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In t roduo t ion  

Sinoe t h e  10,000-foot o h a r t  has become g e n e r a l l y  aooepted a s  a  use- 
f u l  instrument  i n  t h e  p r e p a r a t i o n  of b o t h .  short-range and extended f o r e -  
oa.Sts, r e sea roh  &irect;ed a t  improvemnt of t l ~ e  teohnique f o r  oons t ruot -  

Prognos t ic  10,000-foot o h a r t s  r e p r e s e n t s  a  p o t e n t i a l  o o n t r i b u t i o n  
toward b e t t e r  weather  f o r e c a s t s , .  One suoh work of researoh  r e s u l t e d  
i n  t h e  method whioh has been t e s t e d  i n  t h i s  i n v e s t i g a t i o n .  

prev ious  work i n  t h e  development of methods f o r  f o r e c a s t i n g  10,000-f o o t  
o h a r t s  has  been based l a rge  on e x t r a p o l a t i o n  technique ,  exCept f o r  
t h e  o 0 n t r i b u t i o n s  of Rossby . The *method t e s t e d  i n  t h i s  i nves t iga -  
t!on involves a  more phys i ca l  b a s i s  t han  pure e x t r a p o l a t i o n  s ince  it 
a P ~ l i e s ' t h e  p r i n c i p l e  of conserva t ion  of v o r t i o i t y  t o  a r b i t r a r y  i n i t i a l  
s t reaml ine  p a t t e r n s .  1% represen t s  Rossbyl s  ex t ens ion  of t h e  t h e o r a t i c a l  
cons idera t ions  involved i n  h i s  simple harmonic wave formula i n  o rde r  t o  
d e a l  w i t h  t h e  i r r e g u l a r  flow p a t t e r n s  g e n e r a l l y  observed on t h e  10,000- 
f o o t  o h a r t .  

The b a s i o  premise gu id ing  t h e  s tudy  of t h i s  method was a b e l i e f  t h a t  t h e  
most ob jeotive eva lua t ion  of a  new instrulnent i n  f oreoa s t i n g  prooedure 
i s  obtained by mews of a  complete s t a t i s t i c a l  a n a l y s i s .  This  a n a l y s i s  

mY make it e a s i e r  t o  dctoj.de whether o r  n o t  t h e  method should be 
inoorpora ted  i n t o  a n y  s p e o i f i o  f o r e ~ a s t i n f ' ,  syStem* 

Many f o r e c a s t i n g  a r e  d i f  f i o u l t  t o  eva lua t e  s t a t i s t i c a l l y  
exQept throughe a v e r i f i c a t i o n  of t h e  oomploted f o r e c a s t  I n  suoh oases  
it i s  almost impossible t o  d i f f e r e n t k a t e  between t h e  o o n t r i b u t i o n s  of 
t he  a n a l y t i c a l  and empi r ioa l  f a c t o r s ,  s ince  t h e  f o r e c a s t  o r  prognos t io  
o h a r t  being v e r i f i e d  r e p r e s e n t s  a  syn thes i s  of many components. The 
o Q n t r i b u t i o n  t o  be expeoCed from t h e  use of uossby ' s  t r a j e c t o r y  ;nethod 
in  o ons t ruOt ing  10,000-f oo t  prognos t io  o h a r t s  i s  oompar i t ive ly  e a s y  t o  
determine o b j e o t i v e l y  by verif i .oat ion of t h e  winds which a r e  f o r e o a s t  
by oomputation. . 

This  i n v e s t i g a t i o n  was d iv ided  i n t o  two ma'j~r phases,  t h e  f i r s t  be lng  
ooncerned w i t h  a b t a i n i n f ~  a  l a r g e  number of t r a  jeotory-computod 10,000- 
f o o t  wind f o r e a a s t s ,  and t h e  aeoond be ing  oooupicd w i t h  the  s t a t i s t i c a l  
v e r i f  i c ~ t j . 0 ~  of t hese  f o r e c a s t s .  I t  i s  t h e  purpose of t h i s  

.. 
(1)  'The s e + e r a l o o n t r i b u t i o n s  ( ino luding  the  m t h o d  analyzed i n  t h i s  

r e p o r t )  w i th  examples of t h e i r  ~ p p l i o a t i o n  t o  synopt ic  meteorology, 
a r e  oonvenie,ntly s u m r i e e d  ' in S t a r r ,  V.P., "Basic P r i n a i p l e s  of 
Weathgr Forecas t ing ,"  Harper and  Brother ,  1942 
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+ e p o r t  t o  descpibe  t h e  work done i n  t h e  p r e p a r a t i o n  of a  s u f f i o i e n t  
sample of d a t a ;  t o  e x p l a i v  t h e  breakdown an]. v e r i f i c ~ t i o n  of t h e s e  
and .toe p r e s e n t  azd  d i s c u s s  t h e  s t u t i  s t i c s  oh ta ined  f r o n  t h e  a n a l y s i  8 

