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Pre liminary Assessment of an Automated
System for Detecting Present Weat her

1. lNT RODUcn Ort~

Since the inception of weat her services, human observers have been required
to determine visuall y the types of weather occurring at a given time. The present -
day Air Force, in spi te of technological advancement , is more dependent tha n ever
on t imely wea ther observations. The need for accurate , detailed real-time avia-
t i on weather  reports to support fixed-base operations has intensified. 1 Large air-
c raf t are especiall y vulnerable to variations in weather during landings and take-
offs because of their lack of maneuverabili ty and slow recovery time at low speeds
near ground. In addition , all p ilots still have the requirement for visual orienta-
t ion at decision height .

Weather support as current ly supplied is highly labor-intensive, 2 therefore ,
expensive , and marginally adequate in those cases where rap id-cha nging hazardous
weather events are directl y affecting the last few minutes of an aircraf t ’s landing
approach. It becomes apparent upon consideration of recent advances in

( Received for publication 26 June 1979)
1. Beran , D.W. , Hooke , W. H. , Litt le , C. G. , ari d Coons, F. (1977) Airport

Weather Service: Some future trends , Bull. Am. Meteorol. Soc. 58(No . 11):
1182— 1186. —

- - 2. Lundquist , James A. (1977) Automation — Some potential app lications to
aviation weather , Bull. Am. Meteorol. Soc. 58(No. 11):l16 1-1163 .
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automation and communica t ion  techniques tha t  the t ime  has come to automate the
w e a t h e r  obse rving funct ion .

Hi ll 3 in 1966 summar ized  the progress made in automation of weather , begin-
ning w i t h  the f i r s t  automatic  weather  stat ion in 1945 , which  reported wi nd speed ,
direct  Ion and pressure and continuin g to 1953 , when altimeter setti ng, accumul ated
pr ecipi tat ion , te mperature and relat ive humid i ty  had been added. Again in 1975 ,
H ill 4 related th e fact that few present weather elements had been observed objec-
ti vely and described effo rt s at the Test and Evaluation Division of the Nat ional
Weather  Service to a t tack  some of these problems, for exa mple , freezin g precip-
i ta t ion , hai l , and thunderstorms.

Tahnk and l .ynch 5 presen ted an account in 1978 of the development and instal-
lat ion of an a i r f ie ld  automated weather system (MAWS) to demonstrate the feasi-
b i l i t v  of automated observing and forecasting, us ing low-cost microcomputers.
In addi t io n to the more common automated parameters such as wind and tempera-
tu re , the~ detailed th e automation of cloud base height , visibi li ty and the genera-
tior i of addit ional  displays of sea level pressure , tw enty-four hour maximum and
minimum temperat ures , probability forecas ts of cloud height and visibility, and
such c r i t i ca l  a i r  base concerns as runway cross v.’ ind components , wind-chil l
tempera ture  and maximum wind gusts. Thus , as technology has advan ced , m any
usef ul param eters have been i ncluded in auto mated systems, but th e subjecti vely-
determ ined present weather  elements have remained essentially untouched.

Sever al m ethods, u t i l i z ing  different  instrum ents , are currently under con-
siderat ion for the automation of present weather. Moroz 6 noted that the rotating-
beam-ceilometer provides distinctive return s during rain , snow . and fog, and

that these character is t ics  are al so apparent in measurements made by a lidar
ceilo meter .

Interest has also been evidenced recently in the possibility of identif y ing wea t her
thro ugh the observation of forward scatter of a laser beam . Earnshaw et a17 in a

3. Hill , A. N. ( 1966) Au tomatic Weather Stations in the U . S .  Weather Bureau —
Past, Present, and Immediate Fut~~~~ Technical Note No. 82, Automatic
Weather Stations , WMO No. 200 , TP 104 , WMO Geneva , pp. 19-37.

4 . Hill , A. N. ( 1975) Automated objective observation techniques for present
wea ther  ele m ents , Proc. Wi’I.IO Technical Conference on Automatic
Weather Stations (TECAMS ) , Washington, D.C . , 14-19 Feb. 1975 , (W MO
No. 420) .

5 . Tahnk , W. R . , and Lynch , B. H. ( 1978) The Development of a Fixed Base
Automated Weather Sensing and Disp lay System, AFGL-TR-78- 000 9 ,
AD A0 54 805.

6 . Moroz , Eugene V. ( 1977) Investigation of Sensors and Techniques to Automate
Weather Observations, AFGL-TR-77-0 04 1, AD A040 747 .

7, Ear nshaw , K. B. , Wang, T. , Lawrence, B. S. , and Greunke , B. G. (1978)
A feasibility study of ident i fying weather  by laser forward scattering,

- 
- J. Am. Meteorol. 17:1476-1481.
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t e c t nt pu bi i t it  ion i e sc  r ibt ’d these  oi l  i - i s  t o  d i f f e r e n t  t at e  c le a r  ai  i - , ra in , 511 -a •

hai l , .in i fog w i t h  a l i - i I t  i-pt - laser  i l i s t  i -u n cut . P r e l i min a r y  t s e i - v at  ions led t o

i t -  suggest ion t h a t  gu t - l i  a I t ’ t I i i i i q u t ’  is fea s ib l e . I l a  ‘‘ic r, l it ’ re l iabi l i t y  of  i d e n —

t e \ - i i i ~ p r e c iF i t a t  I I  t v ( l ’ -. s t i l t aa , i i t s  aSs t ’ssn io tO t t ! I ( I Ul .~ t I  - l l t ’i - t i o ! i  of more

-.~ t i t her  ( la t . I  at d i f f e ren t  St ’:iSo!iS of the vea l  and at vat - it ’d locat i to. .

T hi s  r ep ! I l t r e s e I i t ~ j , -e l ( m i f l a r \  - s u t t  of :- e sea i -ch  in d e t e r m i n i n g  I l I t t ’ (-

t i c k -  ht ’ ohs, -i ~ a ion of w e a t h e r, i i .  i i ~~ an a u t o t i m ited  a rm y of weather  sensors  In

~‘ InjUti t Ion w i t l i  a d e ci s i o n  t r e e  pi’ oizra! i .

2 ~ri;i ~ F ~THER TIST F AC1l.l l’~

1-or  t he  ast  t w o  v e a l - - , t he  A t  r I i- - i’ Geophysics Laborat o i -y has ope rat ed  a

W t - ,it her  t e s t  ‘ a~- i l i t v  \V ’I l ’ \  at O t i s  A F13, M a s s a c h u s e t t s, w i t h  a threefold  ~‘b i ec —
lvi ’ : ( 1 to St c i i ’ as a t a s e  for t e S t i n g  new sensors for A i r  Force use; ( 2 )  to

p ro vi do a . iat  a base I a: - iv c a t t i e r  t I  r e ca st ing  techn ique dt ’i’e lopi icr i t  ; and 1)

serve as a p lat  f r oi  -tm iv h u h  t o  !, ‘St and i m p r ov e  weather  au tomat  ion I i i t ’t hods . . A
itt c : .1  con f i gura t  moo of the ~.u- i 1it ~ is s how n  in F ig u r e  1. I t ic cen t ra l  a rea  is a
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s i n iulated a ire raft  ap i r -~ t h u  t’ t i e ~ th  I nst r u t i t en t o d  t a - i i’s p r o v i d i n g  a m d , t em —

pera ture , dew point and ~‘is i t i ( l t t v  rn e asu i - i- mt ’ Imt  s t t  heig hts of a p p r o x i m a t e ly 60 rn ,
30 in md 3 ni (A , 13, and C’, respecti vel y) . ‘l’here a r e  t w o  ins t rumented  30-rn

a ems ( P and Q) b le a t  i’d (1(1 m i i  each s ide  of t he  s i n i u l a t  i’d approach .‘~~ r me’ . At
the  sou thern  cr11 1 of t h e  zone lies in ex tens ive  a r r ay  ( N )  of ground — I : ts t - d  w e a t h e r

i n s t  i - mu m e m s

A I ) t l r t c  200—channel  d a t a — l I ~~~~er int e  c d t  i t t - s  aLl  serusi rs ever ’,- 12 sec I w  m d
se t s  a re  in t e rr ogat ed  ‘ ‘v e t -v  4 S t - i - I , and s to res  T h e ’  l i l t  a i n  n iagnet  u’ t ape . I ) :It a

t a pe s  at -c  then (I i t . ’ sst ’ i at h a r m s - - :  A FT-I on the  A 1-GL (‘DC 6600 1 . m l t ( ’ i - .

e d i t e d  f r -  i n St r u m e n t  malfun ct i l li , and i - on v e i - t e d  t m i - t t ’ I i - l I i t i & -al  Un i t s .

