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Abstract

T ’ Analysis of a large sample of wind forecasts for 6- and 12= hour periods )
reveals that subjective forecasts are lincarly related to the wind at the be- o
ginning of the forecast interval, This relationship enables one to develop a
regression equation hetween foreeast error and persistence errvor by means

of which it is possible to extend the results devived from this sample,

The variation of forecast and persistence errorvs with geography, level ‘

and season is discussed, [t is found that the maximum advantage of sub-
jective forecasts over persistence is 10% for G-hour periods and 20% for

12 -hour periods,
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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.

f Vector Magnitude: a capital letter.

F Angle betwcen 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
CE p  forecast period o . o - ’ o

i a particular ohservation
N total number of cases
ol vector variance of the wind (climatic variance)
[ standard vector deviation of the wind
v vector mean wind (magnitude)
VI'lE  vector variance of foreccast errors
MFE mean square error of subjective forccasts

; R root mean square error of subjective forecasts
MP mean gquarc crror of persistence forecasts
i RP root mean square error of persistence forecasts
r vector peraistence correlation
a, b, g congtants in lincar regression equations
] coefficient of correlaiion between an observed and an estimaterd
quantity

RVE  percent reduction in variance of persistence forecastg with respect
to elimatology

A forecast advantage over persistence

X1

MBI I <UL



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

I, INTRODUCTION

1.1 Background

Verification data for 6~ and 12-hour predictions of upper-tevel winds
are singularly lacking in the netecorological literatwre, The few verification
studies available are mainly concerned with 24-hour forecasts, sincc this is
the interval which has proved to he most applicable to a wide variety of mili-
tary and civilian operations (e, g, Mellae and Phillpot, 1959, Aubert of at,
1960, Darling and Tand, 1962), Howcever, the advent of jet aiveraft and mig-
giles, operating in an clectironically controlled environment where the time
seale is ever shrinking, has given rise to the need for acenrate shorl-period
wind forecasts, ‘The aim ol thig paper is {o specily oue present capability (o

provide such forcceasts,

The most complete data available on wind foreeast errors, hased on
data collected prior to 1958, ig contained in an Aiv Weather Service reporn
by Flsacsger (10567) which outlines the findings of many investipators coneern-
ing crrors in persistence and subjective forecasts for periods of 6 1o A8 hours
as a function of alimospheric level and season, However the vgefulness of this
report is lHmited by the fact that the 6-hour data were obtained entirely by
extrapolation lrom 12 and 24 houra,  Furthermore, the verification data Hrom
widely separated geographic regiong were combined to produce 4 set of moean
statistics, Thege erade procedures were necedsitated by the lack of an ade-

quate data sample at the time this report was writton,

Csemi-automatic Gromed Pnvironmnment,
(Author's manuse ript recersed tor publication, T8 May 1162)




In the past four years the 4th Weather Wing, Air Weather Service has

conducted a geries of wind forecast verification programs in an effort to
appraigse 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, NDecember 1958 through

\
DDecember 1959, 16 upper air stations inthe U, S, participated in this veri- |
fication program, The Air Weather Service hag published two preliminary 1
studies based on these data (4WWSS, 19569), summarizing the results which |
were of immediate concern to SAGE operators. Llack of manpower and the press

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

Ina reéent paper Darling and Kern (1961) demonstrate the crucial effect of

wind forecast errors on certain manned intercept tactics programmed for the . |

SAGE system, FEstimates of the magnitude of this wind effect suggest that ac- l

curate G6-hour forecasts would be needed to support these tactics, ﬁ
A study by Darling (1960) on weather requirements of the forthcoming auto- |

mated FAA® Air Traffic Control System indicates the desirability of wind pre-

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

computer, This conclugion was corroborated by an analysis performed hy

Borg~Warner (‘orporation (1961) under FAA contract.

In the courae of reviewing these and other operational problems it became
apparcnt to the author that a detailed survey of current wind forecaating capa-
bility for short periods was long overdue. Such a gsurvey would serve a dual
purpose; (1) it would provide a basig for evalnating our current capacity to sup-
port operations such as thoge eited above, (2) where deficiencies in capability
arce discovered the study would indicate the degree of improvement required and
henee the type of research program needed.  Accordingly, it was decided that
such a survey would be prepared at GRD, based on the 13 months of data col-

lected by the Air Weather Service,

Federal Aviation Agencey

= The avthor is indebted to Coll Robert Bundgaard, Scientific Servioey,
Hh Weather Wing, for his cooperation in furnighing these data,
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1.2 Data and Analysis

For each of the 16 stations (section 3) participating in the upper wind veri-
fication program the following data were tabulated by AWS units for the period
December 1958 through December 1950:

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

Levels: 30, 000 and 40, 000 feet.

Time: Time of the beginning and ending

of each forecast period, GMT,

Winds (direction Observed wind at the beginning
. of the forecast period, Sub-
[degrees] and speed jective wind forecast made at the

beginning and pertaining to the
—..end of the period,

end of the period,

Because the verifying procedure was carried out as a supplementary activity
by weather units in the field, therc were certain times when this duty had to
be neglected in favor of more urgent operational responsibilities. As a
result the station samples all contain gaps and in some casces entire months
are missing (c. g. one of the stations was moved from Albuquerque to 12l Paso
during the winter 1958-59), The total number of verifications possaible during
this period is 28, 512 six-hour forecasts and 12, 672 twelve~hour, The cor-
regponding actual numbers were 19, 749 (69%) and 8, 586 (68%), 'The number
of cases for cach station, level, month and season are ligted in the tablea

of Section 3,
The following quantities were computed from these data:

Vector variance of the wind - 1. e., the climatic variance,

Root muan square error of persistence forecasts. This {8 the error
which reaults when the measured wind at the beginning of o period ig used
as a forecast of the wind at the end of the period,

Root mean square ervor of subjective forecasts,
Hquations for computing these quantities are developed in Section 2, The eal-

culated monthly and seasonal errors are pregented and discugred in Section 4,

Through the application of regreaaton theory it ig proved in Scetion 4
that a subjective short-period forecast is casentinlly a incar function of

the observed wind at the beginning of the period, \Making use of this property,

Observed (verifying) wind ot the




a linear equation relating forecast error to persistence error is developed and
applied to & large sample of wind data to generate estimates of the forecast
error over the entire U, 5, for all seasons.

Finally, the relative merits of persistence and subjective forecasts are ‘
explored in detail, Charts showing the geographical distribution of quantities
measuring the performance of these two types of forecasts are presented.

2. METHODROLOGY

The equations used to compute the vector variance, forecast error and
- oo e persistence error are developed in this section, . The following terminology
has been adopted:

A capital letter with an arrow above it designates a vector, 'The absence
of an arrow over a capital letter indicates the magnitude of the vector - e, g,
V is the magnitude of V. Greck letters denote the angle hetween two veclors,
The following vectors appear in the eguations, (I'he subscript, i, denotes a

particular observation):

V1 the measured wind
\ the vector mean wind for a sample of N
observations
»
I)i vector deviation from the mean
.
1~i forecast wind vector
. I vecetor mean forecant wind
I, forecast error

the meagured wind at the G-p) th ohrervation,
wheve p g the forecaat periad
L]

I pevgidatence erron
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‘ Vector components are denoted by a lower case pair of letters, the first
of which is the same asg the vector designation and the second is either x
(west-east) or y (south-north)- e. g., ﬁi has components fxi and fyi.

2.1 Veetor Variance of the Wind. o2

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

! N2 -v?, 92, 2V,V cos 0O

where 0y is the angle between Vi and V.

By definition (Brooks, 1053):

Z, [v.2 + V2. 2v.T cos Q. (1
1 i=1 1 1 1

a
s
1
Zb—
Tz
)
"
—

Since \/i co8 0i is the component of Vi in the direction of V it follows

that

A

|
! IN L V, vos o, - v (2)
i1
Substituting (2) into (1) and reducing:
i <\' v 2
2 71 d v &}
9 TR
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Note that the first term is simply the mean sum of squares of N wind
speeds. The second term must he computed from wind components:

2 2

N N

Z vx; vy,
2 i1 i71 "}
v = \x— + N (4

2.2 Forecast Errors

The expression for the variance of forecast errora is derived.-from the

-
vector forecast error, kE,,

-F) - (V. -V) (5)

The vector variance of forecast errors, VI, is:

-7

VItE =2 1-:i2
N {=1
p N =2 <2 -
=& ‘L=/1 (l'i LA U | (Vi-V) -2 (l'l.‘ -1 (VX-V) coB oy

. = . =
where oy is the angle bet ween \.’i - Vand l-‘i -,

Substituting cquation (3):

N N
;J‘ w2 ;J v ? N
vip e — T L e? L2 e lry (v ST con (5m)
N N Ny ' !
1

The computation of VIFE {8 quite lengthy hecause of the last term in this

equatton which involves the fullowing caleulations:




Let ¢, be the direction of the vector, Fi -Fy

Then:

F, - F =[x -T2+ ay, - n?) ¥

_ Y —.2. 4
Vi =V o= vk - R4 vy, - V7]

¢, =tan
Jl'i =t
€, = ¢,

4 the direction of

s )
V., -V,
1

All of the above guantities must be computed for cach day and substi-

tuted into liquation (5) in order to determine VIE,

FEquation (5} can be simplified in the casce where the forecasts are

unbiaserd

ST P b
1 1 1

The mean square errvor of the forecasts, Ml, i8 defined hy the following

equation:

N
M

z|-

i

where ﬂi is the angle between \7i and l-.'i.

(ihe. V= 1),

LPRE JD U L
ZI..-:—- o V.

i
N i1

2

A - ta N
V- 2V cos B, ]

(6)

(6in)

Since Equation (6a) involves only veetor magnitudes and angles, 1t is passible

to compute M directly from tabulated valies of \7i and I-.'I, therehy avoiding

the recourse to components required in evalvating gquation (5a),




Although there is no reason to agsume that wind forecasts are biased it
was decided to test this hypothesis on actual data. Four months of 12-hour
forecast data for Portland, Maine were selected for this purpogse. Ouantities
computed were V, ¥, VFE and MF. The results, presented in Table 1, clearly

|

substantiate the hypothesis that V = I' as the small difference between these

two mean vectors is below the noise level of the data. As a conscquence VICLS
is very nearly equal to MF and we are justified in using Fquation (6a) vather

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

2.3 Persistence Errors

When the wind at the beginning c;f a forré‘;fﬁralg pcxiidd is use

as a forecast

of the wind at the end of the perind, p, then the error due to persistence may
be written:

Bo=V, -V, (N

N
- \" y 2L 2 2 , s
MP = — b3 I = [\Ji ' Vi-]l- 2 Vi Vi-p pn.qfl ] (70)

z
s

) .
where xi is the angle between Vi and \7i—|)‘

24 Persistence Correlition

Durst (1954) hag dervived the following expredasion far the streteh corre-

Iation, 1, between vectors \oand W

N :
v D . D
PRV W, )
pro Y2 .
)




Table 1. Wind Data, Portland, Maine; Winter
:\; vector mean wind.
:l_F vector mean forecast wind.
L L Vil variance of forecast errors.
S T TMF  moun square orror of foFeeasES: I S e
v W
Month| Year (Level| Direc- | 8peed | Direc~ | S8peed| VFE MF
K £t { tion {kts) | tion (kts) [(xto®) ] (kts?)
———— (dega) (deg.)
Dec 1958 | 30 261 79.6 261 81.8 1275 |1312
4o 260 76,3 259 76.1 | 686 682
Jan | 1959 | 30 267 | 76.9 | 269 | 79.8 |1030 |1034
40 270 7346 269 7642 928 929
Feb 1959 30 273 B2e5 272 85.0 {1396 1405
ho 278 88.6 276 86.7 | 806 822
Dac 1959 | 30 265 66.3 | 269 66.5 [1550 |1h54
40 260 5749 266 6146 700 758
win |Dec'S8} 30 268 7946 268 82.2 1262
LFeb'59| 40 270 7941 268 7943 812

e
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wheré ﬁv and Bw are deviations from the respective means; L and o

i i
are standard vector deviations. The dot in the numerator denotes a scalar pro-
duct, Inthe case where the two winds are measured at the beginning and end

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

V= Vi-p; W = Vi
vi-p s v1

= g%, the standard vector deviation of the wind, Tquation (8) then

" reduces to the vector pergistence correlation:

1 N, . 1 N
-y ni-p D, N l)i_p D cos g ("
p= NIEI = N =1
o? o

where N ig the angle between iSl P and ];i' Fixpressing Lquation (7) in termas

of deviations from the mean, substituting into Kquation {7a), reducing by the

law of cosines and introducing (9):
nel
MP = 26° (1-v) (10)

or

we o o(20-m) 1} (n

3. MONTHLY AND SFASONAL FORLCAST ERRORS

Fquations (3), (Ga), (7a) apd (1) of Section 2 have been uged to compute
monthly and geagonal values of the vector variance, forecast and persistence
mean square errors, and pergigtence correlation ot 30,000 and 40, 000 ft for the
thirteen-month period, December 1458 through December 1959, The forecaat
period was cither 6 or 12 hours for the following atations {synoptie index

numbers appear in parentheses):




11

6-hour forecasts 12-hour forecasts
Santa Monica 11 Paso (270)
International Falls (747) Montgomery (2206)
Sault Saint Marie (734) Spokane (785)

Great Falls (775) Flint, ddica.wa?)
Topeka (456) Qakland {493)

Norfolk (308) Seattle (793)
l.aGuardia (503) Oklahoma City (353)
Portland, Mainc (6086) Portland, Mainc (606)

Pepperrell AFB, Nfild (807)
Quantities tabulated are;
(4] standard vector deviation of the wind, knots

" RP -+ [ MP1}, root mean square errorof the persistence forecasts; knota————— — =

RiI*t - [ MI ]%. root mean square error of the subjective forecasts, knots
r the persistence correlation
N number of cases
Tables 2 and 3 contain the monthly data for 6 and 12 hours, respectively. A blank

in the tables indicates that data are either missing or insufficient,

3.1 Monthly Forecasts

These data are discussaed in the following paragraphs in terms of the varia-

tion of error with forecast period, forecast type, height, geography and time,
3,110 SIX-HOUR VS TWELVE-HOUR FORKCASTS

The effect of forecast period can best be seen by comparing the data
for Portland, Maince in Tables 2h (p. 21) and 3h (p, 30}, The 12-hour valuer of
RE and RE generally range from six to ten knots higher thun the corresponding
& hour values, The difference between 6~amd 12-hour errors is greatest in winter,
least in summer.  Antual average values of RE are about 24 kts for 6 hours and
A1 Kts for 12 hours,

