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“REGINTCTED
STUDY OF LEYNGTH OF RECORD
NEED é D TO OBTAIN
SATISFEICTORY CLITELTIC SUMMLIRIES
FOR VAR IOUS METSZS O.R 0 L'O GICAL ELLRTVENTS

I. PURPOSE CF STUDY

The purpose of this study was to establish the number of years
that are rieeded in order to obtain a relatively constant frequency
distribution of various meteorological elements, The limits within
‘Which ‘e distribution function may fluctuate and still be considered
satisfactory are atbitrary, but they were chosen in such fashion
that,’ for all practical purposes of military planninz, addition of
further years of record would not add significantly to the interpre-
“ tation of the climatic records. After the number of:years which
w1ll vield this result are satisfactorily established, the work of
"compllnnv climatic records can be reduced to the absolute minirum

necessary tc gain the desired inforamation. In the limited amount of
time available for ‘this study, it was not rossible .to. choose and
~study stations representing all the possible climatic¢ regions of the
world, but the stations chosen will at least convey as far as possible
the length of the approximate shortest records whwch w111 permlt
reliable deductions:

1T, EIEMENTS STUDIED.

The elements subjécted to statistical analysis were those vhich
had not been studied previously by climatologists .with regard to the
significant levels obtained by varying length of record. Such studies
heretofore were largely restricted to temperzture and precipitadtion
amounts. This studyv extends our knowledge with respect tc the elements
significant for military aviation, such as:

(a) Horizontal v151b111ty,
(b) Cloud heights;
(c) Cloudiness; :
(d) Persistence of rain spells;
{e) Wlnd ve1001ty (sur ace).

. III DATA USED

PeE AR AL B S

The stations ana data u§ed are shown in table 1.

“ 5¢-»¢e£a‘."
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Leteorological
Zlement

‘Horizontal
visibilities

Cloud heights

Cloudiness

Persistence of
rain spells

*ind
velocities
(surface)

N TR e e
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Table l.--Stations and Data

. Station

o ——— —— A P P ———— - -

Hours

of Obs, of -

(Local TRecord,

Length

Climatic Area

Je Bourget

Abbevilie

Perpignan

Palermo

Roma
Genova

ashington,
D.C.

Ie Pourget
Abbeville
Perpignan

"fashington,
D.C.

“ashingtomn,
D.C.

Palermo
Roma
Genova

St. Inglevert -

Thyna

Ras Engelah

Shanzhai

Region of westerlies,
maritime climate, inland,

Yaritive climate, coastal

lediterranean maritime
climate, coastal station

l'editerranesn maritime
climate, coastzl station
Subtropicel region, station
somewhat off coast, near city
Subtropical regior, coastal

continental type climate,

time) Years
0700 8
airport near city
Q700 g
. station
0700 8 Subtropical region,
0700 10 Subtropical region,
0700 10
0700 10
' station near city
1930 g Region of westerlies,
station ncar-city
8 See above
8 L 1"
& " "
1930 35 " i
OOOO 35 i "
to
0000
1300 10 0 "
1300 10 n "
1300 ~10 i "
0700 8

3 obs. 11

Region of westerlies, niari-
-tire climate, coastal statios
Subtropical region,

daily (not iediterrancan climate,
consec.)’ coastal station
3 obs. 12 Subtropicel region,
daily (not T‘editerranean climete,
consec.) coastal station
2 obs, 5 Monsoon region,
daily and coastal station
13
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The frequency distributions by steps were obtained from monthly
sumzaries, as follows:

. For Italien statiorns from linisterio dell'Aeronautica - "Reassuniti
Yensili delle Osservazioni di Visibilita Orrizzontale della Velocita e
Direzione del Vento al Suolc c¢d in Tuota."

For French stations from Office Mationale let. de France -
"Climatologie Aeronautique."

For Viashington, D.C., from Forms 1001, 1002, and 1014 met'l,
U.8. “eather Bureau.

Tor liorth African stations froa "leather in the Yediterranean" -
Great Britain Tleteorolcgical Office.

For Shanghail from "2ulletin iensuel Observatoire Zi-Ka-¥Wei,"

The group intervels uscd for studv of the frequency distributions
are shown in table 2.