3 I)FSCRWI1ON OF ~I l’OMkTU) SI~\~ OR~

‘rhe m a i n  r , ’as n f o r  R U t ( I n i a t i l ’ t i  f t h e  ) l t ’ S t ’ t i t  a i ’ a t t m c r  w a s  I i f lt t ’g t - , i t i -  i t

i n t t ’  M .AW .S as par t  of the  t o t a l  t i n t  m i t  i i  of t l i t ’  a v i a t i & I t l  wea the r  observation.
Since MA WS c nct .p t  na Iv cons i s i s  ‘f a s i i i ~lC Inst  r ’un u e n t e d  toa  em (50 m m )  and -~~

h i - .- . - Inst  rurnent e d poles (3 ml  al m~’ the I I  i i  r u n w ay , t h i s  c o n f i g u r a t i on  a is

~ i t i u l a t , ’d  at t h e  ( 11 is Wi I- . R e f e r r ing  to l” igur e  1, nt ’ t t s e i ’ i ’i ’ s  the ver tica l
a r r - a v  of i n s t r u men t s  I n  (‘ -a c i - A as S I - I t o - t e d  I I I  t h e  s t u dy , It in c l u d e s  b - m c i - v a —  .

‘
ions of w i n d , t e m p e r a t u r e , l i - m v  a u n t , and vj s i h m  1 i t s ’  I t  fo ut ’ l e v e l s  (16 , ~~~, 48

and 57 m) .  ( round t :is,’ I inst t ument s (at 3—rn e lei’at 1001 ii ere located at the  N
s i t e , a h or ’ i , ’ n t a l  s ep a r -at  i l l  t I  290 rim fr o m  E’ ow e i ’  A , I n s i st  m n p  ~-f a t i p p i n g —
l i t - ket  r a in  L t : I i ~t ’ , til ’ I h l t ’ I ,  e tc  r , back 5 - I t  h r  m e t  i i ’ , f o r w a  i’d sca t ter  meter , and

t i  t t - a n sm m s s - :-:~-t e -s .

3.1 Tran~,tie~ ,,,,icier

l Ime I r a r i s l i i ss l m t ’t e  r ( l ’h i : \  N~d , t he  s t a n d a r d  A\V~ v i s m i m i t v  sensor , i n e a s i m  I t ’S

atml sphe r me t i ansmiss  ion of l ight  along a l i N e d  pa t t i  bet a een r o m e - t a r  and re-
ce ive r . [‘he ins t  r’unient ou tpu t  is an analog vo lt  :ii~t’ iv h i ch  is pi - opo r t mo na l  t o  the

it ’  r t cnt  ate  of the  p ro t e c t ed  li ght beam received it t t ie del ct ’t a t - . This vo l t  au ~t’ is

i h t ’ r i  i - I n v e r t e d  to  ext rnct ion c c i  l i t - t e n t  t o  he compa t ib l e  mm i t h  a l l  o the r  i ’ t s i b m l i t v
sensl ’r s . An addi t ional  m o d i f i c a t  i l l  h i s  been t h e  t ’o r i i ’er s t on  of the i n s t r u m e n t  I

so l i d — s t a t e  th rough installat ion of  a [‘a ske r  ril lIl i t i c a t  ion ki t . Sonic 1’t the  im a ,lor

disadvantages of the si-stem a re :  a requ i - i - m a c l i t  f r  f r eq u e n t  -a l  ib r a t  t o m , a loss
of si gnal in 8 1 1 1 1 W , and oct - as O n a  I t s -  a loss of c a l i b r a ti o n  dur ing ~m i ’ e t - ip it a t ion .
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V:1.2 Forward ~, ‘ali. ’ r Met er

i h m i ’  F:. G. t,t l~,. F o r w a r d  S ca t t er  ~1eter ( I -  ~5l I w i l l  i l , Ut- discussed at lengt h

as it has i , - i t  desc l ibe l ifl i I - ~ ai1 -I  s t  ‘ t t - c  
8, 9 It m e a su i -e s  t b -  i n tegra ted  s m - a t  —

t I  r i n g  C I t _ h f  i C : I . ’ t i t A  ( ‘( ‘Ii 20 and ~0 of  a II,, ,va i d  d i r ’- - t - -1 optical  beam , w h i c h  is

t t t t ’r i  — ‘ tii’ ’ ’ t t i - i t m  e x t i t m t  t u l ,f l  c l , e f f i c : e mt , ~~S S U t i 1 i l i g  ~~s- abs orp t ion  is neg lig ible.

A d - . i t ’  ;l;~~l
- t-- i t t ’ the I - SM i t - l i u d l -  its s i i i aU  a i t -  i - a - ~c- of ca l ibra t i on , and ins t a l l at ion .

T h -  - td :  m a r y v I ’ :m r s  of , Ir ’ra t io! m , ‘t  i- I - ~~~ has ‘ m e d  t~~ be a reliable and accu-

ra te  i n s t r m u m : ( - t , ( f l -  mr - l i t ’ - : , i t o - i  e v er , is  t h l  - s e n s i t i v i t y  1 t ower  mounted

l’~~Mt s t o  I t g i . t  S - a t t i - : c - d  f r - m a i - I - f l , -  ‘ic- s u i h a ’ ’ S l O c St l : t in t i c - m r  t i c - i d  of v i e w.

Since the p~ u t I l e :, is un i que for  a ~~i ’ i t~i m  hei ght , location , and t i me , I t  can u sual l y

b •  c or _  ted }~v a i t -  - a a i - 0

3.-I B~t’k ~, 1, t t , ’  \II t l ’ m  
- 

-~~~

f h i e  1 : ) n l sp k : v s m o s  \‘ideogi ’aph 1 - . 11)U) is a v i s i b i l i t y  meter  which  measures

the a : :  ra mt of l ight  b acksc a tt er ’c - l t r ’ mm a p m - o em t o ! -  into a vh t ,si-nsit ive receiver
located ~ h : ‘. t _ -  t h i -  : - - - -i  o r  . The m o t i l e  of in terse - t ton f the projector and de t ec - —

m r  pr  -H r - -a a srm , :pie ~~~
- ‘ ‘ ‘ - . to g  volume that  extends from 2 t~~ 30 m in front of

t he n s t r u r a t - n t . A d v a n t a g e s  of i t -  i n s t rument  are ‘ ., large sample volume , corn-

pa - h design , 0 1 -abe  of n a~ l: ’ t ’ ’ . .  A p r i m a r y  d i sadvantage  10 is the inherent  -~~~

‘ - t a  r a t e r  t i c  of he \‘ D L  0- rece :\ e en1 ta ~~m - t - d  b a ck a c a t t e r  f rom fa l l ing  snoa .

Thus v i s ib i l i t i e s  - b ra ined  in aro ma - u n J i t i - - ::S a n t -  b u : r ’ - r -  than those reported by a

hun’ an ohsem - - ’r  or t i r e  l- S5l.  II  - ‘. ,~- ‘ ,o ’ r - , t h i s  cl am ’ ac t e r r s t  ic -x i l l  h i -  used t m advan—

t r i g ” -  in  t h e  decis ion  t ree  r I t g ~ ’a rms .

- I . I \ e’pliel onie ’ter

The ~m i t - ’ i ’or logv  sea - U Inc. \ l ode l  1550 I n t e g r a t i n g  \ c-pl r c - h n c t e r  (N E P H )
has been developed in r -k ’r to measu  m - e m~ r e s t m - h - t m , , n  h o  v i s i h i l i t ~ caused by

atm - t t h e r - i m -  p ar t i ch - s .  ,~‘t n  a i r  s a m p le is m n t i n u u u s i v  d r a - m n  through a chamber
.‘.- here i t .~ m o i st u r e  is removed ( t t - ’at t  9)  and th en  i l l umina t ed  b\ a pulsed flash
lamp. The s - t t -r - -d l ight  from all ~ al t e r i n g  angles  is h i - t e e t e r l  b~ a pU t t a ui —

m i p l i t - r  tube.  The signal is averaged and com pared -, v i t h  a “ clean air ’ reference 
—

vi t a m tie fron-m ano t t : l -r  :m to , ’ m i n u l t  ip l ier  looking d i r e c t l y  at the f lash lamp.  This
m e a s u r e m e n t  is t h e n  output as the s c a t t e r i ng  coef f ic ien t . Since absorption by