31020 PERSISTENCE VS SURTECTIVE FORECARTS

The salient feature of the comparigon hetween RI? and REF is the
tendeney of persistence and forecast errors to vary in paraliel in the gense that
large values of R are associated with Jarge values of REF ard vioe versa,
Furthermaore, it may be scen that persistence errore of about 20 kts and above
are preponderantly associated with values of RF which are less than P, Cone
versely, for persistence errovs of less than 20 kts RE tends to be greater than
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the corresponding RP.
3.1.3. VARIATION OF ERRORS WITH HEIGHT

During the winter months forecast errors (both RP and RI) 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 wind exhibits the same

behavior,

3.1.4. GEOGRAPHICAL DISTRIBUTION

Both the six-and twelve-hour errors show the same type of dis-
tribution with geography. Centers of maximum error are located in the north-

castern and northwestern corners of the country. Smallest crrors occur over

- the north-central and-southern portions:—=Errors over the central’U—S;—are—

intermediate in magnitude,
3.1,5. ANNUAI, VARIATION

At 30,000 ft the general pattern of annual variation in forecast
crror consists of a marked minimum in the summer months and considerably
higher values during the remainder of the year, The maximum error may
oceur in any scason except summer, but winter seems to be the favored
time, At 40, 000 ft  minimum crrors tend to be regtstered in winter or spring;

maximum crrord in summer or fall,

3.2 Scasonal Forecasts

In order to inercase the sample size for cach errvor statistic with the
aim of achieving & more stable result the data for individual months were

combined into geasons in the following manner:

Months Season
Dec '58, Jan, eb '69 Winter
Aar, Apr, May 'h0 Spring
June, Jul, Aug 169 sumier
Sep, Oct, Nowv 'h9 FFall

Values of , NP, ME and v were computed for cach season using the same
cquations as before,  Six-hour crrars are shown in Table Ay 12-honr values
i Table b, The remanks an pagagraphs 4, 101 through S0 1,00, ahove apply

to these seasonal crrors,

&




Itd

13

INDEX TO TABLES 2, 3, 4, 5

Table 2. Monthly Wind Statistics and Six-Hour Forceast Frvors
Table 3. Monthly Wind Statistics and Twelve-lour Iforccast Frrors
Table 4. Seasonal Wind Statistics and Six-lour IForecast Iirrors
Table 8. Secasonal Wind Statistics and Twelve-Hour Forceast krrors

Table Number ) 2 3 4 5
Page Numbers
Symbols used in tables 14 23 31 34
Stations
¥1 Paso 23 34
lint 25 35
Great Falls 17 32
International i*alls 16 31
La Guardia 20 33
Montgomery 24 34
Norfolk 19 32
Oakland 27 35
Oklahoma City 29 a6
Pepperrell AR, Nfld 22 33
Portland, AMaine 21 K1) 44 40
Santa Monica 14 31
Sault Ste. Marie 16 31
Seattle 28 Ah
Spokane 26 34
Topeka 18 32
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Table 2, Monthly Wind Statistics and Six-Hour Forecast Errors

o 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.

number of cases.,

a. GANTA MONICA

Month Level a RP RF r N
(K £t) knots knots knota

._December 1958 30  27.3 16.6  16.9 .82 101 o

o mmmt :-. . - e IDIUI T LTIt 77‘00777\’15177716;7 77777 17.0 - ,—;8677‘7 1027777#77\ e

January 1959 30 33.6 23.2 20.7 .76 118

) 40 34,8 17,1 24,6 .88 112
b February 30 kb, 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

4o 3,4 19} 18.7 o84 114

April 30 33,8 17.7 17.0 .86 116

4o 35.5 17.0 18.4 .88 114

May 30 33.1 20,9 19.3 .80 11k

40 27.5 15.7 16.6 «84 110

June 30 21,9 13,2 14,0 .82 111

Lo 27.1 15,4 15.5 84 105

July 30 19,0 8.3 13.1 «91 109

Lo 24.8 1041 10,1 «92 134

August 30 21.4 12,4 12.3 84 117

Lo 29,2 12,2 13.1 «91 119

September 20 22.2 1k.2 13,2 .80 111

ko 26.1 14,7 14,3 o84 108

QOctober 30 31.8 18.s 17.3 .83 118

ko 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

Decambar 30 h7.8  25.4 21.9 .86 112

) 56,0 22.6 16.1 .92 99

RN LA
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Cable 2. Monthly Wind Statistics and Six-Hour Forecast Frrors
{continued)

b. INIERNATIONAL FALLA (747)

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

December 1958 30
40

T o s 2 )
E U rannasy 1080 30 43,5 Zh.y 26,8 J42 111 .
Lo 23,8 15,4 20.6 +90 102
February 30 40,7 24,8 23.6 .81 100
ho 25,9 15.6 16,3 .82 98
March 30 40.5  30.0 27.2 o773 98
40 19.7 12.8 13.3 «79 97
April 30 49,8  27.4 25,7 .85 g6
40 27,0  16.5 15.9 .81 93
May 30 51.7 16.0 28.2 «95 101
40 b b 21,3 23,2 .88 96
June 30 39,1  2h4.1 20.8 .81 95
40 h2,0 22,8 21.0 .85 91
July 30 31.3 22,1 15,9 «75 104
40 3.2 22.7 18.0 .78 104
August 30 36.9 21.6 27.1 .83 92
40 37,0 22,0 20.0 .82 94
September 30 L. 28,2 22.9 .82 105
40 ba,2  26.8 23.1 « 80 95
October 30 45,3 29.8 21.7 .78 94
40 39.0 17.4 12.9 «90 91
November 30 5549 12.0 26,8 8N 101
Lo b1.3 22.7 19.h .85 38
December 30 525 2545 28,7 .88 102
40 36,9 21,7 21,7 .83 95
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ce SAULT STE MARIE (734)

Table 2, Monthly Wind Statistics and Six-Hour Forecast Frrors (continued)

Month Level [’} RP RF r N
(K £t) knots knots knote
Decembar 1958 30 39,5 28.8 251 «?73 106
ho 23,7 16.6 1640 «76 103
CamInienuary 1959 - 30 - 50,8 27,k 20,6 L85 103 .. ...
40 37.6 17.4 1641 ) 95
February 30 by Lk 30,5 293 76 83
4o 28.0 17.9 19.3 .80 73
March 30 45,2 29.0 233 +79 109
Lo 234 17.4 15.5 .72 101
April 30 bo.2 25.2 21.1 8k 98
Lo 29.6 19,3 1449 +79 92
May 30 39,0 26.9 2he? «76 10%
Lo 36,6 25.1 19.9 .76 101
June 30 40,9  2h.h 2042 .82 106
40 L3,7 22.3 18.0 .87 101
July 30 33,6 18.3 15.0 .85 91
Lo 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
Saptember 30 46,5 30.8 2349 .78 95
40 42,0  25.1 2643 .82 90
October 30 43,0 28.0 22.0 79 106
Lo 38,2 20,5 8.6 .86 101
Novembar 30 52.2 29.1 13.5 «84 90
Lo 39.3 18.0 18.0 .89 77
December 30 51.7 27.2 2h.8 .86 106
4o 30,3  16.4 15.8 «85 95

i
TN
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Table 2. Monthly Wind Statistics and Six-Hour Forecast Frrors

(continued)
d. GREAT FALLS (275)
Month Level ¢ RP RF r N
(K ft) knots knots knots
December 1958 30 k5.5 31.6 31.5 ' 76 90 -
o elm s ereeron mhoTIEoTEa meioc eoee oo sen B0 35,3 - 23,2 - 247 78 85 --iimETmE T
¥ January 1059 30 b6.1  2B.2  25.8 LB 112
E 4o 33e7  20.3 22.9 .82 98
A Februury 30 b b4 25,9 25.8 .83 84
; 4o 2648 10.7 13.2 «92 80
' March 30 46,8 29,9 32,1 .80 118
4o 29.4 16,2 19.5 «85 113
April 30 51,0 2545 273 .88 94
Lo 36,0 18,5 20.7 «87 92
May 30 4E.h 16,8 2346 +93 101
Lo 33,5 19.9 19,1 82 97
June 30 33,8 22.7 23.9 «77 102
ko 35,5 20.9 23.9 .83 102
July 30 30.4  19.3 19.5 .80 118
40 4h,1 36,2 36,3 «66 118
August 30 34,0  26.1 25.4 «?70 114
4o 35.5 1946 21,3 .85 105
Septembter 30 40.3 2561 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)

e. TOPEKA (496)
Month Level 4 RP RF r N
(K ft) knots knots knots
December 1953 30 45,4 29,2 272 «79 76
40 33,0 19.0 18.4 +84 69
T January 1959 30 50,0 30.3 29,0 .82 96 o — =
40 4s,2  22.5 2243 .88 79
February 30 34,9 28,0 20.3 .68 87
40 37.5 26,4 20.1 «?5 70
March 30 bi,5 30,0 2845 o7k 104
40 25.0 2242 17.4 61 99
April 30 45,9 26,1 22.2 84 97
40 40,0  20.7 21.1 .86 92
HI’ 30 310? 2‘009 2249 069 96
4o 35,7 2647 23.6 72 92
Juns 30 23.7 152 bt «79 95
Lo 32,6 20.6 21.9 .80 88
July 30 26,7 2l.1 21.5 .69 100
40 29.2 2ha7 24,5 o6 99
‘“‘u.t 30 26.3 18.0 17.5 77 68
4o 35,6 22.2 22.0 .81 65
September 30 33.5 1844 15,7 .85 92
40 37.4 2847 2hoh W71 89
October 0 43,1 30.4 28.2 75 97
(%] 0.5 2844 27.0 75 9
November 30. 47.2  30.5 27.6 79 111
Lo 40,3 25.5 26.0 .80 102
December 30 b3.4 3l.3 272 o« 7h 107
40 44,0  25.7 2642 «83 89




Table 2. Monthly Wind Statistics and Six-Hour Forecast Errors
(continued)
f. NORFOLK (308)
Month Level c RP RF r N
(K ft) knote knots knots
December 1958 30 Ly 32,5 3349 .73 35
,,,,,,,,,,,,, ho ~ bbe5 27.8 2603 L8031
January 1959 30 kho8 30,3 2h.7 .77 83
Lo 37.2 20,6 28.0 .85 61
February 30 4ok 28.9 2746 «7h 78
% “OIB 29.1 29.“ .?q 2
March 30 49,0 37,0 25.6 .72 86
Lo 35.4 22,6 23.6 .80 70
April 30 36,6 27.k 22.2 .72 101
ho 39.1 22.5 21.4 .83 9?7
May 30 38.0 18.1 19.2 .89 108
ho 36.5 18.3 1747 . 98
Juns 30 33.4  17.8 15.8 .86 110
4o 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
Auguat 30 2547 13.2 Chob .87 99
40 37.3  17.6 15.6 .89 87
Septembar 30 28.8 12.3 13,4 .91 96
4o 39.7 17.8 17.7 «90 93
Dotobar 30 38.6 19.8 17.0 .87 107
4o 45,6 24,7 22.4 .85 101
November 30 40,1 29.3 2l b «73 9
Lo 43,2 23,0 24,0 .86 87
Decenber 30 51.6 32.2 27.2 .80 102
40 k5,5 29,7 2641 «79 68
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Table 2, Monthly Wind Statistics and Six-Hour Forccast Isrrors {continued)

8+ LAQUARDIA (503)

Mouth Level o RP RF r N
) (k ft) knote knots knots
I — o ,,,;,,\,—,;;;,;::,f,,:,:,W,D.conbtr,‘l95§,—,“ 3077 . “‘707 3605 3“.’* o 71 79
. bo T 35,0 2341 22s7 .78 - 62 . e
January 1959 20 50.5 26.8 27.0 .86 92
4o 37.5 24,1 23,0 79 ?7
February 30 45,9 34,0 31.1 .73 82
Lo 3641 2744 28.2 «71 69
March 30 47.9 32,8 28.7 .76 95
40 33,6 21,0 18.8 .80 86
April 30 b7.3  37.8 33,7 .68 89 ‘
4o 38,9 25.3 22.2 «79 88
May 30 Liy b 19.9 21.4 «90 116
4o Le,2 23,0 21.5 .88 101
June 30 311 23.5 234 72 110
ko 37.3  2l.7 20,2 .83 108
July 30 277 1749 15.2 .79 105
4o 36.6 21.2 18.3 .83 105
August 30 25¢3  17.2 17.0 .77 108
Lo 38,5 20,3 13.9 +86 108
September 30 5.6 18,8 19.5 .86 106
4o 43,7 2h,2 2047 .85 104
October 30 oL 22,3 20,3 .85 102
4o k2.8 24,5 26.5 Bl 98
Novamber 30 48,2  29.2 25.6 .82 89
Lo 44,0 24,7 24,9 .84 80
Decenter 10
ho




Table 2. Monthly Wind Statistics and Six-Hour IForecast Errors
(continued)
h. PORTLANR (606)
Month Level [ RP RF r N
(K 1t) knots knots knots
December 1958 20
_ e e WO U
January 1959 20 47.3  28.2 28.8 .82 91
Lo 37.2 19.6 21.0 .86 87
February 30 46.8 33,7 273 74 90
40 34,3 26.0 2245 .71 73
March 30 b6.6  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 L1 53
Muy 30 39,7  22.4 19.1 .84 106
40 39,6 20.9 19.4 »86 102
June 30 h2,9 22,7 23,8 .86 101
4o 47,0  18.5 17.5 92 95
July 30 34 a7.3 18.9 .68 95
L0 1.0  25.1 2049 .81 91
August 30 33,8 2044 22.8 B2 81
4o 43,0 22.9 264h 86 76
September 30 38.6 2C.3 721.0 .86 87
e h2.8 21.5 2346 87 83
October 30 37,5 2642 22 .76 89
Lo 35,3 25.7 22.7 o4 86
November 30 46.6  3h.3 29.0 ') 90
Lo 1.7  25.. 2l.9 B2 r
December 10 47.9 34,5 b 71
Lo 28.6 18.7 15.4 60
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Table 2, Monthly Wind Statistics and Six-Hour Forecast Errors (continued)

i. PEPPERRELL (807)

Month Level (-4 RP RF r N
(K ft) knots knots knots

Decembasr 1958 20
o

S TR T T e e e ey 1959 T T30 T 4802 30,0 2447

4o 37.6 19.6 16.8 .86 99

February 30 h6,6 28,1 28.8 .82 83
4o 33,0 18,4 17.7 .85 83

¢ March 30 h6,2 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 2749 2641 .88 112
4o 50,9 24.8 24,2 .88 106