1. O r g a n i z i n ~  t h e  I n v e s t i g a t i o n  - i----t_..-*--.~, , --- 
This  s t v d y  of Rossby 's  proposed t r a j e c t o r y  methoa W Q S  under taken  a f t e r  a 
n ~ m b e r  of l(i,On0-f00t g r 0 g n 0 S t i ~  c h a r t s \ ,  prepfired t h e  G n i v e r s i t ~  of 
Chicago on the  b a s i s  of  $ r a j e c t a r y  pomputations,, were foupd to c o m p ~ r a  
f e v o r a b l y  w i t h  t h e  observed cord , i t ions  ; 

I t w a s  decided %O t e s t ,  ' t e - ~ S e f u l k S . s  of t h e  nethod when a P p l j e d  t o  dflt5 
c u r r e n t l y  , r e c e i v e d  6 y  f o r e c ~ ~ s t e r s  i n  t h e  United S t a t e s .  cho ice  of a 
summer per iod  was Fmpo,sed hy t h e  n e o i s s i t y  of s t e r t i n g  t h e  prof;rem irme' 
d i r t e l y .  It sppes red  t h a t  whi le  t h e  &armally -f,feab f l o - ~  p p t t e r n s  .o f  tiu@' 
wou 'v  be a  ~ i e n d i c a ~ , , . s l ~ h ~ ~ ~ , h  most f o r e e a s t i n %  procedures a r e  a t  a simi'sY 
'&.ssdvantage i n  poo.rly de f ined .  s  i t u c t i p n s  , any f aPoroble f e e t u r e  s s t i l l  
showing in ~ o s ' s h y '  s rte,thod would, be q k i t e  impress ive .  

19+ I2uring:the p e r i o d  c o v e r e d b y t h i s  i n v e s t i g a t i o n ,  June 30 t o  J u l y  23 ,  5~ The U n i v e r s i t y  of C!!ic?go oon-bributed. t h e  p e r v i c e s  of a. man w e l l  versed 
t g e  khdory an$ p r a c t i c e  of the mathod, who pave i n s t r u c t i o n  6nd e s s i s t e d  
i n  t h e  t r a j e c t o r y  computations ~ n d  p r e p e r a t i o n  of . p r o e n o s t i c  . 

' e In ,  t h e  o r i g i n a l .  program, which c a l l e d  f o r  t h e  c o n s t r u c t i o n  of proe.nOstl 
c h r r t s  on t h e  h t i i s  o f  t h e  computed wind f o r e c ~ , s t s ,  it was a l s o   pro^^^^^ 
t o  s tudy t h e ,  ' ~ r  oh?em of o b t a i n i n g ,  t h e  i n t e r r e l s t i o n s h j  p  betvrean 10 J ~ ~ ~ *  

f o o t  ofibrts and S ~ P - l e v e l  weather. a m l y s e s ,  A s i m i l r r  t r e e t m e n t  o n  
above p lan  was o u t l i n e d  concerning t h e  a p p l i c a t i o n  of t h i s  metho? to 
f ive-day mean, c h a r t s r  . Ho~~eve:r ,  .$hip r e p o r t  .deals   ole l y  w i t h  t h e  deilY 
f o r e c a s t s  of 10,OQCkfoot winds and the  s t a t i s t i c a l  a n a l y s i s  of t h e s e  
f o r e c a s t s  . 
I n  p r e l i m i n ~ r y  phases o f  t h i s  i n v e s t i p a t i o n .  of.+er .&,ashy ind.icn t e d  the 
p o t e n t i a l i t i e s  pf t h e  t r a j e o t a r ?  method,, it a ~ u e a r e d  t h b t  R s t a t i s t i c a 1  
a n a l y s i s  of t h e  10,000-foot wind f o r e c a s t s  would be  d e s i r e h l e  .in order 
t o  form d e f i n i t e  o r i t e r i s  governing t h e i r  use  in c o n s t r u c t i n k  propno s t i o  
c h a r t s .  Ac tua l  exper ience i n  p r e p a r i n g  yap-nostio chc.rts demonstxattjd 
t h e  need f o r  such c r i t e r i c !  an? showed tho t jt would he u n s t l t i s f ~ ~ t o r y  to 
e v a l u a t e  t h e  t r a j e c t o r y  method th rough  v e r i f i c a t i o n  of t h e  o r n g n ~ 6 t i c  z;@P 
thoushnd f o o t  c h e r t 5  , in'  view of ' t h e  f j.nite ' e  lement s of-  cont inui*y J 

q u a l i t a t i v e  p h y s i c a l  rea'sonj.cg. 8 nd a l t b j e c t i v i t y  ihcludod., ip thg i r  prec 
p t i r r t ion .  

