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STUDY  OF  LENGTH.  OF  RECORD 

NEEDED  TO  OBTAIN 

S a T I S F ; C T 0 P. Y  C 1 I ' /■. T I C  SUMHARXIS 

FOR  VAT. IOUS  METEOROLOGICAL  ELEMENTS 

r 1. PURPOSE OF STUDY 

The piarpose of this study was to establish the number of years 
that are needed in order to obtain a relatively constant frequency 
distribution of Various meteorological elements.  The limits within 
which a distribution function may fluctuate and still be considered 
satisfactory are arbitrary, but they were chosen in such fashion 
that, for all practical purposes of military planning, addition of 
further years of record would not add significantly to the interpre- 
tation of the climatic records.  After the number of years which 
Will yield this result are satisfactorily established, the work of 
compiling climatic records can be reduced to the absolute minimum 
necepsary to gain the desired information. In the limited amount of 
time available for this study, it was not possible' to choose and 
study stations representing all the possible climatic regions of the 
world, but the stations chosen wiU at least convey as far as possible 
the length of the approximate shortest records which will permit 
reliable deductions. 

II. EIEMSI'TS STUDIED ■ 

The elements subjected to statistical analysis' were those.Which 
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 temperature and precipitaition 
amounts.  Ulis study extends our knowledge with respect tc the elements 
significant for military aviation, such as: 

(a) Horizontal visibility; 
(b) Cloud heights; ■ -    . . . J •. 

..       (c) Cloudiness; -.;--.,'      ■. ; !■;: •_'> 
(d) Persistence of rain spells;   .■•'■'■ 
(e) Wind velocity (surface). 

, -   III. DATA USED 

The stations and data used are shown in table 1, 

C^-3351,AF 
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Table 1.—Stations and Data 

L'eteorological 
Element      Station 

Horizontal    Le Bourget 
visibilities 

Abbeville 

-Perpignan 

Palermo 

Cliiiiatic Area 

Roma 0700 10 

Genova 0700 10 

Washington, 
D.C. 

1930 8 

Hours Length 
of Obs. of 
(Local Record, 
time) Years                  __  __ 

0700     8   Region of westerlies, 
maritine climate, inland, 
airport near city 

0700    S   Vartthrs  climate, coastal 
station 

0700     8   Subtropical region, 
I'editerranean maritime 
climate, coastal station 

0700    10   Subtropical region, 
I'editerranean maritime 
climate, coastal station 

Subtropical region, station 
somewhat off coast, near city 

Subtropical region, coastal 
station near city 

Pegion of westerlies, 
continental type climate, 
station near city 

Cloud heights Le "ourget 
Abbeville 
Perpignan 

Cloudiness    "Washington, 
D.C. 

Persistence of Washington, 
rain spells   D.C. 

1930 

0000 
to 

0000 

8 See above 
8 it   ii 

8 ii   it 

35 

35 

"and 
velocities 
(surface) 

a 

Palermo 1300 
Roma 1300 
Genova 1300 
St. Inglevert ■ 0700 

Thyna 

Ras EngeIah 

Shanghai 

3 obs. 
daily 

3 obs. 
daily 

2 obs. 
daily 

10 
10 

• 10 
8 

11 
(not 
consec.) 

12 
(not 
consec.) 

5 
and 
13 

Region of westerlies, mari- 
tixne climate, coastal station 
Subtropical region, 
Mediterranean climate, 
coastal station 
Subtropical region, 
Mediterranean climate, 
coastal station 

!'onsoon region, 
coastal station 

a 04*3351, .'J' 
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The frequency distributions by steps wero obtained from monthly 
suj?j-:iaries, as follows: 

For Italian stations fron L'inisterio dell'Aeronautic a - "Reassuniti 
Fensili delle Osservasioni d.i Visibilita Orrizzontale della Velocita "e 
Direzione del Vento al Suolo cd in Quota.H 

t 

For French stations from Office Nationale Tet. de France - 
"Cliraatologie Aeronautique." 

For Washington, D.G., fror. Forres 1003; 1002^ and 1014 met'l, 
U.S. "eather Bureau. 

