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Abstract

Analysis of a large sample of winid forecausts- for- 6- and 12- hour periodjs

re'veals that !Subjecetive forece st se ae linearly related to the wvind at the be-

ginning of the forecast interval. This relationship enables one( to de~velop a

regression equation Iittwetii fit eit'tst er~ror antI Int'1Siseict'te eri'Ot' it ean

of Whichl it is, possi 1)1 to ext end the r'esuilts dteritvetd fee in tlti i samlple.

'1' h variation of fo ire ttit ait I j~r'Si steneC VIerror W itli gee g i't~I)Iy, I t'vt I

antI seastin is tlistiissttl. It is fetintll thalt the' inlaxtiloin advanltage of Still-

jeetive forevcasts over pinsistcnte ist 10%,, finl ti-hour periotdts and 20'lý fill

12-hm pntnjeriotis.
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Symbols

GENERAL TERMINOLOCY

Vector: a capital letter with an arrow above it. A list of all vector

quantities appears on page 4.

Vector Magnitude: a capital letter.

Angle between two vectors: a Greek letter.
Vector Component: lower case pair of letters, the first of which is the

same as the vector designation and the second is either x (west-east, posi-
tive from the west) or y (south-north, positive from the south).

SPECIFIC SYMBOLS

p forecast period
i a particular observation

N total number of cases
0 2  vector variance of the wind (climatic variance)
a standard vector deviation of the wind

V vector mean wind (magnitude)
VIFE vpctor variance of forecast errors
MIF mean square error of subjective forecasts

It F root mean square error of subjective forecasts

IVII' mean square error of persistence forecasts

RiP root mean square error of persistence forecasts

1r vector persistence correlation

a, b, { constants in linear regression equations
p coefficient of correla, ion between an observed an(i an estimated

quantity
IVIV' percent redittionx in variance of persistence forecasts with respet

to climatology
,'A forec1ast advantage over persistence,

x1

I.



Errors in Six- and Twelve-Hour
Predictions oF Upper-Level Winds

I. InBikgroundu

Verification data for I all(] I2-hou I prt(IirtioIi of iII)Iuil-i(\'& wili(IH

are singularly lacking ill the iruteorologiail Ijteirtiliiu. 'Ilii few vorificat ion

studies available are mainly concerned with 24-hour forecasts, Sillce this is
the interval whichi has pii)vi'i to hoi mosnt apphlicable to) a wide variet v of miihi-

wiy nd cuviiant. theraim is (c.~ ga!. Mca lld spiii11lvoil 1!11111t VilI 0ihiht I,

l960, Darling ioiiph' 111d, ta2) ~iaIahw(e ii Ill(l fi\,til eastj eaiiii-,a andiii mis

scale isO hiti ever 1 thrin ing 5, ha iii Hs i t oiii iiih o.\ Il-r fol.i at Mci ic hot1wph itd

willy h-hlsmmmm ts.om I'fll) ahimi (I'ith ithis i Fiiimimig ii Iommi simivol i-it. capt-i-i l~ -un-m

data it ix hitui priorlto 195fa istcottaine -oill iall Aire Stltcitmut mlv

'i lel. u-o T a l-l mle s giotaI 'nr iv andsith'iicti wit-( ,-or ul ijiui-sh tI rI) p -ui -m I'() ;I- I It 11( mI !

stilt istiuti. hhin)itii lc m a-ihmii wiS IN i- IIC His mtal il (" lv tI(- IM-k (if ll alf--

(Intiate vhI a qu-uaiiiphc at I the I I ule Itl hisjimI wias wi-itt in.11.

Sint -aimit oliatiimui ut, ( iro il m -lld iilt tii S ~iy Ii
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In the past four years thle 4th Weather Wing, Air Weather Service has

conducted a series of wind forecast verification programs in anl effort to

appraise its current capability to support the SAGE *System of Air Defense.

The forecast periods of interest were 6 and 12 hours, the levels: 30, 000

and 40, 000 ft. During the thirteen-month period, December 1958 through

D~ecember 1959, 16 upper air stations in the U. S. participated in this veri-

fication program. The Air Weather Service has published two preliminary

studies based on these data (4WWSS, 1959), summarizing thle results which

were of immediate concern to 1;AGP operators. Lack of manpower and thle press

of other problems precluded completion of the analysis of this unique data sample,

In a recent paper D~arling and Kern (1961) demonstrate the crucial effect of

wind forecast errors on certain manned intercept tactics programmed for thle

SAGE system. Estimates of thle magnitude of this wind effect suggest that ac-

curate 6-hour forecasts would be needed to support these tactics.

A study b~y D~arling (1960) on weather requirements of tile forthcoming auito',

Ina tedl FAA *Air TI'raffic Cont rol systuin indicates the desirjabi lity of wind pre-

dictions for periods of 6 hours to be enteredl in the memory of thle flight control

com1pu~telr, his ronchision wais corroborated by anl ana lysis performed hy

Horg-Warner Coruporation (1961) under FAA contract.

InI tile ('0111's e of revieowing t he~se amd oth er ope ratihontal problem (Init 1c51'

apparent to the author that a detailed survey of current witml forecastinrg capa -

bi lity fort Short periodsi was long overchic. Suha survey wouild serve a dulal

puirpose: (i) it would Provide a basis for evahlIntirig (1111' CIMPIelt CR'apa('ty to sill)-

))tlIt operationsi Ruch as those cited above; (2) where deficivncles !in capabli hty

are( discovered the study wouild indicate tile dlegre'e of improvviniiet reqlui red and

he(11e tile type of 'resr'arvii propram nreded. A~ccordinjgly, it wag (f'ilhiti- that

81101 a s1rV Ve Wou1ld be p~rV'parc( lit (MIl), based oill thv' .1' 11111t)is oif dalta coI-

levtd) by the Air' Weather SerIvic'e.

Fed~eral .'viati0(1 Agcnirv

I'll' 501111' in indcbted to Col. Hlloer-t Hu1111gilrd, Scu'uitifu f' Vil v's,
Ith \ý daller' \Niorg, for his cooperation in fmuiRni~tuIn I hesq' flilta
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1.2 D~atat and Analysis

For each of the 16 stations (section 3) participating in the upper wind vcri-

fication program the following data were tabulated by AWS units for thle period

December 1958 through December 1959:

Forecast period: 6 or 12 hours. Only P'ortland,
Maine had data for both periods.

Levels: 30, 000 and 40, 000 feet.

Time: Tfime of the beginning and endling
of each forecast period, amT.

Winds (direction Observed wind at the beginning
[degrees] and spccd of thle forecast period. Sub-

jective wind forecast miade at tilc
knots]II beginning and pertaining to the

-___ end of the period.
Observed (verifying) wind at the -

end of the period.

B~ecause the verifying procedure was carried out as a supplementary activity

by weather units in thle field, there were certain timies when this difty had to

be neglected in favor of more urgent operational responsibilities, As a

result the. station samples all contain gaps and in soniie vases entire months

are missing (e. g. one of thle stations was mioved fromt Albuquerque ito EA ] 'na

(huring thle winter 1058 -59). T'he Eotal numbher of verifications possible during

this period is 211, 512 six-houri forecasts antd 12, 672 twelve-hour. The cor-

res pondi ng actual nu in 1heras werie 1 9, 749 (099%ý) a ndl I, 5119 (Gll ). 1henui m ir
of cases for each station, level, mionth and season nrc( liisted inl the talbles

of Section 3.

The following quantities wer~e ('amliuted fri'on thelie data:

Vector variance of tile winld - i . c'., thle climatic variance1.

Ro ot mevan squiare errori of pe rsistenc e forecasts. This is thet error

Which~ results whenl the mnleasilceil wind at thle beginning of at period i 15 imi'i

ats at forecast of the( wind at the ('nil of the period.

llioot mevan square error of subjiective forecaists.

Equations for comnpuifng thesae quilittiti('s arc develuolid ill !(., tion 2, The cal -

ru lat ed nionthI ly and me asonaitl errors- ae prese1nte 11and di Rc I] 4MCd it 'SVVi0tMo3

Through the' application of rvgressSion theorY it is IIjI'VuiA ill Section 4

that it subilet-tive short-pecriod forecrast is essentiallY a linvar fuin tion of

thle observed windi at thc, begiinning of thet periodl. Mlaking, ise of thil piluillrtv,
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a linear equatio-n relating forecast error to persistence error is developed and

applied to a large sample of wind data to generate estimates of the forecast

error over the entire Ui. Il. for all seasons.

Finally, the relative merits of persistermce and subjective forecasts ar~e

explored in detail. Charts showing the geographical distribution of quantities
measuring the performance of these two types of forecasts ar~e presented.

2. 1Tl)IO(Y

Thle equations used to compute the vector variance, forecast error, and

---___---persistence error are-developed in-this s-ection., _The following terminology-_

has been adopted:

A capital letter with an arrow above it designates a vector. Tlhe absence
of anl arrow over a capital letter indicates thle magnitude of tile vector - C. g.
V is the magnitude of V. (,reek lct~ters denote the angle between two vectors.
The following vectors appear inl tile equaiions. (1['l1e subscript, i , denotes a

particula r observation):

%V tile Incasulred wind

V the vector mean wind for a samiplc of N
ohis ervat 1005

I).vector deviation fr~om tile TMea

foitecast wliid vector

I vec4tor, 11'la cl wind

foiecatit ci roi-

the iTIIcasured Wind at tlii 6i-p1 III'hii.I',,
hrep iH thu forvcast puriod



Vector components are denoted by a lower case pair of letters, the first
of which is the same as the vector designation and the second is either x
(west-east) or y (south-north)- e. g. , F. has components fx. and fyi.

2.1 Vector Varinrc, of the Wind. o

The deviation of a wind from the mean is written as:

Ii= -V

By the law of cosines:

1)12 = V.2 1 V2 - 2ViV cos 0.

where 01 is the angle between and V.

By definition (l1rooks, 1953):

22 N Na 1) . [ 2 + - 2V O ('os .))

"ince is the component of V in the direction of V it follows

that

1 V ('0 (1. -, (2)

i 1

Substituting (2) into (1) and reducing:

2i(3

02 - 7'l 1 2 CO•



Note that the first term is simply the mean sum of squares of N wind

speeds. The second term must be computed from wind components:

2 N

NV2 + i~vy )
2.2 Forecast Errors

The expression for the variance of forecast errors is derived from the

vector forecast error, 2 1 .

=. . -'v7.

The vector variance of forecast errors, VFIe,, is:

N
N i=1

N
"NI) (I" .I) (v._V) _ 2 (0- -P) (Vi-V) cos ryN 1 t t

where Yi is the tnglc bet ween - V and - I',

Substituting equation (3):

N N
N -_' "i _--. {_'V 2 N

-__ -2 1iV,.: -r_______ , _ _ 2 - (2 r- ) ( -V)., cos (.5;

N N N. I
'i1

The cotnputation of VI'. is quite lenglhy h•hec also f the last tert' in this

equla on whi Ch involves the following calculations:
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Let 4i be the direction of the vector, F. - F; 4i the direction of V. - V.

Then:

Fi - F = [ -fxi "x) + (fYi " FY)2I

Vi -V V [ (vxi - ;x) + (vyi _ F) 2 ] ½

t= an-/ fyi

ta Vi. 
- _VX

- i -4/.

All of the above quantities must be computed for each (lay and substi-

tuted into Equation (5) in order to determine VI"E.

Equation (5) can be simplified in the case where the forecasts are

unbiased (i. e. V 7 F

N •i Vi - iFi 16)

The mecan square error of the forecasts, iIM', is defined by the follnwing

equation:

I N 2  N

M F El V 2 1 ' i 2 2Vi Fi COS fli I
N N iil

Where pi is the angle butween V. anid Fi.

Sint'c IEqluatiotn (
6

a) irvolves only v'ectori' mnagnitudes and angles, it is pi'ssilt'

to eompute MI" directly from tabulated vallies (f Vi Mid If', t hr .h y a voiding

the reclourseto compilscn1ts required in evaluating 'quatlon (5a).



Although there is no reason to assume that wind forecasts axe biased it
was decided to tcst this hypothesis on actual data. Four, months of 12-hour

forecast data for Portland, Maine were selected fox' this purpose. 01uantities

computed were V, F, VFE and MV. The results, presented in Table 1, clearly

substantiate the hypothesis that V = F' as the small diffcerencc between these

two mean vectors is below the noise level of the dlata. As a consequence VVEI
is very nearly equal to l'VlF and we are justified in uising Equation (6a) ratner

than the more complex Equation (5a) in computing forecast errors.

2.3 lPersismi,'ce Errors

When the wind at the beginning of a forecast period is used as a forecast

of the wind at thle end of the perind, p, thenI thle excel'(tdle to persistence may

he written:

1,i2V. - V (7)

The mean square err'or of persHisteCle- fux'exnstS, NIPi, is thenl d(,fillel am:

Ni I, - 2  \1 [V V. (70\g u~'ICa
N I l N I Ip 1 1-1j

whore ýr is thle ongjvb' ltwea V. and

Ilit(19,54) h,,s dexivelI the fulullwi fg ve111i'ssxnxx ftI tile St 1'(tdi 11 f lI-

ol o, r, hu1tW r(Io vcrvlors Vý mnid

N V . iw



"Tablo 1. Wimn I)ata, Portland, M uiilv; Winltr

V vec~tor. Illeaill Wind.

P vector mean forcat wnd
I" Vl('(t()k'0" 0 f(l ) . I C / S WO'( II \ fll .

V F 'N, varianlce of forecast eo•1rol'.

MF mean square error offorecasts. .

V I'

Month Year Lev Direc- D d VFE MF
f t t i on ( t) sin (t) (ktaa) Ckts)

___ (dog. (deg.)

Dec 1958 30 261 79.6 261 81.8 1275 1312

40 260 76.3 259 76.1 686 682

Jan 1959 30 267 76.9 269 79.8 1030 1034

40 270 73.6 269 76.2 928 929

Feb 1959 30 273 82.5 272 85.0 1396 1405

40 278 88.6 276 86.7 806 822

Dec 1959 30 ,65 66.3 269 66.5 1550 1454

40 260 57.9 266 61.6 700 758

win Dec'58 30 268 79.6 268 82.2 1262
.Feb'59 40 270 79.1 268 79.3 812
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where 6S and iSare deviations from the respective means; a anda
V. 6W. V

are standard vector deviations. The dot in the numerator denotes a scalar pro-

duct, In the case where the two winds are measured at the beginning and end

of a period, p, at a particular station, then

V =VjP; W = V

and a =a aý the -standard vector deviation of the wind. Equation (8) then

reduces to the vector persistence correlation:

where 4 is the angle between 1). and 1). Expressing Equatlon (7) in ternis

of deviations from the nical, subhstituting hito E'quation (70), reduel ng by thfe

law of cosinesan 001introducing (9):

Nil' :ý2a2(1.0 (10

Equiations (C), (Iii), (7.0 ;iid (.1) of Section 2 have beeni uned to coniipii t e

11111111Nth and seasonlal v;lIliv8 (of the vvctor varianel', foirf-unmt and plw-Himiteni'e

wranll sqitare vi-ors and persistence (coi-reliatioii at 30l, 000 findl 40, 0001 ft foi the

tlillrt evil- Iont 1 period, D)eve~lliht'195 !8 thIloiigli Dhe(einher I 95fl, Thelf f(,7('(145t

per-ind wag either f;or 12 hlours- 101 the following stations imvnoptir index

On Ii e1ra A ppe al ifn) rn e f



0-hour forecasts 12-hour forecasts

Santa Monica El Paso (270)

International Falls (747) Montgomery (226)

Sault Saint Marie (734) Spokane (785)

Great Falls (775) Flint, Aice... N-3 7)

Topeka (456) Olakland (493)

Norfolk (308) Seattle (793)

L~aGuardia (503) Oklahoma City 013b~)

Portland, Maine (606) Portland, Maine (606)

Pupperroll AFB3, Nfld (8 07)

Quantities tabulated are-.

o standard vcctor deviation of the wind, knots

rotmean squar& roroif6the-- istence forecasts,- knots --

lo1" Nil.' ]1, root nienei sqOuiC Perror of the siihjecti vi forecasts, knots

r. thle per'sistecne correlation

N number of cases

Tables 2 and 3 contain thle mionthly data for 6i and 12 houirs, respectively, A blank

in thle tables indicates that data are either missing or i nsuffcivient.

