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JNTERNATIONAL CIVIL AVPAT ION ORGAN 1U.T IOZ 

1. With the large increase i n  long-diatance f l i g h t s  during and 
since World War 11, considerable in t e res t  developed i n  determining the most 
favourable path t o  follow in  the conduct of such f l igh t s ,  It had long been 
real ized that ,  by following a path other than the standard great c i r c l e  or 
rhumb l i n e  tracks and so taking advantage of the wind dis tr ibut ion,  a f l i g h t  
could often be accomplished i n  shorter time6 Several procedures were devel- 
oped f o r  planning f l i g h t s  i n  re la t ion  t o  the wind d is t r ibut ion  and i n  recent 
yeare the use of these procedures has become known as wpressure pat tern flying". 

2. The success with which the various presssure pat tern f ly ing  
technique8 may be applied depends la rge ly  on the followfng factorsn 

a)  The accuracy Lo whfch the actua l  wfnd conditions and a l t i tudes  
of preesure surfaces are known by meteorologfsts and by aircrews; 

b) The accuracy of the forecasts  of those elements f o r  some 
specified-time i n  the future,  

3 . Radiosonde and radiowind observations made twice a day a t  
0300 GKl' and 1500 GMT have long formed the basia f o r  determining the actual  
and forecast  values of the elements referred t o  i n  paragraph 2. Over the 
past  ten years, while there has been an increase i n  the number of locations 
a t  which these upper a i r  sbservatifons are  taken, the frequency has not 
generally exceeded two per day although some s ta t ions  have made four observa- 
t ions  da i ly  ( e i the r  r ad i  osonde, r ad i  owind o r  both) f o r  varying perf ods, 

40 It has been the b l f e f  of many of those connected with 
long-diatance a i r c r a f t  operatfona t h a t  an increase i n  the number of upper 
a i r  observations would fnemase the accuracy with whfch the current and 
forecast  wfnd d is t r ibut ion  e o d d  be determined and thus increase the success 
with which the various @pressure pattern f lyingw techniques could be applied, 

5 , This i s  a report  on a project  conducted over the  North 
Atlantic i n  the Spring of 1952 in an ettempt t o  evaluate the ef fec t  of 
addi t ional  upper a i r  observatfons on a i r c r a f t  operations. 

6. A t  the  Third Session of the MET Divfaion, held i n  Paris 
i n  February-March 1950, the poss ib i l i ty  of improving and unifying the 
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procedures for pressure pat tern f lying was discussed. It was decided that, 
before attempting t o  l ay  down werld-wide prnced~zres,an experimental pro- 
gramme should be s e t  up in a region w h e ~ o  presoure pat tern f ly ing  techniques 
a r e  used, f\ccord.tngly, the  Divisicn m ~ d e  t he  following recommendation: 

&ommendation N 0 . L  
* 

,Procedures f o r  Pseasurg P a t t - - F ? a c 3  It is recommended tha t ;  

7.17.1 
The following programme be b1>lwmented, as soon as  pract icable by 
the  States concerned, in the  North Atlantic Region of ICAO, t o  
serve as a basis  fo r  tho  f-~+~me establ ishlent  of standard meteor- 
ological  procedures fss pressure pattarn flying; 

7.17.1,l 
Radiosonde arid radisirind observations should be made a t  six-hourly 
in terva ls ,  i oe . ,  a t  WOO wid 2lOO GIqT i n  addition t o  0300 and 
1500 GW, from a31 w~anl wea%r16~ sta't.isns i n  the region, as 
recommended by the Secox~d P!Am Ke:e~.i:~g, and from a select ion of 
the  other Kpper air a ta t ions  i n  the region, The select ion of 
s t a t ions  w i l l  be esta~kishe? b3- the ICAO Secre tar ia t  a f t e r  consul- 
t a t ion  w i t h  the SIx%as txncerb-iad ; 

The pa r t s  of rar3i~so1lcie sx:d radLawiizd ~ e p o r t s  up t o  and inclzlding 
t h e  400 mb, levei f-r.~:\m *?cear~ wwther  stritions should be transmitted 
with mindam deiay t o  thore ~oet.t?oroiogical off ices  i n  the  region 
r e q d r f  rig them; 

791701.3 
Me~teorological uffi;;t,s ~ ~ c d r i d i n g  advice f u r  pressure pat tern 
f l i g h t s  should pr.epiu e i.lpgas; rnir charts fo r  the cippropriate pres- 
sure leve ls  c m  h si~~~.ki~~.irl,y~ bzsis ,  i .en, f a r  t h e  standard hours 
0300, 0900, 1500 ar~d 2100 GMr, r:.r~d euck progno~ltfc charts  as may be 
required fo r  a i r c~a f ' t  q e r a t i o n s  j 

7.17010f+ 
Forecasts of the "DW va-luns* f ~ r  t h e  major internat ional  aero- 
dromes should be readi ly  a.uailabie on a request basis  from the 
met em01 ogical off ices  sm3i::g thmw aerodromes a If the demand 
becomes too great f o r  stltiafncta.ry handling on a request baais, 
forecasts of the "DN values ahould be appended t o  aerodrome 
frrrecrrats fnvluded i n  th m t . i n a  nictteorologictal b roadca t s  t o  
a i r c r a f t  i n  f l igh t .  E',T brsadca8t purposes, f m a s t s  of the  "Dfl 
values ahould -be i n  such a furm as t o  pennit reagonablo 

* "Dlt value i$ the difference betwem t h e  actual height above mean sea l eve l  
and the  a l t i tude  at, which the  prossd-~e a t  that h ~ f g h t  w c u r l  in %he btaadard ateoe- 
phere, i.e., D = &Zp where 

2 = actual  a l t i t ude  
Zp= pressure a1.t 3. tude 
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determination of the I'Dn value fo r  my particular time within the 
period of val idi ty of the i'orec-t; 

7.17.2 
The above programme be reviewed a t  the n& North Atlantic Regional 
A i r  1Jctvigation fleeting of ICAO in  order t o  assess, as  far as 
possible, its value i n  relat ion t o  the economical aspects of the  
operation of a i rc ra f t  through the North Atlantic Region; 

7.17.3 
The Council of ICAO take appropriate action t o  ensure: 

7.17.3.1 
That all possible steps are  taken t o  develop more accurate radio 
and pressure altimeters fo r  use i n  determining "Dn values: 

7.17.3.2 
That, i n  the meantime, methods be developed for  determining more 
accurate corrections t o  values of nDN values as meaaured by e q u i p  
ment currently i n  use; 

7.17.3.3 
That fu l l e s t  use be made of existing methods i n  the determination 
and application of systematic errors arising i n  the "Dm values aa 
computed i n  the air, and that  only corrected values be transmitted 
i n  the in-flight reports from a i rc ra f t  t o  ground. 

It was also agreed by the I4ET Division tha t  the purpose of paragraph 7,17.1 of 
Recommendation No. 7 would be served i f  the following numbers of upper air 
stat ions could increase thei r  programme of radiosonde and radiowind observa- 
t ions t o  four per day; 

Western seaboardof Europe 5 stat ions 
Atlantic Ocean including islands 10 stat ions 
Eastern seaboard of North America 7 stat ions 

7. The ICkO Council approved the recommendation at  the Second 
Meeting of its Eleventh Session (29 September 1950) and directed the Secretary 
General t o  ask  the States concerned for  comments on the plan and, i n  particular,  
on the practicabil i ty of making four radiosonde observations per day. The 
replies from the States-revealed a positive in teres t  i n  the programme, but 
indicated that  due t o  s taf f  and financial l imitations it would be impossible 
t o  carry it out i n  i t s  entirety. 

, 

8. Consequently, the Air Navigation Commission agreed that  an 
intensive experiment fo r  a period of one or two weeks would be an acceptable 
compromise. A detailed proposal fo r  making such an experiment fo r  the muah 
shorter period was then submitted t o  States (on 31 July 1951). The repl ies  
indicated a willingness of most States t o  carry out the short period pro- 
gramme but Canada wd the United States stated they could not do so during 
the proposed periods - 25 October t o  1 November and 15 t o  22 November 1951. 
In view of the fac t  that  the non-participation of Canada and the United States 



i n  the scheme would mean the  absence of importarlt additional observations, the  
A i r  Navigation Conmission decided t o  postpone the programme u n t i l  the  Spring 
of 1952. 

9 o The following dates were f i n a l l y  chosen, taking i n t o  consider- 
a t ion the requirements i'or a period of great v a r i a b i l i t y  i n  weather conditions 
and f o r  su f f i c i en t  advance notice t o  the S ta t e s :  

9-15 March 1952 Control Week 
16-22 Piarch 1952 Test Week 
23-29 March 1952 Control Week 
30 March - 5 April 1952 Test Week 
6-12 April 1952 Control Week 

Although only the  normal upper a i r  observation programme was t o  be carr ied out 
during the control weeks, it was necessary t o  include those weeks i n  the experi- 
ment i n  order t o  have a basis  f o r  evaluating the r e s u l t s  of the  augmented pro- 
gramme during %he t e s t  weeks. 

10 , The prime purposes of the t r i a l  were: 

a) To determine whether mare frequent observations would materially 
improve the accuracy of upper a i r  forecasts;  

b) To determine whether the benefits derived by air navigati-on from 
these more accurate forecasts would jus t i fy  the additional cost. 

11 , Further, it was implied i n  the  MET Division's statements tha t ,  
having an adequate supply of observations and more r e l i ab le  forecaste and prag- 
nost ic  charts ,  the metearol.ogical procedures for  u t i l i z i n g  these data  could be 
standardizedY 

12. The PET Divislonts recommendation concerning the trial gave 
no suggestions as t o  how the t r i a l  should be conducted and evaluated. The 
ICAO Secre tar ia t  was therefore required t o  arrange the d e t a i l s  of the experiment 
and evaluate the resu l t s ,  

13 * A t o t a l  of thirty-four up e r  a i r  s t a t ions  made four radio- 
sonde observations or radiosonde and radio 7 radar wind observations per day 
during t h e  t e s t  weeks (2nd and 4th weeks af the t r i a l ) .  A number of these 
s t a t i o n s  made four observations per day during the control weeks a l so  but, 
i n  pr incipleo forecasters had upper a i r  charts available only f o r  0300 and 
1500-GPIT during the control weeks, whereas during the t e s t  weeks they a l so  
had available upper a i r  charts f o r  0900 and 2100 GMT. 

14  0 A l l  operating agencies over the  North Atlantic were 
requested t o  make careful checks of the forecast winds and the actual  winds 
throughout the f ive  weeks. In addition, the States  were asked t o  check the  
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, 
accuracy of the "D" value forecasts and the prognostic upper a i r  charts issued 
by their  meteorological offices. 

15 The de ta i l s  of the organization of the t r i a l ,  a description 
of the data received by ICAO and the methods of analysis used will be found 
i n  Appendices A, B and C. 

RESULTS OF ANALYSIS 

16. The results  of the analysis have been divided in to  three 
parts to carrespond w i t h  the three types of data received, as  follows : 

i )  Wind data from the meteorological off ices including the wind 
vector forecasts for  certain locations and wind component forecasts fo r  
certain routes; 

i i )  "Dl' value data from meteorological off ices including "Dn value 
forecasts for  certain locations fo r  various forecast periods; 

i i i )  Wind data fram actual f l i gh t s  including the w i n d  forecasts 
made for  f l i gh t s  and checked by the ICAO Secretariat  using original  
f l i gh t  data. 

17. Wind data f rm meteorolopical offices (~uuendix Q) 

17.1 Most of the data received show a reduction i n  the mean 
abeolute errora of the forecast mean components for  a route af 1 t o  2 knots in 
the t e s t  period* a s  compared w i t h  the control period*. However, the differences 
a re  not considered large enough t o  be regarded a s  significant i n  view of the 
magnitude of the differences between the errors fo r  the individual weeks and 
tbe small number of forecasts involved. 

17.2 The detailed analysis of the London and New York wind fore- 
mats for the Shannon-Gander route shows a reduction of 0.5 h o t  in the New Yurk 
mean absolute forecast error during the t e s t  period as compared to  the control 
period and 1.9 knots i n  that  of the Londm error. However, neither these reduc- 
tions nor those found i n  the standard deviations a re  large enough t o  be 
regarded a s  significant,  

17,3 The computations of the mean absolute errors i n  making 
%-hour persistence llf orecas tll** for  the Shannon-Gander route using both the 
London and New York llobserved" values determined from upper a i r  charts 
indicate that  persistence of the route winds was l e s s  marked during the 
t e s t  period than during the control period. It is sametimes miintained 
that,as forecasting errors tend to  be smaller, the more pronounced the persist- 
ence. Assuming this to be so, then, i f  the persistence had been the same 
M n g  the two periods, a significant difference might have been found i n  
the mean absolute forecast errors and in  the standard deviations. 
* For Convenience,the second and fourth weeks taken together a re  referred 

to  i n  th i s  paper, as  the It tes t periodtt and the f i r s t ,  third and fifth 
weeks taken together a re  referred to  as  the "control periodn, 

** The term persistence "forecast11 is used, i n  th i s  paper, t o  describe the w e  
of the l a t e s t  available actual value of an element as  the forecast. 



17,L App~~ecirtble dif ferences  weyo noted i n  the  "actual11 values 
as obtained from tho ~tnalyzod cha r t s  a t  the Lc~ndon and Notr York ofi'ices, Par t  
of these d i f fe rences  was undoubtedly due to tne f a c t  t h a t  London calculated 
equivalent t n i l  vind values while Now York cu3.culated t n i l  wind con~ponents, 
However, d i f ferencos from t h i s  causo would normally be l e s s  than 3 knots 
whereas t he  ac tua l  d i f fe rences  found i n  tho nnctual" valuos were general ly  
much grea te r  t h m  th io .  They a r e  shown i n  graphical. form i n  Appendix G, 
Figure 1. 

"D" Value data  from bleteoro10e;ical Off ices  ( ~ ~ ~ e n d i x  E) 

18.1 A l a rge  va r i e ty  of r e s u l t s  was obtained i n  mean absolute and 
ar i thmetic  e r r o r s  but, while i n  most cases  nn i~nprovement i s  noted i n  the  t e s t  
period forecas t s ,  the  iniprovement i s  not  l a rge  enough o r  general  enough t o  be 
considered s ign i f i can t .  

18,2 The ana lys i s  of the  da t a  provided by two o f f i ce s  on opposite 
s ides  of the  At lan t ic  ind ica tes  t h a t  when the e f f e c t  of e i t h e r  "forecast  
d i f f i cu l ty"  o r  "persistence" on the  f o r e c a s t  e r r o r  i s  eliminated, the  r e s idua l  
forecas t ing  " sk i l l "  was usual ly  grea te r  during the t e s t  period. Before the e f f e c t  
of t hem fac to r s  had been allowed f o r ,  the  forecast ing success a t  one of the  
o f f i ce s  tippeared t o  be b e t t e r  during the t e s t  period and a t  the  other  o f f i c e  
about the  same o r  s l i g h t l y  worse. 

18.3 The de t a i l ed  ana lys i s  of the  Gander and Par is  "DP' value da ta  
( ~ ~ ~ e n d i x  E, paragraphs 1 - 3) ind ica tes  the.t,  i n  so f a r  a s  the  11-hour fore-. 
c a s t s  made a t  0400 and 1600 GfT a r e  concerned, forecas t s  based on the 12-hour 
pers i s tence  of the  a c t u a l  "Dl' valuos a t  0300 and 1500 GMT would usua l ly  have 
been near ly  a s  accurate,  and even i n  some cases more accurate, during the  
con t ro l  period but l e s s  accurate during the t e s t  period, In  general, however, 
t he re  &re indicat iona t h a t  the  "Dl' v ~ l u e  forecas t s  f o r  a period up t o  12 hours 
a f t e r  the  time of the  l a t e s t  observations a re  no more accurate  than those 
vhich could have been made on the b a ~ i s  of the pers is tence of the  observed 
values , 

18.4 In an attempt t o  eliminate or. compensate f o r  f ac to r s  such 
a s  dif ferences  i n  foreoast  d i f f i c u l t y ,  var ia t ions  i n  communications, e tc . ,  
which would tend t o  obscure the benef ic ia l  e f f e c t s  of the  addi t iona l  obser- 
vat ions  duri% the t e s t  period, the e r r o r s  i n  tho fo recas t s  of "Dn v a l i ~ e s  
made a t  Par is ,  Keflavik, Gander and New York f o r  t h e i r  respect ivc aerodromes 
were grouped together. The r e s u l t s  of this conlpilation of t he  11-hour fore- 
c a s t  e r r o r s  a re  shown i n  the cun~ulatftre frequency c u v e s  i n  Appendix E, 
Figure 1. These curves ind ica te  t h a t  i n  the  extreme (and most important) 
fo recas t  orror9,thero was an appreciable improvement during the t e s t  period. 
In  pr inciple ,  the 11-hour forecas t s  were based on da ta  13 hours old during the 
con t ro l  period and 7 hours old during the t e s t  period. Since the S h o u r  fore- 
c a s t s  were based on the same "aged" da ta  during both the cont ro l  and t e s t  periods 
the two cumulative frequency curves f o r  forecas t s  for  t h i s  time ahead near ly  
cvlncide as would be expected and s imi la r ly  with the two curves f o r  17-hour fore- 

8 

cas t s ;  the curves f o r  5-hour and 17-hour forecasts  a r e  accordingly not shown. 
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19 o - Wind data  from ac tua l  f l i g h t s  (~ppendix  F) 

1961 No s igni f icant  difference i n  the rriagnitude of the mean e r ro r s  i n  
forecast  wind components f o r  f l i g h t s ,  o r  i n  the standard deviations of these errors ,  
.was found between the control and t e s t  periods, The mean absolute e r ro r  computed 
from the f l i g h t  data was l 0 , l  k t s  during the control period and 10.3 k t s  during 
the t e s t  period, with the standard deviations of the e r rors  12.5 k t s  and 
13.5 k ts  respectively, 

19,2 It should be noted tha t  there was not an even d is t r ibut ion  of 
f l i g h t s  during the f i v e  weeks and it happened tha t  the smallest  number of cases 
occurred during the week having the grea tes t  mean absolute e r r o r  while the l a rges t  
number occurred during the week with the smallest mean absolute error ,  Since both 
weeks were control weeks,the mean absolute e r ro r  f o r  the control  periods was 
weighted toward the lower value. I f  the  weekly mean e r ro r s  had been based on the 
same numbpr of cases,the mean absolute e r r o r  during the  control  period would have 
been 10,3 knots and t h a t  during the t e s t  period 10.2 knots, 

19.,3 The ogives and s c a t t e r  diagrams i n  Appendix F a l so  show no 
s igni f icant  difference between the control  and t e s t  periods. 

1904 The r e s u l t s  of the analysis  of the westbound and eastbound f l i g h t s  
separately give a somewhat d i f fe rent  picture ,  While again there was no appreciable 
improvement i n  forecas t  accuracy during the t e s t  period, a de f in i t e  decrease was 
noted i n  the "bias" ( i , e ,  the deviation from zero of the  mean arithmetic e r ror ) .  
During the control  period the mean arithmetic forecast  e r r o r  f o r  eastbound f l i g h t s  
was t4.8 knots (optimistic) while t h a t  f o r  westbound f l i g h t s  was about -4,6 knots 
(pessimistic) , During the t e s t  period tho biases decreased t o  +2,9 and -2,7 knots 
respectively,  Since the biases were of opposite sign,the change was obscured 
when a l l  f l i g h t s  were considered together. Possible reasons f o r  the varying 
magnitude of these biases and t h e i r  opposite s ign a t  the two of f ices  were sought 
and i t  was f i n a l l y  decided t h a t  the most l i k e l y  explanation was t h a t  a l l  forecas ters  
concerned had a tendency t o  make the same e r ro r s  i n  forecast ing developments 
i n  the weather s i tua t ion ,  The resu l t ing  arithmetic e r ro r s  i n  the forecasts  of 
t a i l  wind component made by forecasters  on the two s ides  of the Atlantic would 
tend t o  be of opposite s ign because of the d i f f e ren t  direct ions of f l i g h t  involved, 
while the magnitude of the mean e r ro r s  would depend on the tendency of forecasters  
t o  make er rors  of a pa r t i cu la r  kind i n  the type of weather s i tua t ion  prevailing. 

19.5 For comparison, the mean absolute and arithmetic e r rors  were 
determined using the  e r ro r s  computed by the operators and, while the mean absolute 
errora a r e  s l i g h t l y  l e s s  than those based on the components computed by the 
Secre tar ia t  from the f l i g h t  data, the r e s u l t s  a r e  s imilar  i n  so  f a r  as a comp8rison 
of the t e s t  and control  periods i s  concerned. 

19.6 The graph i n  Appendix C, showing a comparison of the "actual" 
components as computed by the Secre tar ia t  from the  f l i g h t  data  w i t h  the values 
computed by the London and New York meteorological of f icers ,  c l ea r ly  shows that 
there was such a la rge  var ia t ion  i n  the determinations of the nactualn conditions 
t h a t  any comparison of forecast  e r rors  would be inconclusive. 
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20. - Fact- contributing t o  inconclusive r e su1 . t~  

Several ~ ~ C ~ C J P S ,  whf ch were believed t o  have a masking ef fec t  on the  
benefi ts  of the ::ddi t i ona l  upper a i r  observations, are r e f  erred t o  below. 
It is not ii?.t;ended t o  imply thn t  t l ~ n  benefits would be readi ly  seen i f  these 
f ac to r s  were eliminated i n  a fu ture  trial. However, it i s  believed important 
t o  be aware of wnat factors  may be involved and of the  need f o r  eliminating 
them or  t h e i r  adverse e f fec ts  before such an experiment can be expected t o  give 
r e l i a b l e  r e su l t s .  

20.1 Forecast d i f  ficul$,y 

20.1.1 It i s  well known among meteorologists t h a t  there i s  a f a i r l y  
la rge  variat ion i n  the d i f l i c u l t y  of forecaating on different  occasions. The 
d i f f i c u l t y  i s  dependent on several fac tors  but mostly on whether or not the  
atmospheric conditions a re  i n  a steady o r  varying atate .and,  i f  varying, 
whether or  not the var iat ions a r e  regular or  i r regular .  The degree of forecas t  
d i f f i c u l t y  i s  a par t icu lar ly  important fac tor  when attempting t o  compare the  
accuracy of' forecasts  made over such a shor t  period aa f i v e  weeks. 