For North African stations from "Ueather in the ''editerranean" - 
Great Britain T-eteorolpgic-al Office. 

For Shanghai from "bulletin ifensuel Observatoire Zi-Ka-Wei." 

The group intervals used for study of the frequency distributions 
are shown in table 2. 

Table 2.—Group Intervals Used for Stud;- of the Froquency Distributions 

Element 

Visibility 

T'ind 
velocity 

Station Intervals 

V1 stations 

1  ian and 
French stations 

International scale: 0-4j '},' 6, 7,  8, 9 

Jtn.'per hr.t 0-5,  6-25, 26-50, 51-75, 
76 or nore . 

African stations a.p.h.: loss than 2, 2-5, 5-13, 13-18, 
18-22, 22-45, greater than 45 

Shanghai T..p.h.: oalnis, 1-8, 9-18, 19-32, greater 
than 32. (These were further classified 
by wind direction, M., !JE., S.,   SE.,   S., 

Clovd 
heights 

French stations I'eters:   less than 100,  100-200,  200-300, 
300-600,   600-1000,   1000-1500, 
1500-2500,   greater than 2500 

Cloudiness      'ashington,  D.O. 

Hain spells    ''.'ashington,  D.C. 

Tenths: 0-2, 3-5, 6-3, 9-10 

Consecutive days of precipitation: 1-2, 
3-4, 5-D, 7-2, greater than 9 

i 
C4-3351,AF 
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IV. PROCEDURE 

The methods of approach snd the techniques of analysis wore the 
same for all elements.  The original data were compiled, in somo cases 
grouped (where not originally grouped at the source), and distributions 
of daily observations by months, by years, were made according to the 
intervals given in table 2.  The distributions were added successively 
from 1, 2, 3, A» etc. years, for each month at each station, and the 
percentage frequencies for eacli distribution c- Iculated for the cumu- 
lative sums of 1, 2, 3, 4, etc. yanrs.     An example is shown in table 3. 

Table 3.—January Cloudiness (in Tenths) - 'Jashington, D.G. 

Cumulative 
Frequoncie s Frequencies Cumulative 
in days. in days Frequencies,. 

Year 
ind: 
0-2 

.vidi. 
3-T 

i£l ye 

2 
4 

ars 
-10" 

10 
15 

" Year' 

1940 
1939 

(years added) 
.0^2 375 T~^9-1Q . 

13  6 2     10 
23  8  6  25 

_Yeär 
1940 
1939 

percentages 
0-2 3-5 6-8 9-10 

1940 
1939 ii 6 

2 
41.9 19.4 6.5 32.3 
37.1 12.9 9.7 40.3 

1938 13 1 2 15 193S 36 9  S 15 193S 38.7 9.7 3.6 43.0 
1937 6 1 5 19 1937 42 10 13 59 1937 33.9 8.0 -10.5 47.6 
1936 13 2 3 13 1936 55 12 16 72 1936 35.5 '7.7 10.3 46.4 
1935 17 1 2 11 1935 72 13 IS 03 1935 38.7 7.0 9.7 42.9 

Seasons were treated similarly by grouping together^ for winter, 
the months from December-February; spring, March-Kay; summer, June-' 
August, and autumn, September-Novc;nbcr. 

For the present purpose an arbitrary limit, 5 percent, was set to 
obtain the number of years after, which the dir;tribution became constant 
within this limit.  In other words, by adding one cr more years to the 
distribution, none of the subsequent values in an?- class interval 
varied by more than 5 percent from the year in which the "limit" was 
reached.  An example is shown in table 4. 

As can be seen from table h,  after 6 years none of the percentage 
frequency values in any step changes by more than 5 percent in any 
additional subsequent years.  This holds even if the series is extended 
to 35 years. ' For purposes of comparison^ the 35-year v.-.luej aru given 
at the end of the table.  Compared to the 10-year level, none of the 
subsequent steps differs by more than 2 percent.  This shows that no 
significant"gain in accuracy -would have been attained by the use cf 
35 years of data. 