3. 1 Monithly Iýorucusis

TIhesie data are discussed inl thle followVing p~lai'ri'LphH inl ternoi1 of thle Vcjrij -

tion of errvor With forecast per'iod, forecaslt type, height, geokyraphly anld timeI.

3. 1. 1. SIX-IIOUR VS TWVI-VE-1R011li FORE ICASTS

Tlhe effect of forcecast periodl i'al lwst hi ee b((I y ronlaipmi g the data

for P'ortland, Mlaine in, rables 2h (p). 21) and :il (p., 30). 'Tie I 2-hour- vablies of

lHP aoil RFi generally ranigu from six to ten knots hinghee thimi the -wrisponilingr

6i hour. Values. The liff'rt'nici betweenl 6-anlil I 2-bout' errors is gi'';itt't ill Ailtur',

least inl siumuroi. Anniial avvi'rag Values if R'Irv' are uoit 2-1 ktH for Gi 11il-H' anld

31t kts for 12 loon-~s.

:1. 1. 2. PERSlISTSENCE: vs sumRi-x-rivi. FOIREAS"IS

Phi' sailient fuatitc of the compilatisonl bewenN1.1 ill, and RF is the

tcllidi'n1Y of pu'sistni'i' 41n11 forl-c;ist 4I'i'tirs* to vary~ in limaralh1- in the' 5esf-11 that

large vAlues of Ill, ari assiocia'tedi with large values of HV ay- ;t' .-. vt,:'s;i.

Furthicrmlorc, it ti-niv Iw scin thAt pii-sisit('tii- inrors of ultoit ?0 kts and alxivi.

cii' prIe)llnierdulitl *N assmieltud With VAluesL if Ill' I'whiCh ;11-f liSH thinl It 1'. C(Mo-
vi'ruo'1, for perISistence cearrs of lIs-s thit 20) ktts fi) I twnds ti hi' groatvir than)
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the corresponding RP.

3. 1.3. VARIATION OF ERRORS WITH HEIGHT

During the winter months forecast errors (both HIP and HF) are

larger at 30, 000 ft than at 40, 000 ft. In the summer the reverse is true for

most stations. The standard vector deviation of the wyind exhibits the same

behavi or,

3. 1. 4. GEOGRAPHICAL DISTRIBUTION

Bo0th the six-and twelve-houri errors show the same type of dlis-

triibution with geography. C enters of 1maximluml error, are, located in the north-

eastern and northwestern corners of thle country. Smallest Ol1,01s OcrCll'- Over

the north-central and-southern portionsý-Errors over the centralVUfrS-.-a-re--

intermediate in magnitude.

:1. 1. 5. ANNUAL VARIATION

At 30, 000 ft the general pattern of annual variation il forecast

u roconsists of a marked joiflimiuln in thle 811111nleP] Months and consiuderably

higher' value,, during thle rewainder of thme year. The maxm' ero mayI'

occur i in Lill season except .41711weu, huit winiter seemls to he' the favored

tino. At 40, 000 ft minimium erners lenld to bc registered in Winter or spring;

mmaximolimoi err-ors ill sklummer ,I, fall.

Ill oi-u'ii to incras'eO the Samilde Size for. each e rrol. s-tatistic with the

illn of uchiitvimig a nlo're stahlc resmi-It tlie dlata for ijuhividmil niontlis wvro

rommin ine i nimi i ii iascills in the f iilowi up immuulIvi:

NM-ouitha- -mm sii

lIPc 581, Tan, FpI) 1 5!1 W'ilitc

%kwm. Aprm, MIaY 15!1 SpmringII

,Tuni, Tll, Auig 15!1 Suilimmumcl

Sep. (Oct, Nov '5!1 FaIlI

a ibm-i of (f, \11" MI., aow I a errv C-mmihmitm- form miii sm-asol i-mop the l

cmhladliolls ;I's hforv. >ix-himjr(I elers Af ii shiolmi ill 1db-~j ,m 1I-lf

ill Tb lvdm 5,. h I- i- I'uhs ill p.ma''gmapmb s A. 1, 1. till 1 l .

to thunsc S,;s;,im,kI cilv .1F
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INDEX TO TABLES 2, 3, 4, 5

Table 2. Monthly Wind Statistics and Six-Hiour Forecast Errors

Table 3. Monthly Wind Statistics and Twelve-llour Forecast Errors

Table 4. Seasonal Wind Statistics and Six-Hour Forecast 1Errors

'Table 5. Seasonal Wind Statistics and Twelve-flour Forecast Errors

Table Number 2 3 4 5

P'age Numbers

Symbols used in tables 14 23 31 3,1

Stations

1,:l Paso 23 34

Flint 25 35

Great Falls 17 32

International Falls 15 3 1

la Gurlrdia 20 33

MIontgomery 24, 34

Norfolk 19 32

Oakland 27 35

Oklahomna ('ity 29 3i6

Pepperrell AlFT, Nfld 22 33

P 'ort land, lai hie 21 :30 133 3

Santa Monica' 14 3 1

Sa;ult Ste. Mari e ili 31

s, attle 211 311

''opeku 1il 32
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Table 2. Monthly Wind Statistics and Six-liour Forecast Errors

a standard vector deviation of the wind.

RP root mean square error of persistence forecasts.

RF root mean square crror of subjective forecasts.

r six hour persistence correlation.

N number of cases.

Month Level a RP RF r N(K ft) knots knots knots

S- 
.. . . . December 1958 30 27.3 16.6 16.9 .82 101

--- 0 -1.1 -16*4 1?.0 102a _

January 1959 30 33.6 23.2 20.7 .76 118
40 34.8 17.1 24.6 .88 112

February 30 44.1 25.2 20.1 .84 87
40 29.5 17.4 14.3 .83 76

March 30 26.3 20.3 18.6 .70 116
40 34.4 19.4 18.7 .84 114

April 30 33.8 17.7 17.0 .86 11640 35.5 17.0 18.4 .88 114

May 30 33.1 20.9 19.3 .80 114
40 27-5 15.7 16.6 .84 110

June 30 21.9 13.2 14.0 .82 ill
40 27.1 15.4 15.5 .84 105

July 30 19.0 8.3 13.1 .91 109
40 24.8 10.1 10.1 .92 114

August 30 21.4 12.4 12.3 .84 11740 29.2 12.2 13.1 .91 119

September 30 22.2 14.2 13.2 .80 111
40 26.1 14.7 14-3 .84 108

October 30 31,8 18.5 17.3 .83 11840 35.5 19.1 17.1 .86 115

November 30 28.9 19.1 19.4 .78 117
40 35.6 19.3 19.-3 .85 115

December 30 47.8 25.4 21.9 .86 112
40 r6.0 22.6 16.1 .92 99
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"Table 2. Monthly Wind Statistics and Six-lHour Forecast Errors

(continued)

b. INTERNATIONAL FALLB (747)

Month Level a RP RF r N
(K ft) knots knots knots

December 1958 30
4o

i954 26. . 111
40 33.8 15.4 20.6 .90 1U2

February 30 40.7 24,8 23.6 .81 100
4o 25.9 15.6 16.3 .82 98

March 30 4o.5 30.0 27.2 .73 98
40 19.7 12.8 13.3 .79 97

April 30 49.8 27.4 25.7 .85 96
40 27.0 16.5 15.9 .81 93

May 30 51.7 16.0 28.2 .95 101
40 44.4 21.3 23.2 .88 96

June 30 39.1 24.1 20.8 .81 95
40 42.0 22.8 21.0 .85 91

July 30 31.3 22.1 15.9 .75 104
40 34.2 22.7 18.o .78 1O4

August 30 36.9 21.6 27.1 .83 92
40 37.0 22.0 20.0 .82 94

September 30 46.4 28.2 22.9 .82 105
40 42.2 26.8 23.1 .bo 95

October 30 45.3 29.8 21.7 .78 94
40 39.0 17.4 12.9 .90 91

November 30 55.9 32.0 26.8 .8'4 101
40 41.3 22.7 19.4 .85 88

December 30 52.5 25.5 28.7 .88 102
40 36.9 21.7 21.7 .83 95
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Table 2. Monthly Wind Statistics and Six-Hour Forecast Err'trs (continued)

c. SAULT STI. LAkIF (',4)

Month Level a RP RF r N

(K ft) knots knots knots
December 1958 30 39.5 28.8 25.1 .73 106

40 23.7 16.6 16.0 .76 103

-.. ..... auar 1959 -30-- 50.8 -?.4 -2 6 -10 ..
40 37.6 17.4 I6b. .09 95

February 30 44.4 30.5 29-3 .76 83
40 28.0 17.9 19.3 .80 73

March 30 45.2 29.0 23.3 .79 109
40 23.4 17.4 15.5 .72 101

April 30 45.2 25.2 21.3 .84 98
40 29.6 19.3 14.9 .79 92

May 30 39.0 26.9 24.7 .76 105
4o 36.6 25.1 19.9 .76 101

June 30 40.9 24.4 20.2 .82 106
40 43.7 22.3 18.0 .87 101

July 30 33.6 18.3 15.0 .85 91
4o 35.1 20.8 17.8 .82 86

August 30 28.1 18.4 19.1 .79 106
40 32.0 22.9 19.2 .74 98

September 30 46.5 30.8 23.9 .78 95
40 42.0 25.1 26.3 .82 90

October 30 43.0 28.0 22.0 .79 106
40 38.2 20.5 8.6 .86 101

November 30 52.2 29.1 13.5 .84 9040 39.3 18.0 18.0 .89 77

December 30 51.7 27.2 24.8 .86 106
40 30.3 16.4 15.8 .85 95

SII
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Table 2. Monthly Wind Statistics and Six-Hour Forecast Errors
(continued)

1. G=EA FALLS (775~)

Month Level u RP RF r N
(K ft) knots knots knots

December 1958 30 45.5 31.6 31.5 .76 90
.. . .. 40 - ---.35 - 23.2 24.7 -.78 -- 85 . _ __

January 1959 30 46-1 28.2 25.8 .1 11 2
40 33.7 20.3 22.9 .82 98

rebrzutry 30 44.4 25.9 25.8 .83 84
40 26.8 10.7 13.2 .92 80

March 30 46.8 29.9 32.1 .80 118
40 29.4 16.2 19.5 .85 113

April 30 51.0 25.5 27.3 .88 94
40 36.0 18.5 20.7 .87 92

May 30 46.4 16.8 23.6 .93 101
40 33.5 19.9 19.1 .82 97

June )0 33.8 22.7 23.9 .77 102
40 35.5 20.9 23.9 .83 102

July 30 30.4 19.3 19.5 .80 n18
40 44.1 36.2 36.3 .66 118

August 30 34.0 26.1 25.4 .70 114
40 35.5 19.6 21.3 .85 105

September 30 40.3 25.1 25.4 .81
40 32.4 18.9 22.8 .83

October 30
40

November 30
40

December 30
40
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Table 2. Monthly Wind Statistics and Six-Hour Forecast Errors (continued)

Month Level a RP RY r N
(K ft) knots knots knots

December 1958 30 45.4 29.2 27.2 .79 76
40 33.0 19.0 18.4 .84 69

January7 1959 30 -50.0 30*3 29 -0-- 82 ---- 6---
40 45.2 22.5 22.3 .88 79

February 30 34.9 28.0 20.3 .68 87
40 37.5 26.4 20.1 .75 70

Maroh 30 41.5 30.0 28.5 .74 104
40 25.0 22.2 17.4 .61 99

April 30 45.9 26.1 22.2 .84 97
40 40.0 20.7 21.1 .86 92

May 30 31.7 24.9 22.9 .69 96
40 35.7 26.7 23.6 .72 92

June 30 23.7 15'. 9.4 .79 95
40 32.6 20.6 21.9 .80 88

July 30 26.7 21.1 21.5 .49 100
40 29.2 24.7 24.5 .64 99

August 30 26.3 18.o 17.5 .77 68
40 35.6 22.2 22.0 .81 65

September 30 33.5 18.4 15.7 .85 92
40 37.4 28.7 24.4 .71 89

October 30 43.1 3o0.4 25.2 .75 97

40 40.5 28.4 27.0 .75 91

November N0. 47.2 30.5 27.6 .79 111
40 40.3 25.5 26.0 .80 102

December 30 43.4 31.-3 27.2 .74 107
40 44.0 25.7 26.2 o83 89

a
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Table 2. Monthly Wind Statistics and Six-Hour Forecast Errors
(continued)

f. NORFOLKL(208

Month Level a RP RF r N
(K ft) knots knots knots

December 1958 30 44.4 32.5 33.9 .73 35
40 44.5 27.8 26.3 .80 31

January 1959 30 44.8 30.3 24.7 .77 83
40 37.2 20.6 28.0 .85 61

February 30 40.4 28.9 27.6 .74 78
40 40.8 29.1 29.4 .74 62

March 30 49.0 37.0 25.6 .72 86
40 35.4 22.6 23.6 .80 70

April 30 36.6 27.4 22.2 .72 101
40 39.1 22.5 21.4 .83 97

May 30 38.0 18.1 19.2 .89 108
40 36.5 18.3 17.7 .88 98

June 30 33.4 17.8 15.8 .86 110
40 36.9 19.8 18.6 .86 100

July 30 18.9 12.5 12.0 .78 101
40 28.4 16.9 16.4 .82 100

August 30 25.7 13,2 4.4 .87 99
40 37.3 17.6 15.6 .89 87

September 30 28.8 12.3 13.4 .91 96
40 39.7 17.8 17.7 .90 93

October 30 38.6 19.8 17.0 .87 107
40 45.6 24.7 22.4 .85 101

November 30 40.1 29.3 24.4 .73 94
40 43.2 23.0 24.0 .86 87

December 30 51.6 32.2 27.2 .80 102
40 45.5 29.7 26.1 .79 68
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Tablc 2. Monthly Wind Statistics and Six-THour Forecast l]h'rors (continued)

g. Li02&UIA (503)

Mouth Level a RP RF r N
(k ft) knots knots knots

. Deomber 1958 30 47.7 36.-5 34.4 .71 79
4.0 35.1 23.1~--22.7----- -.78- 62-

January 1959 30 50.5 26.8 27.0 .86 92
40 37.5 24.1 23.0 .79 77

February 30 45.9 34.0 31.1 .73 82
40 36.1 27.4 28.2 .71 69

Maroh 30 47.5 32.8 28.7 .76 95
40 33.6 21.0 18.8 .80 86

April 30 47.3 37.8 33.7 .68 89
40 38.9 25.3 22.2 .79 88

May 30 44.4 19.9 21.4 .90 116
40 46.2 23.0 21.5 .8R 101

June 30 31.1 23.5 23.4 .72 110
4o 37.3 21.7 20.2 .83 108

July 30 27.7 17.9 15.2 .79 105
40 36.6 21.2 18.3 .83 105

August 30 25.3 17.2 17.0 .77 108
40 38.5 20.3 19.9 .86 io8

September 30 35.6 18.8 19.5 .86 106
40 43.7 24.2 20.7 .85 104

October 30 40.4 22.3 20.3 .85 102
40 42.8 24.5 26.5 .84 98

November 30 48.2 29.2 25.6 .82 89
40 44.0 24.7 24.9 .84 80

December 30
40
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Table 2. Monthly Wind Statistics and Six-flour F'orecast Errors
(continued)

h. PR. LD(6•

Month Level a 1P RF r N

(K ft) knots knots knots

December 1958 30
40 ..........

