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are two to three times as frequent as in the subjective forecasts.

7.1erfu is some indication that drastic curtailment of veather data during hos-
tIlities may not excessively deRrade rorccasting capabilities, as the availablr.
-weather data over the area of concern during peace time is relatively sparse.
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:rTnoDucTion

SC-19;9 (TR) eotLmatd th ., anticipated root-r.lean-square error inherent in
subjectve* 7ressure-height predictions. Forecasters involved were assumed to
te reprenentative of the 'upper ten percent of 01:111' available to the weather

A somewhat conjectural analysis was necessary, simpl;y because avail-
-Yer:fleation data were neither adequate nor completely pertinent.

One corelusion of SC-1959 (TR) was that selected forecasters can male 12-hour
forccas:ts having a root-mean-square error of less than 150 feet for the most
diffictqt forecast areas during hostilities. It was also pointed out that
forecasts are less accurate during winter, becaue of the greater inherent
weather variability in thnt seasc,n.

Since pi.lblication 0';" ",C-1959 ("111), additional forecast ver 4 ficaton data hia ,,e
lecome available, and the 'upper ten percent of skill' concept has been de-
er.phasized in military weather operations. One aim of the USAF Air Weather
Service, for example, is to achieve uniformity of forecast quality in spite of
the subjective uncertainties which remain after critical selection of personnel
and relatively excessive personnel turnover. The current means of minimlzins
these problems includes the use of a 'team system' in Weather Centrals. Under
this system, the objective and subjective opinions of team menlers are recon-
ciled to produce the most acceptable prognosis. Accuracy of forecasts is there-
fore not necessarily dependent upon any specific indivicl-.;a1 and the indicationr
arc that teams can be adjusted to provide uniform quality of forecasts. There
is also reason to believe that forecast capabilities can be more realistically
evaluated when participating forecasters are anenymous.

The figure of 150 feet has been widely adopted as a universal measure of fore-
casting capability. It appears that the significance of the prognostic period
associated with this capability is too frequently overlooked. As customarily
used by weather forecasters, the prognostic period begins with the valid time
rf the weather ehnrts wed for the prognosis, not the time of issue of the 
forecast. The lag between map tine and issue time of the forecast is from
:our to six hours, esually closer to the latter figure. For the l2-hour fore-
cas 4,, this i=plics only sx to ,, 5ht hors between tLie cf rece!pt cy a cot
unit and verication time over the target. If further acscunt is tzen
7.7-12rPciable 	 coed by cr.r ., 'criefinr;. ,, rro1an:tn7„ and final technical

ations for teif, t -c-, c7.,,mes srrarent that a 12-hour :crecast .s a l -
1 1cable to tactical =lesions, hut not to strategic misslons. For strategic

aircraft missions, forecasting capabilities should be based upon prognostic
:,;eriode at least 21. houre in duration.

------------- -•
D,
f3netcs forecasts prepseed for specific missions, hazed upon available eerreat

we.er nap analyses.



The intent of this paper is to present newly available data in an Intnvim
asseasment or thz usefulness o: the forecasting capability given :n 5C-199
(TR). A comprehensive Forecast Capabilities Program has been underta%en by
the USAF Air Weather Service, and will ultimately provide more adequatelv
sustantiated results_

SAC VERIFICATION PROGRAM

Offutt Weather Central (previously Inown as Global Weather Central) 1)rovides
weather service to Hq, Strategic Air Command. Weather data for SAC missions
could be prepared. by this unit, at least in the initial stages of any conflict.
Tventy-four nour forecasts of the pressure at 7000 feet above the locations ir
TABLE I were verified durin the 12-1=th period between January 1951 and
February 17;2. The clicice of U:. 4C. wael bai3et.1 !faix)r! qualitative considerations
desir-ned to select areas representative of possible targets and, for comparsc„ -.,

forecast areas.