July 30 38,2 24.0 24,3 .80 117
40 Ll.b4 24,5 26,0 .82 116

August 30 37.3  22.0 23.1 .83 114
40 b 22,4 21.8 .88 116

September 30 3.1 29.3 31.6 .77 120
40 Lh,7?  26.b4 28.0 .83 120

October 30 49,8 30.8 31.2 .81 12h
40 L6.8 30,0 28.5 .80 11y

November 30 527 33,1 32.7 .80 112
40 k5,1 29.6 28.2 .78 9%

December 30 49,0 35.6 33,8 . 7h 109
Lo 31.0 18.3 18,6 .83 102

g y00 T
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors
¢ 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.

number of cases,

a. EL PASQ (270)
Month Level (-4 RP RP r N
ez P (K ft) knots knots knots
~ " Decemver 1958 30  —  — — — - Emm—
4o !
January 1959 30 |
40
February 30
4o {
March 30 25.6 34,6 37.h .09 15
40 28,0 30.9 32.6 «39 1h4
April 30 20,5 16.0 18.4 .69 31
40 30,3 2h.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
Lo 30,3 23.0 23.9 7 48
]
July 30 16.8 14,3 14,8 .64 5k
4o 21,1 18,8 18.9 .60 54
|
Auguat 30 12.8 10,7  10.7 .65 52 |
d0  17.5 16.h 16,7 .56 54 ‘
Septeaber 30 20,8 16,3 14,8 +70 49 ‘
40 2h,1 16,0 16.6 .78 h3
October 30 29.4 24,1 21.2 66 Ll
40 28.3 26,1 23.7 %8 38
November 30 28,4 28,7 24,6 49 3
Lo 26.3  27.h4 2547 o6 18
December 30 31,5 34,3 31.5 Wil 23
Lo 23.4 27,8 33.9 .29 13




Monthly Wind Statistics and Twelve-Hour Forceast Errors (continued)

b. MONTGOMERY (226)

LADLR L T il BT

Month Level [+ RP r N
(K ft) knots knots
December 1958 20
Lo
January 1959 .. 30 __ 36,2 3247 59 . 5
4o 35,2 32.6 «57 51
February 30 35.8  M.7 «53 54
40 34,5 2941 64 L6
March 30 37.0 33,3 »60 50
Lo 38.7  32.0 66 131
April 20 35.2 26,0 73 36
Lo h2.,7 33,5 +69 33
May 30 25:5 1%.8 .81 56
Lo 34,5 31.3 «59 56
June 30 25.9 19.2 .72 59
40 35.6 24.9 75 58
July 30 17.0 13.9 67 59
40 22.0  17.2 « 70 59
August 30 19.1 1642 6h 60
1o} 25.2 19,3 «71 60
September 10 2l.1 17.7 «65 55
Lo 25.6  21.8 64 5h
October 30 33.3 23.8 o7k 56
40 h1.4 26,5 .80 50
November 30
4o
Dacember 30 372.7 38,2 49 52
40 38,3 9.1 L8 51



Table 3. Monthly Wind Statistics and Twelve-tour Forecast Llrrors

(continued)
.
d. ELINT (637)
Month Level a RP RF r N
(K ft) knots knots knots
December 1958 30 41,5 AW7.6 h2.6 o34
S e . WO 220W 1606 23,0 .73
January 1959 30 51.0 42,1  32.3 .66
40 37,0 28,4 23.9 .71
February 30 39.3  38.1 3343 +53
40 29.1 27.6 24,0 «55
March 30 38,1 Lo.1 3043 45
. 40 22.5 222 18.5 51
April 30 40,6 43,3 32,6 A3
40 29,1 25.0 17.5 .63
May 30 32.3  25.7 22.2 .68
40 33,5 }0.14 24,7 + 09
June 30 }7-5 2h.6 19.1 o?a
) 4,0  30.2 2k.5 .78
July 30 28.4 25.9 17.1 .58
40 33,4 274 25.7 66
August 30 2h.5  21.7 19.7 « 64
LTe] 3l.2 L,0 22.5 « 70
September 30
Lo
October 30
40
November 30
40
December 30

40
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors (continued)

. Nea ceheees 2w
[ R i

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

December 1958 30

40
January 1959 30 52.4 40,1 37.1 .71 62
4o 37.2  25.5 25.8 77 58
L]
. February = 30  45.1 35.0 29.0 «70 Sh
- UL T TR 31,8 21,0 2,3 T .78 sk -
March 30 48,8 46.8 37.1 » 5k 62
40 26,2  23.1 22.5 +61 62
April 30 49,1 31.9 32.4 .79 56
40 42,0 245 19.1 .83 54 ‘
May 30 47,8 29.0 32.3 .82 58
4o 36,6 21.7 17.3 .82 58
June 30 38.6 28.3 16.8 .73 56
4o 37.5 27.2 2.9 .74 52
July 30 28.5 27.3 17.9 « 54 60
Lo 23,0 235 20,9 8 60
August 30 37.0  28.4 2,7 .70 62
40 38,9 30.5 25.9 .69 62
September 30 53,5 37.9 34,8 «75 58
Lo b6 b 28,4 22,9 ) 57
October 30 “h,8 39,0 2.2 75 &
40 h5.8 32,2 26,1 o 75 57
November 30 46,5 43,7 21.b .56 60
40 41.3  35.9 29.8 .62 51
December 10 50.7  45.5 35.5 .60 62
40 2.4 2844 28.1 71 60
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Krrors
(continued)
o. QAKLAND (%93)
Month Lavel a RP RF r N
(K f+) knots knots knots
December 1958 30 3.9 2643 24.5 .66 50
et e 0 T WD 03203 2047 230 W77 50 S
January 1959 30 45,1 33.4 30,9 .73 57 v
40 Lz.6 3304 32,3 .71 5h
February 30 50.5 33.8 29.9 .78 L3
] 32,7 24.9 22.6 .71 38
March 30 29.1 28.0 24,8 54 60
Lo 30.6  31.3 28.1 .48 56
April 30 34,7  28.0 25.9 .68 58
Lo 34,0 23.6 26.2 «76 59
May 30 b2,0 36,3 33.2 «63 62
40 35.8 28.2 29.0 .69 62
June 30 31.8 2243 20,5 «?5 57
Lo 18,0 28.6 23.3 72 58
July 30 18.4 16.0 14,5 .62 56
40 21.9 18.5 18.7 .6h 56
August 30 28,2 21,6 22.2 .71 58
Lo 31,9 23.5 23.5 +73 58
September 30 37.1 26,3 24.7 75 58
ko 39.1 27.8 20.6 «75 57
October 30 32,6 24.0 24,3 «73 53
4o 34,4 30,7 26,5 .60 55
November 30 28.8 28,6 28.2 «51 49
ho 31.6 30,6 31.5 .53 48
. Decenber 30 h6.2  35.7 33.0 .70 48
Lo b7.7 40,3 30, b -6l 36

B wuperser it ot
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Table 3. Monthly Wind Statistics and Twelve-Hour Forecast Errors (continued)

f. SEATTLE (29%)
Month Level [+4 RP RF r N
(K ft) knots knots knots
December 1958 30 hl.2  37.3 38.7 «59 34
Lo 31.8 29.5 32.1 «57 33
. ':"Wiinﬁifyﬁlgjéfj': V,:':Bo,m,,,,,SS.o ,,,,, ‘.7 ;o ,,,,:;“2;8 - ';7“;,',% i,7'58 oliITTl oTememoiricc T ,:;,,,,;;:j ek
40 44,6 28.7 25,8 «79 58 :
February 20 48.2 37.0 36.8 «70 54 .
Lo 34,2 21,6 21.7 .80 54
March 30 47.7 49,7 Lo.9 46 58
%) 30.0 28.6 2h,1 o 5h 58 ‘
April, 30 51.3 43,1 38.9 .65 60
4o 38.2 2h,2 24,6 .80 60
May 30 S5h.5  35.2 34,9 <79 62
40 37.7 22.8 2.3 .82 62
June 30 Lo,0 30.9 28.7 .70 60
40 35.1  25.7 23.5 o73 60
July 30 30.6 27.2 24,2 +80 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
ko 56.3  27.6  25.2 .88 sk
October 30 50.2 40.9 35.3 67 62
40 b2.3 34,6 39.6 .66 57
November 30 4u,b W3.5 39,2 252 56
ho 38,9 36,2 31,9 57 53
December 30 $3.6 18.7 42.1 +59 58
40 45,0 5.4 30.4 .69 53
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Table 3. Monthly Wind Statistics and Twelve~-Hour Forecast Errors
(continued)

g- OKLAHOMA CITY (333)

Month Level -] RP RF T N
(K ft) knots knots knots

December 1958 20

e e L LR L -
January 1959 30
Lo
Fabruary 30
Lo
March 30 42.5 35,9 35,4 6L 41
40 31.8 27.? 27.2 .62 35
April 30 39.5 36,5 30,2 57 56
4o 37.8 29,2 21.4 +70 56
May 30 23,9  2h.1 20,4 49 48
Lo 32,6 33.3 28.6 W48 L8
June 30 28,3 2940 2b 4 47 52
40 39,2 34,6 33,2 .61 48
July 30 26,0 21.6 20.5 W66 57
Lo 28.4 21,9 23,0 .70 58
August 30 20.6  14.Y 13,9 :75 %8
Lo 2249 16.6 14,8 7h 58
September 30 28,1  20.6 20,1 W73 58
40 3.1 25%.8 24,8 66 )
October 30 32.4 29,2 25.7 +59 7
L0 35.9 31,1 29.5 .63 97
November 30 b5.5  bLp.3 35.1 W57 Hh
40 b0.1 37,7 36,0 +56 Ly
Decenber 30 h4,9  4o.2 50,8 .60 60
40 42.5 36.6 29.3 .63 (43

et ARGt 5 o et Eed S S L e
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Table 3.

Monthly Wind Statistics and Twelve~Hour Forecast Errors (continued)

h. PORTLAND (606)
Month Level [ 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 ...... 4840 39.8.-. - 32,2 .66 30 __ - .-

R - Lo 38,2 34,0 30.5 .60 30
February 30 45,8 45,4 375 .0 38
)] 39,0 33,4 28.7 .63 33
March 30 43,4 45,0 37.1 A6 51
4o 28.4  26.3 22,5 «57 50
April 30 49,2 44,5 32,7 «59 56
40 3h,1 28,6 25.8 «65 48
May 30 39.9 28.8 29.5 74 56
4o ho.,2  31.9 27.8 .68 58
June 30 41,7  29.4 25.0 oy 55
4o 48,5  29.6 27.6 .81 54
July 30 35,0 28.5 23.8 67 49
Lo 44,1 32,3 28.6 73 51
August 30 b 2h.7 25,1 o 7h 55
40 b4, 28.0 26.2 .80 5L
September 30 38.2 33.8 33,3 .61 His
40 39.8  29.1 29.8 o73 53
October 30 39.3% 34,0 2247 .62 50
40 37.9  32.9 32,8 .62 46
November 30 48,8 h9.4 I6.4 g 91
Lo 45,7 34,9 33,2 .71 Ly
December 30 5041 b6.1 38.1 L
Lo 34,6 31,4 27.5 31




Table 4. Seasonal Wind Statistics and Six-Hour Forecast Errors
4 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.
number of cases,

a. SANTA MONICA
Season Level 4 RP RF r N

(K ft) knots knots knots
o . _wnter . _ . 30 36,5 21,9 19,3 .82 306

T S e AR e TR0 33,7 17.1 19.8
0 2.1. 19,7 18.3 .81 346
Spring 50 gu.h 17.k4 18.0 .87 338
Summer 30 21.9 11.5 13.2 .86 337

40 28.3 12.7 13.0 «90 338

Fall 30 29.4 17.5 16.9 .89 546
40 3,1 17.9 17.1 .86 338

b. INTERNATIONAL FALLS (747)

0 42.5 25.6 25.4 .82 211
vinter l}.o 30.4 15.5 18.6 .87 200

0 49,1  25.1 27.0 .87 295
fpring o sh.h 17.2  18.0 .88 286

0 374 22.6 21.5 .82 291
Sunner 30 39.5 23.2 19.6 .83 289

Fall 30 50.5  30.0 23.9 .82 300
ko B, 22.7 19.0 .85 274

wint 20 b5.6 28.8 24,9 .80 292
ner 40 31,1 17.2 17.0 .85 271

]
0 43.6 27.2 23.1 .81 312
i sprine zo 31,0 20.6 17.1 .78 294
‘ 5.9 20.6 18.4 .83 103
d Sumser u}g ;8.6 22.1 18,4 RN 285
' 0 2.4 29.3 20,k JB1 291
Fait io 40,2 21,7 18.8 .86 268

7,;87 - 2%7,,,1;'”,,,? et e el |
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Table 4.

Seasonal Wind Statistics and Six-Hour Forecast Frrors (continued)

d. GREAT FALLS (275)

Season Lavel a RP RF r N
(K _ft) knots knots _ knots
Winter 30 46,7 28.7 27.7 .81 286
- - - e ,;,::,;;;,:[.Q,,,7,3lho,,

Spring 30 5041  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
Lo 35.2 19.3 21.1 .85 325

Fall 30
(]

e. TOPEKA (456)

Vinter 30 hs.4 29,2 25.8 .79 259
40 4.8 22.8 20.4 -1 218

Spring 30 .1 27.2 24,8 .78 297
Lo 35,3 23,3 20.8 .78 283

Summer 30 26,1 18,3 16.9 .75 263
Lo 32,9 22.7 23.0 .76 252

Fall 30 45.0 27.3 24,8 .82 300
Lo 43.5 27.5 25.8 .80 282

f. NORMQLK (308)

Winter 30 43,7 30,2 27.7 76 196
Lo bl.9 25.8 28.3 .81 154

Spring 30 464 27.9 22,2 .82 295
Lo 42,8 21.1 20,7 .88 265

Sumaer 30 27.7 14.8 11.9 .86 310
Lo 34,7 18,2 17.0 .86 287

Fall 30 bo.6  21.5 18.7 .86 297
Lo 48,4 22.1 21.% .90 281

29,0 - 2L L B 263 1 T T o




Table 4, Seasonal Wind Statistics and Six-Hour Forecast Jirrors

{continued)

g. LAGUARDIA (503)

Season Level o RP RF r N
(K ft) knots knots knots
Winter .30 49,6  32.4 30.8 «79 253
T T TR0 3,7 25,0 24k, 898 —-208--
Spring 30 49,0 30,3 27,9 .81 300
Lo k3,4 23,2 20.9 .86 275
Summar 30 28,8 19,8 18.9 «76 323
Lo 38,3 21,1 19.5 .85 321
Fall 30 b4,7 23,5 21.7 .86 297
Lo k6.5 24,5 24,0 .86 282
h, PORTLAND (6062
Winter 30 48,0 31.1 28.1 .79 181
Lo 36.8 22,7 217 .81 160
Spring 30 45,9 28,1 23.2 .81 298
4o 7.6 19,8 19,1 .86 283
Summer 30 38 23,7 21.9 .81 277
Lo L, 6 22.3 21.6 .88 262
Fall 30 hy,5  27.6 2l b .83 266
4o 6,7 ah.2 22.7 .86 2h3
i. PEPPE 2o
Winter 30 47,7  29.2 26.6 .81 183
Lo 35.8 19.0 17.2 .86 182
Spring 30 5B.7  32.5 3,1 .85 316
40 40,8 20,2 22.3 .88 105
Summer 30 hh,9  2h.7 2h.5 R LR
4o h6.2 23.9 2,1 85 3118
Fall 30 %1.7 3.0 3, .62 356
Lo k7.9  28.6 28.2 N 3L

33




34

Table 5. Seasonal 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.