January 1959 30 47.3 28.2 28.8 .82 91
40 37.2 19.6 21.0 .86 87

February 30 46.8 33.7 27.3 .74 90
40 34.3 26.0 22.5 .71 73

March 30 46.6 31.6 26.6 .77 93
40 28.9 17.3 16.4 .82 88

April 30 43.6 30.0 23.9 .76 99
40 34.0 20.8 21.0 .81 93

May 30 39.7 22.4 19.1 .84 106
40 39.6 20.9 19.'. .86 102

June 30 42.9 22.7 23.8 .86 101
40 147.0 18.5 17.5 .92 95

July 30 34.4 27.3 18.9 .68 95
40 41.0 25.1 20.9 .81 91

August 30 33.8 20.4 22.8 .H2 81
40 43.0 22.9 26.4 .86 76

September 30 38.6 20.3 21.0 .86 87
40 42.8 21.5 23.6 .87 83

October 30 37.5 26.2 22.4 .76 89
40 35.3 25.7 ý2.7 .74 86

November 30 46.6 34,5 29.0 .73 90
40 41.7 25., .1.9 .82 74

December 30 47.9 34.5 24.6 7140 28.6 18.7 15.4 60
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Table 2. Monthly Wind Statistics and Six-Hour Forecast Errors (continued)

i. PEPPsRRELL (807)

Month Level a RP RF r N
(K ft) knots knots knots

December 1958 3040

______- ~-- 30 -4.a -0o~ 24.7 .ý81 -~1OO _XZZZ

40 37.6 19.6 16.8 .86 99

February 30 46.6 28.1 28.8 .82 83
40 33.0 18.4 17.7 .85 83

March 30 46.2 32.4 32.2 .75 90
40 26.5 18.3 24.0 .76 85

April 30 56.6 33.0 33.0 .83 108
40 35.3 21.0 20.3 .82 108

May 30 62.6 32.2 36.4 .87 118
40 49.5 20.7 22.8 .13 112

June 30 55.8 27.9 26.1 .88 112
40 50.9 24.8 24.2 .88 106

July 30 38.2 24.0 24.3 .80 117
40 41.4 24.5 26.0 .82 116

August 30 37.3 22.0 23.1 .83 114
40 45.4 22.4 21.8 .88 116

September 30 43.1 29.3 31.6 .77 120
40 44.7 26.4 28.0 .83 120

October 30 49.8 30.8 31.2 .81 12.4
40 46.8 30.0 28.5 .80 119

November 30 52.7 33.1 32.7 .80 112
40 145.1 29.6 28.2 .78 95

December 30 49.0 35.6 33.8 .74 109
40 31.0 18.3 18.6 .83 102
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors

a standard vector deviation of the wind.

RP root mean square error of persistence forecasts,

RF root mean square error of subjective forecasts.

r twelve-hour persistence correlation.

N number of cases.

a.E
Month Level a RP RF r N

_ (K ft) knots knots knots
December 1958 30-0 . . ..

40

January 1959 30
40

February 30
4o

March 30 25.6 34.6 37.4 .09 15
40 28.0 30.9 32.6 .39 14

April 30 20.5 16.0 18.4 .69 31
40 30.3 24.3 21.3 .68 20

May 30 20.0 16.2 18.7 .67 37
40 25.7 20.9 20.8 .67 29

June 30 24.7 16.9 17.0 .77 54
40 30.3 23.0 23.9 .71 48

July 30 16.8 14.3 14.8 .64 54
40 21.1 18.8 18.9 .6o 54

August 30 12.8 10.7 10.7 .65 52
40 17.5 16.4 16.7 .56 54

Septomber 30 20.8 16.3 14.8 .70 49
40 24.1 16.0 16.6 .78 43

October 30 29.4 24.1 21.2 .66 44
40 28.3 26.1 23.7 .58 38

November 30 28.4 28.7 24.6 .49 34
40 26.3 27.4 25.7 .46 18

December 30 31.5 34.3 31.5 .41 23
40 23.4 27.8 33.9 .29 13
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors (continued)

b. MONTGOMERY (226)
Month Level a RP RF r N

(K ft) knots knots knots
December 1958 30

40

___ January_1959 --- 30 -_36.2 32-7 30.5.-59 51 - ___ ____

40 35.2 32.'6-- 0.-?- .5? 51

February 30 35.8 14.7 36.7 .53 54

40 34.5 29.1 33.8 .64 46

March 30 37.0 33.3 28.6 .60 50
40 38.7 32.0 28.8 .66 41

April 30 35.2 26.0 24.8 .73 36
40 42.'? 33.5 31.3 .69 33

May 30 25.5 15.8 14.4 .81 56
40 34.5 31.3 24.1 .59 56

June 30 25.9 19.2 22.0 .72 59
40 35.6 24.9 21.9 .75 58

July 30 17.0 13.9 13.6 .67 59
40 22.0 17.2 17.4 .70 59

August 30 19.1 16.2 15.5 .64 60
40 25.2 19.3 22.9 .71 60

September 30 21.1 17.7 17.8 .65 55
40 25.6 21.8 21.5 .64 54

October 30 33.3 23.8 22.1 .74 56
40 41.4 26.5 24.2 .80 50

November 30
40

December 30 37.7 38.2 31.5 .49 52
40 38.5 39.1 3.3 .48 !1



Table 3. Monthly Wind Statistics and Twelve-llour Forecast E~rrors
(continued)

Month Level a RP Rp r N

(K ft) knots knots knots

December 1958 30 41.5 47.6 42.6 .34 42

40 22.4 16.6 23.0 .73 37

January 1.959 30 51.0 42.1 32.3 .66 49
40 37.0 28.4 23.9 .71 46

February 30 39.3 38.1 33.3 .53 41

40 29.1 27.6 24.0 .55 33

March 30 38.1 40.1 30.3 .45 52
40 22.5 22.2 18.5 .51 50

April 30 40.6 43.3 32.6 .43 49

40 29.1 25.0 17.5 .63 47

May 30 32.3 25.? 22.2 .68 54

40 33.5 30.4 24.7 .59 52

June 30 37.5 24.6 19.1 .78 47
40 45.0 30.2 24.5 .78 47

July 30 28.4 25.9 17.1 .58 57
40 33.4 27.4 25.7 .66 53

August 30 25.5 21.7 19.7 .64 45
40 31.2 24.0 22.5 .70 45

September 304o

October 30
40

November 30
40

December 30
40



26

Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors (continued)

Month Level a RP RF r N
(K ft) knots knots knots

De eomber 1958 30
40

January 1959 30 52.4 40.1 37.1 .71 62
40 37.2 25.5 25.8 .77 58

February-_ . 30 45.1 35.0 29.0 .70 54
"40 3178 21.0 -24.3 -- 78- -- 4 54

March 30 48.8 46.8 37.1 .54 62
40 26.2 23.1 22.5 .61 62

April 30 49.1 31.9 32.4 .79 56
40 42.0 24.5 19.1 .83 54

May 30 47.8 29.0 32.3 .82 58
40 36.6 21.7 17.3 .82 58

June 30 38.6 28.3 16.8 .73 56
40 37.5 27.2 24.9 .74 52

July 30 28.5 27.3 17.9 .54 60
40 23.0 23.5 2u.9 .48 60

August 30 37.0 28.4 24.7 .70 62
40 38.9 30.5 25.9 .69 62

September 30 53.5 37.9 34.8 .75 58
40 46.4 28.4 22.9 .8i 57

October 30 ,'t.8 39.0 32.2 .75 62
1#0 45.8 32.2 26.1 .75 57

November 30 46.5 43.7 21.4 .56 60
40 41.3 35.9 29.8 .62 51

December 30 50.7 45.5 35.5 .60 62
40 37.4 28.4 28.1 .71 60

Ib
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors
(continued)

Month Level a RP RF r N
(K ft) knots knots knots

December 1958 30 31.9 26.3 24.5 .66 50
- -32.3 21.7 23.1 .77 50

January 1959 30 45.1 33.4 30.9 .73 57
40 43.6 33.,4 32.3 .71 54

February 30 50.5 33.8 29.9 .78 43
40 32.7 24.9 22.6 .71 38

March 30 29.1 28.0 24.8 .54 60
40 ;0.6 31.3 28.1 .48 56

April 30 34.7 28.0 25.9 .68 58
40 34.0 23.6 26.2 .76 59

May 30 42.0 36.3 33.2 .63 62
40 35.8 28.2 29.0 .69 62

June 30 31.8 22.3 20.5 .75 57
40 38.0 28.6 23.3 .72 58

July 30 18.4 16.0 14.5 .62 56
40 21.9 18.5 18.7 .64 56

August 30 28.2 21.6 22.2 .71 58
40 31.9 23.5 23.5 .73 58

September 30 37.1 26.3 24.7 .75 58
40 39.1 27.8 20.6 .75 57

October 30 32.6 24.0 24.3 .73 53
40 34.4 30.7 26.5 .60 55

November 30 28.8 28.6 28.2 .51 49
40 31.6 30.6 31.5 .53 48

December 30 46.2 35.7 33.0 .70 48
40 47.7 40.3 30.4 .64 36
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors (continued)

Month Level a RP RF r N
(K ft) knots knots knots

December 1958 30 41.2 37.3 38.7 .59 34
40 31.8 29.5 32.1 .57 33

JeiuaiijlgS90 -30--65.0-47 .O -42.8 -.74--- -58 -
40 44.6 28.7 25.8 .79 58

February 30 48.2 37.0 36.8 .70 54
40 34.2 21.6 21.7 .80 54

March 30 47.7 49.7 4u.9 .46 58
40 30.0 28.6 24.1 .54 58

Apri]. 30 51.3 43.1 38.9 .65 60
40 38.2 24.2 24.6 .80 60

May 30 54.5 35.2 34.9 .79 62
40 37.7 22.8 21.3 .82 62

June 30 40.0 30.9 28.7 .70 60
40 35.1 25.7 23.5 .73 60

July 30 30.6 27.2 24.2 .60 59
40 27.3 22.8 21.2 .65 59

August 30 34.2 27.5 25.0 .68 59
40 36.0 29.7 27.4 .66 57

September 30 59.1 36.2 33.7 .81 56
40 56.3 27.6 25.2 .89 54

October 30 50.2 40.9 35.3 .67 6
40 42.3 34.6 39.6 .66 57

November 30 44.4 43.5 39,2 .52 56
40 38.9 36.2 31.9 .57 53

December 30 53.6 48.7 42.1 .59 58
40 45.0 15.4 30.4 .69 53
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors
(continued)

g. OIL.AHM&IA CITT (353)

Month Level a RP RF r N
(K ft) knots knots knots

December 1958 30
-" TT ---4. . ..

January 1959 3040

February 304o

March 30 42.5 35.9 35.4 .64 41
40 31.8 27.? 27.2 .62 35

April 30 39.5 36.5 30.2 .57 56
40 37.8 29.2 21.4 .70 56

May 30 23.9 24.1 20.4 .49 48
40 32.6 33.3 28.6 .48 48

June 30 28.1 29.1 24.4 .47 52
40 39.2 34.6 33.2 .61 48

July 30 26.0 21.6 20.5 .66 57
40 28.4 21.9 23.0 .70 58

August 30 20.6 14.5 13.9 .75 58
40 22.9 16.6 14.8 .74 58

September 30 28.1 20.6 20.1 .73 58
40 31.1 25.8 2!4.8 .66 55

October 30 32.4 29.2 25.7 .59 57
40 35.9 31.1 29.5 .63 57

November 30 45.5 42.-3 35.1 .5/ 56
40 40.1 37.7 36.0 .56 5

December 30 44.9 40.2 30.8 .6C, 0o
40 42.5 36.6 29.3 .63 (60
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors (continued)

hi. PORTLAND) (606)
Month Level 0 RP RF r N

(K ft) knots knots knots
December 1958 30 48.7 52.0 36.2 .43 29

40 32.5 28.6 26.1 .60 29

January 1959 30 - 48.0 39.8 - 2.2 .66- -30--

S40 
38.2 34.0 30.5 .60 30

February 30 45.8 45.4 37.5 .51 3840 39.0 33.4 28.7 .63 33

Maroh 30 43.4 45.0 37.1 .46 51
40 28.4 26.3 22.5 .57 50

April 30 49.2 44.5 32.7 .59 56
40 34.1 28.6 25.8 .65 48

May 30 39.9 28.8 29.5 .74 56
40 40.2 31.9 27.8 .68 58

June 30 41.7 29.4 25.0 .75 55
40 48.5 29.6 27.6 .81 54

July 30 35.0 28.5 23.8 .67 49
40 44.1 32.3 28.6 .73 51

August 30 34.4 24.7 25.1 .74 55
40 44.1 28.0 26.2 .80 54

September 30 38.2 33.8 33.3 .61 54
40 39.8 29.1 29.8 .73 53

October 30 39.3 34.0 22.7 .62 50
40 37.9 32.9 32.8 .62 46

November 30 48.8 49.4 36.4 .49 51
40 45.7 34.7 33.2 .72 45

December 30 50.1 46.1 38.1 147
40 34.6 32.4 27.5 31
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Table 4. Seasonal Wind Statistics and Six-Hour Forecast Errors

a standard vector deviation of the wind.

RP root mean square error of persistence forecasts.

RF root mean square error of subjective forecasts.

r six hour persistence correlation.

