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Verification sumuaries of pressure-height forecasts over USSR and other stations
congidered to be in difricult [crecasting areas are presented. Resulis indicete
tnat the root-mean-squase error Tor 2b-hour feorecasts in winier ers *m excess
of 20C Zeet. The mms errors of subjlective forecasts are z2bout 70 percent of
toose for the purely climatological forecastis, but laerger <rrors in the lstte

are two to three times as freguent as in the subjlective Corecests. i

S
'; Tuere is scme indicaticn that drazstic curtallment of weather Zate during Yos-
+ilities may not excessively degrade forecasting capabilities, 2s the availatie 1
. wogther data over the erea of concern during pesce lime is relatively sparse
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3

5C-15.0 [TR)” estimated tho antizipated roct-mean-square error inherent in
cubjective® yressurs~-heinht predictions. Forecasters involved were assumed Lo
te reprecentztive of the 'upper ten percent of shill' available to the weather
cavvinan, A somewhat conjectural enslyals was necessery, simply because avall
¢le rerifination éata wers neither adequate nor ccopletely pertinent.

¢

]

.

One coralusion of 8C-1299 {TR) was Lint selected forecacters can male 12-hour
forecaris having a root-rean-square error of less than 150 feet for the most
dirfi~vlt forecast areas dwring hostilities. It was slso pointed cut thet
forecasts are less accurate during winter, bhecause of the greater inherent
wrather variability in that seacon.

Since publication of SC-1939 (WR). additionn) forecast verification data have
tecome avallable, and the ‘upper ten percent of slill' concept has been de-
crphasized in military weather operations. One aim of the USAF Air Weather
Service, for example, is tc achievc uniformity cf forecast quality in spite of
the subjective uncertainties which remain after critical selection of personrel
and relatively excessive personnel turnover. The current mesns of minimizing
thece problems includes thre use of a ‘team syster' in Weether Centrals. Under
tris system, the objective and subjective opinions of tezn menlers are recon-
ciled to produce the most acceptable prognosiszs. Accuracy of forecasts (s there-
fore not necessarily dependent upon any specific individual and the indications

_erc that teams can be adjusted to provide wniform quality of forccasis. There

is alsc reason to believe that forecast capabilities can be more realistically
evaluated when participating forscasters Are ancryyimous.

The figure cf 150 Teet has been widely adopted as e universal measure of fore-
casting capability. It appears that the significance cf the progoostic peried
agsociated with this capability is too {requently overlocked. As customarily
used by weather forecasters, the progrostic period begins with the valid time
~f the weathar charts used for the prognosis, not the time of issue of the
“oreeast. The lag bedtween map time and issue time of the forecasgt is {rom
Sour to 8ix hours, uguslly closer 1o the latter figqure. For the 12-howr fore-

cast, this implices only 2ix to elight hours Deotween time of receipt Ly & comlal
unit and verification time over tne torget. I further acccount is taben of e
snperciable Lime congumed by orew briefing, omplaning, and final technigasl
sreparations fov tsle-urf, it bocomes spperent that o ldehow Icrecast s oy -
slicable to tactical missions, bul not 0 strategic missions. For strategic
atreralt missions, forecasting capalilitien should be based uvpon prognostic

sericds at least 2L houre in durstion.

-

Danctes forecasts prepsred Jor spociflc xissions, baged upern available curyest
wozhhar AAp analyses.
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asgegsment of the uselulness of the forecesting cspability given in SC-1559¢

(?ﬂ). A comprehensive Forecast Capabilities Program has been undertal.en by
the USAF Air Weather Bervice, and will ultimately provide more adeguately
susstantiated regults.

