l i s t i ng  that  every lO t s ’ s —
t i gato n- carr - ies w i t h  hi inn , hut a central  i:ed locat ion which ca n he
cal led fs ’sm ~ a l i s t  i rig of ’ t he agenc y names and te l  epho nie ’ n uimnhe ” r-s o f
weather - observin g s t a t  ions within a cot-ta in radi us of on ace ideni t lo—

a Ii sill . A iso t here ’ is a need t on - a t ’e ’ t t i’ m - met hiod s’ I n o  t m ’ i u ”t i ~~ 
V - -

‘r ’nt m ont a rid o f t e ”n pe ’r’ i s hi5nb l e” data suc h as sa te l l i t e  p1 ct un— es , 1ot~~lobserva t ions  arid auto nn iat ic o hse rv a t i  onn s . hi a lan -ge sca le ” in’, t~~ t m o o —
ion , inves t iga t i ng  nnm et eo ro log i s t s  general ly do th is  , but in the co a l  1 or

invest iqa t  ions data gathe r - m g is o f ten  d i f f i cu l t  Or’ ‘ , ‘em - ’, t i me ” i’onsui ln inig .

-i ’ - - ‘ , -- - -
- : ‘ : - ‘ ‘ ‘ : -  ~~~ ‘ f ’  , : i  - -  -

- need to he t i ni n e— coou ’di noted
and Ident n f i ed . The group a lso  fe l t  that data cci i les ted f r-ens those s t n —
lions nee”ds to  he net iined f

V some speci f led time in o m-o t r - ie ” v ab lc ” ii n aninie r ’ .

- 
- ‘ - - ‘ - - - ‘ : o f  w ha t  th is ’ weather’ actual iv is fr-ow t h e  pn - e ss - n t a —

t ion of the weot hen in fonniat i on seems to he ’ a pr-o h] e m .  This ” i i t s ’5 I ioo lion
group fe lt that sequence n’e po u- ts , NOTAMS , P IRE PS arid e”u’ho 1 br- l o l l rigs
need to  be mmion ’e ci ear ly  under -stood by the pi l o t  — Thi S i i iO\ Seeiii 01)’, i en s
but is r’ea l ly gui to a d i f f i cu l t  prohl em . Soni c s i t iqes t l oris to I ricroaso
und e rst andab i l l  ty include: Peni s i der ’ i no our- Inc roosed I r- anis i i i  i ss i on ca pa —

bill ty . perhaps the ai n’port nanme ins toad of the t Pin - e s ” — let ter i dent i fi en
should he” used on sequence r-epc i rts . Severe weather condi t ions should be

1 ~iii
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in plain language in stead of syn u rbo l ogy . Briefin g s , particularly tele-
phonic b n i ef i u i i~s w he u-e the bn- iefer does not have eye contact  w i th  the
net s ly e r , m u s t  b -  slow and unde r - standable and there must be severa l
opportuni t ies for que s t ions .

~~~ ~~~~~~~~~~~ 
- 

~~~~~~~~~~ :‘~ :
‘ -

‘ ‘~~~ 
‘
~ ‘:, is a continuing problem .

simpl e - , readil y -under -stood ur t  id es by experts are always needed
h~ e d i t o r ’ s  of av i o t i on  magaz ines. For exa mple , John Prodan could write
an an ’ti le mi his T-?8 encounter -s with thunderstornmns , M . P . Aimmason could
w r i t e  an t-~~o lis - nt a rticle on the e f fec ts  of l ightning on aircraft , or
John Ho mibo l t  could wr i te ’  an a r t i c le  on turbulence encounters and struc-
tu n ~~l pro hlem m rs w i t h  a genenil aviation aircr ’aft. Simple a r t i c les  writ — V
ten by peop is - i f  t h a t  cal iber for a nm i agaz ine such as A O PA ’ s !:~: -

~s ; I d  i n t a i n l y  be i n de mmmand. There is a need and a chal lenge to each
of us to tal ~ to p i l o t s  in si m m r ple lang uage and te l l  them what we are
real 1’ ~ 1 1  nq .

f-~U A 1 N t ~ CUMMII T E E S

Al l  n- o t o t inq  co nnuin itte es had a y r-eat deal of interest in Fli gh t
f lo t a  1

~, - o m ’~ters ( FOR’ s)  w h i c h a r e  used  by the accident  invest i gator  to
recreat e the cond i t ions  at the tinnne of the accident. It is imiiportant
to know t ha t  there are l i nm ni t a t ions and inaccuracies in the recorders.
The re , om -Jed in i fo m i - i a t ion  is of ten taken from coat-se instrumentation
and then a t tempts  or -c made to make f ine readings , which j ust can ’ t be
done w i t h  accurac y .  We discus sed the need for better recorder main-
te nc ince by the a i r l ines . Often invest i gators an - r ive at an accident
an d find th a t  ei ther the recorder i t se l f  is inoperative or sonie of the
desired par-a inete rs  w on’ s ’ not being recorded. Addi t iona l ly ,  there are
so n ic proble nins w i t h  rniany of the international carr iers who cal ibrate
the ir own recorders inste a d of retur ’ning thenni to the nanufacturer. -

Fl ight data recorders ore delicate instruments that have to be cal i-
brated with a great deal of accuracy and nman y people are not doing
this.

Then -c is a need for better recorder protection. Recorder cr -ash
protect ion c r i t e r i a  should be reviewed. Certainly recorders wi l l  be
r-equired for any f l y-by -wire a i rcraf t .  The post crash investi q ation
of a f l i ght cont ro l  mishap on a f l ight —by—wire a ir -craft  is next to
im possib le using convent ional techniq ues.

V 

Fo~ , Vi sibilit y and Cel l  ings_ Committee

Slant range visibility sensors were discussed and it was concluded
that while it would be very desirable to have slant range v isibility
infom -moatio n in the cockpit , problems in development and associated
costs mmmay not be ’ worth the investment. Ce ilometers in the approach
zone were also discussed along with the eye hazards associated with
l ight-eni i i tt ing instrunnients . The value of RVR trend data was discussed ,
and it was generall y agr-eed that trend information would be valuab ’ e ,
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however , t h e  sys to m needs extens i t O  tes t  i rig and v o n- i fi cati on before
adopt ion . Th ere are pr-oh lenmis w i t h  r - e l i a b i l m t t ’  of a developing trend
and there mmia y he a tendency to comi m mmi it to a t n - en d .  That is , a p i l o t
m i  qht descend fu - o m mm a l t i tude in prepan- a t  ion f o r  an approach based on an
inmmp no vi  rig RVR trend , and then when o r - u - i v i no at mimi nimn num nis discover that
the trend d i d  n o t  niate r ’ ia l i :e ond n ow his a l te r - nate  options nay be
j eopard i zed . T here is a pn ’ob l emm m in the t i mi iel m ess of obss ’ uved  weather
infoniiat ion arid PIREP i n f o r ma t i o n  being t rans mmi i t ted to the cockp i t .
This is a continui n g pr-o hlemmr arid e f f o u t s  to reduce the time should
c ontinue.

T urbu lence ’ Cor irni t tee

Go ner-a l i t , d iscuss ions  w i t h  the Turbulence Co mn~ni i t t e ’e were confined
to clean ’ air  turb ulence (1,’AT) ~nd p s t  s t - t i ’ load t a ’L uleni s s - . Wind she ar -
di SC i~SS I oils W5 5 V 

~~ I t~~~’ the ~ m itt ’- a mid  ‘ -
~ I rid ~~ an Psonin mi n i t te e ’, t h e  j ci nit

CO rilil l t t o -  ‘ i v  i msod i n n seine d u t u i  1 C-’n~ w a n m n i n l i n  st  st  i s  currently being
tested ari d developed. We t a lked  about thes e systems in terms of the
ti nm ie l iness and reliability of the war n i n g and how this varies with al-
t i tude . The r’equir -e imient for ’ 6—7 mmiinut e’ war -ning is va l i d  to insure
that meal serv ice can he te r- i iminated , t r a y s  and ca r - t s  secuned and a t
seat belt check completed. A t  cer - ta in  a l t i t udes  only a 4 - S mmiinute
warning is possible.

Desi gn gust c r i te r - ia  was disc uss,-d. It was generall y agreed that
pr-esent c r- i te n- ia  w i l l  he used for - t h , - Boeirrq 757 ari d Boeing 767. Pres— —

em i t cr- i te r- i a has pr oven adequate ’ f r - o ’  a safe t t- standpoint in pr-ev i ous
designs.

Then -c was a d iscuss ion of best  t u r b u lence pe ne tu ’o t i on  air speeds
and the gr oups genera l l y  ag r-ee d that th is  is not a pi-oh ie mmi today. V

V 
Winds ari d Wind Shear Co m mi i i i t te s ’

The jo int  commi ttees concluded that  perhaps too m uch at tent io n
is current l y  be i n g  placed on the gust fn-ont condi t ion arid not enough
emphasis on the area imm ediate ly  be- low t he  thunderstor nni , i n the cold
air outflow m-eq ion . Other ’ ar - e ns may also have been neol ected such as
frontal zones and low level j et  str ’ea nn cond i t i o ns .  The coni~iiittees ~

‘

discussed shear conditions i n the pr ’e—tor -n ado cy c l onic cloud and the
hazards to air -craft in this region. This large swir l ing area , w h i c h
of ten spawn s a tornado , has cs - u - t a m  ‘e- c u l i a r -  biaza rds which are l i t t le
know n and not broadly under -stood . I m o l ly , the ” coim i- i i t te es agreed that
there is an urgent need for st o nda n-d i :ed , un i ve r-so l it’ understood wi rid
shear terminology .

Is ’ I nq a n d  F ro s t  Conini ttee ’

The j o in t  com m ittees held n-ather le ng th y  and de ta i l ed  d iscussions.
The present frost resear -ch was d iscussed and it was ag re ed that there
is a need for simi lar r -ese an -ch on the u” f f ~~t t ~~ of r-a ini on a ircraf t
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performance. Runway rain , snow an d s lus h con tam mn in a t i o n hazards we re
d i s c u s s e d , part icularly the hazards to takeoff per-fo rmance degradation ;
stopping performance; engine fla mneouts ; and frozen landing gear , f lap
and f l i ght-control components when imm ipacted by slush or water. Induc-
ti on icing in reciprocating and turbine eng ine aircraft was also dis-
cussed. In the area of structural icing it was agreed that there seems
to be a movement away from deic ing systems on larger aircraft. There
was a lengthy discussion about the diffi culty of investigating an ice
encounter mishap . In a post crash environment , ice has generally melted
natun -a l ly or miie lted by post crash f ire . There was a brief d iscussion
about runway snow and ice removal. The research being done in Canada ,
particularly the air blast snow removal system , was discussed. The
differences between FAA requ i remen ts and Milit ary Specifications re-
quirements for eng ine water i ngestion were discussed .

At mo,~~~~ric Elec t r i c ~~~~~~i Li ghtn i ni,y~ Committee

An enlightening discussion of a tmospheric electricity le d to ta lks
about problems w i th  the total ly f ly -by-wire a i rc ra ft .  This is a prob-
l ens in mil i tary aircraf t  n’ : ’ , but it is several years away i n c i vil
a i rcra f t .  Ant ic ipated problems of post crash invest i gation wi th  fl y-
by-wire a i rcraf t  were also dis cussed . We also ta lked about the poor
conduct iv i ty  of composite structural material and attendant l ightning
problems in a i rcraf t  usage.
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U. S . A i r -  F o r - c e  A I L S

I r - I t ’ u ’ i c k  ~~~. ‘ to r i ’ , P h a m  “ : m m l ~ U5AI ‘A lP S
Jo”’ . A ll e n , I’ ro o s s i 1 ’m: ol Air ~ r ’ i ’  ~ic I ,‘ t t nc ’l ~‘ r i,n m ii z a tion

,l n” :s s ~~~. -u r ~~s , A i r T r a m  * ic Pont ‘oI l s - i ’ . A ssoc i a t i~i i i

C . L.  ~ fr .mn i  I l - n . It o  A i n ’ l i m ’ - , F l i q m ’ t  C o n t ro l

~ 
t~~~~~~~ ) 1~~~ ‘- ‘c ~r ’ ’ , 1 um ’~,i - m  ~ ,5” ii

V V 1’ , A m  i n s ’ I’ m l o t  s A s so c  l o t i on
A~ l l I !’  A , ~~~, Roh ’ ’ t s i ”: , A i r  t i m e  Pil o ts Association

‘ i  .~~. ‘ ,: , ‘~ t l , n i ~t a Air O,i l U t r  - n o ’ ic V V~~ ! V t  rol Center

- n i i m c i t I  i m : t m ’ ,Iu~ t O r i h,~- - s ’ , t A i r ’ r e ’ f i t  Co nn t rol Corm umm ittee
‘ ‘ - .t “ lOs t  01 t i ’ d i s c u - ,’,j ’ ’ :  t o p i c s i~r ’ ”e r - q ~ie ’ i 1 lt  a s s oc i , m t e d  w i t h
- ‘v on  weo I h r~~~. 1 .e. , I .~ ‘h: 1 c ’ m i c e ’ , i-. m n~I shs ’ar , i i  g h t nii ‘iii , arid i c ing .

met a is o ‘c t  i’d t I i -  re Ii oh ill t - - o p r e d i c t  i nq t ‘i-s e p 1me nol ’ ie nld , bot n - in
V ,iu itl Proc I’- 5 ’ lo c a t  i~’ m: , a ns - o n s i d e ’ m ’e ’d su sI ec t by much ot the

i t i  I V ) ’  it t . Th us , i~’m i l i - ‘-e st p i l o t s  an - c awar -e o~ th t ’  potent ia l
c , :s~~c 1iJO mi i  s ’ s  ‘ 1’ . m u  m i t  arm sr -ea ~) f  f o re 1 1 m s t  l, e \ V e m ’e weather - , t h e y
c , ’ ’ t  m inc e  Is d ’  so hi -c a u s e  t l iei do riot be l ie te ’ t hi s ’ t or ~’cast to he a ccu—
u~a t r ’ ‘ri o:m t~’ t i  a l t r ’ I mel  u p r o p o s e d  ro ute  et  t 1 ic i ht  - Pn edi t a Ht  ,
m i i i so t s I rid t 5~ ’~- sel s’s 1 pen ’at i i i . ;  in wee t ‘en  cenid it ions nei ther t he~’
mie n - I ‘ m om - a i i ’ , n .m ft a n t ’ ca p ab le  of r ind 1 i iii) . ~‘ mm ~ h si  toot ions i impact
‘~~~‘ -  -~mr r V m t f i c  i ’ ml t m o l  t S t i ”:, 1i ’ rc i umu i  c o m i t r - ’ l le ,-s to so pen ’ate in a
‘oat ’ t n V t ’ 10 t m - i - t la m a p1 a o l - I  a ir - tn -a f t  i c  c e n t  n - ,’l emi v i u-on nn ment -

E - - e r ’ - : - ’ 1 e -  or li ar ’ ‘ “ ‘ m ~ i i ’ m i c t  s i  t uo t  l o r i s  develop, a i r - c t - a t t ar -c rerouted
mm: 1 i oc t • a m  t ho rns ’ del at onid t n - a t  fit ’ om mun est i oni det -e l op ,  con t ro l  1 ers
a r id i i lots ire tased to t ‘e 1 imi Is ot their - ahi li t  i e s——sommie t us es  be y ond——
,rr d , at the e -,t r-er e , t i ’ , ,n n - e  miee dl i-c s t r - a g i  t’ at ’~’ ideni t s . It is the
o n - u I t i e ’ s op i i i  01 su~ I: cni s mc s i t ua t i ons  ca n be avo ided  t bi u ough the

Jet e l u i[il~m s ’M I O f  be t te r  (I nn i d a n c e  t e n -  a l r ’cn ’ e”ws and im more pr— c c i se nm nethods
t im V i ‘ V es t i m l i m  1Iet n ’ctin ~i , n dt-on - s e wea ther ’  comid i  t i c m mi s .

Hay imiu i  i d e - nit i f  m e”d a r o o t  pr-oh ! em ini n i s ’a n- i~v eve nt t op i c ,  th e co rn—
ii n itt oe t u r n ed its att entio n to w ind  sl i t -a i ’ a’- i t  of m e c t s  A i r  T n - o f f i c
Pen t n i l  mnd t he people ’ t hot Sent - c ’ , the p i l o t s .
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‘ r s V l o , ~ A n a

A -“ r on pr-eL- l ou-u with wind shear is the inability to accura tely

~ne Iic ’ t - ’~ t its presence . Consequent ly,  areas of fo recast  wind
~ h ’ m r  anu ’ ” ;adc ’ - mc m li ’, essa n i  ly iar V o~ ~s a fonmi of insurance. The prac -
t i~ o S t  ~~‘ n ’ u o s t i m m , i  an ar -ca of w i m id  shear large r than ac tua l l y  ex i s t s
d or m no ’- t n ’  . ‘ r u t  nol len v~ l uable ai n- space for use in vec tor ing  ai n ra f t
an d  pl ju~os ‘ l i  pi lot in the pos i t ion  of either landing in an area of
t m n oL es t  w i  mid Sne e r , suspected by the p i lot  to he unnecess a m - i ly lan ge
and t i o l o t i m u - ;  c i ’ i p a uu v  p o l i c y , or avo id in g  the area a l together  and not
~u mup1e ti mmq I- ’ ’ m i s s i o n . Added  to t he  p r o b l e m n i  i s  the  pressure of the
:‘i 1 1m t ‘ S o r L, ’ kui owl edge Di w i rid shear ’ in n a part i cul ar area and/or hi s

m’i ’:p an icc ’ )  k ru1 u~ l edeo that , w h i l e  he is (contennpl ati ng ) d iver t ing to
an ~l tor ’m’ et e a i n t ’ i e l .l , o the r -  a i r c ra f t  are landing at the airport  in V

he a r ’o n  of  i oroc as t shear - .

-‘ c sea r -
~ i Rei Loi rod

T 1 i m p r o v e  wind shear de tec t i on / f o recas t i ng  and pi lot response
‘: re I

• ~-‘upha s i s  snoul d cont inue on develop nnnent of airborne and ground—
based w i l d  shear detection equip m ent capable of ac tua l l y  detect —
ing and o c c u r - a t e l y  predic t ing the para m eters , intensity , and
d i  i- o c t  i en of ‘uio v€ -s’m eni t of wi rid shear systems. Airborne equip—
“ :ont m u s t  pn’ovide su f f i c ien t  advance not ice to a l l ow  passengers
o r u d crew -m em ber -s to return to their seats and fasten seatbel ts
arid th i - p i lo t  enough t unic to a l ter  the route of f l ight  or es-
t a b l i s h  t h e  a p p r o p r ia t e  wind shear penetration a irspeed/config—
i r a t i e m i . Ground-based detect ion systems m us t  be able to de tec t

wind shear - along the approach to and departure fronii the runway ,
and at a l t i t ude  to support the en r-oute Air T ra f f i c  Control

- 
~t- s t  em ’ :

• Bas ed on t h e  i imnproved ab i l i t y  to detect and predict wind shear ,
the c r i t e r i a  for defining areas of forecast wind shear should
be revised to el i m niin ate the “ insurance ” factor which currently
denies co n i t r - o l l ers  and p i lots valuable airspace. The cr i ter ia
must i n icorponate the dyna mics of wind shear systems , i.e.,
s y s t e m ’ :  uo vt-u ’ i t -nt and intensi ty , on a rea l time basis.

• Research should be conducted to determine how close an a i rcraf t
can f ly to a wind shear - wi thout actual ly  becoming involved in
it. At the same tinn ie , research should continue to determine the
i n tens i t t - of wind shear an a i rc ra f t  (by type) can wi thstand if
it actually penetrates a systeni . Suc h infon -m niation is invaluable
to the control ler  (and pilot) in p lanning tratfic flow. V
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In fo r m -m a t ion T r’anst on Mechani s im m

Convent ional  r— adi o  coimimiuni i cat  ion cysternis 1 mii i t t r io 1 mm t o m ’ ’ :1n t iorì
t r a nsfer  between p i lo t  and contr -o l le r  arid inmmpact the vt i lummn e o f traffic
handled b’, the co ntrol  le n - . As it hs’co::it -c neces sam ’v f ur ’ cont rol len’~ t i
pns_ ’ . ide ‘- m o re i m i f t m r m ’ : 1 r t i o n i  to  each a i r - c r a f t , the r iuu -uh er of a i n ’c ra f t  they
a r~t’ ab le t o  on tn -e l m s reduced due to a in’ — t o — g  noo mid I m ’ou iu en c l So tur -a —

tior i and t r io d i t -e rs ion  of a contr - o l  icr ’ s a t t e n t i o n  fr - tim - u the ~‘mm t n - cml of
a m r L naf t  to inten -p reting ari d re-laying weather in to n a tion . A poss ib le
a l t e r n a t i v e  would be tn -a mis fey- of the wind shear’ i ri fen ’mmi o t i  on on a real

i - I c bas is  usi rig a data l ink s ste im i arid a v i sua l  di spl at in the COc kpi t
arid ai r -  tr -affic facilities. In e\p lo n m m i u cu~ h a l t e r - n a t i v e s , a hu: ’ :am:
f a c t o r  s t o d~ s t io u ld  he conducted to i m isunt pilots and coni t r -oll e ns one
rio t being provided sore i nfo nim na t io n than ca r l he absonhi d at  a g i ven
t n - m e ; i .e ., co nt inuous ly updated we o th e u ’  displ a y in ad d i t i o n  to ether
i ri fonuma t I emi al neadt in the cockpi  t ‘‘mu t m e l  noon li .

For - uni t

i rid s m ut -a . -  i ntens i t v  s tm uoucl d be redu~ t’d to a nu n - em - u t O l t -al ue.  A
ci  lo t  cou ld  then use the va lu e to d o t e r - m i n e  if t he  i n t o m u s i  tv ot the
sy ste m ’ :  is too great  for his t t pe  a i r - c rat t t o  penet r - a te . A go in , the
S t S t e -  wc ’ul d hate to he presented as a d~ ni au ’ ui c real — t i u i e t e l Ut ’; i .e.  ,
cunn-ent i nit ens i t s  as Wi ’1 1 as a c o n t i n u a l l y  updated hi stun’ s of  t fli’
ss  s to - ’ .

“r t  lo t i on  Sa fe t ~

Few , it  a n t ’, pi lots would knìowi ngl v penetu -a t e a str ’ om i a w i ni s hea r
s t s te r : i . However , s inc e ’ mim ost p i l o t s  s e ldo nmi t - ”o ’em’ i eui ct - ulmul sh~ on ’
to  the degr ee f ei ’oc a s t t ’d , the ’y are tem p ted to f ly through an ~mn - eo 01
f orecast  shear u- other - tha n ar -ound it if  the al ten - nate n-outi rig r- epr - e—
sents a s i gni ficant chan ge to their o n i g i na l f l ig h t .  Gi ten t h a t  the
e q u i pment reconimnended can be developed and olaced i n sen -v ice , an in ter n -
c i ye in fo r - - m a t  ion pr og n-anmi sho uld be under - ta ke n to mm iake the p i l o t s  arid
contro l lers  aware that when a w i n d  shear is fo recas ted  de tec ted , t h e
c h a n ce of it s  a c t u a l l y exi s t ing i ii t r~ pntn is o am -co f o r e c a s t e d  is
r m e ’a r ’ly lOt ) percent  and steps nm m u s t he taken tt l  avoid it.