8. Her ing ,  W ., m l u c : v I , I I .  S. , and Brown , 11. A. ( 1 9 7 1 )  Field Test of a Forward
Scat ter Sie te r , A F C R I  -7 1-0315 , AD A72 1; 995 ,

~~ , ( I m a h i : , D. and Jacobs , L. P. ( 1 9 7 .~) An l- va lua t ion  of Sca t te r ing  Type •

V i s i b i l m t i ,- I n s - t r u n - cnts , A F C ;L - T n — 7 5 - o 4 1 1 , AD BO l O 224T ~. 
I 

-

10. Vogt , 11. ( 196 8)  V i s i i , ) i l : t \  measurement  us ing backscattered li ght ,
.J. Aeronaut .  Sci. 2 5 ( N m i . 5) :912-9 18.
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p a r t i c i i l r t t t ’  n u a t t e r ’  is negl ig ible  at v i s ib l i -  wavelengths , the scat ter i n g coef f ic ie nt
m u on be assu med to be equal to the ext in ct ion coeff ic ient , and thus comparable to
im u e a s u r et n e n t s  made by the  I- SI~l , the VIDE and the TEIANS. The princ ipal
adva ntage of the i n s t rum en t  is that the moisture of the air sample may be red uced - ‘

t h r o u g h use If the heater  and thus the ex t inc t ion  coeff ic ient  due to pa rt iculates

alone t m m a v  l Ie ’ obta ined.

3,5 ‘l’em~~’n~ture-Dewpoint Set

The l-~. G. &C,. Model 1l05-M Tempera ture -Dewpo in t  set provides accurate

measurements  of dew point and t empera tu re. The dew— point  measurement is
made using a Peltier-cooled mir ror  automatical l y held at the dew-point tempera-
ture  by means oh ’ a condensate-detect ing optical  system . The mir ror  temperature,
namely, the dew -point  t empera t u i - ’- , is de t t - i -n i ined  by an embedded platinum
res i s tance  t h e r m o m e t e r , The a i r  t e m p e r a t u r e  is de te rmined  wi th  a s imilar

p l a t i n u m  resistance the rmomete r  t he rmal l y shielded and asp irated . The tempera-

ture dew -point range is from -112 ( to 49 C, w i t h  accuracies over the range of ‘j
interes t  approximate ly  ±0. 26 °C. 1
3.( Wind l)ireet io,i and Speed In str um en t

The Cl imati ’on ics  Wind l’m l a r k  I Wind Set is charac te r ized  by r ioncontac t ing
w i n d  d i rec t ion  t ransducers, a sol id-state  light source and li ght weight sensors.
Its advantages  include low threshold (0 , 22 msec 1 for  speed and 0. 11 rnsec ’ for
d i r ec t ion) , fast response (7 . 6 m of flow n i a x i m un i  for 63 percent recovery) , and
accuracy ( fo r  w ind  speed , ±1 percent or ±0 . 07 msec~~~, whichever  is greater,
and for d i r e c t i o n  ±2. 50), The instrutiietit s operate on a ~~0 to 540° range on the
direct ion system; they have been m o d i f i e d  to inc lude  heat ing elements along the
speed and d i r ec t ion  mounts  in order ’ to e l imina t e  f reezing.  : 

-

3.7 Rmun Gage

A Belfort  Model 5-405 Ti pp in g Bucket flain Gage is being used to measure the ~t. ~
presence and in tens i ty  of p rec ip i ta t ion .  In the w i n t e r  mon ths , the uni t  is heated ,
in order  to measure melted precipi tat ion . The instru m ent has been calibrated to
ti p each t i m e  0. 127 mm (0 , 0 0 :  inch) is received from the 305 mm ( 1 2 - i n c h )  di amn
collector . In order to m a i n t a i n  a check on the accuracy of the instrument , two
Belfort Weighing Bucket Rain Gages wi th  s t r ip  chart recorders are mounted in
proxim ity. 
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1- ’ i gthr e 8. ‘rime Se t - i t ’s o f A t  n n m , I s l m t i t ’ h ’ i , ’ t- ~\u m m u t ’l i t ’ l l  Coeil i e I I ’h i t  ( 1 — m u m  A\’ m ’i’ t ig ’(’s)
M, ’ n u s i u i ’ e’d I’~ 1- ’m m r w a i - d  Su ’ t u l t t ’l  \ l t ’l i ’i ’ i t  t h e  o 7 — i m i  u A — 2 0 0 ) , 48— rn  ( A — i t ’ m 0~ , O h t m — m n m
i A — l O t ) ) t u t m , I  l S — m i u  I A — O P t  I ev t ’ l~ , ‘t ’ ’I ’ , ’m ’,- m ’t ’  A n i n m t  at the 3 — r n  ( 1- SIl l N~ I m ’’,’(’l 0 i i ’

Gt’ ,mu i id  S u I t ’ N out -h —~~ \ , ,vcc- u t m u ’r 1n 178 d ur i ng  1-’o~~. I - A  A \\‘o t u I t u ~~i’ (‘al~o ci ’v -,m t t o u  ma , t ud ~
at ( u f i s  ,-\ 1 1 4  n u t - .’ p l o t t e d  ah , ’vt ’ t h e  I (m m ’ n u x i s

hazt ’ for the  e n t i r e  h o t - i t ’ d , t u - i t l m  ~~i i ’i’n u i l i n g  ~- i s m u I ’ i 1 i t v ‘, ‘a lu t’s v a t -  i u m g  f i o t i m  , m i i i ’ I , ’

s i x  t mi ih ’a . -m

( I n c  oh ’ t u e  f ea tures  Ic be noted ott  th i s  I s’pical fog cat so is t Is’ a-i l i ’o t tg  i’m’ i - I  I , ’n u t

g r a di e n t  , ‘f ‘ , - i s i b i l  i l v  t mm ’lwt ’en  t h e  3 n i—leve l  IFSM N tom ’, or  (‘i,ii’\ ’ t’) and the 07—n i

l c v , ’h I A  —2 0 0 upper  t ’ t l i ’v i ’ ) . ( i t ’ sm i g t m i l i c t u n l  i n i l m l ’ u ’ t n m h i l ’t’ ar c  the laii’ gt ’  aut O i ’ n l l t i d

fltictuatiotmo of ‘,- is i t u il i tv u l m t u i 000 t ’m ’ ,’ l i u ’  I l u i ’ m h t g  tl ‘i v m ’— l u m ’ iu t ’  p et’ it ’mi w i t h  h’m m g .

The 5( ’u ’ m ’t iu l  t i u m m e  0 1 1 1 1 ’S Sod ion  ( 1- ’ig ’ui l ’ t ’ h i )  i l l u m o t  1 n i t m ’S t In ’  .‘xt i h u i t I m ’t l  m ’,’m ’ t l ’ u , ’ ient

O u t - l u g  a I m t ’ t ’ i , m m l  of g u - , ’t i t id  l ’g. It ott o he Set ’hl I I m a f  t he  O i ’ n u t i i t ’hi t  ~ f V I S m l ’ i l i t V  Ot is

~~~~ i ’si ’ t l . The upperiui ,mst t i l l ’ ’ ,  1’ 110W dcnm ~t m ’s t h e  s-is  u b i l  0 y at 3 — i i i  ( 1- S i l l  N ) ,

wh o  r e ,u s  m i n t , lm ’ m v m ’ s l  m ’ t i u ’ V m ’ i t ’p i ’ m ’Su ’hi f s t ime 0 7 — n m  level 1:1 O u t ) )  - I ’ h m t ’ I- -I A ,‘bst ’i’ vt ’i’

re ported pi ’m ’v a  th u g  i’is i t ’ i l  I t  ies  u ’ n m t m ~z i t i g  f rom 10 I t ’  14 n i t  los nuumd n oted  ground log

23

- -    _ _



- ~~ — -
~~~
-•

~~~~
—--.