20.1.2 Comnients from the :;tates regarding t h i s  fac tor  follow: 

Pr311ca s t a t ed  t h a t  the difference i n  t h e  forecas t  e r rors  ( D values) 
is more readi ly  explained by t h e  f a c t  t h a t  the  d i f f i c u l t i e s  i n  forecasting 
during .the test weeks were not the  sane as those experienced during the  
control weeks. 

The United Kln~doq s t a t ed  tha t ,  i n  so far as the United Kingdom w a s  -.. 
concerned, it could be demonstrated tha t  t h e  t e s t  weeks were more 
disturbed nieteoroloeically than the control weeks. In elaborating on t h e  
statement the  United Kingdom s t a t ed  %hat t h i s  conclusion w a s  based on an 
analysis  of the 24-hour variations i n  the height of the  1000 mb. surface 
and t h a t  it did not imply t h a t  such iridex is a measure of forecasting 
d i f f i c u l t y  because, when persistence 01' weather types is abormally high, 
subs tant ia l  f orecastiilg crrWs c ? ~  a r i s e  from expecting a change which 
does not occur. The lfnited Kingdom added that the or ig ina l  statement was 
made t o  point out t l i d t  t i lo period of the t r i a l  was too ahort. 

IreJ.an4 made the statemerit thn t ,  i n  so f a r  as there was any differ-  
ence i n  t h e  d i f f i cv l ty  of maliing North Atlantic forecasts,  it ww judged 
t h a t  the s e c o ~ ~ d  week ( t e s t )  and tho f i f t h  week (control)  were s l i g h t l y  
more d i f f i c u l t  than the others,  l a t h  regard t o  the trial carr ied out a t  
Dublin Airport, I r e l m d  s ta ted  t h a t  t h e  r e s u l t s  must be regarded ae 
incor~clusive due mainly t o  the  small va r i ab i l i t y  of the  meteorological 
s i tua t ion  and mentioned t h a t  the most frequent var iat ions i n  t h e  *Dn 
values a t  Dublin Airport occurred during the first week (control)  and 
the  secol~d week ( t e a t ) .  

s ta ted  t h a t  the  synoptic s i tua t ion  duriag the  
cxcccdlri~ly variable and d i f f i c u l t  t o  forecast  

over the e n t i r e  North Atlantic. 
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20.1.3 The varying and appzrsntly confl ic t ing repor t s  fram the 
S t a t e s  make it c l ea r  t ha t ,  while an attempt has bean made i n  t h i s  leeport 
t o  suggest ways of eliminating the fac iop  of forecast ing d i f f i c u l t y  from 
the results, i t  i s  too complex t o  determine exactly,  

Variations i n  communice.~~gq&nditiono 

20.2.1 The f a c t  t h a t  the communication conditions vary across  the  
North At lan t ic  and consequently the qua l i t y  and quant i ty  of weather data  
received a t  an o f f i ce  a re  not alwaya the  sme i s  aav i iy  recognizable a s  another  
f a c t o r  which would a f f e c t  the r e s u l t s  of a short-term axpr lment ,  Ilowever, 
because of the  extreme d i f f i c u l t y  i n  evaluating t h i s  e f f e c t  on forecas t  
accuracy, no attempt was made t o  eliminate i t ,  

20,2,2 Ths following cornment,~ from the S t a t e s  regarding c m u n i c a -  
t i ons  a re  noteworthy: 

Ireland s ta ted  C l t  the test. periods wer* not  conspidously --- 
successful  due l a rge ly  t o  the poor t r ansa t l an t i c  me teoso l~g ica l  comlu- 
n ica t ions  a t  the  time and t h a t  i t ,  would bo unfa i r  t o  r i d i c u l e  the  indif-  
f e r e n t  results obtained since the addi t ional  infopaation was of ten no t  
received i.n tirrie t o  be used i n  the prepamtion of the  scheduled forecas t s .  
Before consideration was given i;o scheduling additi.onnl upper a i r  
soundings, the standard of cs~nsa t i ,~ . r i t i c  communications should be dras- 
t i c a l l y  averhauled i n  an armfcr.-t t o  ??pair its present unsat isfactory 
gua l i t y ,  I t  shmld  no t  he i n f  a ~ s d  -chat tha period of the  programme was 
very exceptional f r ~ m  the pc,int c,f , l r i  $ ~ d  of t r a n s a t l a n t i c  me teo r~ log ica l  
communications, since auch iur iod~:  ci' low se rv i ceab i l i t y  have been by no 
means ~mcommon i n  recen t  p i w s  o 

Canada s t a t ed  t h a t  t h e  report P~-clm 3andor on the r ace ip t  of addi- --- 
t i o n a l  repor t s  during the exprimo..ltqzl p~opcvmna was r a t h e r  disappointing, 
and t h a t  it was i~~ipose ib le  ' o  w,alyze 10 cut  of 26 s e t s  uf ex t r a  charts.  
MOP~OTTBI", the grea tes t  111mit)elx cf addi t ional  reports rde cakvit~d f o r  a 
pa r t i cu l a r  obserr atizln t1m6 ~ 8 6  2J2,. Radj o cuilditions -dare pocr a t  in te r -  
va l s ,  but  it was qu i t e  p ~ o b a h l e  that;  oornc* wastage o c c ~ u ~ ~ + . d  a t  r e l ay  
points. I t  sltould be a simple rnalt.;rt for corrmunicatc~s t o  give specie1 
t r a f f i c  such a s  t h i s  t4m same d.i.:,Lr~.tut~ian a,: ragular  t r a f f i c  of tka same 
nature, but  there always sserned -td be d i f f i c u l t y  i n  suyerimposicg short- 
tern transmissions of OYG:PEL t.fa;t 'fi~:, on a2 unschsd~~led basis, upon 
scheduled tpaff i c  on busy ci~cu:'cl;s k r e l i ab l e  though r a t h e r  cumberscma 
way of handling it woukA be by ~ u l t i p l s  ~iSdr?sssw~3 .-Tmessages. Poaaib1.y the 
bes t  way t o  minblize less a1 t r a f f i c ,  without loading the c i r cu i t s  b i t h  
lengthy addresses, would be t o  pruvide each pelay centre with a check 
l i s t  of a l l  report ing s t a t i o n s  and have each or ig ina t ing  s t a t i o n  send, 
a t  scheduled times, e i t h e r  i t s  own r epor t  o r  a n i l  repor t  t h a t  would be 
car r ied  through and checked of f  a t  each r e l ay  point. This might be 
consideped f ~ r  any fu tu re  project  of t h i s  nature,  

20.2.3 There appear t o  be only two ways t o  e l iminate  t h i s  f a c t o r  
from the r e s u l t s  of such a trial i n  t he  future ,  namely: 

a) Improve t h e  comm.unicatior~ arrangements so t h a t  there  i s  no 
var ia t ion;  



b) Conduct the  t r i a l  ovc?r a  lor^(; c ~ ~ o u c h  t,irnc to  ensure t h a t  the 
variatl.ons havc :m cilu:tl ei'fcct, 011 t h e  1,~:; t ,  rind ccu? t s . r > l  purlods 

%0,3.1 This f ac to r  prevailed only di.~'~~in[: tha t e s t  period nnd i s  one 
t h a t  cannot be accurately assessed, Its effect wo11ld he to  counteract any 
increase i n  forecast  accuracy t h a t  might, result; f r r s m  t h e  addit,i.onn7 data, 
because : 

a) Inexperience i n  handling and plott-ing such data  might r e s u l t  
i n  i t s  being overlooked; 

b) Inexperience! i n  analyzing charts a t  the  addi t ional  times might 
r e s u l t  i n  lower qual i ty  i n  the current, analyses andl consequently i n  the  
pro~mos t i c  charts  ; 

c )  Adoption of new personnel sche~dules and work:-loads at  a s t a t i o n  
f o r  such a shor t  time might, not permit u t i l j . z a t i o r ~  of the new data i n  the 
most e f f i c i e n t  manner, 

20,3,2 I n  t h i s  connection Cfi~ada. at<ated tohat,  i n  the larger off ices ,  
the  upper a i r  work throughout the  24 hours i s  geared t o  .two 8 e . t ~  of observa- 
t i ons  per day, and t o  make the f u l l e s t  use of four s e t s  of observations would 
involve ti. considerable reorganization with marly rmific%itiansG The potdnt ial  
advantages of a change i n  procedure were l i k e l y  t r ~  be offset i n i t i a l l y  by t h e  
change i n  routine. It was therefore d i f f i c u l t  tc appraise a new procedure 
u n t i l  the s t a f f  had s e t t l e d  t o  ito It nught nl.so be t h a t  t h e  work-load was 
already s o  grea t  t h a t  with the present s t a f f  it was net  profi table  t o  
analyze nroro than two s e t s  of upper air ot~servaticms dai ly ,  and t h a t  the  
advantage of more frequent data  w s s  alrnovt i 'ul l i f ied because it was conducive 
t o  more hasty analysis  of 611 the data,  

20-3.3 The only way t o  overcome t h i s  factor i n  the future appears 
t o  be t o  provide adequate staff and give them the prel.iminary trni.ning 
necessary t o  ensure t h a t  t he  data  will 113 u t . i l i t e d  i n  FLS e f f i c i en t  a manner 
during the t e s t  period aa &wing t;h* csn1510;l. pl+r'lodo 

Due t o  tho f a c t  t ha t  the t r i a l  was conducted on the  basrs of periods of 
one week and forecas ters?  schedules m e  often twanged on t h e  same basis ,  
t he  comparative r e s u l t s  might eas i ly  be affected by differenpes i n  t h e  indi- 
v i ~ ~ r a l f o r e c a s t s r ~ s  s k i l l ,  However, it i s  prcbable t h a t  Lhe dffect of t h i a  
f a c t o r  was s m a l l .  A t  l e a s t  one S t a t e  took s teps  ta see t ha t  it was prac- 
t i c a l l y  eliminated by scheduling the same fc7recasters on the same dut ies  
throughout t h e  f i v e  weeks, 



20,5 Variation i n  frmuencv of radiosonde and radiowind obser- 
vations among s ta t ions  during the control period 

Ten s ta t ions  made four radiosonde/radiwind observa tiona per day during 
the control period a s  well a s  the t e s t  period, In addition a l l  the ocean 
s t a t ion  vessels and a number of land s ta t ions  made fm radiowind observations 
per day during the control period. While additional charts  m y  not  have been 
analyzed on the bas is  of these data, there i s  no doubt that the use of the data 
i n  other ways would tend t o  mask any differences i n  forecast  accuracy t h a t  might 
otherwise prevail  between the control and t e s t  periods. 

Shortness of period of t r i a l  

Most of the above-mentioned reasons f o r  the inconclusive r e s u l t s  i n  con- 
nection w i t h  the two prime purposes of the t r i a l  would have been eliminated by 
conducting the t r i a l  over a much Longer period. The following comments from 
the  part ic ipants  pertain t o  the length of the t r i a l :  

Canada s ta ted  tha t  many of the forecasters  f e l t  that the usefulness 
of the extra  data was negligible but tha t  possibly the  t r i a l  was too shor t  
t o  enable t h i s  t o  be properly appraised. 

Norway s ta ted  tha t  it was obviously very d i f f i c u l t  t o  draw con- 
clusions from t e s t s  of such 'brief duration. 

Sweden stated that i t  was evident t h a t  the  research has been - 
conducted during too short  a t h e  bo enable f i n a l  conclusions t o  be 
reached, a t  l e a s t  on t ne  strength of' the l imited material  collected 
by the Scandinavian Airlines System, 

United Kingdom noted that 6 s l i g h t  overal l  improvement could'be 
claimed during the t e s t  period but the f a c t  that an apparent decrease 
i n  accuracy was sham i n  places i n  the table  of disfxibution of e r ro r s  
(~ppendix  E) suggested t h a t  the period of the experiment had been too short,  

United States:  

La Cruardia Field,  New York, f e l t  t ha t  the period of the experiment 
had been too short  t o  enable an accurate appraisal  t o  be made, 

Trans World Airlines feared ttst the sampling period may have been 
too short. 

20.7 Other f ac to r s  

It  i s  possible tha t  the following fac tors  may have a l s o  contributed t o  
the Indifferent  resul t s :  

a) Short notice given t o  some of the a i r l i n e s  t h a t  prevented them 
from dis t r ibut ing  su i tab le  instruct ions t o  aircrews i n  t ine ;  

b) Wsunderstanding of basia instruct ions received from ICAO, 
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21 * Other benefi ts  of addi-tueml upper a i r  data  

Mection should a l s o  be made of o t l~cs  psasiblo 'benefits from an increased 
frequency of upper a i r  observations which this t r i a l  was not designed t o  
evaluate, These include: 

a )  Increase i n  the accuracy of the determination and forecasting 
of the position and s t ruc ture  of j e t  streams; 

b) Inorease in the accuracy of t h e  determination and forecasting 
of the position and character of the Lrapopause; 

c )  Increase i n  the accuracy of farecasts of en-pate  weather 
conditionej 

d) Increaae i n  the accuracy of forecasts of terminal weather 
conditions ; 

e )  Increase i n  the accuracy, and more rapid diwsemination, of 
forecast  amendments, 

In cormection with the r e s u l t s  of this trial,  consideration was given t o  
possible methods of improving the accuracy sf %he n@DW value reports by com- 
mercial a i r c r a f t  end 80 making the reports  more ~xset"csl to mateoro~ogistns, 
IrLformation was requested from the United Hingdstn and the United States on the 
methods used by their meteorological recormissanee f l i g h t s  f o r  cmrect ing the 
indications of the radio  alt imeter and pressure al t imeter  and on the accuracy 
of constant pressure a l t i tudes  detftmnSnod by t h ~  f l ights .  Although the r ep l i e s  
did not  contain any apparent methods fo r  Improaring the accuracy of wDm value 
repor ts  by oommsrafal a i r c r a f t ,  they have been included i n  thf s report  
(see Appendix H) because i t  was believed t h a t  the rather canplate treatment 
given t o  the measurements of "D* values by meteurs2og1caf reconnaissance f l i g h t s  
would be of i n t e r e s t  t o  readers of t h i s  report ,  

CONCLUSIONS 
--*-a- 

23 0 Conolusions relate9, to  t h g o ~ i ~ i n a l  m ~ o s e s  of the experiment 
i s e e  paramaphs 1 0  and 11) 

;?aol  Although there a r e  indications of some overal l  improvemerit i n  
the  "Dlt value and upper wind forecasts  during the t e s t  period as  compared with 
the control periodp the differences are  not corisidered large enough t o  be 
s igni f icantP  

Conclusion No, 1: The-iment faK&a t o  give a r e l i ab le  indica- 
t ion  of the extent t o  wh&h more..frwuant ~bservat iono would imrrrwe the 
accuracy of upper a i r  f.orecasts, 



poxylu$ on N o 2  P, The re,si~lj~~,ctf,-~~~i .,experiment ~ o v i d e  insuf- 
f i c i e n t  ~ u z t l f i c a t i o n  f o z a n  increfts2.i~-t .hs frequency of radiosonde and 
kadio/radar wind observations over the North Atlantic. 

Conclusion No. 3: Since it cannot be s ta ted  c o n ~ l ~ s i v e l y  that more 
r e l i a b l e  forecasts  and prop-ostic charts were avai lable  during the t r i a l ,  - 
it seems inadvisah1.e. f o r  the time bei-to attempt t o  standardize the 
~ t e a r o l o r r i c a l  procedures f o r  u t i 1 i z j . a ~  upper a i r  data .for pressure 
pa t te rn  fl?ring. 

240 Additional conclusions 

24. 1 Unsatisfactory co~munications 

Much of the  value of the addi t ional  observations was l o s t  because of the 
f a i l u r e  of the observations t o  reach the meteorological of f ices  i n  time t o  be 
u t i l i z e d  properly. In  some cases the observations were not received a t  a l l o  
According t o  repor ts  from the meteorological of f ices  the reception of the observa- 
t ions  current ly made i s  not satisfactory. It theref ore appears more profi table  a t  
the  present t o  concentrate on communicatioris problems than upon securing an in- 
crease i n  the frequency of obsema t ions s ince any reduction i n  cmmunication 
delays w i l l ,  i n  effect,reduce the time ahead for which forecasts  must be made, 

Conclusion No. L,: AS a means of i r n r ~ r w i r ' ~ ~ ~  f'orecastina accuracx, 
subs tant ia l  reduction of delays i n  the dissemination of upper a i r  data - 
may be preferable t o  an increase i n  the frequency of upper a i r  observations. 

24.2 Urlrel i a b i l i  ty  of' determination of ac tua l  condf ti ons 

The differences i n  the ac tua l  upper winds determined by various meteoro- 
log ica l  of f ices  f o r  long routes  indicate  t h a t  the methods of determination used 
need re-evaluating s ince t h e i r  accuracy controls the accuracy of forecas t  winds. 

Conclus io~~,J~~. -Z:  JL-WOIIJ CI . be usef ill f f a study were made OL? 

E L )  .@ differences between the "actualn lipper winds for routes  
determined bv d i f f e ren t  me t e a r o l o ~ i  car off  i ces  i n  the North Atlantic 
Re~ion;  

b) reasons f o r  these ,  differences; 

c )  the r e l a t i v e  merits uf th* various analysis  techniques used. 

24.3 Importance of speed i n  uti l j .aatf  0 1 1  of data 

Consideration of the decrease i n  the Ecccuracy of forecasts  w i t h  increase i n  
the period between the time of the basic  data and the time f o r  which the fore- 
cas t s  a r e  va l id  suggasts tha t  it might be preferable t o  make some forecas ts  (such 
a s  "D" value forecas ts )  by a very sirnple and rapid method on the bas is  of data 
j u s t  received ra ther  than r e l y  on a forecas t  prepared using normal methods on the 
bas is  of older data, For example, it appears that,  i n  many l o c a l i t i e s ,  an ac tua l  
"D" value, j u s t  cornputad frun the r e s u l t s  of a radiosonde report ,  could be used 



a s  a forecas t  of I'Dt' value a t  the seme place f o r  12 ho!lxs hence with a be t t e r  
chance of success than i f  the forecas t  were prepzsed by normal meals on the bas is  
of upper a i r  char t s  f o r  a time of obse~vat jon  1 2  hours, or  even a s  l i t t l e  as 
6 hours, ea r l i e r .  This i s  perhaps t ? m  si;nplz;t exr~lnpls of a rapid method of 
"forecasting" and i t  seerns l i k e l y  t h a t  even be%ter use car.ild be rnsda of methods 
taking only a l i t t l e  more time. 

Conclusion li o0 6 : I t i s  proba,OIAg i;11~1;-1ncxre rapkd pro-ced-pres could be 
developed whl ch t~oulr! ensure t h s  t g~.cl&g:;~~~&s-gadt? of tha l e t e s  t a v a i l ~ b l g  
upper a i r  data i n  aviat ion f oreeas ti~)~qa&,d_-r_eqgJt i r1  worthwhile inl-- 
pr~vement i n  f orecas t accuracy. 

24.4 Non-unif oHni t y  of co l l ec t  edda-&+-~ndq~~.stsndardi za t ion  of 
methods f o r  c o r ~ p u t i n ~  wind components 

24.4.1 The f l i g h t  data received were of various types and mixed qual i ty  
because of the mi.sunderst%nding by some a i r l i n e s  personnel of the exact data re- 
quired and the d i f f e ren t  methods use$ i n  ?reducing -them, The f a c t  t h a t  there were 
l a rge  variat ions i s  c l ea r ly  indicated by the scitt,tr=.r of results shown graphically 
i n  Appendix G, Figure 1. 

Conclusion NO, 7: &-a~peat*sa~~g.q t i1- i l  that any fu ture  b i a l  i n v o l v i s  
collect,ion of meteorolonical data be ~rucecfed by very thorough co-or din at is^ 
between those conduc t ina  the +;cia1 2nd ~g 0~3tw. tors concerned. 

24.4.2 It was noted that a t  Landon Airport; equivalent t a i l  winds were 
computed while a t  la Guardia Airport,, New Ycrk, tail. winds componena were computed. 
In ~ d d i t i o n , a t  l e a s t  one a i r l i n e  reported wi l~d  component which would have given 
the  same f l i g h t  time i f  the f l i g h t  had been made along a great  c i r c l e  instead of 
the t rack ac tua l ly  flown. While it is  probab:le tha t  the ac tua l  e f f e c t  on a i r c r a f t  
operations of any misunderstanding concerning the type of wind data is  usually 
small, it is  evident t h a t  on occasio~is i t  could be serious. 

Conclusion No, 8: A stan&rti metkigd,d,Is clesirab$e f o r  stat in^ the  m _ e z  
wind over a route, i n  r el&&Jant&j.I:.:--~~-[f~_t-~~n f l i g h t  _time. 

Since there is so  much disagreement as to t h e  acLtm1. wind conditions ovsr 
the North Atlantic a t  any particii lar tlmo, i t  is  bclLi?veii t ha t  pos t - f l ight  ragor ts 
from a i r c ra f  t ,giving mean route c~inds, would be Lcneficial, I t  is generally agreed 
that such reports  a r e  more r e l i a b l e  than i ~ ~ - ~ f ' l i l ; h t  wind reports  f o r  individual 
zones or sect ions of routes due  t o  the  f a c t  that, greater d.l.stances and longer tirne 
in te rva ls  a r e  involved, thereby giving s greater accuracy t o  t h e  overal l  route 
component. 