ATMOSPHERIC ELECTRICITY AND LIGHTNING

Problem Areas

• Li ghtning strikes pose some serious problem i is for - a i r - c r - a f t  ami d
for ground—based elem ents for the Air T u - a f t i c  Control ~‘yste nii . 

V

With increased reliance on computer - pr -o cessing i n  both oin - cm ’aft
and ATC elements , susceptibility of t h e s e  com puter ’ s and their
pcwer sources to the voltages and cu r -u- co ts induced by li~mht-
fling must be eliminated. Neither - the aircraft non’ the A ir
Traffic Contro l Sy stem can tolerate a sudden amid total computer
o u ta g e .  T h e loss o f a NAVAID to a l i ghtning s t r ike  nay als o
“e se v ere conse q uences.
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• L i ’ t f i t u:i n g f f t ’ 5 tS on s t m - uc t u ne s  : i f  coonpos i to- mmn a t em ’i al S , or
‘ -m e t a l l i c  str - u ot - ,er - en w i t h  co m posit s - sect ions , require desi g n e r
at tent ion to problem mn s uf bonding and co nt inu i ty  of shielding,
A major- proble rn n is the pr i- ser t lack V~~f i n—dept h  fli ght exper-
ience with structu res of this ty~Ie , a s we l l  as with the dig ital
av ion i c  systems wh i c f -  are being introduced .

• The negat ive ef fect  ot or a l’ . l i : r  tnii fl q S t V I ~~ S~V , c’fl pilots also
nuu u s t be considered -—two of t hes e  e f fec ts  wh ich  dese rve mention
are (1) up to severa l seconds of f lash bl indness which imiay
resul t  f noi h: a nearby bolt ;  and (2 )  a genen ’al pi lot d i s tas te
for ’ things which go f las in -bang around his a i r - plane .

• Radio noise (“ s ta t i c ”) i nd uced  by l iq m utnin g has the negat ive
e f fec t  of di sm - Vjpti og co nu i’ :umn ica tion s between pi lo t  and cont ro l le r ,
increasin g the l ike l ih ood of an erron - in t h i s  l ink.

Researoh ~~~~uir ed

• “- - -~~~ 
-

‘ ‘ ~~~‘ . Lightning , as a phenommue non , is reasonably wel l
understood; pan ’ameters (current , duration , etc.) of typical
st n- i kes are known. In part , because of this hi gh degree of
knowledge , present a i r c ra f t  manufacturing technologies offer
a high degree of lightning protection . These technologies do
n o t , however , appear to have been f ul ly appl ied to the con—
struction of ground syst e m , including the computers which
serv e the ATC syst e ” - . Considerable stud y of systeimis which are
res is tan t  to e l ec t r -o: ’ - o u i mme t ic  pulse ( [MP~ e f f ec t s  has been con— V

ducted for nuclear - h a r d e n i n g ,  and this technology may be di-
rectl y applicable to “li ghtning hardening ” of both ground and
airborne systei :us .

• - ‘ - -~~~~‘ P i l o t s , in general , prefer - t c avoid l ightning,
not so much for i tse l f  as for the thunderstorms w i th  which it
is often associated.  Imniproved forecast ing o f l ightning areas
is a desirable goal to aid this avoidance. A specif ic desirable
item for ground ins ta l la t ions is a sys tem which can warn of an
i:- :pend ing s t r ike  in time for activation of standby syste m s ,
or protection of primary ones. A composite “ hazard r.’ iarning ”
syste m -u , providing a le r t s  for danger ous lig htning , turbulence ,
precipitation , and wind shear condit ions would be desirable ,
althoug h d i f f i cu l t  to achieve.

The correlation of lightning w i th other ‘uu e teoro l ogic a l phenomena
(turbulence , wind shear) is desirable. Since lightning is a highly
observable (visually, el ectrically or sonica i ly) event, it w o uld  serve
as a “f lag ” for less observable conditions if a correlation could be
established.

F Resea rch and development should continue in defining “ lightning
hardened ’ designs for (1)  av ion i cs ;  ( 2 )  ; nound computer , co nm u m nunic a tions ,
and NAVA ID installations; and (3)  composite str - uctures.
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I nit ,m r - i n n r I e ’ n i  I u — e ri c t e’ r

• l ’ :~ : ‘  - - -o- -
. ~ m i n c e the’ I iq ht nn inq mr - c-ce de- , the th under ,

I iu’ ,~ a- - to, ~‘t th u n n d e - m ’ - - f i i i w -i  t hu n nd er—s tonnnn ar e a s  a l s o  pre d  i c t
1 iqh t nn i ni i. Ice e’ l i t tom ’ this , e - -- o t ia t i on , fi r m - c - i  ~i s t i n n q  of li g ht—
ninn q i - - di ft icu l  t ,  w i t i n cn m ’ e ’ u n id— bace d senso r— m e t - - use fu l  in
n’s I e b l I sin mmi i i  st, m ’ i k e ’  lanm i m ’ r ’ inn dc - f  in nt ’ d , Im ’ e - _ i -~~. P1 RE Pt-~ , we ath e r
,,bs e r - \ V - i t I o-i ’ - , eniti c I t - i t ron i t ele tec t ion u t  st er—i c,s i r e ’  pote ni—
t a l  inc o me s  m t  e t t ’ t r ’ , t i nmq active ’ 1 ightn I nq ar - m ’as .

• I ‘ :
‘

- ‘ — 
-

- - - 
- , - ‘ , , ‘n - - - , -

. P1 1 ot .s r e c e i v e  conn ie i n f orn m na—
OH ‘ m m  iii t e r n  t i e  1 i n  gi n tin i rig a r-e ,r s w i t h  the in- ‘ m m - f  l i gh t  wea ther-

br e I i n n ’ i  , wh ii in c i n e mu Id i n c  I ude SI GMI 1 1 n for — nin a t i (inn O S  of ti ne t line p
of t In e  Icr i m - t  m g .  I n — f l ig h t  wea th e r -  a d v i s o r - l o s , m m  1 u dinmq t hose
t e rn I iq htni i nnq , ore t r — a n n snm n i t t ed  via the ( :onl t m - uul len —t o—p ilot
I l ink . ‘lId ‘5 o l s e n  a n’ ,- t n - an isnnn i t t e d , it s iq n i  f i can t , f r on n n Pi lot
t i c  p l i e d  v i a  the , ‘ mit cmiii or ’ .

• 
- 

‘ , 
- 

‘ - - 
- . Inn a mo o s i nrvo lv m rig t r - a r i s nn n n -- ~ I on (if woo then ’

,nnnd i l i - m i n t  i nu t ’ n - u m ’ a t ion i , t he’ c oni m mm nur i i ua t  io n l i nks  wh ich  i n v o l v e
the ’ m i nt m u d  len ’  a m - c ’ t i ne -  w m ’ ak p o r t s  of ’ t i ne sys tem because of
hig h i o M t  m i n i 1, - n ’ w i m n ’ k m i d . T im i s  w u r— k l oa d  i r n c m e a — ,e ’~ dr’ a s t i’_ a l l y
inn I 1w’ v en ’ y pem ’ iu id - ~ 01 adve n- se weather ’ , poor’ v i s i  bi ll tv arid
hc ’ a vv  I no H I c win I ch denin om nd no c in nu ni m r ’ f  t i c  i enicy f ron m n t ine con mu m i mu ni —

c u t  i on ii nk — i g in tmn 1 m g  a d v i s o r - i c- s au — c 1 c -c s a f t  e’ ted by these t
ov e r ’ I o mits bet _ mce -c ’ Ii c n l nt , n lug is avoided n’rot so nmi ucl-e to n ’  itse lf ,
~is ton -  the t i nn mn idm ’ns I c m i i : ,  w i th  whi oh it is nou’miia 1 ly a s s o c i a t e d ;

‘n’ e-- ~n m nin mb I y , t ine ’  t i i un id e u— s ton — rn w i l l  take pr- e ’ c ede ’nce ’ .

I 0 cilia

I ine r ’e W re n - c’ rio ne -c o n un mnen nd c’d m li~~m m n q e ’’_ to the f ’onnn a  t ust’tI to i m d i  cate
I i q h t r n  I rig . Ne’ i t  iu’u nm-n e ’ I 1mm’ ,rny s u cj i nm ’sted c hanges to i innp u-ov c ’ a v i a t i o n

i t , t  t m e t  h i m ’ th em t ine n~e J nu - r ’v i o uc l y  m n n e n it ionc- ~d.

PC , V I S I I 3 I t  I 1Y A NI) C E l l  INGS

I n ’u ’ t ’ Ie m m i Ano n

I o t in’ p i le  t ,n n m d , i i i i t  m m  l ieD , t in’ qn ’~i to”- t Comi c t r-a inn ts to da y — to—
, It V t l y mg mr- c’ it ” - t r i  ( t, i ore. to  v i - - i hi ii tv ; i . re . , c louds , f o g , smoke ’ and
g l u e - . Wh en ede lc ’mi 1mm 11mm ’  pn ’ i’- _ on i t m lix I_ i t ,ni rc r - e t t . t”ot im qn’oul’s wonder’
i t  t cnel ,it’ ‘ mmii n n i nnn ir n m n- . ,rm’ ,- rc’o i i - _ I ic . In today ’s c’nvi u— onii ienn t ( ‘ 1o— ~urc’
, , ute ’ s  ,‘c i ee ’ t h n : n n ~u n n c ’ r p a h i  l i t  i t ’ -  to set ’ p o tm ’ n i t  ia i  t m ’ a f  t i c  ccnni t I i c t s and
n e - n ,  I inn I ii m n t ’ I mm e vo l  ml a inn i e i— ,u i n —  cm ) i l l s  ion . Al t im o uqi m a bas i c  p 11 ot

~ i m t  n e i l  l c ’ n I n ’ n n r ’t i s  Ii’ - — t ’t ’ u n m e t  r v o i d ,’’ t i m e ’ m uim nm c’ ;rt is m e  longer a
i i  tc IC ’ mine t m m m l  f n r p l y -~t ’~r ,t n,nt i em Ii ’ c e- nt n i ni cat e’qon- m m ’ s  , r t  a I r- cr ’ a f t

t 
, c n - c i n i r l o e l  - k y  , mm mcl i t ion is w i n l i i i  nml ver - - e’i v a t  t ,~m I t i n i n c ’ l v  o c q u i  s i t  i on

a T i  a in’ ’ u nu  f t  ; i . e , u oct n—c llr ’uf unm et nmn i c ’e mn i t m - m n i l  red ,r r euls wh c ’ n ’ ,’ inn
V N lr Ii I spoi l ’ m m - mmi i \ m d  w i t  in l o u  m ph  r i m e  m ’ m t  t m n p ’ m r t i n i t j  l e ’u i i l  lv  w i t h
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on ie inn m it ’ i -
‘ i b i I it . n - - m tc n 1 I i s o I ~,e ’  ,m ‘ m - o t ’  I em’ : r t .  m i n i m  i c ’ a t  m c m i ’

wfm e ne ’ t ine 1 mmn I m ‘ ,n t i mer 1 m m  t 0 m m - m m t e r r  m m  l u  I’ I , - m t - ‘ ,~‘ mn c in t i , ’ i n  lot  - - s u k~ ’~
hi c f m ’ I —. I m c m i t r  I I ci i i, — m n f i n n t mci i t  ii u ’  ,r t m — _ , m ’ ‘ ‘_ Ps ~~’ t h m  - r ’ ,Uin i ’

-\ t -- t  n I l  c t  i im ’n i c r , m t  i ’n’~ he m ’,- t , m m ’ , ’ m ’ - t  c ’ , ’ , au~n ’ n -- - i iii, - ! , t i nt ’i n 1 mm mi i t nsf
nmu mmn be r s r - r ’ i : m , ’ m m t  1 ‘ make it  j iim l e ,m - s i t r i , - i o n ‘i  l, ’t  - - m m m m tu’ o l 1 , -n- - t o  ‘ t ’ t , u  I

m m nn n ’ I , qua 1 it nm - c  I mc - m ’ i n f o  r i m  t i n n  , I’ , r nt i c U  1 am - I clii m - l ung m o  p i dl V t i m  1—

m n - i  w e - a t t m ’ , ’ ’  m c m i i i  m , m m ns . ‘-i n , i n , l m ’ t i m  i c - m m 105 - , m ’ n m i ’ mm - I~ n i m p , u ~ I - \ n n -  ~n ,n t l i e
io n  t n - m m I m ’ i ’ m ’ m , r t i - mm- - mi t i e ’ tr in c I ‘ m ’ I - ‘ I ’ m 1 m u m  1 o m’ m - r  - — . I u r u m I 1 i ’ m i c r I c a ni~I
c o n t  r ’e ’l Im ’n’- m m -  m i r e f mu , , m  1 1 e on n- om i t ed m m )  t h u m  ~fm ’c 1 - - I ‘ r i  o ’ w in- I

tm, ’ t ii’ ‘ m i t  iii c c , ’ , - ‘ , n m  m ‘ ru - . ‘ cm i -‘I , , - m mcl n I m ‘ ‘ m - i’ s ’  m c ’ ‘ ‘ r  - It ’d ,m R
but mm m m , mu c r c o u t  or c ’ r i t  - ‘i ‘ m-~ -n i - n t ’ l i t  mc I imim m t oil t~t ha :m - .
,rr q 1 m m ’ , - . 5 1 “ up 1 a t m ~d . 0 r , - I ’ m  , ‘ - , - nm I ~ 

, r 1 Ii ’ m I ,l r~t- , m I i s t  n en u ,
‘c ,‘,Lrc ‘ -

~ t r , c f t  me mil l -
- V im a rm  p I l o t - . om u , 1 , omi t  n ,  1 1 , -n -  ,m l ’ t ,c i nn  u m n ’ r ’ m i t

10 c c ’  t u t - n  i ’ m  t o ,  ‘ s t  I 1 c m  II’ ‘ rm l i e  Ir I ’ t ’a se ’  t t m m, ’ i n elm ’ I - - ioni c — - \mi l
w h e t  e O f l  f ’ c ’ - I nn, ’ ‘ r e s o r t  i - - hi I i t  w tm i, 1 1’~ at  t ca l  h - - , - t ’ n i  t ’c I C ’ ,’
i c i l ’ t  , m r m ! e ‘ m t  n - i l m ’ r -

kn t ’ a u e ‘ 1\ I~~~ i r - m ’mt

1 ti - ne m - - a nie , ’ I  I, ’ ~i ’~ m e  - e~ 
-- m ‘ , m c , i  I ”  n t m -n m m  - -~ 

- - ~m - 1  eel I t ’ m~
I ‘ - cc c l n:’m ’ r ’~~e c h’ s  , n mn ei  I V - t l m i ’l - m ,  I i, m t  - m n - - , ,I o m ’ ” , C m ’ i  ,

~~, - m  - ‘ ‘ n
t m _ c - I  ,n n i , l  ~c c I - - i - n I n t ~~~

tm m , r ’,’m ’ liii I , ,  r - i ’ r o ’ , ’ m m t  a n m t~ I c ’ “ -h ho ,fo ,‘ :  I c ’n
s e p m m ’ r t  m rig ‘ m m -s , ’ r it  J emim ~m n i  i m ’ c u  o u r - m n - c l I I t ie i t t  j , , ~ c h o u c l e l  , ens n~ler
( 1 1  f m , , m er me ’  i s  o f  \ ‘ , r i t e -n ma ~~.

‘ m i r e - m i t  a m  t m - n t  m m  t~’nnd n t ions a~m o  10 f e e l  e ’ ‘ lOP ,‘ r  - I ’  - - I ’ m ’ ,’ ,! - - • m I m iS nn i ’ m~ r’ ,e t m ”- , ‘im I’ n ’o t I los • m m ’ e l :m ,  ee l r s n f r i  I -
i t t  m ’ t m n  c , m m m Ii - ’ , t  ,I n r c - n - . , ‘ t  , n t ’ ’ c , - b i - - i c  V K a r id  -~~~ I-o ft e ,‘ i u f  l i ’ led

-
- m u d  cmii  “ ml  n - m c i led nm - r ’ m - - im ” ’ m ,  ‘ t t  Ci I -,pc - u - d ’ , m n e ’ iSi 5,51 im~ Ih 1 m~itm “ I - f m  a m —

a I t  i’pon ’ - m I i Pig 1 ‘ s n  I It nm mi ch ’ r  ‘ l i t ’ mm mi  1 e is m ‘ ii n

Inn i t  m a t  m c ’s ‘ m c , ’ c ern  I a km m i i - u  ,m \ i  I m ’ mm r I m u  1 m o m - ~e ’ m t  m ,  m ’ - - i s ’ i i s , ’ nm ’,l
I -\ -\ ‘not iir oi ’l , ’ r m t  lt  a m ’ l ’ n o \ im u ’ , n t e - l \  ~u ie t - - c i ’  - e  ,‘ nn t  n l im ed im i ’ , n t  i ’ i  m ’ m , - a - umn l  nn e m

~1 m -c i cm ’’ - t i m m u m - - n ’ a t  - - - ‘ n  1 1 . i’ t  h ’ n ’ em so m I m m ~n I I e mm mlee l  m m  r i m ’ t -- . I ho se ,lec ices
m 1 1 ‘ r ot i itO .e o c t  m m in io n- - ace  t o nm m,e t e d  m’ e ’ m e i i ’ :m t of  m m ’ i  Ii m mi i ,mnsl i s  m h i  l i t

at  arm ,n 1 ’ ; ’ m , ’\ m i s t  I,’ 1m5 I m m t l r e t w e - m - m m m~:m , rn im l 1 1 1 mo ne sa r id ,lol 1 ~m m’ s t’,P e ’i l .
i, - n i t , r t  u c , ~ ‘ n m ’,u  m e m o ml I i mnme ‘cm , ’ m -

‘ I ‘ 15 1 .  i~ , , m m m ~ m - m ’ t  t i ,  iO\ i e5m ‘n o

3 , , - -~- m - - o f  I m - m m , f r m m t  Ii ’ t m r m , m i ‘u o u r m V m , re m ’l’ t lilt 0 . m n  ‘ m i ’ O m a m  n u n - - f Is’

~~~~ m ,‘ nn ’ ; i im - r - ,—~i 1, —rn I at n , ‘ . - - ‘ mm ‘ m ’n ’ — I h, - - r u t  ,m I m c , ’ cO I c ’ :~’ m i  ,r t I m m mi e l mS ’s mO I
,‘l’v l i t , - t he  ml, - , - ,! t m m n  u j n m,m t I i-r u led , m 1 r ’ i m m c n t  -- I e I’ ,- ‘ m ’ ,’c le l l ’el m~ i I ’ i OCt c r a t e

1 - inca -- t e n -  m nmm m ,f e c  I m c’

l l , m c 1 m g  rem m r :mn I :m ’ i  a ‘rot ’ I m ’nmm in m m t r t . m  i m ’  n n m , m ~m mt m l i t  t o n ’ u ” 1 m n ~u I ton , ’, a- - I s
i’,er I mc i i i  an I w honi t i m , - ~i m ci’ ,”- I tmm ’,i I mo n appr m ’a m e lm - s  or n s m it ’ intl be 1 omm e- - -
tab 1 i c ht ’,l m m inn i m nmu i m m- - - I’ m , ’ u - m ‘ cSi i ’ - f i r b’ - a m m  ‘~I u 1  m o  ‘ u t - n t  f , ’ r ’  adm i m I ,‘li a 1

- 0 e~L m , n t , r ’ s t t r i ’ t - c a c t  en- - I c ’ a i i m - m i , ! . me d I c ’ . , m m md i’ t i e i w  i - - t ’ ~m i ” ’ t  ide ’ t ~umie ’l
j u t  or , m i , i  t n -n w 1 m i c m  c m l  l e ’m t  5 m - ,rl’ ~t! I t , h m rm , m in le ~ we , m m , ’n ~o nm , ! m 1 m i’fl~- - I t  i s

urn 1 n k -  I - - mm ii im l , l  i I n c-u , ’ I ‘ m m l i i i  i m um w,’c Id be -‘ i ,m lm - i t o  m 1 ,it’ I,- n~- m I ‘ m e ’ cn  t a
sI udc f o - - ul p m ’ i ’n I th e  ru e - c l  t ,r n I in’ ,m ,ld i I m m m mi , l  1 f , ’ n ’ ,- , ~ s I m m ’ s .

V

I I’ em im ,l I ms th , ’ m e ’ - ; I l i f t  n , m i l l  ‘n ’,m t ’ i ,-nn I t ’ s o l  c - c , c m t  a mmi, rs t ‘ n m - - s i  rig
need • — — I ’  m — ~’e — - - — m - ’ . S - , id m m — c n 1 I do I , - m c  m ‘ n  I r I -, ,m mi el t ine r- e ’o 1 1 ’ — t i e  ,‘tt m ’~ 1 s
i t s t 1 i ’ l  , c t n - _ 

~n i r i ’ i  m ,  .it n , m i - ~ ii t t  e om n , m c i a t  norm s,r n ,-f ~ m • n ’. . t im, ’ t i l u m e  m ’ u - m cbl ,‘n nn
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, rm i I Iii,- n ri _ n h i i m l  It ’  ‘ m m l i  It  I ,f n ’ m n l  i t t  I m ’ , m f t  n e ~I nem’ I m m m i  iu,i _ •,’ ,pn n ~ f s n murm m

h in t in ,i lt’ mi, i l I It em it  m m  , ‘ m i u ’ u m nt

nit ori~na I morn 1n ’ , mn n - - t m - m ’

• - :- - ‘ - -  
- 

- -  -
- - c - - ’ - - . W ea l  ht ’r ‘mo .n’ - m n n m m n ’ n  m - ’ l m c i ‘~ o r m t  . P1 Id I’ ’- .

woo I he,- oh- — i — n ’ s  m m ’  ani m l i e r r i t miii I mlw p ’r m ’mh ’ , m ’ rca  t I ‘n — li me ru — i m m  I —

p It ’ ‘ “ m m ’ , p’ - ~ ~ t wp’a t iion~ m l  o m ’w n I 1 ,r mi -

• tm ’ u ,  - -- m ’, m,:’: .- - . -\ c u r - i  I t of t u - , p m i s l  en M um ’, h o rn n- ~M ms , p m ’ m pHil -

i m l  o-~ ,,l 1m m me l nt i m mm i 1 mm 1 o u — n ln o m on t o  I l~ ’ p11  m ’ t  m mmml , 4 r m i I n’ ’ Ii ps

• I m ’ l , - m ’’ m , r ni t ’. t e l ,uni t m m l m u a l r ln . I J m r ’ .m ’d m n - i u m l tel -c m c m ,‘mi C i i  ~
un r - I, ’- ;’- ‘ m mm l mo m ! m , m . ~1 I ’ m m 1,, 1 K~ K eqni i rli n n ’ml I el . t-dl i I m~ I

t n ’anis I P — u ’  l o t  lnc ’ ,t’ — nus ’ ’ -,i I i s l a t  f i r m - c  un cle m ’ mm c ’ s t w i— n I t u, - m cr ud m I m e r ic
I-i, ”- I do nn o t - - m  I n - - f t  I ho m cgee I m - e- i i m , - n mt  1, -n I l i p- I ~ n u t ,,r’ V , u m t  I ,‘ rm
,lu n I n m , m n a  ‘ m d l  c 1 ,1 m c i  m m c c i  woo 111 , -n , ,‘m i,i 1 I m ,l r l - ~

• 
V

