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Horace 1V. Norton 
Glenn Vd. Br ie r  
Roger A. i i l l en  

One of the  objec t ives  of the  five-day fo recas t ing  pro,ject has been 
t o  eva lua te  i nd iv idua l  s t eps  oP tifie fo recas t ing  procedure "with a  view 
t o  elimination of i ne f f ec t ive  too l s ,  t h s  development and more e f fec-  
t i v a  use of t o o l s  which prove valaa'hle, and the ind ica t ion  of d i rec-  
t ioils i n  which research n ight  be p ro f i t ab l e .  TIYO fundamental s t eps  
i n  the five-day procedurz a r c  (1) the  construc~cion of  prognost ic  
five-day mean pressure  ciiar-is, and ( 2 )  the i n t e r p r e t a t i o n  of the 
prognost ic  cha r t s  i n  Terms of tcmpcrature and p rcc ip i  catri Oi l  anornalies. 
This r e p o r t  descr ibes  an eq,er iment  .ruhich dif2.s de3j.gned t o  t e s t  t h e  
second s-c,,p o i  tho i o r e c a s t  proccdure by estiunating thc  average 
success t h a t  can bc a c h i e v ~ d  by meteorologis ts  i n  forccas  Li.11~ f ivc-  
day tempsrature and prec lp l ta t io i i  anoma1.i.c~ having given a  p e r f s c t  
fo recas t  of the  mean pressure pa t .L~rn  (i.9, haviny given the obscrved 
prdssure pat- tcrns) .  'The e s t i i a t e  of accuracy of inkel-pro t a t i o n  w i l l  
i nd l ca t a  t h z  uppup limit of fordcast i i ig  achiev~mcnt  so  f a r  as it i s  
l i r , ~ t s d  a t  prcsont  by abi.1.i t y  t o  i n t e r y r d t  i~iuan prc.ssuro p a t t 2 r . n ~  i n  
t e r n  of tdmporaturc; end precipitation anornalies, If t h i s  l i m i t  is 
h'igk, t h ~  forecastlrlg of prLssurcs would bc ind ica ted  a s  thc, chicf 
problem of rzscarcli. Gn the: o ihc r  hand, i f  t h i s  l i m i t  i s  low, thc: 
i n t e r p r e t a t i o n  of przssurc pa t tz r i l s  w i l l  Isc indic,ttod t o  b2 a sub jac t  
worth more invds t iga t ioa .  Fur ther  i i ~ v e s  t i@-t ion might r ~ v e a l  acldi- 
t i o n a l  s i g n i f i c a n t  r d a t i o n s h i p s  bo tricdn p rc s su r  pattqcms and ~ v d a t h ~ r  
t h a t  would 0.2 of vallle Lo k c :  .i'ilrccastcl-s. On t hc  o t h ~ r  hand, f u r t h e r  
i nvcs t iga t ion  might d i s c l o s ~  o ~ i l y  t h a t  a re la t j .vs ly  small  amount of 
the  v a r i a ~ i o n  i n  sur facc  tkroathdr c?-n b. accollrl t~d f o r  by the  pressure 
paktsrn and t h a t  t h e  f o r ~ c a s t c ~ ~ s  arcj alrL:/dy u t i l i z i n g  the  bulk of 
t h s  in t 'o r r~a t ion  contain.:d i n  t l r ~  p r s s s u r ~ .  p s t t ~ r n .  This c x p c r i m ~ n t  
i s  not  comp-.t~nt t o  i n c l i c a t ~  morc than  vfh3tl1er 3 r ro r s  , i n  cu r r cn t  
fo recas t s  t ~ n d  t o  occur bdforc o r  a f t e r  the c o m ~ l c t i o n  of  t hc  prognos- 
t i c  p r ~ s s u r s  pntt,rns. 

Othzr s p c c i f i c  o b j x t i v c s  of i;hc c q o r i m c n t  tiz1.3 t o  ob ta in  an  cst inlatc  
of t he  mean squard e r m r  of var ious anolilaly for.scasts, and t o  ob ta in  
estimates of d : ~ i f t r s n c c s  b~t71ei.m szasons, b;t~:xn for ; tcastcrs ,  rind 
SO on. 

