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ABSTRACT

e

A technique is devised, following a study of Extreme Temperatures
(1), to show how the probability of the occurrence, or recurrence of
extreme temperatures during-any time interval L, may be estimated.
All that is required is a short formula and hand—calculator or, a set of

tables,

OCCURRENCES PERIODIQUES DES TEMPERATURES EXTREMES

par

John R. Hendricks
RESUME

A la suite d'une ‘étude des températures extrémes, une technique
a été développée pour montrer de quelle fagon la probabilité de occurrence
- periodique ounon-destempératures extrémespendant un intervalle de
temps L, peut &tre évaluée. Cela nécessite, tout simplement,une
formule courte et des calculs manuels, ou, une série de tables.




.::1n Table I

'return perlod R, for large R, 1s s1mp1y

Y

EXTREME TEMPERATURE RECUTRREN.CE
PR b'y AR . oot
John R, Hendricks :

. (Manuscr1pt;\'ecelved}September 21, 1973)

Introduction

- Itis thepurpose of this paper to showhow Kendall's (2) probab111ty )
of the occurrence of an event E, within its return: perlod R for large R,
glven by: ' '

" Prob (E) = 1 -jie = 6321206 R R ¢

may. be extended to give the probab1l1’cy of an event E occurr1ng, or
, recurr1ng durlng any t1me per1od des1red ' '

The 11m1t1ng process Wh1ch Kendall outhned before 1s d1sp1ayed

e
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Theory

b The probab111ty of the non- occurrence of an event E- W1th1n 1ts

IR

NIRRT
veth

”,'* Prob (non-E) = 1/ei= . 3678794 = "'ff:-ﬁ”~(2)

The probab111ty of non-occurrence within two successive return
periods, using eithe# the’ arguments as outliried before; or, using simply
the product-of probab111t1es ontwo successive events, ‘yields eitherway:

A

© 1/e?7% 0.135335

and, for three successive return periods:

1/e> = 0.049787

\

and, in'general, for -k successive return périods:

1/eK
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Further 'generalization ‘may be considered, where k is non-
integral, and is defined as a continuous function by:

L=k (3)

where L is any desired time- length Whence the probab111ty of the
occurrence of an event E within any perlod of time L, for large R,
becomes: :

Prob(E within L) = 1 - 1‘/ek - ":(4)"

' Appllcat1on . !

- Equation (4) may be applied directly, given the return ‘pé‘fi'éa R,
and thetime-length L desired, tofindingthe probablhty ofthe occurrence
of an event E within the t1me-1ength L.

However, for apphcatmn to the long -in- t1me return perlods for
raretemperature occurrences, in a qulck-answer situation in a forecast
\offlce, Tables II, III and IV have been prepared The recurrences or
occurrences which have lessthan a 5-year return period for all pract1ca1
'purposes for rare temperature situations, may be considered to occur
“or recur at almost anytime, and to be of no spe01a1 significance for this
type of study. ~

.. As is shown for a time period of 150 days, dlsplayed in Table I,
”the aifference between (1 - ll/e_)_ and (1 - 1/150)150 is. about 1partin
1,000; and for extreme temperature studied on a monthly bas1s for
longer than 5-year intervals (longer than about 150 days) the difference
becomes negligible.

.The theory invoked: refers not oniy to. extreme values but to any
statistical event with a. constant probability. of occurrence. in a given
time unit. The apphcatlon intended is for extremes of temperature but

it is also applicable to the occurrence of a temperature above a given

threshold value, for instance, provided that the probab111ty or return
period of such occurrence is known.

Example

For example, at Regina, 110°F occurred on the 5th day of July,
1937, and set the all-time high temperature for Reglna The Return
Period, as calculated, is given as 41.134914 years, or simply 41 years
for practical purposes.




Following the event, one person might ask, "What is the probability.
of this event occurring againnextyear ?'" Using Tablell, ‘and interpolating

.. between the 40- and 45,year return periods, 1 year is found at 2 and 3

percent Therefore, a qu1ck answer is: ”There is. about a 22 percent

chance of ha.v1ng th1s occur again. next year. i

_ Slm11ar1y, anyone ask1ng, ,"What 1s the probab111ty of Jever
experiencing a 110°F temperature durlng a normal 11fet1me (70 years)
at Regina?'!, a search of TableIV, upon 1nterpolat10ny1e1ds the answer:
""About an 83 percent chance that one will experience this event!"