- 
~~~~ ~- - - : - , W m’ ,it i m m ’n ’ m n h i ’ n ’ u ’ i ut  m en . ‘ant r , e i i a r ’ l c  c m c m l i i i —

i t s  - i- , e x t  n , ’i um ’i pm ’ m- m - - h , rt ’ l e. ‘\c c i t e  ii. tint ’ I ‘ c m i - - 1, -n , ‘ , S~ ~~~ slIm

t~,— , ,l ii l p ’. n i l  m ’ ’ m ’ c ’ r t  m i t  m m m l  1’ — l im p ’ p ’ i , m u i m ’ n n l  e~h n t  Ii i — — u ’ u , ’’-.I II’ ,—-
V , p m m ’ mu f i t  m ~It m , 1 m , l  t h in ’  1 m u m n- , m t —  nel l -, , l m in n m i  I rm e i  i~m ’ m  11 mm - n ’ —. I t m c,n I I , m n m s  —

‘ i lt d ‘ - un ’ ’ m ‘ n c r - m t  n - i t  l m m m m  on l im p - m n -  m i s t  m ’ mM ’ l m ’il I ‘- . I ‘w , ’ r ’ ,c nt n- m ’
o n e ’  d i m - i I i mm m j  f ’ i,’ n r  i t f m - n i t  ‘m m I, ’ aim i n n  l i n t  t n t  , ru c m r ’ ,’ m i ’ u , -n l t
‘ l i m l e we ’r- - m ’ I’t ‘ , r , ’ n t i c  n I ’ m l i l t , ,m nm d 1, r r ’ e , a s t  m n ’

1 i- p - n It m , en- k m r u , i  at m m p m ~ It - ,mm’ , mi ni at ’ It ’ Im ’ km’e t ’ n’ mc t - w m  t m  r i t r m d l
h r r i , m i  n m , m nm - c  t h e -n s m t ei,i t n m ’m ic . u i i -  l im e nmnnmi r I~eu o f  mmm t , m n i imii t m e l

m~m , c f  l it -n’ i r t ’- -enc m I im ’ r u- - , l m , m’ , i t I m m ’ I m ini’ t i ~m ’t or ,’ lim ed m in ’ e , i m ’,f .
l m -P w n t h  I’ m m c  m m - , - t h e ’ nm - i  at 1cc - i t  ci t 1w innet f l , ’,I’- m ’ t c m ’ l i t  1 ium i

I ho m m m l  m ’ m” u ,c I m i’ mi 1 • e . • t r o r m s i r , r c  iug oh- - en s , n I I ‘ m is  ,‘ m m t , ’ a t e I~m ii t  t~ -

, m n , nm °i , n n m , l i’m - l o t  m m m i , t m I , r  n - ,m in I h m~ t ,- l u e i t , m i , ’ c p t l I,’ I I n n ’ ‘i l m ’t
“I t o m c t m ’n . -i o n’ ,’ , P m e u m ’ p t p ’ u l u , t iur,l of  n - - I c c  im l g  m n t o n - m u n I  i t ’ll imoic 1d
I’m ’ t hu -ou , t i m u- - m ’ t ’f  a m I m I  m 1 m n iL t n ’ ’’ f l u , ’ ‘‘‘ mi i i  r m i m p ’nmt c ’ f ’ - m ’l ’ \ m ’r

d i  c m ’m I i t  I t ’ I Pi p ’ ~m m  I t ’ I m m m c l  c o mm I n ’ ,’ 1 1, ’,- . 1 111- . mv , ’ me 1,1 m m c l i i  , ‘ ,- n i -
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min e ’, • ln, m wm ’t o r ’  • l r n ’ m - s e n n t  f , r , r mim Ic Ii m n i f , ’ n - m ’ u _ m I  non n r~ t ime ’ o’ Li’  u t

-
~~

- — ive I 1 . t int ’ m \j mp ’ni - 5 m ’ n~’u let I m km ’ I t ’e ‘ n o  m i t ’  i t 1 c m  I i ’ mi p ’ n ie m - a 1
mc l e t  ‘on i ’ m l o t - - .

c ’nr’i, m I
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IC ING AND FROST

Prob lem Area

Icing and t u’os t poc~’ a di f f’en’c’nn t k i m m d of imn o h 1 cmii . W h i le t i i , ’ m l her
topics address a potent ia l ly dangerous env I m’o nimi ne ni t in wh i m:h mini a i mc ’r,n f ’ t
is flying, icing and frost are a threat to the p i lo t  hc’c dos e t in , ’’, c t —

cumu late - ‘u ~~: ‘  , m l t m ’ , ’ m ’ - : - m  . Furthermim orn’ , they a c t  umniu late in cum ’h ann
insidious manner the p i lot is frequent ly n ot  aware mit thei c pr ’n - .m - fle n’  inn —
t I I the problemni has become se ’r ious. ib is  is  p a r t i c u l a r l y  tn ’ i ee ’ c i t  io n ic’
jet a i rc ra f t  where the wing s ur faces are not s o , m c i l v  v i s i b l e  t -nonin t i ~c ’

cockpi t .  Al thoug h th ere has beeni ex t c ’ mm si  ye study on time ref l e e  t c c ml
icing and frost on fixed—win g propeller —driven a m - craft , u’ e i otiv el v
little study has been conducted on j e t  a i m - o p - a f t , time log ic bei ng that
s ince je t  a i rc ra f t  have a hi g im rate of ci i  nub arid cmii c c ’  a t  imiut ’ ii ii i q i m m ’m
altitudes , they an-c only briefly e ’xposed to weathc ’r ap~nb1e t i t  pm -o—
ducing ice. Dun- ing such pc ’ c - io ds , t he on ly  amt -’ds n p( l u i n- i nm ( i  , m n t i — i m  re
protect ion are the engines and , on so mmme 1 argo j e t s  • t he’ lead i rig i’ e l m i e ’s
of the ta i l  . The 1 am ,’ k of study ill the of t  e ’c t c  o f  i c i  rIg ,irnd I te c s t on
jet a i rcraf t  appea rs a serious shor t fa l l  whic i m should he’ c m c u ’r ocm t n -’d ,
for w h i le  je ts  do have a high n-ate of c l im n ib arid nme i r immal lv c ru i s e  a ht rv e
the wea the r . then- c are s evera l s i t u a t i o n s  dun’ i rig wim i rim j et  ,m i mc u , m t I
may be exposed to icing for extended Periods of t ime. For - exa nn i p l t - .
hold i rig is norma l ly performmied at lower al ti tudes and I nd Ic ated a l  ncpec’ds
and in a nose hi gh al t i tude which exposes a 1 dicier C 1055 de ’ m t 1 c c i i  m ’ i
t he a i rc ra f t  to the ef fects  of icing. Add i t iona l l y .  supem -m ’om -ele ’ ! f nit ’ 1
in the aircraft wings causes ice/frost to formni on the’ wi nng s mc ai ror a lt
d es cend f rom high altitudes throug h vis i b l e  m oisture at time ’ lower
altitudes . The inability to acm ,’ura tely fon-ecast V el t ,te ct i ci ng  fi -oqcie rit l y
results in the controller first be ’i nm g notified of its pm es e mi c c’ t i ir ’ e u u ih i
a PIREP . Such PIREPS fronmm pilots operatin g in one on’ niiou e hold inm t m
patterns in a hi gh density terminal area results in a tn-a f f ic flow
n-e el i g n i u m i t - n i t and the establishment of new landing pn- io u- i t ies • n-e1c e’t ioni c
which could be avoided if an-o,i s of ic ing  were known in advance.

There is a general lack c i i ’ controller knowledge reqat-dino the ’
effects aircraft anti — icing systems have on on ai-u -c n ’a -f t descent pn-o-
file. Consequentl y, jet aircraft usinmq their anti — ice cystenin fu-e’m iu eni t ly
have difficult ,-’ con emm i v i rm e m with ATC descent instructions becaus e of the
hi gher power setting required to support the anti -icc’ system . Fi nia l l y .
there appears to be little information on the effects of t mo s t on lame m e
jet aircraft on takeoff. Such information would assist the pi lo t  in
determining the amount of frost , if any , which is acceptable for
takeoff .

Research Required

• im ’ Icc ,;, u ’- : . Pilots ,i n m -  awan’e e r t  wh a t - ,m n t  i — I ci rig rap1m h m I —
it ies are avail able i mm thpi n’ o f mc m,nft  and • th i - o umiii m ’mq - m ’m -  ionic , ’
have some idea of what tvp n ’  of i ci rig t lm e i u a i r - m u’aft  e ’ ,m i i  tel c ’r - —
ate. They a lone ac~n’ awa me of wheni the i i -  arm t 1 — ~c c ’ s t c t  e ’ mm n s a u c ’
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i nn usc- . Th is  inm fo m m m n a t norm shou ld hc’ mu n ci e ’ ava i  i ,cble to the
on mt Iii Ii c’r to a l l o w  adj ust u’ ient of t n - a t t i c  ¶ low pattern

O c  o r—d i rig 1 y

The  cormd i t  i o m n s w im i~ 1 pr -educ e - ic i rig a r m - well known by forecas—
te ns  ar id t ile ’ ij c ’m n e’ n -a 1 a n o n -  w i nc ’ n ’ e’ i c i  rig uui, n occur — can be
pn’ed I t od

-‘ - - 
- I.- 

~~
, , - : • Nt ’ c c mi - - , ’ im no mis  o f  time previous nd i eaton—s of

Ic  i n m m ~ On e ’ mmm ’ t cc eec i lv o t rs e n -vec l I ronm i the ’ cockp i t  of jet air ’ —
nO f t  , n-es c ’O nc K ~m n e t  itt ’ Vt ’  1 op n mm en i t of a r m a I u’borne dev ice which

W i  11 1 mmd m o n t e -  I ‘i t -  umobah i ll t s- - ~f I c i  rig, ,ns we ll as arm actua l
Ice  de ’ l e ’ c t o m ’ dt ’t - m~ c ’ . -,hcui ld be ’ unde rtake r m .

A genen’a l study to determinin e the operat ing charac te r i s t i cs
of  jet a i r -craft undem- i c in g and frost conditions should be
mni ade. Additional studi e s sh ould be mm ma de to identif y charac-
teristics peculiar to each type aircraft. Research sh ould
continue in the design of c mn’ourmd-based equip mmient which will
accurately locate areas of icing.

In form iiati on Transfer Mechanisnmm

As a near—te rm solution -c , pilots should advise the control ler of
the anti—icing capabilities of the aircr a ft, when the syste m is in use ,
and , if necess ary, what intensity icing can(is) affect( ing) their air-
craft. A long—term solution would be dev el op m nment of an aim - cu -aft tran—
spormder link to the airho n-ne ice detectio rm device which would indicate
by al pha nmu imme n- ic syiui bel orm the tent -no ] le ’,- ’s ccopc ’ when an ain’craft  is
encounterin g ic ing wh ich is hevormd the ’ a i  nero f t tm s sys temiis ability to
handle.

Formnna t

If the long —te n- ni so lut ion is  adopted , the symimbol in Field E of
the alphanumm ne n’ic data block could he used to indicate the presence of
icin g .

Or~~n iz ,m t m on s !dent i i  ~m ed ton P, -ce , n I’ m h ‘ I i c ’ t - c ’  I oj c iiment

FAA — To pr-nv ide cur -n-en t a v a i l a b l e  i nfot-nnia ti orm ft-om ni p i lo ts  to
comm tn - i ’ ll en-s on the t,’t f e e  ts  o f  ic i ng/ an t i  — ice sys tennis on
,1 I n’ i r a  ft performance.

NASA / NOAA — Deve 1 op mm me n t of the ci  ,‘hou-nie detect ion device.

~AA/ Ma nuf ac tm iren’ s — Resea i-ch on ic ing c’ t f ee: ts on a i rcraf t  -

FAA - Link ice detection device to transponde r- fcc - transmissi on
to control l e r ’ s data block.
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Aviation Safet y

As i’ie ’ntion ed , informn ation on aircraft performance as it is affec-
ted by icing or an anti — ice system nmust be made available to the con—
tm - el len . Pilots nmust make the controller aware of changes in their
f l i gh t  profile as early as possible to allow the controller to adjust
the tr ’at fi c flow.

T U R B U L E N CE

Pr’ob] emnm A rea

Policies and published procedures which dictate pilot operations
mm turbulence appear to differ from actual practice. “Company ” policy
and FAA-approved ground schools advocate avoidance of various inten-
sities of turbul ence consistent with type aircraft. In practice , nearly
all pilots have flown (and continue to fly) through areas of forecast
turbulence of gm-eater intensity than their airc raft are designed to
withstand , ,‘ p otentially dangerous practice , the results of which may
he’ found ir aviation - c accident m-eports . Reasons given for such actions
vary f rom pilot skepticismii of turbulence forecast accuracy to a desire
to co i ’iim lete the fli ght as originally planned and/or a belief that a
pa n -t i cular aircraft is strong enough to withstand the level of fore-
cast turbulence. Unti l evidence if offered which provides conclus i ve
proof e\ist ’mng turbulence forecasting paramimeters are correct , i t  is
log ical to assumi me pi lots w i l l  continue to avoid turbulence only when
it su i t s  their needs or they are convinced of its presence.

Research  ~~~~ red

To provide a basis by which policy and practice n-cay be brought
together , a stud y of pi lot  and controller act ions during turbulence
operations should be conducted. This study mi ght be ?A ’~~nded to in—
d ude pilot/controller actions during all severe ste ,-n.. ~‘,rations.
The study should include behavioral factors and ha .-~-’ e~ :c objec t ive
the iden t i f i ca t ion  of:

• Speci f ic  information required by the pilot -‘nd,’~r Co roller
upon which to base their decision to continu t c . ~~ the p lanne d
route of flight or proceed along an alternate rou .

• The’ ti me fr ame w i t hi n w h ich this informa t ion mus t be ma de
avai lable.

• The forma t which w i l l  provide the information in the most
concise , eas i ly understoo d manner .

• Wha t affec t this information w i l l  have on pi lot and controller
workload and their ab i l i ty  to interpret and use the continual
flow of weather infor m ation.
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Separate from the recom mmmended study , a review of past severe storn im
accidents should be mmi ade to determine if our com :immunicat ions systemnms
have failed to deliver , for whatever reason , information known on the
ground to the cockpit  or controller . Results of the review , if it
indicates coim imm unications breakdown did contribute to any of time acci-
dents , should be used to develop interim procedural and /or equipnmment
changes unti l  such time as a faster , more re l iable con mmm mmunicatiorm s sys —
temn beco mmnes ava i lab le .  Final ly , research should continue to develop
a detect ion system simi lar to that described under Wind Shear which
w i l l  a l low weather forecast ing to accurate ly  forecast  the locat ion
and intensity of turbulence.

Informatio n Transfen - Mech a nis m mi

Acknowledging the im mn precis e ness of turbulence forecast ing and
detect ing , t h e  s irmg le most real tin m ne mimeans of ident i fy ing the presence
of t u r b u le nce , its locations and relative in tensi ty , conies frommm the
pi lo t .  The passing of PIR EPS should be s t ressed by m m ma nage mmm ent and
g iven full support by p i lots .

A v i a t i  on Sa fety

Until a more precise systemmm for detect ing / predict ing tu r’bulence
becom es ava il ab le, enmph asis on the importance of re mm main ing clear of
areas of forecast turbulence if i ts  in tensi ty  exceeds the l i m mi i ts  of
the a i rc ra f t  n-cost be stressed in the classroo m and at pilot brief ings.
Study results and the introduction of accurate detect ion equi pimient
(descr ibed under Wind Shear) mimay later be used to develop a pol icy
considered rea l i s t i c  and which w i l l  be adhered to by all pi lots.
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SUMMARY REPORT: AIRPORTS COF’?’ IITT EE

W i l l i a m  3. Hal l

Tennessee Bureau of Aeronautics

Members : W i l l i ~ mmi 3 . Hall , Cha i r u man; Tennessee Bureau of A eu - on a utics

Don E . D u m -ha m mm , Emmmbc’ y Riddle’ A e ’n ’onaut i cal Uni vem -si ty

Da n i e l F . Gin ty , Port Co l uimibus J im ten - riot ion - cal Ai u’port
Loyd C. Pan - ke n- , NASA Wal lops F - l i gim t Center
Ro ben t J. Roche , FAA/SRDS
Jo seph M. Schwi n - c d , A i r  Line P i lo ts  Assoc ia t i on
Toni Yaqer , NASA Lan mq le y Research Ce nte u’

Introduct ion

The A i rports Conimiittee was es tab l i shed  for the f i rs t  t ime th is
year . and half  of our com m ummi t tee mm iemm m hers imad nmot a t tended ei them ’ of the
two previous annua l s ess ions .  As a resu l t  of these two factors , it
required a good bit of  de l ibe m’ ot io n i  by our comiuii ittee to dete mnm i irie the
a i rpor t ’ s re lat ionship w i t h  those other e leniments in - c a safe a v im tionm
system mi re la t i ve  to meteo m -oloqical  fac tors . Two ideas surfaced durinici
our discussions which set ti -ce tone for our subseque n t sess ion - cs w i t h
the floating co n iimitte es :

1. The d i s t i n c t i o n  hetwee r ’m w ea t i m e u- m’ep ou - t irr g ( b a s i c a l l y  a ir
ca n- n- i er~ and non-weather u-epon’t I nq (has i cal ly qenmemal avi a-
tiori ) airport s ,  and

~
‘ . The c l imniatolog ical  va r ia t ion  c’ ’mt me ’ m mic ’c in oun’ cou n t ry wim i ch

d i c t a t e  the rm c ’ed fon d i s cn - c - t  i on-c i n  in m m p le m nnenmtat i on of ’ a l l
reconmmniendat ions.

Si~ ni f i cant  Pnob lem m m Am c ’ as

Many a in-pc n- t s lie vm ’ s o m mme fo n’mu of  in - cs t nomine e t approach hut no orm —

fi eld weathen - in fo u- m niat ion (W i  mmd di n-oct ion ar -c d vel cc i  t v  , temmipeu ’a—
t u r e , alt i u ’ m e- te ’r s e t t i n g s . cei ii rig hei qh t s  , etc.

2. There is a d e fir i i to need for- m ore t imely arid occu r - a te  win - c d i m m f o r —
mat ion within cmi t i ca l ai n-pot - t a moos ( t ouc hdownm arid approach zOn e’ S
An interesting fact associated with this is Chic a m i o ’ s O ’Har e Ai rpo n- t ‘ s
midfield win - c d sock is sc n m me 2.6 m m m iles away fr’omim ti-ce inmost distant
runway threshold.
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T im e nit -ed Wd S n o c mm g n m I ~ed f o r  nmm on e occu r- a  to we ather f o n - e c a s t c , w i t  im
a sho n - t e n ’ m i t  r ’rva 1 between fom -e c a ’~ t pen’ i ods - F one c us t ‘- t o n  the
li f t i ng  of f

V
Oq or - fa l l  lug of  sr - cow O 1~e ’ eh v iou sis ve ry c r i t i c a l  for-

a in- pot’ t man aqe nme rc t and ope u-at 1 on a 1 pe n-so m mmm e i

4. l it ’ a c cummmu let  ion an-c d u- en m mov a I of w a t em - , i t ,’e . s i u’~im and snow t r- o mmm
O c t  1 ye runw ay areas i S mi t - pa ra mm no urm t immmpo r- t o nce  to a i n’pom -t opera —

ion s . The more “tool s ” or a i cIS ~v~ i i oHm ’ and at the di s t m(r, ,I 1 ~f
those epen’aton ’s , the bet te n - he s ohio to nmna f r i  to iii the ’ al m- po n- t
in a c~ to open-at i ;mq coin d i t  I c m i

Reco ii rmien m~1e~i A c t  j omis

T ime ’ te l  1 ow l  mmc m n’econiiimenideci ac t  i onis dr- c ’ m ’ n - e ce ,-nt t -d 1 mi niumm ne u’ i c d l  orde r
eo n - n - t ’ s po nd mn iq w i t im the re spe c ’t ly e i deni t if led p m - oh lm ’i ’m dn - ea ~

- The e~ pecii t b u s  I nip ] emmmt ’ntat 1 m ’n of  ~cu I d u e t i’d we ,r t lien - et~se rvat  ion
st ot ionic and aut~ m ma t ed pi lot in fon - nmma t i on svc tenn ms should he tunmd ed
K’, the  F A A ’  s F ,S I p r ocm n a mmm at  5e ’ lOc ’ t e d  in - cs  t runmm e nmted a I n- por ts

-
- 

- A st  uci~ should he con ducted to deteu ,m m i m me what the mmm ost f avou -ahl e
t~ ‘es of wea ther  se ni s om -y inist nunieni ts am - cd the m - r- c ’ s p e c t i v o  loc at ion - c s
s hou Id he . ho th on the a i u- po n- t p m-o pe m a m i d out on-c time n- um iw a~ approach
a t t ’os

There should he an I rlc r ’eo s e in the mm un mmb en -s c~f w e a t h e r  t’ot -ec as ten -s
who spec na il :e in - c av i  at i or-c so as to p -ovi  do a n adequ ate di st H t’u—
t ion t imrouqhomj t the count n-v for t I m mmels an -c d accurat e  weather - fou ’ec ’as ts -

4 . Th e’ FAA s imoul d p loot ’ a qr-ea t en’ emim phas is or-c n- unwav qn-oovi rig arid
she in Id enmc o ur ’oge the’ I nst o h a  t it-c nn naf i rm— p av enm ien m t temper-at lint’ and
moisture s ens o r-s .

5.  A f i  nma 1 n’econ m~mm enda t ion concer rmed the ADAP tnus t fund. W I t h  SOnit~
- -
‘ bi l l  ion dol lam -s in - c t ime fund , ari d w i t  ii m uch of time needs d is cussed

din n_ i mm g the se mim 1 nor n-c l ated t c n-equ i n-ed e\pe’nd i to  res ~f f u n d s  , our
c’o mml mm i t t e’e n-econi mm mien’ids that t n ’ust fund mm morm e~- he i- t ’ leas~ d a t  an acce l —

era ted rj te  for - so fet — u - e la ted  immnp mo vc ’ mmn t ’ nm t s .

Conc l us i i l l1’ -

The ’ work chop prov ed wo n’t hwh I le f n - m m nm u the ’ pa mt I ci pa nts  ‘ st  amidpo in - c t
am id hopeful iv wi l l  have a pos i t i ve  iimn pac - t  on those whe mniake I m m mp o u - t omn t
Ii no 1 clOt ’ i d  onis inn such nmm a t t en ’ s -
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SUMMARY REPORT : WINDS AND WIND SHEAR COMMITTEE

Thommmas P. Jncro cci

A i r  Weather  S e r v i c e / s c o t t  Air Force Base

M e -he ns: Th~ u-’es P . Incrocci , Ch a irmmian; US AF A i r  Weather Serv ice
For mu a nd o  Caracena , NOAA—ERL— A PCL
Fr e n k G. C o n , FAA ~v s te i ’ us  Resear ch & Development Service
‘~u m~ ’ a ~ L. Cr - o h m ] ] . ~;ASA Lanq ley Res earch Center
,~- - - ‘r ~ e H . Ficht l , ~A SA Marsh a ll Space F l i ght Cent er
Sepp 3. Fm- oeschl , Canadian I- tnmospheric Environment Serv ice

Jean T. Lee , NOAA Nat ional  Severe Storms Laboratory
W i l l i a m  T. Roach , Br i t i sh  Meteorological  Off ice

Winds and wind sheam are two major problems of concern primari ly
to dif ferent se :u -uents of the av ia t ion community . More wind observations
and mo re accurat e  wind forecasts  below 10 ,000 feet seem to be of primary
concern to the general av ia t i on  whi le  low level wind shear is more of a
concern to jet aircraft operations , and the heavier the aircraft , the
greater the concern.