Xach of th roc  metzoro1ogis.L i; , . luividually pr~par.:d 'L:!mp:;r'atur.! 
p r z c i p i t n t i o i ~  anomaly m q ; s  f o r  t hc  Uni tsd  2.t ,it::s corrcspondillg t o .  
obscrvod five-clay rnstin 3 ~ a  1 ~ ~ r : l  cii?d thruc? k i lox i . t . x  prilssupz naps 



f o r  ~ ; t c h  02 S ~ X  pds-L s l tua t ior i s ,  t ' n r ~ c  ill aurun;r d;ld thre.2 i n  t r i K t ~ r .  
F iv l  day pL.riods :i;rs chos~r l  ioF '~hic;? n.sn naps hau not  b c ~ n  grc- 
viously co.lstr~cc,ci. TI22 sLLxz;on o l  s i tua t io i l s  isas naad 1i5.thout 
rcg;ir.a t o  3;mopti.c c o f i ~ i ~ . " r ~ t . i ~ ~ ~  and ;lo L ~ J  or~r,alio:? ~ms 1aTt on 
,my of t k 3  ~ i ~ r k i n p  ch:ir.ts 'Lh.lL ..;ouli c:ivl, a clu.  t o  t u ~  clc,L? of t l ~ i  
charts .  'I';IJ for;cast-,r v i ~ s  2iv;il th: iianz of tk3 mon'th SO h~ COUI-C: 
tnkc account of Cli1.lat0lo giz zl dorlsicicratioils i n  m?l:inr~ h ~ s  "f o ~ d c z s  t . Is 

Ti?.: vxp.;rils~i~-; als uzv:ici,,cl i n t o  two szctio,ls,  Zn P m t  A,  thi: forz-  
caster srC:a glv-n dl,: 1011O27i ::, U C J L ~ " V ~ ~ ~  ci-2rts upon irkiich t o  :j?.sc h i s  
,znols.%ly 1' f or,:casts 'I : 

(1) Tho fi', 3-d;ly ~ n ; ~ l l  5 3 2  l d > i ~ 1  3 i l ' ~ l y ~  ';d m3p f o r  >;orth 
1~rn~:rica f o r  ti13 p.:rlod sonc~ri ldd,  

. . 

(3) u nap of th2 mail  v i r t u a l  tr:m:~':r..~.tur_i o.f the; lay;>r 
b:2t;;i:x- scla l m a l  ni?d thrl;i: l:ilo!jotors, aild 

( la)  Th:.: SCR l c v z l  and thrai. kilo?.::tsr zo?lal i>d.j.css 122s :d 
upon th:) ;zbov3 naps. 

&f tc3r th; f o r  4 c ~ L s t k , r s  cbinpl !t :d K?,: anolt1a1.r chs r t s  usiz,; t'13 i n fo r -  
matio:~ c0ntainl.d i n  P a r t  11, t h y  ii,r; gl.~2n ;l<dition:-.l i i i fc \ r r~ ;z . t i~ i~  
(Far t  3) and LI.ZL'IC n, i ioth~r sdt o i  rlnorna.li,:s. Tb-2 a(jdlt,iola1 infomnn- 
t i o n  cont.~in;d i n  P3r t  i! i723 t k 2 t  o>;ai~l.:d f ro7  &it:! chat  o c c u r ~ c !  2.t 
132st f orty-dight hou1.s p r i o r  -LC ti,, Ziv;-d iy p,rj.od collczm>d. This  
includui; th 2 I ollo~k5n: : 

(1) Daily sur l i&cJ  t h r ; ~  ki1on;tzr s:plogtic char ts  Top 
s3v :!I cons 3cutiv: d3;(~3 ;)I" :csding %hz forccczst purioci, 
t i c  t i i n 2  of t!l; l:lst chart br:i;+s i'orty-\:ight hosrs  b,forc 
th; buginriinq of tile fiv,,-J;?y :)briod conctmr;d. 