~~~~~~~
— -

TIME SECTION OF EXTINCTION COEFFICIENT
1~ 200 1, ~t m oo  ~ N 50 

~ 
i s,’ ~ 14t~004

c-l I

0

~~ 
-

-~~

~~~ 

I~ 

~ ~~~ 

m
_

_

~ _ i ‘ta!

I

~~T ~~~~~ 

‘

~~ ~~~~~~~~~~~~~~

~~~~~~~ ~~tGF l tc~~ m i  t4 i~~~i ‘
~~~~ l4uGF m - - 

* 4lG ~~’- __—_-,--.-—- ,- 4 — — ‘—+ _ - ———-.-‘.- -— - - m~~ — - —-~~——— _- - , -. ._.__ - -3 i S -

r l ~~~~ I G ” T l

Figure 0 . T i nim ’ Ser ies  m ’ t ’ Atmospheric Ext incti on ~~
‘
~~‘t ’ t’f~oic ut t i  — n r a i a i  A v o  r t u g m ’ i t )

Measured by i- ’tu’w a i- mt Scatter M e t e - i ’  at the 5 7 — u i (A —20 ( 1 ) , 48—i t ’,  (A — 100 1 , 2 :1 — r a i
IA  —100) amii d 1 0—n i (A — 50 ) I , em-e ls  of Tower  A mind at the 3 — i n  ( 1-S i l l  N )  Level ci’
Ground Site X on 4 N o v e i i m b t -r 1978 dur ing Ground Fog

in all quadrants  in h is  r e n m a i ’ks. It is clear from aiim exteuu u uul at Ion ‘1’ t tic e-\t m d  t o a - i

c o e f f i c i e n t  at d i f f e rent hei ght levels t hat the gi - m ’tn u d  fog it-as apparent t o  a o r i m n u i t

degree even nit the 07 - i i i  level (A 200~.
The 1-espoumse  of lii , ’ nephelonmeter was also investigated d u r i n g  pt i ’ tm ’ds ci ’ ,‘g,

: i t i m t  per iods of fog and haze .  Fi g ur e  10 shemit’s a saiiuple period when the l-’AA tv _ us

repor t ing  fog um - i th  vu s i b i l i t  it-s of 2 — 1 ( 2  n a - i m t c s  The 1-S il l ’ s at 3 , 20 t mn m i  o7 mete rs
— I 

( i”Sil N , A 100 , and A2 00) were  re cording e x t i n c t i o n  coeff ic ients  I v p u 1 ’at  u t f  i m ’ g .

whereas  the N EPII  w a s  recording an e x t i n c t i t , i m  coeff ic ient  caused by t l a i ’ t u t ’u l . u u m ’
m a t t e r  oF 4 X lO~~ in~~~ w h ich  is  a n i g h t t i m e  Si- \’ of ab out it mites.

— 24