'i;'k,en t h e  s t a t i s t i c a l  t i n a l y s i s  of t h e  computed w i r  d f o r e c a  f o r  t h e ,  J L ~ ~ Y  
p e r i o d  was cox  ~ l s t e d ;  cons idereb le  .work had beon clone i n  811 d i v i s i o n s  of 
t h e  o r i g i n & %  progrrrn, but it seotned'hest  t o ,  r e p o r t  on  s t n t i ~ t i C s  it 

k3 hand s inoe t h e y  show t h e  arnobkt' of  p u r e l y  o h j e o t i v e r  i h f o r m k t i  on+ hvnilcb'  
t h r o r g h  use of Hossb!?'~ t r ~ j e c t o r y  method i n  c o n s t r u c t i n g  10,000-foot 



pro,nost ic  c h a r t s .  F r o  1 t h e i e  s t a t i s t i c s  fo roc ' as te r s  m y  d ~ c i d e  w!lot&r 
t A l o  mctl~od shov l d  be incor ;~ora ted  i n t o  t h e i r  "cc chnique and may fortnulate 
c u r  t U i n  c r  i t c r  j.a t,ovl;rnil:~ i t s  usc , 

2. , Tj?e To:;: Thousand Foot  I!'diild T o r e c a s t s  
" ,- .. . . -. ... ". -..--..-.-... ..-.. . 'rune 30 - J~, I>-  2 5  -.lg&F-'--'"' 

_._ -_ .- ...- -. --. .-" 

Tlzeau forscct ; t s  w2ro vnde d n i l J  fiurji-; t h e  abovo 173riod 011 tile ~ E L S  i s  of 
t h ~  '2;U~l E.E.T. 10,000 f o o t  c h a r t s  ,>rep:..r.i:d i n  the l'jve-Da, F o r e c a s t  
2,. c t i o n ,  TJn:t ,d  St r t c s  "Tt32nthr B L I ~ G ~ u . .  T ~ c  ~nccl?anics of the p o c e d u r e  
f r o l ?  t l l ~  r c i ~ c i ; i c ,  + of p o i n t s  f o r  co47v(;ation t o  tile cornpletcd wind f o r o -  
Cast  arrj d ~ s c r i b e d  i t 1  Rufcrencc I (poLcs  2$~-7u), On tllc avcr&.gc abovt 
1G  ti^ j , c t ~ r  ic,~ - i ~ 1 3  c ~ ~ ~ ~ u t c d  d a i l ,  s n d  cjxtondcd sc.vcn d a ~ s .  Usua l ly  
ar.0~116 or  t,  c  ,mi -t s s c l r ; c t ~ d  fell or1 tile uxos o f  wel l -def inod 
c v r r ~ l : t s  a.;cI lrcre cx-tc.i;od to v c r i ~ y  f&. i r lg  ~ r c l l ,  s i l -cc  t::e,, m c C  t h e  rc- 
q v i r c i r e n t s  cf ti-,d the orc t i c e l  a s s v  r,,$i-ions, Tnc b a l a i ~ c c  of t h e  p o i n t s  wart 

m@rc d o u ~ t f ' L  1 o r  ~ x ~ , , r i  j ~ n t a l  i n  i a klro duo to t h e i r  l o c a t i o n  i n  a r e a s  of 
scan tc  d & , t a  o r  i n  L300r1d def i i icd  cur3 ,:~t B s o u t h  o f  the main ~ r c s t c r l i e s .  
rcuch c f fu r t  t~~ s t h u s  sLjcct  c o ! ~ , u t i , ~ , ,  tick3 of q u e s t i o n n b l c  valve and c::- 
t r z ; ~ ~ l a i ; i ~ ,  b~ Lo 21.1 cxccss ive  longtl l  of ti ae, b u t  it was  do;^ i n  t h e  a%- 
'tern,~t "c obtai r l  i. n ~ x i m u m  of  rr~illd f o r ~ c ~ s t s  s i a c e  t i lc : ,~  d a t a  v a r c  t o  fur -  
?.lick! tile sfi:,is for t:;c s t n t i s t i c c l  pLaal, s i s .  



The wind f o r e c a s t s  were h l so  grouped occor i ing  t o  tl-,e pos i t i on  of the corn- 
putut ion point  i n  r e s ~ e c t  t o  t!?e f low pe t t e rn .  Po in t s  chosen s h e r e  the flO' 

had mximum curvbture wefa ch l led  cu rva t~ l r e  poin ts  and poin ts  chosen at 
minimum curvature obre ca l l ed  i .~flection-points.  The e f f e c t  of the inf t i t . '  
speed of t he  t r a j e c t o r v  on t h e  v e r i f i c a t i o n  wc,s s tudied by dividir,g the 
poin ts  i n t o  ~ V J O  cln s s t  s . F;t& nus  taken os  Bocuf 6 or r r e c  t e r  e i d  