(2) Thd. d a i l y  i s ; n t r o ~ ) i c  c,l!art and L i..nt;.-,"c;ur hour noan 
surfacc t;npsr:lturd C ~ L ~ J F L Y ' ~ U ~ . :  cha r t  corr,  ;) o l::ir!:: t o  
t i l i  123% d a i l y  s u r f 3  :b chart .  

(3) Fivc-&&y m a n  p r  :ssuru ;.rips (s,:a l-?v31 spd thr ;  : kilor;z>t:s) 
and t ~ m p i r x t u r ;  2nd prlicip.if,7.t~o!~, "nonaly nTy)s f o r  t ! ~  
ps~riods c c n t ~ r c d  svv.,fi days and c lcvtn  d ~ y s  p r i o r  t o  
thr? fiv,:-ci?;Sr ' p~r ioc l  ccncr:rkd. 

) Vir tua l  tsmperntur,: rlaps, p r  :ssur;. chqn-c n%ps, Lhrde 
k i 1 o ~ ; ~ t ~ r  and :;2a l s v d l  i n d i c ~ s  -~i-rd p r o z i l ; ~  bas.?c: upon 
th: .-~bovo cha r t s .  



The maps and char ts  pj-esented i n  Pa r t s  s and B and a sample *'fore- 
cas t l l  a re  i l l u s t r a t e d  by the acco~npanying diagrams. 

~ e r i f  i c d t i o n  of the  Anomaly Forecasts 

The anomaly char ts  prepared by the  fo recas te r s  were v e r i f i e d  and 
scored i n  the  same manner a s  the  rout ine  curren orecasts .  The 
exact procedures have been described elseinrhere. The f i r ia l  
scores a r e  s k a r i z e d  i n  Table 1. on the  next page. The analys is  -- 
of variance of these forecas t  scores i s  given hn,Table 2 and a 
discussion of the  r e s u l t s  of the  analys is  of v a r i ~ l l o w s .  

Results of Anabjsis of Variance -------. 

Proceeding upward i n  Tabla 2 from the most complex in terac t ions ,  
no variance seems significant u n t i l  we cone t o  3FT, and t h i s  may 
be discouiited because i t s  t e s t  variance zjpears  t o  be somewhat 
sqbno m a 1  . 
The next apparently s i g n i f i c a n t  variance i s  t h a t  f o r  .FD. I f  it is  
accepted a s  s ign i f i can t ,  i t  means t h a t  the e f r e c t  of the  lladditional 
datan was appreciably d i f f e r e n t  Tor a i f f e r e n t  forecasters-- that  the  
forecas ters  were  not  equal i n  t h e i r  a S i l i t y - t o  use the "addit ional  
data.  fl 

The next apparently sigi1l;icant variance i s  t h a t  f o r  ZT. There 
car? ba no doubt a s  t o  i t s  signif:"cance, and it ineans tha t ,  al; 
differei l t  times i n  the same season, score; f o r  the  two elements 
(temperature and precip:i-&Lion) stcod i n  d i f f e r e n t  r z l a t i o n s  ,to each 
other,  solJs3timcs one r o l a t L v d y  high, sonatislos the  other.  

No o ther  variance aijpears significai:t, but F i s  tosted aqains t  
which, it inus t bo rzmembered, .LS of so~cwha t  doubt?ul s ignif icance,  
If it be thought t h a t  the  variance f o r  ?D i s  l a r p  only as a r e s u l t  
of random sampling, thsn F should b,: t o s t sd  apairlst tli* in t e rac t ions  

(1) See Ii. C. lviliet'c, I1Report of the Fivz-Day Foracasting Procedure, 
. . , ," I~assachuset t s  I n s t i t u t e  of Technologv, Papers i n  
Fhysical  Oceanography and Ys;et30r010gy, Lrolu!i1c? IX, NO. 1, 1941, 
p. 60. The procedure described the re in  has bean modj-fiad i n  thc  
f o l I . o ~ ~ i ! g  r!;ann+r : Ins-kad of' niving varyi rz  m:j ghts  t o  e r r o r s  
of various magnitudes, currant  p r o c ~ d u r a  i s  t o  giva u n i t  wsight 
t o  a l l  zdro e r r o r s  and z3ro wcight t o  a l l  o thcr  e r ro r s .  