~~~~~Ii
~~~~~~~~~~~~~~~I~II~ à. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ------.--- - —---- -~~~—-—‘—-‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~



--
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~ Figure  10. Time Series of A t m o s p her ic  Ext inct ion  Coeff ic ien t  (1-rn in

Averages)  Measured  by Forward  Scat ter  Meter ’  at the 57-rn (A-200)  and
29 - r n  (A - 10 0)  Levels at l’ m , w e i ’  A and at the 3-rn (FSM N ) l cvt - l at
Ground Site N and also by Ne ’p h e l o n a m e t c r  (N E P I - 1) at the 3 — r n  I ,evel at
Ground Si tu ’  X on 7 N i t v em b e r  1978 dur ing  l og. FAA W eat h e r  Observa-
t ion are plotted above the t i m e  axis

The f inal  t ime  ser ies  sect ion (F igui-e  11) shows the v a r i a t i t a h m  of ex t inc t ion

coef f ic ien t  d u r i n g  a s n o w s t t , r n m . Cer t a in  s t r i k i n g  fea tures  are ir n nm e d i a t e l v  appal ’ -

ent . The v e i l  ical v a r i a t i o n  of v i s i b i l i t y  as i’cp i-csented h~ th ree  FSrmI s at 3, 29

and 57 rn (FSM N , A 100, A2 00 )  is e s s e n t i a l ly  7 c r i t , and there  is a r e m a r k a b l e

p e r i m d i c i l y  of v i s i b i l i t y  I t t  w h i c h  each ins t rum en t  is responding. The upper  curve

i-epresents the t i m e  v a r i a t i t i n  of ext inc t ion  coe f f i c i en t  tn easured by the  VIDE and

calculated using the fog-calibration equation . It dramatical ly shows the tendency

of u h e  \ ‘ lDl -  to u n d e r e s t i m a t e  the v i s i b i l i t y  d u r i n g  snow .  It should be noted , how-

ever , that  t h e r e  is excellent  agreement  l m t ’t m v e e n  the VIDE and I - S i l l  in i’ept -escnt-

ing the t i m e  var ia t ions .  The FAA observer in t h i s  case made a commendable

e f fo r t  to keep up w i t h  the rap id l y f luc tua t ing  vis i b i l i t y .
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TIME SECTION OF EXTINCTION COEFFICIENT
I10~0 (~ £ A 100 + N . 01 )  ~ d F E O 7
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Figure 11. T ime  St - i - i r s  of A tmosp h t e t - i t ’ E x t i n c t i o n  (‘ ‘e f f i c i en t  ( 1 — m i i t  Av e i - agm ’s)
i l l t ’asu r - t ’1t by F o rwa r d  Sc a t t e ’r  M e ’t c t  at  the  ~7 —cmi (A — 2 00 )  and 2 9 — n m  ( A — l o t ) )  I c- i - ohm
a t Tomu-er A and  at the  3 — r n  (FS!ul N )  Level at Ground Si t e  N and also k m ’ ,  I l i t h Scat  —

tet ’ \ I~ - ’ ~
- m - ( \ ‘ i  I ) 1 - t ) )  a t the  3 — n i  I c t -el  at Ground Si te  N on 7 }- ‘e l m t ’ u c n ’ i- i- 197 9 du i ’ ing

snow . I - A  A iv eat  her ,ib s m t ’v ni t  i, its are plotted aboi- e’ the  t i m e  ax is

~, PRI ~4 \ 1’ WI ~ \TIWR tWCl ~ IO~ TRI~F. PltOt ;R \M

~, I ,“r ImM ’tio ,I 01 Weather EIenient~
l’ rm ’sent — m I t i ~ - avia t ion  ii e n u t  lit ’ r , bsm ’ i- i -a l  l ou i s  c on form to rules th at n u t’e based c am

ag m t ’d i i ’u i t  s a’ t u b the ’  ‘mVmi i- I d Ill et ela i’t i l ogical  I, ii ’gani zation , in ternat  I ou u a  1 . u t m d dci~ m ’st i t ’

o v i a f  ion i r u f m ’ r e ’sts , as w ell as c iv i l  and m i l i t a ry  wea ther  services. Of I Ii i  r equired

components  that  make up an ai ’utu t  ion iv ea t  her  observation, ~mtm l~ one , w i -o I l ier aim!

‘l’s n m t - I  m , . u m  t o ‘ , - I s h u ’n , is l a c i ng  n m m i m l r e s s e d  in t h is i ’m’poi ’t .
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I” i gu i - ~ ’ 12 i- t ’ I ’ l ’ t ’ s i - n a i a - ,  a l i — u  ‘ I  ,m u ’ , t t m o i  ; t mtv ! v i s i b i l i t y  ‘ , - n - , t i  ‘ - ‘ t r i g & ‘ l t ,’i m u e - u m t s  cu r—
i- , - t m t k in  use.  The ob s< ’ i ’ v t - t -  i a  i ’ I l m i i - u ’ I l  t o  ~,, - 1 i ’ t - i  h u m  t h i s  l i - m t t I m e  u u m , ’ S t  n u ! t l i u - u —

p r m t t u ~ - i t e m s  t h a t  dt’st ’ r a b * -  t he -  u i e - & - u r i - u t m g mm r a t h e r l m k l i ’ i i e i l m t ’ t i n u . i t t ’  s v u n h u i l s  and

tl ~’S e i - i l u u m m’ m- t u t I ,  s t i c- i ’ s , - i I — u - x i u I n u t i n i t & u r - ~~, I t ,  l m ’ m m- u - r  l i s t  i m ’ i u i t c - t l s i f \  s y m n m t a m ’ l s  ar - i -

m n- m ed  in c- m u t U f l c t i ( t m  i i th  the  p i - i -c  i u i t u t  i m m t i  s’m un ib o l s  I i i  i t i d m , t m i ’ ’  l i g h t , n~~m m  l i - r a t , ’ , or
h , - ,uvy . i t i  aug me at , ha il  u:\ ) and i t t’  c i - v s t a u ~ s ( IC) are n c - i  a s s u g n m t - d  any m t m t e ’ u i s i t v .

WEA TH ER SYM BOLS

T Thundersto rm 0 RW Rain Showers
1+ Severe Thunderstor m I S Snow
A Hød SG Snow Grains
IC Ic e Crystals s~ Snow Pellets
lP(W) Ice Pell ets (Show e rS ) 0 SW Snow Showers

• L Drizzle S ZL Freezing Drizzle
• R Rain S ZR Freezing Rain

OBSTRUCTIONS TO VISION

BD Blowing Dust • H Haze
BN Blowing Sand D Dust

• BS B lowing Snow I F Fog
BY Blowing Spray • GF Ground Fog

• K Smoke S IF Ice Fog

PRECIPITATION INTENSITY SYMBOLS

—— Very light

• — L i g h t  • Absence of sym bol
indicates moder ate

• + Heavy except for A and IC

F i g u r e  12 . Sv u i m b o l s  or Wea the r , Obstructions to  Vision and Precipi tat ion Inten —
sit ’,- . ( ‘l ,tsc ’c ] c i rc les  opposite sv im ib t ’l s  denote in u ’ I u s i o im  in the Present  W -a it }mc- r
Program.  Open circles d e n t t e  inc lus ion through observational f requency.  (From
Federal illc’teoi’ological Handbook No. 1)
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l ’h i e~ c i m a i l l t - i u g e ’  i~~ m au t o n u a t i u ’ i I  is I h i ’  I t i s i - r i u m u n m a u i  m I t  i i f  as m m m a u n v  of t I m , ’ s r  i ’I er n e nt s
slm ,a mm- t u in i- ’ igu u - t ’ 12 as possililo . ( u s  i m li’r-altl , - aii’ gu rm i c- n I u ’ , u u i d  I t , ’ g t - n e ’ i - n u h  i - i l  ‘ i i

tl m ,’ p r’ i uui- itv iuf  flu e individual ,‘ Iu-m m m i-um t s aut id , i i i  S u i r i l e  - a u s c ’ s , fli t - t i t’ u i-Ss jfy . Suffice

it to sa that at ( m u - m u ’  l u l l  t , iimnili’ d am- i - a t h e r -  p i -og i ’an i  sh m u u l d  i n u - I t m u l i -  thund er-storms ,

ha i l , sol id pr’eci p it a tii u im , arid finall y liquid p r’t -ci pit :f m , m u m . A lmm i si u - t’hst i - ui-i i o i m  to

i - i & m i , ’ u m  pro gram s i m , i t m l c i  m o t i f  a n t i  eli ’ m n m c - u i t s  to  d e ’ t m m f c -  v i s i b i l i ty  i ’i’~ t i ’ i u ’ I i u m uu b y s O s —

l 0 ’ m m m l t ’ l l  p a m — t i t u s , fog, I t i t m i - i n g  s r m t m t m ’ , and l a l m ’ a m - m u u i ’  in t l - f i t - l e a .  ‘ h I m , ’ p i - e i - i f i i t a u f  I , I m

m m m l  i ’ r i s i h i  s v u m m l i , i l s  d c - n i h  ir mg l i g h t , i m i , , m l c ’ i - n u i i ’ , n u t i m l  l m c n m v v  a ix -  a u l s o  i - s , a e n i f  i a u l .  (‘ a i l - e - t ’u l
t ’u u u m , — t i t h i ’ n a u t i , m t m  u ’ h  the i i u a t i - u n m e n m t s  and the pr ’ e l m i u m a i ’ ’- a i t i a ly s e s  l i -m i to t hc  i ’ h , uj t ’ c  i i

th e  t ’ler ’cuents t o  be au to m a t em l  by the ’  det - i g i l u r l  t i - i - i -  ~I r - o g m - n u m l u . ‘l”louse s c I e t - I  i - m I  a t-c

nma r ’ ked  w i t h  at closed ci i’ m - ic-  t i s t  t o  the l e f t  of l i i i ’  i ’ i e nm en t . I )~ eu ’i c - i  i c ’ l u ’ ~ at  i - c-

p iac’ecI liv u a l  in s l i u u m v e r s  and sno w s l u c i w t ’ u ’ i-i I t ’  m l t ’ n i u t t  u -  pat -t ia l  coverage because
,a lm serva tj on ~ tm -er -c to be m a n I c -  t i m  a rim i u u l i f  i- — t o — n m  in t i t e  l a t i n - m i s .

The t w o  rm iajo i ’  e ’ l e n u en t s  U t l m i I i m - t i ’ i ’ v ~ d h~- t h e  a t m t t m u i i n m l  ed progra m a cre t h u n d e r —
S t o  i - I l l s  and ha m i i .  I )c’vt’1o~ u u m i e t i f  s in th is  a i-ea , l l l i n - a ’ V u ’t ’ , a u - i ’ con t inu ing .  Inst i - u— - 

- ‘ 
-~

nients for t - x a i n m p l i ’ , h am - c’ been dea’i gt n’d t o  m t m e a s u m ’ I-  t i m e  u m i , m n m c i l i  m m m i i  i n i p a r t cd  to a
i) lat f ocm by a hailstone af r ike .  One i n st ru imi e nt  i h u ’Sc ’ r i lm c ’d  h tiennis cI at ’ ‘~ nppe alu - s
t i m  be u ’aipable e u f  auti  m m m d i t  in . Several  p~~ 

a (y e t hunde r s to rm w a I i i  n syst en is  n a i v e

la- u - m m  cit’s i gn e-d and a i- i ’ avai lable , i i i  ad d i t i o n  f o  the ’ bet t  i - i ’  known n m u m l m t a s s  i i - c -  a~~a-m t u - n m ,
1” - ‘Ir a d a r . ( t r ip , des -r’ ibed by Petrocchi  and Paulsen , ~ consists of an e l ect  i ’ t t S I  ni l  i i -

and an c-It- c t  romagmiet ic mlt’ t O i t m  t i ’  c’lmamm ,’l u -lu c-k m Ii i c S i l f  S a - c m n t  in U u i u s  i i i  c a m s  u re  of

I m u u ’al e l ec t r i c  I ’ i c l m l  s tr engt h ant i  w h i t - l i  a lso t , t t m t m t  a l i g h t n i n g  s t r ikes and di ’t - i ’ i m u  (t ies

t h e i r ’ d i~ t a t m c ’ c’ from l i m e ’  a - t t ’ n i s  t t’ , —

~2 Ob8t rw’ii o ,I to \ iuIuhi Program

l- ’igure 13 i l lus t rates, by n u-au m s  of a s imp l i f i e - i l  l’l~mo - d i n u g u - a i m i m , t i l e ’  I I ,  - m  a m i u u t i

t ree program wh ic h  is con upu- isi-m I of I ii - , ma ‘ a t ’  phase’s . TIm e ’ c d m ~~t u ’ m m , ’l m en I , ’  i ’ i s i t a i

phase , shown at the top of F igure  13, i n i t i a l l y  c ot m aide ’I ’s  t h e  m u l c - n u s u l - e m m i e n t  ‘f ’

ext i u m , - t i u i m m  m ’ i u e f l ’ i t ’ i e n i t  t o  d e ’ t e r - m m m i n ( ’  i l ’ I i i , ’ v i s i b i l i t y  a le ss than  7 i n i l u ’ -m I l l  k i n ) .
Gr a n t e d  that  it  is , an examina t ion  oh I In ’  dew — 1) 11 1 111 sp r - c - auc i  det ci’iutiu ic’a it- t i c  l i t - i ’

t i n t  p r -o u ’eeds down t.iut’ ‘ ‘dr - v  or ‘‘ moist ’’ b ranch of t he decision I u i - c ’. A ic- li mpet— a —

t u re  dew — I m o i n t  spread grea te r  than O0(~ d c ’ l i t m e s  d ry  condi t ions , a i f t c-’ r w h i ch  t e a s

a re maid , ’  m a n gust iness, vert  (cal p r o f i l e s  of ext i t l ct  i t ’l l  c ot ’ ft ’i c i i ’uil  aimd r m u ’ p h e h o i i m e t  er
values in c) r-der h o d i s c r i m i n a t e  hnu -,, c ’ f rom blow i t i g  l u s t , u, i i -  in  s , , u l m  i -  i a u  si’s , hi m m i V i m u g
an ,  1W. Ii ’ the ti-m u a’ c’atu n-c dew —poin t  spread is less t i t an fi °C, (lie n the ‘ l i m o ’  is

14 . Dennis , A.  S. , S m i t h , P. L. , Peterson , G. A. i’ . , and It lc N , ’ i l , H .  I ) . (11171)
l -la il stoni ’ si ~~ ii 1st r i  but ions and equ iva len t  i-ada r i-c ’ f lee t  i u i g  frui t m ’ i i i  c~ ‘ m u  l a t h i ’ ,!

~ f rom ha i l stone  morn  er i t t i nm records , .1. ill et enrol .  10:711~~h IS ~

15 . Petr occh i , P. J ., and Paulsen , W , I i .  (19 73)  I d  thi~ g~~~an ’ n i n ~ Si - I  l i - c t  b i - I l i l  -

A 1 c H 1 — ;  H— 7 : I —0 370 , AD A 770 0 14.
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b t l  t a  a , h i ’I er ’ m ( r r a t  t o u r  ‘1 t h e  i - eu - f  k u - at ! g ra uahn’ u i f ,‘I e xt  n i t -I l i m o  t , ~ , i t  m , - i e n i t . if
the u im p , ’ r ’ u r i , m s t  ext  i n i , - t  u , a u u  ‘ , ‘i - l F u , — i i ’ u i t  i s  u — u g u m m i j e ’ a m n t I ~ - hc ’ss h u i t m  pet’ i - , ’ t i l l  t l t : u tm  t h e
l , ’w c ’n ’  then gr ’cnin d fog us  - s c I c ’, ’t i’d nra  t i m , ’  , a h a s f  ‘ l i - f ‘ u i  I m p c  - I t  t h e  i i l a l ’ u ’ m ’  l e v e l
ext ( r O t ‘r i  t ’ , a ~ ’ t l ’ie ’ i e ’ u m t  i s  s i u m m i l a r ’  I , ’ , m i ’  g m - e a t  i n  t h a r t i  f l u e  l a m  u - i  l i t  i -I  , -~~ l m u m ,  t m o t t
‘ a ’ c ’ P ’ t m c - i i ’u i l , t hen  tog is ~ c’I i ’ , t i ’ m l , l’e m m u l m e u ’ a u u l m i - u -  t , ’s f s  a u ’ , i l s , a , , an s i ’h - a ’ u ’ , h t , m

dete i’ r m i iu i e  t h e  r a t - c  i ’ m - emi t  , ‘ m  m a ’  fog .

~ :l Pr~,,ent We~(lwt Program

l ’h m e  p i ’ e s i ’t l f  w i - nh li ’ n -  ‘h l n t s i ’ ~ a f  t h e  le t ’ i~ i , , r t  I m s - u ’  ~\I’ t a g  r a in  - shown i i i  i i i ,  l , - o , - r ’
half  of l - t g c u i - c’ 13 , is at ’t iv a t e d  l’v ,uuie  t i l t  , a f  t t ~ - healed I t p ~’ i u u g — I m u i , - I ~pt ra in  gag i ’,

A ~‘ a u l r d r t v  i ’ i r r ’ , ’It r-m accompt ish m ed h a e \ t n i m l t i u i l u m g  t I n ’  pt- c h i l e  of four’ cxl i t m c t  ( ‘u t  c a t - i  -

f i c r cnt s  a t um ,i requiring that aiD lm e g i - , ’ ; m u i ’t ’ t h a n  1. -I \ lO t im i ’. l ’ h u r s  i- a l m a , - mi tt -

dcter—iii i nie’ ,i et m r p u  n ’ i u - a u l l v  (h r— oug ht  e x ; u u u t  i t l a u l  l , a t m  , m f  ext I l l , ’? I ’l l  , ‘c I  I m , - i en l t a i l  mu t a l u s -  h u ’ d  4e a r l i e r .  l’hi’ nii’x t st e p  is t i a  , i , ’ t e t - i m u m r i e  t h u , ’ l i q u i t h ~‘ r u u m i ’ I t e t i  P m m ’ , ’ ( P i t a t i o r n  m l i f , - l t s u i i
f rom t h i , -  u i u t - m i a c ’t - ar id I l i i i , ’ of ’ , ‘u ’, ’ t u n - u eu \ t - i ’  ot’ i-ai im l ip s .

Wh en  ri ’’ ip u tm thion is ,lr ’ferr-mmi nied t , ’ in’ n t t u md r- t - at fp 01’ l u u ’ a , ’, - m  - a f ’ i i m p ~ - u  a i f  t i i ’ u

u - h O - - IC is t m e n u  mat h’ 10 sepai’ate l u - c ’,’; m ug  fi’ i’~~~i l i q r n i , l  l a i ’ c’ c i h i ( f  i l  i o n ) .  l f  I I i , ’ l m ’ m m p ’ e n ’ m u -
l i i i’,’ 15 0. ~a~~( e m’ htn tl hmu ’ u ’ , ut u t n i is  i d c ’ u i f  i l’o’,i ar id  a f ina l  m c s t  m a  made I , ’  m I t - u m l m  N
a l e n i d y  rain on’ nain ah ic ’mve’ u-i- i , If the I e m i l l a , ’ t - nmf O l e  15 i n ’l , -o 0 , - a ’

e~~, t i - c u  S at m u ’ r i - c —
ioi’ tmne ,i f u u  ‘ i e f e ’ n - m u i u r m c ’  w h e t h e r  tile mu’ i- ,-l l i mf u t  m ont is t a 1’,- m ,I, ’u mt m l  m~ ’m i  ~~ s u m , ’w ,‘n i i - , - , - —

ilmg rain . if the cxl 11ic1 ( i ’l l  e , a ’bt ’ j c ’ i c - t m t  k- f i ’ u ’ m u m i t u u ’t l  h a y  t h e  V I O l  is ,~ u 1 ; “ - a ’ ~ i ’ t P  P i m ~~ t t c u -

than the I- ’S~\l vaultu, ’a-t , 5ti~ i~\’ iS t u i u u i f l t i t m l ,  If time to- ,’ ar — c a ) l a l a m - ,~ , l n m m ; u u , _ h \  i ’ p m , u l _ f l i t ’
pn-ogracuu selects f ree;  m u g l’ a u u u m  i v u l k  I tie l1revl, um5l ~t , h u ’t m e t  tiled mmmu emm a- o h v. St m , aim
i t u t e t i s i t a ,- ( a-i ih ,’f r ’u’ mi mtn m, ’ ih h a y t- l s thihmfv ‘‘t n t i ’ i -ja i’ ui f ail ’ lia m hic - d ii’t f lu ’ h” ederai ~\ l , ’Ii ’ m a u  o l ’ t —I g  -n , a t  I I l a t n r u h i a ,a ,a k ,

1mm t ime cats , ’ il ’ l ight  l m l ’ i ’ t ’ i p n l t i t i , a m i , am l i s t  of  I c m t m p a u m ’ l f l a a  t ’  m s - I n t l  m m - i ’ I , - t f a ’  I i , ‘ c ’
l h m i ’ i ’ c t u t a l d  si~l a : m i - a c t i ’ s  li quid pr - t ’ i ’ i p t t  n i l  ( ‘0  fr-oem t i u e  f i ’ i ’ e ; i u m g  ‘n ’  f n - , a ; , ’ um I i  

~
‘‘  -