C4-3351,AF 
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Table 4»—Gurriulativo Porconie^c Froqucnc;- of Cloudiness Stops, 

October, "ashin.'rton. ^.0.3 for Varying lengths of P.ecord 

no. of Year a Cloudi ness 
of E ata 0-2 3-5 6-6 9-10 

1 
4. 4^.39 9.60 3.22 33.71 
2 46.77 6.45 4 • 64 41.94 
3 56.99 5.38 4.30 33.33 
h 58.06 4.34 4.54 32.26 
5 56.77 5.61 7.10 30.32 
t 0 56.45 6.45 3.60 23.49 
7 5 c. 5 J 6.91 7.33 26.73 
8 60.09 6.05 25-30 
9 59.36 5.3S 6.SI • 27.95 
ID 60.00 4.84 7.10 23.06 

35 58.34 9.12 25.71 

V. RESULTS 

The results are shown in sununsrizing tables ".'hich give the number 
of years necessar3r to reach the 5 percent Constancy lindt set for the 
purpose. 

Table 5,—Number of Years of Monthly Data 
Necessary for a Frequency Distribution by Steps 
(as Shown in Table 2) of Horizontal Visibilities 

To Be Accurate within 5 Percent for Various Stations 

Station 

Abbeville 
le Bourget 
Perpignan 
Palermo 
Foma 
Geneva 
'■Jashington, 

D.O. 

Jan 
2 
7 
7 
8 
6 
3 

geb IJar^ Apr 
4        1 

7 

4 

2 
7 
8 
4 
4 

10 
5 
4 

2 
6 
6 
o 
4 
9 

Jun 
3 

.Jul_ 
1 
4 
7 
o 
6 

2 
6 

1 

9 

Sen 

4 
4 
7 
9 
5 

Oc.t, 
3" 
6 
7 
9 

, 7 
7 

Jov   Dec 
2 
5 
7 

10 
7 
8 

3 
7 
7 
9 
4 
9 

• 
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Table b,-—'lumber of Years of I'onthly Date Mecessary 

fox* Frequency nistribution by oteps of Cloud Heights 
to be Accurate vrithin 5 Percent, for Various Stations 

_Station   Jan Feb Kar Apr !''ay Jun Jul /m.q Sep Oct IJov Dec 

Abbeville 4 456533653 5 5 
Le Bom-get' 3453 4 5434223 
Perpignan        5      763      4      43      66      6 6      6 

Table 7.—Number of Years of Monthly Data 
Necessary for Frequency Distribution hj  Steps 
of Cloudiness to be Accurate within 5 Percent 

Station ..Tan Feb k'ar A£r_ I la;^ Jj^L, J.u]^Au^_ Sep Oct Mov Dec 

■"ashington, 
D.C.      7  6 11  3  5  5 11 11  9  6  3  3 

Table E.—'lumber of Years of Konthly Data 

Necessary for Frequency Distribution by Steps of 

Rainfall Persistence (in Days) to be Accurate within 5 Percent 

Station  Jan Feb ?iar Apr i'ay Jun Jul Aus; Sep öct Nov Dec 

'Washington, 
D.C.      9  6 13 14 13  8 20 13 11 12 10 10 

Table 9.—'.umber of Years of I'onthly Data riecessary 

for Frequency Distribution by Steps of ""ind Velocities 
to be Accurate within 5 Percent for Various Stations 

Station Jan Feb \:&T Apr, 
"4 3 

_tJun_ 

4 

Jul 

5 

Au- Sep Oct iJov Dec 
St. Inglevert 3 'A 2 4 O 

V 3 3       1 
Palermo 4 3 4 4 2 2 7 

1 
9 ( 

r~i 
O 5      5 

Ron» Q 7 8 8 ß 7 7 7 7 r 5      3 
;. .^enova 5 ;, 4 7 7 7 

1 
/, 5 7 5 8      5 

Pas Lngclah D t- 8 9 '-■ 8 9 O 9 Cj 9      8 
Thyna 7 6 8 6 8 8 Ö 9 / 8 8      6 

C4-3351,AF 
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The same ckta are repeated for seasons*, with the difference in 
the number of years which will yield a constant distribution within 
the 5 percent limit for the individual months as compared to the 
respective seasonal limits. 