Ve!rificaticn scores obtained on e-xpe~b.enta1 forccasts .  -.------. --- 
-----I---- --_ 

'{bather Pore7 Amo~n$  ' i f 1  - N T E  R 3 UBQEi lE  R 
Element caster of Data FeS. Dec. A Dec,. 9 Aup. H ~ u g .  8 June -.-. - -_C- --I- -- .-.--- - 

Fer- -per- Per- Per- Per- Per- 
cent teat -- - cent - cant - cent - cent - 

ii P a r t  K -it 47 b7 5 4 40 18 30 

-:c P a r t  A - Illcor~plste 

jc?t Part E - Conp-le'be 



knalys i s  of  Variance of Ve r i f i ca t i on  Score's. *-.---..-- _ ^ _ l . _ l _ . _ _ _ _ I  ___-._ " . I - - - - -  

Source Symbol Degrees of Sum of hie an 
Freedoni - .--. Squares Squares -- ---- .-. ---- -7 

Season ('{inter, Surrmer ) S 1 3607.73 3bO7.73 

Forecaster  (A, B,  C) 

Element (Temperature and E 1 5107024 5107.24 
~ r e c i p i t ~ ~ t i o n )  

Time wi th in  season 

Amount o f  Data (Pa r t s  i, a 13) D 1 126.93 126.93 

I n t e r a c t  ions 

Note: The var iance r a t i o s  - 
and ~ s s o c i n t e d  p ~ o b a b i l i t i e s  
a r e  omitted from t h i s  t a b l e .  
A more complete d j  scussion 
showing i n  g rea t e r  d e t a i l  
t he  use of'analysis cf  var-  
iance i n  t e s t i n g  the s ign i f  - 
ioance of var ious f a c t o r s  i s  
reserved f o r  a l a t e r  paper. 

TOTAL 

SFD 2 63 75 31.88 
SBD 1 3,92 3 -92 
FED 2 20.32 10.16 
FTD b. 1021.65 125.21 
E TD 4 451.94 112.98 

SFED 2 13 0 27 
521.07 

4-04 
E% TD b 65.13 



of FD wi th  the. m r i p u s  other  element 8 .  .tiion t h i s  i s  done, .F i s  un- 
doubtedl) s  i ~ n i f  i can t .  

This crear l ;  domo:lstretes a d i f fe rence  anlong tLe th ree  f o r e c a s t e r s ,  
thouto it i s  not c l e a r  vrh thar  t h a t  diffsrorice i s  i n  generhl a b i l i t y  
or i n  a b i l i t )  t o  lnske use of  t he  "adclit ional data"  i n  r ev i s ing  a  
fo recas t  based on the  minimum of da ta .  The follovrillg t ab l e  shows 
mein scores  fo r  e ~ c n  forocnstf t r  wi th  t h e  minimum data-  and wikh t h e  
add i t i ona l  dntn a):d :.vcra,os. 

Forccaa t c r  - . .. .--.,-..- 

NLininlum da ta  ( ~ a r t  A )  29.1 33.4 35.9 52,8 

Additional d a t a  (?ar t  3 )  27.7 32.5 4b.2 35.5 

Avd r a ge 28.4. 33.0 41.~0 &.1 

It may bc r c m r k s d  t h a t  a  i!ifEercr.cs bet-irccn ir.cnLicrctuye and p o c i p i -  
t ~ t i o n  should have bctri exi?~ct;cd, and tho f a i l u r e  of t h i s  d i f f ~ r c n c e  
t o  a12-x-r s i g t ~ i  ficari.1; i:: $rob; bly purcl; a r e s u l t  o f  t he  small scale 
of tho cx;erirncnt, thc  &mount of clata collcckcd boing simply too 
s m ~ l l  t o  demonzt r~ tc  co~ iv inc i f ig l~  t h a t  thorc  i s  n di f fa rcnco  of 
a b i l i t y  t o  forc.cr,bt thcso two a1emnt.s. 