TABLE I

Forecast Sites

Potential Targets Difficult Forecast Areas

Moscow <N7 37c„)F. Lerwic:: o
F, 01

o

Sverdlovel. 61:E Misavu 41°F, 141 E
Astra::han 116°N, 481 Annette 55 

o_ ,o_

52°N, 10; E

The forecastin3 dliTiculty attributable to the non-USSR stations was presumed
to, arise from liar%ed weather variability at Lerwicl. and Annette, and paucity
of data west of Mlsawa. (Inadequate data to the vest are also a f►ctor•at
Lervicl, and Annette.) Whon stations listed in TABLE were selected, ilttle
quantitate data were available dealinc, 	 pressure wiriability outside
ofT 1 . S. CompreLensire studies of pressuo variability on a nemispIleri.i

7:*ea1 , :7-, ve since hr•en nui.;1e ,.! by K1 , !in4' 	 Sch=an1.13.

TABLE II lirits standard LiFlatIo.nr;
ehalw,:e* :or the sta;Lions

nressr ,' a: 	 tntr-rdiwral

Tter 	 at any 	 later,

f •
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TAILS II

Standard Deviation (in M111.ftars) of 
Daily Pressure and Intardiurnal Pressure Change

Daily Pressure
	

Interdiurnal Pressure Chancc

Sea Level 700 b Sea Level   
,...10•■•••■■■■noont

Station Winter
2

January Annual
2 2

Winter

Moscow 13.5 13.7 8.5 9
S7erillowl: 15.0 14.3 8.5 	 A
Astra! han 10.0 9.4 (.).0 	 6.5
Irl,.uts: -.. 11.0 9.3 6.5 (7.0)*

All 12.5 11.9 7.5 7.7

Lerwick 11.7,. 17.5 9.5 	 10.
,I 4 se.wa 7.0 7.. 	

-0.,, 	 (6.5)*
Annette Is 	 13.0 12.9 	 3.0 	 10.0

All
	

12.7
	

13.3
	

9.2

Zstimated from available data.

'Tote: At sea level, 1 mb is about 27 feet.
At 700-mb 1e7e1, 1 rib is about 37 feet.

On tle basis of ti!e above figures, tlie non -USSR group is not obviously more
difficult tc forecast for than is the USSR group, unless perhaps the mean
nterdiurnal pressure changes are used as criteria. When the inaccuracies
inherent in the limited data available for hemispheric stlidies are consider,

the significance of this measure is questionable. .1:1 the followin„;
discusion, forecast capability will be constdcred for the seven stations as

TALLE III shows the cumulatie proportion of forecasts.re Included in
decimated error ranzes. Figure 1 is the ogive, or c:)mulative frequency cu;-vc,
from the last colt= of TAliLE III.
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TALL'" III

St4.ris:t-v 700.3-ft Pressure Forecast V.....riticaton 0;'futt 'de her Cen
Januar- - .1( 	 to Fet.. 	 r  

••■■•••■

Percent of Forecasts not Exceoding the Designated Errors in Millibars*

StatIon McX 	 SVER AST IRK I 	 I.F.fi HIS A1`7:1 All

c. of
forecasts 40' 1.09  344 384 :,-49 478 ,y 3112

Per^-n ,'., ge
of all
forecasts:

I

'Error . 	 0 mb 8.0 10.0 11.0 12.& c- L.... 13.1 10.1 10.6
Error < 	 2 Mt: 41 o 4c c.., 40.4,

1	 -4 .7'...1y 140.9 47.9 %2.5 144.r::

Error < 	 4 mb 68.4 70.7 76.4 69-5 65.5 74.2 6.0 c9-5

Error < 	 .r.: mb 84.2 3c.„.1 -88.,, 8':).9 31.8 83.9 78.3 84.4

Error < 	 8 mb 90.9 90.7 95.1 92.0 90.; 93.9 39.3 91.':

Error < 10 mb 966.0 95.5 98.8 7(.0 94.0 9S.9 93.6 9:.8

Error < 12 mb 97.0 97.4 99.5 97.c 97.4 98.3 95.3 .;,..,..„

a-ror < 14 mb
-

Error < 16 mb-
Error < 18 mb

98.f
95.0
99.0

98.398.8
99.5

99.8
99.0
100.0

98.6
98.9

100.0

99.0
99.2
99.8

99.6
99.r,
99.6

96.2
99•1
99.5

93.9
99.3
99.7

.scan error (mb) 3.7 3.7 3.2 3.5 4.0 3.3 4.1 3-7

Standard
!e•io.t:on (mb) ').0 1 4.1 ,.31 4.4 t„

.,, 4 	 -''.,

At tLe 7000-ft level, 1 mt is about 34 feet

MC6 = Mcscow, USSR
SVER Sverdlov6 -., USSR
AST . 	 USSR
IRK =7, 	U3S2.
LER .., LervIcL, England
MIS Misawa, Japan

