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I n  a rather  extensive re>ort  on the trend method of forecRsting,(l) 
it was explained that the basis of the method involves the constructidn 
and extrapolation of mean trend graphs at oabh of several  interseqtions 
Of l a t i tude  and longitude, and t h a t  t h e  latest d a i l y  presaure values 
may be used t o  supplement the  mean pressures i n  the, prooi?s.s of e x t r a p  
olat ing these mean barograms, The use of thq latee,$. da i ly  values as 
an indication of the trqnd i n  the  mean barogram is, a t  liast for  
higher leve l  charts, j u s t i f i e d  because of the extremely high CorreAa- 
t i m  found between the  d a i l y  pressures and the  means of which they m e  
the middle values. ( 2 )  However, experience i n  t h e  construction of 

an barograms f o r  the  three-kilometer chart  indicates that i n  s p i t e  
the 'high correlation, the l a t o s t  da i ly  presetwe values a re  at times, 

so far  i n  error  tha t  they f a i l  completely t o  give an indioation of 
the correct trends. Thus, while errors of 2 mlllibms ox: l e s s  a r e  
the most frequent ones, they at times exceed 5 mill ibars,  and occasion- 
a l l y  reach as high a8 10 t o  E millibars,  par t icular ly  a t  higher 
la t i tudes.  Therefore, it seems obvious tha t  a simple way of correctin& 
the  mean b a r o g r w ,  and. therefore the prognostic trend charts, is t o  
f i n d  methods of improvin4 the estimate of tho  mean pressures based 
on the middle da i ly  values. 

The following report  contains the  r e s u l t s  of an attempt t o  f ind and apply 
8v.ch methods i n  the  construction of pyognostic mean three-kilometer 
charts. 
that high da i ly  pressure values tend t o  be highor thm the corresponding k7 
mean values, while low da i ly  pressures tend t o  be lower. This is due 
t o  the well-known s t a t l s t l c a l  f a c t  thest the v a r i a b i l i t y  of a mean w i l l  
be  lese than t h a t  of the individual values going t o  maks up the  mean, 
When departures from normal of the da i ly  pressures me plotted aglsinst 
departures from normal of the corresponding means, it is found that B 
departure of 10 millibars i n  the da i ly  vnlues i s  associated on the * 

average with a departure of only 7 millibars i n  the  mean values, 
tho da i ly  pressures are  tnken from points which happen t o  l i e  a t  a 
trough or a ridge, the differences may be even grcatsr, deppnding on 
how pronunced the trough or ridge I s  and how far  the departures of 
pressure a r e  from normal. 

The first method thiit suggests i t s e l f  I s  bmod on the  observation 
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h o t h e r  way t o  Improve the estimate Of the  mean is based on the recogni- 
t i o n  t h a t  i n  using the  middle da i ly  value alone the forecaster is not 
making f u l l  use of a l l  the available data  which goes t o  mnke up the mean, 
Thus, the l a t e s t  da i ly  pressure a t  a given intersect ion corresponds t o  
'the mean of the  five-day ser ies  which begins two days before and ends 
two days later.;:;,,.Therefore, three of the  f ive  dRi3.y pressure VRIUBS, 
including the  l a t e s t  dai ly  value, are availFible t o  the forecaster,  md 
an estimate of the fourth can be obtained from the twenty-four hour 
progostic three-kilometer che.rt which is  madeevery Cay ~8 R p m t  of '  
the regular routine. 

Three different  methods for  estimating t h e  mean value, using th i s  
additional information, were devised. 