'Nc COW not: t o  t h e  comp~r i s  on o f  the r c s u l t s  ..of t h i s  i:xporimc;nt t o  
t o ' t ~ ~ c  result;:; or' pas t  cx,,cricncc. Talcin&, f o r  past  toxpericucc, t h e  
wihtor soasol:s of 1940-41, 1941-42, clld 194.2-43, and tho surrwcr 
sccsor~s f o r  1941 Lnci 1942, thc; f o l l o w i ~ g  tn-~l t?  of niccln-scar-s ,nay bc 
f o k d .  

E q o r  imint  Fns t n dxpcrimcnt F l s t  
P~rformn~nci: Fcrf ormanoc 

-I-.-.---.- ---- .--._ -- -___._._- -- 

In  t h c  figurc::q givcn f o r  pr:s2; p;rforii~al?co, forc;cz..stvrs "13" nnd "C" 
nrc. r,bo\.:t cqv.c.1.I~ r c p - ~ s a r ~ t a d .  Fowcvor, forocas.t;or "-4" nadc a 
r c l c t i v o l y  s w l l  cor t r i ' cv t j  011 .to both the sw;u~~c;.r. acci 'tv.i.ntcr f igum s.  
Sincc both th5.s cx.;?c?riinc;nt an6 p;.::t p;;rformi~c!.c arG agrood i n  rnnking 
those thrc:: forcc~1~1;crs  i q  tirc orsdcr "C", "B", and "A", thc f i g ~ ~ r c s  



f o r  p a s t  performance a r c  probably  some~vhat t o o  h i g h  r e l a t i v e  t o  t h e  
f i g v x s s  r e s u l t i r . 8  from t h i s  e x p e r i m n 5 .  Even s o ,  it i s  obvious (as 
of course  it should b o )  t h a t  the  elements can be b e t t e r  " fo recas t r t  
when t h e  p ressures  a r e  known t h a n  when t h e  p ressures  tklcmselves 
nlust be forecast. 

T a k i n ~  tlie figures a t  their f a c e  value-, it i s  c l e a r  t h a t  a l a r g o  pro- 
s o r t i o n  (of  t h e  o rder  of one-half)  of e r r o r s  i n  f o r c c a s t s  F r c  ma,& 
srrbsa:quent t o  thc completion of t h o  p rognos t i c  p ressure  maps. The 
scores  r o s u l t i r l g  from t h i s  cxperimcnt a r o  so low a s  t o  s u ~ ; g o s t  t h a t  
a f f o r t s  t o  improve t h e  i n t e r p r e t ~ t i o n  of p rognos t i c  p rossuro  p a t t e r n s  
would havc the sarrlc opl?ortunit$ o f  success ,  i n  terms o f  immediate 
improvzmcr,t of f o r e c n s t s ,  a s  would c f f o r t s  t o  improve t h e  p rognos t i c  
prbssure  p a t t c r n s .  In  f a c t ,  it has  ':-cn sugbcstcd t h a t  Wort should 
o~ morc hope of immcdiato prog,rcss i n  i n t o r p r o t a t i o n  of  p roseurc  
p a t t c r n s  bbcav.sc t h c  problcrn is  moro s p e c i f i c  and rvcll-dofincd t h a n  
tho goncra l  and f i n d a t n ~ n t a l  problem of iniproving tho prof;nosis of 
p c s s u r c  p a t t c r n s .  

Tl-iis gcnoral  coilclvs ion i s  of i n t c r c s t ,  and i f  it is c o r r c c t ,  it 
i~ of cons idcr-able i m ~ o r t a n c c  , It may bc: d i s  LJ~itcci 0:1 s c v c r a l  ~;rouncls . 
O~lc i s  t;:st prcscurc  pc.ttirns s ~ t p p l i o d  t o  ti.0 f o r o c a s t e r s  wcru based 
on avcragc va lues  p l o t t c d  a t  t h c  Corners of tcn-dcgrcc "squarcc ,"  
which t h e y  r c e r d  as i n s u f ' f i c i c a t ,  and, p a r t l y  a s  a consoqucnco, no 
doubt, t h c t  t h c  annlyccs  wcrc u n s a t i c f a c t o r y .  Tllc limitation t o  
ten-dcgrec "cqunrccl '  come from rcsor t i . l ig  t o  p a s t  d ~ t a ,  soma of it 
so  o l d  thLxlli; t h o  maps which wcxc t h c n  i n  usc wc; ro thcmsolvcs l i m i t e d  
t o  tun-dcgrcc "squcrcr,." lt war ncccssary  t o  p u t  a l l  maps uscd i n  
thc c x p c r i ~ c n t  oi, t h i s  b a s i s  S O  D S  t o  givc no C ~ U O  t o  tilt da tz  of 