T twelve-hour persistence correlation,
N number of cases,
a. EL PASO (270)
Season Level o RP RF r N
(K ft) knots knots knots
T 7‘*’15’".’; Tt Tt "’30"7*7%”;f' T T T I T T T T T’

4o

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
4o 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. MONTQQMERY (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

Sumner 30 23,0  16.6 17.4 »7h 178
40 31,0 20,7 20.9 .78 177

Fall 20 31.4 21,0 20,1 78 111
Lo 38,2 24,2 22.8 .80 104

¢, SPOKANI (785)

Winter 30 52.5 37.8 33,6 o7k 116
4o 37,5  23.U4 295.1 .80 112
Spring 30 51,0 37.0 3,1 o Th 176
40 36,6 23,1 19.8 .80 174
Summer 30 35.7 28.0 20.2 .69 178
ho 3h,6  27.3% 2h,0 .69 174
Fall 10 55.9 40,3 33,8 o7l 180
4o 48,1 32.2 26.3 .78 165
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Table 5, Seasonal Wind Statistics and Twelve~-Hour Forecast Errors

(continued)
d. FLINT (637)
Season Level 4 RP RF r N
(K £t} knots knots knots
e e Coeeooo . . Winter - 30 . 45,3 42,8 _ 36,2 .56 132 L
: T - T T ho 31.7 25,0 - 23,6 W69 N6 T T T T e T
i Spring 30 7.6 36,9 28,6 .52 155
Lo 29.0 26,2 20.6 «59 149
Summer 30 32,3 24,3 18.6 72 149
40 38.3 27.4 2k.3 o 74 145
Fall 0
4o
e. UAKLAND (493)
Winter 20 43,6 31,3 28.6 o7k 150
40 38.3  27.5 26,8 74 142
8pring 30 36,6 31,1 28,3 6k 180
Lo 3,9 27,8 27.8 .68 177
Summer 30 27.7 20,2 19.4 .74 171
40 32.8 23.9 22,0 e 74 172
Fall 30 4,1 26,3 25.7 .70 160
Lo 36,2 29.7 26.3 .66 160
f. SEATTLE (293)
Wintar 30 56,7 b41,3 39.7 73 146
Lo hl.2 26.5 26,0 .79 145
8pring 30 sh,2 k2,9 38,2 .69 180
Lo 37.1  25.3 23.4 «77? 180
Summer 30 36.4 28.6 26,0 .69 178
Lo 33.9 26,2 24,1 .70 176
- Fall 30 52.8 40.3 36,1 .71 174
) 40 L8.0 33,0 32,9 .76 164

T REWR R I
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Table 5, Seasonal Wind Statistics and Twelve-Hour Forecast Frrors

(continued)
g. OELAHOMA CITY (35%)
Season Level o RP RF r N
(K ft) knots knots knots
Winter 30
4o
Spri 30 36.8 32,7 29.1 .60 145
pring Lo 36.8 30,3 25.6 .66 139
8 30 2h.8 22,3 19.9 .60 167
uamer 40 31.0 24,8 2b.2 .68 164
Fall 30 38,2 31.9 27.6 .65 171
Lo 38,7  31.9 3044 .66 167
h. PORTLAND (€06)
Winter 30 48.0  45.9 35.5 .50 97
Lo 38.8 32.2 28,9 .66 92
Spring 30 7.6  Lo,0 33,1 .65 163
4o 38,1  29.2 25.6 .71 156
Summer 30 38,3 27.6 2h.7 . 7h 159
ho 46,7 29.9 2745 «79 159
Fall 10 8.7  39.7 31.5 .67 194
Lo 47.8 32,2 31,8 7 1k




4. GENERALIZATION OF RESULTS

4.1  Application of Regression Theory
The results in section 3 can be generalized by a straightforward apph-
cation of regression theory, l.ct us assume that the forecast wind vector,

I:‘, is a linear function of the observed wind at the beginning of the fore-

cast period, Vi-—p‘

T e Vi —%?) b B
where b is a constant to be determined by least squarces,
IF'rom kquation (5)
AR TN VRS b2 (12)

. 9 9
PO DS bhODT - 2hiD, D, cos O,
-p i i-p i

wheroe ”i’ is the ingle between I)i and ”i~

])
N N
\ ) 0 Y ‘) Rl
ae - Loy b LA (o2 sonn b cona
N N i i-p Voiep i
i1 i-1
2 L B
o v 1 a? - ot a® (12a)

hy Fipations (1) and (D),

Thus M @ (1 = 20 + b))

Differentiating with respect to hoand settang the resalt equal 1o sero we find:
bhoor

Henee

ME et - ()
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Substituting (10):

.2
MF =-2-Y _ MP
2 (1-r)
=[1+ r} MP (14)
2
or
H
RF = [1 * "] RP (14a)
2

Ioquation (14a) explains the parallel fluctuation of R1* and RP noted in

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

correlations in Tables 4 and 5 arce seen to vary between about , 6 and , 9 for

¥
~---paragraph 3, 1.-2;- -Although the coefficient,-—[—&g] » is not a congtant it is

1

+p] *

which [1—‘—'—] varies between . 89 and , 97. Thig suggests that a linear
2

regression equation linking RE and RP should fit the error data guite well,
In order to test this idea a linear equation of similar form to (14a) was fitted
to the data in ‘Tables 4 und 5 by least squares. The regression coefficient

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

particular case, Standard crrors werce also computed for the two equations,

. 2 2 . - -
Tty = RIFand x = RP, ay and g, arcvariances, x and 'y are mean values,
pis the coefficient of correlation between x and y, and 18 a congtant,

In general:

¥y © B (15)

The mean aquare error of y is:

N
L v . 2
M N ['y‘x {lxiJ
E ]
N
1 : = - . - 2
TN ‘L_l [(,\»i-y) -4 (xi—x) L (N x)] .
2 2 2 Yy Ve L am?
ag [ x 2 i3n ay o & - ax) (16}
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Differentiating with respect to g and setting the result equal to zero:

poO, +XY

g= Yx* - (a7
2 2
0, +%
Thus
po_ o, + RY
z AR X, (11)

Yi P i
o S

Comparing the coefficients in Equations (14a) and (17) for the G-hour data
at 30, 000 ft. (Table 4) where the average persistence correlation is seen to

be about 0,8, we find:
3
I:Lf_‘ = .05
2

I'rom Table 4 the following values were computed:

p = .88 X = 205,33 kts
Ux = 5,01 kts v = 23,36 kta
[+4 = 4, 91 kts
Yy

Substituting these values into (17):

fi=.02
Thus it i evident that Kquations (14a) and (18) are essentially identical in
this case, As a final check the standard error of estimate, Sk, was computed
for both equations, using Iquation {16) (i. e. HI".Z = My) with the appropriate
value of 8. For Equation (I4a) 81 - 2, 8 kta; for Fquation (18) 817 - 2, 4 kis.

The foregoing analysia indicates that the assumption of a linear relation
between the forecast wind and the existing wind at forecast time is indeed villid,
urthermore the relationship is a strong one, aceounting for all but 23% of the
random variabiaity of RF for i-hour forecasts at 30,000 feet,  However, one
additional point should be taken into consideration, namely the fact that RI¥
tends to be greater than RP for values of RP less than abxout 20 kts, In an
attemipt to acecount for this behavior the form of quation (15) war expanded to

inchide a constant term, a:

ypTal b ox (1)
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Again applying least squares the constants are found to be g

where the symbols are the same as in Equation (18),

Initially, four linear regression equations of the form (19) were developed
from the data in Tables 4 and 5, one for each level and forecast period.

The results were as follows:

= .- - -Forgcast period, hrs. 6 6 1 12 T
IL.evel, Kft 30 40 30 40
Number of cases 35 35 29 29
a 1. 58 3. 45 3. 88 3. 86
b 0. 86 0,81 0,76 079
p 0. 88 0. 84 0. 05 0,84
Standard error, kts 2.4 1.8 2,2 1.9

It is apparent that the four equations are sufficiently similar to warrant combin-
ing all the data into a single equation, The resulting relation ia:

RI* = 3,964 0. 773RDP @n

for which the number of cases is 128, p =, 93 and the standard error of eati-
mate is 2, 0 kta. ‘This equation accounts for all but 14% of the random varian-

bility of RI for all levels, seasons and forcecast periods, Solving (20} we find

K Z RP when RP 5 17,2 which agrees very well with the datar,

4.2 Persistence Frrors for a Five Year Sample

We have seen that Equation (20) provides a reliable estimate of the root
mean square forecast error, REF, once the persistence error, RP, is known,
Fquation (11) expressges UP a8 a function of the standard vector devisdion of
e e e .

“ In Tables 4 and 5 the seagonal value of RP 8 found to be Jess than or equal

-

to 17,2 kta in 9 casea, Por 7 of those cases RE 7 1P,
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the wind, ¢, and the persistence coefficient, r. Ina recent publication
Charles (1959, 1960) has tabulated values of ¢ and 24-hour persistence
correlation for 15 levels from 950 to 10 b at 51 stations on a monthly and
seasonal basis for the five-year period, 1953-58, 1*rom these data it is

O

possible to compute persistence errors for a large number of stations,

Accordingly, seasonal values of RP were computed for the 300~ and
200-mb levels (approximately 30K and 40K fect) for the 50 stations listed
in Tuble 6. As before, the forecast periods considered were 6 and 12 hours,
The appropriate persistence correlations were derived from the 24-hour
values by the well known exponential relation:

v, = c-kt (21)

where r is the persistence correlation at time t, and k is a constant.

At each station and level this equation was solved for k by substituting
Py T'hat value of k wag then used to caleulate v, and Ty Having computed
RE the corresponding R was then determined from Equation (20),

4.3 Generalized Scasonal Statistics on
Short Period Torecast Frrors

We are now in o position to examine quantitatively, two fundamental
questions which arisge in connection with the short-period wind prediction

problem:

(D As o forecast technique, whit advantage does short=periodl PErRiE-
tenee offer in comparison with climatology?  In other words, by what amount

1 the present wind a better estimator than the climatic mean wind

(2 What widvantage, if any, does a gubnective forecast have over per -

qistence?
T answering: Onestion (1) it is convement to measare the tmprovemnent

of persistence over climatology by means of the pereent reducten m v M,

RV, By definitiong

RVE oo [1 . _\1_',-] 0
av .
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Table 6. Stations for which Seasonal Persistence Errors were Computed
(Charles 1959, 1960)

Index Index

No. ___Station No. Station

200 Nome, Alaska 445 Columbia, Mo.

265 Fairbanks, Alaska 531 Rantoul

273 Anchorage, Alaska 429 Dayton

884  Whitehorse, Yukon 520 Pittsburgh - - oo o e

398 Annctte, Alaska 405 Washington, ). C.

879 Fdmonton, Alberta 503 Hempstcad, N. Y.

793 Seattle 506 Nantucket

41 International italls 2907 l.ong Beach

G681 Boise 3656 Albuquerque

775 Great 1Palls 250 I'ort Worth

764 Bisamarck 340 Little Rock

(G55 St. Cloud 321 Nasghville

G645 Green Bay 317 Greenshoro

734 Sault Ste.Marie 308 Norfolk NAS

537 Mt. Clemens 208 Charleston, S, (.

528 Buffalo 274 Theson

722 Maniwaki, Quebece 265 Big Springa
Rome 240 T.ake Charles

T12 Caribou 2142 Burrwoodd

507 Medford 226 Montgomery

403 Oakland 206 Jacksonville

186 Fily 250 Hrownasville

460 Denver 202 Miami

461 Daodge City neh San Juan, PR,

564 Cimaha B Alrook, ¢, /.
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Question (2) may be answered in terms of an index called the forecast
advantage, I'A, which is expressed as follows:

L.et RVF be the percent reduction in variance of subjective forecasts
with respect to climatology.
‘Then
e e FA=RVK-RVP
o >
=100 [{1-MEY) . (. MI
2 2
[+ o
b - Al
=100 | ME-ME (23)
o
Thus we see that FA measures the residual improvement which subjective
forecasts register over persistence after the advantage of persistence over
climatology has been accounted for,

Tables 7 andd 8 contain the genceralized scasonal atatistica on short-period
forecast errors at 300 and 200 mb based on the methods developed in this
paper. Quantitiea tabulated are:

o (Charles, 1951)
RP Fguation (11)
R Equation (20)
! r (Charles, 1960) plus Equation (21)
RV Fquation (22)
A Fauation (23). Whenever RFZRY the value

of FA 8 entered as zevo,




INDEX TO TABLES 7 AND 8

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

Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errocs.

Table number

SYMBOIL.S

Stations

_ Albrook, C. Z,
"Albuquerque
Anchorage, Alaska
Annctte, Alaska
Big Spring
Bismarck

Beise

Brownsville
Buffalo

Burrwoeod

Caribon
Charleston, S, O,
Columbia, Mo,
Dayton

Benver

Dodge City

131y

Fdmonton, Alberta
IFfairbanks, Alaska
Irart Waorth

Gireat Falls

Green Bay
Greensboro
Hempstead, N, Y,

International IFalls

7 8
Page

45 62
61 78
56 73
45 62
16 63
58 75
48 65
47 64
(4 77
50 67
Ha 76
51 68
58 15
53 70
54 71
652 6o
52 69
52 6o
A 63
A5 (i3
HIE 73
48 GH
40 G
57 74
HE) 72
40 G4

Jacksonville
Lake Charlea
little Rock

l.ong Beach
Maniwaki, Quebec
Medford

Miami
Montgomery

Mt. Clemens
Nantucket
Nasghville

Nome, Aladgka
Norfolk NAS
Oakland

Omaha
Pittsburgh
Rantoul

Rome, N, Y,

san Juan, I R,
Sault swe Marie
Seattle

St Cloud

Tueson
Washington, 1, ',
Whitehorae, Ynkon

G 8
Page
45 42

.60 71
59 76
6 73
55 72
50 67
51 6B
G0 M
59 76
49 66
55 72
57 74
45 62
57 74
6l (E11)
bR i
54 71
f3 70
50 L7
61 m
RH L
47 i
40 [}
508 70
R 1
40 6

i
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Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
[ standard vector deviation of the wind.

