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COMBINED _DISTRIBUTION OF HOURLY VALUES OF DRY-BULB AND _;w_x;m-_auyg
' TEMPERATURES, RENFREW, 1946-1955

By J.G. COTTIS and H.J. GROOLL,

INTRODUCTION

Hourly observations of dry-bulb and wet-bulb temperature (to one tenth
of a2 degree Fahrenheit) made at Renfrew during the ten years 194.6-1955 were
analysed to obtain combined frequency distributions within renges of two
degrees F,, for each month, for each of the quarters December-January-Februzry,
iiarch-April-May, etc. and for the whole year.s A ten~year period, giving 87,648
observations of each element, was considered to be the shortest which would
give useful averages, Ranges of 2°F. were selected because they are
sufficiently small to give a fairly detailed indication of frequencies at the
higher and lower temperature limits of the distributions - often the regions of
greatest interest,

LETHOD OF TABULATION OF RESULTS

Tables I to XII are combined frequency tables of dry-bulb and wet-bulb
temperatures for the months January to December respectively., Tables XIII to
XVI are the corresponding tables for the four quarters, December-January-
February, etce Table XVII gives the corresponding annual frequencies. Teble
IVIII gives the frequencies of dry-bulb temperetures irrespective of wet-bulb
temperatures, and Table XIX gives the frequencies of wet-bulb temperatures
irrespective of dry-bulb temperatures.

The tabulations were made for the two degree ranges 20.1-22,0°F.,
22,1-24,0°F., etc. For brevity in the tebles, the range of dry-bulb
temperatures in the first column is indicated by T but refers to the renge
7-0.9 to T+1.0 degrees Fo Similarly, the values T, T-2, T-L, etc. (second,
third and fourth columns, respectively, of Tables I-XVII) of wet-bulb
temperatures refer to the ranges T-0.9 to T+1.0, T=2.9 %o T=10, T=4.9 to T-3.0
etc., where the value of T for any freguency in the table is given by the
figure in the first colwm in the same row. For example, if T (first colwm)
is 45°F., 4

the renge of dry-bulb temperature is 44«1 to 46.0°F., and {
2 h " wet-bulb ’ " Jhet " 46.0°F. (second column, T) |
4241 " 44.0°F, (third column, T-2)
40e1 " 42,0°F, (fourth columm, T-4)

etc.
For any given ranges of dry-bulb and wet-bulb temperature, two frequencies |
are indicateds The upper figure is the percentage frequency of occurrence -~

within the given ranges; the lower figure is the cumulative percentage
frequency of dry-bulb temperature and associated wet-bulb temperature greater
than or equal to the lower values in the rangss indicated.

All percentage frequenaies are corrected to one place of decimals except
that frequencies less than O.1 per cent are corrected to two places of ,
decimals., Prequencies less than 0.005 per cent but greater than zero are :
entered as 0.0, while «s signifies that no occurrence was observed within the
given range. The entry of 0.0 can occur only in the quarterly and annual )
summaries of frequencies but not in the monthly tables, where a single
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occurrence (tg:; is, at one hourly observation) gives a frequency of C,01 per
cent approximately. The cumulative frequencies shown are merely the sums
of the appropriate individual frequencies, corrected to one place of decimals,
end entered as 0.0 if less than 0,05 but greater than zero.

Axamples -

For January (see Table 1), the percentage frequency of hours with dry- bulb
temperature in the range 4he1 to 46.0°F, and associated wet~bulb temperetire
in the range 40.1 to 42.0°F, is obtained by locating the value 45 for dry-bulb =
temperature in column one (T) and then locating the frequency in the row
opposite 45 and in the wet-bulb column T-4e The value of this percentage
frequency is 0.8,

N

Again, for January (see Table 1), the percentege frequency of hours with
dry-bulb temperature ) L4.1°F., and wet-bulb temperature > 40.1°F, is
obtained by locating the value 45 for dry-bulb temperature in column one (I') and
then locating the cumulative frequency in the row opposite 45 and in the wet-
bulb column T-4, The value of this cumulative Percentage frequency is 23.2,