The f i r s t  method, cal led the "trough nnd ridge'' method, makes use of 
the observed f a c t ,  mentioned before, t h a t  the var iab i l i ty  of the da i ly  
pressure values is greater  than t h e t  of the mean, p m t i c u l a r l y  when 
the dai ly  values l i e  on P trough or ridge. 
explained qui te  simply i n  the following idee.1 case. Let us suppose 
t h a t  the dai ly  pressure waves a t  three kilometers are sinusoidal, and 
move from west t o  eas t  a t  a constant ra te ,  without deepming or f i l l i n g .  
Then the pressure changes a t  FZ fixed point m i l l  also be sinusoidal, and 
because of the syrmnestry of the resul t ing pressurG osci l la t ions,  it c m  
be shown very simply t h a t  the mean pressure (F) corresponding t o  R 
dai ly  pressure (Pi) lying on ~t trough or 8 ridge is given by the  
formula: 

This principle can be 

(1) 3 = 2*1 4. 2p2 + p3 
5 

where? is  the mean of the 5 dai ly  pressures p 3.' P2, P3, p*2 and p59 

On.t;he other hand, when the dai ly  pressure value l i e s  on m in f lec t ion  
point of the pressure wave, the  corrospondiq mcnn pressure i s  simply: 

(2) T = Pg 

It w i l l  be seen from formule (1) that  since p 
case, elmost invariably l e s s  t h m  P The mount of the difference 
depends on the "shai-pness" o? the  ridge. Thus it w i l l  bc seen thpt, i n  
t h i s  simple c m c  of sinusoidFtlwaves, the greAtcr var lRbi l i ty  of the 
dRily vRlues i d  due t o  point3 lying on troughs cw ridges. If we ~s6m3 
t h a t  these simple conditions hold t rue  i n  the atmosphere, then we mny 
use formulae (1) or ( 2 )  t o  estimate the meon preosures. 
adopted as  Method 1. 

Rnd p m e ,  i n  t h i s  simple 1 2 
3' 

This hae beon 



- 3- 

The second method makes use of the multiple regreseion between i?, as the  
dependent variRbie, m d  P p2, and p3, RB independmt variRblcs. I n  other 
vords, the mean pressure ,asmmed t o  be a linlwr function of tha first 
t h e 3  daily pressure va lues .  The rcgwssion equrztion for  the  f a l l  semon, 
and for the stPJndsrd interqection 45N, 8595, Ja: 

where t h e  pressures a r e  expressed 88 departures from 700 mill ibars.  

The t h i r d  method expressss the mean pressure simply as tho erithmetic 
mean of the f i r s t  three d P i u  p r e s s ~ k e  vpluos plus the eatimats of the 
fourth value based on thk prognostic dPSly three-kilometfw chmt.  The 
, f i f t h  dPily pressure i a  amumea t o  be the  ssme a s  t h a t  obtained from the  
prognoetic chmt.  Thus WE: have: 

where the t e r n  a r e  the sama BE before except that  P 
pressure value obtained from the prognostic chart. 

Each of these three methods were use?' t o  estimnte the mean pressure a t  
three d i f f  w e n t  intersoctiona f o r  R sories  of t h i r t y  man thrue-kilometer 
maps from the f a l l  seeson of 1942. The r e s u l t s  were then compared t o  those 
for the  or iginal  method, which makes use of the middle dPily vPlue nlone. 
The meen errors, without regerd t o  sign, for the different  methods and 
f o r  the intersect ion 45N, 85W me given below 

is tho estimated a 

Estimate Middle , Method Mcthd Method 
Bmed on Daily Vrzlue 1 2 3 

(P3 1 

Average 
Error 3,233 2.700 2.400 2.100 . 

An exact s t o h i s t i c e l  t e s t  Rhows thet  tho new methods r a u l t  i n  B olgnifi-  
cant improvement over the or iginnl  mothod. 
error is Method 3. 
method (Table 1) tends t o  mask the  f a c t  thnt lwge errors a re  nctuni ly  
reduced considerably. 
millibme or more (everaging 6.6 mi l l ibme)  we reduced t o  3.3. millibars,  
on the averaQo. 
0.93 mil l ibars)  are increased t o  1.6 millibera. 
Then a l l  error6 are  taken together i8 due t o  the f w t  t h s t  errors  of' l ess  
t h m  2 mil l ibms comprise f i f t y  per cent of tiie obsc.l*ve.tiono while those 
of' more thm 5 millibrzra compriso only Thirty-three per cent of the 
observations 

The one ohopring the , leaat  e- 

The sppwontly amp11 improvemont indicp,ted'*for thkg 

Thus, errors i n  the middle da i ly  vnlus of 5 

OR t h e  other hand, error8 of 2 mlllibers or loss (averaging 
Tht: am11 improqerpent 