a s  LIeaofort 5 or l e s s .  I t  vras o l so  decided to inves t iga t e  the re la t ionship  
between t h e  ve r i f i c i i t i on  and t h e  i n i t i a l  angle $ t h a t  t he  t r a j e c t o r g  m&tde 
w i t h  t h e  l c t i t u d e  c i r  : le .  The e f f e c t  of the geographic l o c a t i o n  of the  
oorni11 t& t i o n  point  918s s tudied ?y considering the  v s r i f i c t  tion a s  % func t ion  
of t he  l a t i t u d e  ~ . n d  longitucie of the point .  F i n a l l y ,  for  wind f o r e c a s t s  
beyond tzr!enty-f our hours i t  vre s  possible  t o  inve s t i gc< te  the  ver ific: t iorl 
as  a f foc t cd  by  t h e  v e r i f i c a t i o n  on the  previous di-ly, s ince  prelimj.nury 
inves t iga t ions  hc.6 s~lgpe s t ed  t h a t  if a  p r r t j  cnl ; , r  tr; j e c t o r y  v e r i f j  ad 
a t  tv~anty-f0v-r hours it hrd a b e t t e r  ohrLnce t o  v e r i f y  su~saq l , en t  p e r j . ~ d S '  

The vcr ious  c r i t e r i a  mentioned ~t3ovc arc  n o t  independent and t h i s  f a c t  
should be kept  i n  mind when i n t e r p r e t i n g  tho  s t c ~ t i s t i c s .  F~~ e rmp ' lu ,  t he  
r e s u l t s  fou 1d -when oompc r inp  good points  against; poor poin ts  w i l l  be - 
nssocio;ted with the  comprrison of-- f$-jst po in ts  c rc ) ins t  slo.~ po in t s  d n c e  - -... 
it vJas found th: t  a  predomin~nce o f ' f c s t  po in ts  wore cr . l lod  good . . --.,. - .-..- - 
Alth0 it VlsS imprcct ichl  t o  e s t i n r t e  t h e  independent e f f e c t  t h e s e  
vario1-s q u a n t i t i e s  on the ve r i f  i cu t ion ,  i n  most c ~ . s ~ s  7~h;.rC tho  i n t e r ~ ~ t i O n  
of these  f ~ c t o r s  wi th  the W r i f  i c a t i o n  was i nves t iga t ed  the  c h i - t e s t  
non- s  ignif  i can t  va lua s  . 

j. The S t a t i s t i c a l  &2al,sis . . - - - .  -- . - . _  _ _ . _ .  

The agreement of forochr t  $!it; o>~se rve?  values ynac ~ ~ a s ~ r e ~ ~  by two 
s t a t i s t i c s .  The f i r s t  of there  j.8 a s lc i l l  score V~hic). i s  ,;!earnre& bj . . - - . , . . c a l c r l a t i n ,  the n r lbe r  of co r r ec t  f ~ r a c ~ ~ s t s  as a ,e rcentnge  on the  
betvieen tlie nuiber r i&t Lj chance 6nd p r f e c t  forccact in;  i n  lvllyhich a l l  
a r e  cor rec t .  The ot1ic.r . ,easv.re ~ s e d  -to cva lua te  a>i, : ir ldividval fo recas t  
the  absolute  e r r o r ,  com$~.i.,e6. 'b;- t :.;i.c.$ .t::,,e d i f  :!'orc;lice betweon the  f  o r e ~ a f  
a ~ . d  observed values witrioct regard t o  s  i;*~n. Various t15;:ts o f  s i L n i f  icanc5 
-ifere use?. i r i  the  aii.sl,sis of t h e  dilta b u t  0 ~ ~ 1 2  the f i L a l  r e s u l t s  arid a  
s t a t eu~en t  r e ~ a r c , i ~ : g  tlie s t a t i s t i c a l  sii:'ificaoce bre i isc ,ussed here. .  yh5n 
the  formal t e s t  of s i g n i f i c a ~ l c e  gave a  value of ti:e i jrO'babili t j  Wo; i te r  
than  .C5 the term i -~oo- s i , n i f i ca r  i s  used. A p o b o b i l i t ;  bctlveen .O? and -01 is r e f e r r ed  t o  s s  s i t i . i f i c a r i t  and a g o b a b i l i t ;  of .01 and l e s s  i s  

-..- - .. - .--. ...-- _ ca l led  highly s i ~ i i i f  i c a a t .  
- .  -. . .  .--. .- -..._. 

A. The - V e r i f i c a t i r  -- - - .  -- r l  of 11,iild Uirec t ion  
- -- -..- - 

The ~ r o c e d r r e  used i t 1  the v e r i l i c a t i m  of lirbd d i r e c t i o n  i s  i l l u s t r a t e d  by 
the  tabulat.io: S shnv:n i n  i ~ b l e  1. T l x  : core i s  43 and tile average e r r o r  
2.Q on t;le 32 y o i v t  iilfl.ci s c a l e .  The e:-cess of observed number ribilk over 
expected nu, ,her ri,lLt; i s  ili,l?lJ ~ i ~ n i f i c a n t  . 