This corm inmittee ’ s attempt to follow the workshop guidelines produced
these topical areas of concern in aviation meteorology with respect to
winds and wind shear.

• Remote Probing of the Atmosphere

• Better Forecasting Techni ques

• T i ’ - ue i y  Com mmmn iunication of Information

• f lp t i i nu” u Use of Inforniation

• Adequate Training for Meteorolog ists and Aviators

It is difficult to prioritize these areas. Rather there has to be
an integrated effort among all the participants from these areas of
interest. The researcher , the aviator , the forecaster , t he modelle r,
the conimunicator have to develop a roadmap to obtain optimum solutions
to a specific problenni . There must be ongoing parallel efforts to bring
any pt-oqranm i to a timely and useful completion. Without direction given
to the researcher , without preparations to coni -cwnicate and train operators
to use new or iimnproved information , a program or project may go awry ;
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ant i i f i mm npo n- tan - c t m mme as urem mnent s cannot be m i t  m ’g n-at e~i in to imm odi ’ is , be uSoct
b~ forec aster ’s , or be unders tood by av ia t o rs , t he  lir n m ’ a u u  or effort
w i l l  n- cot be success fu l .

The s ta te  of the art for !‘ ioes ur inq winds and wind s l i c e r  is a d—
va n Linq , h u t  of mo nt ’ imm npom - t an co is t I - c m ’ app l i ca t i on  of avai  la t ’ le  t e c h—
niology to obtain additio n al or specialized irmfo rmm n a tion.

1) Doppler - radon - sy ste ms , b o t h  qn ’oummd — based and ai n-borne , cam - c
~~~~~~~~~~~~~~~~ vital wind inf onm iation _ The a~’p~ i m ~~t i o n i  o f 2oppl er
radar holds conside r -able pnoni se for sc armnin q u m u the ~m l  id e—
scope  to idermtify wind shean - conditio n s.

~ 
T ee a pp l i ca t i on  and tes t ing  of sca min im - co  m -adi o’ um ’ter dc’’,ices
ho ld a nea r— torT po ten t i a l  fon- p r o v i  ding i r~ ’om -t ant operat iorm al
w ind  shear m -e cog ni tion. The s c a r u m i rig rad i  om i met i m on - c hoard aim
a ircn ’aft shows strong potential in identi fs i n g the wind shean
hazard . Future research for ground—based ti ’s t i rig and epp l ic e—
tj on  of the scannin g n- ad io m m meter requires support too.

,
~
) La c er -  technolo gy n-eq uires funthe r investi g a tion befon-e it

can ma ke a p o s i t i v e  con t n- ibut ion  to a tm mm os phe n i c u ’n e asm r e ’-u c ’nts.

We nee d to have improved conm imiun icat ions an - cd condensa t ion  of infom-
mna t ion to help a v i a t o r s  m mm ake dec i s i ons  and con t ro l l e rs  pass v i t a l  i n f o r —
- nat i on . The data uph ink of Doppler radar—der ived  irmf om - r ma t ion  on winds ,
wi nd shear , e tc . ,  d i rec t l y  to an ai rcn-aft is feasible. 7Th-board m ini—
c omputers could process the data and der ive appn -opm ’ iate ceu-rua nd d isp lays .
Asse ss ing Doppler wind n mm easuremi m en ts am - cd ca tegor i z in g  accord in g to a i r -
cr - a f t  t)-n es or acceptab le  opera t ing  envelopes could a lso  e\ped ’m te the
f low of informat ion .

We need t o support e f for ts  in houndan’ v layer resean ’ch to improve
knowledge and understanding of wind shear ’. Our pn -oun -ams on win i  s h e a r
have by no means done everyth ing.

We have the opportunity to immmprove the s ta te  of the art thro ugh
better -  understanding and rm model l ing of ti-c e wind envi n-onmmiment through suc i m
pro jects  as MINI SESAME in Oklahoma in May 79. T ime dc ’ m m s i t v  arid fn-eq uermc~of data hopefull y may produce a better under-standing of a tmm ospheric
cond i t ions  that  oroduce some of the hazardous w ind  shear phenom mmen a .
Bet ter  t i r - o d ic t i ve  or mm m easuremm ment techni que s s h o u l d  m - e s u l t  fron mm da t a
analys is  and model development.

We s t i l l  need improvement in our forecast ing s k i l l s  for low l e v e l
wind shear. Whi le  we have identi f ied the large scale weather ’ condi t ion - c s
conducive to shear , we s t i l l  have prob lemmms detect ing the mesoscale
features which produce si gnif icant shear.

We have made posi t ive progress in the area of wind shear observat ion
and forecasting, hut many proble m nms renmain to be so lved.
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At the sam-cie timmme a l l  n i l s  m ’m oa rc hi ef om -t is goin g on , vdo h o ’i~to continue good pilot iducat i  gr p r o I r~,1 ’;s on our I m d i  r igs.  W e ni av c
produced a lot of info nn i t i — r u  f u r  p iluuts , and m m- mn u ’~t ‘V o n u t i n u ’ Je p r - u ~~- - p t

updates as we learn mu j m ’o a bo u D m i nd ‘ h i- a r - We need to dodi c i t e  tem-
t ime and resources to the job ari d do i t w i t h  e f f e c t i v  t ra in ing  nm ma t er -
i a l s .  For example , everyone may not e~- ’oni ence w ind  s h e a r ’ c O r id i t i r r i S ,
but you can educate people to m ’ecoqni i ze the danger thru egn t e d -  intro-
duction of hazardous wind pro f iles in the fli ght simulator. Tue convinc -
ing of aircrews un la y take ti m m i e , but there is at l eas t  one A i r  Force a i r —
craft for which better f l i  p t  rec~ u1ures have been directed if t i e
aircrew is to penetrate a know n shear condition . The pr c~-du r i ’  a l lows
an assessrmient  to dete rmmi ine i f  the penet ra t ion  should be a t t i c p i ’ - e . -r

The fol lowing are prob l e mmu areas , action iten -c ms , or areas of fi i t h r
i n v e s t i gat ion which ensued from com nm mittee in terac t ions.

1) Update s i t i ng  cr 1 t n  a for anenomm ieters and supple nmer ita l i-iinnd
detection aids (O[’k: r A A ) .  This m’ m~ ll l e i p  t inunr ’rv ’’ m m m i i
observat ions w i t h  respect to a i r c ra f t  opera t iona l  needs iu~
p lac ing  more i n s t r u u ’ m e n t a t i o r m , i n c lud ing ~- i f r d  socks .  ‘ e a m -
touchdown zones.

2) More represent c t i ve  wi nd observat ions needed for specia l
pr og r a m s , e.g. ,  downwind takeo f f s  for noise a b a t e~ er m t ~roqr ai m s.

3 ) Up hink ground -based wind data to the cockpit  v ia  data link
systems and display m ind profiles visually.

4) Imp roved p r e s e n t a t i o n  of wind infor m ation for relay to pilots
without  increasing the work load  on the control ler .

5) Develop a cata logue on addit ional recorded weather data sources ,
especially near airfields , to assist in accident investi gation
(OPR: NWS/FAA). T here are va luab le  sourw es of weather info nmma-
t i o n , e.g. , pol lu t ion control d is t r i c ts , ava i lab le  around -la m l y

airpor ts .  The source n-cay be per ishable if the need for the
data is not imma de in time . The weather  informat ion is often
use ful i n ~sessing accident scenarios.

V 

6) Add a data recorder capabilit y to Low Level W ind Alert System
(L LWAS).

7) Make a concerted effort to obtain more real tinme wind and
temperature information from INS-equipped aircraft.

8) Obtain more wind infor mi nat ion from general av ia t ion p i lots to
update and supplement routine wea t her observat ions and co mi m m uni—
ca te it to other users.

9) Make avai lab le observed winds to the general av ia t ion  comm vm unity
as early as possible and adver t ise the ava i l ab i l i t y  of the
data throug h appropriate publications.
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10) Upile t e a inc row undon e to nid i nq and traini  rig of nnre teoro logical 
-

conditions which uma y create a low level wind shear (LLWS )
hoz~u d .  Of part i c u l am- omi ce rr i is the LLWS hazard at the base
(i t a thundr ’m’~ton mm downdraft. Accident analyses show this
to he t i ne wor’ ; t threat area rather than the leading ed ge of
the t hu nmde rs to rmu gust  front. -

11) Fmm c o u r aq e i omit inm ued deve lopn mient of Doppler radar and JR tech—
nm i qu e s tom tim e detection of wind s dnd wind shear and the
ut i i i  :,i t i i - c nn (it these data.

We also wish to include irm our report a summimary of activities which
t i m m ’ Bn ’ i t i s h Meteo r- o log ica l O f f i ce  ( BMO ) has undertaken wi th  respect to
wind s and w ind shear. The BMO has si m mmilar interests and projects , and
th e m -  findings and efforts can provide added information to help resolve I
genera l and comm~mm ercia l aviation prob leimms . A detailed suimimmary on these
et fi ,mn - t s is provided in the follow i ng append ix.

I

*
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had previousl y e \ p n e s c m -’dt an interest in acquiring -el l a h im ’ st~nt i s —
tics of sinmm u it aneous two— p oinmt wind differences between these two
sites , and ti-ce DAt I data are intended to satisf y that requi memm ie nt
CAA are part i cul a rly i nmteres ted i nm the occurn ‘r u n e  f r e q u en cy of 1 , 1 m m ’
horizontal shear-s of wind acr-oss the acrodro me .

3. Remote Detection -c of Win - cd Shear’

a) b~~~~ y stem (RAE )

A iir-ound — has ed laser anem mn xiieten- (m m nea suri  nq ii n e — o f — c  i g ht w i n d  i ’onmm—
ponent ) current 1 y under t n- ia 1 at  RAE Roil I~ nit ha S ~i t t  ,i I f l ed  0 M l  \ 1 —

n m nummn ranqe of about one k ii omn mc ’ t i’m. The group at Red for-d plan to
enhance the n-arnie c a p a b i l i t y  of the  s y s t e m n m  t n v  t he use of i nc nm -a sm ’d
mm ii rn-or apertun-es. Their p1 ans a lso in - c c 1 ude ti - ce deve l op m mm en - c t of a
coinmpact ai nhor ne yen-c ion of ti-c l s equi pimment wh I cii will dot oct van ’—
lot ions in - c 11 n-ce—o f—s i glm t wind connnpon en -c t on the pr-oj cc ted I - li qim
path of the a i nc ra f t , a few hundred meters a head  o f i t , t i m e  infon - —
mation being passed d i rec t l y  to the a i m- cra f t ’ s gu idanc e ar md i’ o n t m c i l
syst e mm which would he proqran unmned to apply the co m mtro l iniput c m m most
likely to mnm a i ntain a stabl ized fl i ql mt i ’oth; an airborne la s er
anemnonneter- is expected to be ready fo r’ i n—f l i g h t  t r ia ls  (in - c  a
HS— 125 a i rc r- af t )  dur- ing 1979.

b) f~~~~ d_ DVo,p,p~~~~~~ dar ~~~ St em (Met Office RRL. 1

The Meteorological Office Radar- Research Lahor -at or-y (RRL) at Ma l vernm
is currentl y involved in develop ing a microwave pulsed Dopple r- n-adan’
(PDR ) w i t h  a l i ne—of —si ght wind nm ie asu n - e umme m - c t foci  l i t  v s in imi lam to  a
laser system , hut with nmiuch increased ran ge c a p a b i l i t y  (up to about
10 knnm ) a POR system - c -c is a] so cl o imm med to he less weathen- —s enm s it i ye
ti - can laser devices . Following deve lopm nn ent of a viable system ,
t r - i o l s  of i t s  p o t e n t i a l  as ar m operational (ground—based ) t oo l  in
win - cd shear war nm im - c q schen nnes at a i r f ie lds w i l l  go ahead.

-I . [li~ ht Sinmn ulator Studies (CM , RAE. BA, ot t nem a in ’ l i rmes )

Fli ght simulator studies of wind shear and the operat ing tec i - c rm iques
necessan-v to counter it have been going on-c at RAE Bedfor-d . These
studi es i n clude ex a nn i n a tion of the requirem mnents for new in s t r umm me nt a —
t io n m . Pi lots from -c m c i v i l  a i r l ines , RAE and CAA have been expocc ’d to
various wind shear co n ditions while fl y i rig approaches thr-ough m , m r it ’d
visual sequences . The aircraft simulated am -c of the BAC 1-11/Trident
type . The objectives of these studies are :

a) To generate rea l i s t i c  s im ulat ion nt the w ind  s t r - uc tu n - es  t v i ’ ic a l
of those found in the mmc l eor-o 1(111 1 c’ ,i I s i t  nat ion - c c Ii kc ’ lv  to produce
seven-c wind shear incidents.

b) To establish time val idi t ,v ,m nm d 1 imu it a t ion -cs of curr-ent han - cd ] i n q
techniques and pn- oc e dmur - m ’s
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c) To assess the need for additional or mm iodified handling proce—
dures or ins tru nmm e ntation to fmn ’ l I )  counter the ef fects  of wind
shear.

d) To evaluate any procedures or i rmstrumm i e n t a tio n i indicated by (c).

e) Ultim mn ately, using the Filton simmnu lator pun-ely as a coimnputer
without pilot invo lvem ii ent , to in -cake an attemmnpt to assess the
capability to utilize advance informmmation on the state of the
atmosphere such as mig ht becommie available from an airborne
remuote—s ensing laser anem inoimmeter .

5. Miscellaneous activit y .

a) Stee n ng Group on the Ac,q~ is it ion and  O,p~ rat ional Use o f Bounda,~~Layer Me as u remn m ents (Met Office l

This is a Meteorolog ical Office group with the fol lowir ’ng termus of
reference:

• To keep under review the re qui r-emmments for observations with in
the boundary l ayer- for oper ational purposes , as well as potential
methods fo r- sa t i s fy ing  such requ ’i me nm ne nts.

• To n-cake recomm endations concerning time conduct of trials to
detenmi lne the feasibility of observational techniques and the
utility of observations so acquired.

• To consider the results of any trials and to mnnake proposals
concerning the operational introduction of instru imier ts and
methods.

This group is cur’rently coordinating a trial of routine disse m mnina —
tion to forecast offices of Lichfield h A  tower (rmear B’i rm n ing ha m nn)
observations for use in operational forecasting. The wind sensors
at 23nmn , 117m m and 247mn are currently irmope ra tive and will be replaced
during April. The require m ent for further Met Office instru nnenta—
tion of tall tower-s will depend on time results of ti-ce Lichfield
trial. It is also expected that with the cooperation -c of the Central
Electricity Generating Board (CEGB), obse rvations of wind (at 200mm
and 300m), tempen -ature and hu mmiidity fromnm the Belmont tower in
L incolnshire can be mm -code available in neon - — real t iu mne to l ocal fore-
cast offices later this year’ .

b) Surface Wind Information Study Grou,p, (CM /Me t Office )

This group, which r-ecently held its first nueetinq, has the following
ternms of reference:

• To ide ntif y precisely the surfac t wind information required by
aircraft on the approach to land an - cd i nu rediately before takeoff.

1,15
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• To exammiine tm i€ resent mn m eans of assessing and passing wind in-
fon - mimat ion to 1mircraf t .

• To study recent research and deve lopnmment of new equipment for
i mm mpro v ing the accuracy of sun-face wind information and to relate
this to the identified requirements of aircraft.

• To m ake reco im im iendations with a view to i nm iproving the accuracy i
and tran ’smn i iss ion of surface w i nd info rma ti on to aircraft  to hel p
m i n im ize the hazards of crosswind and wind shear.

• To pn~e se m m t the resul ts  for considerat ion by the wind shear
co m n~mni t tee of the CM.

A m mmo nm y other’ things , the case for introduction of standardized di gi-
tal d isplays of wind immf o nnnation ( including the International Civil
Av ia t i on  Ov -ganiz at ion —n - ecomn m nm nended [ ICAO ] two—min ute average and
nua ’-i ni m um m n gust during the previous ten minutes) will be assessed.
Past s tudies w i th in  the Met Off ice (see for instance Button [1975 ,
1976]) lend suppo n-t to ICAO-reco mmvmended two—minute averag ing period
for reports of s urface wind to p i lo ts  shortly before takeoff and
t ouchdow n .

c) Study_ Group to Consider Runway Selection Procedure in Li lit Winds

The CAA are considerin g the formation of a further study group to
consider runway selection pro cedures at large airfields in conditions
when ti-c e surface wind is light. In p a r t i c u l a r , consi de rati on w i l l  be
g iven to ti-c e adv isab i l i t y  of taking into account the direction and
strength of the upper flow over the airfield (as estimated , for
instance , by the gradient wind) in any choice of runway direction
in li ght surface wind conditions.

REFEREN CES
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SUMMARY _ REPORT : ICING AND FROST COMMITTEE

Jam es K. Luers

Univer~ity of Dayton Research Institut e

Members : James K. Luers , Chairman; University of Dayton Research Institute

Richard I. Adams , U.S. Army , Fort  E u s t i s

Gar ry C. Jackson , Wright Patterson AFB

John J. Reinmann , NASA Lewis Research Center

Lo thar H. Ruhnke , Naval  Research La bora tor y
Paul W. J. Schuma cher , Wright Patterson AFB V

James R. Stallabrass , Canad ian National Research Council

Thomas C. West , Federal Aviation Administratio n

L 

In thi s sunrma ry report , the I ci n g an d Fros t Commit tee has de l inea ted
the major topic areas of the various interaction meetings with the fix ed
committees. Icing and frost problems are identified as they pertained
to each group represented by the comimmittees on: training, flight opera-
tion , air traffic control , accident investi gation , and airport operation .
An attempt has been made to establish the type of research and t raining
programs that would assist in alleviating and solving the problems .
The problem areas identified in this report are not an exhaustive list
of ice- and frost—induced problems , but merely reflect the top i c a reas
of our interaction meetings with emphasis on the types of icing prob-
lems that pertain to the members of the fixed comittees.

During the past year , two other wo rkshops have dea l t  w ith the
a ircraft icing problem . In March 1978 , the Secon d Annual  Worksho p on
Me teorolo g ical an d Envi ronmen ta l In puts to Av i at ion Sys tems consi dere d
the icing problems with emphasis on helicopter icing . A July 1978
con ference on i c i ng hel d a t NASA Lew i s Research Cen ter i n Cleve land ,
Oh i o , also reviewed in detail aircraft icing with special considera-
tion of the helicopter icing programs initiated by the U.S. Army and
the FAA. References 1 and 2 give a well documented description of the
present state of the art of helicopter icing research. Consequently,
the I c in g an d Fros t Commi t tee d i scuss ions  la r g el y focuse d u p on i c i n g
and frost problems as they relate to fixed-wing aircraft.

The Icing and Frost Cormi -mm ittee Summary is divided into four sec-
t ions : icing and frost problems as th ey pert ain to gene ra l avia t ion
aircraft ; icin g and frost problems as they pertain to air carrier air-
craft ; icing and frost forecasts; and icing terminology and symbo logy .
In each sect ion , a description of the problem is given and those avia-
t ion g roup s whic h it af fec ts , as represented by the fixed committees ,
are delineated. Given next are possible approaches toward solving the
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problem , and f - cr - call y areas an-c mie firmed when’e f’u n t h e r -  mm sea l~~i h and
training progranmms an- c recommended.

I C I N G  AND FROST EFFECT S ON GE N [~ A L A V I A T I O N  ~IRCRA1 T

Airframe Ic ing

Wi rig anmd a i p- f n- a n m m e i Cl mli i n en mnai n- cs a sen - i  ous sot d’t v hazard
for general aviation aim - cr-aft nm ot c~qu I ppod with anti — icing el iu i pm en t
Discussions with Une v a n- iou c f i xe d  co n m n ’ d t t m ’ m ’s indicated an-c influence
of aim-frame icing on ain - cm ’ aft  ~ mera t ions , training, accident i m - cvest i g a —
tion , and air traffic c o n m t n i -n l .

-- -~~ -- - -
. : - - . - 

- 
- - ‘ - , ‘:: An i mn ’ \ p e ns i v m ’ , ve t  e f f ec t  ice , i c

p ro te c t i on s ’~- c t emm-c Ic mi, ’m ’~tm ’d f i m n ’ m , ’m m er ’ , ml , n v i ~~t i onm a i m - c ra f t .  Though
such a so] u ti on may not he i mmmm m n I nerm t at the p m-e s omit t i m mmc , n-es eon -cl -c and
t ra in ing progn ’ams ti -cat lead toward p artial solutions should he pursued.

• Continue research i n t o  the potent i ,il use of ic e—phobic coatings
on airfoils to prevent l a m - di e and n-ap id a ccummnula t io rms of ice.

• Continue de ve lo~nent of in ex pensive i e  detection -c and cloud
-
~~ para n -ceter instrummmentatio nn for’ general aviation - c .

• Perforni r-esearch to define ti-c e sen - cs i t i vi ty of each air-craft
desi gn to ice accn ’etion.

• Pursue study of the aen -odyna m nmics of those shapes t hat  are found
to be less sensitive to ice accretion .

• Establish a method of reportin g all qener a l aviation - c icing
encounters to air - traffic control mi a reliable and timmme l y
fashion. Presently the air traffic cont r -o ll er tends to receive
only those icing reports from m n air - craft who are expem - i encing
si gnificant difficulties.

• Determine a proper progra m mm of p ilot ins tructions co n -cce r -ning
problems associated with ice accr-etion. Ti-ce Training Committee
expressed an opinion that they do not know precisel y what in-
structions a p ilot should receive concerning the various as-
pects of icing. Thus , it is recommended that ti-ce present
training program be reviewed and analyzed with respect to fac-
tors such as:

• the recognition of conditions conducive to ice fornm iation ;

• the e f fec ts  of ice accretion on air - cr -aft perfor mance ;

• the possible use of simulators proqramm mn ied with aerodynamic
penalties r-epresenting ice accre tior m ; and

• the n-e la ted second a ’n - y pro hl enmms such as i ncreasedi f oe ]  corn s u m nmpt ion .
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F co s t on the A i m - f i n  ii

The overni ght accum mm u la tion ci frost on an airfoil can
pn odude significant aerodynamic penalties durinq takeoff. Accident
i n v e s t i g a t i o n s  have determined m ost  on the a i r fo i l  to be a c o n t r ib u t —
in~ fac to r  to mm a ny genen -a l a v i a t i o n  acc i den t s .  D i scuss ion  w i t h  the
van- b us fixed conn vmittees deternrmined the frost problenn to have ar-c in —
tlu en ce on aircn -aft operations , trainin g , accident invest i g at ion , and
to Somm ne ctont , airport operations.

-; - -  : ‘ : : -  , - - 
~ -s :  An inexpensive frost rem mmoval tech—

niq u o for iic~ne n-al a v i a t i o n  a i rc ra f t  would largely solve the problenn .
A d oi c ing am ’m -osol • for ex a m nnpl o , to t- apidl y mnel t frost without danger
Ot m e tr eo:i n q would he m ost  des i rab le.  A p a n t i a l  so lut ion might be
d i rOC ted toward a tm’a in - c i nq prog m’ann for recognit ion of f ros t - induced
a em o dv mm imii c penal t ies  an - cd opt in n m u ,, tak eo ff  procedures.

• E s t a b l i s h  the sever i ty  of tim e frost proble mn fon’ var ious air ’ —
foi l  conf igurat ions by mnme ans of an accurate quantization of
f m i s  t — I ud mi ed aem - odymma n ni i C perm o 1 t i e s  y e n -S US f ro s t tin i c knes s
and dens i t v .  An o n g o i  nq NASA-funded reseamch program -c -c is ad-
dressing t C i s  pm -o bl emmm .

• Since the frost proble m ” is reg ional within the United States ,
review tr- aim - c i m mg pm-ogran is to assure that pilots fromm frost—free
areas an-e adequately prepared to deal w i th  the problem - c - c when
f l y im nq i n- c colder m -eg ions of ti -ce countn -y .

• Deve lop ar -c i n m o \ p e n s i v e  and e f f e c t i v e  frost removal process
for genen-al av iat ion - c a i rcraf t .

Carburetor Ice
- 

- — : On gener ’a l av iat ion aircn ’aft equipped wi th Venturi type
carburetors , ice accunmiulation on the thrott le plate and in the throat
of the cam-buretor can pn-oduce loss of eng ine power and even eng ine
failure. The carburetom ’ icing problem affects those pen-sonne l involved
ir aim -craft operations , training, and accident investigation. In acci—
demm t i nmves t i g a t i on , engine failure due to carburetor ice is an extremely
difficult factor- to establish.

.-~~~
- ‘ -

~~~~~~~ - ‘ : :  The best solut ion to the carburetor -
i c  problem - cm is to prevent i ts  form mn at i on. Approaches include a n t i — i c i n g
fuel addi t ives and thrott le plate coat ings that prevent ice adhesion.
P a r t i a l  solut ion approaches would incl ude an accurate , n-eli ah le and
ine \i’ m ’rm sive ice detector and intense training towards  recognitio n of
ca,-buretor ice accm -e tion.
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• Ev a I , ma t e i t  \ t - ’ l t  a ‘hu m - m t  om V I t- Oct cc ton- s and pursue develop—
a m t  la b le , ai ’cum - a t armd ine \pen s ice ice detector if

m~ . c- — s j m ,

• F~ev bm ’i- - t r - a i n i n~n n - oOn a! - ls n - e i i t m n m g  to can -h um ’ dm t r. ice de tec t io n
W i t h  n m ’cpect to the i n t m ’im n o l o g i c a l  co n id i  t I eric undem ’ which i t

m m m os t l i ke]  to 0LLnn r , ii 5 \ - ip t  OI lS t O  rt ’coon i d~ ca rbureton ’
id V C , ari d t i c  m - t ; e n -  pn -o cc lnn n- e s for ap p l v i n o  on n- cc t i  cc nm ~a cu r e s .

