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TEMPROB: A FORTRAN IV PROGRAM FOR CALCULATING
TEMPERATURE PROBABILITIES FROM EXTRIME
MINIMUM TEMPERATURE DATA

*
Thomas L. Sporleder

INTRODUCTION

A fundamental challenge concomitant with the marketing
success of any firm is attaioment of the ability to supply the
market with a predetermined quantity of a consistent quality
product, In the agricultural industries particularly, this
ability may depend upon favorable weather conditions. Weather
constitutes an exogenous factor which way influence quantity
produced, quality of the product marketed, and consequently
prices received (or paid) for every firm associated with a
commodity system.l Specifically, many firms dnvolved with the
production and/or marketing of fruilt and vegetable crops must

consider alternative eventualities that may be caused by freez-

ng tempevatures. Managers of such firms, at best, can formu-

late plans for the future given thelr subjective expectations

*
Assistant Professor, Department of Agricultural Econounics,
Texas ASM University.

For the concept of a commodity system and commodity systen
interaction consult [1].



conéerning freeze loss or damage eventualitiés velevant o their
firm.

The two types of outcomes or eventualities which influence
plans for the future of every business firm are risk and uncer-
tainty. These two types may be contrasted by defining risk as
Y., wvariability or outcomes which are measuvable in an empirical
manner" while uncertainty refers to outcomes which cannot be
established empirically [4, pp. 440~443]. In the context of
freezes, freeze damage or loss to a particular commodity is an
uncertainty while the occurrence of a particular temperature is
a risk.z Thus, the manager of a firm may consider the probability
of low temperatures occcurring in the relevant geographic location
and, in addition to other information, arrvive at some subjective
expectation about potential commodity damage or loss from a freeze.
Calculating probabilities of low temperature occurrence in the
relevant geographic area represents a logical prerequisite to
férmulating a subjective expectation with respect to potential
crop damage or loss from freezmes. A computer program, TEMPROB,
was specifically designed to provide objective information concern~

ing the probability of low temperature occurrence for a particular

2This is because actval freeze damage or loss to & crop 1s a func-
tion of warisbles other than temperature which possess probabilities
which are extremely difficult to quantify. Tor a discussion of some
micrometeorlogical and physiological verisbles which may influence
freeze damage, particularly in citrus, see [7,97.



geographlic region.

GENERAY, DESCRIPTION

TEMPROB is a special purpose multipartite design FORTRAN IV
computer program compatible with WATFOR on an IBM 360/65 to compute
temperature probabilities and related statistics from extreme
minimum temperature data. TEMPROB utilizes Lieblein's fitting
procedure for extreme value data to estimate the parameters of the
Fisher-Tippett Type I distribution.

The cumnulative distribution function (edf) of the Fisher-

Tippett Type I extreme minimum value function is given by:

1) PG) = 1~ exp [ - o = (X7 @)/By
where B < 0, - w < g < @, - o< x < o, and x is some particular
temperature.

The parameters o and 8 of the cdf are computed by Liebledin’s
fitting procedure with weights in Lieblein's estimator for subgroup
size 10 [6]. Parameters estimated by Lieblein's procedure are
"unbiased and efficient as pessible."é TEMPROB computes the reduced

variate of the cdf for each temperature throughout the range of

the extreme minimum temperature data.

3TEMPROB is an acronym for temperature probability.

4For further explanation of Lieblein's procedure and tables of
weights In Lieblein's estimator see [2, pp. 21-23 and 223-224],
Weights for subgroup size 10 utilized in TEMPROR were obtained
from C. K. Vestal, Regional Climatologist, Weather Bureau, Fort
Worth, Texas.



In addition to the value of the reduced variate over the
range ofvthe data, TEMPROB computes the return period T(x) for
each random variate over the range. A return period is defined
as the average time distance between successive vare events, each
one of which is at ‘least as small as the fivrst [8, p. 3]. More
precisely, let P{(x,) be the probability that tewperature x will

occur vhich is less than or equal to a chosen temperature X..