~~~~ t ‘ m u m  —

Pri i ’ i S O f l  , a f  the i- ’Src l and T H A N S  ext l o m ’f m , a t u  ‘ , a e t h m ,  u - h f , h m ’ a t - e t ’ t m s  d t ’ i  -‘ _—b ~’ f m - c - - - ,
If the 1-SM value u s n m o i - e  than le a l ’t ’l ’ a u - t i t g u ’ t ’ a i f u ’n -  h a i t i  the l ’ h l - \ N S  v , u i t i e  I t o - u i  l ’ t m l u m
us  a - ui ’ le , -t r a i ;  o t h e r - w i s e  dr’ i a ’;lc -  us  u m e l e , ’ie ’ ,h , \ V h m , ’u i f i ’ i’ r - - m r u g  , ‘n ’ f m - , ’ ; , ’ u m  o m ’c , ’ m l a a a :-, u

- - u s  ; ‘t ’( ’sert t  - a Siu ~~i l a u -  set of f i ’ m m l s  t~ amu ~ ’olui p) i u a 1 m -m h t , ’ h i  l ie  m emo iat e ‘re;’ t ui ~Z n ’ ;eim
arid lu ’ t ’ e 7 r u i g  d i -i t’,’ie . A fuui’thc ’n- t est is n e t l I l l i ’ ,’,! t a r  an, , mm’ , c v t u i c ’l t  is s i m m u m I m u i - I , - t h e
1,101-; vs I- ’SM le a - i f d c - s c r i h a i ’cj in t ime ~~~u ’ t i , m n i a m  p a t - agn - ap h .