I i’l’~~ ~ 0PI MS AS HI ~ P1 -~ LA IN 10 A I R  CAl ~I-~I E R A IR CR AE T

fmm ~ m n m 1  - l i e  I m n~ eSt ion )

- 
‘ ‘  O u t i n g  ~akeot t i nges t i on  of ice on — s lush on a sem m mi—

fn-o - t r n  r— u m w m ’  c_ in a l i ce  - m l m in - ce fl~ umt - out on - st ruc tun — a l dam ’smoe to an
en mg I m me - T in Is on oh lcmn ~n l s  ann i im pact on both a im - cm -aft open -at ions and
ai rcr att t n a m n i m m ~n .

-~ 
- -  . ‘ , -- - ‘ - - 

-‘:: P m~ m p e n - tn -a m i  nil p r - ocm ~du n ’es should
be cc t oh lbs ne ,t to a c s u n - e m’ oc oo m ’ m t ion of the ha: ard and appn-opri ate action.

• Review pm- eso nt tn’a in m c  pnoo m -ams to e~ tab]  i sh whethe r- the prob—
1 emmm I s  m c c c i v  inn o adequate ot t  em i t  i cmi and wh ethen’ the hoc t tech—
mm i Hue- — mm m i pn ’oc ednm n -es an — c  be inc tauqht

Ta i l  Ic i n n - :  -On i le in a Ic 10 ny Pat ten - rn
- : M m mi i of ti - ce a im -  1’ or r i  or f l ee t  have mmo an - ct i — i  cing equip —

le m i t n o t ’ t he  t a i l  of the  aim-cm- a ft. ~hem in a holding pa t t e r n m , s i q r m i f i —
c anm t ice bui ldups c m r m  oi ’ cu m on the  to i 1 wh i c l- c degn-ade the pem - f or mm ia nce
c~ the ai rcn -a t - Present oi m~c n-a f t  in -c cem ’ t i t i cat ion - c  have n- cot c\pe,- i enced
the lomi ~mth and seven i t i  of i c i n g  cond i t i ons  that  car - c occur - in - c  a t m o 1 d i n~pat te rn. The o m - o h le m mm has an inm ipact upon the air tn-a f f i  c contn-ol and

i o m n s  s e g m m ne nts of the av i a t  mo n oroups .

‘ o n  ‘
~ 

- : The poss ih i l  i ts ’  of change m m  cen - t i—
ml ca t ion  for f:i ti n e a in-craft should be co rn s i den-ed. Ai m - tm -aff ic conitm-o l
n-Onomn 1 d he tm—a m c d  in - c s i m ec m a )  han d ] I iii pm -ocedin n ’es

• Tn-a Fri A f C  en -son nel to reco o ni i  :e tine spec ia l  i - cam - cd ] i m g t i -cat is
n-equ I ned f i l m - o i  mc n— a U m e t equi pped w i t h  anti — ic ing equi pnnemm t
to mai n mt a Fr i heidi n i ti p m t t e n — n - ~ Fri seven-c i c in g  c onmdi t i  ens .

• A m - n - i mmt - m i l l - A T C  to tm - am t i - cos o o f  t’ec t ed to red V e q m - c i : e  t i m e pr -oh—
1 em mm s of the I cnnq en - di s ta mmcc n-eq u in-ed to  m’edu i-e speed wiit’n an
a I r c r a f t  is usinhl i t s  o r mt  i — 1  dV l  n~l e q u i  pmmie m it .

i - me
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• Kt ~~ I t i ~ I eden-o I A n n  Rei mli I~ t m cc c com o e m m n  m m: to  I 1 I cm mmq f or- es—
t e rn  dod 1 ‘ m l . ;  t c of ( ‘ n - .

-~, m1w _ n \ Ice m i nd “ m mcmv

-
‘ - - n :  11 r a m  id a mid o f t  n c - c  1 ’nt rel nova 1 of ice f m -oii m m - unmwav s

‘ m ’ e c m o m t s  a s c m - i on i c  c 1n n l  l e mm ~me t o m ’ a i r po r t  o e ra t  ioni c . Mo on tom- m om of
he n- u n mwas ~onid m t m c m i m s aim equ a l] i n n im ‘font p n-oh lO l l that a 1 e v  t c ho th

oi rpo m ’t ar - cd oi n - c r - a  f t  opera t mon s .

‘ n - - 
- 

~ 
- 

-~ - — Pa r-t Ia ) so] Ut i eric to t ~ pr-oh ] en nn sh ould
he , m J J m - m ’ - v c ed  L hi~ l m d  h e t t e m -  t ecb mm iques to,— smmom ~ ar md ice rem mova 1 , for—
-‘ ca cli! ’ 1 1 0  t I lt - oe m c m  cnn t of fm - i t F orm of t Ime runm-av - u n - f  OL e , and ton-
i ’ ’ l p t u ’’,15f ‘mc m i i tom ’i m m ~ am i d rep on— t in 0 t e c im nm mq ues for - tie sum - ’ ace conm d it ion -c s
o~ t n 1  e n- c t m cc m ’jmm

• Comn t irmue m ’csea rvi n i n to  im m npm - o ~ed srmo w n- e ’’ no~ al t e c h n i q u e s .
Pr o im m - mr s  h~- t fme Can adian Nati o n - c al Pe s em m- c tm n C c mu n mci l  am - c con—
ci den n-c o a i r - h )  act t e c h n i q u e s  and n _ ni Cn -cwavc te c h n i q u e s  for-
m - u nmsov cii ow m - o’-m o~ al

• (‘c mm d u t m - es ~~or1 h t o  mon - c ~nc cu m ’ate1~ nn neas ure the coe t  t’i d ent
Of to m c t ion err s ii ppt’r-\ n -u nm w avs . A pn - o mmmi s i no nmew in ns tr - u mm - cen mt
dccci ope~f Fri Sw ed len hc S AAH -v houl d l he f ul l  eva ]  ua ted for - i t s
ahi ii t~ to  ac~: nur - a t e lc  n nn e a s un - e t n t ’ ccc l  U c i e m - ct  of f r i c t i o n .

• u ’ oimdni ~ m t ’st ’ar- chi to ‘ s t  oh ] i cli a m im on o ’ o ccu r-ate ar id m e l  iahle
f t -c h in ii]ue cm - t 1 it ~ c on - c t  i m n nno u s ‘norm t o m - m o m  of’ slush and snow
dept im on t i c  em i t I r— e n : n  illi O\

• omidimi t r e s ea n -c h n t o  e s t a b l i s h  the a c t u a l  acd - e l e n — a t l o m - c  deqi’a—
dot  ~Of l  e\~ eri en1 ded hc an a im- cm-aft du n -i m om take off unde r- v~m m’~ i rmg

m - i o umi t s of s lush .  Al thou ch ai r- d~r-a ft are cem -t it’ ied for  t a k e o f f
in a spec i f l e d  om nou ni t of slush , t i-ce actual safe t a k e o f f  capa—
hi]  m t of immost a i r - c r - o t t  has rio t hem ’nm esta b li shed .

F n-os t urn t i c  A m n  t’o m

Ai r  c am - n - ier S am - m’ n o t  1cm - n i t  ted to take  o f f  w i t h  a fn -ost
c o a t i n g  orm the  a i r - t e l l .  Thus . an eco n o m ic  per - c a l  t c  exists due to t h e
m -e inmo vo l of ’ tm - os t pr- n or- t o  t a k e c  t . The a t  uol per-forn’~m n cc deq r-odat  ion
due to f m - its t urn the a i  m- f ~~i 1 o f  a I am - ce fixed —w i ion ai n -c r -a f t  m - cm nm a i  m i s a
1 o r - oe lv  un ik mi ewn p m m ’ a n nc t em .

- P - n n , ’, n - -  - ‘ . - ‘ , :o’~ ,~~ - 
- - ‘:: Those m-o s t con idi t ion - cs which pm-educe

cen -ious Item-fe mm an ce penal ties should he ostah i i -~t icd . The possihi l  i t v
ot t a k e o f f  u nder’ mm - cod i f ie d  t a keo f f  conms tm-a i r - c t should he dot er inm I ne d.
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• s t ah l  isbn the O n - ag amm ~t l i f t  e mm a It  it ’s assoc ia ted  w i t h  va n- ioa s
types of t m o s t  on an a i r f o i l  versus it- s thickne ss ami d densi t y .
4 m m i t mm qo ing NA SA —sponsored  res ea n - c b m program is address ing  th i s
pr- oh l enni .

• flet ernn n mne if t a k e o f f  w i t h  an adequate sa fe ty  nnmarg i ni is p O S S i b l e
t o n -  ar -c a im c r ’ a f t  w i t h  a f r c c t — c o a t e d  a i r - f o i l  h- , reduc im mq qm - cSs

o n t , h~ leno t heni m m  t i c  ‘: m n m-n,m v , on- h~ us i mg a mmc di med ta ke—
U - f 0 rn t ‘ - 1 ,  re .

ICI N G AND FROST FORECAST FOR AVIATION

Ic in o ‘ (i m t ’cost 

: I c i n m  for - ec a sts , both te nm nina l  and er n-cute , affect
a l l segnnments ot aviation that were repr -esenmted by the fixed com nnm nittees. V
T f n e accurac y  of these forecasts  is known - c to be de f i c i en t  and is an
m rc .r  wh e n-e major imn pr -ove mn ment is possible and substantial benefits

would be n-co ped. Because this top ic has bee n-c adequately n’eviewed in
0m e v I ous Ic i no conferences [1 ,2] , the coi-cmnn mi t tee soon t l i t t l e  tim ne di  s—
cussing the ice and frost forecasting pro hl emm . The connnmnittee does
m -econ nim mend that  a cont inued and expanded effon ’ t he addressed t owa n ’ d s
ii’ mprovin mim all phases of ic ing fo recas ts .

I C I N G  AN U FROST T E R M I N O L O G Y  AND S Y M B OL OGY

t c i ~y j~,~nmni iolo,y~y 

- - - - - : T e n- mis us ed in desc n - i b i ‘o m I c i m no ccnmdi t i  onms , sucmn as t race.
l i g ht , m n oder -ate and severe , a m - c i l l — d e f i n e d  and r e q u i r e  s u b j e c t i v e
interpretation on ti -ce pa,- t of both the observer - ar - cd the use r . S i mmi —
lar - ly, the distinction between -c wet and dry sm-cow on a runway sum-face is
a subj e ctive decision. The prohlennm affects those com mittee gm -cups
concerne d w i th  a m -  t n a f f i c  control , t r ’a i n ;i n n o , accide mm t i m mves t i ga t i om n ,
and a i r por - t  and f l i ght opera t ions .

-P n - o z - - ’ . - “ :z n - i  ~it 
- -r: An o h n e : t i v e  standardized set of

ter m mmino l o gy t om- icing paran neten-s is needed. The com mmnnit tee n-econnmn nmends
that this standardization be an inte g ral ~‘rt of a lan- gem ’ standar ’dizo—
tion program for term mnino logy and symmm bology dealing w ith all f a c e t s  of
av iation nn nm ’ teoro logy.

• Pevelop approp n-iate in str-un m ments to  de f ine  i c i n o  s c c e n ’ i t ,v l e v e l s
t o include n me asure m mment o f  l i q u i d  water -  content (LWC), o u t s i d e
air tenniperatu re (OAT), and per-haps nmned ian droplet dia l’ nete r (d) .
The severity level classification should range oven- those conni-
h ina t ions  of  these nan-ameters that produce extremel y li gh t  to
the n-cost severe i c i n g  c o n d i t i o n s  f O r  any a i r c r a f t .
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• Establ ish a resear -ch t roi m ran n to n-ate each air-craft type accord—
m g  to the severi ty level classifi cations. Benchmark value s
should he established relating LWC , OAT , and d values to ice
,m~~ m - ct ionm rates for- each a i r - c ra f t  type.

I C IMP-IF N[1A T ION

The Icing and Fi-ost Co mmi mnit te e recomilimends that the above problem
an -eas an-cd mesearch tr ai nm rm g needs he n’ev iew ed by the appropriate NASA ,
144 , NOA A , and DOD research pr-ogr’ am ii o f f i c e s  rela tive to their existing
i ce  am - cd f rost resean-ch pn-o granns . Where deficiencies are fo u n d , the
st ’ c t ’ m ’ i t ,  o f ’ the icing pr oblenn should he weigh ed relative to its impact
on av i a t m ,m m s a f e t y  and a c t e d  upo rm ac con ’ding ly . The following appendix
O:n tl I res the pn-es ent i c ing m - esea n - c bn pr- ogr am im of NASA . Information on
n ’m ’sed rc 1 n m oc rams i n it i a ted  by other - agencies can be found in References
1 ar id 2 .

~ i NC~ S

In- oc t , .-~. , and 0. W . Ca m -np , eds . , Proceedings :  Second Annual
‘~ o r ks 1nop cmi Meteo m -olo q ical  and Env ir- on menta l  Inputs to Avia-
t ion - c S y s t e - n c , The U n i v e r s i t y  of Tennessee Space Institute ,Tul loh~ m o  , T e m n n m e s c e e  , N - - ’~- \ —CP — 2O 57 , F AA— RD —78 —99 , March 1978.

2. ‘A i n - c n ’ a t t  i ci nq —— A Wd l r ks inoo  t n t l d  a t  NAS A Lewis Resear ch Center ,
Cleve land , Oh io , N A S - \ - C ’ - ’OIq , IA A —R [m — 78 -10 9 , July 1978.
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APPENDIX

A IRCRAFT ICING RESEARCH AND TECHNOLOGY PROGRAM AT NASA

There is ar -c increased need and desire for aircraft to be able to
ope rate safely in a tmmm o spher ic icing conditions. This need exists in
t h e  following a ircn - a f t  types:

• Civil Helicopters —- search and rescue , and support of off-shore
oil ri gs.

• Military Helicopters —— tank defense in Europe.

• General Aviation --most single eng ine propeller aircraft are
grounded when icing conditions are forecasted.

• ConNnercial Aviation —— especiall y the small coniinuter airlines
operating in the snow areas.

• M ilitary Aircraft --especially strategic aircraft that fly for
long periods at low altitudes to avoid radar detection .

• Cruise Missiles.

The b i~~h l ,  successful workshop on aircraft icing problems held in July,
1978, at Ui~~’ Lewis Research Center is evidence of the worldwide inter—
est in this prob lem . The workshop was attended by 100 icing experts
includir m q re -resentatives from Canada , England , France , The Nether lands ,
Sweden and ..t’ t “r”Ofly . The increased interest in this country is 4
Snow In h. a full schedul e of tests by industry in the Lewis Icing Re-
search ~HnO Tunnel (IRT) during CY 1978 and 1979. These tests include:

• :‘ei cing system s for helicopter blades and eng ine inlets

• Mis sile launchers

• Pneumatic deicin g boots for wings and rotor blades

• Ice detection instruments

• Ice phobics

• Spray bar system for the Army HISS tanker

• Advanced a i rcraf t  ice protection systen mrs

The IRT has a 6x9-foot test section and is the largest icing wind
tunnel in North America.

NASA Lewis ’ response to this increased interest has been the crea-
tion of a new Icing Research Section in the Low Speed Aerodynamics Branch
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of the Wind Tu nnmt ’ 1 ar id I ii gi rt I) iv is ion . 1 he pun-post ’ oh t in i s  - - c o t  morn
F to c’s tab ii ch t 1 ’  n- ( -cr ’ on - ct m and t ectmno i m m cv ho-sn ’ to dcci  gm anmd deve 1 op
a I n m ra f t d i ’ prott’c t ion cy - , tc’mnms and ic i rig F us t v um m mt ’ r n t at Fi nn  t ion t w i l l
~ I low both rotorcrat t and ii xc d—wi nq a F n’ ro f t  to  op e n- o t t ’  ‘- a t e ]  v amid
et  t ie ien t ly in ~tmmmos pht’r - Ic icin g n ’Ofld it ions.

The I LV I  fl~~ Rcceon -ch Sect ion will: 4
4

• Pert onmnm the fo i l  owing k i r rds of -~pt’m - i rnm n- r mt c inn t i nt ’ I RI .

• I urmdamn n ei m to I Fe lug n-eseorcii -\ ]me ,- l ine n t - -

• A i ron -a t’ t com nmp our ’ nn t mc i rig
• Ic ing i mi s t r-unmren t~ t ion res e’an-ctm 4 

-

• 11 o timi i n n s I runm men t -a t ion n-ecea no_ tm
• Adv anced i cc’ pr - t nt cc t mo o - - v s  t cm nm c t ’cn ’a n-oh
• A l  n - c r - a f t  t an k e r  - s ] m r~~r~ cy s t  em nmc

• I)eve lop d-om nm p uten - t-odes fo r - w a t e r  dno~m le t  t ,-mjet ’t or - ic- s f m m r  i’\~~

terna I and interna l f lows.

• I nvec t i gate fundor nmen t a l s t n t  t Ine i d e Oct ret m om -c priTi’ es’~.

• Heat tn - a rm s icr
• T hermn-modynam mn i cc
• Aen -od ynam mm i cs

• Uleve lop 1-omnipu te n -  mnm odi ’ Is for - the pr - i’d le t I urn o f  i c r ’ a m ’ m ’rct Fo rm .

• 1 m nmpl o~v t t meo m - v and m im er Foo l ~r ma1 vs i s •
• V en i t v  nmiode Is w i t h  ex pr- r  i m nm en m j r - c  t i - ct ’ I R I  —

• I nnvn ’’ t iqot n ’ t he  f undanm mn ’ni to I mn mt’chan i i n m mc t n t

• l ie  .idimt — I m m i i

• Ice f r-a d’ I tin -c
• In -c s hodd n

• I nves I I go t,e shed ic e t r .nm cc ton - i t ’s .

• I nyc’ - t i qa te sea ii nq l aws ft -cr -- c o lt ’ mnmo h- 1 1cc [jug j nm i ’ i  ug wind
tunne I’-

• [unmet ’ F vi’ • dt ’ve lop a rid fe - s t advanced i m c  Prot to’ f F o rm - - v - s I cn n-s

• More ef fee I i vi’ t han s ernie p m — c- sen I cv -~ t ennis
• Have low L O S t  , we i gu t ann (1 power m ’o ncum mn pt , ion

• [le t ermo Fur- new i n n ’  pr-u t r -c t F on r- i’mps F n-c mn iein I -
‘ f i n n -  tnt t in - n ’ o i ri r- ,i f’t

• New ~n I ne ro f t  des F gus
• New m iss ions
• New nr a ten a Is ( commmpos it c-s , e I c .
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This work w i l l  he done in — hon-sc and t i m - m n u t i f n I ndu-s t n - i  a] moO t ra c t S and
univers ity grants .

IV 1979 and 1 980 ]n r - (m t m n - a n imc inc h ide the t o l l  ow i m g  t ask ‘

• Water’ dr-op let t r~n 1e ’ m td - cr- v cot mnputer proqn- inmms ( m d  ud i mm m l q n— a ph i t ’s
packa ge f for’ int t ’r-na l amid t’stt’r-nal p o tent ial II ow-s

• Non—intrus ive I aser -  ntn’n’ t’enr -omnme ten- -system to ric a-sure wat en
cloud panannnc’t ens in liii’ I RT

• G.A . n on ndm requ 1 rer mments ‘st mm dv by i rmduc tm -v

• CTOL icin g n- n’qu i n-emcn t-~ -s t udy by i n -cdus t n- v

• Rotorcra ft i ci mm m i n -equ in - enn men t c study by i ud mis t n - v

• Microwave am ri oi l  di’ m m ’ ’ r -  deve l cmp nnm on t ] m ;- d ng n - on mm

• NA SA— I~F t~oodlni tin hell ocnpt en dci ct’r - hoot tn’s t s

• USA F ice phoh icc t i ’ c t s

• US Army HI S S s p m - ov ban  t e st  -
‘

• Ice i nt e rf acm ’ s h e a r -  nm m easu n - t’mnnt ’rm 1

• Survey of a i r - c m - a f t  i i i  no t e s t  t j t ’ l i lt  ic’s in - c Nor- Il -c Amnm c’n- i ca

• Aerodlvnm am ii I t s  of water- c c p n  n at i ri g eng ine in let  c

• 1 f t  cc t s of lot ’ on enim i in - c t ’ inlet ,rn ’ n - mol m, n mamnm i c-.