Lccumulated temperstures

Table XVIII, which gives the percentage freguency of ocourrence of
hourly values of dry-bulb temperature within given ranges, may be used to
obtain the average number of degree-hours (and thus degree-days) to be
expected above or below any base temperature. The number of degree~hours
above a base "b" °F, (where b is zn even number) is given by the sum of the
products obtained by multiplying the values given in each of the columns which
refer to temperatures greater than b°F, (i.e. to the right of the column with a
temperature range whose upper limit is b) by N/100, 5N/1OO: 5N/1OO’ etc.
respcctively, where N is the number of hours in the month,

When b is an odd number, the above procedure should be carried out for
(b=1)°F. and (b+1)°F., and the mcan of these two derived values will give a
good epproximetion to the number of degreec~hours above the base bOR,

To obtain the number of degree~hours below a given base b°F (where b is
en even number), the procedure is the same except that the columns to be used
are all those which would not be used in the above computation for degree- hours
above the given base,

r -
To obtain the number of degree-hours below a given base b°®, where b is an
odd number, the procedure is to czloulate the number of degree hours below base
(b=1)°F. and (b+1)°F. and to take the mean of these two derived values.
¥ Since hourly observations have been used in the present work, averages of

acocunulated temperature derived in the above manner would be more accurate than
those derived by using more approximate methods, as for example in Brit. Clim.
Branch Memo., No,5; it should be pointed out, however, that the averages given
in Branch Memo. No.,5 relate to the 30-year period 1921-50 whereas the figures
in Table XVIII ere besed on the 10=-yeer period 1946-55,

OTHER RELATED 1EMORANDA

Climetological Memc, No.10, entitled "Combined distribution of hourly
values of dry-bulb and wet~bulb temperatures, Croydon, 1946-1955", is similer in
format to the present Memo. but includes a serics of ogives which express
Tables I to XVII graphicallys.

; Other related memoranda now being prepared, and all dealing with combined
- distribution of hourly values of dry~bulb and wet-bulb temperstures, will be
numbered as follows;-

12. Driffield 153+ Boscombe Down 14+ lManchester
15, Stornoway 16, Lympne 17. Elmdon
18, Aldergrove 19. Pembroke Dock 20, Mildenhall,

G.1273/KEC/11/58/100 SN
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BLE I, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCTIATED WET-BULB TEMPERATURES

RENF'REW JANUARY
(Hourlv obuervatlonu 1946—1955)
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TABLE II.
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T T—2 76
009 s oo
99,8
0.1 0,0
SPd DT ‘s
0SS 0.
29.6 99.6 .
Ok ;10,01
9383 s> o
0.5 0,09
98.8 98,9 P
Ol 202
93,1 98,3 oa
0803
SFe0 9735 .o
458 0.7
95.3 96.1 e
o B B
Hool - 35D .o
5'!‘,4- 300
835.1 88,8 Pl
5.8 53
7.5 81.7 “s
ll-oll- 5-5 0006
62,970, 72.6
359 Tl 0.2
9.3 58, 61 .1
2.8 5,9 005
BT Abek 4842
265 a9 0.3
P81 3449 3740
e it e 055
D0LL 25,7 2841
2 e 0.3
1555 18.2 20,0
0 08 0.2
8.1 11 ¢9 1307
¥ 25 0,2
ll-oo 7.1 8.3
DL 2.4 0.1
D7 2,9 346
0.3
o 0.3 LE
0,03

PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEM

FEBRUARY
(Hourly observations 19&6—1955)
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PEROENTAGE FREQUENCIES OF DRY-BULB AND ASSOCTIATED WET-BULB TEMPERATURES

MARGH

(Hourly observations 19.6-1955)