Conclusion No. 2: V&able additional inl"o'rr~l~~tion would be obtained - 
i f  pilots-in-capand reported t o  the mete~r01.0gZcal oaice. a t  point of 
a r r iva l .  the mean route  wind (determined by a standard method) and i f   the^ 
reports  were transmitted t o  other interested meteorolonical offices. 
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24.. 6 Non- standardiza t ion of forecast  ver i f  iea t ion  methods 

The var ie ty  of procedures which Sta tes  have used i n  summarizing the i r  data 
indicates  t h a t  there a r e  s t i l l  no generally accepted procedures f o r  ver ifying 
forecasts  , 

Conclusion No. LO: It is desirable  tha t  methods of forecast  ver if ica-  
t ion be ::inn fur ther  study with a view to the adoption of n small number 
of standard procedures 

Further t r i a l s  

The r e s u l t s  of the t r i a l  indicate  t h a t  even a considerably longer experiment 
of t h i s  type, i n  which addi t ional  information i s  available f o r  cer ta in  periods 
only, might not yield r e s u l t s  that would be appreciably more conclusive. However, 
.it i a  believed t h a t  conclusive evidence of the e f f ec t  of more frequent observa- 
tione on forecast ing er rors  could be obtained with v e r y l i t t l e  expense by con- 
ducting an experiment designed t o  show the e f fec t  of the  Maget' of the basic  upper 
a i r  data used, Such an experiment might be carr ied aver a period of a year or 
eo, on the following l ines :  

a )  One of the la rger  meteorological off ices ,  which normally make 
four upper wind forecasts  per day fo r  the North Atlant ic  routes, could 
canpare the accuracy of the forecast  mean route  wind components baaed on 
upper a i r  data 6 t o  9 hours old with the accuracy of those based on data 
12 t o  15 hours old; 

b )  The forecasts  r e f  erred t o  i n  a )  could be checked by means of 
ac tua l  wind components determined by f l i g h t  checks carr ied out by one of 
the  la rger  North Atlantic operators using a r i g i d  procedure careful ly  
worked out  s o  a s  t o  f i t  i n  with the normal operating procedures of the 
a i r l i n e  involved t~i1c1 3 . t  the szme time t o  provids r e s u l t s  of the highest 
practicable accuracy, 

Conclusion No, 13: More de f in i t e  r e s u l t s  might be obtained, in retzar4 
t o  the or ig ina l  purposes of t h i s  t r i a l  ( p a r a m a ~ h s  1 0  and 111, bv carrsdng 
out a protracted experiment on the l i n e s  indicated i n  w a a r a ~ h  2L.7 above. 
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P U N  AID OIiGANIZATIOI~J 

1 The "normal" network of radiosonde observations and radio- 
sonde and radio/radar wind observations i n  the  Ilorth Atlant ic  Region t h a t  
axis ted during the  period of tho t r i a l  is  shown i n  Figure 1. The wnormalN 
network prevailed during t h e  control  weeks and it should be noted that ce r t a in  
s t a t i o n s  made four  upper a i r  observations per day a s  par t  of the llnorrnalfl pro- 
panme. I n  addition, although not indicated on the  Figures, a l l  ocean s t a t i o n  
vessels  and a number of land s t a t ions  made radio/radar wind observations a t  
0900 and 2100 GMT throu(=hout the  f i v e  weeks, 

2 ,  The augmented programme of upper a i r  observationa t h a t  pre- 
va i led  during t h e  t e s t  week3 is shown i n  Figure 2. I n  principle,  a t o t a l  of 
thirty-four s t a t ions  made four  upper air observations per day during t h e  t e s t  
weeks. In addition, Barajns (Madrid) Spain, a t  which two observations per 
day were made as routine,  four  observations per day were made whenever possible. 
A t  Thorshavn and Sable Island, from which the  addi t ional  observations were aleo 
desired, it was not possible t o  increase t h e  frequency of observations beyond 
the  normal two per day due t o  supply and personnel shortages but it is  believed 
t h a t  suoh absences d id  not materially a f f e c t  the  r e s u l t s  of the  programme. 

3 6 A s  a moans of evaluating t h e  progrcunme, a l l  operating age- 
o i e s  making f l i g h t s  i n  t h e  Rorth Atlant ic  Region were requested to check fore7 
c a s t  winds against  a c t h l  winds throughout t h e  f i v e  weeka. It was real ized 
t h a t  a mere camparison of planned f l i g h t  tirnes and ac tua l  f l i g h t  times would 
not y i e ld  va l id  wind component comparisons. A form was therefore prepared 
f o r  reoording ce r t a in  elements during a f l i g h t  so that a ve r i f i ca t ion  of the  
forecas t  and ac tua l  wind components could be car r ied  out by the  ICAO Secre- 
tariat. A oopy of the  form is  shown i n  F igwe 3. 

4~ A s  a fur ther  means of e v a l u a t i ~  the  programme t h e  fallowing 
proposals were made t o  S ta tes*  

P r o ~ n o s t i c  Analyses 

4.1 That &-hour prognostic analyses f o r  dissemination be issued 
a t  6-hourly intervals ,  f o r  the  500 mb. l e v e l  only, by a United S ta t e s  
cent re  f o r  the  western pa r t  of the region and by a United Kingdom centre  
f o r  the  eastern p a r t  of the  region, i n  acaordance with the  procedures 
then i n  force f o r  exchange of analyses. 

2 That the prognoses be ver i f ied  by tabulating the  differoncet) 
botween forecast  arid observed values of contour height and of t h e  geo- 
strophic blind vector a t  a nwnber of points, selected by the S ta tes  con- 
cerned, where observations are  available.  The tabulations wore t o  be 
cnrried out by the S ta t e s  concerned w i t h  respect  t o  representativa prog- 
noses issued during both the control  and t e s t  periods and the r e s u l t s  
co~municated t o  IC110. 
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4.3 T h a t  Stat,os which were ablo t o  carry out ver i f  icutiion of 
progrrostic charts  i::nued local Ly f o r  f l i g h t  purposes u t i l i z e  thu same 
system* 

4.4 That each t ransat lnr l t lc  MID (Main Ei"lctoorologica1 of f ice)  
knake forecast "Dlt values f o r  i t s  l o c a l  aerodrornu nvnilable t o  operators 
on a continuous bas is  i n  sorno collvorfiont form such as  a tab-dat ion o r  
a graph. Requirements f o r  ndditionn:l Jocntiora within the  19431s 
respons ib i l i ty  were t o  be kept t o  n m i n i m u m ,  In addi'tion, t he  MI40 was 
t o  co-ordirmte loca l ly  the requirement f o r  'IDgt valuos f o r  oceanic points 
i n  i t s  vicir l i ty  arid t o  supply, on requost, the  forecas ts  needed f o r  
oalculat ing in-f l ight  ins t rumenta l  "Dn value errors  or f o r  more precise  
F l ight  planning, Forecast "Dtl values fo r  en-routs o r  a r r i v a l  points 
were t o  ba made ava i lab le  on request i n  the  form of d i sc re t e  values or  
by prognostic char t s  or  i n  some other co~wenient form, 

4,5 That the excharge of forecast  I'DH values be restricted t o  
those f o r  the  500 mb. lovel,  which were t o  be added t o  t h e  'L'AFQL'/TAMEP 
messages i n  the  code specified below* S ta t e s  were t o  determine f o r  
which operationally s igni f icant  points these should be issued; however, 
a t  l e a s t  t he  following ocearlic terminals were t o  be included: Gander, 
Goose Ray, New York, Bermuda, Laces, Kof'lavik, Shannon, Prestwick, 
Lisbon, 

4.6 Thtit t he  forecast  "Dtt values f o r  the  500 mb. love l  be made 
fo r  times 5, 11 and 17 hours from tiine of issue of the rout ine TAFOT/ 
TAMET messages and be ndded at t h e  end of those messages as two five- 
f igure groups using tho forrn* 

XD5D5D5Dll D1lD1lDl r7D17D17 or b 5 D 5 D 5 D ~  e t c  . 
where X = English units (feet,) 

/ = metric uni t s  (metres) 

Each 3 f igures  of "D" represented the forecast  "Dn value i n  tens 
of f e e t  (or motres), J'or nueritive values, 500 was t o  be added t o  the 
code f i p r o s  i n  n si i . l i lul .  n~n~lrior t o  tho method used f o r  1090 rnb. contour 
heights i n  the '!Xl.P code ( ~ b 1  35) e*g. groups X01+00 01,506 a t  tlie end 
of t.he 04.00 GMT TAFOT - wc\iiId muan :  Plus 400 f e e t  a t  0900 GM'I, plus 40 
f e a t  8.t 1500 G14l' and rniii~~s 80 f e e t  a t  21.00 CbfT, 

4.7 Tlmt individual l-D~X)f s or S ta tes  tabulate  t he  dtf'feronce 
butwijcn forecast  and observed or computed "D" values f o r  tila loca l  
aerodromes anci commurlicate the r e s u l t s  t o  ICAO. 

5 .  Development of methods used i n  the analysis  of the  data  and 
ideas incorporated i n  the r e s u l t s  

5 el I n  an e f f o r t  t o  analyze the  data i n  such a way a s  t o  produce 
r e s u l t s  of maximum value, a panel of experts was formed. This panel consisted 
of: 
. -- ----- --- - - --.- 
*TAFCC/TA~ iiT laesuages ara coded cclaodroll~o forecasto normally issued four times 
a day a t  ubout 0L+00,1000,16OC arid 2200 GICC f o r  a period of 34 hours beginning 
at  0600,1200,1800 and 2.400 GMP. 



Chief IJavigat ing O f f  i c c ,  r&ans- 4 mernbera - Moteo~~cslogy ActiviCby 
Canada Airlines 1 member - Operations Activity 

F lee t  Navigation Off Fcer, Ailantic 1 member - Ps~sonr..el Licensing 
Di-vision, Br i t i sh  Over- ~ e a s  and Training 
Airways Corporation Acti-vity 

5,2 Day-long msetinga ol' Cho pme!, rroro h4.d in the o.fflces, c ~ r " '  
t h e  Secre tar ia t  oil: 

.U September 1952 
16 October 1952 
12 February 1953 

5 03 Tllesu discussiolls were of considerable b n s f i t  t o  the B Secre tar ia t  i n  directing the invest igat ion of the r e s u l t s  of the  trial and 
i n  preparing this report ,  

6. A n ~ ~ m l  cos t  of an augmented progrtunme 

6,1 Only n few replies were raceived from the  S ta t e s  giviag 
ostirnntes of the an111i;l.l a.ddl5ion;:E cost, oZ ii?t:L*u;i:sl.~ the froql;smy of 
observatio~ia : 

Canada stntod .clvi, two ndditioAwl radfc~soncie and ru.dio/radnr 
wind oSsorvaif.on;; p9r dsy a t  Sable Island urd Sagen Islanda w o d d  
coat  a1wtr.t ($'!6,000 put i7ecr ad. EL-I; ~ ; O O Y B  Bay about ?;~~5,000 per ye.xr, 

Daimmk c3:iLcr~ki-tad tim"U";wo a4di.tj.on;il rac1ioso.de uid ilariio/ 
radar wi.~ld ol , so :~~fa-ki~l i~  per' dc!y at. Arigugsaa1j.k v o ~ i l d  coat $47,000 
per year, 

Ireland es t,ha:,e< t hz:l; %ha addltiorlr%l o b s ~ ~ ~ n . : ; i o n o  at V u l ~ r l t i c ,  -- 
and t h e t ~  t,~:..s:lsmiss io Zni;cj:*nzi!. l y ,  would cost  $35,000 per yoas:, 

IJ01wa as t.Lnu',cd .i;.h~~t tho acldi t ion~. l  ro.dPooorde ob~alvat ion.~  cr.b --- 
Oslo Airpart ard Ccenn 3t.~fi0;1 V o w e l  W;lr' ~0'1~3.~1. cos5 abo'u-i; $33,000 per 
year, 

6,2 It is es.chatcd t h a t  t!~a t o t a l  nrld t t i o l ~ u l  coot $0 Sta te s  
f o r  the e n t i r e  augmented programmls ~tt tihe 34 s t a t ions  would be $500,000 - 
$1,000,~00 ( ~ o ~ n )  per p a r c  
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Fjgure 3 (Appendix A) 
-- 

SPECIAL FORM FOR C H E C K I N G  FORECAST WINDS 

Average f l i g h t  t a i l  component f o r  t h e  r o u t e  k t s  # 

Average f o r e c a s t  t a i l  component f o r  t h e  r o u t e  'kt;s # 

F l i g h t  p l a n  procedures commenced ( e o g ,  a t  f l i g h t  a l t i t u d e  and on c o u r s e )  
a t  - p o s i t l o n  --- t irne GMT 

F l i g h t  p l an  procedure t e rmlna ted  ( @ , g o  descending  and/or turned  on t o  
rad io / range  ) a t  - p o s i  t f on t ime GMT 

NOTES: E n t e r  a c t u a l  f l i g h t  t ime f o r  each s e c t i o n  t o  n e a r e s t  minute.  
E n t e r  #I d a t a  i f  c o m ~ u t e d  and a v a i l a b l e .  -- -- -- ---- 

Remarks ( n o t e s  on f o r e c a s t  and f l i g h t  weathex?: ma o r  d e v i a t i o n s  
from f l i g h t  p l an  o r  expected  t r a c k ;  e t c .  3 



APPENDIX B 

DET.CLITA~D DESCR JFl' OF DATA RECEIVED BY ICAO 

l .- Wind Data from M~t(?oro log~cal  Offj css ---- 

Shannon Airport 

Mean absolute er rors ,  by weeko ( t e s t  and control) ,  of t a i l  wind 
component forecasts  for the Shannon-Gander (G.c.) route  a t  the  700 mb. 
and 500 mb. l eve ls .  Forecasts were made f ive  times per day ti8 followe: 

Lates t  Unper A i r  Chart &ue Time Valid Timg Verif icat ion T i m ~  

1500 GMT (2100 GMT) 0300 iiT.III' -1300 GMT 3.500 CfMT 
0300 GMT 0800 (;FIT 1800 GMT 1500 GMT 
0300 GlVIT (0900 CMT) :1300 CMT 2200 i;t~lT 0300 GMT (2100 GMT) 
0300 G ~ I T  (oooo ~ f . 1 ~ )  1.630 cr.~r 0300 GMT 0300 GMT 
1500 GMT 2130 G!Yr 0800 CFIT 0300 GlfT (0900 C ~ R )  

Timea i n  brackets r e f e r  tJo tcu t; wcelcs . 

a )  Yorecns t imd obsorsved e c j t l i  va1en-J t a i l  winds f o r  t h e  Shannon- 
Gmder (C ,C ,  ) route at, tilo 700 ~nb. tu~d 500 mb. levels .  Forecasts were 
made fow' times p e s  day nu fol lows:  

Latesf; Upper A i r  c h ~ ~ r  t Is:; ae rl'ilnc: ---- Va 1 3  d 'I'm Verification TI r n ~  
( r.lppr.0~. 1 

0300 CbtT (0300 GblT) 1800 G1~l'i' 0730 GI-IT Not ver if ied (0300 GMT: 
1500 GblT 13000 CMT 1.330 GF4T 1500GMT 
1500 GMT (2100 CMT) 0600 CMT 1930 GMT Not ve r i f i ed  (2100 GMT' 
0300 GMT 1200 CMT 0130 GMT 0300 GMT 

Times i n  brackets r e f e r  t o  t e s t  weeks, 

b) Forecast a ~ d  actual  equivalent tail winds f o r  various other 
routes  tuld times a s  required by t r a f f i c .  T h i s  information was sub- 
mitted i n  a soparate t:ibulation axid comprised data on f i f t y  addi t ional  
forecas ts  f o r  both the 700 mb, and 500 mb. levels .  Each forecast  was 
v e r i f i e d  using the a p p r o p r i a t e  upper leve l  chfirt f o r  t he  time nearest  
t h o  mid-time of the flight. 



Forecast ruld ucturil tcil.  wind co~uponerts f o r  the Prestwick- 
Gander (G.c.) route  and other routes  tit various tirnes during the  day 
as required by the t r a f f i c .  In luost cases, da ta  were submitted f o r  
both the  700 inb. and 500 mb. levels .  Each forecast  was ver i f ied  using 
the  appropriate upper a i r  char t  for the time nearest  the mid-time of 
the  f l i g h t .  

1 3 United Sta tes  

New ~ o r k / ~ , a  G u e r r i r p o r t  

a )  Forecast, and actual  t a i l  wind components f o r  the  New York- 
Gander (R. L. ) route  and the Gander-Shannon (G.C. ) route. Forecasts 
were made three times per day us follows: 

Lates t  U~per  A i r  Chart .-- Valid T a  Verification T i m ~  

0300 C14T (0900 ~ 1 4 ~ )  1900 C l f l  0000 GbiT 0300 GMT 
1500 CNT 0000 G1 IT 0600 GFIl' 0300 CIPT 
0300 Gl4T 1200 C!\lT 1800 GI il' 1500 GMl" 

Gander-S hannon ( c . c .) 

Latest  Upper A t r  Ch& B ~ u e  Time Vtilid T i ~ n e  Verification Tima 
(approx. ) 

0300 GMT (0900 CMT) 1800 G I T ~  0600 GMT 0300 GMT 
1500 G ~ U  0000 CM'I' 1200 CI~T 1500 GNT 
0300 GM'P 1200 GM'I' OD00 CMT 0300 GMT 

!l'lrnes i n  brackets r e fe r  -to t e s t  weeks. 

b) Forecast and actual  gradient winds, and the vector differences 
between them, at  the '700 mb. and 500 mb. levels ,  f o r  following locatloner 

1. Roma, N e w  York 8. Nursarssuak, Greenland 
2. Norfolk, Virginia 9. Ocean a ta t ion  vessel A 
3.  Goose Bay, Labrador 10. 11 

II * B 
f+. S t .  Johns, Newfoundland 11, 11 n " C 
5. Stephenville, Newfoundland 12 , II 

I1 1' D 

6. bcrmudu 13 I1  n E 
7. Boston, Maasachussetts 11,. 11 

11 1' H 

The forecasts  were mada on the bssis  of 24-hour prognostic charts,  
and ver i f ied  by wirlds measured from actual  charts,  as follows: 



Latest Upper Air Chaxt T 
A ,s% cc 'P?JQO 
I...-...--.-Lt- Jt&3.Ag-'YY.g2 Vwf f j cat1 on T u g  

/ 
- ---._-_..- 

lapp-ox. ) 
0300 CMT 1200 UtJ! 0300 GMT a300 GMT 
(0900 GMT) (1800 ~;MT) (WOO @IT) (0900 G ~ Y T T ~  
1500 CIQ OMIO (2tT 1500 GNT 15'30 QiiT 
(2100 GMT) (0310 C&T) (2100 GKI) (2100 rm) 

Times i n  brackets refer to t a v t  weeks. 

c )  Summary, by da:n rmd woo:cs ( c o n t ~ o l  and test) of nieau absoiuite 
e r rors  derived from the  data under paragraphs l .3 . l (e)  and 1.3 .l(b) aboue. 

ma- Gradiedt windo were ver i f ied  by measuring the ~llagnitude of 
the vector difference between the forecast a i d  ohaewp,d values. Since 
mauy of the *actualn winds had t o  be efitiraatod fl.0~1 the  charts,  they 
were considered t o  rspreeent =& s e a  cn a hodo&~al;i? r a the r  t h ~ m  a point. 
This was defined the  observed direct ion + 10 .hots.  IJelocities for+ 
caat  t o  l e s s  than 10 knots wore t rea ted  as calm. The vector difference 
was considered as t h e  vector between the  f o r e c u t  wind vector and the  
nearest  point i n  t h e  area encircl ing t ha  *actualN wind on the  hodogaph. 

a) Absolute erroi-s oi t r c ? l  xind ~omponeut forcxsAi t~ at  the  qOW 
foot l e v e l  f o r  the 42ON 68r3i) - Floi*c?s, Azo:c*eu roa te  z::d  EL.^ the 17,000 
foot l e v e l  fo r  the 410N 63G?if - ?Tlorses, kzoi8ss rolzte, Tho actual t r t i c k , ~  
used were ltlc?ast t,inlelY .;,ra.cl;n, v h i ~ i .  d ~ * i : ~ g  the period, except fo r  cnc 
instuncc, were eithe:: r!ullir l i ne  o: &;reat ciimr;l~t0 Fo~~r?lc=as.ts xiere ~aade 
twice per  d2y f ollowu: 

Wt Uumr A i  . . 
7 ChdL -...-.-,,..... -LC,? ::e !.J.AI~ - ... ..-. ,, V a ~ i ; '  ,, ,,.&...L The &r=c&L 2 on 'I2 i SOL < ~.~.P::Gx~ j 

0300 GMT ::ooo clrn a3 (-1 CI a11~ cjoo L;I$~ 
1500 GMT .. : ,. ? ( j ~ j  ~1q-i' 1503 :ad ; 5Ot2 CibST 

b) A b s o I ~ t ~ ~ '  erI'iJK L' 0f W . L I ~ ~  i.01-ec2a~ LS ~ i ;  t l ; ~  'jr~00 f 00% ~d 
1'7,000 foo t  1evel.s f c>i1 t.1,~ f'tll?. owirig lr:\;:c?t.i 02:; : 

2.. Rome, NGW York '7. Octal Stt~Lic11 V ~ Z S E ~ .  D 
2. Bemuda C, 19 I tt E 
3 . St ephenviil e , 1.T ew!'euriiS.:. ~11Ci 9, n ti " 11 
4 .  Goose Ray, Labrhdor 10, Point U.5W 6OoW 
5. Flores, Azores 13 . Point LOON 4Q0W 
6. Ocean S t a t i m  vessel c 12. Point k0,7QW 50qJ 

The forecas ts  were niade and verif ied i n  aucordmsce with the 
schedule i n  paragraph 1 . 3 . , 2 { ~ ) .  The data were sub~nitted i n  the  form 
showing, f o r  each l'orecnst, t h e  sun and $hi! mecm of the individuzl 
e r ro r s  i n  the  forecas ts  fey t h e  12 loctttions wi%h direct ion Hnd veloc- 
i t y  e r r o r s  l i s t ed  separe."oig. 



Mote.- The wind forecasts were vtf112ied b'y considering a deviation 
of e i the r  one degree ox C A e  knot equal to  one error.  Thus a forecast  of 
320 degrees 40 knots and aot,usi i ~ i n d  of 3C)O degrees 50 knots would y ie ld  
e r rors  of 20 i n  d i rec t ion  and 10 i n  speed. 

c) Absolute e r rors  i n  wind fc~recmts at t h e  9000 foot  l e v e l  f o r  
the  680W - Flares, AZOY'OS ~ * ~ i l t . e  and at the 17,000 foot  1-eve1 f o r  the 
WON 60% - Flores, Azores i"3ilteo The forecants we& made by zones 
according t o  the  schedule i n  piirilgrajl~ 1..3,2 {a) and ver i f ied  by the  same 
method aa described i n  the nc%e t o  pa.rsg~aph 1,3.2 (b)  , 

d) Summaries by waek.s (controj a t ' i  test)  of mecw absolute e r rors  
described i n  preceding paragraphs 1,3.2 (aj, 3.3.2 (b) and 1.3 ' 2 ( c ) .  