. Annette 7s3and,
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C...1.!veru asp tc of TABLE ITT and Fig. 1 are• noteworthy:

1. Error distributions for the individual atations are reasonaLly

2. The grouped error distribution is excessively peaLed, compared to the
normal curve, since an error range of one standard deviation inclurn
77 percent of the total distribution.

'rifications were based upon heights reported by the stations con-
sidered, as received over International communications networs. Tvo
forecasts were prepared datly for each station from January 19. 1951
to February 13, 1952 (i.e., a total of 732 forecasts •ere attempted 'or
each station). The number of forecasts verified for the USSR stations
varied from 344 to 409. Thus, the availability of daily reports from
the USSR stations was between 1 and, 53 percent, and the average avail-
sbility was 49 percent. This means that about half of the forecasts
•em prepared when no report vas available from the station concerned,
and the current height value employed was determined from the weather
map analysis. The results therefore refleci, to some extent the valid-
ity of the map analysis when some data are missing. While this does
not indicate the forecasting difficulties arising from low data avail-
ability in a wide area, it does narrow the anticipated gap be ten
data a•ailabilittes during peace and war.

AWS FOPECAST CAPABILTTIM PROGRAM

On: 	 1, 197,2, the USAF Air Weather Service undertoo_ a - eriiication progran.
unprecedented scope. Mare than 200 military weather detachments started

to prepare and verify surface and upper-air forecasts for designated stations.
Included in these are pressure-height forecasts for two different levels, each
valid at a different time. The prognostic period varies from six to 't2 hours,
11.1d forecasts are beinc prepared for about 38 different locations. The ecr-alt
prsrram also Includes forecasts of wind and temperature aloft, and. eoavention.a_i
s'arfacc veathcr elements. It is planned to maintain this prozram iodeCinIte! ,-

:n order to monitor o'c,orat5 ,onal capaLtlities continuously.

1.,n"ortunate1y AWS has teen InaIile t- .ttais the statistical services supc,rt
necessary for nvmmarizn,tion oI the data available to date. In the inte;cs:.

expvaltinc the pro cram, Sand_Ia Corporation has unctert.z..*:en to transfer the
h-741.ab2e data to panel. c41 1s for ultimate evaluation by USAF agencies. It
.t anticipated that 	 :"CSUlt:-: of the first year cf the program 1=111 be a-u.11-
ablz /tarty in 29;L. In the meantirlc, winter data for a few seletted statiens

strrarised maauelLy. It c;In be tentatively assumed that minitram
"eirecasttac accuracy exirts durinz, s4xrter c.)ver the area of iGterest. TABLE
lets the avallaUe statistics or tae 7C0-mil1ibar level (about 	 feet).

I-4 TED



TAPLE IV

Summary of 700-mb 24-Hour Subjective Forecast Verifications, Selected Stations,
October 1'52 Thoug,h January 1953, AWg Forecast Cvabilities Praaram

•Station* A B C All

rumber of forecasts 11 122 9 332

Vumber oi7 fcrecasts
with error in
ranc. (ft)

0- 	 99 42 76 --I.1-,-- 150
100 - 199 32 22 21+
200 - 299 16 16 26 ..L'
300 - 399 10 2 riL 2C
400 - 499 .-. 2
5- nn - 599 QG 3 - - :9
'.:-00 - 699 2 ,- 2
00-799799 1 __ ..- -
COO - 899 -- -- -- __

nfmn Prror (ft) 184 114 179 ..-.1`.•

MS error (ft) 21+ it--
--)'-?.