Table 1. Tyiild Cirect ion V e r i f i c ~ t i o l z  For One Day Forecasts 
A l l  Points  

^I._I_____" -.._ _- ----..* +-- -.--._. .I _.__^. 

Forecast Direct i on  

12 dc 16 18 20 22 24 26 2d 30 32 Tota l .  

2 1 2 1 4 

4' 1 1 

6 1 1 2 

28 

30 

32 

Total 



Table 2 gives a  sur?;ary of t he  ve r i f i ca t io r?  f o r  all poin ts  fo r  p r o j e c t i o n s  
of one, two, and th ree  days. 

Table 2. ;iind. Di rec t ion  V e r i f i c a t i o n  Summary f o r  A l l  Po in ts  . -- - - --- --- . ...- - - - "  _ -- 
pro jec'cion Score Aver a ge Number of 

_ _._. -- -- ----- - -. --- Error  -- Observations - . ,-,.,--*---- 
Days Fercent Poin ts  

1 L?Y, 2.82 171 

AS has been ~ & n t i o n e d  above, One b r o u p i n ~  of tho da ta  Wac a  d i v i s i o n  i n t o  
cha r t s  having w e l l  defined pa t t e rns  and those hiivirlb poor p a t t e r n s .  cons idor' 
ing days one and two  under t h i s  c lazF i f i c a t i o n  a  score of 45 f o r  &ood 
c h a r t s  and SO f o r  poor cha r t s ,  ti15 d i f  Cclrence oein;, h iLhlq  s i L n i f  i c a n t .  
When a  ~ l a s s i f i c a t i o n  Was made (,ood or- poor) of i r d i v i d u a l  po in t s ,  rebardo  
l e s s  of t h e  t: iJe of c h r t  O n  vSnic%'.the join3 appeared it was found t h a t  p o d  . -- poin ts  v e r i f i e d  b e t t e r  t han  poor poin ts ,  the difference baing highly  
s i g n i f i c a n t .  Table 3 gives %k% scores  f o r  good and goor poin ts  and uiegs ~ 1 ~ ' ~  
t he  f i r s t  two day pro jec t ions  a r e  co:;lbinod. -- .. - -- - 

Table 3.  '-!ind Direct ion v e r i f  i c a t i o n  Scores According to -.-- ---..- ----- - . -"-. - - _- 
m a s s i f i c u t i o l ~  ___I___ _ of MaL~  and Poin t  - ~ i r s t m o  D n p  - - - .I_^----. -.- ".-.--- .*---.-- -I 

Comb ine d , - *--. . .__ - ._" I I -. -. -- --.- - .^ 

Charts 

Good Poor 

Points  Good -- 5 5 

Since t h e r e  s e e ' s d  t o  be a d e f i n i t e  tendencj f o r  the  000d poin ts  t o  b e t t e r  than the  poor points ,  v e r i f i c a t i o n  f o r  ; t h . f i f t h  and 
--A. sixth days was ca r r i ed  out  for  the '300d poin ts  only. The r e s u l t s  a r e  

---.- - summarized i n  Table 4. 



Tablo 4. 'Iiind Di rec t io r i  V ~ r i f i o o t i o n  f o r  Good P o i n t s  Only . .- - -- -. - --.. --. .---- - . -.. -.. ---- -- -. .--I .I-I.--. -X . . --. _._ _ _ 
P r o j c c t i o i l  Good Char t s  Poor Char t s  Ciood and Poor Char t s  IJurnbor of ~b.. 

Scorc  Score Scora  A v o r a ~ c  s e r v a t i o n s  

--.--- -- -. E r r o r  . . . . .  .. ........... ..............-......... . ..--. -- ... ..--.- --.. ._$ 

D r y s  Porccnt  Pe cs iz t  Percqnt  P o i n t s  

Tab16 5 suizmarizcs t h c  d;ta f o r  t h e  f i r  s t  t l i r ec  da;s n c o o r d i r L ~  t o  the  
;)csikio,-. of the orii i i-c.1 i ~ o i n t  i n  the i ' lon p a t t a r n .  iyo s i g n l f i c a c t  
dif.?croiLco .,:;as fovnd botr,rucn curvature: ::nd i n f l ~ c - t i o n  p o i r t s  i n  t l lc - -.--...a- s------ *-.-- - . 
v ~ r x f i ~ a t i o n  o f  ~ r i n i i  dirc;ct ion 

Pro j s c t i o n  ---. ..-. . 

Days 1 i, 2 36 % 

1;i;lcn p r o j e c t i o ;  s of 0 ~ - 2  and -b,-ro d; , s  vsurc co:.$iALcd, poi:lts Izclvin~ an in i -  
t i a l  s p e d  of Boaufor.t or  , r , ,nt~r v o r i f i c d  W i t : ;  avcra;c Scorc  of 39 
3rd -thosl, wit11 ~ lmrrdr  S E O L ~ S  had cn ~ ivc ra t t :  scoro  of 33 .  This d i f f c r c n c c  
i:, not s i ; ~  i ; i c t i c t . l l s  s i ; ,n i f  icciilt. 