N number of cases.

a. ANLMNC

Season Level a RP RF r N
(K ft) knots knots knots

_Winter 30 36.5 21.9 19.3 .82 3o06
40 33.7 17.1 -19.8- .87 29o •

Spring 30 32.1. 39.7 18.3 .81 346
40 34.4 17.4 18.0 .87 338

Summer 30 21.9 11.5 13.2 .86 337
40 28.3 12.7 13.0 .90 338

Fail 30 29.4 17.5 16.9 .89 346

40 34.1 17.9 17.1 .86 338

b. IMINkTI0KAL FTh (?47)

Winter 30 42.5 25.6 25.4 .82 211
40 30.4 15.5 18.6 .87 200

Spring 30 49.1 25.1 27.0 .87 295
40 34.4 17.2 18.0 .88 286

Sumner 30 37.4 22.6 21.5 .8a 291
40 39.5 23.2 19.6 .83 289

Fall 30 50.5 30.0 23.9 .82 300
40 41.5 22.7 19.0 .85 274

G. RAULT BTE MAR11 (74)

Winter 30 45.6 28.8 24.9 .80 292
40 31.1 17.2 17.0 .85 271

Spring 30 43.6 27.2 23.1 .81 312
40 31.0 20.6 17.1 .78 294

Summer 30 35.9 20.6 18.4 .83 503
40 38.6 22.1 18.4 .84 285

Fall 30 47.4 29.3 2o.4 .81 291
40 4o.2 21.7 18.8 .86 268
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Table 4. Seasonal Wind Statistics and Six-Hour Forecast Enrrors (continued)

d. GREA'D VAITA (775

Season Level a RP RF r N
(K ft) knots knots knots

Winter 30 46.7 28.7 27.7 .81 286
4- --•o -34.o -19.0---- 21.1 -. 84-- --263--

Spring 30 50.1 25.0 28.1 .88 313
40 34.8 18.2 19.8 .86 302

Summer 30 33.5 22.8. 23.0 .77 334
40 35.2 19.3 21.1 .85 325

Fall 30
40

Winter 30 45.4 29.2 25.8 .79 259
40 40.8 22.8 2o.4 .84 218

Spring 30 41.1 27.2 24.8 .78 297
40 35.3 23.3 20.8 .78 283

Summer 30 26.1 18.3 16.9 .75 263
40 32.9 22.7 23.0 .76 252

Fal1 30 45.0 27.3 24.8 .82 300
40 43.5 27.5 25.8 .80 282

Winter 30 43.7 30.2 27.7 .76 196
40 41.9 25.8 28.3 .81 154

Spring 30 46.4 27.9 22.2 .82 295
40 42.8 21.1 20.7 .88 265

Sum-er 30 27.7 14.8 11.9 .86 310
40 34.7 18.2 17.0 .86 287

Fall 30 40.6 21.5 18.7 .86 297
40 48.4 22.1 21.5 .90 281

_ _ _ _ _ _
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Table 4. Seasonal Wind Statistics and Six-Ilour Forecast Errors

(continued)

g. IAGUAHI)IA (503)

Season Level a RP RF r N
(K ft) knots knots knots

Winter 30 49.6 32.4 30.8 .79 253
40 : - 37.7-- 25.0- -- 24.8- 8 -- 0

Spring 30 49.0 30.3 27.9 .81 300
40 43.4 23.2 20.9 .86 275

Summer 30 28.8 19.8 18.9 .76 323
40 38.3 21.1 19.5 .85 321

Fall 30 44.7 23.5 21.7 .86 297
40 46.5 24.5 24.0 .86 282

h. PRLN 66

Winter 30 48.0 31.1 28.1 .79 181
40 36.8 22.7 21.7 .81 160

Spring 30 45.9 28.1 23.2 .812 298
40 37.6 19.8 19.1 .86 283

Summer 30 38.4 23.7 21.9 .81 277
40 44.6 22.3 21.6 .88 262

Fall 3U 47.5 17.6 24.4 .83 266
40 46.7 24.2 22.7 .86 2143

i. PEPPERRELL (807)

Winter 30 47.7 29.2 26.6 .81 283
40 35.8 19.0 17.2 .86 182

Spring 30 58.7 32.5 314.1 .85 316
40 40.8 20.2 22.3 .88 3o05

3ummer 30 414.9 21,.7 211.5 .85 ? 143
40 46.2 23.9 24.1 .85 338

Fall 30 51.7 31.0 31.A .82 556
40 47.9 28.6 28.2 ,82 1,34

lU
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Table 5. Seasonal Wind Statistics and Twelve-.ilour Forecast E, rrors

a standard vector deviation of the wind.

RP root mean square error of persistence forecasts.

RF root mean square error of subjective forecasts.

r twelve-hour, persistence correlation.

N number of cases.

a.

Season Level a RP R1 r N
(K ft) knots knots knots

Winter -30

40

Spring 30 23.6 20.7 22.6 .61 83
40 29.9 24.5 24.1 .66 63

Summer 30 21.3 14.2 14.5 .78 160
40 27.0 19.4 19.9 .74 156

Fall 30 28.0 22.9 20.0 .66 127

40 28.0 22.6 21.4 .68 99

b. MonaaKERY (226)

Winter 30 36.4 33.8 33.8 .57 105
40 35.2 31.0 32.2 .61 97

Spring 30 41.5 25.7 22.9 .81 142
40 49.8 32.1 27.6 .79 130

Summer 30 23.0 16.6 17.4 .74 178
40 31.0 20.7 20.9 .78 177

Fall 30 51.4 21.0 20.1 .78 ill
40 38.2 24.2 22.8 .80 104

..1I'( KANI-: (7 H5)

Winter 30 52.5 37.8 33.6 .74 116
40 37.5 23.4 25.1 .80 112

Spring 30 51.0 37.0 34.1 .74 176
40 36.6 23.1 19.8 .80 174

Summer 30 35.7 28.0 20.2 .69 178
140 34.6 27.3 24.0 .69 1714

Fall 30 55.9 40.3 33.8 .74 180
40 48.1 32.2 26.3 .78 165
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Table 5. Seasonal Wind Statistics and Twelve-Hour Forecast Errors
(continued)

d. FLtNT (637)

Season Level a RP RF r N
(K ft) knots knots knots

Winter _ - 30_45.3 42.8 3602 .56 132
40 31.7 25.0 23.6 .69 116- - -

Spring 30 37.6 36.9 28.6 .52 155
40 29.0 26.2 P0.6 .59 149

Summer 30 32.3 24.3 18.6 .72 149
40 38.3 27.4 24.3 .74 145

Fall 30

40

@. OAKLAMD (493)

Winter 30 43.6 31.3 28.6 .74 150
40 38.3 27.5 26.8 .74 142

Spring 30 36.6 31.1 28.3 .64 180
40 34.9 27.8 27.8 .68 177

Summer 30 27.7 20.2 19.4 .74 171
40 32.8 23.9 22.0 .74 172

Fall 30 34.1 26.3 25.7 .70 160
40 36.2 29.7 26.3 .66 160

Winter 30 56.7 41.3 39.7 .73 146
40 41.2 26.5 26.0 .79 145

Spring 30 54.2 42,9 38.2 .69 180
40 37.1 25.3 23.4 .77 180

Summer 30 36.4 28.6 e6.0 .69 178
40 33.9 26.2 24.1 .70 176

Fall 30 52.8 40.3 36.1 .71 174
40 48.0 33.0 32.9 .76 164

II
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Table 5. Seasonal Wind Statistics and Twelve-Hour Forecast Errois

(continued)

g. nQNKLHO(A CITY (55)

Season Level a RP RF r

(K ft) knots knots knots

Winter 30
40

Spring 30 36.8 32.7 29.1 .60 145
40 36.8 30.3 25.6 .66 139

Summer 30 24.8 22.3 19.9 .60 167

40 31.0 24.8 24.2 .68 164

Fall 30 38.2 31.9 27.6 .65 171

40 38.7 31.9 30.ls .66 167

Winter 30 48.0 45.9 35.5 .51, 97

40 38.8 32-2 28.5 .66 92

Spring 30 47.6 40.0 33.1 .65 163
40 38.1 29.2 25.6 .71 156

Summer 30 38.3 27.6 24.7 .74 159
40 46.7 29.9 27.5 .79 159

Fall 30 48.7 39.7 31.5 .67 155
40 47.8 32.2 31.8 .77 144

Ir@
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4. GENERALIZATION OF RESULTS

4.1 Application of Regression Theory

Tho rieuults in Bection 3 can be generalized by a straightforward apph-

cation of regression theory. Iet us assume that the forecast wind vector,

F', is a lineart function of the observed wind at the bvginning of tie fore-

cast period, Vi.
I-P

Then:

F'i - l" h (V.~ - V -pii

1"1-, 1 i-p

where 1) is a constant to be deteirmined by least sqpaiars.

Fvom 1Equation (5)

1 i, 1 1J-p - 1i (12)

2- 12

I)2 , 1)h 9 - 2h 1, 1 ). 1). co 0.

wheri, Oil is il)(' ; l e I 1 3) and 1

N N2• 1 v 2 2 1
MI" _-- V I.. _ II).2l bl)'! -2hi) l) ('o)544)

1 J 1 •1 Y' 21) 1) 1) -p
N N .

I I -I1

o2 2 2
41 4I)2 0 - 2l)r (I° (1 2a)

hY" 11'11tti(1118 (1) ilkol (9).

'l'Thus M3F a2 (I - 21w 4 1)

I)if I Fer t ImnpI 111 ilh 'A)it 1 E5303 t , t t it ' Ill '11Al sui I ' 3,, I," hl11,1:

I Iio 10

\1," o 11 - r") III)
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Substituting (10):

- 2
mF- r MP

2 (1-r)

=[LL.+] MP (14)

or

Equation (14a) explains the parallel fluctuation of RI,' and lip noted in

paragraph 3. 1. 2.- Although the coefficient -2-- , is not a constant it is

a slowly varying function of r. For example, the 6- and 12-hour persistence

correlations in Tables 4 and 5 are seen to vary between about .6 and . 9 for

which varies between .lI8 and .97. This suggests that a linear

regression equation linking 11 ' and 1I0 should fit the error data quite well.

In order to test this idea a linear equation of similar forin to (14a) was fitted
to the data in Tables 4 and 5 by least squares. The regression ueofficicnt

in this equation was then compared with the coefficient in Equation (14a) for a

particular case. Standard errors were also computed for the two ,qurations.

l~et y It I" rind x l', o 2 and e 2are variances, "x and . are ureal. vahlics.y x

1) is the •toeffi Ci'i t of cOI'relatil hbetweten x and y, and I is a constant,

In general:

Yi (x. (1 :)

"I'hr In ('i c sqrar' error of ,y is:

N

I N ' ir II X V

N
1 ~ l (i .) .if (xi .- , ( 1• }

02 ,, ?2 a. -2 i .o o ' 1 -/• 2 1,

y x 0 0,G
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Differentiating with respect to /3and setting the result equal to zero:

y3 a____R_ (17)

ax
2  + 2

Thus

Comparing the coefficients in Equations (14a) and (17) for tile -ordata

at 30, 000 ft. (Table 4) where the average persistence correlation is seen to

be about U. 8, we find:

P~rom TFable 4 the following values were computed:

P .88 3E 25, 33 kts

a . 01 kts 72:3.36 ktsx

a 4, 91 kts
y

Substituting these values into (171:

fl . 012

Thus it is eviden~t th~at Equations (14a) and (18) are e~ssentially identical ill

this case, As n final check thle standard er-ror, of e~timlate, SME, Was voIllput('d

for both equations, using Equation (16) (i. v. SE 2 = 1 with the appropriate

value of f3. P'or Equation (14:0 SE - 2. 5 kts; for Equation (18) ';1: 2. 41 Its.

T[he forc'e0mlng fanal 'ysim indicates that the assimilitioli of a linuar relation

hetwevin tlwý forccast wiliti and thle existing Wind ilt foriecamt tilne is inglrvul vailidi.

l'turthermore tht, relationship is a mtctong one, arcounting for all hut 23"ý- of the

randoml vai'iahiaity of M.l for 61-hour11 forecasts at 30, (1001 feeVt. Hlowe~ver, onef

additional IX~illt should he taken into consideration, nmmuilY thv fact that HPl

tendis to he greate:, than mI for valmus oif Rt 1 less than alffmt 210 ktm. Inl an

attempt to account for this wliaiiviol, the formo oif I quiation1 (15) wan exi~m'lirI to;

inchuule at vonsi ant ternla

a[ ) ,(
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Again applying least squares the constants are found to be

a y -p jy
x

a
b pW-

x

where the symbols are the same as in Lquation (18).

Initially, four linear regression equations of the form (19)) wore developed

from the data in Tables 4 andi 5, one for eachi level and forecast period.

The results were as follows:

---- - -rcast p~erlod, -hrs. 61 12I

Level, Kft 301 40 30 4))

7Number of cases 35 35 29) 21)

a1.50 3. 45 3t.11 88 ..16

1) 0. 88 0.181 0. 76 0. 79

p 0.811 0.84 0. r)5 0),84

utandadero. t 2. 4 1. 8 2. 2 1.

It is apparent that the four equations are sufficiently similar to warrant cominhi-

ing all the data into a single equation. The resulting retation is:

It F 3. 96 1 0). 7731)1P (20)

for which the number of cases is 128, 1) 9 3 and the stantlard error of esti -

mate is 2. 0 kts. This equation acc~ounits for all hut 14%1' of thle randoil variu -

hiiity (if II) l ror all levels, seasons and forecast periods. Solving (20)) we find)

It F HIt when It11' 17. 2 whi ch agrevs very well with the data"

4. 2 I', r.i%r1nc We rrors for ;I lii Ycar Saniplc

We have seen that Equation (2))) provides a reliable ('stimluitv of thel zuot

In'an square, forecast error, lIE. once thet,(risisteilce error, 1)11" is kno".n.

Equation (11) evlpt'(5f ill 1' 1s at flilndonl of the( Fitanlal' ( veite 1.14-vlain111 14

II In Tables 4 and 5 thle semlonal valuec of Itl PIs fmiot to hIll 14lss than )I, ciqal

to 17, 2 )kts in P c'ases, For 7 of these casesi IllV UlP.
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the wind, a, and the persistence coefficient, r. Ini a recent publication
Charles (1959, 1960) has tabulated values of a and 24-hour persistence
correlation for 15 levels from 950 to 10 nib at 51 stations onl a monthly and
seasonal basis for the five-year period, 1953-58, F'rom these data it is
possible to compute persistence errors for a large number of stations.

Accordingly, seasonal values of IIP were computed for tile 300- and
200-mb levels (approximately 30K and 40K feet) for thc 50 stations listed
in Table 0. As before, the forecast periods considered were 6 and 12 booirs.
'rho appropriate persistence correlations were dcrivcd froml thle 24 -houl.
values by thle wcll known exponential relation-

r= kt (21)

Wherer isthe persistence 'orre~lation at time t, and k is n vonstanit.

At each sitation anll level this equation was solved ror- k by substituting

l, 2.1 ('balt value of k< wail then uiied to calculate r(; and r1, 12 Havinog complited

IlP the careospouidiiig It F. was then determined fromt Equtation (20t).

4. 1 ;m*.I'liltd S('dNi01ii 1 d OUlSo

Short 11 triol I oriv(;it Fi-rors

We aie low lin a pos(ition1 to ('xamlini1 (IttatiLiltiv('1y, two fomidslailtal

(til-Sti~l)IS Which1 01-18C ill ('(lllc('ti(11 with flu sh(ort-Jieliodl wind mnf-lictibn

is4 the pricielt winld 1 ;ttI es'(41111(101 th.11i the 11oitie m 101winld'

(2) %Nhdt .od%.IOI.Ijgl, if OWY dliwl ;1 .4111).1(( 1iVV f1Wf'sc;lit l(v ~e ('

It N' 1'. H% iv le-finitiell
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Table 6. Stations for which Seasonal Persistence Er'roi's were Computed
(Charles 1959, 1960)

Index Index
No._ --- Station No.- Station

200 Nome, Alaska 445 Columbia, Mo.

265 Fairbanks, Alaska 531 Rlantoul

273 Anchorage, Alaska 429 Dayton

964 Whitehorse, Yukon 520 Pittsburgh

396 Annette, Alaska 405 Washington. 1). C.

879 Edmonton, Alberta 503 llemnpstcad, N. Y.

793 Seattle 506 Nantucket

747 International Falls 207 1.ong leach

618 1 Bloise 36 5 Albu quo eqo c

775 (Great Falls 256) Fort Worth

764 Rismarck 341 1 ,ittlc Rock

6;55 St. Cloud 327 Nashville

1615 Green 1lay 317 Crecnsboo

734 Sault ste. Ma-ic 30111 Norfolk NAS

537 Mt. (lemens 2108 ('har letkn, S. (t .
528 ltu falo 27.1 I' l¢,qn

722 Mlaniwnki, (ue..c 2615 Blig Springs

lto111 2410) lk (hCarlebs

712 Caribolu 232 I hi rwld

59)7 Medflr)ld 226 'oIIt got 1 ce Iry

-93 ( )akland 20)1 ,li Ickso1nvvi lIb

-1111; t .ly, 2501 lBrownsvi lHe

419 I )envel 2012 Miani

151 l)odge (litl 525 Simo bum, I'. IH.