The 50% column Table III, may be used to show the length of
4t1me requ1red for a 50/50 chance. In this example, there is a 50/50

i chance of*hav1ng§a‘.n occurrence of 110°F in July at Reg1na. once everyZS

years (or generatlon 30" years).

]
1o e

Genér’ationsf-én’d-ili-fe_times are sometimes regarded as more

i meaningful to'the general public. This paper enablés one to convert

Return Periods to these other time 1ntervals.
Short_ Time-Period Estimation

Ina forecast office situation, a short time-period estimation of
probability, may suddenly be required. Since it is known that: B

1 - e K = k | for small k,

such as k less than %4, and especially k less than 1/10; whenever L
turns out to be less than R/4, or, especially less than R/10, the
probability of an event E within L, simply reduces to "k'" for all
practical purposes. :

For example, knowing that the Return Period-of a killing frost,
(28°F, or less, ) at Regina in July is 472 years, one may estimate the
likelihood of a killing frost during the next fiveyears at Regina in July,
by solving:

5 = k(47.2)

mentally.  This 'y1e1ds k =.01, which shows this pos s1b111ty is at about
a 1% chance of occurrence.



-c*oﬁclﬁsio'n’s s e Y
‘ ‘The probab111ty of occufrence’ or recurrence, of ; any temperature,

Oor range of temperatures, has wide' app11cat10n ih a'foreca’st office

situation. Using the Probability Study of Extreme Temperatures (1) as

~a history base and Tables II, III and IV, g1ves a stra1ghtforward and

‘S1mp1e approach to the answerlng of quest1ons ‘on the rate of return of
‘rare temperature occurrences. ‘

S RS-

o A"‘PP'R‘O'VED", ’

" J.R.H. Noble,
Assistant Deputy -Minister,
.Atmospheric Environment Service.
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Return Probability of o Probability ,‘
Period not occurring. of occurring
in days . T _
m (1 = 1/ m)m o l-(1- 1/m)m
2 L 2B s S R R LI
3 .2962962 .7037038
4 e L 3164062 - © 4146835938
"5 - vl L 3276800 L e =000 5:6723200
6 . 3348980 e " 116651020
7 . 3399166 . 6600833
8 . 3436088 ‘ . 6563912
9 . 3464392 _ . 6535608
10 . 3486783 ' . .6513217
11 . 3504940 . 6495060
12 . 3519954 . 6480046
28 : : . 3612104 - .6387896
29 . . 3614437 , . 6385563
30 : . 3616610 - . 6383390
31 o .3618645 . 6381355
150 . 3666490 " .6333510 ‘
TABLE I

~This table demonstrates, as Kendall (2) has shown, how the

probability of the occurrence of an event within its returnperiod

diminishes as the return period becomes larger; and, how it
.approaches the limit 1 - 1/e = ,6321206,
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TIME INTERVALS (in years) FROM KNOWN

PROBABILITIES AND RETURN PERIODS

Short time intervals

Return 4 _ Probabilities
Period’ .
inyears 1% 2% 3% 4% 5% 10% 20%
) nil nil -nil nil - nil nil 1
10 i nil nil nil nil 1 1 w2
15 ‘nil nil - nil -1 1 2 -3
20 . nil nil. 1 1 1 o2 4
25 nil 1 1 1 1. 3 -6
30 nil ! 1 1 2 3 7
35. nil 1 1 1 2 4 8
40 nil 1 ~ 1 2 L2 4 .9
45 nil 1 1 2 2 5 10
50 1 1 2 .2 3 5 11
55 1 1 2 2. 3 6 12
60 1 1 2 2 .3 6 13
65 1 1 2 3, 3 7 14
70 1 1 2. 3 4 7 16
75 1 2 2 3 4 8 17
80 1 2 2 3 4 - 18
- 85 1 12 .3 3 4 9 19
9. . .1 2 3 4 5 9 20
95 . 1 2 3 4 5. 10 21
100 1 2 3 4 5 11 22
110 1 2 3 5 6 12 25
120 1 3 4 5- 6 13 27
130 1 '3 4 5 7 14 29
140 1 3 4 6 7 15 31
150 2 3 5 6 8 16 33
160 2 3 5 7. 8 17 36
170. 2 3 5 7 9 18 38
180 2 4 5 7. 9 19 40
190 2 4 6 8 10 20 42
200 2 4 6 8 10 21 45
k ,010 .020 .030 .041  ,051  .105 .223