Then

2 P(xo) = 1 = F(xa),

where

(3) F(xo) = exp [ ~ o = (Ko7 @)/8

and the return period for x, is

!

4y T(xe) =1/ P(x,).

Thus, T(x,) is the number of time periods which will elapse, on the
average, before a temperature equal to or less than x, will occur,
The return period statistics computed by TEMPROB are always in terms
of years.

In addition to P(x,), TEMPROB computes F(x,) and W(v). The
probability that temperature x will exceed x, is given by F(x,).
W(v) is the probability that a temperature x such that x = x,
will occur at least once within v years. This probability is defined

as:



() W) =1 - [ PGxe) 1T

and is uniquely related to the return period by:
(6) M) =1 =01~ @1 /776)N 17,
Also, note that iflv = 1 then:

N W(v) = P.

Statistical Aspects

This section introduces the reader to generalized statistical
relationships among the Fisher-Tippett Type I density and distribution
functions and the computational methods employed in calculating
temperature probabilities. A TEMPROB user not interested in these
more basic relationships may skip this section and still be able to
use and ingerpret output from the program,

The Fisher-Tippett Type I extreme value function has two forms
depending upon whether maximum or minimum values are under consider-
ation. When the data consist of extreme maximum,observaﬁions (such
as rainfall or temperature) the probability deusity function (pdf)

is [3, pp. 111-119]:

1 1 - -
(8) fl(X7 Oy B) = é‘ exp[ — é (X o CY,) - e <X Of,)/ﬁ ]
where -~ = < x < o, - < g < © and A > 0. The cumulative distri-

bution function {(cdf) for maximum elements is:

(9 Gi(x) = f ﬂz Fi(x, a, B)dx = expl - e (x - a)/8 ]
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When the data are minimum values the pdf is:

1 1 , -
(10) fé(X, (628 81) I e e‘xp[ - (X - C{) - (X a}/gi ]

B1 By
where - © < x < @, - o < g < «, and B; > U. The corresponding
cdf is:

Since TEMPROB is specifically designed for extreme minimum
temperature data (10) and (11) are the appropriate density and
distribution functions, respectively. However, note that Gy (x)
and G,(x) are related. The reduced variate z = (x ~ a)/B may be

used to rvewrite G;(x) and Gp(x) as:

2 Gy(z) = exp[ - e T ]
and ’
(13) Gy(z) = 1 ~ expl - e? } =1 ~-6y(~12).

Some confusion may arise from the B parameter of the max-
imum and minimum density functions. Lieblein's fitting procedure
(specifically Lieblein's weights) assures that 8 > 0 in (8).
However, when the distribution function for minimum values (11)

is under consideration, Lieblein's procedure does not estimate B

but By < 0 where B; = ~ Bp. Thus, the pdf for minimum values,

when Lieblein's fitting procedure is employed, may be written as:



A8 £200, s £2) = - —é—z expl - ég (- w) e Oy
where - @ < x < w, =~ o< g <o and By < 0. Note the similarity

between (8) and (14). The prime difference between the pdf for
minimun and maximum values is that the g parameters are of opposite
sign. If B, is mi;takenly taken to be positive then (14) is always
negative; hence, its properties would not conform to those of a

density function.

The cdf corresponding to (14) is:

* ~ (x - a)/8
(15)  Go(x) = 5 f5 (x, a, B)dx = 1 — exp[ ~ e = % 7 /P2
where By < 0.
If
(16) F(x) = exp| —- e - G- /B 1 =17 : folx, o, fo)dx
then
(17) Go(x) = 1 - F(x).

Once again deceptive simlilarity exists; this time between (9) and
(16). Ag with the density functions, the prime difference is
- By < 0 in (16).