553 C liulniha H11 , Albi-ik C'. A.,
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Question (2) may be answered in terms of an index called the forecast

advantage, FA, which is expressed as follows:

Let RVF be the percent reduction in variance of subjective forecasts

with respect to climatology.

Trhen

zA 1tVY - IIVP-

100 Mý2 MI. (2:0

T1'hus we see that P'A mca sur es the oresida (ilaimproyonle ut W hivcl Se ii ('(ive

for'ecasts regijster iover persistence after the avni~iltage iif lilsiat in('1' (over

climIIatoloIng~y' has bieen account101ed for.

Tablesi 7 and 8i contain the generalized scasional statistics o(il 4Hi 't - pei 4')(1

forccamt error's at 3100 and 200 nib Ilasrul on the methodH developed in this

paoper. Quantities tabulated are:

a (C barlus, IWO! )

It I Equat ioni (20))

11(Charles, M1001) phls Equationl W21

RI)'I' Equiatiul (22)

FA\ Equation (23). Whienevri IFI i.1I, Owii valurv
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INDEX TO TABILES 7 AND 8

Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors.

Table H. Seasonal Wind Statistics and Derived Twelve-Hlomr Forecast Evrov's.

Table number 7 8 7 13

Page Page

SYMBOLS 45 62 45 12

Stations

Albrook,,-C. Z. 61 78 Jacksonville-------- 60 77

Albuquerque 56 73 Lake Charles 59 76

Anchorage, Alaska 45 62 Little Rock 56 73

Annette, Alaska 46 63 I,ong Beach 55 72

Big Spring 58 75 Maniwaki, Quebec 50 67

Blismarck 48 65 Medford 51 6I8

Boise 4t7 (4 Miami GO 77

III ownsville G0 77 Montgomery 591 7

mituralo 50 67 Mt. ('lemens 49 6;6G

I It I 1 wood 59 76 Nantucket 55 72

('aribouR 51 68 Nashville 57 7.1

('haihaston, S. (C. 58 75 Nonuw, Alaska 45 62

Columbia, Mo. 53 70 Norfolk NAS 57 7.1

Dayton 5,1 71 (Oakland 51 (ill

Denver 52 69 ( )n'ilnu 53 71)

I)odge (ity 52 6f; 9 1 1t I ,rfih 5.1 71

Ely 52 ('19 H ti; toill 5,3 '1()

l.:dmumton, Alherta .16 ( ;:I R0ome, N, Y, 50 IG7

Viiiilmnks, Alaska IS5 62 S;an (1u:1, 1'. H. ;il 711

lIrt Worth 51; 73 Sault Su, MN1Irie 49 (I,

(i t alls 4B1 rt5 Seattlh. .17 1; .

;Ievln flay 4!9 St6 St. C loud 4I8I 1,:f

i( ;re 1nshoro 57 7.1 'Fltcs( 5si 75

l iist tuý a(1, N. Y, 55 72 W\aslhingtmn, I). C. .54 71

htelnati mi~ll Falls .PI li.1 Whilt •rse, Yik,,n -1; 1, 3
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Tab]e 7. Seasonal Wind Statistics and Derived Six-Hornr Forecast Errors

a standard vector deviation of the wind.

RP root mean square error of persistence forecasts.

RF root mean square error of subjective forecasts.

r six-hour persistence correlation.

RVP porcent reduction in variance of persistence forecasts
with respcct to climatology.

FA forecast advantage over persistence.

NOME. ALASKA (200)
. .Seaon Level R -- RP- r RP F.

(mb) kin~tn knnIt knnta %
Winter 300 39,6 21.0 20.2 .86 72 2.0

200 33.0 14.5 15.2 .90 81 0

Spring 300 37.4 20.9 20.1 .84 69 2.3
200 27.4 14.0 14.8 .87 74 0

Summer 300 38.0 20.5 19.8 .85 71 1.9
200 29.7 14.3 2.5.0 .89 77 0

Fall 300 39.4 23.2 21.9 .83 65 3.8
200 30.6 15.6 16.o .87 74 0

FAIR HES ALASKA (265)

Winter 300 12.3 22.8 21.6 .85 71 2.9
200 34.7 15. 3 15.8 .90 81 0

Spring 300 35.1 21.1 20.3 .82 04 2.7
200 26.4 12.1 13.3 .90 /9 0

Summer 300 55.l 19.7 19.2 .84 68 3.:,
200 27.0 1.5.0 14.0 .89 77 0

Fall 500 38.8 23.3 2i.0 .82 64 3.9
200 30.14 11J.6 15.3 .89 77 0

AaQJ0AQ&. ALASKA (Z73)

Winter 300 46.0 a.).8 23.9 . 64 68 4.4
:oo 36.9 17.0 17.1 .90 79 0

Spring 5300 3).0 22.6 .1.4 .,l4 ("? 3.-.
200 219.1 14.5 15.0 .b8 76 0

Sumanor 300 38.6 20.5 ]9-P .11 7? 5.
200 51.0 14.5 15.0 .50 ,') 0

Fall w0 43.6 p6.a . ., W. ',*s
00 04.5 1..6 7, .6
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

WHITEHOME. YUKON (964)

Season Level a RP RF r RYP FA
(mb) knots knots knots % %

Winter-- 30 43. 25.8 23.9 -83 65 4.8
200 35.0 17.2 17.3 .89 77 0

Spring 300 41.9 23.5 22.1 .84 69 3.6
200 31.0 15.2 15.7 .88 76 0

Summer 300 34.7 18.7 18.4 .85 70 0.8
200 28.3 13.9 14.7 .88 76 0

Fall 300 40.4 23.8 22.4 .83 65 4.1
200 35.7 18.2 18.0 .871 74 0.6

A.MTTE. ALASKA (398)

Winter 300 46.0 28.1 25.7 .81 62 6.0
200 37.8 20.4 19.7 .85 70 2.0

Spring 300 46.9 23.9 22.4 .87 74 3.2
200 35-3 18.0 17.9 .87 74 0.3

Summer 300 42.1 22.3 21.2 .86 72 2.6
200 34.5 16.6 16.8 .89 77 0

Fall 300 44.6 26.8 24.7 .82 64 3.4

200 40.4 22. 6  21.4 .84 69 3.2

V4ONTON. ALBETA (879)

Winter 300 39.4 27.2 25.0 .76 53 7.3
200 31.0 17.7 17.6 .84 67 0.4

Spring 300 41.7 25.4 23.6 .81 62 5.1
200 29.7 16.0 16.3 .85 70 0

Rumer 300 36.7 24.2 e2.7 .78 56 5.2
200 32.8 17.7 17.6 .85 70 0.3

Fal1 300 41.9 27.7 25.4 .78 56 7.0
200 37.6 22.2 21.1 .83 65 3.4
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

Season Level a 0 RF r RVP FA
(mb) knots knots knots % %

Winter 300 54.3 34.8 30.9 .80 59 8.7
S-. 200-- - 42.? 25 - -25-_ ,8. 40 -6-- -

Spring 300 53.9 30.7 27.7 .84 67 6.0
200 40.0 21.6 20.7 .85 70 2.4

Summer 300 43.4 25.6 23.8 .83 65 4.8
200 39.2 19.2 18.8 .88 76 1.0

Fall 300 52.4 30.9 27.9 .83 65 6.4
200 46.0 25.8 23.9 .84 68 4.5

INTERNATIoNAL _ALLS (747)

Winter 300 47.5 30.9 27.8 .79 57. 7.8
200 38.4 19.6 19.1 .87 74 1.3

Spring 300 45.8 29.3 26.6 .80 60 7.2
200 37.0 22.2 21.1 .82 64 3.5

Summer 300 39.6 22.2 21.1 .84 69 2.9
200 41.9 22.6 21.4 .85 70 3.0

Fall 300 51.0 32.6 29.2 .80 59 8.1
200 43.8 26.7 24.6 .81 62 5.6

BIn (681)

Winter 300 45.6 29.2 26.5 .80 59 7.0
200 39. ; 22.5 2.1.3 .84 (17 3.4

Spring 300 46.0 27.6 25.3 .82 64 7.6
200 38.6 20.8 20.0 .85 70 2.2

Summer 300 32.6 19.6 19.1 .82 64 1.7
200 33.8 17.9 17.8 .86 72 0.3

Faal 300 "#5.0 28.4 25.9 .80 61 6.7
200 43.3 24.2 2.?7 .84 68 3.6
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast ]krrors
(continued)

GETF'A=L (77T5)

Season Level a RP RP r RVP FA
(mb) knots knots knots % 9

Winter 300 49.5 34.6 30.7 .76 51 10.3
200 38.8 23.7 22.3 .81 62 403

Spring 300 46.2 27.3 25.1 .83 65 5.4
200 36.7 19.5 19.0 .86 72 1.4

Summer 300 36.7 19.8 19.3 .85 70 1.5
200 37.6 19.2 18.8 .87 74 1.1

Fall 300 47.9 29.2 25.4 .81 62 9.0
200 42.7 23.9 22.4 .84 69 3.8

Winter 300 44.0 26.8 24.7 .81 62 5.6
200 35-3 18.7 18.4 .86 72 0.9

Spring 300 43.1 24.6 23.0 .84 67 4.1
200 37.2 19.0 18.7 .87 74 0.8

Summer 300 33.8 19.3 18.9 .84 67 1.3
200 36.7 18.7 18.4 .87 74 0.8

Fall 300 44.8 27.3 25.1 .81 62 5-7

200 41.3 22.3 21.2 .85 70 2.8

ST. CLOUfl C65ý)

Winter 300 47.3 28.9 26.3 .81 62 6.3
200 38.8 19.0 18.7 .88 76 0.8

Spring 300 44.6 26.8 24.7 .82 64 5.4

200 37.4 20.2 19.6 .85 70 1.7

Bummer 300 35.3 18.7 18.4 .86 72 0.8
200 37.8 19.3 18.9 .87 74 1.1

FI 1 300 45.6 27.8 25.5 .81 62 5.9
200 43.4 23.0 21.7 .86 72 3.1
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Table 7. Seasonal Wind Statistics and Derived Six-Hlour Forecast Errors
(continued)

GREEN 13AY (645)

Season Level a RP RF r RVP FA
(mb) knota knots knots % %

Winter 300 50.6 30.4 27.5 .82 64 6.6
...... ---- 200--43. 2. 21.0 ---.87 74 2.3 -

Spring 300 45.2 27.6 25.3 .81 62 6.0
200 40.4 22.6 21.4 .84 69 3.2

Summer 300 35.9 19.4 19.0 .85 70 1.2
200 38.2 20.6 19.9 .85 70 1.9

Fall 300 46.4 27.8 25.4 .82 64 5.9
200 43.4 23.4 22.0 .85 70 3.4

SAULT STE. MARIE (034)

Winter 300 53.4 32.6 29.2 .81 62 7.4
200 45.0 25.2 23.4 .84 69 4.3

Spring 300 47.9 30.2 27.3 .80 61 7.3
200 41.2 23.0 21.7 .84 69 3.4

Summer 300 39.2 23.1 21.8 .83 65 3.7
200 42.9 23.2 21.9 .85 70 3.2

Fall 300 50.0 31.5 28.3 .80 61 7.7
200 46.0 26.2 24.2 .84 67 4.8

Winter 300 54.9 35.7 31.6 .79 57 9.1
200 45.4 24.5 22.9 .85 70 3.7

Spring 300 48.1 30.3 27.4 .80 61 ?.2
200 44.0 26.0 24.1 .83 65 4.9

Summer 300 35,9 21.5 20.6 .82 64 2.9
200 41.7 22.5 21.4 .85 70 2.8

Fall 300 46.8 30.0 27.2 .80 59 7.3
200 44.6 26.3 24.3 .83 65 ý.I
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

Season Level a RP RF r RVP FA
(mb) knots knots knots % %

Winter 300 52.2 33.9 30.2 .79 57 8.7
20o 44.6 24.1 22.6 .85 70 3.5

spring 300 47.9 30.7 27.7 .80 59 7.6
200 42.5 24.2 22.7 .84 67 3.9

Summer 300 35.9 20.5 19.8 .84 67 2.7
200 41.1 21.8 20.8 .86 72 2.5

Fall 300 46.0 27.6 25.3 .82 64 5.8
200 42.9 24.5 22.9 .84 67 4.1

MAMIWAKI. QUEBEC (722)

Winter 300 50.6 33.4 29.8 .78 56 8.8
200 43.4 23.4 22.0 .85 70 3.4

Spring 300 48.7 30.7 27.7 .80 61 7.4
200 41.9 22.6 21.4 .85 70 3•.0

Summer 300 38.6 22.8 21.6 .83 65 3.5
200 41.7 22.5 21.4 .85 70 2.8

Fall 300 4662 29.1 26.4 .80 61 7.0
200 43.6 25.7 23.8 .83 65 4.9

Winter 30 55.1 35.8 31.6 .79 58 9.2
200 45.8 26.1 24.1 .84 67 4.8

Spring 300 49.7 32.3 28.9 .79 57 8.4
200 46.6 28.4 25.9 .81 62 6.3

Summer 300 40.0 21.6 20.7 .85 70 2.4
200 45.6 24.6 23.0 .85 70 3.7

Fall 300 48.9 29.3 26.6 .82 64 6.3
200 46.4 26.4 24.4 .84 67 4.7
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

Season Level a RP RI r RVIP FA
(mb) knots knots knots % %

Winter 300 56.6 36.2 31.9 .80 59 9.0
200 47.3 25.5 23.7 .85 70 4.0

5pring 300 51.6 33-0 29 .5 -80 -59 8.2
200 42.7 24.3 22.7 .84 67 4.1

Summer 300 42.1 26.5 24.4 .80 61 5.8
200 43.1 24.6 23.0 .84 67 4.1

Fall 300 50.0 33.0 29.5 .78 56 8.8
200 46.6 29.4 26.7 .80 61 7.0

Winter 300 51.0 31.1 28.0 .81 63 7.0
200 42.9 23.2 21.9 .85 70 3.2

Spring 300 47.3 27.9 25.5 *83 65 5.7
200 41.1 23.0 21.7 .84 69 3.4

Summer 300 37.8 21.5 20.6 .84 67 2.6
200 37.2 19.0 18.6 .87 74 1.1

Fall 300 47.9 26.8 24.7 .84 69 4.7
200 44.8 22.8 21.6 .87 74 2.7

Winter 300 51.2 28.7 26.1 .84 69 5.3
200 46.9 23.9 22.4 .87 74 3.2

Spring 300 46.9 26.3 24.3 .84 69 4.6
200 41.1 22.2 21.1 .85 70 2.8

Summer 300 33.0 17.5 17.5 .86 72 0
200 34.9 17.1 17.2 .88 76 0

Fall 300 46.0 24.8 23.1 .85 70 3.8
20O 44.0 !•2.4 21.3 .87 74 2.5

IC



Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

Season Level a RP RF r RVP FA
(mb) knots knots knots % %

Winter 300 48.7 29.2 26.5 .82 64 6.2
200 43.1 22.8 al.6 .86 72 2.9

Spring 300 45.8 26.1 24.1 .84 67 4.7
200 40.7 22.8 21.6 .84 69 3.2

Summer 300 29.5 16.8 17.0 .84 67 0
200 31.6 15.5 15.9 .88 76 0

Fall 300 43.1 25.4 23.6 .83 65 4.7
200 41.7 22.5 21.4 .85 70 2.8

Winter 300 51.2 30.7 27.7 .82 64 6.6
200 46.4 24.6 23.0 .86 72 3.5

Spring 300 45.0 28.8 26.2 .80 6o 7.1
200 43.6 23.5 22.1 .85 70 3.4

Summer 300 28.5 14.5 15.2 .87 74 0
200 32.8 15.1 15.6 .83 79 0

Fall 300 42.1 25.7 23.8 .81 62 5.3
200 43.6 23.5 22.1 .85 70 3.4

Winter 300 50.4 31.5 28.3 .80 61 7.,1
200 44.8 22.8 21.6 .87 74 2.7

Spring 300 43.3 25.5 23.7 .83 65 4.7
200 41.9 21.4 20.5 .87 74 2.1

Summer 300 26.0 13.3 14.2 .87 74 0
200 30.3 14.5 15.2 .89 77 0

Fall 300 42.7 23.9 z2.4 .84 69 3.8
200 43.1 ?P.3 <12.0 .85 70 3.2
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

Season Level 0 RP RF r RVP FA
(Cb) knots knots knots % %

Winter 300 51.6 33.0 29.5 .80 59 8.2
.--. 200 45.4 24.1 - 2.6 .86 72 3.4

Spring 300 47.5 27.1 24.9 .84 67 5.1
200 44.2 22.5 21.4 .87 74 2.5

Summer 300 29.1 15.7 16.1 .85 70 0
200 34.0 18.0 17.9 .86 72 0.3

Fall 300 46.4 28.3 25.8 .81 62
200 43.6 23.5 22.1 .85 70o 3.