RP root mean square crror 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,

FFA forecast advantage over persistence,

NOME, ALASKA (200)

—8emson - L.v.l ,:,,:;,gﬂ;%,:,:"::L;m,,ff, W;grf,,, I _ ,ng:,,,,lé,,',, Ll
e (mb)  koots  konota _ Xknots N S
Winter 300 39,6 21.0 2042 .86 e 240

200 33,0 14,5 15.2 +90 81 0
Spring 300 374 20.9 20,1 «84 69 243
200 274 14,0 14.8 .87 74 0
Summer 300 38,0 2045 19.8 .85 71 1,9
200 29.7 14,3 15.0 .89 27 0
Fall 300 3944 2562 21.9 .83 65 3.8
200 20.6 15,6 16.0 .87 74 0
EALRBANKS , ALASKA (265)
Winter 300 hoe3 22.8 21.6 .89 Val 240
200 2he? 1563 15.8 <90 21 0
Spring 200 3541 21,1 20,3 82 Oh a7
200 264k 1241 1343 «90 79 0
Summer 300 25,1 19,7 19,2 «Bh 68 1.9
200 7.0 1340 14,0 o869 77 0
Fall 500 3848 2363 2240 .82 Gh 3.9
200 3044 1he6 1543 NG Vs 0
Winter 300 L640 2948 2349 Oh 68 L4
200 5649 1740 17.1 «4H0 79 0
Sl‘rillﬂ 300 a0 22.6 21k Rl 7 2.5
200 291 1he3 1540 B8 76 0
Sumnmer 300 380 2045 19.¢ RN o 1ot
200 31.0 Yha? 15.0 $ 10 Y 0
Fall 100 3.6 R ahai Wb G el

~00 teet 16,3 1h41 A 7. Ul
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Table 7,

Scasonal Wind Statistics and Derived Six-Hour Forecast Errors

{continued)
WHITEEQRSE, YUKON (964)
Season Level g RP RF r RVP FA
(mb) knots knots knots 14 %
C 200 35.0 17.2 173 89 77 O
Spring 200 4149 23.5 22.1 .84 69 3.6
200 31.0 15.2 15.7 .88 76 0
Summer 300 34,7 18,7 1844 85 70 0.8
200 28.3 13.9 1447 +88 76 o
Fall 300 4OW4 23,8 22.4 .83 65 bel
200 3547 18,2 18,0 +87 7% 0.6
ANNETTE . ALASKA (398)
Winter 300 4640 2841 2547 .81 62 6.0
200 3748 20,4 19.7 +85 70 240
Spring 300 46.9 2349 22.4 .87 74 3.2
200 3543 18,0 17.9 .87 4 0.3
Summer 300 boal 2243 2142 «86 72 246
200 34,5 1646 16.8 .89 77 0
Fall 300 4.6 26.8 2447 82 64 5.4
200 ook z2eb 2.4 84 69 3.2
EDMONTON, ALBERTA (879)
Winter 300 39.4 27.2 2540 «76 53 743
200 31.0 17.7 17.6 «84 67 0.l
Spring 300 41.7 2544 2346 <81 62 541
200 2947 16.0 1643 «85 70 o]
Summer 300 3647 2ha2 227 .78 56 5e2
200 32.8 1747 1766 «85 70 0.3
Fall 300 41.9 277 254k «78 56 7.0
200 3746 22«2 21.1 «83 65 3oh




Table 7, Seasonal Wind Statistics and Derived Six-Hour Forecast Errors
(continued)
SEALILE (793)
Beason Level o RP RF r RVP FA
(mb) knots knots _ knots _ £ £
Winter 300 54e3 34,8 3049 .80 59 8.7
I "?,0,05‘ Ag,{?**’:ii’?,ﬁ!,z,%i' ~25e5— “’f,a,,'},iftf6,5*”f9,‘,§,,,,
Spring 300 53,4 30.7 277 .84 67 6.0
200 40,0 21.6 20.7 +85 70 2.4
Summer 300 ‘53.’{ 2506 2508 083 65 408
200 39,2 19,2 18.8 .88 76 1.0
Fall 300 5244 30.9 279 83 65 6.4
200 46,0 2548 2349 «84 68 4,5
ANTERNATIONAL FALLS (?247)
Winter 300 47,5 30,9 2748 +?79 57« 748
200 3B.4 19.6 19.1 87 7h 1.3
Spring 300 45,8 2943 26,6 .80 60 7.2
200 37.0 2242 2lel .82 6h 3,5
Summer 300 3946 2242 21l.1 B4 69 2.9
200 1.9 27246 21leh .85 70 3.0
Fall 300 51,0 32.6 2942 .80 59 8.1
200 43,8 2647 2he6 .81 62 546
BOISE (681)
Winter 300 10506 29a.2 ()cr) .80 59 7.0
200 391 2245 1.3 <Bh 67 3ok
Spring 300 h6.0 27.6 293 82 6h 7.6
200 3B.6 20,8 20.0 «89 70 2¢2
Summer 300 10,6 19.6 19,1 .82 64 1.7
200 33,8 17.9 17.8 .86 92 0.3
Fall 300 1540 28.4 «9 .80 6l [
$00 -3 L.‘Ooz 2Ce? la‘. 68 }.l.’)

47

e
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Table 7,

Seasonal Wind Statistics and Derived Six-Hour Forecast Irrors

{continued)
QREAT _FALLS (2753)
Season Lavel a RP RF r FA
(mb) knots knots kanots %
Winter 300 49,5 3446 30,7 76 1043
200 38.8 237 2203 .81 62 A
‘Spring 300 162 2743 25.1 .83 5.4
200 3647 19.5 19.0 .86 Lok
Summer 300 3547 19.8 19,3 «85 145
200 3746 19.2 18.8 .87 l.1l
Fall 300 47.9 29.2 2544 .81 9.0
200 La,7 2349 2244 «84 3.8
BISMARCK (264)
Winter 300 4440 26.8 24,7 «81 546
200 3543 18,7 18.4 86 0.9
8pring 300 43,1 2L.6 23.0 84 hal
200 3.2 19,0 18.7 .87 0.8
Sunner 300 33,8 19,3 18,9 84 1.3
200 3647 18.7 1844 .87 0.8
Fall 300 44,8 2743 25.1 .81 547
200 41.} 2243 21.2 085 2.8
81, CLOUD (695)
Winter 300 47.3 28.9 2643 «81 643
200 38.8 19,0 18.7 .88 0.8
8pring 300 bl .6 26.8 2447 .82 Seh
200 37, 20.2 19.6 .85 1.7
Sumner 300 3543 18,7 18.4 .86 0.8
200 37.8 19.3 18.9 47 1.1
Fall 300 45,6 278 2545 81 549
200 3.4 2340 2147 86 3.1

hez




Seasonal Wind Statistics and Derived Six-Hour

Forecast Errors

{continued)
GREEN BAY (643)
Season Level -} RF r RVP
(mb) knota knota %
Winter 300 5046 2745 82 64
200— 43,1 " - T 23,0 T .87 24 2.3
8pring 300 45,2 2543 .81 62
200 4Ol 21.k4 84 69
Summer 300 3549 1940 85 70
200 38.2 19.9 «85 70
Fall 300 bbb 25.4 .82 64
200 43,4 2240 .85 70
SAULT STE. MARIE (23%)
Winter 300 53.4 2942 .81 62 7ok
200 45,0 2344 .84 69 Le3
Spring 300 47,9 2743 .80 61 73
200 ‘01.1 2107 08‘0 69 3.‘0
Summer 300 3942 2l.8 «83 65 3.7
200 42,9 2149 «85 70 3.2
Fnll 300 50.0 2843 .80 6l 767
200 L4E6.0 2be2 «8h 67 4,8
MI. CLEMENS (537)
Winter 300 54.9 3leb «79 57
200 bl 2249 8y 70
Spring 300 48,1 274 .80 61
200 hh,0 2hel 83 65
Summer 300 15,9 2046 82 64
200 41.7 21.h <85 70
Fall 300 46.8 272 .80 59
200 Wl b 2he3 83 65
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Table 7, Seasonal Wind Statistics and Derived Six-Hour Forecast Errors

{continund)
BUFFALC (528)
Sesson Level a RP RF r RVP FA
(mb) knots knots __knots %
Winter 300 5242 33,9 30.2 79 57 8.7
7 200 L4.6 2hel 2246 «85 70 3.5
“gpring 300 k7.9 30,7 27,7 80 59 7.6
200 4245 2ke2 22,7 84 67 3.9
Summer 300 55-9 2005 19.8 0810 67 20?
200 .1 2.8 20.8 .86 72 2.5
Fall 300 4640 276 2543 «82 64 5.8
200 42,9 2he5 2249 84 67 %%}
MANIWAKI, QUEEEC (722)
Winter 300 50,6 3344 29.8 «78 56 8.8
200 L34 23eLt 2240 «85 70 3.4
Bpring 300 48,7 3047 2747 .80 61 7ol
200 41.9 2246 21l.4 <85 70 3.0
Summer 300 38,6 22.8 2146 .83 65 3.5
200 41.7 2245 2Leh «85 70 2.8
Fall 200 4642 29.1 2644 .80 61 7.0
200 43,6 2547 23.8 .83 65 4,9
BOME
Winter 300 551 35.8 316 «79 58 9.2
200 45,8 2641 b1 84 67 4.8
8prin 300 49,7 3243 28.9 «79 57 8.4
¢ 200 L46.6 284 25.9 .81 62 6.3
Summer 300 40,0 2l.6 2047 85 70 I
200 45,6 2k.6 2340 <85 70 347
Fall 300 48,9 293 2646 .82 64 6.3
200 L6k 2644 2heb .M 67 4.7
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Table 7, Seasonal Wind Statistics and Derived Six~Hour Forecast Errors

(continued)
CABIBOU (212)
Season Level g RP RF r RVP FA
(mb)  knots __ knota  knots ] %
Winter 300 5646 36.2 31.9 .80 59 9e
200 7.3 2545 23.7 .85 70 ha
Spring 300 51.6 330 29:5 .80 59 8:
200 2,7 2h.3 2247 84 67 ba
Summer 300 Lb2al 2645 2hob .80 61 Se
200 43,1 2h.6 23,0 84 67 be
Fall 300 5040 33,0 29.5 .78 56 8.
200 L6.6 29,4 2647 .80 61 7
MEDFORD (597)
Winter 300 51.0 3l.1 28.0 .81 63 740
200 42.9 2342 21.9 +85 70 3.2
spring 300 L4743 279 2545 .83 65 S5e7
200 4141 23.0 217 .8h 69 3.k
Summer 300 3708 215 2006 08‘0 67 2ab
200 37.2 19.0 18.6 .87 74 1.1
Fall 300 47.9 26.8 2ha? .84 69 b7
200 Li,8 22.8 216 .87 74 247
QAKLAND (493)
Winter 300 5142 2847 26.1 .84 69 5e3
200 4649 2349 224h .87 24 3.2
Spring 300 46.9 2643 2k, 3 B4 69 b6
200 bls1 2242 21,1 .85 70 2.8
Summer }00 35.0 1745 1749 086 72 0
200 34,9 17.1 1742 .88 76 0
Fall 300 46,0 248 231 «85 70 3.8
200 Ly, 0 da.b 21.3 «87 74 2.9

O ~om KHFN OO
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Table 7, Scasonal Wind Statistics and Derived Six-Hour Forecast Errvors

{continued)
ELY (486)
Season Level o RP RF r RVP FA
(mb) knots knots knots g 2

Winter 200 48,7 2942 2645 82 64 6.2
200 h3.1 2248 216 .86 72 2.9

Spring 300 45.8 2641 241 8 67 b7
200 40,7 22.8 21.6 .84 69 342 -

Summer 200 2945 1648 17.0 «84 87 0
200 31.6 155 15.9 .88 76 0

Fall 300 43,1 25.4 23.6 .83 65 be7

200 41,7 2245 214 «85 70 2.8
DENYER (469)

Winter 300 51a2 3047 2747 «82 64 6.6
200 L4644 2he6 23.0 .86 72 3.5

Spring 300 105.0 28.8 2642 80 60 el
200 43,6 23.5 22.1 «85 70 3ok

Summer 300 28.5 1445 15.2 87 74 o]
200 32.8 15.1 15.6 82 79 0

Fall 300 b2,1 2547 23.8 «81 62 Y43
200 L3,6 2345 221 «85 70 P )

DORQE CITY (451)

Winter 300 50.4 3145 28.3 .80 61 7o)
200 ‘0‘0.8 22.8 2146 08? 7‘0 2e7

8pring 300 43,3 2545 2347 .83 65 by
200 ‘01.9 2.4 2045 -87 7h 2el

Sumaer 300 26,0 15,3 1ha2 87 74 [¢]
200 30.3 14,5 15,2 .89 i 0

Fall 300 2.7 2349 22k «84 69 3.8
200 43,1 23,8 2240 «8% 70 342 .

—a




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

(continued)
OMAHA (553))
Season Level 9 RP RF r RVP FA
(mb) knots knots knots % £

o

LNl

Winter 300 51,6 3240 29,5 .80 59 8.2
me e 222000 WBe4 . 2hel .

Spring 300 47,5 271 zu.z <84 67 Sel

200 L2 2245 21, 87 724 245
Summer 300 29,1 1547 16.1 +89 70 o}
200 24,0 18,0 17.9 .86 72 043
- Fall 300 46,4 28.3 2548 .81 62 6.2
200 h3.6 23.5 22,1 «85 70 3,
COLUMBIA, MISSOURL (445)
Winter 300 5541 3346 2949 81 62 746
200 5042 2646 21.5 «86 72 9.7
) Spring 300 b6.h 264 2b.h L84 67 W7
200 44,6 23.6 222 «86 72 3,2
Summer 300 28.5 15.1 15.6 .86 72 0
200 3244 17.5 17.5 .85 70 0
Fall 300 43,6 2547 23.8 83 65 549
200 43,1 2343 22.0 .85 70 3.2
BANTOUL (531)
; Winter 100 54,3 33,1 29.6 81 62 7.5
: 200 48.3 2546 23.8 .86 72 3.8
8pring 300 46.9 294 2648 .80 61 649
200 45,0 2542 2345 .84 69 el
Summer 300 30,1 1742 173 .84 67 0
200 36.1 20.6 19.9 .84 67 2.2
¥
Fall 500 Ly ,6 2742 2540 .81 62 Yed
200 3.6 24,4 2248 84 69 746

2246 4B6 72 3.k
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Table 7.