• Reca Ii hr-a It ’  a r - c it r - \ l m and a m ’ m  1 1 1  1cc 1m f th i ’ I RI

• Experi mniento 1 a ] n ] n n - a i s o ]  of ’ known j i e -sea Ii nq re lot  i c r - cs

Longer n -anm q e qua is Fr - c c 1 u d- t ime t o l l  ow lug :

• Develop a se n - i c - s of i on ’ protect ion di’s i qn m ’on m mp mi t cm - m ’odi’-s .

• Wate m - droplet t n - o jem ’ turi n’s f o r  inte rna l and e~ t i’m-na 1 flo w - s
• An ti — F m i rig he~m I t nor ms ten
• Ice am -o n-e te d shape s

- - 
• In ten’no l hea t  t rons fr -n-

- - 
• Shed ic e si:t’ o r- cd t r oj t ’e t um - i t ’s
• As soc lo t ed graph los
• Mj n i m m mu m mm ice sem is it lvi t v i i  n - i o n i i -shapes
• Minimum water ca tch  a i rf ’oi 1 shapes

• Inst a 11 a n -u t at I ng n - i~m tmr’ l i cop t e r  t e s t  pad in t hi’ 1 RT

1-l b

1~t
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• Develop ice accretion , heat transfer , aerodynamic and shed ice
tr-ajectory scaling relations for scale model testing.

• St i rnmu late  further researc h on new concepts for aircraft ice
pm -ot ccti on systenmi s and icing inst r um ents.

• Microwave: deicers ; ice detection and thickness instru inmen ts
• Piezoelectr ic s : coatings; polymers ; conmpos ite materials
• Magnetics : imnpulse coils; composite materi als
• Mi ssion adaptive airfoils used for deicing
• Hydra ulic and m echanical surface deforrmiers

• Reexa mm min e pneumatic boot desi gn procedures by applying modern
structural anlayses to ice adhesion and ice fracture processes .

• Deve lop engine inlet desi gn procedures for deic ing , anti — icing 
- ‘and water - separ a tion .
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n t t ’ n mt ’ r t  I nv lot  Form a i m — c r - o t t  ; also r u nt e~i wa- I b n- n’ i lu n n’ n -u m c n n t f i n n ’ c m il l i ne r—
ci ,m 1 Sn ’c t o n ’ ct o F  Ln ’ rep Or t  i m i i i .

Tn oni ni m u m

A j i m A t non t inn - c cml tint ’ A l — — cu ss nu n  d m n n i i — r’n m’ di r- i’ v mt—n ~ m i  t im — nhn ’ mmm m m nm ’ mn _ n
01 I nn - ed m l  t n t  i onm s t a t i c .  An - c m u t  i t n ’ m n w ti n of t i _ n t di “cu ss i in - c l , i t  ‘— i ’ l l  •
m ’ n ’m oi mn i i  t i n _ i nn of ’ need for -  ed u cation 1 i nmm c ’ n ’rn inm q t i m e 1 in 1 h t m m i n m i m , n ’ n~m i p i t a f  j o i n
st a t mi t ’ n vim - on mnmue nnt mmcl it ’ -, n t  I ’ d  on s t - s I n - n c . l i - ct ’ n m - cu -ci A I t e e  t n nm nsno cn m — ,

i~- ,ns th,n I a ui - s n  l i i i  lmlmmm - ctm m m n sn n lu m ntmu i t t  i - c m’ gi’ - cm m ’ n — a t i’d tn u t 1 1 m m ’ i l d n ni m - cl i t t  n n  l v i ’ -
l i n t ,nbie t o  i d e n t i t y  m n a l n l n r - o pn - i a t m ’  - mm - i For m i - - u  fo r  iii c - se - u n m m m  t i n - c nn
‘ o i L in n tm mn — nna t Fin - c m .

A i r  Iron 
~~ 

C iv i l  m i - c
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sv stm ’m wou 1 A be uccfu 1 but that  i n - c 1 m l e nu t ’mm t a t io n ,nnd i m t  r-oduc l ion wou ld
be a lou t —ten - u - c m t ’fi n m r t

Ac ci mie n t Invn ’s ti ,~ja l ion

A nin ’m ’ d was ideni t i  t i e d  t o ’  a t’ n com - ci i ncm ‘- v ’ , t n ’ imi  ton’ I i t i ht mn in - c in s tr A k i ’
ev i i l t ’ n n d ’ n’ I n n ’ ccc in 0Cc ider m t in ve s t  i q a t i o n - c s . A rm ce d e’, i c t - , b o t h  fi ’O
t n - n ’sent tec hno logy ai r- i’ r - ,n f’ t anm d IO n V od v ,nm cod d i  n o r m  I t  nom i l n n \ ’ F m u m I I’m —

by—wir e c’mnn n t m-oi svs U’mns . Tint- c’on - ccn ’ r ’ m - c was th a t  Ii i — h i — w i  mc  sn,’- ,t ‘ ml- -
be t I n - s e t  by Ii n m l tn m i m iq ( w i  t im no la s t  jug phys i i

’
d 1 ‘vi den -c c n ’ ol t i nn- llni h t —

mm F nit ev m’ rn t ) . fhe pus 1 t i o m n  of’ i rn du- - I n i mnemnmbt ’ n - - 0 m m t int- c u m u l i  t t i’m ’ WOs
t i _ n t sud ’h a sys te um cm ii cI nt ’ cli ’’m n ’l nt- cent 111c r - c um ’fl n ’ n ’ ,n I 1 m m - c  1n I a t i n t r o  1
n-cu rl m n’ n ’i m n ’n

Adcl i t -c u n it l y, a nmm ’ n ’ d ivac I n lm ’ - cm t l I i t ’d t i m -  tint ’ t n , n i n i  mmii t n t ,n i m ’ idm ’nt
F rmv es t i go ti n- -s on tic’ Pt t o m  t s of ’ 11 t iL t in in - ci t on -c ,r I I’ m n - i t t
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SIIN 1M- ’j iV ; \  RI ‘ A RT :  F ilL , V t  I It 1 1 1 1  ‘
~ ANt i CF I I I  NL CL1MM I 111 , 1

L)ou 1 as W . I)ownmn ’m -c

Not F o-ccn 1 W e~m t  in c-n ‘— o r - n _ m ci’

Mt ’-nbc ’m— s : t ) ouu ~ la— ~ W . I3ownum ’-n , L im o i r -mnonm -
. Nm t I orm r 1 Wm ’a t fc ’r - n n m  -c c

_
n ’

Nen l  f-f . li,m r — n — I t t- c t ’ Fm - ct - c  C om m n m -cu~n — i’ ia 1 4 i m c i  11r - cn ’ c ’n -c l n m n _ n -c - c \

,I 1mn m m n -s I. t t n - 1nd 1c m , Nat norma l Wea t he n- “(‘ - c i  CC

L~ n - n - ’ m - S. C l - c r - i - s t  enscn • I WC -‘m s s m n i’ i at t5 , I n - ci ’ .
W,n 1 t e n— V — Co III us , L os - \ n m i n ’ ic- s Petna m t  no n - c I o t A i n — I l l - c r - I  s

Roq (1 r G . I l i -n - c - c - c  P i t ’ n - c - c  Pa t ~m S ‘m c t n ’ m mi — . 1 m m c~
Rona 1 A ii . kohl , The (Ini l ‘m m ’ n c  j I m  01 T enm m e— ce i ’ S I n Oc ’ m - Iri s t it u n t e

it ha ii. ,nun m h 1nnm , NA S -~ N1,nm - ,, i - c a l l  Spa in ’ i i i  m int Len- c t t n

The c omurumi t t i~t” nn’m’t inqs i’ m’’m’o ro’ ,l a n vm di’ mar m m me n _ - c t’ c mi b ,ien ’ t s  iie1n l i m a
w i t  i t i ne i l - - c p,nd ’ t s dl t On i  • i - i s  i hi l i t  ‘m an - c d c’ t ’l ii mmc c n _ - cr - c t hi’ ,n’m F _ m t  t o - c - c  co m m —
- n un - c i t i  — 1 mm t I m e meet m oms w i t h  t i- c e I I si’d comum i I t o n ’s • pooh l m ’i’iS • iiili~m~0m
‘ m e n - c t c r m ’m t ni i r- n’d ,mm - cd puss il-c l t ’ sil l ut nuns 1 m m the I O i i ’COst in to ,mnd ubsen i  rio

k - c f  m m m ’s, ’ mine t n ’o n~o to o  i cal p m nommi ’ ti- c m - s were d i S C ’ US n_’cI . T iii ’ c ’ OOl’i t t i’m’
tomi r i~ sev e rn am - n’as oh ’ n_~m - c n m i ’ n ’m~n t imese 1 mr - i- m m - c- - i ’ m - c t  Oil b e t

1. A n _ m a t  ion I~m b i~n ’m ’ nn~,t  T m m ’ n ’ I i O n ’s”

Pu rr- cur-cu -c i t t em tm was cons is  I 10-c t i m  c’omm fm - m Int I’ml wit h t i - c e  i’m - oh I ~‘r’m 1 ’ m
t i - ce d t e t d ’ n- io ra t io m of NWS a v i a t  m im i f o n o ’c , i s t s  o v e n -  t h e  p o s t  t e r m  m m ’,n r- \.

‘F 
( On m i~e m- n 1 was ‘m-~~ n 1’ 1’d t i lat  the t o n - m’’ ms t c art ’ 1mw broad and mono’ prec I
m u  i’nlll, m l i on  is n eeded , espi ’c l a l i m  the boa m m m i i ni) a m id emm A in - cm - c t i m ’-ce \ 01
unt ’tt ’oro I mom i o n  I events  S i  o n m I t i (‘ o mi t  t o  a i  rcn - m t’t e pe m- at FO rm . -co n e  w,n—
a nmeed i’\pnes sn ’d for inure t iuucli 1 mm - c m e nmd n - c nenm t s u-cru e l ’ t f t ’ t’om -oc,ns t ~- an - c  n o
1 orm imn ’n- n _’ ,r i n  A . No stati s t . ic s remi1mn -d i mom t i - c l ~ S IibjtO I were pm- t -sem rt  m~d
on iv  cub i ec l ive n_~onunt ’nm t~~. If th e se Ac n_~i n ’ni ’ i n ’S do in - c t a c t  n ’ \ l s t
I bn ’\ nuns t br’ don_- un m mcn m t ed anid pm- c - s e n- c t c ’d Ii ” N W S .

7 .  An_ mtotua t i’d Low —Cost Weather i, hsm’n-va t F or-c S~ -st e n-c -c (~ -‘it (V;t~ ’

l ime nm ee d In n ! ’ ‘Olii t ’ I n _ p m ’ Ot 1 F~~~ n ’ ’ ,nt n~~t ul mcn n\ a t  i n - c -cl ~t t i n ’ n-core I ha m
I ,AOu ~ qe mi e n-a l a m i1r t ion a i rpor ts  w a s d iscu s sed in n ,n 11 oil O ’’ ’ n’n ’ Hnas i ’ ll h
t h i n’ f -c \c -d l comnimm i f t  n ’n ’-s . I be -sn’ am rpo rt 1 m m ,’ o c t  ‘ 0 1 1 001  ,nm’I’rn ’,!o1 mm ’’~ toil
m o  w e ath e r— nThs t ’ n ’ m ’ n l ions . The m - TA c rc  a deve l 0 n - m o m - c t  ‘ r o n - c - c u’ i- unm n-e n t l~unite r-way Ion -  a s ’m’Stn ’ n tm- c s,r t i s f i  t i - c - c s  nc-i’d. The ,m i ’ tu a l nin ’in ’liO ’l ’ n ’ nit
is bc -i nq done hi NW S ‘ s Equ F pnne nm t Pm ’ n_ ’ i’l m pnnonm I I at t u m n - at c nn- i . T i - c t ’ -‘it W A S
has c design a m A  output  w c- r-e e \ , rm nj  mmc d Ai i m - i  mmii our -  ml m ’m ’t  m inis a ru d a ll t i n ’

n_ ’d i llnu m mi It n’ n ’s were sat j s  I led w i t h  th e dci ‘1 i ’ u n ’ n n ’nt t n -c ,lote . The

l’,,i

- -wr , - ‘ -m - - ~~* I.i ~ F - I’ - ‘
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4cc i de nmt Invest  i qat ion Com -cun i t tee  i 1 s p r- essed the require - c - c - cent for - son -ce
t ’ -~~i’ iii 74—hou r- n- m ’ad i ly n- m ’tr i i’vab le n- ecordinn q capab i l i t y  in the ALW OS .
If - c i ’se d a ta would he valuable for- accident investi gations. The ALWOS
w i l l  be den norstr ’ a ted in - c e1n r-iv 1980 at t i-ce Frederick Municipal Airport ,

F n - n ’dcr - ick , Mary l a n d .  De ta i l s  on-c the ALW OS development and the syste m
c a p 1 n t i i l i t m  can bt’ obta ined f r om FAA ’ s Av ia t i on - c  We a t i men - Systems Branch ,
Sv s t eu is tV ; oS n ’ a - c ’c, t m  am - c d n ’Vn ’ lopment mV ;en-vi cc. A subset of A LWOS is cur—
n - m ’nt l v bc - i - c - ct - c dt ’ m ’ o n c t n a t e d  at F rederick , Ma n y ia n d . Timis syste n m is

n l l c d  IV ;A V E ( - .‘ i n m d , A i t i n m e t e r -  and Voice Equipment ) .  Ti - ce WAVE outputs
n ’_n~,U in i n m otn ’ win - cd (di n - i’~ I i~~n , S I m n ’t ’mt and gusts), ml t i im eter  and favored

Thm’ I’ i~~S S d m I t ’ is t r om n s u- m - c  t ted on -c time F ned i ’ni ck VOR . Each o b s e r —
i _ n t n on is ‘ m m ’’ àci’d by liii ’ t F mmmc - of’ t i t ’  n n t ’ s t ’ rvat ion .

T n um ~ ‘ ,u t - c m ’ ni1 m l We a the r  Sc - i ’ m - ice  i a s  for- nm1mn - cv v i’1n m’s been deve lop ing
t n ’1 I m n l n t L l n ’s i O n ’ a u u t m n r ’ ,n t i n i m  c lo ud and v i s m b i l  i t y  ob cen -v ati ons. NWS ’ s
Test am - cd F va i uat ion -c D i vic ion - c il~ns ,t ono t h e  pr- ima n-v development 1mm t l m is
no on . Ri’sul Is - n -oi l th is dn ’ m - n ’ l m i I -m -m cn t  w ill be used in ti - ce ALW O S. Two
I~t ’I n ’rc f l~ i’s an - i’ q i-en mt t i n ’ n - - c i t 01 the couum i Ite m ’ ‘ S n-epor-t on n— c - sn _ u i ts
ohIo i ureA to dm t m ’ .

,i. l~mo Dispersal

Our conu ’-c i t I  i’m ’ d i  s c i u s s e d  the  su t n _ i ec t  of fog di sper - sio r m in g m-eat
dc - t o i t . Tt’ c i - c m - c i -,~u ut ’s th a t  im av i ’ bc - c - nm tn - ic - c l  anmd ti -ce syst e nmn current ly  in - c
USi’ at two a 1 n1io r t s we r e cover - cd .  Ti - ct ’ co m m it tee recommends that
t F ~ ii owl mg co-ip lot ion of the l i t  i’ m - a tun e cc ar-c h under -wa y by NASA on
t O n I  dis p er - sion i , t i - c t ’ two m mmo s t p n - om u is im l i t  tec imniques be f ie ld tested.

V ER “i1h’n 1Ii1m n:y

The c m u n ’ -c ’i’rmt FR r- u les  u - c a y  i - cot  he adequate in l ight of the high
pn ’ rt o ! ” m lfli e a im -cr a f t in misc toda y . It was the connmnni tt n,’e’s finding
lim o t these n- u ic-s ui1 n y i’ndan nmc ’r- avi at i omi safety in i- c i ghi congested
a m-ea s t n l ~u ti ic ’d by poi 1 ut ion - c . It was the co mnmmm u i ttee ‘ s n-eco numme ndati on
that the V F R n- u ln _ ’s he m ’ \ an - c m i mc’d and n- c -v ised if they ar - c no lonqer
, id i ’m i i u _ n  t e

5. S 1 nn t V i  sn _ u a 1 Ran,~e

Thc- pro b 1emmn ~ of Ill m ’,nS ur - F n - cq s i a n - c t v i su1u l ,- ari g e were d i scussed .
F
, ~

t i n ’ m techn i cal p - o hl ems must he solved before a s la n t v isual  range
si’n s o n- n i - c - c  he devei o i’cd . T i e  conn mni I t ci’ reco mnmermds tima t con -c t i nued
n m ’si’1ur m ’h in ti is ,mn -ca hi’ m ’ m lm ’olu r - aqc -d

t’ . T raining

The f l Ied was t ’\ prn ’ s c n ’d for shor- t n o r t e c h n i  ca l am-ti ci es on weather.
These ar-ti d e s  an-c needed tn - c  kn_~e I n genera l avi ati n_ in pilots up to date.
Ant’ p artic u lar area wi -cc -n-c - this n_ -f ’ to r t  will be n-equired is jr -c autonnation.
W i th the adv e nu t of aiuto m - cn, r t i’d ot -c serv a ti ons , time avi ati oni c onmmimuni ty mmmust
he infonned on exac t  iv what fb i ’s , ’ autonnm ated systems ar-c t r- a nsnmm i t t ing .
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7. Standardizat ion of Weather Data

There is a need to standard ize the reporting of weather - data.
‘Without st andardization , there could be misinter pretation and aviation
safety would be endange red.

RE FE RE N (‘ES

Bm- ad ley , L n_ ’ f ko w i t :  and Lewis , “Auto mmmating Prevailing Visibility ,”
Con m t’e r- n’nce on Weather - Forecasting and Analysis and Aviat ion
Met i ’n_ -cn- oi ogy , Am erican Meteorolog ical Society , Silver Spring,
i- ior v la m md , October 16—1 9 , 1978 .

Bradley , Lefkowi tz  and Lewis , ‘Autom m nat in g Cloud Observation -cs ,” Con-
ference on Atm - c nospher ic  Envim -onmni ent of Aerospace Systems and App lied
Meteoro loqy , Amimeric an Meteorolog ical Society , New York , New York ,
Novem-cn her 14 —16,  1978.
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,~ M MA F ,V~ ~F l’fl~~’ TUR B UL EN CE COMMITTEE

P . C n ’,mig CO~~f

- ~~ N a t  n o r m a l ~nv I at  inn F’ ,nv iii t ii’ s U s t un mental Center- -

~~,- - t-- rs : -
- 

~n ’ a i a  u;c -
~~ m , C hai n~u ’ o m n ;  144 NA F ’ LL

,‘ ,nu ’ t’s ~~ n i - c  t bro , NAS A M ar-shall Space Flight Center
J ,u- - - n ’c v D ie udom mne , N A S A  Langley Research Center
dndI!i C. Nouhol t , NA SA Langle y Research Center

Jehiu Kel ler , Un ive rs i t y  of Dayton
Pe ter M . NFOhfl . NCAA At mospheric Physics and Chem istry Labs

“ ‘  ev e  L u- i- - n 11 , 1 mm 4p41’ 
- I nn _ u .

A ’ i , Im FF ‘i - c O O l 1 , B a t t t ’ l l e  Paci  f t c  Nu , n thwes t  Labs
, J n f ’-c u Pi ’od~ ii , South Dakota School of Mines and Technology
Rich ,nrd H . Rhyme , N”nSA Langley Research Center

Bac kan ’ n iund or Conmmi t tee Members

COF ’l
~~ O5 i t  io - c - c of the T n _ u n - hn _ ul ence Comm i ttee was primari ly research

or’ i ’n tl ’lt n c  opnosed to the operat ional  or ientat ion of the f ixed com-
mittees. Resenm n- n’h e\pertise covered a wide range of interests: nmea-
sui - cc ’u-ui ’mm t s (Pnodan , Penne ll , Kuhn , Houbolt and Doff); instrumentation
(Prodan , Pennell , Kuhn , Bi lhro ar-c d Doff); dynamics (Pennell and Rhyme);
to rc’castin q (iehl e r ); simulation (Dienjdonne); and modelin g ( Lewe l ian ) .
The makeup of the c o m i t t e e  was , therefore , wel l  sui ted to respond to
the wide na nge of quest ions , co - c - c - cm - c - cents, and de-cuands of the operations
o ro fess iona ls  on the f ixed committ ees.

Na I u - c e  of th e Meteoro l_og ica l  Proble m

Turbulence is the sn - ca l l —sca le  f luc tuat ion of the wind due either
to the ef fm c ts of mechanical  (shearing) forces or bouyant (convect ive)
f~ m -ces or- both ac t i ng  s imul taneously .  In the meteoro logical  sense of
the word , this covers wind f luc tuat ions having wavelengths from roughl y
3 ,000 m down to v e m ’y sn -call o sc i l l a t i ons  of 1 n-c wave length.  O s c i l l a —
l ion- ’, 1if w av e len iu th  sn ual ler than - c 1 n-cm have very small ampli tude and
are incons eqL nent ia i .

Commercial jet a i n - n ’ n ’ nm f ’ t f ly ing en route wi ll respond to 100 m or
larger w av e s ,  and wh i le  f ly ing slower in the terminal area w i l l  respond
tn -c 50 n or- l irger waves.  On the opposite end of the scale , w h a t
ap pears t i n  the ‘ ietn -o roloq ist as a mesoscale (middle scale) fluctuation
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w i l l  t in ’ c - m e t - I  , ‘ ,:  c t o  :1 l i t  i n  ~m i m - ”ui)i’ l t i F ;  -~~ inate c y s t  n i l  us tur—
t~in ’n, ,- . l n ’- cm ce , t” n.’ m ’ m ’ i s  -;,“ un- O’ , t ’ n ,m : - ‘ r i o  r met t ’ c F rc ~l n n n i i L  dl and a i r —
c- ’,n t  Jt t n t ’ l o n s  , F ,, n’l ,nln ” u c e  b t  n ’:, ’ t  a pre Jsn ’  il0~ t i~~F ’!lO corres rion-

- T1-c is ‘ 1 a ’  n _ m u - - i f  ‘,ni - c ’l,’ , , F~~, ,IS ion t u  t ‘mi ’~~ ’,n’,’,t

Si ’u~ ’Cn ~ c , F n ’ ~~,,s t O i l  ‘ ‘ n  t ’ ’ t ’ ‘ u - n ’ has beer -c t Imn ~ i n t e r c h , u m u i n ’
o r nm i- , , s n ’ ,- t  t ” ren ’  c r tL,n l tn -L ’ ” ,‘ n t’ n ’c s s i n - I  c h an uq es in t t ue w ind :

it ’ ,, lt ’ !’Cn’ , w i i t J  Sc i’a r , d!lj ul’ ’j i i n t uj ’,n f t  - c - c ( - n ’ t O  -c ’t’ s e - cu -- c , tu n~ u 1e nc e
“n ’n ’nlL, - i c  n ,m 1 F  F J a i r~ rj it OSC ill at t uni c (sh a ki n t  F~r c u ’ a  1 1 — s c a l e  ii tch i ng
n i l  n , t u v l f l q i , n~in-c d Sn - m r is ,t u: ”,l di e F in t i n i u l t y  rn_ nducin q a change in

nS:~e oil ( i t - C  r e m  e n ’ Fr Je~ ‘0 ,1cm ’ i’, ’ i le u’ ~lu ’u ’,ndr,m l’ t ’~ cause a gain or
loss F ’ al i t uO de.  ‘n ,ni’; t ’v e n~_ ,nl l ‘ n m ’ c ,n - c ’ m m d  fn ’ m ’- i F ,uen tly do occum —
s i - - u i  t , m ne c m us l \  - -‘ii t ’t ’ uit t u - ‘ ‘ ( - u i - l nc m ’ is  e ase  to Se 1 ra te fronm the other-

I FS of wind C i i i  n u O n ’S , Wi i u d ‘ Ca-c- a rc c’ n ’ r t i c a l  motions are son - c - cc - t imes
u f - c c u i t  to i so l ,u tm ’ b e c a u c u ’  a loss of a i ‘eu - n - e d . sa y due to a loss of

11 ,1 iluc ui in ,m 1c m i F i  S mu ’ ,m n’ si tuna ‘ i o i  , a 1 so n~’sul t ~ i n  a l o s s  F~ f a i t  i tu ide
, m n ,t ‘ ‘ i r e , t - u m ’r- m ’f ’ i’nu’, be L F n n u ” ,t  i ’ued as ,‘n iowni d n ’ ,flt - F - i s has n i t  been
f - I  lv n ’ecoit nfzm ’d t’v sonIc p i l o t s  and ‘- i ’  t imin -e loq ic a l  i ’ is- n’ s t i ga to rs .
W i t t u t t : m s b r i e ” . p o s s i b l y irn ’m ’l t ’ _ ,m ” t eou ’u ’ ’um u t , i’,’— return and c-o n f i nc

n u n ’ a ttention t n~ tun rbn _ u l m ’ uce.