5,4 ~~ampIcrr iii Ohs~r~*tion~
‘Time di ’ t ’i~~lon I i - u— c pu’ u) g l ’am m pn ’ , ’c i r n u - ,’s ri m i l m t i l  p — l a t -  — i i i  k i t u te , ‘t ’se r ’m - a , l u , a u r m - m ~f

weather -’. These m i  t t i t ’ n t  an - c ’  l a c i n g  i ’u l l m i l i t t t ’Od ~~u t Ii f l i t ’ 1 a 10 ’ I -r i t  ( c a t t a i l  o , -a t l l i i i

1G . ~~cd iii Mc ’tc” ,’i’~~tu ~~ ic—ri) hiaum ,ib ,a, ak No. 1 II ~72) Srui’ fri ,’r’ u m i m u m et - v a t  m , a n ) s , , \ 3
S n n p e n - i r m t  (‘ In h e r i t  , , f  l ) , au ’ u n r m m , ’ u i t s  ~~~~ 1 ’ ’m - i- ’t -nummc ’n t P u - m t m u g  i ~l ’ I i c ’, ’,Was h iu m g l , an , I), ~~~,
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u ’h a s e t’i a r t  h a i l s  u m i a c l e  ( I i  l- ’A.A (‘ u i u t t i ’ e l  I’ t ats’i’ j h ( ’n’s u u n i l i c ’ l  at ( t h i s  A1”lI . Two 1 —hou r
saniples of ti~,- pr’iu gu’au ii ‘ 5 output  wr ’u’ e s, ’I , ’ct ,‘ ui  I t ’  dem onstrate the 1 —n u n
t a l a s e r ’v a t  (out s  deduced by th e  decision I ran ’ ’, to  i l lus t ra te’  I he c’u ar up ar at ive  FAA
obser -vat  ions ; and t t ~ show the  program ’ s responsiveness I i ,  chang ing  wea ther  and
i t s  s ta b i l i t y  in ho i m m u g en u e t u r a  cond i t t  oi ls

The f i r s t  sample  a i m ,  ‘cv t i  in Figure ’ 14 , u ’u , i  ui r iunm 1, denote-s l i r e  I i  t ime  of u ,ias e  u v a t  —

r t uutmr to the nit - ti i- i -st ru m u te ;  co lu i imrns 2 th r o u g h t are 1— ri m in avi -r ages  of
ext int ’l i t ’ l l  t ’ u ac ’ ( f t c  l e n r t  I \ 1 ~ —4 

iii 
— 
~> measured i’~ the i”SPul at fou r li-vt-Is c f  t,’cv ci’ A

(A 2 0 0 — e , 7  r u n , A 150— 40 rim , A 100— 2 9 in , A 50—I t ; rh and at X— 3 r i m ) .  Column 7 is
the ‘I’ RA NS ext (net tor i coeff ic ient ; columns 8 I hm r ca ug h 17 sin aum - t ime-  I —m in avi - n-a - u gi ’s
u a f  t e r m i p e r a t u r i - ( \  10°C) at t h e  i - SI l l levels  of t i u w  i r  A , fell Iu ’w i , h  by the  G n u  l ie ’ r a t  —

t u r e  u l ( ’w — p o i n t  d i  Ift ’  r i - r ic e ’ n u t  t he  son ic h r e ’i  g i r t s . (~ , a lun m i r i  18 is a I — rim in c c a t i u i t

of the  n u r m u h a i ’r ’  c ’f  t i p s  zumad c ’ by t h r , ’  i ’ a Gu i  gagi ’ in n ’ r ’s pu r r s i -  I t ’  pi eu ’ i p i t a i l r~ m ni .
, o iu i m in  19 sh~ mut- s t ime ex t inc t i on  u - ,a c f f i c ’ i, -n i t o I ’ t a u i u m i , ’,i f t - o m i t  t he  N E O n .  ( ‘u a l e r i l i f l  20

m l i s p iav s  t he  VInE e x t i n c t i o n  coe ff i e ’t ent  t ’h s ,-rvat  r , ot , Column 21 s how s  the
,iet i’m -mi mi ninth iofl by t h e  dec is ion tree ’ of r esent wea ther ’  and /ou’ c~hst i - tn -I i ott t 1 ’

i t s  ea t i  . I ’ hm e ’ last c’olumn sh ow ii I he r i e se ’nut iv cat hue -u’ caLlse ’ m ’,’a u t ( c a l l s  t aken (ay I hue ’ I - A  A
, ‘has e ’ u ’ v e ’ n -  d u r i n i g  t h i s  h o u r .  S~-n ib o i s  sh utamm - rm hei’e d e n o t e  r a in  ( H ) , h u ag I I- ’) and
, i n r ~’t ’ le’ ( i 1 . 

—
N i m t , ’ the  low c ’ x t ( u m c ’ t i u m t n  u - ua c ’It ’ ( t ’ i e i n t  (g al v isi ic i h i tv ) cant t h e  f ,’uv u’r tc,’Iuuiiui s 2

t mu - u ’ m m g h i  a) d u i - i n t g  t he’ f i r s t t h i u ’ t y — f ’iv , ’ u r m i r i t i t e s  1 u f  t im e  i i unn r , fm a h l owe d  lay ant a r i ’ n u r p t
increase if about 203 11 1,. ‘l’ im e me - c ’ a t t i me r  pn ’o g r a n m m  , w h i c h  lmn im i tact -ni r’ e ’la u a n ’ t  m u g  No
W e - a i t b u e r ’  ( c n a l  2 1’t v e r ’ m I ’ieci time— d au tau  as v a l i d , si ’n u n i n i e ’ c i  t h e  t e t i i p e ’ i a u t u i ’e and n m , ah ’ ub

ar range b~ tw& ’ e ’ nr 17 . 3
c) 

t u ’  18. 1
t - w i t h  u h m v  —pc in t  sp r eauhs  b~~a 2. c ’ tea  i . ii t h r e n i

ci ie ’ m ’k, ’ii arid found no i m n ’e t ’i p i ta t  i t a n  a n n i e l  ch m , ’ se  fog (1” ) as t h e  obsti ’uct m , ’ t i  I c  v i s r o m i .
l’ mm- ,m um m inu t , ’ s  l a ter  the  f l u - s f  r a in  t (p  u a c ’cu i ’ i- ,’a h  ( t ’ u a l  18) a m i d i’, t t i t i i t  at l ’i ’tt - i~~i i m t i f ’ - s

imioderm ut , -  t a  in cv it ii fog was t abs , - rve il . I i e n u v y  rat in ( H a ) cv as t a l a s i ’  u - i - i - h  t cv m u - i ’ d u n -  ri g
the  henii ’ and dr ’m ,-;le ul i ru ’e’, at 2 0- 12/ .  i’hu e ’ i- A ~1 i ah s , ’ i ’m e’r m’ i - u~,a u i I i ’ d  ‘ u n , ’ cab ~~i ’r i - a th  m , ’ tm
dur ing the  hour nut  20557, , Son i C’ 12 nuif l t r t  ‘s m i t t  c’r m m l , m l i ’ l ’ t l l  i ’ r ain  sl am i-I i - i , t u m i d  i t
o n u s  im iua u i r ’ n , i t  i ’  r a in  mi- i t i n  lu g. Out , ’  i i c i t iu’  e ’ n u m I i t ’ r ’ , a t 11155/ , he had u ’ in’ uan ’de d \~
11 enmiii e’r us brad t ime p u ’ t ’ se ’ lmt  ~i- t ’e i t I m c ’ r  p u ’ t ’g m - a mmmm .

The second i-xaurupie , I”rgtii’t ’ 1 :’, shita uvs dcl am u -o ilec’ted t a i l  7 N , a i e r i m I a , - t- 19 78
hc ’tce - e’eni 0200 am id 0300/. N,at c imer’e t l ie i n n ’  n-eats,- il l  i ’x t  m m i t - t i , a u m  u - t ’, ’ f f i u - i , ’ i m t  iv it  ii t r u m m i ’
and ire ight , the  t coupe ratur-e n’anige ia-t iv in t l  1 2~ airid 13 ’ (’ alnd t ine dew — p i l  Ott api-cad
of 1 ’’ to 1. 5

0( , P~ or inus s i gn hat - l i t ’ ,’ t he  d~’ui’ —pu ’tiif spm’ e ai tb is tr’ cotu ’u i its Die c-quit-a —

lent c a I 7 C’ ro tenmi pe u-nut mm cc cit—it- — lat a i tit  cli  I’fe i i ’ nic’(’ . Hat iii ci id mm , a t  t a t  t ’ iii ciii n’ (rig h im , - h itati  i -

and t I m , ’  N i- 011 u’ ,’m ’u a n’ded ant t’xt inuu ’ iica n r u ’t’,’ff it ’ iont due t u a  pa uirt -It ’s , a i  4 \ 10~~ ~~
‘rh uns tiu’ Inremu c— n it i%’t ’n it im t ’i’ program u h i ’f er’n m i(mut ’’I l i i i ’  pt’(’st’m ic - u ’ of li’g m iii lu ai ,u ’ c ; m , I l

imuinu ti - cm f time hour, ‘i’iim’ i” /t A i,lau-m i’r’vi’ u , a m t)2ea5/ , u i ’ u ’, a m ’ , i , ’ c b  a , u m  , ‘ i a a - m e u vc t  m , f l  t h u m a f

ru ,’b i — u i  log ~r l e , t t e .
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3.3 Prelimiiiary

The capac ity or the present weathe r program (PWP )I that is, the decision
tree methodology, to specify objectivel y the present weather element has been
examin ed, using dat a gathered at the Ot is WTF in Nov’ernbe r 1978. The objective
est imates were compared to FAA observations taken 1. 5 km east of the WTF.
The FAA observer , as well as all other obser vers , Is required to take a record
observation every hour and Instructed to time the observat ion of the various d c -
ments , allowing not more than a 15-m m lapse between start and finish. In add i-
t io n~ the t ime noted on the log is the t ime the last 4 and most rapidly changing
element is observed. Thus , for the purpose of this veri fication , the PWP obser-
vation wa8 taken as representat ive of the 15-mm period prior to the time of the
FAA observation .