2.1 Canada 

Gander Ai rpor t  - 
a) Forecast and actual 500 11:L. a . L t - ~ t ~ d e ~  and "D* values f o r  Gander 

a id  Goose Bay f o r  the  times 4, 11 and 1'7 hdans a f t e r  routine TAFOT issue 
times, as follows: 

ba t t e s t l ;~~~ues  A i r  Chart JJsSgTTJm~ , TJ -.,.-=,....--- c~-L(j I -  = T h u s  ---- Verification Time 
( appr ui: . ) 

0300 G?4T 1000 i3IT 15, 3.l tuld 03 GPri') 0% and 1.5 all' during 
0300 GI4T (0300 WT) 1600 GEI'T 2 i., 013 a!c i  09 ~Pl ' f  c o ~ i t r o l  period and 03, 
1-506 GMT 2200 GPlT O:j ,OQ 1-5 GITT) 09,15 and 21 GMT 
1500 GNT (2100 GMT) 0400 (>l)iT e79,lS i:i~'~d 2:L mlT) during t e s t  period, 

as a.ppropricrte 

Times i n  brackets refer tc t e s t  v ~ y k ~ .  

No nactual'l values 6h.t d.nad l-{y i n  cspala t icm vere used f o r  ver if  i- 
cation.  

b) Forecast and actual  500 mb. cX'i'~+;mtl~:s arad "DOg va1uea for  Ocean 
Sta t ion  Vessels "A" and " C " .  Forecasts were ri~ade !'ow: times per day 
as follows: 

ha tos t  1Jmer A i r  Chart J&snn..-l:im-~ J&ildL&g. 'l'b~~ kr i f i ca t j . cn  Time 

0300 GNT 1100 GYC r3_300 G1:'i' 0300 QIT 
0300 GllT (0900 G~IT)  1700 CTIT O1/Gi) G1:T Not ver i f ied  (0900 CJIT) 
1500 GNT 2300 GI IT 1500 GPT 3.500 GNT 
1500 GKT (2100 GNT) 0500 GIT 2100 GlIT Hot ver if ied (2100 @,IT) 

Times i n  brackets refer  Z,o Lent  wocks. 

NO "actualn values ~ L t s i n e d  b,,r %nie%pc+la-tion were used f o r  ver if i -  
cation. 



c)  Graphs of data devcsibed in  preceding paragraph 2,1el(b). 

2,2 France 

a )  Forecast and actual @Dn values, and errors derived therefrom, 
Pox -is, West and Ocean Station Vessel @KVor  the times 5, 11, and 
117 hours after the routine TAMET issue times in  aocordance with the 
echedule i n  paragraph 2.l(a) , However, since a l l  missing actual values 
dihmaghor;lf the 5 weeks wewe interpolated, an @actualfl value was given 
fw eaoh forecast value, 

b) Root mean squares by periodso of the errore referred t o  i n  
paragraph 2.2. 1(a) above, 

2.2,2 Paris /C entral Service 

The same type of data as submitted by the Orly Airport offioe 
w e p t  that  the forecasts were made only twice per day (1000 GMT and 
22W GMT) throughout the five weeks and were baaed on the normal W c e  
b i l y  upper a i r  observations only* 

Noteow This information was submitted for oomparative pWpO8eSe 
See special analysis by France (~ppe1idi.x E), 

2,3 Iceland 

Kef lavik Airport ( 1nf orma tion aulmitted th r  - mrzh U.8, Air 
uiw) 

a )  Forecast q d  actual 'gD'o values far KePlavik f o r  the times 9, 
1% and 17 hours after the routine TAMEX ias'ue 'times as given i n  the 
sohedule i n  paragraph 2,l(a),  However, since four upper a i r  obeema- 
tions per day were being made a t  Keflavilr. th.rgughout the five weeks, 
aot~lcrlvalues were given for all foreeaslttr during both the cmtzol and 
t e s t  periods. 

2.4 Ireland 

2,k.l - Shannon Air~or t 

a)  Mean absolute errors, by week8 (oontrol and tes.b), o f  the 
foreoast a2tit.udes of the 700, 500 and 300 mb. levels and ~f t'he fore- 
oast surface pressure a t  the following loca t i~nss  

1. Valentia, Ireland 3, Ooean Station Vessel "'Ck 
2. Ocean Station Vevsel J's A, St, Johns, NewfoundJ-and 

b) Mean absolute errors, by weeks, of the foreaast 500 mb. 
altlitudee for Shannon for the times 5, 11 and 17 hours after the routirre 
TAFOT issue times as given in  the eohedule i n  paragraph 2.1(a)6 
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Verl. if ioation values wewe obtained by in terp la t ion  Barn tha analyaed 
a per air &arts far 0300 and 1500 @lT d w h g  the control period and 
0300, 0900, 1500 sod 2100 GMT during the t e a t  period. 

2,&2 publin Airport 

a )  Mean absolute m o r a ,  by weeks (control and test) ,  of fore- 
uaet 700 nibo altitudes f o r  Dublin the m a r r n e r  describd i n  para- 
graph 20401(b), 

Norway 

A )  Forecast wid actual "D* values9 and errors derived therefromo 
fo r  ~~slo/~ardemoen and s ~ v & I X L ~ L W / S O I ~  based on 12 and 24 hum prog- 
nostic chartsl (appro~c2mat6ly the same ae 5 and 17 hour forecasts made 
a t  the 1000 and 2200 GMT T W T  issue t b e s ) .  

Jatest th~m A i r  Charts Issue TS a 
'T&izl?Y 

?yalid T h e  Yertfication Time 

0300 GMT 1000 GMr 1500 GMl', 0300 GMT 1500 CfMT, 0300 GKP 
~ S O O  GMT 2200 CElT 0300 WT, 1500 GMT 0300 GMT, 1500 GMT 

No *aat;22tlln values obtained by interpolation were used for  verifiaationo 

London andi k e s ~ c k & m w t ~  

8 )  Mean absolute errors by peri.odls (control and b e t )  of far* 
cast 700 mb. and 500 mb. DPDDt value8 made by PrestwScrk for fieatwick i n  
oanbbtZon with those made 'by London for London. The fmecaetx were, 
prepwed as foPlowss 

ptest I h 3 ~ e r  Air Chm& &we We_ V&f d TSmq y 

1500 CMl' (2100 GMT) 0100 GMr 0.3, fY3? 15,  21  C;MT As appropriate, 
0300 GMT 0700 GMC 09, 15, 21, 03 GMT 
0300 GMT (00 CHT) UOO CMT 1!jV 21, 03D 09 C;MT 
1500 cd.TT 1900 W 2'LD 03, 09$ I5 GMI! 

Times i n  braoketrs refer t o  teat  weeks. 

nActual* values were obtained by interpolation whenever neoesea~y 
f o r  veriff cation. 

b) Tabulation of distribution of errors described i n  preceding 
paragraph 2.6.l(a), aceording t o  t,hoae exoeang  100 feet, 200 feet, 
and 3.00 feet. 
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2.7 United Statea 

2.7.1 pew ~ o r k / ~ a  Guardia Airno& 

a) Forecaat and actual  'FD"alues for New York fo r  t h e  times 5 ,  
U. and 17 houra a f t e r  t h e  routine TAFOT iljaue t ime  in acoordanoe with 
the eohedule i n  paragraph 2.1 (a). An *actual" value w a s  given f o r  each 
forecast  made throughout the f i v e  weeks, missing values being inte- 
polated; however, s ince f o w  upper a i r  obeervations per day were avail- 
able throughout most of the period from nearby Mitchell Air Base, b t e r -  
polatione were kept t o  a minimum. 

b) Forecast and actual  700 mb. and 500 mb. a l t i tudes ,  baaed on 
24 hour p r o p o s t l o  chart8 prepared twice per day during the control 
period an8 four times per day during the  test period, f o r  the  locatianss 
l i e t e d  i n  paragraph 1.3.l(b). 

c) Tabulation of the mean absolute er rors  by days and weeks 
(oonfrol and t e s t ) ,  of the da ta  deecribed in the  preceding two para- 
graphs, 2.7.l(a) and 2,7.l(b). 

d) Tabulation showing the effect of the  length of the  forecm.5 
period on the  mean absolute forecast  e r ro r  of t h e  Vn value a t  New Yorlr, 

M t o v e r  Air Force Base, Mass, (US A i r  For=) 

a) Absolute e r ro r s  of the forecast  700 mb. and 500 mbs aPti.tu&ea, 
baeed on t h e  24-hour prognostic charts ,  f o r  t h e  looations l i s t e d  in 
pwagraph 1.3.2(b). Verificntion was carr ied out f o r  two times (0300 
GMT and 1500 GMT) throughout the  f i v e  weeks. Mi~a ing  naatudL'f values 
were interpolated f o r  verification. 

b) Absolute er rors  of the 700 and 500 mb. nDtl value forecasfis 
for the E3L in tersec t ion  (42ON 680W) f o r  the times 5, 11 and 17 hvura 
a f t e r  the  rout ine TAFOT issue ~imea i n  accordance with schedule i n  
2.1 (a)  . An er ror  value was given f o r  snch forecast  during uontrol  
weeks and t e a t  week8, missing values having been interpoletad. 

c)  Summaries of the  mean absolute errors, by weeks ( c o r ~ t r ~ o l  md. 
t e s t ) ,  of the  data devcribod i n  the preceding two p a r e p u p h a  2.r7e;2ga) 
and 2.7.2(b). 

207.3 f l t n n h n n u d l l p & ~ f o ~ m d l s ~ d  (US A i r  Foxce Baas) 

a) Mean absolute errors ,  by weeke (control  and t e s t ) ,  of %ha 
foreoaet 700 mb, dl t i tudes ,  baeed on the 24 hour prognoalio crhmt@ 
prepared twicle per day during the control 'period and four times per 
day duripg the t e a t  period, f o r  the  following looatlonet 



1, S t a  Johns, Newfoundland 6. Ooean Station Veaael B 
2. Lagea, Azores 7. n I 

a I) 
C 

3. S t e p h e n ~ i l l o ~  Newfoundland 8 a  D 
4, Goose Bay, Labrador 9 .  * w w E 
5.  BormuBa 10. a n a K 

b) Mean absolute error89 by weeks, of the ioreoaat-700 mb. alfi- 
+\r&a, as indicated in  the fl ight folder& f o r  St. Johne, Nawfoundland and 
Lagea, Azores 

Goose Bav. L@xadoy (US A i r  F o r o w  

a) Graph showing foreamt and actual 500 mb. alt i tudes for h o s e  
Bay fo r  the times 5 ,  11 and 17 hours after t he  routine TAFOT iesue timer 
i n  accordance with t h e  e chedule ' 8  hown i n  paragraph 2.1 (a), Radiosonde 
observations were made a t  Goose Bay four times per day throughout the 
five weeks, 

J3ermuda (US Air F w  B u )  

a) Graph showing forecast and aotual 500 mb. "D* vvalea . Radio-  
eonde observations were made a t  Bermuda four times per day throughout 
t h e  f i v e  weeks. 

3.- Wind data from a c t u a l  f l i g h b  

3 4 2 A t o t a l  of 804 special  forms for  checking forecast winds 
during ezc.tuel flights were received. A breakdown 4i the t o t d  by rdutec~ follovrti 

North America - Europe (direot) 
WA - Azorau 
North America - Icelund 
Joeland - Europe 
Newfoundland - Azores 
Xnt omal h b  ope 
Internal North America 
Asores - Portugal 
Aaores - UK or Franoo 
Asores - Bamiuda 
I B A  - Berin~:da 
Cariada - Portugal 
USA - South b e r i c a  
X ~ e l m d  - Bermuda 
South America - Bermuda 
UNKNOIRJ - 

Total 804 

3.2 llany of the forms wero incomplete, some being praotioally 
blank. k number were returned to States in an effor t  t o  obtain t he  additional 
infomaticln recluirod but only a vary few oould be oompleted, beoause airl ine8 
normally do no t  keep t h e  neoessary recorda, Only 282 forma were oonsidered 
oomplete enough t o  be used i n  tho analysee oontained i n  t h i s  report. 
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APPENDIX C 

ILNAXXSIS OF DATA 

1 . Because of the var ie ty  of forms and methods used i n  
presenting the  data,  the following conventions were adopted: 

1.1 The forecasts  were divided i n t o  t e s t  and control  weeks by 
using the t i m e  of i ssue  of the  forecast  and not its va l id i ty  time. Further- 
more, as  it was believed t h a t  any forecasts  made before 0600 GMT would be 
based on upper air char t s  using da ta  of the previous day, forecasts  issued 
before 0600 GNT on the first day of a cont ro l  or  t e s t  week were included i n  
those forecas ts  f o r  the  preceding week except, of course, on the first day 
of the f i r s t  control  week when a l l  forecasts  issued t h a t  day were included 
i n  the control  week. 

1.2 It was necessary t o  ensure tha t  da ta  r e l a t ing  t o  forecasts  
f o r  the  d i f f e ren t  times ahead be comparable, Consequently, where any of the 
forecast  llD'l values made by a ce r t a in  off ice fo r  a ce r t a in  t i n e  and locat ion 
were missing, all of the other forecast  uD1l values made by the  same off ice  
f o r  the  same t i m e  and locat ion were eliminated from the compilations, except 
i n  the  case of those from Oslo. For example, i f  the 11-hour forecast  made by 
Gander f o r  Goose Bay was missing, the 5 and 17-hour forecasts  made f o r  the 
same time were a l so  considered as missing. This procedure was not, however, 
applied t o  the  Oslo da ta  a s  it would have l e f t  so  few cases t h a t  the com- 
putation of mean values would not have been jus t i f ied .  

1.3 All ftactualll  "Dtl values f o r  0900 and 2100 GMT during the 
cont ro l  period were eliminated because most of them were obtained through 
interpolat ion.  

1.4 Except as  noted i n  paragraph 1.2 a l l  llactualtl I1D" values 
submitted f o r  the proper times were used, i.e., 0300, 0900, 1500 and 2100 GMT 
during the  t e s t  period and 0300 and 1500 Gl4T during the control  period, even 
though some of the o f f i ces  interpolated the missing values. Thus normally 
each t e s t  week would have twice a s  many forecasts  ve r i f i ed  as each control  
week. 

1.5 A s ingle  procedure was adopted t o  indicate  the  time ahead 
t o  which a forecas t  applied. Some Sta tes  took this a s  the time of the  l a t e s t  
upper air observations while others considered the  time of i ssue  of a fore- 
c a s t  as  the base time. In this report  time of i ssue  of a forecast  i s  taken 
as  the base t i m e  unless otherwise noted; thus an 11-hour forecast  issued at 
0400 GMT i s  va l id  a t  1500 GMT. Actually, some of f ices  ca l led  the 'lITt vdw 
forecas ts  6, 12 and 18-hour forecasts ,  but a l l  such forecas ts  a re  referred 
t o  a s  5, 11 and 17-hour forecasts  i n  this report  since they a re  the times 
or ig ina l ly  specified. 
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1.6 A plus (+) sign has been used t o  denote tail winds and a 
minus (-) s ign  t o  denote head winds i n  accordance with standard a i r l i n e  
practice,  unless otherwise noted. 

2. Wind da ta  from meteorolo~ica l  of f ices  (Apmndix D) 

2.1 Only a l i&ted  amount of wind information wps received 
and th is  i s  presented i n  summary form i n  Appendix I1D1l, mostly i n  the form 
of mean absolute and arithmetic errors .  

2.2 A de ta i led  analysis of the 500 mb. wind da ta  supplied by 
Hew York and London, includes: 

a )  Frequency t ab le  of the d is t r ibut ion  of errors .  

b ) Ogives (cumulative frequency curves ) of the  d i s t r ibu t ion  
of the errors.  

c )  Mean absolute and arithmetic e r rors ,  by periods (control  
and t e s t ) ,  of 24-hour persistence "forecasts". 

d )  Mean absolute and arithmetic e r ro r s  by weeks. 

e )  Standard deviation of the errors.  

2 , 3 No attempt should be made t o  compare the forecasting 
success of the various of f ices  as there are other f ac to r s  involved t h a t  
make such a comparison meaningless. 

3 . "D" value da ta  from meteorolo~ica l  of f ices  ( ~ ~ m n d j x  El 

3 1 U11 the I'D11 value* data received are  presented i n  
summary form i n  Appendix t'Efl, mostly i n  the form of mean absolute and 
arithmetic errors .  

3*2 Detailed analyses of the 'IDtt value da ta  from a meteor- 
ological of f ice  on each s ide of the Atlantic include: 

a)  Correlation coeff ic ients .  

b) Standard er rors  of estimate. 

c )  Se r i a l  correlat ion coefficients.  

3 0 3  Cumulative frequency curves of the absolute e r rors  i n  the 
11-hour forecasts  made a t  Paris, Keflavik, Gander and New York f o r  t h e i r  
respeotive locations.  

3 4  One of the more important fac tors  involved i n  comparing 
forecasts  over such short  periods i s  the difference i n  the d i f f i c u l t y  i n  
making the forecasts.  Two different  methods were used i n  an e f f o r t  t o  
*In this report  the term "1)" value r e fe r s  t o  the 500 mb.surface unless 

otherwise noted. 
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eliminate t h i s  factor from the analysis of the forecast errors and so as t o  
establish more clearly the value of the newer data available during the t e s t  
period. 

3.4-1 Cornmison of forecasts based on t h e  same and di f ferent  
"aeredn data. 

The 5, ll and 17-hour forecasts made a t  1000 and 2200 CMT durimg the 
control period were based on the same "aged1' upper air data as those issued 
a t  a l l  times during the t e s t  period, i, e., the f oreaasf e wera, & based on 
upper air data sevenhoursold, Since the farecaata uera basad cm the same 
aged data and i f  one assumes that  the skiU of tbe fprecast off ice ramaim 
the same, then any difference i n  the forecast  accuracy between the two 
periods must be due t o  differnnces i n  the forecast af f icuUiy plw the 
effect  of other factors such as those mrantioued in paragraphs 20.2, 20.3, 
20.4 and 20,6 of the body d' t h  n a p r t .  In C h i s  cornpwimn the effect of 
the other factors  is neglected as td~a-e ct-ared ta be no possible way of 
allowing for. them. 

Since normally t.hremr uere no 0900 on 2UO GbfI observations m e  
during the control period and since it had been decided that  no atkelPpt 
would be made t o  verify any forecasts fo r  those times during the control 
period, i t  was possible tm use only the 5 and 17-horn forecasts made a% 
1000 and 2200 GMT and v& a t  0300 and 1500 M!. To measure the accuracy 
of these forecasts, correlation coefficients ("r Isu1 ) were computed for  the 
forecast and correspondin:: actual values and then converted i n to  "z  su*which 
have an approximately normal distr ibution instead of the very I' skewedn 
dis t r ibut ion which llr'sN have in the higher ranges. A s  a consequenoe of 
t h i s  bet ter  distr ibution,  increments of &zH have nearly the same meaning, 
i n  terms of d i f f i cu l ty  of obtaining them, a t  all ranges of values, and 
addition, subtraction and averaging become more legitimate processes than 
is the case with "r'sn. 

The difference i n  the "z'sI1 due t o  the difference i n  forecast 
d i f f i cu l ty  betveen the t e s t  and control periods i s  then: 

a) = Z ~ T  - Z ~ C  = difference i n  forecast d i f f i cu l ty  i n  rnaklng 
t he  5-hour forecasts 

b) = Z17~  - z17c = difference i n  forecast d i f f i cu l ty  i n  making 
the 17-hour forecasts. 

Where 

2 5 ~  = value of "z" for 5-hour forecasts issued during t e s t  
period 

z 5 ~  " value of I1z" for  5-hour forecasts during control 
period 

etc.  

* z  = tan h-lr 
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c )  = + (b) = difference i n  forecast  d i f f i c u l t y  i n  mak1r.g 
2 11- hour forecasts.  

I f  t h o  answer t o  ( c )  i s  posi t ive it indicates  t h a t  there was greater  
d i f f i c u l t y  i n  making 11-hour forecasts  during the cont ro l  p r i @  than 
during the t e s t  poriod. A.negative value indica tes  the reverse. 

The next s t e p  i s  t o  compare the forecasts  based on d i f f e ren t  "agedn 
data. The forecas ts  issued a t  0400 and 1600 GMT durixq the control  period 
were bpsed on upper a i r  da ta  hours old, while those issued a t  a l l  times 
during the t e s t  period were based on da ta  7 hours old. Since only the U- 
hour Zorecaots issued a t  0400 and 1600 GMT during the control  period could 
be properly ver i f ied ,  a cornparison coulcl be made involving only those 
forecasts ,  Any differences i n  the  accuracy of the 11-hour forecasts  issued 
during the control  and t e s t  periods must be due t o  differences i n  forecas t  
diff icul t j r  plus the e f f ec t  of the difference0 i n  amount and Itage" of data. 
i.0. 

d)  = Z 1 1 ~  - z11c = e f f e c t  of difference i n  forecast  d i f f i c u l t y  
plus e f f e c t  of difference i n  arnount and 
age of data. 

Therefore when (c )  i s  subtracted from (d)  the remainder i s  the  net  
e f f e c t  of the  newor data. I f  the answer i s  posi t ive it indica tes  t h a t  the 
forecas ts  were be t t e r  during the t e s t  period than during the control  and, 
assunling t h a t  the eff'ect of other fac tors  can be ignored, t h a t  the improve- 
ment i s  due t o  the e f f ec t  of the newer data. If the answer i s  negative it 
ncans t h a t  i n  s p i t e  of the addi t ional  and newer data,  f ac to r s  other than 
forecast  d i f f i c u l t y  were large enough t o  mask any improvement t h a t  might 
have occurred. 

While there  a re  cer ta in ly  objeotions t o  this method of a t tack,  it 
i a  believed t o  be helpful  i n  attenipting t o  analyze the ItD" value forecas ts  
over such a sho r t  period, 

3.4.2 Conlr~arj.son of the forec&s actual lyl jade with forecas t  
based or1 wr~:.s:t,~t.. 
L_I 

Il'his second method of attempting t o  eliminate 'the fac tor  of forecaat  
d i f f i c u l t y  i n  tlw r e s u l t s  involves a comparison of the forecast  I t sk i l l  
scores". The "skill scoret1 i s  defined as the mount by which the value of 
I' a" f o r  tho c o m e L ~ t i o n  between the forecasts  f o r  Lime ( t )  and the corre- 
sponding n a c t ~ a f s f l  exceeds the value of nzn f o r  the correlation 
between the l a t e s t  observations, ava l l ib l e  a t  the tinses of i ssue  of the 
forecasts,  and the ~ a c t u a l s V o r  the same time (t). If it is  assumed 
tha t  the degree of persistence is  a measure of ease of forecasting, then 
a simple comparison of the two n s k i l l  scoresn w i l l  indicate  to  what extent 
the ok i l l  was improved by the use of the newer data, If "zfl f o r  "forecaeteW 
based on persistence i s  l a rge r  during the test period than during the 
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control period it indicates that  there was more persistence ( less  variabil i ty)  
during the t e s t  period t i n1  during the control period. 