Table 2.--Group Intervals Uscd for Study of the Fregusncy Distributions

Ilenent Station : Intervals
Visibility A" staticns Intern tional scale: C-4, 5, 6, 7, 8, 9
"ind 1 lan and Ia, per hr.: 0-5, &-25, 26-50, 51-75,° .
velccity French stations 74 or nore

African stations  .p.h.: less than 2, 2-5, 5-13, 13-18,
156-22, 22-45, zrecater than 45

Shanghai fePeite s calms, 1-8, 9-14, 19-32, greater
(] ds M 2 2 - N
then 232, {(Thesce were further classified
b wind direction, Y., 'T., E., SE., S.,
ST, Yo, W)

PP PO PPV B TS g § RS b AN R

Cloud French stations Ieters: Iess than 100, 100-200, 200-300,
heights 300-600, 500-1000, 1000-1500,
1500-2500, grceter then 2500

Cloudinecss “Vashington, D.C. Tenths: 0-2, 3-5, 6-&, 9-10
Rain spells %ashington, D.C. Consecutive days of precipitation: 1-2,

3-4, 5-6, 7-8, zre:ter than 9

. s sy i m e

C4=3351,AF
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IV. PROCEDURE

The methods of approach =nd the techniques of analysis were the
same for all elements. The originel deta were compiled, in somc cases
grouped (whore not criginally arouped at the source), and distributions
of daily observations by months, by vears, were made according to the
intervals given in table 2, The distributions were added success¢vely
from 1, 2, 3, 4, etc. years, for each month at each station, and the
percentaze frequencies for e¢eacii distribution cilculsted for the cumu-
lative sums of 1, 2, 3, 4, etc. years. &n example is shown in table 3.

Table 3.~--Janusry Cloudiness (in Tenths) - Tashington, D.C.

Pumula ive

Frequenciecs Frequencies Cumulative
in days, _ in days Frequencies,. .
_individual yecars . y {yecrs added) _ _ __pcrcentages
Vea‘ 0-2 3-5 6-C 9-10" Yeor u—z 3-5 u—8 - 9-10 _ Year _0-2 13-E m@;ﬁﬂg:;g
240 13 6 2 10 1940 13 4 2 10 1940 41.9 1G9.4 6.5 32.3
19;9 1 2 4 15 1939 23 2 & 25 1936 37.1 12,9 9.7 L0.3
1938 13 1 2 15 1932 36 9 S 15 1933 350.7 9.7 8.6 43.0
1937 6 1 5 19 1937 42 10 13 59 1937 33.9 &.010.5 47.6
1936 13 2 3 13 1930 55 12 16 72 1930 35.5 7.7 10.3 LS.4
1535 17 1 2 11 1935 72 13 1€ 43 1935 36,7 7.0 9.7 42.9

the months from Decernber-Felruary;

- it «

! — o —— e

fugust, and autumn, September-Noveiber.

For the prcsent rurpese an zrvitrary lini*, 5 percent,

Scasons were trested similarly by grouping terether; for w1nter,
sprins, Yarch-tay; sumuer, Junc-'

zs set to

cbtzin the number of years after which the distribution berbvw constant

within this limit.

In other words, by adding ons cr mor« yedrs te the

distribution, none of the subsecuent values in &ny ¢lass intsrvel
varied by more than 5 percent from the year in which the "1limit" was

rcached,

in cxample is

shown in table 4.,

This holds even

if t

For purposecs of comparison, the 35—y

subscouent steps diff
icant gain in accuracy ‘iould heve been attained by the use of

signif

35 years of date,

-’

)

Compared te the 10-year lovel,

This

As cen be seen from table 4, after { years none of the percentage
frequency values in anr step changes by mere than 5 perceil
additiorial subscouent years.
to 35 yeers.’
at the end of the t&blu.
2rs by mere then 2 porcent,

in any
riecs is extended

913
car vilues are given

rione of the
shows that no

C4=3351,iT
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Table 4.--Cumulative Farcente-~e Froduenc: of Cloudiness Steps,
fal
~