The November 1978 results for the obstruct ions-to-vision phase of the pro- ~~~

‘ -
~

gram are summarized in contingency table form in Figure 16. No precipitat ion
verificat ions are presented because the frequency of occurrence is so low that one
complete year of data would be required for meaningfu l results. In the discussion
of Figure 16 , elements of the matrix are identified by coordinates; for example ,
F/FH , which coordinate designates the column (FAA observation ) and row (PW P
observation ). The table is comprised of seven elements , together with no weather
(NO WX) arid no observation (NO OB). For the purpose of simplicity, elements of
the matrix will be designated by coordinates that denote the element determined by
the FAA observation first t ot fog (F ) ) .  followed by the PWP observation [of haze (H )J .

The principal diagonal (Figure 16) , which contains nearly 85 percent of the —

dat a , shows the number of hours reflecting perfect agreement between the FAA
and PWP. No further analysis w ill be made in the case of H /FH , FH /H , FH /F ,
F/FH , or F /GF because a common element is present in each of these. The
areas of concern are those that do not contain a common weather element . In
examining the data that made up the F /H and H / F  element s, one notes the prin-
cipal differences in the visibility values. In all cases the visibi lities reported by
FAA and PWP were lower in the F/H element than in the H /F.  This leads to the
possible explanation that the human observer exhibits bias in the choice of fog at
low v isib t itt ies , and the selection of haze at high visibi lities.

An examination of two elements , NO WX/FH and NO WX/ F reveals that the
FAA was reporting vtstbUi ttes durin g these per iods on the order of 7 to 8 miles .
It was expected that differences of this type would occur at the threshold (less than
7 miles) that requires an obstru ction to be reported. A similar reason was noted
on the two elements , H /NO WX , and F M /NO WX where the FAA observed visibil-
(ties of 5 to 6 miles 4 whereas the PWP was recording sensor equivalent visibi litie s
of slight ly more than 7 miles.
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FAA OBSERVATION NOVEMBER (978
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z c t n t a l  st ;a i - a t  j a i l  t a t - I t t  t’en I h~ I - :\  ,-\ an ti t i l t ’ \VT~- ’ . ‘Fhe , an S e t  u t ’  a &~ I , a l i i i d  t a g  \t~~l i’i

i n - s t  t ’l ) S t ’T ’\ ’C ai  at l i i i ’  W I ’  I- and somewha t  l a t u ’l at  the  I A:\ . i f l i a l l \ ’ , t i l t ’  N t 1 ( 1 1

r , a o , t oget h e r  n i t  ii t ’ ’lunm ‘ l t ’ t i ~~’i i t s , t i t ’i I , al es t h e  ~l i 1 I , ’ t i i l t  of t i n t e  dun ’rng  t h i s  p a r —

nt -u t  an ’  month  t hat tabs  I ’ l v , l I  ons 1 o n e  not a\’ ii i1~ b lt ’ fi’ om the  n’esp(’ a ’I n y u ’  St tUI’ (’OS.
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6. CONCL.I SIo~ S

l~i i t ’  u ’x t t ’n i s  i v t ’  an  n a y  of a t n t o n i i a t  t ’ a i  n e a t  i n t ’ n  st ’tisot ’s ope rated at t i i t ’  \t - a t l i t - a
l’t ’st l”ac’ i i n t v  at c, fl is A l - ’fl , Mas sat ’hu s t ’t t s  p n - ov i d t ’s an ext - i - l i t - nt t a i n t t , a i l a l  i o n

de t a i l ed  n n v t - s t  i g a l  a l l  ol l i i i ’  a u t a ’ a a i a t  i n  of a v i a t  n -n i  n t - a t  t i e r  obsert-at t a i l s . I ’ n - e —
l in i i  inn n ’y a t n a i ~~s n s  o U  ( l a ta  - o l l e t ’l i ’d d u r i n g  N o v em b e r  1978 has ( lC n ln ta i lS t  i’nt 0( 1 t he
f e a s n b l l l t \  of a u tom a t In g  th e  a t t - t t ’ n n i a i n a t i o n  t a t ’  t h y  a a i a s t  n ’ l l t t j a a ! l  t a t  \ ‘ t s I u a f l  ‘l enn ie t i t  by

means of an t th ,1ea -t n v e  a l t ’ a n s n a t i i  I i t t ’ pn - og n ’n aa -

The dt ’a - S l a t i l  I n ’ t ’ t ’ i~ l O l t ’ du et ’  is  i l t ’ n n n ~n t ’ ai  I 1a t al t o ad~’a nt age t a t  St v( ’t’al u n i a l t i t ’ l \
d i f fer e n t  responses t a  t h e  s a i n t -  t v e a t i i t ’n a h t t n a a a n n ’ i ia  h v a - u ’ ni a i n  n t - a t t n - n ’ s e n s on -s

p i ’ev n ou s lv  i’ e ’ t ’ a g n n - ~’ a L and quant  n t ’ied. I’ht ’se nne l ud t ’ rhat’ a t ’tt ’ n ’ i s t  i t  a t l t t t ’ l t ’ n a t ’s

be tween i i t ’ a s u n - t ’ i i a t - t i t s t n ’ u a n i i  t he  !- ‘t’~\I and \ ‘ I I ) i -  L i i  S i l a t t i  - t he  i-~~ \ i  ~a t l I  Ti~ -\ \S  i i

n - a m , the  i- ~~\ I  and N i - P 11 t i n  h t a g and t in t ’  s i m i l a i - i t v  bet n eon them i i i  ha .’e , t u e  t a t i l  - -

t r i b u t i a s i  of vt - i - t n t -a l g a - a l a - n t I s  t a t ’ t ’\ t i t l a ’t t , a i l  c a a t ’ H i t t t i i l ~~ nfl  t~ ag Vt ’ a S U S  g i o t n i t t i  t og —

doe n s n t - n s , and al hua’s .
In - t a n t - l u s n t a n , i t  t in s  t a ,’t ’ t i  a l C O t t - l i s t  i - a t a ’d t h a t  s i g in a l s  t n - t a u t  an au t u a l l i a t e d  a r i ; i \  - -~~

of tt’ ’~iIht ’ i  St ’ i t s ta i S  w i t h  d i f f e r i n g  n t ’ S i a l l a a u ’S to  t in t ’  same n t ’at  l i t - n -  p t i a ’n n a a u i t - i n a  u -an
ta t ’  used in a deu ’ a s n o n n — t  re t ’ a ’ a i i a i a t i t , ’ t ’  t i o g l : n i u l  t o  a l t -t nt i ~ t i n e  a t a t  l a - I -  t~~I a t - . l l i t ’ s u ’

p r e l i t n n n a a n ’ ~- r esu l t s  show t h a t  c i t - a t -  a u - a t  l i t ’i , fog,  g i ’ a a t a n a l  t a g ,  ha ,  e, and r a i n  a - nil

be ide n t i f i e d  b~’ the aI , ’t ’ i S l a a ti  t ‘Ci ’ ai ’ t~g i m .  \ o i ’ l l i t a t  i t ’ l l  a l  l it ’  \ e a n ’ s a l ’st ’ n \ - a —
t ion lay  the  PWP w i t h  t t i a a ~~ t ’  l a~ a ’ t l  by tin ’ I- ’:\~\ I~~ t n n i d t ’ n ’  a n . Th n s  a t l l  hi ’ t iii ’ ~ t a h —

,J e t ’t of a l a t e r  i t - p a n t .
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