Only the 12-hour-persistence nz'sn can be used because it i s  not 
pos8ibh t o  compute 6 or 18-hour values durine the control p r i o d ,  the 
observations being made a t  intervals  of l2 h o w .  The U-hou~-pepri~isteaoe 
I1z'sn may f a i r l y  be compared with the I1z1sN for  U-how forecast (issued 
a t  0400 and 1500 GMT) since the persistence "forecastll could have been 
available, and the forecast made by narmal methods was issued, during 
the hour following the same observations, The Mz'sN for  the &hour forecasts 
issued a t  0400 and 1600 CMT during the control period are therefore compared 
with the corresponding l2-hour-persistence Nzlsl l  during tha t  period t o  
dete-ne the "skillM, i ,  e ,  , the difference between the value of "8" for  
rorecasts as  made and that  fo r  "forecastsI1 based orr persistence, as follows : 

a)  = z 1 ~  - z12po = " skillN i n  making 11-hour forecasts during 
control period 

a x p c  = 12-hourpersistence I1zl1 f o r  control period. 

b) = ZUT - z12pt = l'skillll i n  making U-hour foreoasts during 
t e s t  period plus effeat  of the I'newerl1 data. 

aupt = 12-hour-persistence I1zn for  t e s t  period. 

A s  was stated i n  parab~aph 3.4.1, the 11-hour forecasts were based 
on di f ferent  I1agedl1 data, i .e . ,  data 13hours old during control period and 
7 hours old during t e s t  period, 

It follows, therefore, that  any excess of (b) over (a) is  l ikely t o  be 
due, a t  leas t  i n  part, t o  the effect  of the .newer data available during the 
t ea t  period. A s  i n  the comparison of forecasts based on the same and 
different  l1 agedI1 data (paragraph 3.1.1) other factors such as those mentioned 
i n  paragraphs 20.2, 20.3, 20.4 and 20.6 of the body of the report, may enter 
in to  differences between (a) and (b) but no way of allowing for  them was 
apparent. 

4. Wind from actual  f l i gh t s  (&pendix a 
4 .  1 Of the t o t a l  of 804 forms received, only 282 were used i n  

the e t a t i e t i c a l  analysis duo t o  the large number received incomplete. 

4.2 It was realized that  a simple cornparison of actual f l i gh t  
time with f l i gh t  plan time would not suffice t o  determine the accuracy of 
the forecast winds. Although the average forecast and aotual wind components 
were indioeted on the form for  each f l i gh t ,  a further analysis using the 
basic data  submitted by the operators was made by the ICAO Secretariat as 
f ollowa : 
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4.2, l  The route  was considered as  t h a t  part between comnencement 
t i r i  t e rmi i~a t ion  of f U.gfit plan procedures. 

4'2.2 To oimplify computations, the progress of each f l i g h t  along 
t h e  rhumb l i n e  concecting the  departure and des t ina t ion  aerodromes vaa con- 
aidered whatever t h e  track ac tua l ly  followed, 

4 . 2 - 3  The forecas t  wi lds  f o r  the  individual  route sections were 
resolved tilong the  rhumb l i ne .  The forecas t  mean t a i l  wind component was 
computed by nddirg ths Itwind distancesu i n  consecutive sections (as  deter- 
mined by multiplyin the time spent i n  a sect ion by the appropriate rhumb 
l i n e  wind component and then dividing the  t o t a l  I1wind distance" by the  
t o t d  route  time. 

e 
The ac tua l  meah tail wind component was determined as 

follows : 

a )  The airspeed was resolved along the rhumb l i n e  f o r  each 
sect ion of t h e  t rack;  

b) The "air  distancesit p a r a l l e l  t o  the rhumb l i n e  i n  
consecutive sec t ions  were then computed and added t o  give the 
t o t a l  "air distance" p a r a l l e l  t o  the rhumb l i n e ;  

c )  The ground distanco flown p a r a l l e l  t o  the rhumb l i n e s  
was then determined by applying t o  the length of the rhumb l i n e  
routo considered (see paragraph 4.2.1) a correct ion f o r  the dif-  
ference i n  l a t i t u d e  between tha t  rhumb l i n e  route and the  t rack  
ac t~ la l ly  flown , as follows : 

cos.meon l a t i t u d e  actual t rack)  , (leng.bh of rhmb une route) GI- 0~JnC-l - ..-.--- 
distance - [cos.>laarl l a t i t ude  rl~wnb line route) 

d ) The ac tua l  mean t a i l  wind component p a r a l l e l  t o  the rhumb 
l l n o  was t l ~ c n  found by subtracting the t o t d  a i r  distance from the 
total ground diotahce and dividing by the t o t a l  route time. 

4 .3  The r e s u l t s  have been swnnari.zed i n  Appendix F and 
include : 

s )  llean absolut,o and r2een a r i thne t i c  errors by weeks 
(control and t o s t )  as submitted bj the o y ~ r a t o r s  and an cornputed 
by tha Secre tar ia t ;  

b) Standard deviations of the errors;  

c)  O ~ i v e s  (cumulative frequency curves) of the d is t r ibut ion  
of the e r rors ;  

d)  Itean absolute and mean arithmetic e r rors  and standard 
deviations f o r  eastbound and westbound f l i g h t s  separately; 



e )  Scatter  diagrams showing relationship of the forecest and 
actual wind components3 

f )  Pertinent data extracted and computed from each f l i g h t  data 
form used i n  the above s ta t i s t i cs .  

40 4 A graph enabung a comparison t o  be made of actual  wid 
cmponenta as determined by f l igh t s  made about the same time i a  given i n  
A p p a d F x  C, Figure 1. On the same graph are a lso  plotted actual wind 
ompnente determined from upper air charts by the bndon and New York 
meteorological offices. 
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BTA&YA,IsQF iB1laflS_s_~M,~-DDF~~~&A~T_S_FOR VARIOUS ROUTES USING 
"ACTLTAIP IJIIVDS DETERMINED FRON CHIIRIS AS STAND:'HD OF REFERENCE - 

1, &nalvs%a of the 500  m b ~  arind component forecasts  gge~ared a$ 
L$os,don and IJew York fo r  the  Ireland-Newfoundland route. -- - *- 

TABLE I 

B e a m e n d  mean a r i t h e t i o  errors end standard dsviations of 
the errors of ,Slmee~s t$ m--n-m%l techntque8 end mean .ab&olute 

and mepn arithmetic er rors  of t 9 f ~ r e ~ a s t $ n  based.on persietence -.- 

Note -- 1,- me London forecast  and actual f i g u r e ~  were equivalent t a i l  winds, 
while t h e  New York values were tall w i n d  components, 

Note 2,- In the arithmetic means a plus sign indicates that a Smaller tail 
A- 

w5nd (or greater  head wind) occurred than was f oreoagt, imed, the actual vind was 
less favournhle than was forecast, 

N o t G , -  The number of forecasts in each t e a t  weak is the same as In each - 
c m t r o l  week beoause the New York forecasts were verified fran only two charts per 
iiay w m g h o u t  the five weeka and ao far steuzdardieatlan yurpose8 the same mabar ware 
used i n  the Londm datao even though four. forecasts W day were verflied dmhg 
tho tes t  priud at Ladon office, 
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1.1 Table I indicates a small reduction i n  the mean absolute errors 

and the standard deviations during the t e s t  period of both offices; however, when 
the usual is tat is t ical  t e s t s  are  applied these differences are not found t o  be 
signif icant, 

1.2 Although there i s  no significant difference i n  the forecast accu- 
racy between the control and t e s t  periods, an appreciable difference i n  the mean 
arithmetic errors (biases) can be noted i n  paragraph 1. The difference between 
the mean arithmetic errors f o r  the Zandon and New York data was about s i x  knots 
during the control period and nearly zero during the t e s t  period, This change i s  
shown graphically i n  Figures 3 and 4 i n  this Appendix. A similar change i n  the 
biases w i l l  be noted i n  the analysis of the wind data from actual  f l i gh t s  (see 
Appendix F, paragraph 2, where the reasons fo r  bias, and fo r  changes therein, are  
discussed) 0 

1.3 An examination of the %-hour mean absolute errors of forecasts 
which could have been made on the basis of persistence reveals that  there was 
greater persistence, and therefore perhaps l e s s  forecast diff iculty,  during the 
contml  period than during the t e s t  period, The difference i n  accuracy between 
the forecasts made by normal techniques during the t r i a l  and those based on 
%-hour persistence, i n  terms of mean absolute errors, i s  shown i n  the following 
table : 

New yorkSLa 
Guardia Airport 

Control Period 
Test Period 

London Airmrt 

Control Period 
I 

Test Period 

Thus the reduction i n  the mean absolute errors of the actual forecast as 
compared with those of the persistence forecasts was appreciably greater during 
the t e s t  period than during the control period. However, even though the fore- 
casts  appear to be appreciably better  during the t e s t  period a f t e r  the factor  
of persistence is eliminated, i t  is  believed that  the size of the sample is  
st i l l  too small f o r  the improvement to be considered significant. 

1.4 In  order t o  show more precisely the distribution of the errors 
of wind forecasts, the errors of the two offices are combined i n  the following 
frequency distribution table: 

Reduction i n  mean abso- 
lu te  error  of forecasts 
made by normal techniques 
a s  compared with per- 
sistence wforecastsR 

- 

1.0 
5.1 

-0.8 
104 

Mean absolute errors (kts)  

Forecasts made by 
normal techniques 

7.7 
7.2 

11.1 
9.2 

J 

Persistence 
"forecastsR 

8.7 
12.3 

10.3 
l0,6 



1 ~ ~ 1  ; 
Period 

Percentage of errors (knots) - wM.ch equalled value - --- dmnk2b) 
A 0  -35 -30 -25 -20 -15 -10 -5 0 +5 +fO +15 +20 +25 +30 +35 +LO 

0 1 1 1 5 10 820L4.15 15 4 4 2 0 0 0 

Note,- In  this table the signs of the New York components are  changed from - 
the original data, i n  crder that  the same sign may indicate an error in the same 
direction with the two se t s  of data. Ths a plus error indicates that the east- 
bound t a i l  winds (or westbound head winds were forecast too lowo 

10 5 Figuses 1 and 2 show comparisons of the cumulative frequency 
curves of these errors between the control and test periods fo r  each of the two 
offices, 

2, A summary of" mean absolute and mean arithmetic errors and 
standard deviations of the errors of the 500 mb, wind forecasts received from 
other meteorological offices i s  contained in Table IV, 



Ctrmpison cif fmecasf. =< 0 5 a ~ b ~ s d  G c d z c r l  ,PBT'~& 
e q u i ' i p d ~ ~ t  W f ' ~ ?  rmtes sfier Test h-f od 
t k m  the SWm-=Ww (G,c, ) isad-& 

at Srregulm times, 

Cmparf~an oi? forecast -d ~ b s o ~ e d  1 C m k o l  Pa103 
FBirZd cmPpments fa- a s  %pes%vi&-- Teat Pmf od 
Shamaa. (G,c~) aasd otb& routes 
issued et i ~ ~ e g u l a r  tixms, I 

C m ~ m i s a n  of Emeast ,  a d  obaekmd kt veek ( c m t r o l ]  35 
0&ld eGIlpC%lWlt&  fa^ th6 sh8SEm- 2nd mek (test) 3 5 
Gander (G, c0 ) route, 3Pd week (c011trol )  35  

4th week ( test )  35  
5* week (cankol) 35 

Contsol Period 
Test Period 



11s o Mean Mew 

Eriited S t & t e s  

I 1, r r ~  ~ c r k / ~ a  ~t .m-d i& A $ ~ . ~ x z  

a) Corrp,rism of fcseurst (frou 2 4 - h ~  
prognostic ctiarts) and o b z m ~ d  '*25~d 
vect-ezs for  15 locat lcns (per 
over i<r;rth d . t b t i c ,  See 
paragrqh 1.3.1 for list 
d metlLod of' ver i f im~oz .b  Drcrs 
are ererage PCP l o ~ e t i m ~  

b) Canprison of 
forecsst charts) 
poneots for the 
routeo 10 

5th we2k (co2tsol) LJ 

Vr 
i L 

Control Pericd 9 P 
Test Period 9 J 

2, Westover A i r  Force Bss (E11~i 0 

a) Cmparison 9 
hour prognostic 11 
uind ccnponents for Vestover-hges 3rd week (control) U 6 
(G,C- or R.L. ) route (zones 12-7)0 4th week ( t e s t )  l-4 8 

5th week (control) J-4 9 
I 

Control Period 42 8,O 

1 Test Periad 28 90 5 

* Sect: psregrsphs refemed ta 5a f i r a t  c c l m  far units 
and Lnterpretatian, 



b) Coqxirison of forecast  (fron 24- 
how prognostic charts) and observe2 
ruind vectors f o r  12 locations (per 
forecast)  over- the North At.lnntic, 
See Appenhx 3,  paragraph 1,3,2 f o r  
list of lccst ions and rzethc-ci of 
ve r i f i ca t io f i ,  Errcrs  are averege 
per locat ion,  

* See paragraphs referred to in first column 
for units @nd interpretation. 

- .  

No. 
of Fcsts . ?ban 

Abs .Error 

46* 
46* 
a* 
56* 
42* 

47' 
51* 

1st week (control) 
2nu mek (test) 
3rd week (cos t ro l )  
4th m e k  ( t es t )  
5 t h  veek (con t rc l )  

Contrcl Period 
Test Fkriod 

' u. 
U 
u 
1L, 
l-4 

42 
28 

Mean 
k i t h  ,Emor 

! 

.. 
Stardard 
Deviation 

- 
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prourn 1 (APPENDIX D l  
CUMULATIVE FREqUWY CURVES OF rORDCIST ERROll  OF EQUIVlLEHT TAIL YLW COWOHENTS 

IQR TtfE SHIWNOY-CA&'DEH(G .C.) RWCE MADE AT LONMU AIRPORT - 



CUMULATIVE RIWENCY CURVE OF FOREST LRnoris  OF TAIL WIND C O M P O ~  
FOR THE GANDER4HANNON(G .C .) ROWE MADE AT NEW YORI[/~UGUIHDIA AIRPORT 
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E'IGUltE 3 (APPENDIX D) 

CUNDLATIVE FREQUENCY CURVES OF FQRFCAST ERL(OW OF TAIL UIHO COWONEHTS (NLV YORH/L~GUARDIA AIRPORT) AND 
EQIIIVALWI' TAIL WINDS (LONWN AIHPoI~~) bDI\ TII& QdkUEIt4lUNNON (Q.c . )  ROUTE DUMNO COIITI(OL PERIOD 

- 50 -40 -20 -10 0 *lo +30 * 50 
FORDOUT ERROR (kta ) 
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C m N V E  FREQUENCY OF H)iUECAST ZBBDRS OF TAIL UIYD C O ) P O ~  (NDi Y O R K ~ ~ I A  ~IllPOllf) 
EQUVALEW TAIL MIND6 (LOYDOY AI-) GUDEBSHIWNON W E  WlZIYl PWIOD 

PORECUT ERROR (kt.. ) 



AIIAIA'SL3 OE' "D" VAIIUE DATA FROM 1.ETEOROIX)GICAL OFFICFS --...,-.-. .--.---..----- 

1, --..-. /inalFi.s of "Dfl value forecasts  prepared a t  Gander, 
I?ewf oudlanrl - >.# 

1.1 .....-.-..------a 'IDu value forecas ts  - f o r  Gander, Fewf oundland, prepared 
a t  Gander 

1, l . I -  --- Sur~mary of e r rors  

TABU I 

liean absolute and mean a r i t h ~ e t i c  e r rors  - - -- 

Fcs t s .  

l o t  week ( c o l ~ t r o l ) '  13 
2nd week ( tos t )  25 
3rd week corltrol) I 13 
4 t h  week t,aut) 22 
5 th  week (control.) 12 

Control Period 
Test Period 

5-IIr .. Pcsts,  I 11-th... Fcsts. I 17-&, -- 
Meau Mean I Fiean Mean 1 Mean Ikan 
Abs, A r i t h ,  .) Abs. Arith. I Abs. . Arith.1 
Error Error Error Error Error Error 
( f t , )  ( f t . )  1 ( f t J  ( f t . )  I ( f t a )  ( f t . )  I 

14ote.-- Tho lxrgo difference i n  t h o  nunbor of forecas ts  during each - 
t e s t  weelc aa cocipmrtd .to tho control  weeks i s  due t o  the  f a c t  t h a t  twice 
the  nunbar of forucasts wore ver i f ied  during each t e s t  week (see Appendix C, 
parapaph l.4), 

Correlation coaf f i c i e n t s  standard er rors  of e s t k t e  and values of "z" . , - . . . . .  ,,,, ,.,- "-,-L-- 

Standard er ror  of 
estimate of fore- 

3 - I Ir . F_o,r,g-c&2t~ 
Control Pariod 0.92 116 
Test Yciiod 47 0.91 109 - 

11- l!r . Forocast s ---- .-.- . -...-- 
C0iltr0.L P ~ _ i . o d  0.82 215 
Test PC:.-iod 0.81 2 05 

! 

17- lk. Po~*l:co .it3 .- ---. -- ..-.- 
Colltrol l'l:.i.iocl 0.78 228 
Tc s t i 'c.:,.- i or1 47 0.67 2.49 

--.--- --Am- -.-------.+--- - -- . - -- - 

11% tl 

1.59 
1*54 

1 s 15 
1.11 

1.03 
0.81 

-- - 
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A comparison of the mean absolute errors (Table I) indicates that  5 and 
17-hour forecasts had about the same accuracy during the t e s t  period a s  during 
the  control period while the 1 1 - b u r  forecasta were more accurate on the aver- 
age by 28 f e e t  during the  t e s t  period. The correlation coefficients, etc., 
given i n  Table 11, indicate that  the accuracy of the 5 and ll-hour forecasts 
waa about the  same i n  the control and t e s t  periods but tha t  tb l3-hour forecaste 
ware more accurate during the  control period. This apparent discrepncy is  
due t o  the f ac t  tha t  the distr ibution of the errors i s  not reflected i n  the 
mean absolute errors, while it is reflected i n  the correlation coefficients. 

1.1.2 Comparison of the forecasts by the two methods described i n  
e* C, paramaph 3.4, 

a )  Comparison of forecasts based on the same and different  "aged" data 

Forecasts based on 
same "agedM data 
(7 hours old i n  
control and t e s t  
periods ) 

5-hour forecasts 

17-hour forecasts 

i )  The difference i n  forecast d i f f i cu l ty  i n  making U-hour fore- 
cas ts  based on data 7 hours old i s  approximately the mean of the dif- - 
ferences f o r  5 and 17-hour forecasts, 

TABIE I11 

i.e., -0.05 + (-0,221 = -0.U. or forecast d i f f iuul ty  l e s s  
2 during control period than 

during t e s t  period. 

Test 

TABIE IV 

Forecasts based on 
different  '@aged1@ data 
(7 hours old i n  t e s t  
period and 13 hours 
old i n  oontrol period) 

Control nzn 

11-hour forecasts 

Difference in fore- 
cast  d i f f icul ty  ae 
represented by 
differences i n  %* 

i i )  Effect of using data 7 hours old inetead of 13 hours old i n  
making ll-hour forecasts  i s  then: 

(difference i n  f orecnst d i f f i cu l ty  plus effect  of different  
'Iagedlt data)  minus (difference i n  forecast d i f f icul ty  ) = effect  
of different  atagedtl data. 

I 

Test 

1.U 

Difference i n  fore- 
cas t  d i f f icul ty  plus 
effect  of different  
"agedn data as  rep- 
resented by difference 
i n  nzu 

-0.04 
I 

Control "zn 

1.15 

t 



- 0 . 0  - ( - 0  = 0.10 or  e f f ec t  of having newer data  
during t e s t  period i e  t o  increase 
"ztt by 0-10 i,e. t o  improve the 
forecasting. 

This r e s u l t  should be compared with the  decrease shown 9n Table IV 
f o r  ll-hour forecas ts  of 0.04 during the  t e s t  period a s  compared with 
t he  control period when differences i n  forecaating d i f f i c u l t y  are not 
t akeninko account. The inference from t h i s  r e s u l t  i s  t h a t  addi t ional  
upper air observations would improve the accuracy of the  "Dl8 value fore- 
cas ts  issued during those parts .of  the  day which would r e s u l t  i n  more 
recent data  being avai lable  t o  the  forecaster ,  

b) Comparison of forecas ts  mado during t r i a l  with t4foreoaste" which 
oould have been made on tho basis of persistence 

12-how uforecasts81 based on persistence of ac tua l  >"Dn values 

dontrol P e r i d  
Test Period 

TABLE VI 

"Skillt8 scores (81zu f o r  forecas ts  msed on normal techniques 
minus I1zt1 f o r  persistence nforecastsn)  

11 z It 

1.15 
0.99 

- 
No. of 
Fcs ts,  

38 
47 

= 

Control Period 
Test Period 

Correlation 
Coefficient 

r 

0.82 
0.76 

Fi ra t  of a l l  it i s  c lear  t f i a t  the  persistence was greater  during 
the  control period than dusing the t e s t  perlod, and i f  it is assumed t h a t  
the persistence (or r a the r  the  lack  of i t )  is a measure of forecast  
d i f f icu l ty ,  then the  forecast  d i f f i c u l t y  was greater  during t h e  t e s t  
period than during the  control  period - t he  same r e s u l t  ae  wae obtained 
by the  f i rs t  method fFeceding paragraph l.l.2(a17. When t h i s  fac tor  of 
peraietence, or forecast  d i f f icu l ty ,  i s  eliminated, the  Itskil lf t  score 
during the  control  period i s  zero whilo dming t h e  t e s t  period it is 0.12, 

"xN f o r  l l -hour  
forecas ts  based on 
normal t echniqus s 
(from Table IV) 

1.15 
1.11 

i 

"2" f o r  12-hour 
persistence "fore- 
casts" (from 
Table 'V)  

1 .I5 
0.99 

,Iskin,, 

0.00 
0-12 
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Although a t  f i r a t  glance i f  appeared t ha t  the forecaets made 
during the t e s t  period were no more accurate than were those made 
during the control period, the methods used i n  subparagraphs 1.1.2 (a) 
and 1.1.2 (b) above indicate that the d i f f  icu2.ty i n  making forecasts 
d u r i ~  the t e s t  period was greater and tha t  when this dffferenrre i n  
forecast d i f f i cu l ty  or persistence was taken in to  consideration, the 
foracaeting success was greater during the test period. However, 
.the improvement i n  the t e s t  period as  indicated by the'two methods 
is eo small that,  i n  view of the amall oizo of sample, it carmot be 
considered significant. 