October, *‘ashinston, ™.C., for Verying Icngths of Zecord

o, of Years Cloudiness

) of Date 0-2 3=5 R3] 9-10
1 4L,2,39 9.5¢ 3.22 32.71
2 L& 6.45 L.BL 41.94
3 2,560, 5.38 5L.30  33.33
L 58.0% L3 Lo Bl 32.26
5 56.77 5,1 .10 30.32
6 55.45 6445 5eHO 2549
7 58455 £.91 7.33 25.73
8 450,59 £.05 7.26 25.80

‘9 59.86 535 5,81, 27.95
10 6().00 lc. .8/;. 7 . 10 2:‘3.06
35

V. REBSULTS

The results are shown in summerizing tables which give the number
of years necessary to reach the 5 percent constency lindt set for the
purpose. -

Table 5.—Numnber of Years of l‘ontily Deata
Necessary for a Frequency Distribution by Steps
(as Shown in Table 2) of Horizontal Visibilities

To Be Accurate vithin 5 Percent for Various Stations

oTa s s s D T T Y T T

_Statien _Jan Teb INar ‘pr Iy Jun Jul /Snz Sen Oct  lov_ Dec

[a¥)

Abbeville 2 5 A 1 2 3 1. 2 L 3 2 3
le Tourget 7 7 2 3 6 2 N & L 6 5 7
Perpignan 7 8 7 7 6 7 7 7 7 7 7 7
FPalerro 8 g g 10 6 3 6 9 S 9 10 9
Foma é 6 L 5 L 5 ) 5 5 .7 7 L
Genova 3 14 1+ l; 9 ; 9 5 5 7 & 9
“Jashinston, ‘

D.c. 4 5 A 5 ~-¢ 5 5 €& ¢ 4 3 6

C4=3351,AF
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Table 6.—Number of Years cf lonthly Date Mecessary
for Frequency DNistribution by Steps of Cloud Heights
to be Accurate within 5 Percent, for Various Stations

_Station _ Jan Feb lar Apr !hﬁ Jun Jul fug Sep Oct liov Dec

Abbeville 4 4 5 6 5 3 3 6 5 35 5 ’
Le Bourget 3 4 5 3 4 5 4 3 4L 2-2 3

Perpignan 5 7 6 3 L 4 3 6 6 66 6

Table 7.--Yumber of Years of lonthly Data
Necessary for Frequernicy Distribution by Steps -
of Cloudiness tc be Accurate within 5 Percent

Station __Jan Feb Mar Apr ifa; Jun Jul Aug Sep Oct iHov Dec
ashington, : A
D.C. 7 611 3 5 5 11 11 9. .5 3 3

Table E.--lumver of Years of lonthly Data
Necessar;” for Frecuency Distribution by Steps of
Rainfall Persistence (in Days) to be ‘Accurate within 5 Percent

Station  Jan Feb Mar spr Iay Jun Jul iug Sep Oct liov Dec

"ashington, »
D.C. 9 6 13 14 13 8 20 13 -11 12 10 10

Table 9.--'"umber of Years of l'onthly Datz tlecessary
for Frequency Distribution by Steps of "ind Velocities
to be Accurate within 5 Percent for Various Stations

_Statien ___ Jan Teb lar Apr lay Jun Jul fuc~ Dep Oct_liov Dec

v}

St. Inglevert 3 % 2 4L 3 4L 5 4L 3 3 3 1 g
Pelernio 1y 3 1, L 2 2 7 7 7 & 5 5
Tiema 4 7 g g & 7 7 7 7 5 5 3
i:enova - 5 L4 7 7 7 £ 5 9 5 & 5 ‘
Pas Zngelah S ¢ g 9 2 g 9 2 9 & 6 8
Thyn=a 7 & 8 5 & e 3 9 g 8 e 6
= e
C4~3351,AF
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. The same dsta are repeated for seasons®, with the difference in
the riumber of years which will yield a constant distribution within
the 5 percent limit for the individual months as comnared to the
respective seascnal limits.