Seasonal Wind Statistics and Derived Six-Hour Forecast Errors

(continued)
DRAXTON (429)
Season Level ) RP RF r RVP FA
(mb) knots knots knota £ g
Winter 300 5641 35.3 31.2 «80 60 8.5
200 5040 28.0 2546 84 69 5el
8pring -~ 300 W60 -~ 28  23.1 .85 90 3.8
200 43,6 2547 23.8 «83 65 4,
Summer 300 21.8 18.1 18.0 .84 67 0
200 7847 20.9 2041 «84 67 244
Fall 300 43,1 29.3 2646 77 54 8.1
200 42,7 2he3 2247 « 84 67 hel
EITTSBURGH (520)
Winter 300 54,1 3547 3146 78 56 9.4
200 4749 2847 2642 «82 64 6.0
Spring 300 48,3 304 2745 .80 61 72
200 45,8 2641 2h,1 84 67 4,8
Summer 300 34,0 19.4 19,0 <84 67 lah
200 4O 4 21.8 20,8 .85 720 246
Fall 300 46.8 30,0 272 .80 79 ?¢3
200 43,8 2h,5 2249 84 69 4.0
WASHINGTON (405)
Winter 300 5342 34,6 3047 .79 58 8.9
200 Ls,6 2649 24,8 .83 65 5.2
Bpring }OO ‘&6‘0 2801 25-7 081 62 6ol
200 h6.8 2647 2ha6 511 67 4.9
Summer 300 34,9 17.8 17.7 .87 24 0,
200 LO b 19.8 19. «88 76 1.
Fall 300 Li,6 2643 abe3 .83 65 5.1
200 Lb,2 23eh 201 86 72 Tl

-
o
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Seasonal Wind Statistics and Derived Six~-Hour Forecast Errors

(continued)
HEMPSTEAD (50%)
Season Level g RP RF r RVP FA
(mb) knots knots knots < ]
Winter 300 56.8 38.6 33,8 77 54 1047
200 LE 4 29.2 26.5 .80 61 7.0
“8pring T 300 T U A9:) 30;0 - "frfa‘,?;'z:” 7.81 o :'62::, ‘,6;6, e e e E %
200 4.6 26.8 2447 82 64 Seb
Summer 300 38.0 213 2044 84 69 2.4
200 La,9 2247 21.5 .86 72 249
Fall 300 4g,3 30,1 272 «81 62 6.8
200 49,8 26.9 24,8 -85 70 bok
NANTUCKET (506)
Winter 300 5746 374 32.9 «79 57 95
200 h9.5 29.7 2649 82 64 6.5
8pring 300 48,9 29.8 27.0 .81 62 647
200 Ly 4 2k.9 23,2 B4 69 'S}
Summer 300 39,8 215 20.6 .85 70 2.4
200 L34 23,0 2147 86 72 3.1
Fall 300 47.9 28.7 26,2 B2 64 6.0
200 4847 2643 2he3 .85 70 b3
LONG BEACH (297)
Winter 300 47,3 2645 244 84 69 LYY
200 46,9 23.9 2244 87 74 3.2
Spring 100 h2,7 25.2 2344 .83 65 4,8
Summer 300 2640 1245 1}.6 .89 7?7 0
200 30,1 13.8 14,6 «90 79 0
Fall 300 3645 20.8 20,0 «84 67 dek
200 3647 19.5 19.0 +86 72 1.4
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Table 7. Seasonal Wind Statistics and Derived Six-Hour Forecast Errors

{continued)
ALBUCUERRUE (365)
Season Lavel g RP RF r RVP FA
(mb) knots knots knots £

Winter 300 448 2649 24,8 82 64 5.4

e e o 200 B247. . 23s1 . 2148 «85 720 3ad
Spring 300 40,7 2546 23,8 .80 61 Selt
200 39,0 21.8 20,8 +84 69 2.8
Summer 300 2k.2 11.6 1249 «89 77 o]
200 2945 13.6 14,7 «50 79 0
Foll 300 3645 20,4 19.7 <84 69 240
200 40,7 20,8 20,0 .87 ?h4 1.9
FORT WORTH (239)
Winter 300 45,0 2740 248 «81 62 5
200 43,6 2345 2201 .85 70 3
Spring 300 41,3 22,3 21.2 «85 70 2
200 43,3 23.h 2240 «85 70 3
Summey 300 2343 11,4 12.8 .88 76 0
200 29.3 14,1 1449 +89 77 0
Fall 300 37.4 2042 19.6 85 ’;o
200 40,0 19,6 19.1 .88 76
LIITLE ROCK (340)
Winter 100 45,6 2640 2441 84 67 b6
200 4h b 2440 2249 «85 70 3.5
Spring 300 41,1 234k 22.1 .84 67 3.6
200 h3.6 2leh 2045 «88 76 2.
Summer 300 2548 1246 13.7 .88 76 0
200 3044 1446 15.2 «89 77 0
Fall 300 38.6 1947 19.2 «87 7h 1.3
200 40,0 204b 19.7 .87 74 1.7

¥



Table 7. Seasonal Wind Statistics and Derived Six-Hour Forccast Frrors

{continued)
NASEVILLIE (327)
Season Level a kP RF r RVP FA
(mb) knots knota knots % %
Winter 300 4“0“ 27.1 2‘0.9 082 614 507
L ) 200 bz,7 14,3 15.0 «84 67 0
 sprimg 300 4.3 T anA T T2z W85 570 3.3
200 4,6 21,9 20.9 B8 76 2.2
Summer 300 26.6 1hoh 15.1 .85 70 0
200 32,4 16.5 1647 .87 74 0
Fall 300 39.2 2349 22,k 82 64 by
200 0.2 2249 21,7 «84 67 }a‘O
GBEENSBORD (312)
Winter 300 5.4 2945 26.8 «79 58 7l
200 3,7 2544 23.6 .81 62 5¢1
Spring 300 hze5 2he2 2247 o84 67 349
200 43,6 23,1 21.8 .86 62 3.1
Sunmer 300 2845 1640 16.3% .84 68 0
200 33,8 16.6 16.8 .88 76 0
Fall 300 4O 4 23.0 21.7 84 67 3.6
200 404 19.8 19.3 .88 76 1.2
HORFOLK (308)
Winter 300 50, h 3243 2849 80 59 8.0
200 45.6 274 25.1 .82 64 9.8
Spring 300 45,0
200 [
Summer 300 32.h
200 38.6
Fall 300 Lb4.0

200
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Table 7,

Seasonal Wind Statistics and Derived Six-Hour KForecast Errors
(continued)
GHABLEGTON, 8, Go (208)

Season Level c RP RF r RVP FA
(mb) knots knots knots £ £

Winter 300 4O &t 2545 2347 .80 61 Se
200 39.0 23.8 224 »81 62 4

— 'ii’f:;!éi;'ﬁii, ~ 77”507:'" ,,Ll,“i.;s' T ""éf'lj,.‘,gi:,‘ij': 7570i79"'k'77 ,:,8,6 éé, - é;

200 b2 2245 21.4 .87 74 24

Summer }Oo 2646 1h.4 Jd5.1 085 70 0
200 3342 16,9 17.0 «87 4 0

Fall 300 40,0 2l.2 204 .86 72 2el
200 ho,1 19.4 19.0 «90 79 0.9

TUCSON (274)

Winter }OO 4649 2146 20, «90 79 1.8
200 46.9 19.2 18.8 «91 83 047

8pring 300 41.9 2541 2344 .82 64 b7
200 41,3 21.9 20,9 «86 72 245

Summer 300 2347 1he2 14,9 .82 64 0
200 2847 15.2 1547 «86 72 0

Fall 300 3543 19,1 18.7 .85 70 le2
200 3846 18.9 18.6 .88 76 0.8

HIG SPRING (265)

Winter 300 4a.9 232 2149 «85 70 3.1
200 hi,3 2042 19.6 .88 76 1ok

8pring 300 37,4 19.8 19,3 «86 72 oh
200 39,2 2048 20.0 .86 72 21

Sunnmer }OO 2}03 15!? 1‘0:6 .8} 6_’) &)
200 29.7 16.6 16.8 . 69 0

Fall 300 34,5 17.6 17.6 87 74 0
200 3844 1844 18,2 «89 7 0.9




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

18

(continued)
LAKE CHARLES (240)
Season Level g RP RF r RVP FA
(mb) knots knots knots £ b3
Winter 300 3946 2042 19.6 «87 r 1.5
200 Lo 4 19,8 19,3 «88 76 l.2
“Bpring 00  37.6 20,3 1947 8570 -
200 40,9 19.6 19.1 .89 i 1.2
Summer 200 2345 1441 14,9 82 64 0
200 30.8 16.6 16.8 «85 70 0
Fall 300 3645 17.5 1745 .89 77 0
200 39.4 18.9 18.6 +89 77 0.7
IURRMOOD (232)
Winter }00 37.1‘ 20.2 19.6 .85 70 lo?
200 39.6 19,0 18.7 89 77 0.7
Bpring 300 3543 1743 1743 .88 76 0
200 39,2 18.8 18.5 «89 77 0.7
Bummer 300 2245 12.2 13.4 <85 70 0
200 28,49 1642 16,5 +Bh 69 o]
Fall 300 3449 1648 17.0 +89 77 0
200 18.8 17.8 1747 +90 79 0.2
MONTGOMERX (226)
Winter 300 L b 21.3 20.4 .89 77 1.7
200 b6 2045 19.8 «90 79 1.4
Spring 200 42,9 2543 2345 83 65 4.8
200 47,5 2343 22,0 .88 76 2.6
Suzmer 300 246 14.8 15.4 .82 64 o]
200 32.4 18.5 18,3 .1 67 0.7
Fall 300 41,7 2044 19.7 .88 76 1.6
200 Ly,2 2l.2 20,4 .89 77 1.7
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Table 7, Seasonal Wind Statistics and Derived Six~Hour Forecast Errors

|
il

(X TSR E i SR RRSIE LA b

# {continued)
JACKSONVILLE (206)
Season Level o RP RF r RVP FA
(mb) knota knota knots f %
Winter 300 Lo,0 2044 19.7 «87 74 1.6
200 41,9 20.1 19.5 .39 7?7 lob
B L S mwTom oo = --8pring ~300-: ,—»,,,38.8,:,:;5,:,71, B 17e7 - Te90----79 —0s2- " - lsmmeeTes
- ) o 200 45,2 19.9 19.3 «90 81 1.2
Summer 300 22.1 1048 1243 .88 76 o
200 29.3 1249 1349 «90 81 0
Fall 300 3742 17.1 172 «90 79 0
200 k1,1 18.1 18.0 «90 81 0.2
BROWNSVILLE (250)
Winter 300 34,3 18.2 18.0 .86 72 045
200 38.6 1849 18.6 «88 76 0.8
S8pring 300 2945 1549 16,2 .85 70 0
200 33,6 17.8 17.7 .86 72 0e3
Summer 200 20,0 10.2 11,8 .87 74 o}
200 279 1462 14.9 87 74 0
Fall 300 31,0 1449 1565 .89 77 0
200 3545 15.6 1640 .90 81 0
HIAML (202)
Winter 300 3742 18.2 18.0 .88 76 0.5
200 37,0 19.6 19.1 .86 72 lak
8pring 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 W85 70 0
200 28.7 1b.1 1449 .88 76 (o]
Fall 300 3242 ka2 14,9 +90 81 0
200 39.4 17.3 1743 «90 81 0




Table 7. Seasonal Wind Statistics and Derived Six-Hour

{continued)

61

Forecast Errors

s":.'u"?:!!ri—‘ul”'E;' ”B;;r - - L A L
Season Level o RP RF r RVP FA
(mb) knots knots knote % %
Winter 300 2747 13.6 1445 .88 76 0
200 29.9 14,47 15.3 .88 76 0
Spring 300 23.9 11.5 12.8 .89 77 0
200 29,1 14,3 15,0 .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 2241 10.8 12.3 .88 76 0
200 2041 13.8 1h,6 «90 79 o}
ALBROOK, G %, (806)
Winter 300 2145 10.3 1149 +89 77 0
200 2646 13,0 14,0 .88 76 0
Spring 100 18.0 8.3 io.4 +90 79 0
200 23.1 11.1 12.5 .89 77 0
Summer 100 11,2 B.2 10.3 W73 47 0
200 18.2 1246 13,7 76 53 0
Fall 300 13.h 749 10.1 .83 65 6]
200 19,8 1041 11.8 .87 7 0
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T able 8, Seasonal Wind Statistics and Derived Twelve-Hour Forecast
Errors
v standard vector deviation of the wind,
RP root mean square error of persistence forccasts,
RF root mean square error of subjective forecasts.
r gix-hour persistence correlation,
RVP percent reduction in variance of persistence forecasts
with respect to climatology.
FA forecast advantage over persistence,
NOME, ALASKA (200)
Season Level g RP RF r RVP FA
B - ST _ (mb) knots knots knots < g
Winter 300 39.6 28.5 26,0 74 48 8.7 o
200 33.0 19.8 19.3 .82 6L 1.8
8pring 300 37.4 28.0 2546 72 L1} 9e2
200 274 18.9 18.6 +76 53 l.5
Summer 300 38.0 28.1 2547 $73 43 8.9
200 2947 19.6 19.1 .78 56 2e2
Fall 300 29.4 3141 28.0 .68 73 11.8
200 3046 21l.h 2045 W76 51 4.0
EALRBANKS . ALASKA (269)
Winter 300 42,3 30.9 2749 73 b7 9.9
200 4.7 2le2 2044 .81 62 2.8
8pring 200 3541 28.‘9 259 67 34 11.0
200 264k 1646 16,8 «80 6] 0
Summer 300 3561 2643 2he3 72 4y B.2
200 2740 176 1766 79 pYs 0
Fall 300 38.8 1.4 28,2 67 3 1247
200 30.4 20.1 1945 «?78 L6 246
ANCHORAGE , ALASKA (27%)
Winter 300 46,0 35,0 31,0 71 I 1245
200 3649 C3ec 21e9 80 61 ha3
Spring 300 39,0 30.0 iy +70 41 109
200 29.1 19,8 19,3 $77 54 e}
Summer 300 18,6 28.2 2548 W73 47 8.7
200 51,0 1945 1G.0 .Bo 61 240
Fall 300 u%,6 34.8 3146 66 35 1449
<00 3he5H 2he8 CBed otk 48 LYY )

i
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Table 8, Seasonal Wind Statistics and Derived Twelve~Hour Forecast Errors