I I nnj s z q ~ ~ c  rlcc. l h i s  ob;sctioii,  a r ~ d  t h o  ob j c c t i o n  t o  tha  an:\l_yscs, 
can bc cao i l y  ovcr co1r.c: i n  &, ixcv? ( .xpr imcnt ,  of ~olncwhat d i f f c r o n t  
dcs ign.  I n  , , a r t i c u l a r ,  F*n ;xp:ri.cc t i t  can bc urran,dc! t o  h o t  a l s o  
"ic corltc;ltion t h s t  k n - d c ~ r c c  "sq~iarusl '  nrc inadcqun.tc. 

Anoth-r objection i s  t o  t h c - i n t ~ r p r ~ t r i t i o n  ox" ti?c r c r u l t e .  It has 
bccn maiuttrilicd, q u i t c  r i g h t l y ,  t h u t  50 lon,, c s  t l ~  c l a s s  l i m i t s  
u s ~ d  i n  vor i f ic , : t ion a r c  so bad ly  c s t i m : t t d  ~s e t  , ~ r i s o n t ,  it i s  h- 
p o s s i b l e  ( c x c c p t  tvith t h o  n i d  o f  chanco) t o  g c t  a ccorc  of' 100, 
and b.c,ncu t h c  scor;o uchiovod arr; much ncarur t o  p c r f c c t i o n  t h a n  
t h c y  appear.  Though t h i s  0bjCct ion is adnii t tcdlg v a l i d  i n  a q u a l i -  
t n t i v c  conso, quantitatively it i s  wock. The UPPW l i m i t  of ocorcs 
which ccn bc r~ : ,~chcd  bb s k i l l  alonc i s  almost c c r l ~ i n l y  h i ~ h i r  tklan 
80, i n  which casc tilt conclusion drown nbovc ncod n o t  bi: a l t c r c d .  
Evon i f  it; wcro'as lolv a s  60, t h o  conclus ion would bc invalidated 
only i r ~  r~garad  t o  w i n t c r  t c m - i ~ r a t u r c s .  

Othcr ob jdc t ions  vc,,rc ntadc. For cxarnplo, 0:lc: f ~ r ~ ~ a s t u r  was of t h e  
opinion t h c t  i n  tho " c o m ~ l o t c "  ckt:~, tkh.' mctin i su l l t rvp ic  c h a r t  would 
hnvc bocn h c l p f ~ l .  : owovor, thou:)? s o ~ c  of .t.hcei: objcct io l is  nro ob- 
v i o u s l y  cor r , c t  in form, it i s  strongl: doubted d!c t l? i r  thcy matc; r in l ly  , .  



lvcakcn t h c  conclusion t h c t  thc  sub jcc t  of i n t o r p r c t a t i o n  of i ~ r c s $ ~ r ~  
patterns r b q v i r t s  f u r t l x r  i n v d s t i g ~ t i o n .  This dous  not gusl.rnntcc 
t h c t  progress i n  forccc.stin& tllc :inomalios will bc mcdc. It m i ~ h t  
vcry we11 t u r n  out t h a t  thc  maximum t h a t  can bc accomplished from 
i n t ~ r p r c t i n ~  i3rcssurc pa t tc rns  i s  a l r o ~ ~ d y  a t t a i n e d  by thc  fort- 
coskcrs,  cnd t h a t  f u r t h o r  accomplishment i n  f o r c c a s t i q  a b i l i t y  
w i l l  come only as a r c s u l t  of othor  l i n e s  of c t tcck .  
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