Associated wet~bulb temperature (OF.)
12 T4

A A R W SR

L} A ™ v
TABLE IIT.
RENFREW
“DRY-BULB R
TEMP,
P G O T T R T
0,05
11 9089 o .o
01
13 990 LR J L ]
0.2
15 9508 e LR
030,01
1Y 996 99,6 .
UsD
19 9903 LR .
0,3 0,03
21 99D 59308 ey
Oadiie 0
23 98l6 98o7 LR ]
06 0.4
25 08,2 98,3 &
0.8 0.3
2 D7s5 9.6 o5
BT
29 9549 96,5 en
235 a5 0305
3 i I G N Ao i
o s 0.2
33 86,5 90,2 . 90,4
303 '4_8 1 01
35 [7846 8349 8543
L File g R 05 - L B
37 B8.8 THe5 76.8
356 543 dnb
39 56,9 6L4.48 67,1
B6 " H.6. 1.6
LA 5.0 5543 55ed
S L Seh | 48
L3 2550 hd o Ll
2.4 b o0
45 PAGE - 29,6 55,1
P Y P | )
Ii—? H2.6 1907 2207
o el e S SR
49 Sl 809 03559
Ok Tshileh
51 et et 140
042 - Deh " OgT:
53 OB gl 29

T—6

.o

.o

25,0
0.7
1407

0,8
748
0.6
347

W R TV W

-3

T-10

0,01

77.1 »0 ee
0.03

67.6 o0 L
0,07

5607 LR LR
0.1

45.2 e ve
0.2

he3 e oo
0.2

21(-01 we .o
0.3 0.0y 0.0

150 - 45e1 15s1
0,07 0.0
e R
0,04
3.7 se LR

D

LA J

L

e cacw




TABLE III.
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ASSOCTATED WET-BULB TE'PERATURES (cont.)

(Honrly observations 194.6-4 955)
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TABLE IV, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCTATED WET-BULB TEMPERATURES
RENFREW APRIL
(Hourly observations 1946-1955)
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TABLE V. PERCENTAGE FREQUENCIES OF DRY~BULB AND ASSOCTATED WET-BULB TEMPERLIUURSLS

RENFREV MAY

Lo -

(Hourly observations 194.6-1955)
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TEMP. Associated wet-bulb Temperature (°F,)
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ABLE VI. PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCTATED WET-BULB TEMPERATURES

RENFREW JUNE

. .

(Hourly observations 1946-1955)
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TABLE VI. PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEMPERATURES(cont.)

RENFREW

-

JUNE

-

(Hourly observations 1946~1955)
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TABLE VII, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEMPERATULIS

RENEREW JULY
(Hourly observations 1946-1955)
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TABLE VIII. PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCTIATED WET-BULB TEMPERATURES

RENFREW AUGUST
(Hourly observations 194.6-1955)
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TABLE IX. PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEZMPERLIU!

(Hourly observations 1946—1955)
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(Hourly observations 19l6-1 955)
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FERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEMPERATURES
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ABLE XI, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEMPER.LIURES

RENFREW NOVEMBER
(Hourly observations 1946-1955)
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TEMP. [Associated wet-bulb temperature (°F.)
T (%F.) | T T~2 T T=6 T8 D0
Qg2 0.1
17 9043 9939 oo oo e .e
Ouh  OoQl
19 99.7 99.7 LR J LR J LR J e
Oudt 0.03
21 9903 9903 oo L) e LN 5
0,6 0,08
23 98.8 98.9 .e LR ] . *e
Ot 0,06
25 98,1 98.2 .o *0 LR J e
05 042
27 97.5 97.7 L] e L] ”e
146 . 035
29 96.5 97'0 *0 LR J L "o
2.2 045 0,MNM
3 93 949 949 .o oo .e
Tt 1] 0,08
59 90479241 9242 .o oo oo
258 - =gl - 03
35 86.8 88.9 89.2 Qe LR LR J
§.0 220 055
37 81 ’5 81".0 Gh"l*‘ o LR x LR J
31 31 0,5  0d1
£ Thaed 185 79:0 - 79,41 . ve
LeO iligd 048 0,07
}!~1 6503 71 nl&- 7203 7203 e L
3.7 l‘l"? 1 .3 O.1
L3 B9 61,5 62,9 6540 os PR
o P @ < o L G i T e N 6|
11-5 14-205 51 03 52'9 53 02 55 02 oo
e Bl 1.9 042
W7 28,8 38,8 40,9 44,1 e o
3.2 7.1 1 l.8 0'2 0.01
LS 1650 BB 26, 26L7  eh 2047
208 Lghs 141 Ol
b Told:: 1560 42 -3 .o oo
09 o4 057 Od 0.,
53 529 Bob L Gulh Bb P 645
Ou7 & 400 033 . 00F 005
55 1 l9 3.0 303 304 BOll- e
0.2 0.8 0.1 Ovoh-
57 Ok 1%2 1o T e oo
0g2
59 LR O.2 LE ] .0 e .0
-5 =



r ;