(continued)
MHITERORSE, YUKON (064)
Season Level q RP RF r RVP FA
(mb) knota knots knots £ £
Winter 300 43,8 34,6 3047 .68 37 13.2
200 2549 23.3 22.0 «79 57 4,6
——8pring- " 300 - cARe9- - -3leb S 2Be2 W72 bl 1049 o -
200 31.0 20,5 19.8 «78 56 249
Summer 300 3he7 26.0 2441 072 Ll 749
200 28.3 19,2 18.8 o 77 5h 1.9
Fall 300 4o, 4 3.9 28.6 «69 38 12,2
200 3547 2h.6 23,0 .76 53 6,0
ANNETTE., ALASKA (398)
Winter 300 46.0 38.2 33.5 .66 31 15,8
200 37.8 28.0 25.6 «?3 4s 9.0
Spring 300 6.9 1343 2947 75 50 10,3
200 35.3% 2lok 2248 «76 53 6.1
Summer 300 b2.1 3043 27.4 o7 48 9ol
200 1he5 22.8 21.6 «78 56 4.5
Fall 300 Lh,6 36.6 3243 66 33 14,9
200 404 3043 274 .72 4t 10.3
SDMONTON, ALEERTA (879)
Winter 300 394 36,2 31,9 +58 15 19,9
200 31.0 2h.2 2247 »70 40 743
Spring 300 L1.7 35,0 31,0 .65 30 15.2
200 2947 21.7 2047 «73 47 4,8
Bummer 300 36,7 32.7 2942 61 21 1641
200 32.8 2hi,6 21,0 $72 hly 7l
Fall 300 41.9 36.9 32,5 «61 23 174b
200 3746 29.7 2649 68 37 1l.2

it
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Table 8. Seasonal Wind Statistics and Derived Twelve~Hour Forecast Errors

(continued)
SEATILE (293)
8eason Lavel g RP RF r RVP FA
(mb) knots knots knots % %
Winter 300 5.3 46,7 40,1 .63 26 19.4
e e mngm: ‘*27 337 ,30',,,;,,'68 37 12.9
Spring 300 53,9 kLS 36,0 .0 W 1y
200 40.0 29.6 26.8 73 45 9.9
Summer 300 43,4 34,3 30.9 .68 37 13.1
200 39,2 27.0 2h.8 «76 Iy 7ok
Fall 300 52e4 4.4 36,0 .68 37 15.2
200 h6,0 35,4 31.3 «70 h1 12.9
INIERNATIONAL FALLS (?247)
Winter 300 47,9 41,43 35,9 62 25 18.5
200 18,4 2649 24,8 «76 51 )
8pring 300 45,8 38.9 34,1 6l 28 16,7
200 37.0 30.0 2742 67 34 11,7
Supmer 300 39.6 30.1 27.2 «71 L2 10.6
200 L.9 31.0 27.9 .73 Ly 10.4
Fall 300 51.0 43,9 37.9 63 26 18.7
200 43,8 36,8 2.4 65 30 15,9
DOISE (681)
Winter 300 “5-6 39.7 3‘0-7 62 25 17.9
200 39.4 3043 2744 «70 41 10,8
8pring 300 46.0 3747 33,1 66 33 15.4
200 38.6 28.2 25.8 «73 47 8.7
Summer 300 32,6 264 2hok 67 3 9.6
200 33.8 24,3 2247 7h 48 6.6
Fall 300 45,0 37.8 33,2 65 30 16.1
200 43,3 32.9 29.4 71 b 11.6

oo
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Seasonal Wind Statistics and Derived Twelve-Hour lorecast Errors

(continued)
QEEAT FALLS (775)
Season Level g RP RF r RVP FA
(mb) knots knots knots 13 £
Winter 300 49,5 46,0 39.5 57 12 2247
200 3848 | 3242, 2B49. . 466...31 ' 13,k
Spring 300 46.2 37.0 3246 <68 35 Lh.
200 3647 2641 24,1 75 50 7-§
Summaer 300 }6.7 2705 25.2 072 ‘44 9.0
200 37.6 26.3 2h,3 «76 51 7.2
Fall 300 47,9 40.2 35.0 65 30 17,0
200 h2,7 3245 29.1 71 b2 11.5
BISMARCK (704)
Winter 300 44,0 27.0 32,6 +65 30 15.8
200 353 25.4 23.6 «7h 48 7.1
Spring 300 43,1 33.6 29.9 «70 4o 12.6
200 37.2 26.0 ah,1 276 51 6.9
Summer 300 33,8 2647 2b,6 .69 38 9l
200 3647 25,7 23.8 76 51 7.0
Fall 300 4,8 37.6 33,0 .65 30 16.2
200 41,3 31.0 2749 72 Ll 10.7
Winter 300 47.3 3945 34,3 66 21 1641
200 38.8 2644 2b 4 77 ;h é.;
8pring 100 4h,6 3641 31.1 67 3 17.5
200 37,4 2747 25¢h o73 Lo 8.7
Summer 300 3543 2544 23.6 o« 7h 48 7l
200 37,8 26.8 b,y 7Y 50 8.3
Fall 300 45.6 37.8 33,2 + 66 31 15.7
200 L34 31.7 28.5 +73 47 10.2
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Table 8, Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors

(continued)
QREEN BAX (€45)
Ssaason Level ) RP RF r RVP FA
(ab) knots knots knots % .3
Winter 300 5046 41,0 35.6 +67 34 16.2
200 43.1 3046 27.6 75 50 9.4
o - .- _Spring 300 k5.2 375 . 33,0 .66 31 1545 L
- 200 4o 4 30.7 2747 7L W2 10,7 ¢
Bummer 300 35,9 26.6 245 73 45 8.3 )
200 38.2 28.6 26.1 W72 L1 9ul4
Fal) 300 464 37.6 33,0 67 b1 15.1
200 h3oh 3245 29.1 o72 A 11.1 -
SAULT 8T. MARIE (734)
Winter 300 53.4 43,8 37.8 66 33 17.2
200 45.0 34,6 30.7 «70 41 12.6
S8pring 300 47.9 40,2 35.0 o6l 29 17.0
200 41,1 31.2 28,1 71 b2 10.9
Summer 300 39,2 31.4 28,2 .68 35 12.4
200 42,9 31.3 28.2 73 L7 10.0
Fall 300 5040 42,0 3644 o6l 29 17.6
200 46,0 35.9 31.7 70 LTe] 13.4
MI CLEMENS (537}
Winter 300 5449 47.8 40.9 62 25 2043
200 L4s. 4 33.6 29.9 73 45 11.4
Bprlng }oo 48.1 404 35.2 64 29 17.0
200 44,0 34,8 30.9 +68 37 13.2
Sunmer 300 3549 29.4 2647 66 33 11.8
200 14107 30.9 27.9 73 ‘05 10,1
Fall 300 L6.8 4o.7 35.4 W62 25 18.4
200 Lho6 3547 31.6 +68 35 13.9




67

Seasonal Wind Statistics and Derived Twelve=-Hour Forecast Errors

Table 8.
(continued)
BUEFALO (528)
Season Level g RP RF r RVP FaA
(mb) knots knots knots < £
WinteYr }00 52.2 l\‘509 3904 061 2} 200}
,,,,,, : _ e e e - 200 ,‘014.6,*;,,,33.‘§ - '29‘8 - 72 W4y - ,1,1.“,7 .
Spring 300 42,9 k1,7 3642 «62 as 18.7
200 ha.5 33.1 29.6 «70 29 12.1
Summer 300 35,9 2746 2543 «70 hy 9k
200 41,1 29.6 26.8 74 48 9.3
Fall 300 46,0 3747 33.1 66 33 15.4
200 h2.9 33.0 29.5 70 4 11.9
MANIWAKI ., QUEBEC (722)
Winter 300 5046 45,0 38.7 «61 21 20,6
200 b3 32.6 2%.2 72 L 11,2
8pring 300 48,7 b1 36.0 W64 28 1746
200 41,9 31.0 2749 73 4s 10.4
Summer 300 38,6 3045 275 468 37 11,7
200 h1.7 31,3 252 W72 bl 19.8
Fall 300 bo,2 39.3 34,3 64 <8 17.2
200 h3,6 344 3046 .68 37 13,0
HOME
Winter 300 5561 L48.5 hl,. 61 2h 21.0
200 h5,8 35.% e2 «70 Wl 0
Spring 300 49,7 h3,7 377 «61 23 19,8
200 LT 3847 339 o 66 1 16.
Summer 300 h0,0 29.2 2665 273 47 Gals
200 4546 33.7 30,0 3 ) 11,3
Fall 30 48,9 19,1 S, ol f 3, 1540
200 Lo ol 36.7 303 .(19 58 14,41




68

Table 8, Seasonal Wind Statistics and Derived Twelve~-Hour Forecast Errvors

{continued)
CARIBOU (712)
Season Level g R RF r RVP FA
L ) (mb) knota knotsa knots £ £
T wimter 300 56,6 M. k6 .63 26 20,0
200 4743 35.5 3144 .72 4 1243
Spring 300 51.6 bz.9 3749 o6kt 28 18.4
200 42,7 3343 29.7 «70 4o 1244
Bummer }00 ‘iaol 35“. 31.5 .6“ 29 150‘*
200 43,1 33,6 29.9 «70 40 12.6
Fall 300 5040 L5 38.4 .61 21 0.2
200 4646 39.1 3.2 W64 29 1645
MEDFORD (597)
Winter 300 5140 4243 3647 +66 31 17.0
200 42.9 31,7 28.5 73 45 10.5
Spring 300 4743 3744 3249 68 37 1441
200 4141 31.6 28.4 71 4 1leh
Summer 300 37.8 29.9 271 <69 38 1l.2
200 1742 264 kL4 «75 20 7e3
Fall 300 47,9 3549 31.7 072 Ly 1244
QAKLAND (493}
Winter 300 51.2 38.9 34,0 .71 42 13.6
200 46.9 324 29.0 «76 53 9.5
8pring }00 ‘06-9 35.6 3}..5 71 k2 125
200 hl.1 30,0 27.2 «73 47 9.5
Summer 300 33,0 23.8 2244 o7k 48 549
200 34,9 23.0 2147 .78 56 4e8
Fall 300 W60 }“05 30-6 72 Ly 12.0
200 4t ,0 30.8 27.8 .76 51 9.1
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors

(continued)
] ELY (486)
1 Season Level ) RP RF r RVP FA
(mb) knots knota knots ] £
Winter 300 48,7 39.9 34,8 +66 33 1641
200 43,1 31.0 2749 o7k L8 9.8
e e . R Bpr:l.ng o 300 “5.8 35.7 31-6 070 40 1302
= - PP zoo,,fg;ho.7;~:;_3o‘9;:—;;27.8 - &7 42~ 11.0 - e
Summar 300 2.5 2247 21e5 70 41 6,1
200 3146 2145 20.6 Y4 5h 3.8
Fall 300 43,1 34,0 3042 «68 37 13,1

200 41.7 30.9 27.8 «73 4s 10.5

DISNVER (469)

Winter 300 51.2 42,0 }6-“ 66 29 16.7
200 464 33,4 29.8 o7k 48 10.6

’ Spring 300 45,0 392 a3 W62 25  17.8
] 200 43,6 31.8 28.5 73 L7 10.5
Summer 300 2845 20,0 19.4 o776 51 209

200 32.8 210 20,2 .80 59 3al

Fall 300 2.1 3449 30,9 «66 31 14.8

200 43,6 31.8 28.5 73 L7 10.5

DODAER CITY (4%1)

winter 300 504 42,0 3644 64 29 17.6

200 L8 31.8 2845 75 50 9.9

Spring 300 43,3 34e2 30,4 .68 37 131

200 41.9 2947 2649 75 50 9.0

Summar 300 26.0 18.2 18.0 76 51 1.1

200 3043 20,0 19.4 .78 56 246

Fall 300 ho.7 32.5 2941 N 4y 11.5

200 43,1 31.9 28.6 73 45 1047

1Ml SR TN M) TOCOERE LA
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Table 8. Seasonal Wind Statistics and Derived Twelve-lHour Forecast Krrors

(continued)
CMARA (553)
Seaaon Level g RP RF r RVP FA
(mb) knots knots knots % 4
Winter 300 51.6 43,9 379 64 28 18.4
200 4S54 3247 29.2 o 7h 4B 10.5
. .._.dpring . 300 _ W7.5 37,5 . 33,0 . .69 38 14
200 W, 2 30.9 27.8 *76 51 9.3
Summer 300 29.1 21,5 20,6 $?3 45 4,5
200 34,0 2.5 22.9 o7k 48 6,6
Fail 300 46,4 38,0 33,3 .66 33 15.6
200 49,5 32.9 29.4 °?73 45 11,0
COLUMBIA, MISSQURX (443)
Winter 300 5541 45,2 38.9 .66 33 17,4
200 5002 36.1 31,9 «74 48 11,3
8pring 300 b6 .4 3647 32.3 69 38 14,1
200 44,6 32,1 28,8 o7k 48 10,1
fSummer }00 2805 2005 19.8 17" W8 3.5
200 32,4 2h.3 2249 W72 bk 72
Fall 300 43,6 34,4 30,6 .68 37 13,0
200 43,1 31.5 28.3 73 47 1043
BANTOUL (532)
Winter )00 5“05 ‘5506 }902 065 )O 18.“
200 48,3 34,8 30,9 7h 48 11.0
Bpring }Oo ‘0609 390" 3‘0.‘0 -65 70 16u8
200 45.0 34,2 30,4 «71 42 1240
BSuamer 300 3041 23.8 2244 +69 38 71
200 36.1 27.8 2544 «70 41 9.8
Fall 300 bl 6 3646 3242 +66 33 1542
200 b3,6 33.6 2949 «70 41 124k
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Table B, Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors

{continued)
DAXTON (429)
8eason Lavel g RP RF r RVP FA
(mb) _ knots  knots __ kmots ), .4
Winter 300 56,41 L7.1 LOoht bl 29 18.6
200 50,0 38,0 333 +71 b2 1344
— - [ ——— 7?;"?;i,n8 :750,02, e ;ksfoll, ;f:,,1;3:;;,6",{,,77,;3'0;07_ 77'?3,\77"‘? - '10;8;,;<Z;%,, —— = R .
200 43,6 3ok 30.6 .68 37 13.0
Sunmer 200 31.8 24,8 231 «70 Lo 8.1
200 3647 28.3 25.8 +70 4 10.0
Fall 300 43,1 8.8 3440 <60 19 18,8
200 ha.7 33,7 30,0 «69 38 12,9
RLTISBURGH (520)
Winter 300 54,1 L8.1 41,1 +60 20 21.3
200 7.9 38.% 3346 .68 35 14,7
Spring 300 4843 4046 3543 W6k 29 17,2
200 45,8 3642 31.9 69 38 14,0
Summer 300 34,0 26.9 2ha? 69 18 9.6
200 ho,4 29.9 27.1 73 ks 9.8
Fall 300 L6.8 39.8 347 o6l 28 17.3
200 ‘05-8 3305 297 71 hp 11.8
WASHINGTON (405)
Winter 300 53,2 46,3 39,8 .62 2h 19.8
200 b5,.6 36,5 33,2 .08 L) 1hep
Spring 300 4640 38,6 31,8 W05 30 1644
200 46.8 37,0 1246 .69 18 14.0
Summer 300 34,9 2l b 22.8 .76 51 hod
200 Lo, b 2749 2945 6 53 )
Fall 300 L6 3942 3.2 .68 37 1544
i "1002 3}.6 2959 .710 ‘08 1240
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Table 8, Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors

(continued)
HEMPSTEAD (S03)
Season Level < RP RF r RVP FA
(mb) knots knots knots . £
Winter 300 56.8 51,1 43,5 +60 19 2243
- e == 22 200- 46el-—— 739e0° - Blhel — 464 - 29 - 1646 - o o T
Spring 300 49.1 h.2 35.8 «65 30 1742
200 4l 6 357 3146 .68 35 13,9
Summer 300 38.0 28.9 2643 $71 by 5.9
200 42,9 30.9 2749 74 48 9.6
Fall 300 49,3 Ll.h 3640 +65 30 17.2
200 49,8 3743 3248 72 Iy 12.7
A} l‘O
Winter 300 5746 50,1 Lo.7 62 2h 20.7
200 49,5 39.6 34,6 +68 35 1541
8pring 300 48,9 L0.6 253 «66 31 1648
200 Ll 3he2 3044 «70 41 12.5
Summer 300 39.8 2945 26,8 73 hs Yeb
200 L4 3.2 28.1 o5 50 %)
Fall 300 7.9 38.8 24,0 Ny 3h 1560
200 4847 35.6 3145 73 Wy 11,6
LONG DEACH (297)
Wintor 300 h743 3549 31.7 o771 4 12.7
200 46.9 3240 29.0 76 93 9eb
8pring 300 4247 33,7 30.0 W68 37 12.9
200 h1.7? 30,0 2742 W 7h L8 Y.a
Summer 300 26,0 16.9 1740 279 bYs v
200 30.1 18.4 18.2 W81 62 0.8
Fall 300 3649 28.8 26.2 69 38 1047
200 36.7 26,1 24,1 W75 50 7e%
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Table B, Seasonal Wind Statistics and Derived Twelve~Hour Forecast Errors
{continued)
ALBUSUERRUE (365)

Season Level g RP RF r RVP FA

(mb) knots knots knots % £
Winter 300 44,8 3643 32,0 .67 34 1446
) 200 h2.?7  3l.6 0 284 W73 45 1046
Spring 300 40.7 33.8 30,0 «65 20 14,3
200 39.0 29.2 2645 o772 LYy 98
Summex 300 2h,2 15.7 16,1 «79 87 0.0
200 2945 18.6 1843 «80 61 1.1
Foll 00 3645 277 25.4 .72 lily 943
200 40,7 2845 26.0 +76 51 8.3
Winter 300 4540 3649 3245 «66 %3 15.1
200 h3e6 31,8 2809 73 Ly 1044
Spring 300 hl.3 31,0 2749 72 b 10.06
200 L3, s 31.6 28.h .73 Ly 10.3
Summer 300 2343 15.8 1642 77 Hb 0.0
200 293 19.0 1840 «79 57 1e5
Fall 300 37,4 2743 25el o753 Ly Bl
200 Lo.0 2762 2540 o7 5h el

LATTLE KOGK (340)

Ninter 500 hbe6 %6.0 3.6 09 b 13.7
100 Wl oy 3343 29e7 0 hiy 1.9
Spring %200 141 31e0 cBeli /0 bl 11eh
200 TR 7946 DOk 77 Dl 8.2
Summor 300 2540 1768 1747 70 Y3 Ol
200 204h 210 1947 o G Cels
Fall 100 3t 27 e Shet N 91 Vel
200 h0.0 o840 2hels 70 41 40
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors

{continued)
NASHVILLE (327)
Season Level 4 RP RF r RVP FA
(mb) knots knots knots ] <
Winter 300 Lh 4 36,0 31.8 67 3y 1hoh
e o 200 k247 3303 2947 W70 o 2.k
Spring 200 43.3 32,0 28.7 W73 45 1047
200 L6 3043 27 okt o77 54 8.4
Summar 300 2646 20,0 19.4 $72 L 3.3
200 3244 2247 21.5 76 51 Sel
Fall 300 39,2 31.8 28,5 67 3 12.9
200 ho,.2 3leh 28,2 »70 Lo 11.8
GREBNSBORQ_(317)
Winter 300 45,4 LTore] 35,2 J61 23 19.1
200 h1.,7 3h.6 30,7 '66 31 14.6
Spring 300 h2aH 3247 2942 W71 41 12,0
2 h3,6 31,4 28.2 »7h 48 10.0
Summer 300 28.9 1.7 2049 .71 42 o
200 33,8 2340 2147 77 5h Hel
Fall 300 0ol 31.9 2846 «69 38 1.2
200 NI 2749 hIH .76 93 7.8
HORFQLY (208)
Winter 300 5044 5.8 37.8 W63 29 1945
200 LY .6 3649 3 6Y o6 3 1h,Y
sSpring 300 4540
200 Ll o0
Bummer 00 0.k
200 350
Fall 100 b0
200 L5 .0

S E

.
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Table 8, Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors

(continued)
CHARLESTON, §. Co (208)
Season Level g RP RF r RVP  FA
(mb) knots knots knots % 3

Winter 300 404 33.9 30.2 6h 29 k4.5

C8pring 300 41,3 29.7 27.0 Wb 48 9.0
200 bkl 2 3049 28.0 .76 51 8.7

Summer 300 26.6 19.h4 1940 73 49 242
200 3342 2249 2.7 76 53 L9
Fall 300 40,0 28.8 2642 75 50 8.9
200 b2l 26.9 24.8 .80 59 6.1

TUCSON (274)

Winter 300 46,9 2945 26.8 .80 61 649
200 46,9 2647 2h4b 84 67 4.9
8pring 300 41.9 33.9 3042 W67 34 13.4
200 1.3 29.7 2649 o7h 48 9.3
Summer 300 2347 19.2 18.8 .67 34 247
200 2847 20.7 20,0 7h L} 3.5
Fall 300 35,3 2645 2h4h 72 Lt 8.6
200 38.6 29,0 260 77 54 947
BIG SPRING (285)
Winter 300 42,9 31,3 28.2 73 49 10.0
200 41,3 31,0 2749 77 54 10,7
S8pring = 300 37 2743 251 .73 47 Ba.2
200 39,2 27.8 2505 75 50 8.0
Summer 300 23,3 18,4 18,2 .68 37 1.3
200 29,7 2243 2l.2 W72 Ly 5k
Fall 300 34,5 2b.1 22.6 76 51 5.9
200 38.4 2543 2345 .78 56 6.0

200 39.0 7732.8@ 29e3 65 30 1he3 o
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‘Table

Seasonal Wind Statistics and Derived Twelve~Hour Forecast Errors
{continued)

LAKE CHARLES (249)
Season Level ) RP RF r RVP FA
(mb) knots knots knots £ %
Wintex 300 39,6 2747 254 «76 51 7.8
.. 200 BOWH 30,3 27,4 W77 54 1043
" Spring 300 37.6 27.8 25,54 473 45 8.7
200 40.9 2646 k45 +79 57 Goli
Summer 300 2345 19,0 18.7 +67 34 2.0
200 30.8 2248 21.6 73 45 546
Fall 300 3645 2347 2243 «79 57 4,8
200 39.4 2546 23.8 79 57 547
BURBHOOD (232)
Winter 300 3744 2747 254k 73 45 8.7
200 39.6 2641 2ha1 78 56 6ol
Spring 300 35.3 2h.0 2265 «77 54 546
200 39.2 2545 2347 «79 57 548
Summer 300 2245 16.6 16.8 73 [} 0
200 28.9 2240 21,0 «71 L2 5el
Fall 300 3,9 2249 21.5 79 57 '
200 38.8 2944 228 .80 61 5.0
MONTQOMERY (226)
Winter 300 Ly 4 2943 2646 «78 56 77
200 b6 a7e2 25,0 .81 ¥ 5.8
Bpring 300 L2.9 33,9 30,2 .68 37 1249
200 7.5 Q.2 28.9 7?7 54 Ya2
Suzmer 300 24,6 1949 19,3 67 34 3.9
200 33,4 25e6 23.8 «69 38 8.5
Fall 3100 §la7 2Bk 2549 7?7 54 7.8
200 b2 2847 2642 «79 57 740
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Table 8. Seasonal Wind Statistics and Derived Twelve-Hour Forecast Errors
(continued)
JACKSONVILLE (200)
S8eason Level g RP RF r RVP FA
(mb) knots knota knotas % £
Winter 300 40,0 28.C 2546 «76 51 8.0
T e e 200 WG9 2902 2540 W79 57 645
8pring 300 38.8 2h b 22.8 «80 61 5.0
. 200 4s.2 276 2543 .81 62 6.0
Summer 300 22.1 15.0 15,6 77 Sh 0
200 29.3 17.6 1746 .82 Gl o]
Fall 300 7.2 2247 21,5 «81 62 2.8
200 41,1 251 23.4 .81 62 4,9
BROWNSVILLE (250)
Winter 300 3h,3 2ha? 23,0 7 48 6,9
200 3846 2642 2h,2 77 Sh 6.9
Spring 300 29.5 2148 20,8 73 ) he9
200 33,6 2he2 2249 «7h 48 6ol
Summer 200 20,0 14.0 14,8 «76 51 0
200 2749 1943 18.9 +76 53 20
Fall 300 31.0 2042 19.6 «79 57 245
200 3545 21.7 2047 81 62 3ait
MIAML (202)
Winter 300 37.2 2547 23.8 W76 bt 6B
2 37.0 26,46 2heYH Pl LB .8
| Spring 300 33,0 2144 2045 Y57 3eY
200 38a2 292 23.h 78 56 6.0
f Bummar 100 1942 1440 14.8 73 Ly 0
b 200 2847 18.9 18.6 .78 o6 1o4
Fall 300 302 1946 19.1 81 62 1.9
200 3G 4 23s2 2149 o3 65 5,8
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Table 8. Scasonal Wind Statistics and NDerived Twelve-Hour Forecast Frrors

{continued)
S8eason Level a RP RF r RVP FA %1
(mb) knots knotsn knots b3 ] - i
Winter 300 277 18.8 1845 77 54 1.5
200 29.9 19.7 19.2 .78 u6 242 ?
Spring 300 2349 1545 15.9 «79 5?7 0 - 1
200 29.1 19.2 18.8 78 56 1.8 ‘
Summer 300 16.7 13.2 14e2 69 38 0
200 2345 1642 1645 76 53 0
Fall 300 224l 1549 1642 Y4 H4 0
200 3041 19,0 18.6 .80 6l 1.7
ALBROQK, €, 2. (8006)
Winter 300 21.5 1440 1h.8 «79 47 0
200 2646 18.4 18.2 76 53 1.0
Spring 300 18,0 1.5 178 « 50 n9 0
2 23.1 1h.8 151 «£0 ) 0
Summer 300 11.2 10.8 1oe 4 o5l 08 0
200 180 1646 1646 o0b 17 0
Fal) 300 1460 1046 1oes o8 % #
. 200 19.8 1ha1 1het YA 0 ¥
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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 illustratc patterns

which were found to be typical:

R¥ winter, Figure 1
RP summer, Figure 2
RVP winter, Figure 3

.-. summer, Figure 4
winter, Figure 5

summer, Figure 6

4.4, 1. DISTRIBUTION OF PERSISTENCE ERRORS

As noted in paragraph 3. 1. 4, the maximum persistence ervors
occur over the northeastern and northwestern U, S.; minimum errors over
north central and southern sections. Tetween winter (Fig. 1) and summer
(FFig, 2) the average error decreases by about 1/3 and the entire distribution
shifts northward so that the maximum centers are located over southern
Canada while a minimum center appears over the southwestern U, 8, There
scemsd to be some relationship between the vector mean wind field and the
persistence distribution, especially in winter when the axes of maximum wind

and maximum RYD virtually colincide,
4,4, 2 THE REDUCTION IN VARIANCE FIELD

The distribution of RVP in winter (Ifig. 3) consists of minima in
the eastern, central and northwestern U1, 8, with increasing values to the
gouth. The principal feature of the summer diatribution (Fig, 4) {s a large
arca of maximum reduction over the central U, 5., flanked by elongated arean
of minimum values to the west und cast.  From Eguations (10) and (22) we
find that RVI* - 100 [ 2y - 1], hence the contours in Figures 3 and 4 can he

relabelled interms of the pergistence correlation,
4,43, FORECAST ADVANTAGE DISTRIBUTION
It is apparent that H-hour auhjective forecearts offer very little ad-
vantage over peraistence,  The maximum forecast gain {8 achicved in the

winter (Fig. 5) when an advantage of 10" over persistence is attained in the
northeastern and northwestern 1, 5, While small, thig forecast advantage 18




" forecast advantage. S

.,

80

not fortuitous; a rough cstimate of the probable effect of observational uncertain-

ties in these regions shows them to be an order of magnitude smaller than the

i

The results in summer (FFig 6) indicate a decisive advantage for persistence, -t
In fact south of 40°N the value of 1°A is negative everywhere, The only arcas of
positive forecast advantage are north of 40°N, reaching a maximum of about 5%
in southern Cannda, At 200 mb the gain of subjective forecasts is even Jess than -
at 300 mb except in the summer where the 200-mb values ave larger for o fow
stations,

The performance of 12-hour subjective forecasts (Fable 8) show o congider-
able improvement over the S-hour results,  For example at 300 mb in winter
the 12-hour forecast advantage is greater than 20% over the northeastern and
northwestern U, 8, Also, inthe summer the contour of zero advantage at 300 mb
lics along the southern border of the 11, S,
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