Table 10.—Number of Years of Seasonal Data 

Necessary for Frequency Distribution by^Steps of 

Visibility to be Accurate within 5 Percent, and 
(in Parentheses) the Average Number of Years Tore (•»■) or 

Less (-) of Data Needed for. a Konthly and Seasonal Summary 

Station f J,rinter Spring Summer Autuiiin 

Abbeville 2 (+1) 2 (0) 1 (+1) 2 (+1) 
Le Bourget 7 (0) 3 (+1) 3 (+1) 5 (0) 
Perpignan 7 (0) 7 (0) 7 (0) 7 (0) 
Palermo 9 (-1) 8 (0) 9 (-1) 9 (0) 
n:oma  7 (-2) 7 (-3) 5 <ü). 3 (+3) 
Geneva 5 (+1> 7 (-1) 5,(-l) . h  (+3) 
:Washington, D.G. 4 (+1) 5 (0) 6 (-1) 5 (-1) 

Taole 11,—Number of Years of Seasonal Data Necessary for 
Frequency Distribution by Steps of Cloud Heights to be Accurate 

within 5 Percent, and (in Parentheses) the Average Number of Years 
liofe  (+) or Less (-) Needed for a Seasonal ;.ridl'cnth3:y ■ Summary 

Station  "inter SprAliS ; 

Abbeville 
Le Bourget 
Perpignan 

bUuüner 

3 (o: 
3 
3 (+1) 

3 
3 (+1) 

Autumn 

2  (+1) 

f, 
Table 12.—Number of Years of Seasonal Data Necessary 

for Frequency Distribution by Steps of Wind Velocities to be 
Accurate within 5 Percent, and (in Parentheses) the Average Number 

of Years lore (+) or Less (-) Needed for a Seasonal and Nonthly Summary 

.; 

i 

■ 

Station 

St.   Inglevert 
Palermo 
N.oma 
Geneva 

N inter 

1   (+1) 
"4 (o) 
7 (-1) 

.5 (ö) 

Spring 

3   (0) 
3   (0) 
e (o) 
7 (-1) 

bummer 
4 (0) 
7 (-2) 
3 (-1) 
6  (0) 

Autumn 

2 (♦!) 
6 (0) 
1 (+5) 
3 (+2) 

""""Time did not remit the extension 
stations  ard elements. 

;f the soaeonan  study to al' 

CA-3351,^ 
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A comparison of wind direction aM velocity frequency distribu- 
tion by seasons, as obtained from a 13-year record and a 5-year 
record at Shanghai, waa also :.iade.  Two independent series in a mon- 
soon region were used for this study.  The results are shov.-n in 
table 13. 

Table 13.—Percentage Frequencies of 'rind 
Velocities as ^iven by a 5-Year Record and 

Directions and 

a 13-Year Record 

Direction Calm N. NT i • E. ss. s, ■ s # 
T • rr. 

Years Years Years Years Years Years Yes rs Yea rs Years 
5 13 5 13 5 13 5 13 .5 13 5 13 13 5 13 5 X? 
—— Winter (D 3C.-Feb 0 

Velocity, 
n.p.li. 
1- S 10 10 6 h    2 3 2 2 1 2 2 3 2 8 7 
9-18 9 12 3 10 6 8 5 5 3 2 2 1 6 5 11 16 
19-32 2 1 1 0 0 0 1 0 0 0 0 0 2 ■2 5 4 
Greater 
than 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Calm 0 3 ■ 

S] -iring 0 

4 4 
"ar.-J'a; r) 

~2 1- 8 5 5 <; s h 6 4 2 3 1 2 2 3 3 
9-18 6 6 g 7 13 13 14 16 5 8 2 2 3 3 6 6 
19-32 1 0 1 ] 2 1 4 3 . 2 1 0 0 2 1 2 2 
Greater 
than 32 0 0 r\ 0 0 0 0 0 G 0 0 0 0 0 0 0 
Calm 1 3   

Summer (June-/ug. ) 

5 5 2 4 2 1- 8 h    2 u 3 5 5 7 5 2 2 2 
9-18 3 2 6 h 13 11 1? 19 10 13 3 5 1 3 2  2 

19-32 0 0 1 1 3 3 5 4 3 1 0 0 1 1 0 0 
Greater 
than 32 0 0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 

Calm 1 3 
Aul >umn (Sept.-Nov.) 