The of t: 5 in j , t i i . l  anf,lo (ZI t h a t  t:lc trC.jcc'korj. n h d ~  :riC-h t h e  l a t i -  
t u d G  circle I I J ~ ~  s t [  died bg coin$utir.t t~. t  c ~ r r ~ l : ~ i i o r ,  c o c f f i c i e n t  bc.br~ecn 
tilo an. l o  $Y , Ild. t :: r ; u b s c ~ ~ ~ c , ~ . l ;  e r r o r  i n  d i r i c t l o n .  Thc c o r r ~ l n t i o l s  
sriJcl:ifi c v r , r i ~ v s  grov,Js arc prcsorrtcd i n  T ~ l b l ~  6. T110, i n d i c a t e  n dQfi- 
p.itc tcl ddu7cy f'or tr6 j c c t o r i ~ e  h a v i  -tg sinall  avlglcs vriti? thc  1l-tj.tado c i r c l e  
t o  vor iP;  b e t t o r  .than t ~ z o s c  hi vi;l& 1:~r~c. a n & l o s .  



~ a b i s  6. Corre la t ion  Coeff i c i c n t s  Reixrecn I n i t i a l  A n g l ~  -- - - ----.- ...̂ .A_ - ._- - _ _.___. _-.--.....- - --- 
And Subsequent Er ror  i n  Direct ion.  - - . - -  . -- _-- --. ..-- . -- ..-___ _--+ _I_----- 

Projec t ion  Curvature if lc; c t i o n  

.----- -- Po inks .-- ...- -- Points  
.-<.-- -. 

Days 
1 -44* .23* 

* Sisnif  i c a n t  
** Bithly Sic,nif i c a n t  

In  ordcr t o  stud) the  e f f ~ c t  of l o c a t i o n  of ttlc comi,~~t;a'cion p o i n t  on the  
subsequent vor i f  i c a t i o n ,  corrclutiorz coof f  i c i e n t s  werB coiq~uted betw:en 
th3 e r r o r s  a ,d  the  1oniitv.de and  l a t i t u d e  of t he  point .  T l i i  c o r r e l a t i o n s  
f o r  thc vuriaus ~ r o v . 2 ~  a r c  ,3rcscnted i n  t a o l c  7. 

Table 7. .-...-- Corre la t ion  of Er rors  i n  Direction :dith Lat i tude  -___.-"-- - 
rind Lo nbi tudo of %K6-'-&;il,,\I,t%%';ibnn P6 in€. -- . . . - .  . 4 . _ ^ _  _. " _. _ ___. - .. I. -.. .-- 

i'ro j e c t i o r ~  
.--- - - - Curvature -.- .-. Points  - .- - I n f l e c t i o n  Poin ts  

,- _ -..- . 
In 0iiY s 
* -+ -. --- 

Pas t  Slow F a s t  Slow 

Lat i tude 1 ,08 .26 -. 13 .12 

Longitude 1 .55*Yt - .25 * 19 09 

* S i ~ n i f i c a n t  
** Hi(,hly S i p  i f  i c a n t  

iijhen a l l  po in ts  f o r  t h e  secoi d  da; Vera cotibincd the corralai ; ion botw@Qn 
e r r o r s  and loni,itc6e va s .25, a s i t n i f  icant va1v.o . TIIO r o  ,ress ion squati" n is* 



where E2 i s  t he  e r r o r  i n  f o r e c a s t  d i r e c t i o n  on a  32-point soa le ,  and L i s  
the  longi tude measured i n  degrees.  This, equat ion inclfcates t h a t ,  i n  t h e  
a rea  s tud ied ,  f h , ~  , seoon-d day e r r o r .  i n  d i r e c t i o n  Was d,$minished\ by 2.5 po in t s  
f o r  every  100" eastvG& t h a t ' x h '  T n i t i a l  point W t i S '  choskn. 

The r e l a t i o n s h i p  between v e r i f i c a t i o n  on one day and subsequent ver i f ioar t im 
was inves t iga t ed  by computing the  c o r r e l a t i o n  c o e f f i c i e n t s  between e r r o r s  
O n  f i r s t  and second days, and between seaond and t h i r d  days, The fo31ow- 
ing regress ion  equat ions were derived: 

EL i s  the  e r r o r  i n  d i r e o t i o n  on t h e  i - tb  day. 

I t  may be noted from equat ion (1) t h a t  a  f i r s t  day e r r o r  of zero ind ica t e s  
a? average second day e r r o r  of 2.21, a  value l e s s  than  t h e  average e r r o r  
for  a  onQ day f orecn.st, v i z .  2,82,. This i nd ica t e s  t h a t  a two day f o r e c a s t  
which has Per0 e r r o r  on the  first day i s ,  on the  average, more r e l i a h l e  
than a  one day fo recas t .  The some reasoning  can be appl ied t o  e q ~ a t i o n  ( 2 ) .  