1% is interest ing t o  note t h a t  Method I reduces the errors  considerably 
when the points l i e  on pronounced troughs and ridges. 
improvement is oftesi greater than t h a t  obtained using Method 3, 
since the  estimate base& on Method 1 r e s u l t s  i n  no improvement f o r  
pressures 3.- on inflSCtion Points, and since some of theee pressures 
a r e  badly i n  error,  the ne t  improvement is not as great  as f o r  Method 3- 

I n  fact, the  
However, 

Since the application of Method 3 necessitates a rether  lengthy addition 
t o  the normal routine of preparing prognostic trend charts, t h e  question 
natural ly  a r i s e s  89 t o  whether t h e  resul t ing improvmcnt i n  the  trend 
charts themselves j u s t i f i e s  *he additional work. To t e s t  t h i s ,  trend 
graphs were constructed f o r  a winter month making use of the improved 
method, (Method 3) of estimating the mean pressure corresponding t o  t h e  
l a t e s t  da i ly  value, and from these graphs nine half week and. nine f u l l  
week trend charts were made. These were then conpmea i n  four d i f fe ren t  
waysviith the  or iginal  trend charts made by the  simpler method. 

A l l  these methods of COmP~isOn indicated t h a t  qn tho who10 the  new method 
produced resu l t s ,  i n  t h i s  c-e, which cer ta inly were not be t te r ,  rind perhaps 
were a l i t t l e  worm than the O l d  method. 
disappointing r e s u l t  a r e  not obvious, but there arctvo vhich seem ra ther  
out a t  mding 

The roasons f o r  t h i s  ra ther  

B i t h e  f irst  place, Considering the map 8s R whole rnther then one 
pnrticular point, it i S  probably t rue  t h a t  laree errore i n  the  e s t i m t e  
of the  mem corresponding t o  the lBteet da i ly  value a re  so r a r e  t h a t  
Flpplicetion of the new mth0d cannot appreciably improve the iiet r e s u l t s  
of the  extrflpolations. 
t h a t  only nincteen per cent of the  errore mere 5 mil l ibma or more, and 
f i f t y - f i v e  per cent wdre 2 millibars or less.  
lqrge eruors increnses fo r  Points a t  higher l ~ t i t u d e s ,  md therefore we 
might expect t o  f ind  more net improvement a t  higher la t i tudes.  
interest ing t o  note tha t  otherwise the r e s u l t s  m e  pbout the 
hiecussed beitore. The averwe error was about 3 millibws f o r  the  simple 
method. and 2 mill ibars  for  t h e  improved method. 
(averaging 6.9 millibms) dropped t o  1.7 millibars,  while those l e s s  thm 
z plillibars (averaging 1.1 mill ibma) increased t o  1.6 mi i i ibms.  

The second principnl reason f m  the fa.ilure Of the  expmiment is .probebly 
t o  the  d i f f i c u l t i e s  i n  extrnpolating the mean bmogrom beyond t h e  

list of availaple data. E r ro r s  m d e  i n  this Part of the cxtrapolekion 
curve are often so lmge t h a t  they tend to msk the  s l i g h t  improvements 
that m y  r e s u l t  from be t te r  use of availtxble data. 

Thus, it m ~ y  be concluded t h a t  the additional lebor o’B s.pplication is too 
great  to j u s t i f y  the use of the more comp1Ea8ted method i n  a d i rec t  quantit ive 
manner. However, two qual i ta t ive  fipplications w e  currently used i n  extend- 
iw the  m m n  bmogrrms. 
below normal-, then they m e  aajusted downward or upwmd by 3 or 4 mj.llibWe* 
If, e t  the  eane time, the points l i e  on ridges or troughs, M even grea te r  

Thus, i n  the case of the  above t e s t s ,  it mea found 

Honever, t h e  frequency of 

It is 
these 

Errors  over 5 mill ibars  

If the  l a t e s t  dhi ly  pressures’nse much above o r  much 
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VerificRtion of Prognostic Prossure - .  Chwte 
l 

r\Ppo df the  ways that were used for  comparing the prognostic charts pro- 
pared by the two different  metho8s'wiU b e  discussed b r i e f l y  below, since 
they give some indication of the vletluo of the trend chmts. One of these 
methods involves the  correlFttion of observed with prognostic prflssme 
patterna using twenty-three pOiRtB within the United States.  (3)  