Table 10.--Humber of Years of Seasonal Data
Necessary for Freauency Distribution by, Steps of
Visibility to bhe Accurzte within 5 Fercent, and

(in Parentheses) the Average liumber of Years lore (+) or
'Léssw(r)'of Data.Needgd for a Konth;y gnd'SQasqnal Summgry

.. Station i _tdnter _ _ Spring - Summer Autuin
Abbeville 2 (+1) 2 (0) © - 1 (+1) 2 (+1)
Le Rourget 7 (0) 3 (+1) 2 (+1) 5 (0)
Perpignan 7 (0) 7 (0) 7 (0) 7 (0)
Palermo 9 (=1) g (0) 9 (-1) o (0)
Toma- 7 (=2} - 7 (-3) . 5.(0)- 3 (+3)
Genova . . . 5 (+1)y - 7 (<) 5 (-1) L (+3)
‘Washington, D.C. 4 (+1) 5 (0) & (~1) 5 (~1)

Taple 1l.-="umber of Years of Seasonal Data Fecessary for
Frecuency Distributicn by Steps of Cloud Heights to be Accurate
within 5 Percent, and (in Parenthesés) the Avéraze Number of Years =~~~
tiore (+) or less (-) Meeded for'a Scascnal cnd lenthdy Summary:

Station Tinter _“;§pring . Suaner _ Autumn

Abbeville 3. , 3 . 3 2.

Le Bourget 3 (0) 3 1) 3 (+1) 2 (+1)
Perpignan 5 R 3 6 ] é o o .

Table 12.--Number of Years of Seasoncl Data Neécessary
for Frequency Distribution by Steps of ¥Wind Velocities to be
Accurate within 5 Percent, and (in Parentheses) the Average Number
of Years Yore (+) or less (-) Needed for a Seasonal and Ionthly Summary

Station inter

Spring Suomer  Autumn
St. Inglevert 1 (+1) 3 (0) L (0) 2 (+1)
Palermo L (0) -2 (0) 7 (=2) 5 (0)
“oma 7 (-1) e (0) g8 (-1) 1 (+5)
Jenova _ 5 (0) 7= 6 (0) 5 (+2)

#*Time did not rermit the extensicn of the seascnal stud; to &ll
stations anrd elements.




NSUREesE. - 8

A comparison of wind direction e:.1 velocity frequency distribu-
tion by seascns, as obtained from a 13-year record and a S5-yesar
record at Shanghai, was alsc .ade, Tve independent series in a mon-
soon region were usad for this study. The results are showm in
tablc 13,

Table 13.--Percentagc Freguencies of ’ind Directions and
Velocities as Given by a 5-Year Re¢cord and a 12-Yeur Record ¢

Direction Calm N, ME, E. SI. S.T 8. 5. N,
Years Years Years Years Years Years Years Years Years
A3 213533 513 21 513 513 513 513
‘linter (Dec.-Feb.)

-

Velocity,
MePeil,
1- 8 10 10 6 5 h 2 3 2 2 1 2 2 3 2 g8 7
9-18 9 12 3 10 5 8 5 3 2 2 1 6 5 put 16
19-32 2 1 1 0O 0o 0 10 ¢ 0 "0 o0 2 'R 5 4
Greater : :
than 32 0 © o O 2 0 0 0 O 0 0 O O O 1 0O
Calm O 3 . S— S Rt
- _Sprirg (Iar.ar) e
1 1- 8 5 5 5 4 L N 5 4 2 3 1 2 2 2 3 3
! 9-18 6 6 € 7 1313 1416 5 & 2 2 3 3 6 ¢
19-32 1l O 1 1 21 4 3 .2 1 o 0O 2 1 2 2
Gireater
than 32 0O 0 ¢ 20 0O 0 ¢ 0 0 9 0 0 0 0
Calm 1 3
Summer (June-/ug.)
5 1- 8 L 2 L 3 55 7 5 55 2 4 2 2 2 2
i 9-18 3 2 6 4 1311 1719 1013 3 5 1 3 2 2
) 19-32 0 ¢ 11 3 3 5 4+ 3 1 O 0 1 1 0 0O
: Treater _
3 than 32 . 0 0 0 0O 0O-0 -0 O 0 0 0O 0 0 O 0O O
; Calm 1 3
g Autumn (Sept.-Nov.)
: 1- 8 109 77 65 4 4 22 23 33 9 7
3 9-18 1010 910 8 9 5 6 3 3 1 1 4 4 8 9
% 19-32 1 1 1 1 O 0 1 0O O © 0 O 2 1 3 1
3 Greater :
é than 32 0 O o 0 0O O 0 ¢ c © 0 O O 0 0 O
& Calm 1 3 . g
2 =
& .
¥ ,
g
C4~=3351,AF -
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The result is that only in one group did the difference between
the two records amount to as much as 5 percent {winter, NI., 9-18
m.p.h.). In three additional cases the diffecrence amounted to 3
percent, but in-all other sroups the diffcerence between the records
- is 2 percent cr less. &5 a matter of fact, the two series are
amazingly alike, &nd the picture conveyed by the 5-year record gives
- as much information on thc mean wind condltions ‘at Shanghal as the
: - "13-year record. .