Tu rbn _ ; l ‘nec can occur ,m nic ’wiit r t i n t n i~~ , u t  ‘ - i ’s : ’ 1’  e ”e  at  rI r d t  t raverse.
In F tm ’nn ’r ,tl , t urbulence I n ’ , ’ ; - i ’ t  I c  occurs in “ i t ’  m e a t  ions: (1) in ti -c e
u n t anetary bou nd arv 1 aye n- -~ l Ot-I n’S t 1 ,000 m l  of t he a (‘ ‘os : ‘ tm le  no) on days
wh n ’nn t t u er o  n n 1 ’ ‘ u  ‘S i n ‘ i n h u ~~~~~~ tn ’-u t i le  sur fa ce he , u t in ’ ,: or bo th;
( C i  in - l a~ en-s of t m , ’ ,it”os;’ - 1- F m ’ n ’ e a(~ i’ i F7 l ’ ,. bs a s i , i - c V ’ u i c a ,ut wi nd - cia x i —
‘‘ u uu n u (jn ’t l  ; (3 )  i n  m i d  ‘ on— f lea - c- t 0 u ’ d e r— s t  i’ s  on d e m e l O f l i n u i t  thunderstor m s

incl ,~lmnoi nu u rn i i ’aiies , on ’ course . i:~ ~~ am-c cc niu nos e ’ , t  o~ tbu nd e ms ton i i n
b , t t i n t s ) ;  and , )  t m i’t~ u l 1 , i t S  l’,” ln ’ n ’i’ u i  :F’ -s :’n~’d f l1ni-j ” :’,” ,-ec ‘ m e n  high— i elief
t o- r a in.

A l though t u r hu ln ’- c i c t ’ is n’ ha ” , m c t ’ r t s t i c a l l v  u n t e m V F n t t e n t  (hen-c now ,
00 mm ’ a “ ‘le nt ti: ’ e later - I , d~ v (i rut ’ L’o ,,i u iam- v la ce r turbu lence ( type 1

F ~5 ‘~~i~Jl less  so. T1n is i s  bi’cnm mus e t o  nee 1- ,unl ica l a - cu or bouva nt nro—
duct ion “ u e c - n n isms ar -e p resen t  i’fl a ‘loin ’ I’m- 1 ‘cs cent h i_ nun . T b - c s  unakes
d,n \ t in - c e he und at -v 1 av o n ’ turhul o nce and i t s  aver aoo I ni ( enn ~~j tv  hi qh ly
p r e d i n t i b l e  f ri”- routine li - collected su”’ , mv n ’ ,n id nn’ , i r— -~uIr ”,icc ’ wind and
t ,~” ’, F m ~l’ ,u t un re o t s t ’ n m - a t i , ’ n u s , ‘c - n -c fm - on - u an i n tu ti v u’ understanding of the
nme nV e rnl mi ~ f,u c tot ’s .

Iu r buil Ofli e i s  assoc ia ted  w i t -  “u,unv ci e - c - c - c e - c - c t s  of the thuundenst on-i - i :
t m ii’ p r e c i n i t a t i ng  S t  n ’m i’u cc- titer , the c loud—fm - eu sub c id e - c ice  a i-ea ou ts ide ,
t~ ln~ low—leve l (h’,n u ,l m” n ’ c t e n ’ nni o u t f l o w , ,‘, nd the ‘‘ ome -c - ch oe tin q ’’ Ste m’’ ’ ’  t on .
Tht’ inter”  i t t e ’ l c v  w h i ch  re la tes  d i re , t i c ’  to u’m n ’ i’ d i c t a b i l i t c  is an inn—
nortant con s i der - a t io n - c . S t u d i e s  by Lee a t t 1 n n ’ N,m t ional Sem n ’re Ste m - i -us
Lab ua c ’ u ’ s n- cOw - ct  t ha t  t i , n ’ t ~I:1ence is  n - cot u i i qh l y  c c mnn - el , n ted iti th m— adar
r e f t n ’ c t t v i t v  maqnit n_ uie non- the r e f l e c t  - c ’~’ i t v im m ’a ji on t . “ u i r h i u i ence is
n o t  always m n n - n~e u~ni t  in the m- t’u ’iaini nq thr-ee f e a t  m o e  o f ’ the I l , m - c n d e - c s t o r m
ci t t un’r . Thus , we have net on l c- the prohl ei m of inte n - n n ’ - c t te n c s , hut the
quest ii’ ’ of w hethem - t hi’ turbu lence occurs  , mt a l l  . On e  f ,nc t is cl e a m l v
ev i , I t ’ n t  : tur — hu lence .  i f  ‘n - t’s ent w i t h i n  a ‘ ‘ u ,m tune  s n - m e r e t i i ; - c u ,t m ’ n ’sto m ’mui ,
is  t m -ce most in tense t i m ’ ’ t mm l t ’nct ’ ~- ‘ :mto t  in m u t u m n - e  a~~t is the ‘ i - cost la :an’d—
o n _ m s t o  a i r c ra f t .
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- i’ h : n l i ’ n u n ’ ,u’ coi ’i ‘ ‘1 w t t ~ w i nd n t ’ , ( t , : - n ’  3) is l u - c - t 1 u J y  int er-
ui:  - ‘i’-~ ‘n t i~l ’ , ’ ’ ies st ’ , n t i ,ul ‘ 1  , - ‘ ‘ - ‘ni t , F  t ’~~, , m , t , n b i l  it  , .  J e t s  ar-c -
t o g  n_ ’ nis o - h u  0’ - vt ’ ’ - , m 1 - -, 1 ’ - ,n r o - t e r m  ,u ccomimp a n led by a t n~ F”~ -e ‘ u t  Lire in—

s n ” ,m r  t t o n  c ’ ,mu ’u- - ’, m - c i d u l a t i ’n u s in t S -  i nm ’ , ’e r ciuirt layer
i- . q n ’uw I t -  ,l”t ’ ~~F ! h ~ f i  ins~ , ’~- t l i t~~. T F t m ’se an , ’ ~a l t i ’,l sh e a r—

- U - -n” e 1” F e:’ , f ,ul ,le li,IV”S w i l l  b r - n a - , causing m c a s c a d e
- ,‘ nu 1 ’ n ; ,  1 F F s - u n t i e s  - t:~ ’t’ ,1n -ncc ) sca les .  B u n t  t i - i s  process is short-

11 ,1. , m n u ,  - s ’  t - ’~ u l n ’-c u t  t H e n ’ t - . is tu e, m n-l ’,’ d i ss i pa ted , t° e process
n’. u ; l  c - a s , ’ :mn r~ ~ e 111 1 - h at m m ’ , qn ’ F F~,~. and b n ” - ,O attain. The l ’n ’n ’ceec

m t  “ , . 5 ‘ossil ’lv t ’ u”  “, n i , ”r  c a u s m ’  of tu rb uIe t ’ c e  fa l se
_ m 1 11 ‘ i~ 

— F 
~ 5

-‘ ‘ ui - c u  nc ,t ’,’n ’ , m n t ’ ,m t ” u i.,’ ( - ~~ - )  w , ’,l d , i : F- c ,ea r  to be t ’ r ed ic tab le
F - ‘ ‘ F ’ ’, Ii I ‘ F t  i s  - - ‘ - ‘ te n - I t ‘N-  ‘neil - cc t ab le , ~,c t on ly  in the

0 i~SS Se ! lS ’ c- b’ . c : e ~ i f - o n n m  i’ ’ u o s c i b l e  iii lJm ’nce over ‘a nt ‘~
‘ a large

- ~‘,‘“- “O rt ,’ - l i k e  ,iet  t rho 1 c-nice , it is m e r e  t’ ,n t e  by - W,uves in—
- ‘e” t ’ limo - ‘ta m nus or “ ,i i F l n l t d i n  ranges nay grow in

to u l u n ’ ’ i n - c s  ‘ - m t ’ i l i t ’ ,- wt lor ice t1 ey break i ’ u t , ’ t o n - b o le - c - c t
l O S .  - ,~ i s an ’ ‘ , n ’ ! i m , lence “ -a y hi’ ,‘‘,t ’ e n ie nced “m any tn’nus

o m iles ,:, - ‘ : - .‘ i ’ - J ~t ’,” ‘ un ’ -n -u” , :’ t ’ ic iuhstr ,~~ti on.

iC nn l c m - c t  ‘e m, u s ual i:e t t n- -” ,mori itu d e ,‘~ tIle tur - bu le - c t ce  de tec t ion
m o O  ‘ - ‘ - - t n c t : - ” - r ’ t F l -  nes t ~i~ ‘ fin’ i n n t c ’ ” i t t e n c v  of turbulence ( i t s

- - - :  n n ’ i m ~ 15 ii t e l ’  I’ , ’— I ( n i  u , I OS n ’i’C u L r n i  ni - c in - c the ca In e l o ca t i on  e’ ,’ e n C
30 u t to mi , t ’eu n , n’oo t t : ln ), p i l o t s  wou ld  l i k e  a 5 - u u i n u t e  tv a - c - m i inq
- ‘‘‘c . T n m s : ’ s- 5,0 tc ,1 cl- - u ’ ’ Fill m ’-’u”:a (0 n - ’ - e t m ’c ’ i ’i ’ l o q j s t s  and developers