1.2 "Dn value forecasts fo r  Goose, .Labradox, prepared a t  Ganaer 

1.2.1 Summary of errors 

TABU3 VII 

TABLE V I I X  

Correlation coef'fioients, standard errors of estknute and val'lles of= 

Mean absolute and mean arithmetic er rors  

= k E ? % o d  
Teat Period 

I l - I b  . Forecasts 
Control Period 

t 

Teat Period 

I .~-&.-Fcs~s* 
b a n  Mean 
Abs. Arith. 
Error Error 
( f t * )  (ft.) 

210 -68 
I47 + 1 
178 -22 
191 -23 
235 -55 , 

207 -49 
16r+ - 8 

f7-&. Foreoasts 
Control Period 
Teat Period 

-- 
11-Hc. Fcs'ts. 
&an Mean 
Aba, Arith. 
Ekror Fkror 
(ft.) ( f t . )  ---- 
5 -4 l  
108 * 4 
1;24 a 5 
122 - 8 
237 -27 

- 
10. of 
Fcsts. 

l.3 
25 
U 
16 
12 

(loetrol Period 1 ,  1156 1 I $ -26 
Test Period 108 -27 - 1 

5-1*. -. FCS~S. 
b a n  Moan 
Abs. Aritb. 
Error Err or 
(f t .)  (ft.) 

152 + 3 
101 -16 
155 -10 
11.9 -i& 
162 -10 

a- 

No, of 
Fcats. 

38 
W 

38 
rll 

38 
43 

--- 
Corx~ePation ~ o & f  
between actual  and fore- 
cast "Dn values 

r 

0.86 
0.86 

0.82 
0.81 

0.77 
0.67 

i c i e n t n  
estimate of f cs,ts. 

SY (ft.1 

216 
116 

218 
153 

250 
208 

"an 

1.29 
1.29 

1*15 
1.12 

1.01 
O a U  
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A comparison of the  absolute mean e r r o r s  indica tes  t h a t  all fore- 
oasts were more accurate by 40-50 f e e t  during: the  t e s t  period, but the 
t a b l e  of cor re la t ion  coeff ic ients ,  etc., indicates  t h a t  there was l i t t l e  
difference i n  t h e  5 and Ill-hour forecas ts  and t h a t  t he  17-hour forecas ts  
were ac tua l ly  more accurate during the  cont ro l  period than during t h e  
t e e t  period, Thia s i t u a t i o n  is eimilar t o  t h a t  revealed i n  the  analyais 
of the  forecasts f o r  Gander. (See paragraph 1.1.1. ) . 

1.2.2 Comparison of the  forecasts  by the  two methods described 
i n  Apendix C, paragraph 3 .h 

a) cornpar ison-  of f oreca st0 baaed on the same and diLff_erent %aP,ed" 
data  - 

i .  0 + (-0~20) = -0,lO o r  forecast  d i f f i c u l t y  - l ea s  during 
2 t h e  control period than during t h e  

t o s t  period. -- 

TABIE IX -- 

TABLE X 

Forecasts based on 

control  and t e s t  
periods) 

5-how fo recas t s  
17-how forecaste  1,Ol 

.- 

Foracaet s based on 
d i f f e ren t  "agedR data 
(7 houra old i n  t e s t  
period and 13 hours 
old i n  control  period) 

Difference i n  fore- 
cas t  d i f f i c u l t y  as 
represented by 
difference i n  "an 

0 
-0 ,a  

ll-hour forecasts  

i) The difference i n  forecast, d i f f i c u l t y  i n  making the  ll-hour 
forecas ts  based on data 7 hours 01x1 1s approximately the  mean of the 
differences f o r  the  5 and 17-how forecasts ,  

i i )  Effect of using data 7 hours old instead of 13 hours old i n  
making 11-hour forecasts  i s  then: 

c 

Test I1z1' 

1012 

-0.03 - (-0.10) = 0,07 or  e f fec t  of having the addi t ional  
or newer data during the  t e s t  
period i s  t o  increase ''z" by 0.07 

This r e s u l t  should be corn~:??.ed w i t h  the decrease  i n  ltzll 
shown i n  Table X fo r  11-hoar forbcasts of 0,03 during the  t e s t  
period a s  cornpared wl th  t h e  colltrol per iod ,  

"A 

Cor1tro.l. "z1I 

le15 

- 
Difference i n  fore- 
cast d i f f i c u l t y  plus 
efPect of d i f fe rent  
"agedt1 data  a s  r e p  
resented by difference 
in llzl l  

-0.03 
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b) Comparison o f   forecast^ with thosa baapd on persistence 

12-hour "forecaste" based on persistence of ac tua l  Qw value 

Control Period 
Test Period 

"Skil ln  scores ("zn f o r  forecas ts  based on normal techniques 
minus I1ztt f o r  persistence t 'forecaats") 

No. of 
Fcata. 

38 
41 

nzn value f o r  
12-hour par- 

forecasts (from 
' 

sis tence nfore- "Skill" 
Table X)  cas t sn  (from 

Table X I )  

Control Period 1.22 -0.07 
Test Period 1.12 1.09 +0.03 

As was found i n  t h e  forecas ts  f o r  Gander, t h e  persistence waa 
g r a t e r  during t he  control  period than during the  t e s t  period. After 
eliminating the  persistence f ac to r  it was found t h a t  t he  askill'' 
aoore was 0.10 be t te r  during the  t e s t  period than during the control 
period. 

Correlation 
Coefficient 

r 

0.81, 
0.80 

0 )  Results of t h e  two methods of comparison 

llz" 

1.22 
1. Oq 

Both methods indicate  t h a t  there  was greater  forecast  d i f f i o u l t y  
o r  l e s s  persistence during t h e  t e s t  period and t h a t  when these f a c t o r s  
were eliminated the  forecast ing success was greater  during the  t e s t  
period than during the  control  period. 

1.3 Results of analyses of ItD" value forecas ts  prepared a t  
Gander, Newfoundland 

The r e s u l t s  of the  analyses of the  I'Dn value forecas ts  prepared at 
Gander f o r  Gander and Goose a r e  very s imilaro It i s  noteworthy t h a t  i n  
s p i t e  of the  f a c t  that the cor re la t ion  coeff ic ients ,  a s  determined from 
the or ig ina l  data,  indicate  no improvement afid, i n  some cases, deteriora- 
t i o n  of the  forecas t  accuracy during the t e s t  period, these analyses do 
indioate  t h a t  there ac tua l ly  was an improvement i n  the forecast  accuracg 
a f t e r  t he  f a c t o r  of forecas t  d i f f i c u l t y  i s  taken i n t o  consideration. In 
both oases, however, the increasein accuracy i s  so small that it cannot 
be considered s ignif icant .  
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2. AnalpJs of "I)" value forecast p r e p m a r s ,  
Fray8 f o r  Paris ( E p 3 9 )  and @T'E" 

2.1 "1)" value forecas ts  f o r  Paris (Trappee) prepared by Orly 

2.1.1 ,Summary of e r ro r s  

TABLE XI11 

Mean absolute and mean a r i t h e t i c  e r rors  

Control Period 
Test Period 

_TABLE XN 

Correlation qoeff icients ,  standard errors of estimate and values of ltaw 

No. of 
Pcets. 

12 
26 
11 
26 
11 

34 
52 

Teat Period 

ll-&. Forocasta 
Control Period 

5-Hr..Fcsts. 
Mean Eban 
Abs. Arith. 
ErrorEkror  
(4 ( ~ 1  

25 + 9 
28 + 7 
33 + 8 
35 - 2 
30 -16 

29 - 1 
32 + 3 

Test Period 

17-Ilr . Forecasts 
Control Period 

I l -Ehr .  Fcsts. 
Mean Mean 
Abs. Arith. 
Error Error 
(m) (m) 

Itl +u 
37 +I3 
76 +39 
U - 1  
42 +11 

53 +12 
a + 6  

Test Period 

17-Hr. Fcata 
Man Man 
Abs. Arith, 
&or Error 

( 1  (m) 

33 +U 
45 + 3 
83 +46 
54 + 2 

-47 
61 + 2 
50 + 3 - 

Tables XIIIand X I V  i nd i ca t e  &out the  same difference between the 
forecast  accuracy of the  control period as compared with the t e s t  period, 

- 
No. of 
Fcots, 

34 
5 2 

34 
52 

34 
5 2 

A 

Correlation Coeffi- 
c ient  between ac tua l  
and forecast 'ID" 
values 

r 

0.90 
0. 91 

0.79 
0.88 

0.69 
0.74 

Standard error  
of estimate of 
forecasts  

SY (m) 

44 
a 

60 
48 

69 
63 

s 

1.46 
1 54 

- 
1.07 
1,36 

0.85 
0.95 
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2.1.2 Compnrison of tho forocaots by %he mothods described 
i n  Appendix C, paroguph 3 ,& 

a) Compariuon of fo reons t s  baaed on t he  aame awl d i f f e r e n t  "agedn data 

i.~.) -. U008 + 0.10 " 0.03 or nlur acna t  d l f f i c iL tyn  greater  z--'- during m y & .  perloit tllan d~l r ing  

TAnTX XVJ 
. - - ) - -  ----.- ------. -u- 

Forecarjts based on Differonce i n  fore- 
cast  dii'fictilty plus 
affect of d i f ferent  % ' ~ ? ~ o ~ ~ ~ ' % d  in t e s t  period and Ft llz,l 1 Control 112;" --Kn tinged'i i zb8  data a8 rep- 

3.3 ho'1ly.8 old i n  resontad by difference 
aontxol period) .-- 

7- 

~ F f f e r e n c e  i n  fore- 
cast d i f f i c u l t y  as 
rapresented by 
difPerence an 

0. OG 
0, 10 

Forecasts based on 
same naged" data 
(7 hours old i n  
control  and t a s  t 
periods) 

Shorn forecas ts  
17-hour forecas ts  

ii) Effect of u s i t ~ g  r lu ta  ~ O X L * S  o l d  :K.nst;ond of L3 how; old 1.n 
mk;Lng ll-hour f orecast:j i.s t;tieli: 

i )  The ad-fferencs i n  'bforecas.l; difficultyu i n  making U-how 
forecasta  based on data  7 lmws old i s  approximately the  mean of the  
difference f o r  the 5 and 17-how f orecasta, 

0,23 .- 0,03 :z -10,2@ o r  ~ f ' J ' e c f ~  or !'z.17Lng Ilewa'fa dirt& dur ing 
1?.,61'i;~d if, t.0 YYYIIYIII- ~ ~ ( 3 . T ' l . j t l f i ~  " z "  ' uY 

0,30, 

Tost "z" 

lo54  
0. 95 ------ 

T h i s  result should be compared with the increase i n  "at1 
$hmn i n  Table XVL f o r  ~ - h o u %  forecusLs af  0.29 i n  the  t e s t  
period as conpared with the  control. period when differences i n  
forecas t  d i f f i c u l t y  a r e  not Laken i n t o  account, 

Control  "!A" 

..--- -.--- 

1 
0,85 
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b )  Commrison of forecasts  made durinr! the t r i a l  with llforecaatsN which 
could have been nlade on the bas is  of persistence 

TABLE X V I I  

12-hour orecaa t au  based on ~ e r s i s  tence of actual  "Dl1 values 

Control Period 
Test Period 

"Skilln scores (I1zv f o r  forecasts  based on normal techniqdes 
minus "zV f o r  persistence l1f orecas tsN ) 

Control Period 
Test Period 

I 

P 

110. of 
Fcs ts. 

34 
52 

0 )  Results of the two methods of comparison 

Correlation 
Coefficient 

r 

0;96 
0. €8 

I1zM f o r  11-hour 
actual  forecasts  
(from Table A X V ~ )  

1.07 
1.36 

According t o  the f i r s t  method b r a g r a p h  2.1.2(ay, the "fore- 
c a s t  d i f f icu l ty t1  during the control period was greater than during the 

2 

I I ~ I I  

1.82 
1-36 

t e s t  period, but the r e su l t s  of the second method indicate  tha t  there 
was more persistence i n  the I1Du values (and so, perhaps, l e s s  forecas t  
d i f f i cu l ty )  during the control period. Although these r e su l t s  
apparently contradict  each other, it musk be remembered tha t  there is 
no absolute method f o r  computing the "forecast d i f f i cu l tyn  fac tor  and 
t h a t  these two methods have been used only i n  an attempt to  f ind some 
indications. The important r e s u l t  of both methods i n  t h i s  analysis 
is tha t  they both indicate tha t  the forecasts  made during the t e s t  
period were more successful than those made during the control period. 
However, a s  i n  the previous analyses, the imprwement i s  not great  
enough t o  be considered s ignif icant  i n  view of the small s i z e  of the 
sample. 

"zI1 f o r  l2-hour 
persistence 
"forecasts" 
(from Table XVII) 

1.82 
1-36 

llSkill l l  

-0.75 
0 . 
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2.2 "D" value forecasts for  OSV "K" prepared a t  Qrly 

2.2.1 Summary of errors 

Mean absolute a& nman arithmetic errors 

1st week (control) 
2nd week t e s t )  
3rd week control) 
4th week t e s t )  
5th week 1 control) 

Control Period 
Test Period 

Correlation coefficients, standard errors of estimate and values of "z" 

NO. of 
Fcsts. 

11 
26 
10 
26 
13 

34 
52 

No. of Correlation Coeff i- Standard amor 
Fcsts. cient between actual of estimate of 

and forecast "Dm forecasts 
value s 

r SY (4 

Frk. h c a s t s  
Control Period 

+I-iro-Fcsta. 
a- 

Moan Mean 
Abs. Arith. 
Error Err or 
(m> (a>  

49 + 2 
53 - 6 
46 - 7 
45 -13 
48 +U 

48 + 3 
49 -10 

Test Period 

11-Hr. Forecasts 
Control Period 

11-Eke-Fcsts. 
----a 

b a n  Mean 
Abs. Arith. 
Error Error 
(4 ( 4  

5 0 +16 
67 -23 
65 +15 
52 -16 
n +40 

62 +25 
60 -20 

Test Period 

1 

17-ZIr. FcStS._ 
Mean Mean 
Abs. Arith, 
Error Error 
(4 (4 

53 + 6 
-46 

87 95 +21 
55 -21 
79 +49 

76 +27 
71 -34 

17-I&. Forecasts 
Control Period 
Test Period 

The mean absolute errors shown i n  Table XIX indicate very l i t  
difference i n  the 'errors between the control and t e s t  periods but t 
t ion coefficients, etc., i n  Table XX show a rather pronounced incre 
accuracy during the t e s t  period, particularly i n  the ll and 17-hour 

; le  
le correla- 
~ s e  i n  the 
forecasts. 
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2.2.2 Comparison of the forecasts bs the two methods described i n  
Appendix C, pammaph 3.4 

a )  Comparison of forecasts based on the sumo and different  l t a~ed"  data 

5-hour forecasts  1.29 
1'7- hour forecasts  1 1.09 

Forecasts based on 
same "agedn data 
(7 houra old i n  
control and t e a t  
periods ) 

1 I I J 

i )  The differenoe i n  "forecast d i f f icu l ty"  i n  making I l - h o ~  
forecasts based ondata 7 hours old i s  approximately the  mean of the 
differenass f o r  the  5 and 17-hour forecasts, 

i,e., 0.20 + 0.28 = 0.21, or forecast  d i f f i au l ty  grea ter  
2 during the  control period than 

during the  t e s t  period. 

a 

Difference i n  fore- 
cas t  d i f f i cu l ty  a s  
represented by 
differences i n  "zW 

A 

hs t  "zn 

TABLE XXII 

Corltrol tlztl 

Forecasts based on 
different "aged" 
data (7 hours old 
i n  tes t  period and 
U hours old i n  
oontrol period) 

11-how forecas ts  

i i )  Effect of using data 7 hours old instead of 3.3 hours old i n  
mking 11-hour forecasts  i s  then 

0.34 - 0.24 = 0.10 or e f fec t  of having newer data  d ~ i r y :  
the  t e s t  period i s  t o  increase Itst1 by 
0.10 i.e., t o  hprove  the  foreoasting, 

Difference i n  f o r b  ' 
cas t  d i f f i cu l ty  plua 
e f fec t  of d i f f e ren t  
"agedt8 data a s  rep- 
resented by d i f f e r e w e  
i n  Itztt 

0.34 

Test llzI1 

1.25 

T h i s  r e s u l t  should be compared with the  increase i n  "5" shown 
i n  Table XXII f o r  11-hour forecasts  of 0.34 i n  the t e a t  period aa 
compared with the  control period. W l e  the increase i n  "rn was 
shnrply reduced (from 0.34 t o  0.10) a f t e r  the  difference i n  fore- 
oaet d i f f i au l ty  was eliminated, it should be noted that there e t i l l  
wae some improvement i n  Itzn during the t e s t  period. 

Control "2" 

0.91 
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b) C ornmrison of forecasts made &.r inrr the t r i a l  wit11 l l f o r e w t s l l  
could have been xade on the basis of ~e r s i s t ence  

#Skilln scores ("zN fo r  forecasts based on normal techniques 
minus 1t3t1 f o r  persistence ''forocr s:.tof') - 

1% hour llforocnstsll bnsod on porsictonco of "Dl1 valuoa 

Control Period 
Test Period 

Control Period 
Test Period 

c)  Results of the two methods of comparison 

TABLE XXN 

Correlation 
Coofficiont 

r 

0.78 
0.91 

r 
No. of 
Fcsts. 

34 
42 

41auforU-hour  
forecasts (from 
Table xXII) 

The two methods both indicate that  there was greater forecast 
d i f f i cu l ty  drrring the control period, but while the first method &a- 
graph 2.2.2 (a27 showed that there was some improvement i n  the forecasta 
during the  t e s t  period, the second method ($ragraph 2.2.2(by indicated 
a deterioration i n  the forecast l tski l l t l ,  Xt is d i f f i cu l t  t o  explain 
the  varying resu l t s  but it should be noted again that  there is no 
part icularly close relationship batween the two methods and neither is 
considered t o  be without weaknesses which would be emphasized by the 
Small. s ize o f .  the sample involved here, Tha reason for  the 
apparent d e c r ~ ~ a s e  i n  uskillu dusing the  t e s t  period i n  'Bble XXIV above, 
i s  the f a c t  tkt the increase i n  the l1ml1 for  ll-hour forecaets was more 
than offse t  by the large increase i n  ltzll f o r  the 12-how persistence 
"forecast en. 

I1 

1.03 
1 54 

A 

t l z N f o r  12-hour 
persistence "fore- 
castsI1 (fran 
Table XXIII) 

nSkillr 
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3. m r y  of forecasts  made for  h r i s  ( T ~ ~ D D ~ s )  and C6V "K" 
bv the Paris Central Service 

3.1 -- lVDff value forecasts  for Paris (Trnn~es )  and 0% "KN prepared 
by Paris Central Service 

3.1.1 Sununary of er rors  

TLhm XN 

Ifcan absolute and mean a r i t h n ~ o t i c  e r r o r s  -- 

C o r r e l ~ t i o n  cooff i c i  01 

Paris, (~rappes)  

t10" of 
Pcats. 

Paris ( T r a a d  - 

tl 
No. of 
Pcsta. 

fi-Ml?'?f Cl5:istq 
Control Period 38 
Test Period 26 

Test Posiod 1 26 

- 
- 5-Ik. Fcsta.  

Phan bl~an 
Abs. Arith. 
Error Error 
(4 (m) 

Control Period 
Test Period 

05V "I(" - 

OSV "K" I--- 

33 + 1 
24 + 9  
5 1  +23 
26 +lo 
26 - 8 

37 + 6 
25 *10 

60 + 3 
44 -19 
38 +10 
35 -16 
36 + 9 

45 +11 
40 -18 

38 
26 

5'IIr. Forecasts 
Control Period 39 
Test Period 26 

I 

ll-Ik. Fcsta. 
b a n  Mean 
Aba. Arith. 
Error Error 
(4 (m) 

Control Period 3 9 
Test Period 26 

ts, standard e r r o r s  of estimate and values of 
.-- 

value a 
r 

17-Ik. Fcsta. 
Pban Mean 
Abs. Arith. 
Error Error 
(4 (m) 

47 +20 

36 -13 

42 + 4 

70 -51 

48 -20 

59 -36 

39 +16 
50 +3 6 
75 +48 
43 - 7 
5 9 +16 

59 +16 
47 +15 

51 + 7  
82 -59 
61 +40 

-33 
63 52 + l O  

55 +19 
73 -46 
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301.2 The types of analy~ou given 3-2 p~cagra.pha 1 h d  2 ok t h i s  
appendix could not be c m S &  out on tha data i n  the abave Tables XMT and 
XXVI because of the lack of' 11-hour forecasts U c h  could be verified by 
observations during the control period. The tables are presented fo r  the 
purpose of comparison with Tables Xr111 and XIV. 

46 m c l a l  Analveis by France 

4. 1 In order to  get some idea of the re la t ive  d i f f i cu l t i es  
involved i n  forecasting during the pkriods, the same work that  was carried 
out a t  Orly wae also carried out a t  Paris Central Service, except that  a t  
Paris only two observations per day were used, even during the t e a t  period. 
Forecasts were made by both offices for  Paris (Trappea), b e e t  and OSV "Kno 

The forecast errore f o r  the three points were combined and the resul ts  
follow i n  the form of root mean squarest 

TABLE XXVII 

Bv Orlv Airfield 

Control Period 
Test Period 32.4 

Control Period 
Test Period 

A comparison of the root mean square values shows that, 

a)  during the control period (during which the 2 forecast centres had 
available only 2 radiosondes a day), the root mean squares of the errors 
made i n  the two centres were approximately the earns; 

Bv Paris (central service) 

b) during the t e s t  period, the forecaets aontained fawer errore 
both a t  Paris (where the use of only 2 obsemat5ons was oonthued) and at  
Orly (where 4 0beervation.s were used) ; 

17-EL.. hstee*  
t 

(gpn) 

7409 
63,. 3 

5-Hr. Fcsts.* 
(gw) 

t 

32.2 
W.2 

c)  the errors were oonaiderably l e s s  urerious at Paris that at M y  
during the t e e t  period. 