222 	 j 215

Staon Code Standard Deviation of Daily _
Sea-Level Pressure in Winteri

Ire 	 Falls, Minn.
Thule, Greenland
Caribou. Maine

10 mb (about 270 ft)
11.3 mb (about 30 ft)
10.9 mb (about 295 ft )



Station*

N'im-er of
f7:.recasts

7;unuer of errcrs
in ranGe 	 ft)

- 	 99
loo - 199
200 - 299
300 - 399
400 - 499

500 - 599
6,,xt - 699
700 - 799
8oc - 899

A	 B 	 C

31 	 20
19

23 	 22
16

10

1

247

312

All

Mean error (ft)

74"..MS error (ft) 	 23.S

10

8

3 32

Ca-

339

34
35
20
15
5

237

297

Pci. 

mnr,,L; 	 siv.xas the distr1L%tIon Q: errors for the 
.̂7:me perlod,

stations as TABLE Pv", which were characteristAc of the climatological fort-
cast. That Is, the appropriate monthily rorr.a1 a. 'OC rb for each sl'Ation

were ta%en from normal weather charte, and daily errors were computed irom
the absolute differences betveen tbe climatological and actual daily heights,

TAPLF V

7 !""ir%

:-7.1mrri ,-,/ 	 Climatolocal 2L-Hour 	 it:rror, at 

ano:n 	 1,

TkELE IV for statn

D

T



RMS error (ft)

0 - 19 .9
200 - 399

- 5?7.4_
BOO - 9=39

TABLE VI Is a listing zlf nta■A.ctles from TABLES IV and V, for oorivenient
eompariar,n.

TA'

CDcapF.rative Summ, 	 of Errors in Elub!ective and Clat: , :ogIn12.. Fcr2casts;

Level, 'rogr.cctle 	 ns in 	 -.

Nur ...be: of errors
.n range Cfu) 7lImatf11cal

ctive
Climatological

The most important figure in the last column of TABLE VI ;.n the ratio of rms
errors. An unpublin.xd re: ,ort5 of the MS estimated tne ratio of variances
(t.:e square of the root-mean-square) of tae subjective and climat,ological
forecasts to be about 0.40 on an annual. basis, for the 24-.Lour forecast. The
ratio of variances from TABLE VI is 0.55, but the months involved are the worst
tr. the year, and the arean involved are characterized by inadequate observa-
tional networks.

The standard deviation of the differerces of the da:ly mean error for a'l
stt1otr can be computed from the relation:

ca 
and c are the standard deviations of the subjective and c.,:m.atoicgical

forecast errors for all atatlons, respectively, and N 332 (see TABLES

""N7 and V). If ttie difference of the mean errors of the subjective and climato-
logical forecasts Is significant, it wnould be 3c d or greater, (assuming a nor-
mal distribution of the daily error differences). For the data presented in

TABLES r; and V, that difference ie 40 A , indicating that in lens than seven
snmplas o‘at of 100,000 could the difference be due to cnance.

•



:7;rror.-,

. 77.; - Ccrenq.ii5

rc
;

500- 599
/7on

7rv:. - 799
e99

- 999
1COO - 1099
110C - 1199

27
IC
3 	 0.9
1 	 0.3

C
C.

0
0

0.5
0.3
0.1

0
0. c

141

.71;(112.1.E EXR ,..ThS;

; in h...th
;IL

TABLE VII

CONCLUSI=

	

=Icceptn,t 	 rmn error c presLure-hc.zht

rIay acc!rat 	 :;c:T..1r73.r.iy for :2-hour for_cattl;. For e--.)UL
r 	 rrcm- is aLovtd0 feet, and 8.,,,;11.:s

',"7:recact 	 worst tira-.? of y.aar. 	 It Lc nntLreI.y

that tht?.. 	 rOreCallt 17,71T, 	cAl an anno.c.1 tvasis for t.1,i? en;: 

	rUirn Henisphcre 	 1.1 approximatc IC

	

...11tim7;te, rvsultc. c 	 A*.IS Forecast Capatiltiez Program 	
allow more ac-

	71.xate e..1utio o	 .cc.:c.s% capabil:ticc, with greater applicability to

ccc 4r'( 	 or tz4.vi_;,ets.

P •

Pc
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