B ,  The Ver i f i ca t ion  o f  Wind Speed 

The ex ten t  of t h e  agreeme& af fo recas t  w i t h  observed speed i s  .summarized 
i n  Table 8. T ~ Q  tendenay fo r  gurvuhare p o i n t s  t d  v e r i f y  b e t t e r  than. 
i n f l e o t i o n  poin ts  ~ 6 . s  s  igntf  i chn t ,  but-+hers was no s i g n i f i c a n t  d i f fe rence  
between hood and paor .points. 

Tablg 8. Ver i f i ca t ion  of .Wind Speed 

Pr0,jeation Xnf l e  o$ i on Curva%ure - Goo3 - Poor - Tota l  

Score Average 8oor.e Average Av@.rap Average Score Average 

- Error  Er ror  3 r r o r  Er ror  - , .  , * -IC- -- Error  

Days Peroeat  Zoints  Percent Points  Points  Poin ts  Percent Points  

There was a s l i g h t  tendenoy, not s i g n i f i c a n t ,  fo r  e r r o r s  on t h e  second and 
t h i r d  days to be greatcar when e r r o r s  on the  preceding days were g r e e t e r ,  
This i s  shown i n  Table 9 



Table 8. V e ~ i f  ,kc'qt.iorl ,of . ~ ~ f & d s  ,Speed '.Cs Related ' $0 E r r  o r d  
oh' Pr'ece'dine~.*Da'y6i : 

Ver i'ftcn-t; isba :Day 2- 

1nf l e  d t  ion PointSp 

S o ~ r e  & r v ~ e r r ~ ~  Score Av.. e r r o r  - - 
Day 1 e r r o r  = 0 2 S i 0'3 29 0.62 

Ver i f i ca t ion  Day 4 

Day 2 e r r o r  = 0 2 1 0.85 21 0.88 

m e n .  e r r o r s  i n  speed were cor re la ted '  w i t h  t he  initial angle $$ n? 
~ i g ~ i f i a a n k  'oarrelatiot$! be re?  f ouhd, k o r  t h e  f i r s t  t h e e  da$, a n  
of vas~enoe"oi '  t h e  e r rdgs  ;as .@di.$,j:des8te&ihe thq  e f f e o t  ' bS  geogrhp h i 0  
~ o c d t i o ~  of t h e  point '  on subsequent .w'r i f  i c a t  ion,  The only s i ~ n i f  iomt 
r e l a t i o n s  found were between l a t i t u d e s  fo r  i n f l e c t i b n ' p o i n t  first day 
e r r o r s  and between lat i%u$es f r t h i r d  day e r r o r s .  ~ h e r ~ ~ w a s  a W'Y iighf 
tendency f o r  'points betwe&n-lQ! --I$@.. h r t h  and  40° - 49 $North t o  haJ 
a l i g h t l y  l a rge r  e r r o r s .  

C. Verif icat.jgn ,oE9,g.osition in Flow, 3 a t t e r p  

AS w e l l  a s  a fo reoas t  of d i ~ e c t i o n . a n d  speed, t h e  method under c~ns ide r? '  
fi6li a l i b  e r i abbs  ,an* t o  f o r 6 a i &  whether  a p a r t i o l e  is essoai$ted "ith 
a r idge  (q), a t rough ( L.) , or i p  amending (.,,*') or descending +( 'k ) 
pos i t i on  i n  the neighbor-hobd of an* i p f l e a t i o n  point .  Table 1Q 
i l l u s t r a t e s ,  hmv %he data  were tabula ted  i n  t h i o  particuhar investig@tipb' 
The associa.t ion betmeen t h e  fore o s s t  'and observed position was h igh ly  
s i g n i f  ioant .  



Tablo 10 ,  V k r i f  i c a t i o n  of Pos i t ion  i n  Flow Pa t t e rn  _- _ _ _  .- .---1--- 

Day I. --FO~LCCSJG ~jir0ctioni2=!56T----" _ _  __._ - _,._ _ _  -_.. " - "  _-.- - ..-. ..-..--... A ---I-I-_ 

Forcoact Fos i t ion  (frcin t r ~ j e c t o r a  $nth) 

Total  
J' ,f 1 Nunber .iL ..-..- -.. -.-..-... - . . . 3 L---- - ----. - 

, 33 1 6 
Obsorvcd 
PO s i.t ion  - 2 kj 

( f ~ o ~ n  . /.? t 10 
I s  obnr i o  
Ai:rl, s i s  \ 2 - 

Score:, f o r  t h c  f i r s t  thrct, dcys w e  given i n  ti!,blo 11. 