11-Hr. Faeta.* 
( € 4 ~ )  

65.0 
49.1 

40 2 The errors were then divided aacording to  Gauss's l a w  and 
the probability of the Orly forecafjrt being more inamnwate tillan the P d m  
forecast waa balculated, with the following result8 

* In the ropokt f'rom France those forecasts were referr& tp  as 12401~, 
18-hour and %-hour forecasts raspectively, but they have been ohaged 
here t o  conform to the praotiee followad i n  this rojwrt of u e l w  the 
of issue a s  the base time fo r  the fcsracas$ pdriod (see Appendix ct W* 
graph 1.5). 
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Taert p o ~ i 6 d  
Control, period 

France ooncluded tbatt 
- 

5-Hr. Fcs'~;R~ 

0.58 
0.52 

a)  The greater  accuracy noted i n  the aDWvalue Porecaat a t  Orly during 
t h e  t e a t  period i s  probably not due t o  the  increased number of observationa 
made during t h a t  period, 

b) It i s  more readi ly  explained by the f a c t  t h a t  the  d i f f i c u l t i e s  i n  
foreoaeting during the  t e s t  period were not the  same as those experienced 
dm% t he  control  period, 

l l - K r e  Fcsts. - 
0,52 
0 e f ; O  

5 Results of analyses of "Dn value forecas ts  prepared a t  
Pasis, bans 

17-Ek. Fcsta, 

0.55 
0.47 

5.1 1x1 t he  spec ia l  analyses by fianoe (paragraph 4 ) ,  t he  fare- 
oost e r rors  f o r  t h e  three locations (~ rap?es ,  OSV "P and Rrest) were combined, 
and the  r e s u l t s  ind ica te  t h a t  while the "Dl1 value forecas ts  during the  t e s t  
period were more accurate, the  improvement was probably due t o  the decreaae 
In forecas t  d i f f i c u l t y  i n  the t e s t  period as compared with the  control  period. 

5.2 I n  the  analysis made by the  Sec re tmia t ,  the  forecas ts  f o r  
Pappes and OSV *P were considered separately, ard, i n  general, it was found 
that the  d i r f i c u l t y  of forecast ing "Dn value f o r  Trappea was about the same 
i n  both periods, while f o r  OSV "Kn t he  forecast  d i f f i c u l t y  was much l e s s  duriag 
the t e a t  period. It i s  l ike ly  that a similur analysis  of a l l  three location6 
combined would give a r e s u l t  similar t o  the one obttiinbd i n  paragraph 4 ,  
namely that the  forecast  d i f f i c u l t y  during t h e  conerol period was greater  
than during t he  t e a t  period. In  the  attempt by t he  Secre tar ia t  t o  eliminate 
t h e  effect of the  difference i n  forecast di f f icu l ty ,  t he  beat period showed 
a greater r s s i d m l  forecast  "skill!', except i n  the case of one of the  two 
comparisons made for OSV "P', but the  improvement, when it did ocotlr, was 
not large enough t o  be oonsidered s ignif icant .  

5 ~3 Neither the  spec ia l  analysis by France nor the  analysis  
made by the Secre tar ia t  indioate a s igni f icant  increase i n  theaccuracyof "Dlt a w  
forecasts  made a t  Paris  which could be ascribed t o  t h e  a d d i t i o r d  upper air 
observationa. 
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6 .  ~ a r t h a r  summaries of srroxs i n  n ~ n  value foreoaete 

6.1 TablesXXM to 3MXI and Ngme 1 contain the following 
eMmnariee of "Dn value data: 

Table XXIX - Summaries of errors i n  500 mb. nDn value fore- 
cas ts  for certain locations, mainly aarodromea. (Suxnariea for 
Irela& given as  received; otherscamputed from original data by 
Secretariat,) 

Table MIX - S-ies of errors i n  500 mb, "Dn value fore- 
cas ts  f o r  three ocean stat ion vessels made by various meteoro log id  
offioes, (Summaries f o r  Shannon given a s  received; others computed 
f ram original  data by Secretariat.) 

Table XXXI - Sramnaries of errors i n  500 mb, nD1l value fore- 
casts  f o r  l 4  radiosonde stations, for verif icat ion of New York8s 
+horn prognostic charts, (l?repared from original  data by 
Seoretariat . ) 

Figure 1 - Cumulative frequency c m e a  of the  combined errors 
i n  the  U-hour 5OO mb, *DM value forecasts prepared a t  Paris, Gander, 
k f l a v i k  and New York for  the i r  respective looations, 

6.2 Tables SIX and XMI show that, although, i n  general, 
the errors were smaller during the t e s t  period than during the control 
par%od, this was not invariably the case with individual stations. Further, 
there w a s  considerable variation i n  the mean errors f o r  the separate 
weeks of the control period and of the t e s t  period, 

603 The same features mentioned i n  above paragraph 6.2 are 
evident In  Table XXXI. It is a lso  noticeable that the errors vary con- 
siderably from one s ta t ion t o  another, although the forecasts were all 
based on the same prognostic charts (i.e., those prepared i n  the New ~ o r k /  
Ia Guardia Meteorological O f f  ice ) . 

6.4 Figure 1 shows that while there was l i t t l e  difference i n  
peroentage fiequenoy of most of the forecast errors between the conk01 an4 
t e s t  periods,there was an appreciable deereave i n  the  extreme errors during 
the t e s tper iod .  In  principle, the forecast errors i n  this graph were 
oomputed from forecasts based on data 7 hours old during the tea t  pePriod 
and 13 hours old dwing the corltrol period. 



SUPlnYlARY PF 500 MBo VALUE DATA RECEIVED FROM OTREB METEOROLOGICAL OFFICES 

1Uote.- Mean errors are stated to the nearest ten or the nearest unit depending - 
an the fate fn wUeh the dab were received. 

Iceland 
Keflavik Airpcrrt 

1st week (control) 
2nd week ( t e s t )  I :: 
3rd week (control) 
4th week ( t e s t )  
5 th  week (control) 

Control Period 
Test Period 

lreland 
Shannon Airport (by Shannon 

1st week (control) 
2nd week ( t e s t )  
3rd week (control) 
4th week ( t e s t )  
5 th  week (control) 

Control Period 
Test Period 

Ikblin Bfrmrt (by Dublin) 
700 nb 
Po 

1st week (control) 
2nd week ( t e s t )  
3rd week (control) 
4th week ( t e s t )  
5th week (control) 

Control Period 
Test Period 

5-fir. F C S ~ S O  U-A*. F C S ~ S ~  
Mean Mgan b a n  Mean 

94 not 
80 available 
76 
148 
119 

% 
u 

137 not 
95 available 

U1 
In 
188 

52 not 83 not 
61 available 81 available 
64 80 

17-&o F C S ~ S ~  
&an Mean 

167 not 
171 a d a b l e  
197 
203 
a6 

121 not 
92 available 
93 
13 0 
123 



Norway 
Gardermoen (by Oslo1 

1st week control) 
2nd week t t e s t )  
3rd week (control) 
4th week ( tes t )  
5th week (control) 

Control Periad 
Test Period 

1st week (control) 
2nd week ( t e s t )  
3rd week (control) 
4th week ( t e s t )  
5th week (control) 

Control Period 
Test Period 

r 

No. of 
Fcsts. 

13 
U 
6 

11 
7 

26 
25 

U 
U 
6 
U 
7 

27 
25 

5-ma Fcsts. 
Elsan Mean 

Abs.P;rror Arith.Wor 
(4 (4 

49 -10 
27 + 7 
70 +13 
15 - 2 
44 - 1 

5 2 - 2 
22 + 3 .  

40 + 3 
38 - 1 
W + 8 
17 -U 
30 -21 

38 - 2 
29 - 6 

Ifo. of 
Fcsts. 

10 
U 
11 
11 
6 

27 
25 

10 
U 
11 
11 
6 

27 
25 

17-Hr. Fcsts. 
b a n  Mean 

Abs.Ehor Brith.Error 
(m) (m> 

86 + 4 
45 +U 
42 +28 
59 -19 
61 -45 

63 + 3 
51 - 3 

43 + 9 
58 - 6 
27 + 5 
63 -27 
52 -52 

39 - 6 
56 -15 - 



United States 
;Jew York, ll.PI 
(by Ia Guardia 

1st veek (control) 
2nd week ( t es t )  
3rd veek (control) 
4 th  week ( t e s t )  
5th veek (control) 

Control Bzriod 110 150 
*20 1 150 

30 1 170 
Test Period -40 - 50 170 - 70 

I 

EEL Intersectioo (l+2°fl 68*'vl) 
(by Uestwer Airfield, l~hss,ESAF') ' 1  

5-ffc .- Fcsts . 
b a n  1-n 

A5s,Error Bri th ,Bror  
( f t )  (ft) 

F i a )  

week (control) 
week ( t e s t )  
veek (control) 
week (test) 
week (control) 

Xo. of 
Fcsts. 

U-ffr,. Fcsts, 
B a n  &an 

Abs.Error Arith,Error 
( f t )  (ft) 

3 01 not 
210 evaihble 

17-Ik a- F C S ~ S  
b a n  Fkan 

Abs,Error Arith-Srror 
(ft) (ft) 

28 
28 
28 

I 3 

179 not 
177 available 
W 
221 
221, 

~ o n t r o l  Period 
Test Period 

208 not 
191 available 
169 
i 95 
152 

ab 
56 

U.6 
133 

176 2W 
1% 136 



United Ki.n,doa 
Iondon and Prestwick Airports 
?for their  respective zirports 

Control Period 
Test Period 

Control Period 
%st Period 

Errors exceedhe: 20t) ft, 

Control Period 
Test Period 

Errors exceedln~ 303 ft. 

Contra?, Period 
Test Period 

T B I Z  XXIX (Cant Id) 

t 

&an Absolute Errors 

20-** 
PCS~S. 

( f t )  

234 
206 

U-B* 
Fcsts. 
(ftl 

3.90 
153 

t?-rir* 
Fcsts. 

( f t )  

121, 
U5 

Go, of 
Fcsts. 

( ~ ~ p r o x $  

1 

2-B. 
Fcsts, 

( f t ) 

84 
107 

93 
83 



SlJMURY W !LW3 ERRORS IN 500 MB. "DE VRLaE FORECASTS FOR OCX.43 STATICE? VESSEIS 
BY TARIGUS ~ O L D G L C A L  OR?Im 

Note.- Mean m a r s  rue stated to the nearest ten or the nearest unit - 
depending an the form in which the data were received. 

OSF "C" 

1st week (control) 
2nd week ( t es t )  
3rd week (control) 
4th week ( t e s t )  
5th week (control) 

Control Period 
Test Period 

QSV "A" 

1st veek (control) 
2nd week ( t e s t )  
3rd week (control) 
4th week ( t e s t )  
5th week (control) 

Control Period 
Test Period 

1st veek (control) 
2nd week (test) 
3rd week (control) 
4th week ( tes t )  
5 th  week (control) 

Cantrol Period 
Tesf Period 

- 
le% 

h of the forecast periodsvasied betbzeen~ffices~butgenerallywes 24 hours from the time 
of the t e s t  upper air charts. 

Shannon 
MeanBbs. 
Error ( f t )  -- 

135 
189 
210 
U.5 
225 

190 
167 

, 

- 
By Neu ~ork/Ia m d i a  E3y Gaader By 

110. of &Win Abs, Roo of no. of 
Fcsts. 

15 
26 
15 
26 
U 

44 
5 2 

15 
26 
15 
26 
U 

44 
52 

15 
26 
15 
26 
4 

Emor ( f t )  

160 
130 
260 
220 
190 

210 
190 

23 0 
250 
180 
320 
23 0 

220 
290 

180 
170 
130 
150 
23 6 

* 

Fcsts, 

16 
24 
lit 
19 
l2 

4.2 
43 

16 
23 
U 
U 
10 

40 
37 

44 
52 

* 

180 
170 

142 
l.38 
217 
U-6 
317 

160 
U1 

340 
260 
200 
13 0 
190 

190 
210 

Fcsts, 

not 
mailable 



S-Y OF -ERRORS W 5OC) )rlBo "I)' VALUE FORECGB PREPARED ~~ 2k-HOUB 
PRCGIXXTIC CHARB AT NEW YORK/U GUARDIA AIRPORT 

110. of 
Fcsts. 

Control Period 
Test Period 

Ist week (control) 
2nd week ( t e s t )  
3rd week (control) 
4 th  week ( t e s t )  
5 th  week (control) 

I I Argentia, Nfld, I Stephemrille, Nfld* I Bermuda 
I 

I W  Mean 
Abs.Error Arith.Error 

( f t  Z ( f t )  
Bone, New Pork 

l4. 
26 
U. 
26 
14 

I t 

Mean Mean 
Abs,Error ArithoError 

(ft 1 (ft 1 
IJorf olk, Virginia 

1st week (control) 
2nd week ( t e s t )  
3rd week (control) 
4 th  week ( t e s t )  
5 th  week (control) 

Mean Ban 
Abs .Error Arith.Error 

( f t )  ( f t )  
Goose, Labrador 

l.4 
26 
16 
26 
11+ 

Control Period 
Test Period 

Control Period + 60 
Test %riot3 - 50 

4.2 
52 

230 - 20 
290 + 70 

1st week (control) U I??., a&& 1 ~ :  +- ,jp 
26 l* + 2 @ ~  

rn T%-' 260. +30-- - - 
%I. W!l! - 90 
3Sa I 160 -' 10 

23 0 + 60 
260 - 80 

Narsarssuak, Greenla@ 
. -1 ky-  1 a: *TQ: 

-190 .-250 
320 * + U O  
230 OD 

200 + 80 
240 - 60 

Boston, Mss - 

200 + 70 
uo - 50 

.,.! OSV "4" 

' W  



1st week (control) 
2nd week (teat)  
3rd. week (control) 
4th: week ( tes t)  
5th- week (control) 

Control Period 
T e d  Period 

lst week (control) 
2nd week ( tes t)  
3rd week (control) 
4th week ( tes t)  
5th week (control) 

Control Period 
Test Period 

Bb. of 
Fcsts. 

1st week control) 
week I test) 

3rd week (control) 

TaBIB (Contld] 

Control Period 
Test Period 

I NO. of 
Fcete. 

&an 
Arith,Error 

(ft) 

Arith.Error 

ALL lDCd'PIO1PS C O m  

k 
ArithoEmor 

(ft) 

b a n  
AbsoError 

( f t )  

Mean 
Abs.Error 

(ft 1 
OC3V *Dm 

ban 
A b s o h o r  

( f t )  
OSV nBn 

Zkan 
Arith.Brror 

(ft 1 
LSV 'Cn 



ICAO Circular 3 5 - ~ ~ / 3 0  73 

FIGURE 1 (APPENDIX E) 

CUMULATIVE lTBQUENCY CURVES OF 11 HOUR 500 ME "D" VALUE FORECAST ERRORS MADE AT 
PIWS, KEFWLVIK, UNDER AND NEW YORK FOR THEIR RESPECTIVE LOCATIONS COMBINED 



1, Although q a e i d  flight data f o m  for cheoldag forecast 
wlnde w e e  rmeived, many were incoklrpbs%e and only 282 could be used i n  the 
analysis which follows. 

Noo o f  M a n  Mean Standard 
Fcsts a Abs, Emor Aritho Error Deviation - >AL A 0 

lat week (aontro%) 61 3.0 03. 
2nd we& ( tes t )  63% 3008 
3rd we& ~ontra l )  69 I 906 
4th week t ee t )  50 9"s 
5th week contra%) 41 l a  

Control Perf od 87 9 07 
Test Period 53 9"5 

Contpol Pe~ iod  64. 
Test Period 44 

Control Period 163 908 -006 
Teat Period 109 9 07 -0,9 

-.- In the moan arithmetic errors above a plua aign indicatea 
that on the average, a s d P e r  ta i l  w i n d  (or g r a t e s  head wind) occurred 
than was forocmst, f o e o ,  the actual wind was less favourable than forecasto 



2. The s t a t i s t i c s  given in  Table 1 e v e  no evidence of a significant 
improvement i n  the forecasts during the t e s t  periodas cornparedwith thoseduringthe 
control period. However, the breakdown of the f l i gh t  data into westbound and 
eastbound f l igh t s  shows an appreciable decrease i n  the biases (mean arithmetic 
errors)  i n  both the westbound and eastb-d f l ights ,  This r educ t io~  i n  the 
biases is similar to  that  found in  the analysis of the London and New York wind 
component forecasts (see Appendix D, Figures 3 and 4). The fac t  that the 
biases of the errors i n  forecast t a i l  winds far westbound f l ights  are of 
opposite sign to  those for  eastbound f l ights  indicates bias of the same sense 
In terms of wind direction, and suggests that the forecasters on both sides 
of the Atlantic tended t o  make the same kind of errors i n  particular situations. 
Thus biases of the sign actually found during the control period could have 
occurred i f  there had been a tendency on the part  of a l l  forecasters involved 
t o  underestimate the magnitude of the umI,R71y strong easterlies which occurred 
during the third week and t o  be l a t e  in forecasting the pronounced reduction i n  
the westerlies which occurred during the f i f t h  week (see Appendix G, Figure 1). 
The greater bias during the control weeks than during the t e s t  weeks might, i n  
the same way, merely be an indication of a prevalence during the control weeks 
of a type of si tuat ion encouraging fareeasting errors in one direction. 

3 .  Table I1 a t  the end of this appendix shows the pertinent 
data from each special f l i g h t  data form which was used i n  the s t a t i s t i c s  i n  
this appendix. A blank space indicates that  the information was missing £'ram 
the original form. The computation of tail-wind components by ICAO was carried 
out i n  accordance with the procedure outlined i n  Appendix C, paragraph 4.2. 
The times are  l i s t ed  just a s  received on the f l i gh t  data forms although an 
inconsistency between the issue time of the forecast and the departure time 
along the route appears i n  some cases such as Nos. 9 and 27 i n  the f i r s t  week. 

4. The scatter  diagrams (Figs. 1 and 2) a t  the end of th i s  
appendix show individually the relationship of the forecast and actual component 
values. While there were more cases during the control period ( ~ i g .  1 )  the 
distribution of the errors i s  about the same as shown during the t e s t  period 
(Fig. 2). The cumulative frequency ourves ( ~ i g .  3 ) clearly show that  even in 
the frequency of extreme errors there was practically no difference between 
the two periods. 



SUk31XeY OF SPECI4L FLI asUa nS 
m.-G 

GEl' DATA l! ED 
~ h *  A!.PLYSIS SiiNt2.RIZLD I N  TAdL6 I 

. 
1st week 1 8/3 2030 Ei:3: nTi!+,lQX 2308 G.C. 180 -17 -11 - 8 -18 
(control) 2 8/3 ~ n c :  CCC:-CYQX 23U G.C. 2 0  -17 -U - 9 -a 

3 8/3 2200 axl CUs CFX-iIiB 05ll G.C. 170 -10 + I  - 9  - 6  
11 9/3 E I I ~  ~nn-clr;s Om G.C. 180 - 6  + l  -11 - 7  
5 9/3 2330 2326 G.C. 170 +23 +23 +U +17 
6 9/3 17'700 faGk fnDL-SIiii; 3700 EL. 170 +10 +13 +11 +10 
7 9/3 ~r?n!  EDZ!-GYQX 0000 G.C. lPl0 - 3  - 8  - 6  + l  
8 1013 0130 0332 RL. 170 +10 + 4 +18 + 1 
9 10/3 0215 zr;cV-Cqx OU3 G.G. 160 - 9  + l  0 + 2  

10 10/3 18o(j FFOL FFOL-CY2X 1830 G.C. 180 -33 -30 - 4  + 4  
11 10/3 EIlill SI:Z!-CYZ 2333 G.C. 180 + 5 -U + 3 -17 
I2 10/3 2030 c ~ c g  CW-Eriri 2300 ILL. 170 +18 +U +U t l 5  
13 10/3 21~10 EC3' f L'?'I-Cl'QI: a 3 0  G.C. 180 + 8  + 8  + 5  - 5  
U, 10/3 2330 G G s .  GLIIA-CY~!~ m30 G.C. UO 0 + 7  - 5  +a 
15 1013 EL'S1 EIiX?;-CYcX 2253 Comp. Uo + d +14 +10 + 8 Via 580X 3001 
16 11/3 c w  cm-cy~:: Om5 G.C. 180 -34 -38 -30 -LL 
17 U/3 1230 2100 G.C. 190 +39 +26 +U +26 
18 1IJ3 1600 G U  GX-CYQX 2137 Camp. 180 - 7 - 6 '13 -U Via 5'F% 300F: 
19 l v 3  1700 Kt&$ C ~ ~ ~ - ~ ~ i N  ~ 3 1 6  R.L. 170 +11 + 1 +11 + 6 
20 11/3 2CQO 3 T F  m%IT-CITYR 0130 G.C. UO -10 - 6 0 + 6  

U/3 2XX) EL\?? ZIIJ1;-CTQX OY9 C.C. 180 - 7  - 4  - 6  -10 
22 11/3 2210 E D  G C : I i < Y ~ ~  2210 G.C. 150 -U 0 -17 -18 
23 11/3 Eli21 EED!+l'~X 2300 LL. 14D -11 + 1 -13 + 6 2300 +.y,-- 21 1 l / 3  GAL,. EI:!?i-CYQZ 120130 Conp. 160 + 7 + 7 -10 -1s Via 57% 40% 
25 U/3 U30 PI*;X CYQX-ZIIJ U30 Ri. 170 +20 0 +15 - 2 

1930 
26 l 3  1930 

EL%! EIlCi-CYQI 2345 G.C. 2a(, - 7 0 -15 - 5 
n 12/3 EiKJi EINlr-CYQX 2330 G.C. 180 + 3  + 2  -19 + 4  
28 W 3  CYQX CYCX-WL OLoO R L. 170 + 2  - 3  - 2  + 5  
29 12/3 2300 ow G.C. IT0 +18 - 1 +2& - 3 
30 12/3 2x10 KlGA CYQX-Hi?N 0 x 9  G.C. IF +16 + 3 +23 + 2 
31 12/3 GGBB-CYQX 0015 COmP* UO + 3 + 8 + 7 0 V i a  Cape F e w e l l  
32 13/3 0000 G i U  CGBb-CYQX '70044 G.C. 180 -20 +U -10 +19 
33 13/3 CYQX CYQX-ZD~ 0931 RL. 70 +l2 +12 210 +lo 
34 1313 0330 RL. 200 -15 -11 -22 - 9 
35 1313 1735 O a O  RL. 170 
36 13/3 GGBA CGBB-CYQX 1900 G.C. 120 - 4  +.3, - 4  +l2 

+a +& +35 +48 

37 -- U/3 Wo 2000 &L. 170 -21 -u -20 -14 

Remaika 
Route I!o. 