The sometimes subtle differences in the maximum and minimum

formulae above are especially idmportant when temperature probabil-

5 . , . .
The properties of density functions are given in [5, pp. 16-17].



ities are considered since the common climatological custom is to

utilize a function of the form:

as) F(x) = exp[ - e ~F 7 @)/B2

where B < 0, Thus, TEMPROB conventions follow this latter custom.
However, in addition to (18), particular values of the cdf, (15),
are computed by TEMPROB and denoted by P(x).
Input

TEMPROB is designed for chronologically ordered monthly extreme
minimum temperature input data., Let N be the number of annual
obser&ations, then restrictions on N are that N/10 must be an integer
value and N < 70. 1In other words, the number of annual observations
permissible must be in multiples of 10. This restriction is in
part a statistical one and arises from the use of the Lieblein fit-
ting procedure {2, p. 225}. Also for statistical reasons N should
be at least of size 30, The number of months within a year (¥X) is
variable and, of course, is restricted to integer values such that
1 <K<12,
Qutput

To facilitate description of the computational aspects of
th

TEMPROB, order statistics are introduced. Let xi represent the i

order statistic of the annual extreme minimum temperature data

where 1 = 1, ., . . , N. Also,
exd <o 0L <oxl.
S| 2 N
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The multipartite output consists of five items:

1)

2)

3)

4)

Original chronologically ordered data input list and

gort on monthly data for annual extreme minimum tem=

perature. For an example, see page 28,

Arrangement of annual extreme minimum temperatures in

' to x'., An index

descending order. This generates Xy 1

M from 1 to N and the ratio M/(N + 1) is printed along
with the order statistics. TFor example, see page 29.
(The ratio M/(N + 1) is computed and printed solely as
a convenience for graphing the original data on Weather
Bureau Form 811-2 ér similar graph paper.)

Arrangement of chronologically ordered annual data in
1) above into a matrix of order (N/10) x 10, each row
constituting a subgroup of size 10, The column sums of
this matrix are formed, Lieblein's weights for subgroup
size 10 are printed, the o and B parameter estimates of
the cdf are computed, and the mean and variance of the
cdf are conputed. For éxample, see page 30.

The reduced variate z where z = (x = a)/f where B8 < 0
is comﬁuted first for x = x,, , then z is computed in
unlt decrements for x to x = x;. In addition, the two
probabilities F{x.) and P = 1 - F(x.) are computed for
each value of the reduced variate. F(x,) is the
probability that tempervature %, or below will not éccur;

alternatively, it may bz interpreted as the probability
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that x, will be exceeded. P = 1 - F(%x,) is the probabil-~
ity that a temperature equal to or less than x, will occur.

F(x,) is computed from:

(19) F(x) = expl -~ e z 1.

Equation (19) can be considered a complement cdf to the

P =1~ F(x,) cdf. Recall that if f(x) is the pdf of x

then:
o b o

(20) f f(x)dx = [ FGodx + f f(x)dx
-0 -0 X

where —mli x < e , and that

(21) i Fflx)dx = 1

In TEMPRORB,

! X
(22) ! f(x)dx

—

is the cdf of x and is denoted in the output by P. Also,

[~

{(23) N f{x)dx
X

is the complement cdf to (22), and is denoted in TEMPROB
output by F(x).

The associated return period T(x.) = 1/P{(x.,) is com~
puted at this point in the program. For example, sce

page 31, .
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5) The statistic W(v) may be computed for each x as in 4)
'above for up to 3 different values of v. The restriction
~on v is that it must be an integer value such that

1 <v < 99. The value of W(v) is an estimate of the
probability that a particular temperature x will occur
at least once within v years.6 Computation of the W(v)
statistic may be suppressed. For example, see pages 23~
25.