Tc,blo 11. Vsrif  i c a t i o n  Scor ,; for E'os?'tion of 'ii'nd _ _ _ I _ - . L . -1 - _.I . .__.. ..-*_ I -.-...-.- ..- ..." 
111 E lo+ Pc t t c rn  _ . . . I .  . ...- 

Pro jec t ion  r0r~ct;s. i ;  Cfr~ct : ion .- -- " .__ I_ .. _..- .- , - .- -- 
Days (22-25 j (2b-32) 



4. 1~: te rpreba t ion  of S k a t i s t i c a l  Resul t s  - -. . - - - ---- I----.-.--- &.-. - - - . . - -  

Ln concludi-;  t h i s  r epo iq t ,  the  f o l l o ~ r i r i ~  d iscuss ion  based on sotile of t he  
s t a t i s t i c a l  r e s ~ l t s  should ind ica t e  ho;: tile t r a  jeotor,  rnetliod may be use- 
fGl i n  f o r s c z s t i n ~  flow pa t t e rns  a t  10,000 f e e t .  

The ter i f ' ioet ior .  of wind d i r e c t i o n  fo recas t s  f o r  t he  f i r s t  t h r e e  days -- . . - -  -. 
appears svf f ic ient1,-  f avorabls  t o  ' v ~ a r r u ~ i t  the  vse of such fo recas t s  a s  
an aid i n  t h e  prepar;.t,ion of i~ro ; .nos t ic  cha r t s .  It would r,ot be d j f f i -  
c\;.lt ' to gerf  orm a n  "exper irne19t 6es i ~ c e d  t o  estiinat'e t h e  r e l a t i v e  oont r i -  
bc<iou of t h i s  il~t110d when used t o  s~p, : lexent  or  rep lace  o ther  l n e t h ~ d ~  
now i-ii use.  

Ver i f , in t  a l l  f o r o c a t t s  of wi:id soeed gave r a t h e r  poor resv . l t s ,  which werc 
or lh* impoved s l i ~ h t l y  a11d hot  si:-;iiicontly a f t e r  a-'bpe&~:own i n t o  
aiid 2oor - . -. po i r~ks*  'Tizis cou. ldzraise  a  q\!estion a s  t g  t he  v a l i d i t y  of File 
a i r e ~ ' c i o ~ !   forecast;^ der ivqd f r o n  assu:ned cor_sbtaiyb s2eqds ) b ~ t  has  Seen 
C O *  s icered anotLer i ;dic.  t i 0 1 3  t i i a ~  t i-B i r c J e c t o r ,  conlputation sf.ovld od-3 
be a g i l i e d  t o  2 ~ r ' c i c l e ~  % $ e l l  w i t ~ i i ~ .  tl:e i ~ m i r z  v ~ e s t e r k ~  ~ u . r r r a n t  where aQ- 
;troxi;ilfttel, co. s t . #  1% s ' p e ~ c i ~  !IG$ be oxi>octedr 

S ~ P C ~  it 7 ' s  s11(9ffl t'.c"i.b a  t r a j : : ~ t o r ~  voriE;-ii.:c, corrcct l j r  a t  hovrs hes 
a b e t t e r  cba:?cs 0;' bei:;2, ri,h-t a t  s u ' ~ s o q ~ ~ ~ l ~ t  pcr i i iLs  ti-nfi o. t r a j e c t o r a  
s tar- i ; i r~& off poorl, , the  use of forec hs ;;s c, o o l s d  - a t  2j.l 4ti hours t o  
supdle-ae;:t cl ri-;fit comLt i;e,tic:!s i s  ax  i,i?,:or.ta;:t phase of t h o  :xe.t:70d ~ f h i c h  
shauld not LC nutlcctbd. 

I n  b r i o f ,  for  ;ro,nos-tic charib up t o  72 ?Lo~7.1.s: e2:tradolatc tra-jcctoriCS 
O L : ~  t o  5 dia,,S t c  obtc,iri 'ucnufiJc of 21 a  ,d hour cnoc>.s, soloc.l; i,oifits 
%;ell  witl l in Lhc: ;win v c h  tt;i-lj Ctlrr,i: ., s , avo16 9o.i;~ts vrtlorrj k2-a v~ s tGr l iCS  
a r c  i.i; i n  p r ~ s . c o n - t  or scmi-dcrki i,allC ;-rec,~ ~ f f '  c - t ~ d  b31 topo,,r aphicaI. 0' 
t;bUx 121 i l  flue, Cc:: S U G ~  a:: ~nou:i'tai:-, ri?.r,, 0 s  or  subtro, i c n l  nT,ticyclonic 
c c l l s  , 2,ili ~01.sidbl' ti; o w i  .C1 ~ O Y ' L L  b t ~  as 61 , , ~ l a ~ ~ n t L , l  d 0 - t ~ .  %O bc used a" 
aa ndditior..,l t o01  a l o a ,  v d k .  oti:,.r t c s t b d  f ' o r ~ ~ ~ , s t i ~  &, ?rOcOdurec, 