The cother metho& invo'lves the comelation of t h e  pkognostic pressime ,changes 
from ma$ t o  map with the obsorvod yrcssure chmqes for the  s m e  tventy- 
three points. 
chm/ts as a basis f o r  comparing these  chmts.  We.wish t o  discuss here, 
however, only the correlations computed for the trend ChmtB mpde by the  
or ig ina l  method. 
3 contain the,corre3&ionS between observed and grognostic pressure 
patterns while *columns 2 Pad 4 contain the correlotions between obseryed 
and prognostic pressure changes. 
method of correlat ion I s  ent i re ly  sat isfactory as.8 bRsis f o r  verifying 
prognostic pressure pntterns. 
patterns d i r e c t l y  is ob joctionnblc beceuse of the. f a c t  that some, of, tbe  
correlet ion is due t o  the tondency of m y  of the  pressure patterns t o  
resemble tho normal patkern, 
picked a t  random, the corrs lnt ion would probably not be zero, due t o  the  
influence of the normnl pttttern. In, order t o  avoid this  f f f iot l t ious" .  
resul t ,  we mey e i ther  correlate  the depnstures of the  pressures from the 
norm1 pattern(4), or we nay correlate  t h e  ohnn$e i n  pressure from one map 
t o  the  next. 
t h e  prognostic and observed patterns resemble the normal, then eveh i n  the 
case of very close agreement the  c o r r a b t i o n  mny be zero. I n  other words, 
a forecast mrtybe considerad RS worthless sok?ly becmse of the f s c t  t h n t  
it reeembles tho norm1 pattern. The second method suffers from % slmilar 
objection. 

(3) 

These correlRtions verg computed for both sets  of prognostic 

These correlations are shown i n  Table 2, Columna 1 .md 

It may be pointed outvhere thtzt neither 

Thus, the method of correlating tho pressure 

Thus,'if one were t o  coraelnte two &ips 

The first method suffers  from t h d  objection thlett if both 

If the observed change - i n a e z w o  from one map t o  the next 

For an explmatlon of the method used, see t h e  rafcrence given on pnge 
3 of the  or ig ina l  report .  In the case descrSbed i n  the present report  
the  prossures themselves were used i n  the corrolntion rnthcr thm their+- 
depmturea from normel. 

(4 )  See Reference (3) 



is. uniform over the en t i r e  map, meaning tha t  one map ha8 a pattern. very 
similar t o  the  preceding one, then the  correlation may a l so  b'e low i n  
s p i t e  of the  f a c t  t ha t  the  r e a l  errors  in..pressure change are very small, 
This tendency is soon i n  the  following t ab le  i n  the marked var iab i l i ty  of 
the change co r reb t ions  i n  columns 2 and 4 as opposed to the  f a i r l y  
constant values i n  Columns 1 and 3. 

Ealf' Week 

Table 2. 

Ful l  Week 

Date 1 2 Date 3 4 
Pr e8 s1me Change (1943) Pressure Change 
C orr  elat inn Correlation C orre 1.8 ti on C orr  e h t i o n  

(1943 1 

Yanuary 30-Feb. 3 8 97 .82 Feb.3-7 .e8 62 

Feb. 3-7 .97 A 6  Feb.6-10 .92 0 10 

Feb. 6-10 96 .56 Feb. 10-14 70 *e2 

Feb. 10-14 87 .53 Feb. 13-17 73 08 

Feb. 13-17 .98 .82 Feb. 17-21 88 63 

Feb. 17-21 .94 .86 Feb. 20-24 .7s 79 

Feb. 20-24 * 95 e 6 0  Fcb. 24-28 .88 .44 

Feb. 24-28 .94 .57 Feb. 27-Mar.3 .86 - 08 

Feb. 2T-Mar,3 .99 -67 b l a s e  3-7 95 64 