Yean t a i l  vind components 

Issue Time of 
Fcst. (QT) Date 

As received on 
flight data forms 
' Fcst. Actual 

Dept. Tima 
along route 

( B E )  1Q;O 

AS computed 
by TCAO 

Feet. Actual Track 

Altitude 
(in hundreds 
of feet) 



E r n  EINiN;I-CPPR 
CZBA G a U - C y a  
CYQX aQX-GG3. 
Enw Enn;-CYcp 
CYQX c x u - E n B I  
E D 3 4  EIIil?-CPQX 
EZU: EliX-CYfjX 
EnZ: EEGliJ-CYS 
CYcg  m q x - P O L  
C W L  CYQX-EIR: 
CYQX CYtJ-CnL: 
gU;B mi,-zm: 
CYQX CYQX-CGBB 
Cffiij EnX-CYYTi 
G.UA EIIJlI-CY3j 
KLGP KIDL-Em? 
mB K I ~ L - E I 1 r n  
=A KIDL-EWI? 
E I l E  EIIEt-CY@X 
C Y G  CYU-EIl i l l  
Erin? EI!C!-CYQX 
KLGA KIDL-EnIN 
TFKF 'ImF-CYYTi 
c m  CskZ-CYQx 

EDIW EIICl-CPP)[ 
K W  CYQX-EDEJ 
CYQX CYQx-znn: 
CYQX CYQX-CSU 
CYCx c Y ~ - ~ I l m  
EIIW EIIS?-CYYR 
EZIW ZII4X-CYYR 
TRCF TFliF-CPYB 
CYQX CYQX-Em; 
GAIA CCBB-CYQX 
nca CYQX-EIMI 
cvpx cY@-GGBA 
Enx E ~ I - C Y Q X  
Enal SIMi-CYQx 
C S M  CSdZ-Cm 
CYQX C ~ - c S p r  

Remarks 

Cow. 
G.C. 
Conp.  
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
R.L. 
RL. 
RL. 
R.L. 
G. C. 
G.C. 
G.C. 
B.L. 
R.L. 
C.C. 
G.C. 
G.C. 
LL. 
G.C. 
ELL. 

llo. 

G.C. 
G.C. 
G.C. 
R.L. 
G.C. 
G.C. 
G.C. 
R.L. 
G.C. 
G.C. 
C.C. 
R L. 
comp. 
LC. 
RL. 
C.C. 

+17 V i a  57% 30% 

WI Data 

+l2 
+ 2 Via S O N  20% 
+ 5 

Ronta 
Issue T i m  of 
Fcrt. (W) 

)ban tafi a n d  components 
Altitnde As r e c e i v e d  on As cornputad 

( in  hundreds f l ight  data forms by ICdO 
of feet)  Fcst. Actual Fcrt. dctual 

a p t .  ~ i m s  

T r a c k  



cshz 
c m  
CU;Q 
cna? 
CYQX 
CYQX 
G A U  
CYP& 
EEIII 
CYQX 

G.C. 
G.C. 
R.L. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
RL. 
G.C. 
G.C. 
G.C. 
R L. 
G.C. 
R L* 
G.C. 
G.C. 
R L a  

G.C. 
G.C. 
0.C. 
G.C. 
R L. 
G.C. 
G.C. 
G.C. 
RL. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
L.L. 
G.C. 
G.C. 
RL. 
R L .  
G.C. 
G.C. 
G.C. 
R L .  
LL. 

Remarks 
h p t .  T h  
along route 
(=I Route 1940 No. Track Date 

Altitude 
(in haadreds 

o f f e e t )  
Issue Tim of 
Pcst. (Qn) 

)ban t a i l  vind component8 

As received on 
f l ight  d a b  forms 

- Fcst. Actual 

As computed 
by ICAO 

Fcst. Actual 



60 u / 3  2330 EL3 EDli;-CYQX 0000 G.C. 180 -a -U -n -20 

3rd week 1 
(control) 2 

3 
4 
5 . 6 
7 

0800 
1500 
om0 
0000 
0000 
0330 
0030 
23w 
22m 
2330 
O l G O  
0700 
OES 
16m 
2030 
1900 

L.L. 
G.C. 
R L. 
RL. 
R.L. 
G.C. 
G.C. 
G.C. 
C.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
R L. 
G.C. 
RL. 
L.L. 
G.C. 
R L. 
RL. 
G.C. 
RL. 
G.C. 
cm. 
R. L. 
GaC. 
G.C. 
G.C. 
G.C. 
C m p .  
G.C. 
G.C. 
C.C. 
G.C. 
Camp. 
G.C. 

2 

Remarks Track 
Dept. Tirrs 
along routa 

(Q.5) 

l*an t a i l  uind components 

+21 +U +lB + 8 
-n -19 -3-4 -22 
+45 +52 +29 +55 
+17 +15 +20 +15 
+35 +29 +33 +30 
+22 0 +23 + 8 
+U +U +18 +12 
-11 + 3  - 5  + A  
-11 -12 - 9 + 4 
+ll + L  +U + 1  
-23 -20 -32 -18 
+23 +25 +32 +31 
-U + 2  - 9  + 4  
-12 -12 - 6 -U 
+11 - 6  + g  - 9  
-21 - 6 -20 - 5 

+13 +U + 3 
-13 + 1 +a 
- 7  -10 - 7  - 7  
126 +U +29 +36 
+2L ~ll +18 +24 
- 2  +LI+ - 2  + 6  
-13 - 9  - 5  - 5  
-13 +13 - 4 +15 
-21 -51 -37 6 2  
+U - 1 + 9 -15 
+52 7'72 +@ 6 6  
+U - 8 +13 - 8 Via ~ 9 %  30'7 
+ l  + 5  + 3  +15 
- 7  + 9  - 8  + 9  
-17 - 9 0 + 3  
+ 6  +17 + 4  + 7  
+13 +17 +a +22 

0 - 5 - 1 -L?. Via 49% 30°E 
+lo + 5 +15 + 6 - 7 -20 + 1 -17 
+ 8 +18 + 4 +15 
+23 +20 +a + 6 - 6 -20 -25 - 9 Via .$€OK 35O.4 
+16 +22 +19 +22 

Altitude 
(in hundreds 
of feet) 

Route 
L received on 

J l i&t  data forms 
Fcst. Actual 

1;m) 

h 

S:o. 

Xs cosputed 
I C X J  

Fcrt. Actual Date 
Issue T d  of 
Fcst. (C.3) 



TBBLE I1 (cont 'd) 

Ift week 1 
(test) 2 

3 
L 
5 
6 
7 
8 
9 

10 
11 

mu 
GQa 
Enm 
cm 
CDTJ 
Erin: 
EIIJi 
C s z  
ITDL 
cud. 
m-3 
cxa  
CYrJ 
c-fQJ 
CYCX 
crex 
cnox 
c n a  
ERii  
GGaa 
EMii 
zmqj 
BOZl 
c y a  
ria 
rYg 
GCm 
CYQX 
CYQX 
CSlrZ 

# 

Remarks 

2130 
0030 

0417 
om 
0130 
~ ~ 3 0  
0600 
1m 
0047 
0200 
2230 
m 
W 6  
2130 
@:?G 

2200 
0000 
G O O  
0300 
2300 
23m 
2330 
0300 
0130 
2 x 0  
0900 
0730 
oSoo 

camp. 
G.C. 
cap. 
C m p .  
G.C. 
S.C. 
WP. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
C m p .  
L.L. 
G.C. 
Conp.  
Conp.  
G.C. 
RL. 
G.C. 
G.C. 
G.C. 
comp. 
G.C. 
conp. 
R.L. 
G.C. 
G.C. 
& L. 

Track 

h p t .  Tims 
dong route 
(Qa) 

G.C. 
RL. 
G.C. 
RL. 
G.C. 
& L. 
ILL. 

i.P10 
Issue Tims of 
Fcst. (W) No. 

Mean tail wild compomnts 

G.C. 
G.C. 
G.C. 
G.C. 

R o u b  Date 

As received on 
.Ught date foms 

of feet)  Fcst. Actual 

Via 30% 

83 cmputad 
by ICRD 

Pcst. h t u a l  

Via 57% .l@T 
Via 4901i 35% 

Via 53% 45% 

Via 56% 20% 

Plar~r,~+ v i r  5701: ?@@7 
Vie 5C7Kj0%; p l m e 8  - 5;: j 3 i  
Pl=niied ~6 .e  57'3:: -30% 



TABLE I1 ( ~ o n t  'd) 

Ern1 
ElIZ 
C Y G  
cxx 
KLGB 
GirLlr 
EDS! 
C Y V  
CYGX 
CPQX 
GAT.& 
E r n  
Em1 
GALA 
cyQ2 
CXQX 
EIiOI 
CYfX 
CSBZ 
Ens: 
.WL 
CYFX 
Em:  
CYOr 
EI!W 
cYpx 
E'mT 
Em: 
Enm 
En& 
CnpX 
GALA 
E r n  
Ern 
CYOx 
c w  
cyw 
EII n4 
CEOX 

cspr 
GbLB 

RL. 
Z1;L 
C.C. 
R.L. 
RL.  
G.C. 
G.C. 
C.C. 
L.L. 
Conp. 
G.C. 
G.C. 
G.C. 
RL. 
G.C. 
G.C. 
RL. 
R L. 
R.L. 
G.C. 
C.C. 
G.C. 
G.C. 
G.C. 
Ria* 
G.C. 
G.C. 
C.C. 
O.C. 
G.C. 
G C .  
cmp. 
L C .  
0;c. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 

G.C. 
ILL. 

Reaarka 

A 

120 
180 
170 
220 
170 
180 
190 
l?O 
150 
170 
160 
163 
180 
180 
150 
170 
170 
170 
uo 
80 

110 
170 
180 
IT0 
100 
170 
120 
m 
180 
loo 
210 
1Lo 
100 
uo 
70 
170 
170 
160 
190 

70 
LBO 

+ 

+17 
+u 
-U 
-U 
+47 
+ 1 - 2 
0 - 2 

+ 8 Via 51oN lOOlP 
+ 2 
-19 
-23 
-28 
-10 
+10 
+34 
+u 
-38 
-34 
-36 
+32 
-56 
+u 
-27 
+65 
-36 
-40 
-16 

A l t i t u d e  
(h hundreds 

of f e e t )  T r a c k  

4 
- 7  V i a  WN 
-19 

h p t .  Time 
along r o u t e  
(am 

H g 
0 c 
2 I-' 

6 
'.L 

t" 
iz 
2 
0 

(3r, 
I-' 

R o u t e  

b a n  tail viad componentr 

1340 No. 

Bs r e c e i v e d  on 
f l i g h t  data forms 

Fcst. Actual 

Aa computed 
by ICBO 

Fcst. Actual D a t e  
Issue T h e  of 

F c s t .  (CMT) 



rbBu 11 (Cant Id) 

EIIm 
CYgX 
Ern1 
ERDI 
ED;?.; 
Em: 
FFOL 

C Y G  
Ern? 
CSBZ 
GGBA 
E m 1  
w* 
m: 
EnaJ 
rn 
EIfll4 
EINN 
CYQX 
GGBA 
ED?N 
Eli&' 
Emf 
Ern 
cm 
EIhTJ 
cw 
E r n  
KLU 
GGBA 

EmN 
E l N i  
EDJI? 
m m  
!rim' 
ERiN 

G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
RL. 
G.C. 
G.C. 
G.C. 
Coop. 
Conp. 
R.L. 
G.C. 
G.C. 
G.C. 
G.C. 
G.C. 
L.L. 
G.C. 
G.C. 
G.C. 
G.C. 
Comp. 
G.C. 
RL. 
G.C. 
G.C. 
G.C. 
RL. 
R.Lo 
R Lo 

Remarks 

-30 
+31 
-15 
-26 
-35 
-23 
-57 
+a 
+55 
-115 
-58 
-31 
-25 
tu 
-13 
-23 - 9 
-30 Via 56 '~  20% 
-32 Via 56% 205; 
+28 
-14 
-3.8 
-28 
-24 
-16 
+12 
-24 
+@ - 6 

I 

-21 Via 59% 1-* 
+U 
3 
-22 

&an tail wind components 

~;otes: Plus (4) equals t a i l  wind component; minus (-) equals head vind component 

Track 

Dept. Time 
along route  

A s  received on 
f l i g h t  data  forms 

Fcst. Actual 

t L.L. x Lindy l ine ,  1.6. the  t rack thnt  i s  the saw, distance on one aide of the Great C i r c b  t reck 8s the M l i n e  
t rack is on the other side, 

G.C. : Great Circle 

R.L. = Ilhumb U s e  

Altitude 
( i n  hundreds 

of f e e t )  Route 

hs computed 
by ICAO 

Fcst. Actual 

Comp. = Composite track, is.e., a combinetion of two or  more sections, each a Rhumb Line cr Greet Circle, the 
turning poin t ( s )  being Indicated in  the remerks. 

HW3 h'o. Date 
Issue Time of 
Fcst. (W) 
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mmm um ACTUAL TAXI, n w  o o m m m  AS o m ~ m  I R ~ H  mw ZLIGHT moms 
(ILL W E 3  AND ALL UTITIIDES) DUBIM R1g PmOD 

-60 -50 -40 -30 -20 -10 r) +10 +20 *30 +Co +50 +bP 
ACTUAL 719. UIW COWrnIrr (kt..) 

4 1  1 
l 

l 

i 1 

0 
1 

zJaumuQ 
No. of a n a r  lu 
kan Abr. Rxw 10.3 kt#. . 
Maan Aritb. m r  9.4 ktr. 
S t u d . r d  Drvhtion 

o f  Pormrt  trrorn U.5 kt#. 
l rplu 

1. AddlUolul o iro lw  u o l u d  - 
point. ildlate d d i t l o n @ l  

* torwantr st ru point. 

2. &lid l* I* the .M 
uror liw. 

7 

3. V a r t i d  d.ll.tioo rrom 
d i d  l i n e  I#  Mlnt or 
torooart utor. 

I 



I CAC! Circular 3 ~ - A N / ~ o  85 

c m n m  ~RWIW~CI mm OF m m r  EAROS OF TAIL ylm cowommi 
AS OBTIIYED RLOW jLIGIR W R T S  (ALL ROUTES AND ALL AL'IIIODES) 



SUMMARY OF 500 ~ b %  ACTUAL TAIT, W T U  COMPOIJENTS FOR TIIE SHANNON- 
GANDER (G.c.) ROUTE AS COMPUTED_FROM FLIGIIT DATA BY THE SECRETARIA2 

AID A5 - REPORTED BY THE LOIDOM AIRPORT AND NEW YORK/LA GUARDIA 

AIR30RT METEOROUG IC AL OFF IC@ 

1. I n  order t o  demonstrate t h e  t e of wind c i r cu l a t i on  t h a t  
e c tua l ly  prevailed over t h e  Shannon-Gander (G,C. 'P route during tha %rid, the 
components, as determined from the  analyzed 500 mb. char ts  at tbe  London MrpoFk 
and New York/~a Guardia Airport meteorological o f f i ce s  were p lo t ted  on a graph. 
In  addit ion,  the  ac tua l  components as computed by the  Sec re t a r i a t  f r a  f l i g h t  
b t t a  f o r  the  Shannon-Gander o r  Gander-Shannon (G,C.) routes  and f o r  the U 000 - 
22 000 foot a l t i t u d e s  were a l so  plotted,  

2. The gr@ph i s  included as Figure 1 t o  t h i s  appendix. fn exam- 
in ing  the  graph the  following points  should be taken i n t o  conssderationr 

a) The London Airport values are ~ a u i v e l e n t  t a i l  win& as received, 
For  the  purpoee of uniformity, two values a day ins tead of four  are shown 
during t he  t e s t  weeks, 

b) The IJew ~ o r k / L a  Guardia Airport values are a i l  wind corn 
as received but with the  s igns  (plus  o r  minus) revers2d i n  order t E  
di rec t ions  ( e a s t  o r  west) denoted by the s igns  correspond t o  those of the 
London Airport values, 

a )  The ac tua l  component values computed by the  ICAO S e c r e t m i d i  fi.ca 
the f l i g h t  forms wore taken from only those f l i g h t s  which indioate  t he  
route as the  Gander-Shannon o r  Shannon-Gander (C,C, ) route and wh@h indi- 
oated t he  a l t i t u d e  as I& 000 t o  22 000 ft, inclusive.  The s igns  of the  
colhponents computed fo r  the  Gande~Shmnon f l i g h t e  were reversed t o  m a k g  
t he  d i rec t ions  denoted by t h e  signs correspond t o  those of the other values 
on the  graph, The placing of these values on the  graph i n  regard t o  time 
waa accomplished by determining the approximate time t h a t  the  f l i g h t  W M  

at the  half-way point along the  route md then placing the  value on the  
graph on the  neares t  0300 o r  1500 GMT. ordinate. 

3 
is a l e a r l y  
com~one n t  e 

The var ia t ion  i n  the  type of wind c i r cu l a t i on  during the  triaL- 
shown on the  graphs, Exce t f o r  the  f i r s t  week when the  tail-wind 
(and equivalent tail winds P were within about 1 0  knots of zero, the 

t r i h  was qu i t e  remarkable i n  the large var ia t ions  between strong westerly 
o i rcu la t ion  and s t rong  e m t e r l y  cf rcu la t ion  t h a t  ooourred over t he  Shannon- 
Gander (c,c. ) route a t  about one woek in te rva l s .  



h e  The wide disagreement between the mactualm caapomntr on a 
good many datee i e  probably the most surprising feature shown on the graph. 
The major-reaeona for  the disparity seem l ikely  t o  have beent 

a) Variations i n  the quality of the original data on f l igh t  data 
f o m ;  

b) Differences i n  analyaie techniquee wed  by the London dirport 
and New ~ o r k / ~ a  Guardia Airport meteorological techniques ae well as 
diffemncee i n  the amount of data available at the two officee. 
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FIGURE 1 (APPENDIX G )  

ACTUAL 500 mb. TAIL WIND COMPONENTS FOR THE SHANNON-GANDER (G.C.) ROUTE AS 
COMPUTED FROM FLIGHT DATA BY ICAO AND AS REPORTED BY THE LONDON AIRPORT 

AND NEW YORK/LA GUARDIA AIRPORT METEOROLOGICAL OFFICES 
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INFORMATION OBTA,?J&D FROM T B m m ? B D D ' l D  THE UNITED STATE! - 
-,&G-J.CY OF tlD1v VLLUE REPORTS FEOM 

METEOROLOGIGAL R.ECO_NAISSkNCE Ii'LIGlES ' L  I - 

1. The United K i n a m  rep l ied  t h a t  on i t s  meteorological reconnaiseance 
f l i g h t s  the  radar  and prasauro a l t i t u d e s  a r e  not n o r m l l y  urred f o r  obtaining 
ebaolute  heighto on account of the inaccuracies o f  both instrumente. The 
a b t i tude  A of a pa r t i c u l d r  pressure surfa ce i s  computed from the  temperatures 
observed on the  climb bnd again on descent, the  rad io  a l t ime te r  readings 'being 
uaed intermediately to'  determine chanasb of a l t i t u d e  along the  high l e v e l  t rack.  
The accuracy of the  a l t f  tudes so  determiqed 2s considered t o  be so high t h a t  - 

a i rcraf t 'observa t i ons  have bben used a s  a s.te'ndsrd aga ins t  which radiosonde 
aowputsd a l t i tude t i  have been corap3red0 

2 a ' The United Sta t o s  gave t h s  following descr ipt ion of i t s  methods f o r  
determining the  a l t i t u d e  of constant pressure surfo cess . I 

. . 
The a l t i t u d e  of the conatsnt proasure surface i s  usualby obtained 

frors a s p i r a l  sounding; Aftor  obtaining t h i s  constant pressure a lq i tude,  
t he  m d e r  cl t irnuter and the  prossuro a l t ime te r  ore  read. If the a i r c r a f t  
ware flown a t  the same al.titmde on the r a d a r  a l t i ine te r  a s  the  a l t i t u d e  
determined f o r  the  coni tan t  prossuro E L U P ~ B C ' O ~  tho prasouro a l t j . k t e r  - 
under standard dconditi6na would indi'ce to the  standard a l t i t u d e  of the, 
oonatent presaure ' aurfaca (9,880 f e e t  ' f o r  700 mbb, 18,281 f s e t  f o r  >500 
mb, ), Any devia t i s n  would bo the cel.ibra t i o n  value, 

Sinae it i a  imnpiaot~ictab%o t.o f l y  exact2.y a t  the a l t i t u d e  'of the 
oonsesnt preesure surface,  t h e  oiroraft-iu l sve l l ed  off  a s  c lose  t o  Chias. - 
pn l t i t u d e  a e possible and the  cs l3.bs.u t i o n  velue is  determined i n  tho , 
following manners 

The differance ( i n  goome t;xbi.c foerb) .betwehn the reder  a l t i t u d e  ' 
and the a l t i t u d e  of tho oonstanl pressure qurface i a  converted i n t o  
prtreaurer f e e t  ' ( g ~ i o ~ o t e n k l a l  feet) and appl ied t o  the etanderd a l . t i tudeV 
of tha constant  preabure surfsco (9,880 feBt for ?00'mb,; 18,28i  f e e t  f o r  
500 mb,), The dif ference i s  tEe' oel ib re t ion  vaiue, The da l ib r a t i on  value, 
e i t h e r  plus  o r  minus, i 8  applied t o  the preseure a l t imeter .  k f t e r  oa l i -  
b r a t i ng  t he  pressure a l t ime te r ,  the a l t i t u d e  'of the  constant pressure 

' 

surface ean be obtained by f ly ing  a t  the standard a l t i t u d e  of the constant 
preseure surface on the pressure a l t ime te r  (9 ,880 , fee t  f o r  700 mb, surface,  
18,283 f e e t  f o r  500 mb,) and reading the actual  a l t i t u d e  of tha  constant prea$qre 
aurfa ce from the radar  a l t ime t a r ,  

As a ru l e ,  t ~ e a t h e r  reconnaissance f l i g h t 8  do n9.t r epo r t  "Dl1 values. 
The method of  ca l i b r a t i ng  the pressure' a l t ime te r  enables them t o  r epo r t  the 
a l t i t u d e  of a oonstant prossure surface,  On thoae occasions when ce l i b r a t i qn  
of the  pressure a l t ime te r  i s  not possible,  lsD1l values e r e  reported i n  Z i e ~  ?$tba 
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