The ntent of thiis paper is to present newly available data in an {atzyim

SAC VERIFICATION PROGRAM

Of{utt Yeather Central {previously lnown &s Global Wenther Central) provides
weather service to Hg, Strategic Air Command. Weather data for SAC miseions
would Le preparcd Yy this unit, at least in the initial stages of any conflict.
Twenty-four rour forecasts of the pressure at 7000 feet atove the locations .v
TASLE T vere verified during; the 12-uonth peried between January 1951 and
Fabruary 1902, The cheice of sliies was besed Upon qualitative consideraticns
designed to select areas representative of possible targets and, for cemparisce.
<iTicvls {orecast aress.
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TABLE I

Forecast Sites

Potential Targets Diff.cult Forecast Areas

g R o A L ST

1
! ‘ i
lioscow ! 55%n, 37iE § lerwic: i 500, Olog ;
Sverdlov 5%y, 61°E { Misave 1 1%, 1L1°g
Astrahen h6°h, 4805 ! Annette Is ! 55°m, 132%
Iriutsh : r2 1, 10578 ‘ i
The forecasting dirficulty attributable to the non-USBR staticns was presuacd
-* -

of édatn west of Misudr (Inadequate dota to the west are also & factors.ad
Lermeicl. and Annctic. ) When stations listed T LF were solectod,
guantitative data wore available dealing with o sure voariability out

of the Y. 3. Conmprelenst = studies of nrgwsu.“ xar_au-*it‘ on a penigpheric

<
) N . .
acale lave since been mubllished by Wleino and Schamann

5 arisre from aaried weather variabality ot Lerwici. and Annette, and paucity
tt
et

L 34
Ltie
.

TAD
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TASLE YT liats atandard deviy
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RLE II

- Stundard Devimtion (in Millitars) of
Deily Pressure and Intcr fwrnel Pressure Changc

Daily Pressure | Interdiurnal Pressure Change
Sea lLevel 700 mt i Ses level
2 3 2 { )
Station Winter January” Annual ! wWinter
Moscow 13.5 13.7 8.5 ! 9
Sverdiovsk 15.0 14.3 8.3 : 8
Astralhan 10.0 9.4 5.0 ; G.H
Irkutsl 1.0 9.3 5.5 (7.0)*
ALl 12.5 11.9 7.5 7.7
‘ . - i

lerwick 16.5 17.9 ?.j i 10.¢
Ligowe ! 7.0 7.; i 2.5 i . (6.5)*
Annette Is | 13.C 12.9 1 8.0 : 10.0
ALl boiey 13.3 '8 | 9.2

*Dstimated from available data.

mb is about 27 feet.
1 mb is about 37 feet.

On the vesis of Lie ebove Tigures, tlhe non-USSR group is not obviously more
difficult o forecast Jor then is the USSR group, unless perhaps the nean
-ntﬂrd‘urna] pressure changes are used as criteria. When the inaceouracies
inherent in the limited data available for hemispheric studies are *orside*ﬂ“
twarever, the significance of this measure is questionatle., In the Tol

: e w‘w,

" -

Py
dipecussion, forecast capabillty will e considered 7or the seven stations as
3 EriNT.

TADLE III shovs the cunulati-ve promortion of forecasits witici weore included on
desipnated error ranges. Figure I ois the oglve, or cumulative Irequency curve,
froms the last colummn of TABLE IIX.
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TADL™ III

Suasry of 2h-pr 700L-LY Pre ifutt desther Centrol,
ary 1

Januery 19, 195

0

VY E

to Fetruary 13, 1952.

')

sure Forecast Verification,
Al

Percent of Forecasts not Excesding the Desigrated Zrrors in Millibars”

Station*® ie ¢ f SVER AST IRK LER HIS ATl t KL
- [

‘-C’ .o f N . - - -~
‘i’ore}éae‘; Lot : Log 3Lk 384 ha 478 cliz 3i1z
Percentage i