i t V c _ - - 
, - 

~~~~~~~~

CO O~ ( n  Ape n -~ ’’ “- ml P ”ohlc -” u a n d  Current Nc” n’Je

In i ( i n n ’ ‘ou nu d  t a b l e  i ie~ u ics i in rm’ , wi t h fise~t C0’ n l l i t t t ees  n-ep n-esent in q
Cm ’” F t u ‘ n ’ .” , t -: - ,m I a n t e  “her ‘f sneci fi c needs and r equi re r ”e nit s  wen’e

1, 1,- u t  - tent . To ether,) 11:1’ - it was evident that a v i a t i o n  techno lo gy has
“‘ - ‘ n e d  ‘ am - a h e i d  m i - c  t l e  t , ’ u ntoi O , ,m- re la t ing to the p r— ed i c t i o i  amid de—
t eO t i e r u - i bm 1 encc .

-‘ ‘ ‘ 1 inn- - i  in; i s  a vu ” m : ’ :an ’y of t ’ nob l e ms and user needs d iscussed
F I , 4! lii , : c n_ m n n m um t tee e -, — ‘ u a u F u  i’S

• it nn 0’ulen , , ‘ uv, m n - n i n ; s  n ssu,c ’J to pilot s fn ’t ’n t ue ntl v are false alarm s .
e t uv o n s i lIC , - ‘ u , i nu i tu r bmm lem i c e e n c ounters occur - with no advance

w ,lnn inc .  F a l s e  ,nl~~n - uu s  and m isses  are t ’ a n t i c u la r ly  high for
- t n ’tin’ ral a m i a t i o n  p i l o t s .  The pr-oble m , of course . relates to
t t u, ’ i n t e r m i t t e n t  natun -e of turbulence.

• Tu nh u, I t ’ n n c e  avoidan ce policies and Inn-act ces are i noons is tent
a in the v iew ,nf  sonic pi lots. W h i l e  safe f l ight pol ic ies u’ecoru-

-c - c - cc -nd tur ’hu lenc e avoidance nn
dt all cos t, ” practices too ol t en

resu lt i, vec to r in g  a i rc ra f t  tFm r 000F - c  kn own or suspected tum -hu—
ience arn ’Os .
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• There appear to he inddequdcies i n  the decis ion-making process 
.~~

a pi lo t  might use on turbul e nce encounters.

• There is a la ck n i t i r m fo rm n ma tio n on the incidence of turbulence
associated with l a rg e r - —sca l e  weather patterns.

• A wel l  known mne m ’tl e,x i sts for- an o r - c — h n _ n am - d t u r - t - c u Ienee detect ion
dt ’v i c e  — 

— I

• A need was ex pre ssed for the tr a ini nnm in turbulence while f ly—
i rnq on 1 rris tru nm t-’nts .

• Thor-c is no l i ve  p rac t i ce  f l ight  t ra in ing  in turbulence , par —
i c u l a r - ly  inm rp o m- t an t for - genera l av i a t i o n  p i l ots .  Pract ice in

I a r wea the m- c unmm ul us was suggested .

• lu n- him I ence appears to he m nnO t - e immmport a n t for 1 ight aircraft  in
t e m -m nms of a i m-c ,-aft is tu mm - cture an-cd r-esponse i ncr-eased likelihood
of ’ up-se t)  , Whereas wind shear is the gm -eater hazard for large 4
a i m - c r - a  f t  due to long spool —up timm ies and increased aircraft mass.
ft is f a c t  point s to the need for t m-a i ni nq to unset in simu la—
f i r m -s  f o r  nt emmer al avi ation pilots , cu m - r -en tly nonexistent. !‘ -

l n ’ne m - dl a v ia t i o n  p i l o t s  also c-xpr -es sed concer- n for the lack
of  t ex thook tm-a in i rig cm tum-bu 1 ence— — the n- cat ure of the nmeteor—
o 1 eq i c -,r I problem and what to do about i t .

• Reqa -d i n- c m p 11 of. repor- t S of tu m-bu 1 ence (P1 REPS) . an improved
f low of t h i s  in t o r ,mm a t io nm ten the ARTCC mmmeteorologist was desired .
PI R 1 PS should he used to define flight avo idance zones and the
ana I v :n~nl in - c forimia t ion f low hack to p i lo ts  on i unproved conimmuni —

t a t ion & h~mn n iels th r -ouqh the a i r -  t r a f f i c  control ic r. ‘
V

• There is  a t ies i n- c - to n-c til t-c l I stm a di r-ec t Ii mm k between the en
r - omm t e p 1 I t - c t  and the A RTCC nine teoro I eq is t

• It was -~ u tq m-s ted that al l P1 REPS he archived for fol low—on
n- c- s e a rch studies

• In 1 hn ’ area of on-t - c oa ,- nl t nmm ~hn1 1 em mc e mniea ’ ,u,-e n nme ni t dev ices,  (e.g.  ,
vm-t ica l ~iccele rom nir — tprs) , them-c : ‘ç expressed a need for accel—
en onmme t ers n- cm ou n i ted both I n the f m-w a rn_I and rear sections of large
air - c r a f t  , i mm n prov em n nen ts i nm m m-s trumnien t mm ia in tenance , and a recom—
mmnenda t i n - cm - c imm ade to s tanmda,-d i :e turbulence sensors and spec i fi Ca—
t ions cnn acce l eromnm t ’tem - output r- r-c po nse.

• Ano t her a tte immpt s ho uld he nmma de to  is ta nda rdi  ze terminology .
Pre l immn inm ir r y mm mea s ur- ec c h o u l d  he t a ke n to o m -q a n ize , f irmly de —
f i n m e ,  ar - cd tr - ami smmm j t t m n m- ouq h the a v i a t i o n  coninuni ty standardized
term i no] oqy

1 ~Q



• Revive res ea rch work on identif ying turbulence leve ls and lo-
cations in thunderstorms . This time use microwave Doppler
instead of instrumented a i rcraf t  to veri f y turbulence.

• Im-cmproved mnm eteoro logica l services to terminal controllers is
needed i i i  n n o t  on ly the area of turbulence , but the whole gamut
of weather .

• An im portant need exists to improve communications between
various groups serving the aviation industry with weather in-
formation . The groups include the National Weather Service ,
the Fli ght Service Station , the Air Route Traffic Control
Cen ter meteorologists , terminal controllers , and the a i rl i ne
weather centers .

Pr~~m-ess dud Develojirnents in the Past Year 
‘

Despite the abundance of current problems and needs of the user ,
there has been significant progress in the past year—-progress that
cannot yet be objectively evaluated because only the foundation has
been set. However , measurable improvements are expected in the near
term -cm .

In the area of prediction and map detection of turbulence , the
assiqnnment of 38 nmeteorologists to 13 ARTCC ’s ea st of the Rock y Moun -
tains has the prom -c- cis c of a long awaited improvement in weather services
to pilots en route. Some additional time is necessary to bring meteor-
olo gists up on the aviation weather education curve, enhance detection
and communication hardwa re , develo p models , improve handling of PIREPS ,
and gain the confidence of controllers. Except for hardware improve-
ments , most of this improved service is ongoing at the New York Center
where meteorolog ists have been employed for some years . Rea l improve-
unents nationwide will certainly be expected in the near future .

For the genera l aviation pilot , substantial improvements are in
store for the labor intensive FSS where automation is badly needed .
The proposed data tap to the Automa ted Facilities Observations System
(AFOS) will provide real -tin -ce dig ital Output presently available on
paper facsimile and teletype.

In the area of detection , the infrared radiom -cm eter is scheduled
for operational testing this year. Severa l aircraft will be equipped
with this device and an evaluation will be forthcoming soon. Other
promising sensors are also being deve lo Ded for future operational use:

-
‘ the microwave Doppler , the laser Doppler , and the microwave temper-

ature pro f i le  sounder.

There have been substantial improvements in simulation models ,
including newly employed turbulence components and moments necessary
to enhance training.
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There also appears to be a quick and smnooth flow of infor nmnation
recently published by resea rchers to the use r.

Prog ress has been ma de i n t he stu dy of spanw i se tu rbulence.

Las tly, a new development with the FAA occurred shortly after
the conclusion of the 1979 Workshop. This agency is embarking on a
task to use data from the proposed Discrete Address Beacon System
(DABS) as input to an objective analysis scheme which will map the ‘
wind in the three -dimensional troposphere . Initially designed to
n-cap winds at mesoscale in the terminal area when the DABS system-c-c be-
comes operational in 1981 , the use of DABS and the objective analysis
method using DABS inputs on a large scale implies that the whole at-
mosphere over the United States may eventually be mapped. Thus , rea l-
time analysis outputs will reveal turbulence and wind shear zones and
will provide this information directly to pilots via the DABS data
up—l ink.

It is evident that substant ia l  improvements in al l  facets of
detect ion , p rediction , and con is munication of turbu l ence information
are on the horizon.
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CONCLUDING REMARK S

Wal ter Fros t

The Universi ty of Tennessee Space Inst i tute

The committee chairmen are t-’ be congratulated on their fine summaries
of the committee discussions. Although there was potential for appreciable
overla p of subject areas , because of the nature of the topics , each
chairman has covered only those facts which pertain to his topic , which
is very conimm nendab le. 1 would like to thank the comm ittee chairmen and
the committee members for their time and effort. Also, I would like to
express nmiy appreciation to the authors of the excellent overview papers
presented earlier this week. I believe these papers touched upon exactly
the type of info rmation needed to st imulate the kinds of discussion we
hoped to achieve at the workshop .

I would like to request your comments on the workshop , either ver-
bally here or maybe in writing la ter. In conversations with many of you ,
your corn -c -c-cents have been mostly conoplinnentar y and have indicated that this
workshop and preceding workshops have provided a valuable service to
the aviation community . I am always interested in learning whether we
are achieving everything we can from one of these programs . I believe
some very good things have happened here at this workshop, and some
of the results for which we were looking have occurred. As an example ,
Jim Banks has told me that he learned things relative to air traffic
control which he had not thought of before , particularly in the meeting
with  the Icing Committee , a committee that he had ori ginally thought
would have no interchange with his committee. This is precisely the
type of results we wish to achieve , that is , to br i n g to the awareness
of other segments of the system the meteorolog i cal prob lems that can
occur. The Airport Conmnmittee also expressed the fact that they learned
measuren mments of temperature and humidity and other meteorological par-
ameters can be appreciably different ~ measured at one end of the runway
as contrasted to the other. Again , this type of exchange of information
which provides an awareness of meteorolog ical effects is the purpo se
for these workshops. Additional segmnents of the aviation community
are now thinking about problems of which they were not aware before ,
and perhaps they no longer laugh at regulations for which they can now
see some meaning.

I was encouraged also by Tom Incrocci ’ s commen ts that the A i r Force
now uses a sliqhtly different procedure relative to performance in wind
shear for one of their new aircraft because of comments they received

- from Jack Bliss in our fin-st workshop here three years ago . I realize
that these regulations were not changed solely due to the input from
the workshop, but certainl y the change was , in part , an outgrowth from
it. As Jack Enders pointed out earlier when he introduced the objectives
of this year ’s program , a specialists ’ workshop on icing was arn outgrowth
from our first workshop ; and these combined m eetings have resulted in
a major icing program be linning at NASA Lewis Research Center. So the
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wor-kshops are having an impact. I believe this impact is achieved
ba s ica l l y bec ause of the learn i ng p rocess that takes p lace t hrough t he
int erch ange of id eas dur i ng the comm i ttee di scussions . This  forma t ,
i.e., commim ittee meetings between hi ghly disciplinary groups , i s ex tremel y
effective for dissem iminating information . What concerns me a little ,
however , i s th at because of t he makeu p of the worksho p the d i scuss i on
groups must be relat i vel y sma l l, an d i n that sense I wonder how much
of the inform -c-cation gets passed on in the larger scale. I realize the
informa tion diffuses out , but it is probably a slow diffusion , an d I
would welcommme your suggestions for ways that we can diffuse it faster.
All of you who attend these workshops are in a position to take back
what you have learned and inmpact progranms within your own agencies .
Therefor-e I believe the workshops on an annual basis are good , but we
can perhaps mm - cake then -cm better from your inputs.

There were son-c-ce con-cnn-cents from the attendees about certain weaknesses
in the workshop. For example , m an y of you fel t t ha t there were no t
eno ugh human fac tors peop le here . Th at is true . We had sche dule d a
fairl y large representation of hum -c-can factors types , but at the last

imm inute son-c-ce of these people had to cancel . Some of you fel t we needed
mmmore research type people fronm the NWS . Again , due to the accident
at Three-Mile Island in Pennsylvania , some of the peo p le sche dul ed to
comnme her-c went there instead in response to the national crisis. ‘

There was also a noticeable lack of sn -call plane manufacturers this
y e a r , pr-obably due to poor planning on immy part.  Last year we had a
lack of mmmajor airline people , so we concentrate d our effor t in that
area and mnm aybe overlooked the sm - c - caller mmanufacturers a little. We will
conimpens ate for- that next year.

Max Karant pointed out to you in the banquet 3ddress that we should
get son-c-ce pilots to talk to us. It is interesting -—I nmade some quick
calculations- -that abou t 20~ of our group are commercial airline pilots
who fly regularl y and 60-70’ of you attendees currentl y hold private
pilot licenses or have flown in the past. So , in response to Max ’s
comnmm nents , I don ’t know how to do better in that regard . We have a lot
of pilots here and they are talking to us.

One of the results from -cm the workshop in ~h ic h I woul d l ik e to see
somnmewhat mm -core progress , however , is in answering the quest ion , “How ?”
I hear- frequently: “They need to do this. ” and “We need this. ” What
I would like to see come out of the workshop is mmmore on how we do this.
Not being involved in the detailed organization of the governnment agencies ,
I dfll not aware of how one goes about getting things done . I would like
to see things in a proceedings which perhaps give guidelines in this
direction. For exanmp le, standard terminology , we all agree , is needed .
Bu t wha t do we do? Where do we s tar t?  Do we ne ed a new agenc y? Or
do we need to encourage senators to provide funds to son-ce existing agency
to get this done? Or should we approach son-ce of the professional societies
to do th i s? Many of our reconmimendations , I feel , need some explanat ion
as to how we s ta r t .
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These q ues t ions are some of the t h i n gs we were try in g to im p l y
in our guidelines ; for example , who is the res ponsible agency , what is
the trans ferra l p rocess , etc . How one gets these things done I know
is a very tou g h q uest ion , but I believe if we could somehow or other
or ganize these workshops so that they could respond a little more in
that vein we would double our productivity . As I said earlier , I believe
the workshop is a very good thing; it does a lot for us. It would do
more , however , if recommen dations were made that say how we start and
how we get th i ngs done as much as what it is we need. If you have
su ggestions on ways we can orient the workshop to answer the how ’s as
well as i dentifying the problems and needs , I woul d cer ta i n l y  a pp recia te
hea ring your comments .

Finall y, I would like to thank some of the people who have been
very helpful in carrying out the logistics of the workshop. Barry Turkel
has been most helpfu l in this role. Let me also tell some of the people
here that Barry is an excellent student and is very interested in FAA
or acci d en t inves t i gation relative to weather . You might think of
recrui t in g him .

Becky Duroc her has also been a very important factor in the organ-
iza tion of the workshop . Many of you have commented on how wel l it has
been organized . Becky has done an immense amount in this regard and
I woul d like to thank her for her efforts .

I would now like to call in succession on our Or ga n i z a t i o n  Commi t tee
to pass on a few concluding remarks to you.

Thank you again and I hope we have a fourth workshop and you wi l l
be back here with us.
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CONCLUDING REMARKS

Dennis W. Camp

NASA Mars h a l l  Space F l i ght Center

My remarks will be consider ably briefer than those of Dr. Frost .
Mai nly, wha t I have to say is concern ed with my opinion of this workshop
an d how it accomplished what it did. I have heard several people say
it was a successful workshop and in my opinion it was indeed successful.
The reason i t was a success an d accom p l i s h e d what i t d i d was no t because
of the or gan i z i ng comm it tee but because of you: the comm i ttee cha i rmen
an d the committeemen . Without you we would not have had a workshop
an d thus I sincerely appreciate each and every one of you. Thank you
for comin g and now I ’ll turn it over to Joe Sowar for his comments .
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CONCLUDING REMARKS

John H. Enders

NASA Headquarters

I won ’t bother to stand up, because I don ’t want to keep you any
lon ger. You all heard Jules Bernard ’s joke this morning about fishing,
an d that suggested to me that this workshop has thrown the dynami te
st ick  in to  our la p s , so I ’ l l  jus t ask:  “Are you goin g to sit here
talkin g all day or are you going to get out there and fish? ” When
you get out there , b ack at your jobs , spread the word on what you learned
here , build up enthusiasm for this type of workshop. I th i nk the idea
of ge t t in g peo p le together from d i f f e ren t  se gments of the sy stem who
have a common interest in weather and safe operations can cause marvel—
ous things to happen in the next thre e or four years. I appreciate
your sup port of this workshop, an d I ho pe that  next year we ’ ll have
an even bett er one than we ha d this  year. Have a safe tri p home !
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APPENDIX A

THIRD ANNUAL WORKSHOP ON
METEOROLOGICAL AND ENVIRONMENTAL INPUTS TO AVIATION SYSTEMS

L is t  of Acronymmms

ADAP AIRPORT DEVELOPMENT A ID PROGRAM

ADF AUTOMATIC DIRECTION FINDER

AF B AIR FORCE BASE

AFOS AUTOMATION OF FIELD OBSERVATI ONS AND SERVICES

AFSC AIR FORCE SYSTEMS COMMAND

AIRMET AIRMAN METEOR OLOGICAL ADVISORY

ALPA AIR LINE PILOTS ASSOCIATION

ALWOS AUTOMATED LOW-COST WEATH ER OBSERVATION SYSTEM

AOPA AIRCRAFT OWNERS AND P ILOTS ASSOCIATION

APCL ATMOSPHERIC PHYSI CS AND CHEMISTRY LABS

ARTCC AIR ROUTE TRAFFI C CONTROL CENTER

ATA AIR TRA NSPORTAT ION ASSOCIATION

ATC AIR TRAFF I C CONTROL

ATCA A I R  TRAFFIC  CONTROLLER S ASSOCIATION

A Il S AUTOMATED T ERMINAL I NFORMATION SERVICE

AWAN S AUTOMATIC WEATHER AND NOTAM SY STEM

AWE S AVI A TION WEATHER SYSTEM

AWS A I R  WEATHER SERVI CE

BA BRITISH AIRWAYS

BALPA BRITISH AIR LINE PILOTS ASSOCIATION

BCAL BRITISH CALEDO NIAN AIR LINES

BCD BINARY CODED DECIMAL

BMO BRITISH METEOROLOGICAL OFFICE
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CAA CIV I L  AIR AUTHORITY

CAl COMPUTER A S S I S T E D  I N S T R U C T I O N

CAT CLEAR AIR TURBULENCE

CCTV CLOSED CIRCUIT TELEVIS iON

CEGB CENTRAL ELECTRICITY GENERATING BOARD

CMSU CENTER WEATHER SERVICE UNITS

CRT CATHODE RAY TUBE

CSD CONVECTIVE STORM DIVISION

CTOL CONVENTIONAL TAKE-OFF AND L A N D I N G  A I R C R A F T

CY C A L E N D A R  Y E A R

d D I A M E T E R

DABS DIRECT ADDRESS BEACON SYSTEM

DALE DIGITAL ANEMOGRAPH LOGGING EQUI PMENT

DOD DEPARTMENT OF DEFENSE

EDT E A S T E R N  D A Y L I G H T  T I M E

EFAS EN ROUTE FLIGHT ADVISORY SERVIC ES

EMP ELECTROMAGNETIC PULSE

ERL EARTH RESOURCES LAB

ETABS ELECTRONIC TABULAR DISPLAY SUBSYSTEM

FAA F E D E R A L  A V I A T I O N  A D M I N I S T R A T I O N

FAR FEDERAL AVIATION REGULATION

FAX FACSIMIL E

FOR F L I G H T  DATA R E C O R D E R

F&E FACI LITIES AND EQUIPMENT

FOFAX FORECAST OFFICE FACSIMILE

FSS FLIGHT SERVICE STA TION

FSSP FORWARD SCATTERING SPE CTROMETER PROBE

FY FISCA l YEAR

1 1
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GA GENERAL A V I A T I J N

GOES G E O S T A T I ~ N A m ~i OPERATIONAL ENV I RONE MMTAL SATELLITE

HISS HELICOPTER ICING SPRAY SYST E M

INSTITUTE OF ATMOSPHERIC SCIENCES

ICA O INTERNATIONAL CIVIL AVIATION ORGANIZATION

~FR I N S T R U M E N T  F L I G H T  R U L E S

ILS INST R UM ENT LANDING SYSTEM

INERTIAL  NAV IGATION SYSTEM

INFRARED

IRT ICING RESEARCH WIND TUNNEL

T 1 INDEPENDENT TELEVISION AUTHORITY

JOHN FITZGERALD KENNEDY INTERNAT IONAL AIRPORT

LLWA S LOW LEVEL WIN E ALERT SYSTEM

LLWS LOW LEVEL W I N D  SHEAR

LWC LIQUID WATER CONTENT

ME- ~ MINIMUM EN ROUTE ALTITUDE

-~1 1N1 SESAME MINI SEVERE ENVIRONMENTAL STORMS AND MESOSCALE EXPERIMENT

MEAN SEA LEVEL

N A D I N  NATIONAL AIRSPACE DATA INTERCHANGE NETWORK

NAFEC NATIONAL AVIATION FACILITIES EXPERIMENTAL CENTER

NAMFAX NATIONAL AND AVIATION METEOROLOGICAL FACSIMILE

NASA NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

N A V A I D  N A V I G A T I O N  A I D

NCAR NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

NECHE NORTHEAST COLORADO HAIL EXPERIMENT

NHRE NATIONAL HAIL RESEARCH EXPERIMENT

NOAA NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

NOTAM NOTICE TO AIRMEN

172



158

NATIONAL SCIENCE FOUNDATIO N

NTSB NATION A L TRANSPORTATION SAFETY BOARD

NWS NATIONAL WEATHER SERVICE

OAP OPTICAL ARRAY SPECTROMETER PROBE

OAT OUTSIDE AIR TEMPERATURE

OPR OFFICE OF PRIMARY RESPONSIBIL ITY

PATCO PRO FESSIONAL AIR TRAFFIC CONTROL ORGANIZATION

PC: A  PORT COLUMBUS INT ER NA T :ONAL A1R POR~

PDR PULSED DOPPLER RADAR

PIREP PILOT REPORT

PMS PARTIC LE MEASURI NG SYSTEM

PSI POUNDS PER SQUARE INCH

RAE RO YAL AI R RA1 r ESTABLISHMENT

R~,D RESEARCH AND DEVELOPMENT

RRL RADAR RESEARCH LABORAT ORY

RVR RUNWAY VISUAL RANGE

~~ENSKA AEROPL AN AKTIEBOLAGET (SWEDISH AIRPLANE COMPANY )

SAE SOCIETY OF AUTOMOTIVE ENGINEERS

SEMI -ALTC M /\TE D METEOROLOGICAL OBSERVATION SYSTEM

SDSMICF SOUTH DAkOTA SCHOOL OF MINI S INC TEC HNOL OG ’n

SESAME S E V E R E  E N V I R O N M E N T A L  ~T HR ~s INC M LSOSCALE EXPERIMENT

SIGMET SIGNIFICANT METEOROLOGICAL ADVISORY

T IPS TERMINAL INFORMATION PROCESSING SYSTEM

TRIP THUNDERSTORM INTERNATIONAL RESEARCH PROJECT

UCAR UNION CARBIDE

US UNITED STATES

USAF UNITED STATES AIR FORCE

UTSI UNIVERSIT Y OF TENNESSEE SPA CE INSTITUTE

173

-I

- -

V VV - V A



I

,

VFR VISUAL F LI GHT RUL ES

VOR V HF OMN I- DIRECTIONA L RANGE

V OR / TWE B VH F OMN I-DIR ECT IONA I RANGE/T RANSCRIBED WEAT HER BROADCAST

WAVI WIN D , AI VT I ME T ER AND V OICE EQUIP MENT

WEM U WEATH E R F I X E D  MA PP I N G UNIT

WPM WOR DS P E R  M I N U T E
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Name Address Phone Nummmber

Fernando Caracen a NOAA — ERL-APCL (303)499-1000
R-3l x6269
Boulder , CO 80302

C. L. Chandler Manager , Weather (404)346-6478
Delta A i r l ines  Fli ght Control
A t la nta Internat iona l Ai rport
At lanta , GA 30320

Peter Chesne y Accident  Invest i qat ion Staf f  (202)426 —3120
FAA Flight Standard Service
AFS-5 0
800 Independence Avenue SW
W a s h i n g t o n , DC 20591

Larry S. Christensen FWG Associates , Inc. (615)455—1982
RR2 . Box 271-A
Tullahom a , TN 37388 

-

Wa l te r  V .  C o l l i n s  D i r e c t o r  — Noise Abatement (213)646-9410
Los Angeles Dept. of Ai rports
1 Wor ld  Way
Los Angeles , CA 90009

J o h n  FL C olo my Di r e c t o r , A v i a t i o n  Education Resource (612)255-3110
Center 253-1500

St. Cloud State University
St. Cloud , MN 56301

Frank G. Coons HQ FAA , Wind Shear & Wake Vortex Branch (202 )426-93 50
Systems R&D Service
2100 2nd Street SW
Was h ington , DC 20591

Don S. Cor - nwa l l  ALPA (713 )485-1095
2006 East Ma ry Creek
Pear land , TX 77581

Norman L. Crabi l l  MS 247 ( 804)827—3274
NASA Langley Research Center
Hampton , VA 23665

William Critch Flight Training Center (206)655—3395
Boeing Co nmnmercia l A i rp lane Co mnmpany
P.O. Box 3707
Seattle , WA 98124

James E. Dieudonne MS l25B (804)838-3823
NASA Langley Research Center
Hampton , VA 23665
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Na m e ~Add P - t ’s S Phone Nummnber

Douglas ‘
~~ . Downen NO~A,A ‘NNS/ [DL (301)427—7809

W— 4 4 , Room 20 1
SON ) 1 3 th St r-eet
S i l v e r  S r t r ir m q , MD 20910

l n nn c -~ M. Dunk el Director - , Orier -a t ions Control (901 )369—3495
Feder -al Expr -e ss Headqua r- ters
AMF Box 30167
Memp his I rmt er na t io na l  Airport
Mennmphis , TN 38130

Don E. Dur - ha mmr En nm hr-y Riddle Aer -onaut ic a l  Un ivers i ty  ( 904)252—5561
Regional Air-port (800)874—7014
Daytona Beach , FL 32014 x388

W i l l i a m  R . Purr-ct Br anch Head , T elemmm et r i cs (305)867—4438
NASA Kennedy Space Center
FL 3359’)

Gccr - o e H. Ficht l  ES-82 (205)453-0875
NASA Marshall Space Flight Center’ —

AL 35812

Roger C . Flynn 200 North Water Str -eet (301)778—1077
Chester - town , MD 2 1 620

Sepp J. Fr-oes c h l Ca nadian Atn m mospheric Environ m mient Ser -vice (514)333—3070
100 Alt -s i c Ni t - co n - c Blvd .
V i l l e St. Laurent , Quebec H4M-2N8

V m m a (ha

H. Gr-ady Gat l i n  Director - Operations (202)872—4015
A i r -  Tr ansp or’ t  A s s o c i a t i o n  of Amm - c er - ic a
1 709 New Yor - k Avenue NW
W a sh i no ton , DC 20006

Danie l F. G i n t v  Ii r-por -t Manager (614)239—4000
For - t Co 1 umnihu ~ in ternat ional  Al r’po rt
460 0 E a s t  17th Avenue
C e] um mmhLl s , OH 4 32 10

Uchard [‘1. Gl o s s  V i c e  President (301)951—3961
A O ) ’A Sa fe t y  Foundation
7315 W i s c o n s i n  Avenue
Be t h e s da , MI) 2 001- 3

~~. Crai q G o t f  IAA - ’N -A C EC (609 )64 1—8200
A NA — -I lO, Bui ldinq 10 \2 257
- A t l a n t i c  C i t y ,  NJ 08405
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Name Address 
V 

Phone Numb er

Alber t W . Hall MS 247 (804)827-3274
NASA Lang ley Resea rch Ce nter
Ha rmmpton , VA 23665

William J. Hall Tennessee Bureau of Aeronautics (615)741— 3208
P .O. Box 17326
Nashvi l le,  TN 37217

George R. Hammond Comunmander , 12th Weather Squadron (303)635—891 1
Peterson AID , CO 80912 x626 l

H . Prater- Hogue Manager , Air Safety (206)237-8525
Boeing Corm imercial Airplane Company
P.O. Box 3707
Seattle , WA 98124

Bruce J. Holnimes MS 247 (804)595-8168
NASA Langley Research Center
Hampton , VA 23665

John C. Houbolt MS 116 (804)827-3285
NASA Langley Research Center -
Hamp ton , VA 23665

Thomas P . Incr- occi Chief , Forecast Methods & Materials (618)256—4624
HQS AWS/DNTM 256-4850
Scott AID , IL 62225

Dale Istwan ALPA (314)741—9259
11534 Corlyn Drive
St. Louis , MO 63138

Ga r r-y C. Jackson A IFDL/WE ( 5 13)255— 6 626
Wri ght ratterson AFB , OH 45433

Max Kara nt Co nsultant , AOPA (30 1)951—3911
Box 5800 365-3078
Wa shi ngton , DC 20014

John Keller’ University of Dayton (513)229 —3921
300 College Park Drive
Dayton , OH 45469

Lester IL Kerfoot,  Jr ’ . V i ce Presiden t , System Safety (703)971—5297
A ssociates , Ltd.

6216 Apache Str-eet
Sprin g field , VA 22150

Ra lph P. Ki mim be rli n The University of Tennessee (615)455-0631
Space Institute x2l 6
Tullahoma , TM 37388
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Name 
— 

A ddress Phone Number

Ronal d H. Koh l The Univer sity of Tennessee (615)455-0631
Sp ace Ins t it ute x334
Tulla homa , TN 37388

Peter M . Kuhn Project Leader , Infra red Remote Sensing (303)499— 1 000
NOAA /APCL x6208
Boul der , CO 80302

Richard L. Kurkowski Flight Systems Research Division (405)965—6219
N 210— 3
NA SA Ames Research Center
Moffett Field , CA 94035

Russell S. Lawton Director , Operations and Safety (301)951-3910
AOPA
7315 Wiscons in  Avenu e
Was h ingt on , DC 20014

Jean T. Lee National Severe Storms Laboratory (405)231-4916
1313 Halley Circle
Norman , OK 73069

Kirk E. Lehneis AWS/DNTS (618)256—4741
Scott AFB , IL 62225

W. Steve Lewellan ARAP , Inc . (609)452-2950
Box 2229
Princeton , NJ 08540

Louis Ludwi g FAA/General Aviation Division (202)426—8196
800 Independence Aven ue SW
Washington , DC 20591

Jainmes K. Luers Universi ty of Dayton (513)229-3921
300 Col le ge Park Dr ive
Dayton , OH 45469

Charles A. Lundquist ES -Ui (205)453-3105
NASA Mars h a l l  Space Fl i ght Center
AL 35812

A. Charley Mclee Human Factors Program Manager (512)658—5493
Bunker Ra m-c-co
Box 2696
Universal City , TX 78148

W ill i amrr Melvin ALPA (214)463-1246
1101 West Morton
Denisor i , TX 75020
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Name Address Phone Number

Ro bert Mud ge ALPA
P.O. Box 69
Center Harbor , NH 03226

Huar d H. Nor ton Chie f , Accident Preven tion Staff (202)426-8102
FAA/Genera l Aviation Division
800 In d epen dence Avenue SW
Washin g ton , DC 20591

Loyd C. Parker NASA Wallops Flight Center (804)824-3411
W a l l o p s I s l and , VA 23337 x64 0

William T. Pennell Battelle Pacific Northwest La bs (509)942—4620
Box 999
Ric h ian d , WA 99352

Felix L. Pitts MS 477 (804)898—8069 
. 

V

NASA Lan g ley Research Center
Hamp ton , VA 23692

Charles L. Pocock Program Manager , Special Devices Div. (714)988-2229
Lockheed Aircra ft Service Company 988—2526
P .O. Box 33
Ontario , CA 91761

John Pro dan Institute of Atmospheric Sciences (605)394-2291
South Dakota School of M ines an d

Technolo gy
Rapid City , SD 57701

John J. Reinmann Head , Icing Research Sect ion (206)433-4000
NASA Lewis Research Center x5542
2 1000 Brook park Road
Cleveland , OH 4413 5

Ric hard H. Rhyne NASA Langley Research Center (804)827-2273
Hamp ton , VA 23665

William T. Roach Assis tant Director of Special 03-442-0242
Investi ga t ions x2 3l 1

Meteorolo g i cal Off ice
London Roa d
Bracknel l , Berkshire  RG 1 2 2SZ
Uni ted Kin gd om

Will iam A. R. Robertson ALPA (815)459-6219
239 W e l l i n g ton
Crystal Lake , IL 6001 4

L~ 
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Name Ad d ress Phon e Number

Robert J. Roche FAA /SRDS (202)426-9194
2100 2nd Street SW
Washington , DC 22101

Lothar H. Ruhnke Naval Research Laboratory (202)767—2951
Code 8320
Washin g ton , DC 20375

Charles F. Schafer ES—82 (205)453-1886
NASA Marshall Space Flight Center
AL 35812

Paul W. 3. Schumacher 4950th Test Wing (513)257-7740
Wright  Patterson AFB , OH 45433

Jose ph M . Schwind ALPA (202)797-4188
1625 Massachusetts Avenue V

Washin g ton , DC 20036 —

Loren 3. Spencer Aviation Sa fety Programs Manager (202)426-2604
HQ FAA
800 Independence Avenue SW
Washington , DC 20591

James R. Stal labrass National Research Council of Canada (613)993-2371
Montreal Road
Ottawa , Ontario K 1H 5P2
Canada

Jose ph W. Stickle MS 246A (804)827-2037
NASA Langley Research Center
Ham p ton , VA 23665

Frederick M. Stone HQ AFCS/USAF (618)638-5462
Air Traff ic  Control
Scott AFB , IL 62269

Otha H. Vaughan , Jr. ES—83 (205)453—5218
NASA Marshall Space Flight Center
A L 3581 2

William W . Vaughan Chief , Atmospheric Sciences Division (205)453-31 00
ES-8l
NASA Marshall Space Fli ght Center
AL 35812

Thomas C . West FAA (202)426-8605
A RD- 706
2100 2nd Street SW
Washington , DC 20591
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Name Addr ess 
_____________ Phone Number

W . Don Woo d Chie f , Atlan ta Air Route Traffic (404)946-3511
Control Center

299 Woolse y Roa d
Ham p ton , GA 30228

Tom Yager MS 497 (804)827-2796
NASA Lan g ley Research Center
Ham p ton , VA 23665

Andy D. Yates , Jr. ALPA (703)765-7423
7413 Park Terrace Dri ve
Alexandr i a , VA 22 307
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THIRD ANNUAL WORKSHOP ON
METEOROLOGICAL AND ENV I RONMENTAL INPUTS TO AVIATION SYSTEMS

Roster of Organization Committee

Name Addr ess Phone Number

Dennis W. Cam p ES-82 (205)453-2087
NASA Marshal l  Space Fl i ght Center
AL 3581 2

John W. Connol ly  Special Assistant for Aviation Affa i rs (202)254—8418
NOAA /DOC
Wash in g ton , DC 20230

John H. Enders Manag er , Aviation Sa fety Technology (202)755-3003
RJT- 2
NASA Head quarters
Washin gton , DC 20546

Walter Frost Director , Atmos pheric Science Division (615)455-0631
The Univers i ty  of Tennessee x2 18
Space In s t i t u t e
Tu l lahoma , Tn 37388

Jose ph F. Sowar Chief , Aviation Weather Branch (2O2)426- 8~27FAA
2100 2nd Street SW
Washington , DC 20590
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