COLUMBIA. MISSOURI (445)

Winter 300 55.1 33.6 29.9 .81 62 7.6
200 50.2 26.6 21.5 .86 72 9.7

Spring 300 46.4 26.4 24.4 .84 67 4.7
200 44.6 23.6 22.2 .86 72 3.2

Summer 300 28.5 15.1 15.6 .86 72 0
200 32.4 17.5 17.5 .85 70 0

Fadl 300 43.6 25.7 23.8 .83 65 5.0
200 43.1 23.3 22.0 .85 70 3.2

Winter 300 54.3 33.1 29.6 .81 62 7.5
200 48.3 25.6 23.8 .86 72 3.8

Spring 300 46.9 29.4 26.8 .80 61 6.9
200 45.0 25.2 23.5 .84 69 4.1

Summer 300 30.1 17.2 17.3 .84 67 0
200 36.1 20.6 19.9 .84 67 2.2

Fall 500 44.6 27.2 25.0 .81 62 5.8
200 43.6 24.4 22.8 .84 69 7.6
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

Season Level a RP RF r RVP FL(mb) knots knots knots % I

Winter 300 56.1 35-3 31.2 .80 60 8.5200 50.0 28.0 25.6 .84 69 5.1

"lprns - -300 -46.0 - 24.8 23. .85 70 3.8200 43.6 25.7 23.8 .83 65 4.9

Summer 300 31.8 18.1 18.0 .84 67 0
200 76.7 20.9 20.1 .84 67 2.4

Fall 300 43.1 29.3 26.6 .77 54 8.1
200 42.7 24.3 22.7 .84 67 4.1

PIT¶Suno (520)

Winter 300 54.1 35.7 31.6 .78 56 9.4200 47.9 28.7 26.2 .82 64 6.0

Spring 300 48.3 30.4 27.5 .80 61 7.2
200 45.8 26.1 24.1 .84 67 4.8

Summer 300 34.0 19.4 19.0 .84 67 1.14
200 40.4 ,1.8 20.8 .85 70 2.6

Fall 300 46.8 30.0 27.2 .80 79 7.3
200 43.8 24.5 22.9 .84 69 4.0

WASHINGTON (405)

Winter 300 53.2 34.6 30.7 .79 58 8.9
'00 45.6 26.9 24.8 .83 65 5.2

Spring 300 46.0 28.1 25.7 .81 62 6.1
200 46.8 26.7 24.6 .8'. 67 4.9

Summer 300 34.9 17.8 17.7 .87 74 0.2
200 40.4 19.8 19.S .88 76 1.2

Fall 300 44.6 Ž6.3 24.3 .83 65 5.1
200 44.2 25.4 22.1 .86 72 .
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Table 7. Seasonal Wdnd Statistics and Derived Six-Hour Forecast Errors
(continued)

HEMPSTRAD (503~)

Season Level a RP RI r RVP FA
(mb) knots knots knots % %

Winter 300 56.8 38.6 33.8 .77 54 10.7
200 46.4 29.2 26.5 .80 61 7.0

-Spring -300 49.1 - 30.0 - 7.2 .81 6 - 6.6
200 44.6 26.8 24.7 :82 64 5.4

Summer 300 38.0 21.3 20.4 .84 69 2.4
200 42.9 22.7 21.5 .86 72 2.9

Fall 300 49.3 30.1 27.2 .81 62 6.8
200 49.8 26.9 24.8 .85 70 4.4

NANTUQKET 'LM6

Winter 300 57.6 37.4 32.9 .79 57 9.5
200 119.5 29.7 26.9 .82 64 6.5

Spring 300 48.9 29.8 27.0 .81 62 6.7
200 44.4 24.9 23.2 .84 69 4.1

Summer 300 39.8 21.5 20.6 .85 70 2.4
200 43.4 23.0 21.? .86 72 3.1

Fall 300 47.9 28.7 26.2 .82 64 6.0

200 48.7 26.3 24.3 .85 70 4.3

LONG BEAGH (297)

Winter 300 47.3 26.5 24.4 .84 69 4.6
200 46.9 23.9 22.4 .87 74 3.2

Spring 300 42.7 25.2 23.4 .83 65 4.8
200 41.7 22.1 21.0 .86 72 2.7

Summer 300 26.0 12.5 13.6 .89 77 0
200 30.1 13.8 14.6 .90 79 0

Fall 300 36.5 20.8 20.0 .84 67 2.4
200 36.7 19.5 19.0 .86 72 1.4

S. . . . .. . .. . . . . . . . . . . .
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

Season Level a RP RF r RVP FA
(rb) knots knots knota % %

Winter 300 44.8 26.9 24.8 .82 64 5.4
- ~ o - ---0 - _-4W. _2. 21.8 -. 85 70 -- 3.1--

Spring 300 40.7 25.6 23.8 .80 61 5.4
200 39.0 21.8 20.8 .84 69 2.8

Bummer 300 24.2 11.6 12.9 .89 77 0
200 29.5 13.6 14.7 .90 79 0

Fall 300 36.5 20.4 19.7 .84 69 2.0
200 40.7 20.8 20.0 .87 74 1.9

FOR WORM (259)

Winter 300 45.0 27.0 24.8 .81 62 5.5
200 43.6 23.5 22.1 .85 70 3.3

Spring 300 41.3 22.3 21.2 .85 70 2.8
200 43.3 23.4 22.0 .85 70 3.3

Summer 300 23.3 11.4 12.8 .88 76 0
200 29.3 14.1 14.9 .89 77 0

Fall 300 37.4 20.2 19.6 .85 7o 1.8
200 40.0 19.6 19.1 .88 76 1.2

LITýPLE ROCK ('340)

Winter 300 45.6 26.0 24.1 .84 67 4.6
200 44.4 z4.0 22.5 .85 70 3.5

Spring 300 41.1 23.4 22.1 .84 67 3.6
Ž00 43.6 21.4 20.5 .88 76 2.0

Summer 300 25.8 1Ž.6 13.7 .88 76 0
2(U 30.4 14.6 15.2 .89 77 0

Fall 300 38.6 19.7 19.2 .87 74 1.3
200 40.0 )0.4 19.7 .87 74 1.7



57

Table 7. Seasonal Wind Statistics and Derived Six-Hour For'ccast Errors
(continued)

HAAHVILL (32Ž7)

Season Level a kp R7 r ROP FA
(mb) knots knots knots % %

Winter 300 44.4 27.1 24.9 .82 64 5.7
200 42.7 14.3 15.0 .84 67 0

Spring 300 - 473.3 -2.3.4 - -22.V .85 ---70 -.
200 44.6 21.9 20.9 .88 76 2.2

Summer 300 26.6 14.4 15.1 .85 70 0
200 32.4 16.5 16.7 .87 74 0

Fall 300 39.2 23.9 22.4 .82 64 4.4
200 40.2 22.9 21.7 .84 67 3.4

GREENSDO14 (317)

Winter 300 45.4 29.5 26.8 .79 58 7.41
200 41.7 25.4 23.6 .81 62 5.1

Spring 300 42.5 24.2 22.7 .84 67 3.9
200 43.6 23.1 21.8 .86 62 3.1

Summer 300 28.5 16.0 16.3 .84 68 0
200 33.8 16.6 16.8 .88 76 0

Fall 300 40.4 23.0 21.7 .84 67/ 3.6
200 40.5 19.8 19.3 .88 76 1.2

Winter 300 50.14 32.3 28.9 .80 59 8.0

200 45.6 27.4 25.1 .82 64 5.8

Spring 300 45.0
200 44.6

Summer 300 32.4
2o0 38.6

Fall 300 44.0
200 45.0
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

CHLk=STON. S. g. (208)

Season Level o RP RF r RVP FA
(mb) knots knots knots % %

Winter 300 40.4 25.5 23.7 .80 61 5.4
200 39.0 23.8 22.4 .81 62 4.3

Spring 300 41.3 21.9 20.9 .86 72 2.5
200 44.2 22.5 21.4 .87 74 2.5

Summer 300 26.6 14.4 .15.1 .85 70 0
200 33.2 !6.9 17.0 .87 74 0

Fall 300 40.0 21.2 20.4 .86 72 2.1
200 42.1 19.4 19.0 .90 79 0.9

T UCSON (274)

Winter 300 46.9 21.6 20.7 .90 79 1.8
200 46.9 19.2 18.8 .91 83 0.7

Spring 300 41.9 25.1 23.4 .82 64 4.7
200 41.3 21.9 20.9 .86 72 2.5

Summer 300 23.7 14.2 14.9 .82 64 0
200 28.7 15.2 15.7 .86 72 0

Fall 300 35.3 19.1 18.7 .85 70 1.2
200 38.6 18.9 A8.6 .88 76 0.8

HI(; - I'HIN(; (2(;5)

Winter 300 42.9 23.2 21.9 .85 70 3.1
200 41.3 20.j 19.6 .88 76 1.4

Spring 300 37.4 19.8 19.3 .86 72 1.4
200 39.2 20.8 20.0 .86 72 2.1

Summer 300 23.3 13.7 14.6 .83 65 0
200 29.7 16.6 16.8 .84 69 0

Fall 300 34.5 17.6 17.6 .87 74 0
200 38.4 18.4 18.2 .89 77 0.5
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

LMK CH.AM12.R(40)

Season Level a RP RF r RVP FA
(mb) knots knots knots I %

Winter 300 39.6 20.2 19.6 .87 74 1.5
200 40.4 19.8 19.3 .88 76 1.2

Spring - 300 37.6 20*3 ~9 8 7 .
200 40.9 19.6 19.1 .89 77 1.2

Summer 300 23.5 14.1 14.9 .82 64 0
200 30.8 16.6 16.8 .85 70 0

Fall 300 36.5 17.5 17.5 .89 77 0
200 39.4 18.9 18.6 .89 77 0.7

Winter 300 37.4 20.2 19.6 .85 70 1.7
200 39.6 19.0 18.7 .89 77 0.7

Spring 300 35.3 17.3 17.3 .88 76 0
200 39.2 18.8 18.5 .89 77 0.7

Summer 300 22.5 12.2 13.4 .85 70 0
200 28.9 16.2 16.5 .84 69 0

Fall 300 34.9 16.8 17.0 .89 77 0
200 38.8 17.8 17.7 .90 79 0.2

momGoNEn! (226)

Winter 300 44.4 21.3 20.4 .89 77 1.7
200 44.6 20.5 19.8 .90 79 1.4

Spring 300 42.9 25.3 23.5 .83 65 4.8
200 47.5 23.3 22.0 .88 76 2.6

Summer 300 24.6 14.8 15.4 .82 64 0
200 32.4 18.5 18.3 .814 67 0.7

Fall 300 41.7 20.4 19.7 .88 76 1.6
200 44.2 21.2 20.4 .89 77 1.7
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors

(continued)

JAcKSaNyiLLr o206)

Season Level a HP RF r RVP FA
(mb) knots knots knots % %

Winter 300 40.0 20.4 19.7 .87 74 1.6
200 41.9 20.1 19.5 .89 77 1.4

-- Spring -300 -- 38.8- -17.8--- 17.7 -: .90- - 79 o"---0.62 .
200 45.2 19.9 19.3 .90 81 1.2

Summer 300 22.1 10.8 12.3 .88 76 0
200 29.3 12.9 13.9 .90 81 0

Fall 300 37.2 17.1 17.2 .90 79 0
200 41.1 18.1 18.0 .90 81 0.2

BROWNSVILLE (250)

Winter 300 34.3 18.2 18.0 .86 72 0.5
200 38.6 18.9 18.6 .88 76 0.8

Spring 300 29.5 15.9 16.2 .85 70 0
200 33.6 17.8 17.7 .86 72 0.3

Summer 300 20.0 10.2 11.8 .87 74 0
200 27.9 14.2 14.9 .87 74 0

Fall 300 31.0 14.9 15.5 .89 77 0
200 35.5 15.6 16.0 .90 81 0

Winter 300 37.2 18.2 18.0 .88 76 0.5
200 37.0 19.6 19.1 .86 72 1.4

Spring 300 33.0 15.8 16.2 .89 77 0
200 38.2 18.3 18.1 .89 77 0.5

Summer 300 19.2 10.4 12.0 .85 70 0
200 28.7 14.1 14.9 .88 76 0

Fall 300 32.2 14.2 14.9 .90 81 0
200 39.4 17.3 17.3 .90 81 0

C
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)

BAN j!icAN. gofl

Season Level a RP RY r RVP FA
(mb) knots knots knotB % %

Winter 300 27.7 13.6 14.5 .88 76 0
200 29.9 14.? 15.3 .88 76 0

Spring 300 23.9 11.5 12.8 .89 77 0
200 29.1 14.3 15.o .88 76 0

Summer 300 16.7 9.5 11.3 .84 67 0
200 23.5 12.0 13.2 .87 74 0

Fall 300 22.1 10.8 12.3 .88 76 0
200 30.1 13.8 14.6 .90 79 0

ALBDOK. C. Z. (8o6)

Winter 300 21.5 10.3 11.9 .89 77 0
200 26.6 13.0 14.0 .88 76 0

Spring 300 18.0 8.3 io.4 .90 79
200 23.1 11.1 12.5 .89 77 0

Summer 300 11.2 8.2 10.3 .73 47 0
200 18.2 12.6 13.7 .76 53 0

Fall 300 13.4 7.9 10.1 .83 65 0
200 19.8 10.1 li.8 .87 74 0
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast
Errors

a standard vector deviation of the wind.

RP root mean square error of persistence forecasts.

RF root mean square error of subjective forecasts.

r six-hour persistence correlation.

RVP percent reduction in variance of persistence forecasts
with respect to climatology.

FA forecast advantage over persistence.