6 5  4 4  2 2 2 1- 8 10 9 7 7 3 3 3 9 7 
9-18 10 10 9 10 8 9 5 6 3 3 1 1 4 4 8 9 
19-32 1  1 1 1 0 0 1 0 0 0 0 0 2 1 3 1 
Greater 
than 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calm 1 3 

C4-3351,AF 



9 ■Ig'M'LliiDD - 

The result is that only in one group did the difference between 
the two records amount to as much as 5 percert (winter, in., 9-18 
m.p.h.).  In three additional cases the difference amounted to 3 
percent, but in all other groups the difference betv/een the records 
is 2 percent or less.  As a matter of fact, the two series are 
amazingly alike,, and the picture conveyed by the 5-ye&r  record gives 
as much information on the mean wind conditions at Shanghai as the 
'13-year record. . ,   ■ 

VI. DISCUSSION 

For practical purposes, the difference shown for various months 
cannot be exploited.  The month which needs the longest series of 
records governs the number of years for which data, have to be com- 
piled for climatic studies, unless they are carried on for an 
individual season only. 

There are considerable differences between stations, with those 
in the maritime zone of the westerly cvclonic circulation reaching 
constant values much earlier th<n those in the subtropical zone, 

A general length of record needed for-westerly and subtropical 
circulations, by elements^ is' shown in table 14. 

Table IZ^—Summary of lengths of Records Meeded 

Element    '."ostorly Circulation     Subtropical Circulation 

Visibility 

Cloud height 

Cloudiness 

5-7 yrs.j monthly basis 8-10 yrs.j monthly basis 
2-7 yrs.j seasonal basis 7- 9 yrs.j seasonal basis 

5-6 yrs.j monthly basis     7 yes.;  monthly basis 
3 yrs.; seasonal basis    6 yrs.; seasonal basis 

11 yrs.| monthly basis               

TUnd velocity      5-7 yrs.j monthly basis a- 9 yrs.; monthly basis 
4 yrs.; seasonal basis 7- 8 yrs.; seasonal basis 

Fersistencc of 
precipitation  20 yrs.; monthly basis               

VII. ILLUSTRATIONS 

■ 

Attached are some graphical illustrations of the effect of 
length of record. 

04-3351,^ 
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.mi. CC'TCLUSION 

In order to play safe, the upper limit of years, indicated in 
table 14, should be uscid, as far as data are available, for sum- 
marization of climatic elements, as shown in table 15. 

Table 15.—Summarization of Climatic Elements 

1 resterly Circulation 
Monthly Seasohiul 
basis basis 

Subtropical Circulation 
'  ^Monthly "Seasonal 

basis   basis 

Visibility 7 7 

Cloud height 6 3 

Cloudiness 13. 45 

'Vinci velocity 7 4 

r'ind direction -;;- *- 

10 

7 

-;.■ 

9 

6 

8 

5 

Persistence of 
precipitation on 
successive days 20 

RI 
. 

04-3351,-"^ 
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FIG.2- CUMULATIVE DISTRIBUTIONS OF PERCENTAGE FRE- 

QUENCIES OF OCTOBER CLOUD HEIGHTS AT PERPIGNAN, 

0700 L.T., USING 2 TO 8  YEARS OF DATA. 
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FIG.4.-CUMULATIVE DISTRIBUTIONS OF PERCENTAGE FRE- 
QUENCIES OF VARIOUS INTENSITIES OF JANUARY. WIND VEL- 
OCITIES AT 6EN0VA, 1300 LT., USING I TO 10 YEARS OF DATA. 
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