“ ew -

Crror = O mb 8.¢ 10.0 11.0 12.0 £l 13.1 0.1 19.3
Error < 2 oh L2 0 e, g o, i ! 3.3 40,9 k7.9 ha.n o} hhlo
Srror < 4 mb 88.4 | 70.7 75.4 £9.¢ 5.5 7h.2 65.0 {1 5.5
Zrror = L mb 8i.2 3.1 1 "88.3 &5.9 31.8 £3.9 78.3 | 8u.§
Zrror = &abv ! 90.9 90.7 95.1 2.7 9. 93.9 39.3 | 9L.7
Zrror < 10 @b | 9G.O 9.9 098.8 9i.0 oL.o $3.9 93.¢ ; 97.&
Brror < 12 ub ! 7.0 97 .4 99.5 1 97.& g7.% 98.2 .0 ? 9’5-::
rror < b mt | 98.7 93.3 9.3 98.% 99.0 99.¢ 8.2 |; 93.2
. Error < 16 mb | 99.0 93.8 99.8 08.9 99.2 93.2 9c.1 i 9.3
Error < 18 mb 99.0 99.5 100.0 | 100.0 99.8 99.6 99.5 95.7
Mean error {(mb)] 3.7 3.7 3.2 3.5 L.o 3.3 L1 3.7
H
Standard ; ’ _
Zeviation (mb) | .0 g1 b Rt D3 L 5.¢ “.2
»

At the TOO0-fL level, 1 mt is about 34 reet

"8 = Moscow, USSR

SYZIR = Sverdlover, UBSEK

ABT = Amtrallimn, USSR

IRY, » Iriuts:, 1B832

LER Ierwvicl,, Enpland

MI8 » Misawa, Japan

Annette Ysland, Alasla

]
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| TOTAL OF 242 FORECASTS FOR
f a ROSCOY, SVERDLOVEX, RKUTSK,
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Severnl aspecto of TABLE IXT and Fig. 1 are rnotewortiy:
i. PFrror distributions for the individual stations sre ressonaily zimilas.
2. The grouped srpor distribution is exceasively pealed, campared Lo toc

normal curve, since an eorror range of one standard deviation includes
77 percent ol the teotal distritution.

La)
.

Verifications were based upon heights reported Yty the stations con-
siae:ea, as received over international communications networis. Two
forecests were prepared datly rTor each station {rom January 19, 1591

to February 13, 1952 (i.e., a total of 782 forecasts iere attempted Tor
each station). The number of forecasis verified for the USSR stations
varied frow 3Lk to LO9. Thus, the availability of daily reports 1roo
the USSR stations was between Ll and 93 percent, and the average avail-
nhility was LG percent. This mecans that about half of the forecastis
wers prepared when neo report was available from the station concernedq,
and the current height value employed wes deternined franm the weatber
map analysis. The regults therefcre refleci to scme extent the valid-
ity of the map enalysis when some date are nmissing. While this does
not indicate the forecasting difficulties arising froa low data aveil-
ability in a wide erea, it does narrovw the anticipated gap vetween

data availatilities during peace and war.

AWS FORECAST CAPABILITIZS PROGRAM
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1, 1992, the USAF Air Weathor Service undertoc.. & ~erification progran
ecedented scope. More than 200 military weather detachments staried
verify surface and upper-air {orecasis fcr designated stations.
trese cre pressure-height forezasts for two different levels, each
iffercnt +ime. The progaostic period varics from six te 72 bours,
s
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13 temperature alolt, and conventional
o waintain this progran iadelinitely,
ties continuously.

matcly AWS hes been unable to obtain tie statistico 1 zervices suppart
v Cor mammarization of the data available to date. In the {nteorost
iting tne program, Sandia Corporation has underiaiien to tronsfer the
2 data to wunch carde for wWitinmate evaluastion by USAF agencies. It
18 anticls az'ﬂ £hat the resultz of the first yenr of the progran «iil be avall-
able anrly i 1955, In the meantime, winter data for o few selecled sintinps
;e Leen surmarized manually. It can be lentatively assumed thal minicum

L5 ’ wirter over the area of Zusterest. TABLE IV
tae TCO-miliibar “exel {aaoux 9800 feot

= \‘y"‘ﬁ‘ -y
: ’ﬁhﬁeg"!k“ @ }4
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are Leing ;reﬁarvd “or about 3B Gilferent locations. Tiw ovor-all
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TARLE IV i