NOME, LSA 20
season Level a RP RF r RVP FA

. (ub) knots knots knots £

Winter 300 39.6 28.5 26.0 .74 48 8.7
200 33.0 19.8 19.3 .82 64 1.8

Spring 300 37.4 28.0 25.6 .72 44 9.2
200 27.4 18.9 18.6 ,76 53 1.5

Summer 300 38.0 28.1 25.7 .73 45 8.9
200 29.7 19.6 19.1 .78 56 2.2

Fall 300 39.4 31.1 28.0 .68 73 11.8
200 30.6 21.4 20.5 .76 51 4.0

FAIRAJIKS. ALASKA (265)

Winter 300 42.3 30.9 27.9 ,73 47 9.9
200 34.7 21.2 20.4 .81 62 2.8

Spring 300 35.1 28.4 25.9 .67 34 11.0
200 26.4 16.6 16.8 .80 6] 0

Summer 300 35.1 26.3 24.3 .72 44 8.2
200 27.0 17.6 17.6 .79 57 0

Fall 300 38.8 31.4 20.2 .67 34 12.7
200 30.4 20.1 19.5 .78 '6 2.6

AHCHORAOIE. ALAfi" (275)

Winter 300 46.0 35.0 51.0 .7] 42 12-5
200 36.9 23.2 21.9 .80 61 4.3

Spring 300 39.0 30.0 27.2 .70 41 10.5
100 29.1 19.8 19.3 .77 54 2.3

Summer 300 38.6 R8.2 25.8 .73 4? 8.7
200 31.0 19.5 19.0 .80 61 2.o .

FaI1 300 43.6 35.8 31.6 .66 33 14.9
200 34.5 2148 23. .74 48 6.i
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
(continued)

W.TT•_RHOrs. YUXoN (964)

Season Level a RP RF r RVP FA
(mb) knots knots knots %

Winter 300 43.8 34.6 30.7 .68 37 13.2
200 25.9 23.3 22.0 .79 57 4.6

--Spring 300 -41.9 - -31.4- --28.2 .72 -44- - 10.9-
200 31.0 20.5 19.8 .78 56 2.9

Summer 30O 34.7 26.0 24.1 .72 44 7.9
200 28.3 19.2 18.8 .77 54 1.9

Fall 300 40.4 31.9 28.6 .69 38 12.2
200 35.7 24.6 23.0 .76 53 6.0

ANNETTE. ALARL4 (598)

Winter 300 46.0 38.2 33.5 .66 31 15.8
200 37.8 28.0 25.6 .73 45 9.0

Spring 300 146.9 33.3 29.7 .75 50 10.3
200 35.3 24.4 22.8 .76 53 6.1

Summer 300 42.1 30.3 27.4 .74 48 9.4
200 34.5 22.8 21.6 .78 56 4.5

Fall 300 44.6 36.6 32.3 .66 33 14,9
200 40.4 30.3 27.4 .72 44 10.3

FlM(ONTON. AL RTA (879)

Winter 300 39.4 36.2 31.9 .58 15 19,9
200 31.0 24.2 22.7 .70 40 7.3

Spring 300 41.7 35.0 31.0 .65 30 15.2
200 29.7 21.7 20.7 .73 47 4.8

Bummer 300 36.7 32.7 29.2 .61 21 16.1
200 32.8 i4.6 23.0 .72 414 7.1

Fall 300 41.9 36.9 32.5 .61 21 17.4
200 37.6 29.7 26.9 .68 37 11.2

U
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Table 8. Seasonal Wind Statistics and Derived Twelve- Hour Forecast Errors
(continued)

Season Level a RP RF r RVP FA
(mb) knots knots knots % %

Winter 300 54.3 46.7 40.1 .63 26 19.4
200 42.7 33.7 30.0 .68 37 12.9

Spring 300 53.9 41.5 36.0 -. 70 41 14.7
200 40.0 29.6 26.8 .73 45 9.9

Summer 300 43.4 34.3 30.5 .68 37 13.1
200 39.2 27.0 24.8 .76 47 7.4

rall 300 52.4 41.4 36.0 .68 37 15.2
200 46.0 35.4 31.3 .70 41 12.9

INTEPRNATTI0NAL FALTL (747)

Winter 300 47.5 41.3 35.9 .62 25 18.5
200 38.4 26.9 24.8 .76 51 7.4

Spring 300 45.8 38.9 34.1 .64 28 16.7
200 37.0 30.0 27.2 .67 34 11.7

Summer 300 39.6 30.1 27.2 .71 42 10.6
200 41.9 31.0 27.9 .73 45 1.0.4

Fall 300 51.0 43.9 37.9 .63 26 18.7
200 43.8 36.8 32.4 .65 30 15.9

Winter 300 45.6 39.7 34.7 .62 25 17.9
200 39.4 30.3 27.4 .70 41 10.8

Spring 300 46.0 37.7 33.1 .66 33 15.4
200 38.6 28.2 25.8 .73 47 8.7

Summer 300 32.6 26.4 24.4 .67 34 9.6
200 33,8 24.3 2?.7 .74 48 6.6

Fall 300 45.0 37.8 33.2 .65 30 16.1
200 43.3 32.9 29.4 .71 42 11.6
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Table 8. Seasonal Wind Statistics and Derived Twelve-Itour Forecast Errors
(continued)

GREAT MAL (775i)

Season Level a RP RIF r RVP FA
(mb) knots knots knots % %

Winter 300 49.5 46.0 39.5 .57 13 22.7
-.o . 8.8 . 32.2 .''28.9 .66 3. 13.4

Spring 300 46.2 37.0 32.6 .68 35 14.3
200 36.7 26.1 24.1 .75 50 7.5

Summer 300 36.7 27.5 25.2 .72 44 9.0
200 37.6 26.3 24.3 .76 51 7.2

Fa&l 300 47.9 40.2 35.0 .65 30 17.0
200 42.7 32.5 29.1 .71 42 11.5

BIaMARO1( (764)

Winter 300 44.0 37.0 32.6 .65 30 15.8
200 35.3 25.4 23.6 .74 48 7.1

Spring 300 43.1 33.6 29.9 .70 40 12.6
200 37.2 26.0 24.1 .76 51 6.9

Summer 300 33.8 26.7 24.6 .69 38 9.4
200 36.7 25.7 23.8 .76 51 7.0

Fall 300 44.8 37.6 33.0 .65 30 16.,,

1?00 41.3 31.0 27.9 .72 44 10.7

ST. CLOUD (6513)

Winter 300 47.3 39.3 34.3 .66 31 16.4
200 38.8 26.4 24.4 .77 54 6.7

Spring 300 44.6 36.1 31.1 .67 34 17.5
200 37.4 27.7 25.4 .73 45 8.7

Summer 300 35.3 25.4 !3.6 .71, 48 7.1
200 37.8 26.8 4.,7 .75 50 8.3

Fall 300 45.6 37.8 33.2 .66 31 15.7
200 43.4 31.7 28.5 .73 47 10.2
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
(continued)

GnEN rAy (A4+5)

season Level 0 PP RP r RVP FA
(mb) knots knote knots % %

Winter 300 50.6 41.0 35.6 .67 34 16.2
200 43.1 30.6 27.6 .75 50 9.4

______Spring 300 45.2 37.5 - 33.0 .66 31 15.5
200 40.4 30.7- 7.7- -- 77 42 lo.70 --4- "--

Summer 300 35.9 26.6 24.5 .73 45 8.3
200 38.2 28.6 26.1 .72 44 9.4

Fal3 300 46.4 37.6 33.0 .67 34 15.1

200 43.4 32.5 29.1 .72 44 11.1

SAIJ ST MA.1~(734)

Winter 300 53.4 43.8 37.8 .66 33 17.2
200 45.0 34.6 30.7 .70 41 12.6

Spring 300 47.9 40.2 35.0 .64 29 17.0
200 41.1 31.2 28.1 .71 42 10.9

Summer 300 39.2 31.4 28.2 .68 35 12.4
200 42.9 31.3 28.2 .73 47 10.0

Fall 300 50.0 42.0 36.4 .64 29 17.6
200 46.0 35.9 31.7 .70 40 13.4

KT CLEMIN (s72)

Winter 300 54.9 47.8 40.9 .62 25 20.3
200 45.4 33.6 29.9 .73 45 11.4

Spring 300 48.1 40.4 35.2 .64 29 17.0
200 44.0 34.8 30.9 .68 37 13.2

Summer 300 35.9 29.4 26.7 .66 33 11.8
200 41.7 30.9 27.9 .73 45 10.1

Fall 300 46.8 40.7 35.4 .62 25 18.4
200 44.6 35.7 31.6 .68 35 13.9
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Table B. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
(continued)

Season Level a RP RP r RJP FA(mb) knots knots knots
Winte•- 300 52.2 45.9 39.4 .61 23 20.3

------- . 200 =44.6----33.4 29.8 .72 44-- 1.A
Spring 300 47.9 41.7 36.2 .62 25 18.7200 42.5 33.1 29.6 .70 39 12.1

Summer 300 35.9 27.6 25.3 .70 41 9.4
200 41.1 29.6 26.8 .74 48 9.3

Fall 300 46.0 37.7 33.1 .66 33 15.4
200 142.9 33.0 29.5 .70 41 11.9

NA&IWAXI. QUEBEC (722)

Winter 300 50.6 45.0 38.7 .61 21 20.6
200 43.4 32.6 29.2 .72 44 11.2

Spring 300 48.7 41.!f 36.0 .64 28 17.6
200 41.9 31.0 27.9 .73 45 10.4

Summer 300 38.6 30.5 27.5 .68 37 11.7
200 41.7 31.3 25.2 .72 44 19.8

Fall 300 46.2 39.3 34.3 .64 28 17.2
200 43.6 34.4 30.6 .68 37 13.0

Winter 300 55.1 48.5 41.4 .61 2I 21.0
200 ( 5.8 35.3 31.2 .70 141 13.0

Sprint: 300 49.7 143.7 37-7 .6] 23 19.8
200 +6.o 38.7 33.9 .66 31 16.0

Summer 300 10.0 29.2 26.,5 .7 47 9.4200 45.6 33-7 50.0 .. 3 45 11.
F,11 3C0 48.9 39.1 34., I.f 5, 15.0

200 46.4 36.7 32,.3 .69 38 14.3

:!:++k



68

Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
Icontinu cd)

Season Level a & ly r RVP rA
(mb) knots knots knots %

Winter 300 56.6 48.7 41.6 6-.6 - 26- 20.0
200 47.3 35.5 31.4 .72 44 12.3

Spring 300 51.6 43.9 37.9 .64 28 18.4
200 42.7 33.3 29.7 .70 40 12.4

Summer 300 42.1 35.4 31.3 .64 29 15.4
200 43.1 33.6 29.9 .70 40 12.6

Fail 300 50.0 44.5 38.4 .61 21 20.2
200 46.6 39.1 34.2 .64 29 16.5

Winter 300 51.0 42.3 36.7 .66 31 17.0
200 42.9 31.7 28.5 .73 45 10.5

Spring 300 47.) 37.4 32.9 .68 37 14.1
200 41.1 31.6 28.4 .71 41 11.4

Summer 300 37.8 29.9 27.1 .69 38 11.2
200 37.2 26.4 24.4 .75 50 7.3

Fall 300 47.9 35.9 31.7 .72 44 12.4
200 44.8 31.8 28.5 .75 50 9.9

Winter 300 51.2 38.9 34.o .71 42 13.6
200 46.9 32.4 29.0 .76 53 9.5

Spring 300 46.9 35.6 31.5 .71 42 12.5
200 41.1 30.0 27.2 .73 47 9.5

Summer 300 33.0 23.8 22.4 .74 48 5.9
200 34.9 23.0 21.7 .78 56 4.8

F&ll 300 46.0 34.5 3o.6 .72 44 12.0
200 44.0 30.8 27.8 .76 51 9.1

oS
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast EUrors
(continued)

Season Level a Ri? RF r R %P FA(mb) knots knots knots -

Winter 300 48.7 39-9 34.8 .66 33 16.1

200 43.1 31.0 27.9 .74 48 9.8

Spring 300 45.8 35,7 31-6 ,70 40 13.2

... ... 200 • 40.7-= 0.9=- -27.8 .71 42 11.o...0

Summer 300 29.5 22.7 21.5 .70 41 6,1
200 31.6 21.5 20.6 .7,1 54 3.8

Fall 300 43.1 34.0 30.2 .68 37 13.1
200 41.7 30.9 27.8 .73 45 10.5

DE•NVERI (4 69)

Winter 300 51.2 42.0 .36.4 .66 29 16.7
200 46.4 33.4 29.8 .74 48 10.6

Spring 300 45.0 39.2 34.3 .62 25 17.8
200 43.6 31.8 28.5 .73 47 10.5

Summer 300 28.5 20.0 19.4 .76 51 2.9
200 32.8 21.0 20.2 .80 59 3.1

Fall 300 42.1 34.9 30.9 .66 31 14.8

200 43.6 31.8 28.5 .73 47 10.5

DODGE CITY (451)

Winter 300 50.4 42.0 36.4 .64 29 17.6
200 44.8 31.e 28.5 .75 50 9.9

Spring 300 43.3 34.2 30.4 .68 37 13.1
200 41.9 29.7 26.9 .75 50 9.0

Summer 300 26.0 18.2 18.0 .76 51 1.1
200 30.3 20.0 19.4 .78 56 2.6

Fall 300 4.2.7 32.5 29.1 .71 4! 11.5
200 43.1 31.9 28.6 .73 45 10.7
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors

(continued)

season Level a RIP R r RVP FA
(mb) knots knots knots % %

Winter 300 51.6 43.9 37.9 .64 28 18.4
200 45.4 32.7 29.2 .74 48 10.5

-dpringý-- 300 --- 47.5 -~37.5 33.0 -.69 38 14.1
-200 4W.2 30.9 27. '8- -763-1- -903

Bummer 300 29.1 21.5 20.6 .73 45 4.5
200 34.0 24.5 22.9 .74 48 6.6

Fall 300 46.4 38.O 33.3 .66 33 15.6

200 49.5 32.9 29.4 .73 45 11.0

COLUMBIA, MZABOURff (445)

Winter 300 55.1 45.2 38.9 .66 33 17.4
200 50.2 36.1 31.9 .74 48 11.3

Spring 300 46.4 36.7 32:. .69 38 14.1
200 44.6 32.1 28.8 .74 48 10.1

Summer 300 28.5 20.5 19.8 .74 48 3.5
200 32.4 24.3 22.7 .72 44 7.2

Fall 300 43.6 34.4 30.6 .68 37 13.0
200 43.1 31.5 28.3 .73 47 10.3

Winter 300 54.3 45.6 39.2 .65 30 18.4
200 48.3 34.8 30.9 .74 48 11.0

Spring 300 46.9 39.4 34.4 .65 70 16.8
200 45.0 34.2 30.4 .71 42 12.0

Summer 300 30.1 23.8 22.4 .69 38 7.1
200 36.1 27.8 25.4 .70 41 9.8

rall 3Lo 44.6 36.6 32.2 .66 33 15.2
200 43.6 33.6 29.9 .70 41 12.4
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Table 8. Seasonal Wind Statistics and Derivcd Twelve-Hour Forecast Errors
(continued)

DAxox (4L91

Season Level a RP RF r RVP FA
(mb) knots knota knota % %

Winter 300 56.1 47.1 40.4 .64 29 18.6
200 50.0 38.0 33.3 .71 42 13.4

-Spring 3M0 46. • 0 o30;T0oo 73-. - 10.8 .
200 43.6 34.4 30.6 .68 37 13.0

Summer 300 31.8 24.8 23.1 .70 40 8.1
200 36.7 28.3 25.8 .70 41 10.0

Fall 300 43.1 38.8 34.0 .60 19 18.8
200 42.7 33.7 30.0 .69 38 12.9

PITTSBURGH (52Q)