TABLE II

Knowing the return period and the probability of return, one can
estimate the length of time.required to support the probability. -
Knowing the returnh period and the time interval, one can inversely
find the probability of returning during the time interval. The
value k, for equation (4) is given on the last line for use in

extending the tables, if required. .
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T]'.NIE INTERVALS (in year s) FROM KNOWN
| PROBABILITIES AND RETURN PERIODS

Med1um time’ 1nterva,ls_

l Return

Period : : ‘
inyears 25% 30% .40%. .--50% 60% 63% T0%-=
5 1 2 3 3 i5 5 6
10 3 4 5 7 9 10 12
15 4 5 8 - 10 14 15 I8
20 -6 7 10 14 18 .« 20 @ 24
‘25 7 9 13 ST 23 .25 30
30 9 11 15 21 27 30 36
35 10 12 18 24 32 35 42
40 12 14 20 28 37 40 48
45 “13 16 23 31 41 45 54
50 ‘14 18 26 35 46 50 . 60
55 - 16 20 28 38 50 55 66
60 ‘17 21 31 42 55 60 72
65 " 19 "23 33 45 - 60 65 78
70 “20 25 36 49 - 64 70 84
75 22 27 .38 52 69 5 90
80 23 29 - 41 ‘55 73 80 96
85 - 24 “30 43 59 78 85, 102
90 26 “32 46 62 82 90 . 108
95 27 - 34 49 66 87 95 114
100 29 36, 51 69 92 100 120
110 32 39 - 56 76 101 10 - 132
- 120 - 35, 43 61 83 110 120 144
130 137 46 66 90 - 119 130 157
140 " 40 50 72 97 128 140 169 -
150 -~ 43 = 54 77 104 137 150 181
160 46 . 57 82 A1 147 160 193
170 "49 61 89 118 156 170 205°
180 " 52 ‘64 92 125 165 180 217’
190 -55 68 97 132 174 190 229
200 58 - 71. 102 139 183 200 241
K .288  .357 .511 .693 . . .916 1.0 1.204°
 ~ TABLE TIII

|
Knowing the return petiod and the probability of return, one can
estimate the length of .time required to support the probability.
Knowing the returnperiod and thetime-.interyval, one/ can inversely
~ find the probability. of returmng during: the t1me :interval. . Thé
value k for equatlon (4). is given -on the lastline for use’ in
X extendmg the tables, if requ1red s
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TIME INTERVALS (in years) FROM KNOWN
PROBABILITIES AND RETURN PERIODS

Long Time Intervals

Return . Probabilities

Period

inyears 75% - 80% 90% 95% 96% 97%  98% - 99%
5 7 8 12 15 16 18 20 23
10 14 16 23 30 32 35 39 46 .
15 - 21 24 35 45 48 53 57 69
20 28 32 45 60 64 70 78 92
25 35 40 58 . 75 81 88 98 - 115
30 . 42 48 69 90 97 105 117 138
35 49 56 81 105 113 123 137 161
40 55 64 - 92 120 129 140 = 156 184
45 62 72 103 135 145 158 176 207
50 69 81 - 115 150 161 176 196 230
55 76 89 127 165 177 193 215 ‘253
60 83 97  138. 180 193 211 235 276
65 90 105 150 195 209 228 - -254 299
70 97 113 161 210 225 . 246 274 322
75 104 121 . 173 225 242 263 293 345
80 111 129 184 240 258 281 313 368
85 118 139 196 255 274 298 . 332 391
90 125 145 207 270 290 316 352 414
95 132 153 219 285 306 333 371 437
100 139 161 230 . 300 322 351 391 460
110 . 152 177 253 329 354 386 430 506

120 166 193 276 359 386 421 469 552

S0 130 . 180 209 299 389 419 456 508 599
140 - 194 225 322 419 451 - 491 - 547 645
150 208 242 345 449 483 527 587 691
160 222 258 368 479 515 562 626 737
170 236 274 391 509 547 597 665 1783
180 249 290 414 539 580 632 704 829
190. 263 306 . 437 569 612 667 743 . 875
200 277 322 460 599 644 702 782 921
K 1.386 1,610 2,300 2.995 3.22 3,51 3.91  4.604

TABLE IV

Knowing the return period and the probability of return, one can estimate
the length of time required to support the probability. Knowing the return
period and the time interval, one can inversely find the probability of
returning during the time interval. The value k, for equation (4)is
given on the last line for use in extending the tables, if required.
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