- VI. DISCUSSIO¥ o i

For practical purposcs, the difference shoom for various months
cannot be cxploited. The month which neceds the longest series of
records governs the number of years for which date have to be com-
piled for climatic studies, unless they arc carried on for an
individual secason only.

There are considerable diffcrences between stations, with those
in the maritime zone cf the westerly cvclonic circuletion rsaching
constant valucs much earlier thin those in the subiropical zone,

4 general length of rccord nceded for. westerly and'éﬁbtropical
i circulations, by elements; is shoun in teble 14,

Table 1, .-—Summary cof jengtis of records Needed

{ Hlement Testerly Circulation Subtropical Circulation
! Visibility 5-7 yrs.; nonthly hasis  8-10 yrs.; monthly basis
H 2-7 vrs.; seasonel basis 7- ¢ yrs.; seasonel basis
E
Cloud height 5-6 yrs.; monthly basis 7 yrs.; monthly basis
3 vrs.; scasonsl basis 6 yrs.; s:asonal basis
p Cloudiness 11 yrs.; monthly basis — =S
; "Iind velocity  5-7 yrs.; nonthly basis 3= 9 vrs.; noathly basis
2 4 vrs.; seasonzl basis 7- 8 yrs.; ouauonul basis
¢ . Fersistence of
precipitation 20 yrs.; monthly basis ——— —
‘;.
<
£
;

Lttached are some grarhical illustrations cf the cilect of

length of record.
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. JIII, CCHCLUSION
In order to play safe, the upper limit of years, indicated in

table 14, should be uscd, as far as data arc available, for sum- B
marization of climetic elements, as shown in tablec 15,-

Table 15.--Sumrarization of Climatic Elements

Viesterly Circulstion Subtropical Circulation
T ¥onthly ~3easontl Tontiily Sezsonal
_ basis basis basis basis
Visibility ' X 7 7 10 © 9
Cloud height 5 3 7 6
. Cloudiness 11 K ¥ *®
wind velocity 7 A 9 8
"ind direction ¥* 3 3* 5
Persistence of
precipitation on .
successive days 20 ¥ * e
RO .
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FI1G.1.-CUMULATIVE DISTRIBUTIONS OF PERCENTAGE
FREQUENGIES OF APRIL. HORIZONTAL VISIBILITIES AT
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Study of Length of Record Needed to Obtain Satisfactory Climatic Summaries for

Various Meteorological Elements (None)
. (Not known)
U.8. Army Air Forcem Weather Information Branch, Washington, D. C. R-888

U.8. Alr Force,Air Westher Service, Washington, D. C. TR-106-38

Nov* 43 Unclass. U.8. English 18 tables, graphs

The number of years needed ¢ obtain a relatively constant frequency distribution of various
meteorological elements wese determined. The elements which were analysed were those which
had not been studied previoussr by climatologists with regard to the significant levels obtained

by varying length of record. [hese elements are horisontal visibility, cloud altitudes, cloudiness,
presistance of rain, and surfawe-wind velocity. Places from which data were obtained included
stations in Raly, France, Afrivs, China, and the U.S. The results are shown, in summarising
tables which give the number I years necessary to reach the five-percent constancy limit set

for the purpose of obtaining tRw number of years after which the distribution became constant
within this limit, '

LIMITED. Copies obtainiile from CADO by U.S. Military Organisations oaly.
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