Winter 300 54.1 48.1 41.1 .60 20 21.3
200 47.9 38.3 33.6 .68 35 14.7

Spring 300 48.3 40.6 35.3 .64 29 17.2
200 45.8 36.2 31.9 .69 38 14.0

Summer 300 34.0 26.9 24.7 .69 38 9.8
200 40.4 29.9 27.1 ,73 45 9.8

Fall 300 46.8 39.8 34.7 .64 28 17.3
200 43.8 33.3 29.7 .71 112 11.8

WASHInGTOf (1405)

Winter 300 53.2 46.3 39.8 .62 24 19.8
200 45.6 36.5 32.2 .68 35 114.2

Spring 300 46.0 38.6 3.8 .6,) (j 16.14
200 46.8 17.0 32.6 .69 38 114.O

Summer 300 34.9 214.4 22.8 .76 51 1,',
200 40.4 27.9 25.5 .76 53 7.9

Fall 300 44.6 35.2 31.2 .68 V7 1. 1,
200 44.2 33.6 29.9 .74 148 12.0
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
(continued)

HEMPSTEAD (503)
Season Level a RP RF r RVP FA

(mb) knots knots knots % %
Winter 300 56.8 51.1 43.5 .60 19 22.3

--- 0- --46.4- 39.0 ---34.1 ---. 64 -29 16.6

Spring 300 49.1 41.2 35.8 .65 30 17.2o00 44.6 35.7 31.6 .68 35 13.9

Summor 300 38.0 28.9 26.3 .71 42 9.9
200 42.9 30.9 27.9 .74 48 9.6

Fall 300 49.3 41.4 36.0 .65 30 17.2
L00 49.8 37.3 32.8 .72 144 12.7

NAN~TUCKET (5106)

Winter 300 57.6 50.1 42.7 .62 24 20.7
200 49.5 39.6 34.6 .68 35 15.1

Spring 300 48.9 40.6 35-3 .66 31 16.8
200 44.4 34.2 30.4 .70 41 12.5

Summer 300 39.8 29.5 26.8 .73 145 9.6
200 43.4 31.2 28.1 .75 50 ).8

Fall 300 47.9 38.8 .4.0 .67 34 15.5-
200 48.7 35.6 31.5 .73 47' 11.6

LONG BEACII (297)

Winter 300 47.3 35.9 31.7 .71 42 12.7
200 46.9 32.4 29.0 .76 53 9.5

Spring 300 42.7 33.7 3u.0 .68 37 12.9
200 41.7 30.0 27.2 .74 48 9.2

SuMiuer 300 26.0 16.9 17.0 .79 5' 0
200 30.1 18.4 18.2 .81 62 0.8

Fall 300 36.5 28.8 26.2 .69 38 10.7
200 36.7 26.1 24.1 .75 50 7.5
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
(continued)

ALBtIUkE1ldE (369)

Season Level a RP RF r RVP FA
(nb) knots knots knots % %

Winter 300 44.8 36.3 32.0 .67 34 14.6
200 42.7 31.6 28.4 .73 45 10.6

Spring 300 40.7 33.8 30.0 .65 30 14.3"200 39.0 29.2 26.5 .72 44 9.8

Summer 300 24.2 15.7 16.1 .79 57 0.0
200 29.5 18.6 18.3 .80 61 1.)

Fall ;00 36.5 27.7 25.4 .72 44 9.3
200 110.7 28.5 26.0 .76 51 8.3

FORT WORMi (2.9)

Winter 300 45.0 36.9 32.1, .66 33 15.1
200 '13.6 31.8 ;28.5 .73 /47 10.3

Spring 300 111.3 31.0 27.9 .72 114 10.6
200 43.3 31.6 28.4 .73 If7 10.3

Summer 300 23.3 15.8 16.2 .77 54 0.0
200 29.3 19.0 38.6 .79 57 1.5

Fall 300 37.4 z7.3 a5.1 .73 /,7 8.4

200 40.0 27.2 25.0 .77 54 7.2

LITTLE 1CK (5Ito)

Ninter 300 45.6 36.0 531.6 .6,9 38 13.7
200 1,4.4 33.3 ,19.7 .7; 44 II.5

ST, r i nll 1.. 141.1 31L.(, ,1, 4 , 41 11.14
200O • •.1, 29.!, i2,.8  .77 54l 8.2

Surm= Pr 300 25.• 17.t 17.7 .7(, 55 0.14
.0 3o.. 21.0 19.I .C oif , ,I

F.,Ii 501 58.). 2;',.0 o'. - .71, *,i 72:)O l,3.0 ;28.0 25.. .71 y, i .(
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
(continued)

NASHVILLE (327)

Season Level a RP RF r RVP FA
(mb) knots knots knots %

Winter 300 44.4 36.0 31.8 .67 34 14.4
-. ...... 200 4a.7 33.3 29.7 .70 40 12.4

Spring 300 43.3 32.0 28.7 .73 45 10.7
200 44.6 30.3 27.4 .77 54 8.4

Summer 300 26.6 20.0 19.4 .72 44 3.3
200 32.4 22.7 21.5 .76 51 5.1

Fal 300 39.2 31.8 28.5 .67 34 12.9
200 40.2 31.4 28.2 .70 40 11.8

Winter 300 45.4 40.4 35.2 .61 23 19.1
200 41.7 34.6 30.7 o66 31 14.6

Spring 300 42.> 32.7 29.2 .71 41 12.0
200 43.6 31.4 28.2 .74 48 10.0

Summer 300 28.5 21.7 20.j .71 42 5.2
200 33.8 23.0 21.7 .71 54 5.1

Fall 300 140.4 31.9 28.6 .69 38 1.2.2
200 40., 27.9 25.5 .76 13 7.8

NORF'OLK (3083

Winter 300 50.h4 45.8 37.8 .6,5 25 19.3
200 45.6 36.9 30.5 .6*7 314 It4.7

Spring 300 45.0200 4 4.6(

Summer 300 32..4
"•00 38, 6

Fall 300 44,0
200 4, ,.0
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
(continued)

aNAM"ERON. S. 0. (2o8)

Season Level a RP RF r RViP FA
(mb) knots knots knots % %

Winter 300 40,4 33.9 30.2 .64 29 14.5
200 39.0 32.8 29.3 .65 30 14.3

Spring 300 41.3 29.7 27.0 .74 48 9.0
200 44.2 30.9 28.0 .76 51 8.7

Summer 300 26.6 19.4 19.0 .73 47 2.2
200 33.2 22.9 23..? .76 53 4.9

Fall 300 40.0 28.8 26.2 .75 50 8.9
200 42.1 26.9 24.8 .80 59 6.1

TUCSON (274)

Winter 300 46.9 29.5 26.8 .80 61 6.9
200 46.9 26.7 24.6 .84 67 4.9

Spring 300 41.9 33.9 30.2 .67 34 13.4
200 41.3 29.7 26.9 .74 48 9.3

Summer 300 23.7 19.2 18.8 .67 34 2.7
200 28.7 20.7 20.0 .74 48 3.5

Fall 300 35.3 26.5 24.1# .72 44 8.6
200 38.6 29.0 26.4 .77 54 9.7

BIG •AP •_N (265)

Winter 300 42.9 31.3 28.2 .73 47 10.0
200 41.3 31.0 27.9 .77 54 10.7

Spring 300 37.4 27.3 25.1 .73 47 8.2
200 39.2 27.8 25.5 .75 50 8.0

Summer 300 23.3 18.4 18.2 .68 37 1.3
200 29.7 22.3 P1.2 .72 44 5.4

Fall 300 34.5 24.1 22.6 .76 51 5.9
200 38.4 25.3 23.5 078 56 6.0
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Table B. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
(continued)

LAKE CHAMLEB (2401

Season Level a RP 1F r RVP FA
(mb) knots knots knots % %

Winter, 300 39.6 27.7 25.4 .76 51 7.8
200 40.4 30.3 27.4 .77 54 10.3

Spring 300 37.6 27.8 25.5 a .73 45 8.7
200 40.9 26.6 24.5 .79 57 6.4

Summer 300 23.5 19.0 18.7 .67 34 2.0
200 30.8 22.8 21.6 .73 45 5.6

Fall 300 36.5 23.7 22.3 .79 57 4.8
200 39.4 25.6 23.8 .79 57 5.7

BUHI&OOD (232)

Winter 300 37.4 27.7 25.4 .73 45 8.7
200 39.6 26.1 24.1 .78 56 6.4

Spring 300 35.3 24.0 22.5 .77 54 5.6
200 39.2 25.5 23.7 .79 57 5.8

Summer 300 22.5 16.6 1b.8 .73 45 0
200 28.9 22.0 21.0 .71 42 5.1

Fall 300 34.9 22.9 21.5 .79 57 4.4

200 38.8 29.4 22.8 .80 61 5.0

I4ONTOOKERY (226)

Winter 300 44.4 29.3 26.6 .78 56 7.7
200 44.6 27.2 25.0 .81 6g 5.8

Spring 300 42.9 33.9 30.2 .68 57 12.9
200 477.5 30.2 28.9 .77 54 9.2

Summer 300 24.6 19.9 19.3 .67 34 3.9
200 32.4 25.6 23.8 .69 38 8.5

Fall 300 41.7 28.4 25.9 .77 54 7.8
200 44.2 28.7 26.2 .79 57 7.0
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Table 8. Seasonal Wind Statistics and Derived Twelve-flour Forecast Errors
(continued)

JACKSOINVILLE (206)

Season Level a RP RF r RVP FA
(mb) knots knots knots % %

Winter 300 40.0 28.C 25.6 .76 51 8.0
- --- 200 1.9 -27.2 25.0- __79 57 6.5

Spring 300 38.8 24.4 22.8 .80 61 5.0
200 45.2 27.6 25.3 .83 62 6.0

Summer 300 22.1 15.0 15.6 .77 54 0
200 29.3 17.6 17.6 .82 64 0

Fall 300 37.2 22.7 21.5 .81 62 3.8
200 41.1 25.1 23.4 .81 62 4.9

BROWNSVILLE (250)

Winter 300 34.3 24.7 23.0 .74 48 6.9
200 38.6 26.2 211.2 .77 54 6.9

Spring 300 29.5 21.8 20.8 .73 45 14.9
200 33.6 24.2 22.7 .7? 48 6.2

Summer 300 20.0 14.0 14.8 .76 51 0
200 27.9 19.3 18.9 .76 53 2.0

Fall 300 31.0 20.2 19.6 .79 57 2.5
200 35.5 21.7 20.7 .81 62 3.4

MIAMI (202)

Winter 300 37.2 25.7 23.8 .76 .53 6.8
200 37.0 26.6 24.5 .714 .48 '?.

Spring 300 33.0 21l." 20.5 .79 57 3.5
200 38.2 25.2 23.14 .7/8 56 (,.0

Swimmr 300 19.2 14.0 14.8 .73 47 0200 28.7? 18.9 19.6 -78 5(, 1.4

Fall 300 32.2 19.6 19.1 .81 62 1.9
200 39.4 23.2 21.9 .83 65 5.8
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hlour Forecast Errors
(continued)

S- - :: ~~~SSAN JUAN.-P. IL -(52i): -: -.. : :-: . . ... =

Season Loevl a tP RF r RVP FA
(mb) knots knots knots % %

Winter 300 27.7 18.8 18.5 .77 54 1.5
200 29.9 19.7 19.2 .78 56 2.2

Spring 300 23.9 15.5 15.9 .79 57 0
200 29.1 19.2 18.8 .?8 56 1.8

Summer 300 16.7 13.2 l4f.2 .69 38 0
200 23.5 16.2 16.5 .76 3 a

Fall 300 22.1 15.9 1.6.2 .77 54 U
200 30.1 19.0 18.b .80 61 1.7

ALBROOK. C. Z. (806)

Winter 300 21.5 14.0 14.8 .79 57 0
200 26.6 18.4 18.2 .7?( 53 1.0)

Spring 30o0 1 ].O 11 ._5 1".0 .(o 59 1 1
200 25.1 14.8 15.4 .80 59 0

Summer 300 11.2 1o. 8 1,. 5 .54 o3 e
200 1A.2 16.6 16. 8 .,-8 17 0

Fill 300 1,.4 1o.(. 1,(., .( P, 7
200 ]9.8 114.1 14.') .7 U

Si
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4.4 Analysis of Forecast Error Statistics

Selected quantities from Tables 7 and 8 were plotted on maps and analyzed

in order to obtain a clearer picture of the geographical variations. The fol-

lowing charts for 6 hours at 300 mb are presented here to illustrate patter-ns

w.hich were found to he typical:

Ri' winter, Figure 1

111 summer, Figure 2
RVP winter, Figure 3

- r -- RYP summLe-r, Figure 4

FA winter, Figiire 5
FA summcr, Figure C,

4. 4. 1. ijISl'IBIJTION OF PERSISTENCE~ KiHROHS

As noted in paragraph 3. 1. 4, the mnaximumn pcirsi stence errors

occur over the nurtheastei-n and northwestern 11. S. ; miinimumr errors over

nor-th central and southern sections. Bletween winter- (Fig. 1) and summervi

(Fig. 2) the average error decreases by abouit 1(3 and the entire dis5tribution

shifts northward so that the mnaximumr centers ore located over southern

Canada while a mntinimum center appears over the southwestern 11. S. nhere

sceins to he somne relationship between the vector mevan wvind field and the

persistence distribution, especially in winter when tlie axes of mnaximum i whid
and miaximumi 1RI virtually coincide.

4.4,.2. 'MlE HRIC~l(TION IN VARIANCE FIEPL)

The distribution of RVP in winter- (Fi g. 3)consists of mniniman in

the eastern, central and northwestern IT. ';. with Incresing vals to tile

Routh. T'he prinocipal feato cc of the summnier (list ribution (Fig. 4) is a la rge
areal of m1axinmum reduction over the central 11.S. , *flanked by vlongateil areaum

of t11nitnlurn valuecs to tile West andl east. I rum Equjationsl (10) and (22) we

find that IIVI, - 100 1 2r' - 1) , hence the rontours in Figures 3 and 4 can he

ri-Pabelled in termis of the persi stencec (orrelation.

4. 4. :3. FOREC 1WAST Al V ANTAGE, D ISRI' III JTIt)N

It is apparent that ui-hour sulijectivi, fo'vamts offe!r very litlteI ald-

Vantage over p?1514('-iste. The inaximumi forecast; gilin is achieved in thr,

winter (F'ig. 5) when an advantage of l0,lS over, persisiterive is alttillf-din tile*1northeastern "And northwesittin IT~ . While smaull, this forevjast wdvan;ctigc is
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not fortuitous; a r'ough estimate of tile pr-obable effect of obscr~vational linvertainl-

ties in these regions shows them to be anl order of magnitude smaller than the

forecast advantage. -

'Ihc results in summer- (Fig TO indicate a dlecisivye advantage for pei-sist onee.

In fact south of 40'N thle value of V'A is negative everywher-e, The only are-as of

positive foreccast advantage are nor-th of 40"N, revaching a noiximikini of abo~ut 5'ý;

in soot hein Canadaa At 200 lilt) the gain of sub ject ive fo iuo a sts is 1 Ven lessH tha n
ait 300 m b cx-c pt in thle so in in c wvhui-c the 200-mb valuies arcv I a i'go fov ýi fmw

Stat ions.

The puvfoi'nianec of 1 2-hour silbec~tiVV foreCa~stS (',;1h11V 0) Shm~ ak considet'-

able iinpiovi'nieit oVerý thet G-hoour iesiilts. Vlt vXaullple at 300liloh in wi utcli

the 12-hour fuorecamt advantaug is gicvatori thanui 20'1ý over, the nor~thealstviti wnd

nor~thwesterni IT. S. Also, in the suionuo the (ontoil of "xi-o :Idlv~itu ge At 300lit

lies along the souithern1 iubildl of the If. S.
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