TABLE XIL. PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEMPERATURI'S

RENFREW DECEMBER
(Hourly observations 1946~1955)
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TABLE XIII, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEMPERATURLS

RENFREW DECEMBER, JANUARY, FEBRUARY
(Hourly observations 1946-1955)
e o e RS et S Rl
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TABLE XIV, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEMPER:\TURES

RENFREW MARCH — APRTL - MAY
(Hourly observations 1946-1955)
CRY-BULB '
TEMP, Associated wet~bulb temperature (OF.)
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TABLE XTIV, PERCENTAGE

FREQUENCIES bl'" DRY-BULB AND ASSOCIATED WET-BULB TE

RENFREW MARCH ~ APRTL - NAY
(Hourly observations 1946-1 955)
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TABLE XV, PERCENTAGE TFREQUENCIES OF DRY~BULB AND ASSOCIATED WET-BULB TEMPERATURES

RENFRUY JUNE - JULY - AUGUST

(Hourly observations 1946-1955)
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LLBLE XV, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB THMFERATURIS Goncd, )

RENFREW JUNE ~ JULY = AUGUST
(Héurly observations 194.6-1955)
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TEMP, Associated wet-bulb temperatures (°F,)
T (OF,) T-2 T8 T 0 Te12 TeAl TA6 T-418 T=20 T-22 T2
0.01 036 055 0.2 0,07
(3‘/ 0.7 24-09 5.6 6.0 6.1 o oo LR LR L)
0.0 0024- O_.Z{. Oe1l 0009 0003
71 003 2D8 305 307 309 3'9 L] oo o e
03 O 0,2 0,05 0,06 0,01
73 oo Teh e gUi 203 2eh 235 25 4a se e
0,1 0521067 0506 0,01 =002
75 LX) 005 1'0 1.2 1'3 1.3 1.1-0- .... e R
0605 0409 O 0.1 0,04 0,01 0,01
77 e 002 Oali- 0'6 007 008 ey’ O;S 008 .
0,01 0.04 0,0% 0,04 0,0t 0,0 0,0
79 e 001 % 002 003 003 O.ll. Ocll- e Ovl!- L)
0:03: 0g02: 0,03 0. 0505 0,0..7.0:02 6,0
111 oo 0.0 3 0-1 0.1 002 0.2 0.2 002 ! .. 0,2
0,0 . .0,03:-0,0 0,01 0.01
83 LA J e olo Oo/i 001 001 001 LR L] LR
. 0,01 0,01 -
85 LR LR .." O'O ODO { X .o . e .
-2 -



TiLBLE XVI, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEMPERATURES

RENFREW SEPTEMBER — OCTOBER - NOVEMBER

(Hourly observations 1946-1955)
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TABLE XVI, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET-BULB TEMPERATUR%S(cont. )

RENFREW SEPEMBER - OCTOBER — NOVEMBER
DRY-BULB
TEMP, Associated wet-bulb temperature (°F.)
T (°F) | T T2t Tl T=6" T8  DdOQ T-42
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TABLE XVII , PERCENTAGE FREQUENCIES OF DRY~BULB AND ASSOCIATED WET-BULB TEMPER/TURES
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ABLE XVIT, PERCENTAGE FREQUENCIES OF DRY-BULB AND ASSOCIATED WET~BULB TEMFERATURE (oomt.
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TABLE XVIII
PERCENTACE NUMBER OF HOURS WITH DRY-BULB
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DRY BULB TEMP.
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TSMPERATURE WITHIN RANGES OF 2°F.

(Hourly values 1946=1955,)
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TABLE XIX

RENFRE

PERCENTAGE NUMBER OF HOURS WITH WET-BULB
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TEMPERATURE WITHIN RANGES OF 2°F

(Hourly values 1946-1955)
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