Suntary cf 700-mb Z24-Hour Subjrcctive Forecest Veriflcaticns, Selected Stortions,

o

! October 2952 Thoough january 1953, AWS Forecast Capavbiiisies Progrem

. - !
Station® A B c A1l
Pumber of forscaste 114 182 95 332
Mumber oF forecgsts

with error in
range (£t)

Y - 99 b2 76 32 156
100 - 195 32 22 24 "ot
200 - 299 15 G 26 cfs
308 - 389 10 2 i o0
500 - L99 p ; 2 i i

~ I H -~
500 - 529 G 3 -- 5
o0 -6 2 : 2 <
700 - 79 1 - -- ]
coc - 899 -- -- -- -

. tean ervor (%) 184 11k 172 157

MG error (£t) L6 155 222 { 215
e
. )
tai:on Code Standard Deviation of Deily _
Sea-Level Pressure ir Winters
4t Internaticnel Falls, Minn, | 10 mb {about 270 ft)
T: Thule, Greenland i 11.3 b (about 30% £t)
C: Caribou, Maine ; 16.9 mb {about 255 It)
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TARLY ¥ siows the distribution o errors cor tne seme peried, lfvel, ane
stations as TABLE IV, which were characteristac 2 the climatologicel fere-
JOC mb

cast. Tnet is, the appropriate mowth}y rorrals at
vere talen [rom normal weather charts”, and daily erisorg wore computed
the abgsolute differences between the climatological and actual dnily heights.

oy euch station
ir

TAPLE V

. . , . ~
Sumnv of Climntelicgical 24 -Hour Farecast Errors at (00 =,
X . ——
5 . 4. Y XIS
Srme Seavionmn NG el ar A Wb cid 40 iiale A
ko)
- = | .
Station® A 3 ! c Al.
i
1
Mumber of . i
. _ .y
forecants 11k 122 X o 132
H
1
|

hwamper of errcrs

in range {ft)
5 - u 3b i 20 N
100 - 159 30 25 19 o
200 - 295 20 23 22 5
00 - 399 15 1o 1¢ 5%
LoD - 499 5 ¢ 8 ez
50C - £99 L 10 i1 2’
50 - £93 1 g 3 1
70 - 799 -- -- 2 b
806 - 899 .- 1 -- 3
Mean errcr {({t 18 247 2¢6 237
- e ' " . o
WS error (%} 235 ‘ 312 3319 297




TABLF VI 45 A Jisting of svartignics from TABLES 1V and Vv, for convenient
e 1

Th-.E V1

Comprrative Summary cf Zrrors in Sublective argd Tilimatlologlion.
Ievel, brognocstic Pericd, and dtadions as in Ly 1Y
i 1 ] ]
trnber of errors - Cunjective
‘ - 1
in renge (fi} sutjechive l ~1i=matol~gical Clirmatnlogicas

[}
i
|
}

5 - 159 § 223 165 1%
2 - 399 i 78 106 3.7
30 - 530 i 20 W Dk
BIC - T3 { g 13 3.5
8 - 399 § -- 1 J
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rpoertant figure in

>
w
rors.  An unpublisied report
o~ -8
e

!
h
!
2
o)
(44
» t&

erre $1e

(+iie sgquare of the root-mean :
. ne 2u-uour forecsst. The
ratio of variances frocm TABLE VI is 0.5%, but %tihe montis involved are the worst
‘n the year, and the sreas involved are characterized ty inadequate orserva-
tional networks.

The stendard deviation of tte differerces of the dally nearn error for a’l
stations can o computed from the reieticon:

~ e
4 o i
o +
s od
G, = -
a H- 1

wunre ¢ BG O 0TE the stundnrd deviations of the subjective and c.lmatological
- el »
Aptly forecast errors for all etatjons, respectively, and § = 332 {see TABLES
T and V). If the difference of the mean errors of the subjective and climatc-
-

fgnificant, it soculd be 3g, or greater, {wsruming a nor-
tution of the dsily error differences).  For the data presented in
TAZLES IV and ¥V, thst difference is 4g,, indiceting that in less than seven
semples oul of 100,000 could the difra?ence be due to chance.
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