All operations in the program are performed in double-
precision. However, small rounding errors may be encountered in
the T(x) or W(v) statistic (second or third decimal place) due to
decimal bases in the program being transferred to hexdecimal bases
in the arithmetic unit of the computer and subsequently transferred

back to decimal bases,

b4

Caution must be exercised in comparing the W{v) statistic with the
T(x) statistic. The Fisher-Tippett Type I extreme minimum value
distribution is asymmetric {skewed to the left) and thus exhibits
some peculiarities. For example, if the return period T{(x) for

event x is 100 years this means that, on the average, event x happens
once each 100 years. However, W(100) = ,63, Thus, the event x has
a 637 chance of occurring at least once within 100 years even though,
on the average, it occurs once every 100 years. See [8, p. 3].
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TEMPROB CONVENTIONS

The following pages are coding sheets &efihing the formats
aﬁd control card conventions of the TEMPROB program. In addition,
two example problems with input and output are illustrated. In
defining the TEMPROB conventions that follow it was assumed the
user pogsesses some knowledge of FORTRAN IV.“

Program Control and Data Cards

Five groups of cards, in the following order, are necessary:
1) the Main Problem Control Card, 2) the data cards, 3) the Lieblein
Weights Cafds, 4) the Variable Format Output Title Control Cards,
and 5) the W(v) Statistic Control Cards.

Main Problem Control Card

1. Number of years of data, 10 < N < 70 where
N/10 is an integer value (Format: 1I2)

9 10
2. Number of months within a year 1 < K < 12
(Format: 12) . L
13 14
3. W{v) statistic deletion control (Format: TI1)
0" - - delete W(v)
"1" ~ -~ compute W(v) L
18

4, First observation year wminus one (e.g. if
first observation year is 1930 punch 1929)
(Format: 14)

19 20 21 22
Eéch card of the data deck inputs monthly extreme minimum tem-

peratures for one year. Thus, each card of the data deck will con-

tain K punched fields with format 6X, 1214 (right adjusted). The

first 6 columns may be used for appropriate identification of the
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annual observations. Of course, there will be N cards in the data
deck.

The data input format may be changed to read any grouping of
months from the data cards. The only restriction is that the number
of months (K) must conform to 1 < K < 12. For example, if monthly
data from January through December were punched one year per card
and the user wished to read only the March and April data, the
data input format would be 14X, 214,

The data input format card carries label "51" and is the 1l4th
card in the source statement deck. The user should note that the
format declaration must remain the I field even though the value
of K is variable.

The Lieblein Weights Cards

Two cards are required to input Lieblein weights for subgroup

size 10. The first of thege cards inputs the following a.j

constants, with format 10F8.6

ee N
1- 8 0.230001

9 -~ 16 0.164178

17 - 24 0.134239
25 - 32 0.112414
33 - 40 0.094638
41 - 48 0.079263
49 -~ 56 0.065408
57 - 64 © 0.052496
65 - 72 0.040034

73 - 80 0.027331
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The second card, with format 10F8.6, inputs the following b.j

constants. Note that blj: sz, and b3j are negative.

e b,
1- 8 -.324597
9 16 -.085070

17 - 24 ~ -.017927

25 - 32 .020698

33 - 40 | ' L045420

41 - 48 .061652

49 - 56 .071876

57 - 64 077242

65 ~ 72 .077971

73 - 80 072734

Variable Format Output Title Control Cards

This group comprises 4 cards, the first 3 of which input
appropriate problem identification and titles for the output of
1) ab;ve. The last card of the four inputs the variable format
for the ocutput of 1) above. Not all the column space provided
by the first 3 cards of this group may be needed for output
identification; however 3 cards must appear even though the third
card may be blank. (The use of these Variable Format Cards is
illustrated by examples below.)

W(v) Statistic Control Cards

This group is a sequence of up to 4 cards which control the

computations associated with W(v). If column 18 of the Main
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Problem Control Card is punched "0" then no W(v) statistic is
computed; hence no W(v) Stafistic Control Cards are needed. If
column 18 éf the Main Problem Card‘is'punched "1" then 2 to 4
cards are needed in the following order:
1. Number of differeunt v values to be specified. Since

the program allows a maximum of 3 different v values

per job the number specified is either 1, 2, or 3.
(Format: 1Il1)

10

2. The value of v is sgpecified, one value per card, on
the appropriate number of cards. The restriction on
v is 1 <v < 99, (Format: 1I2).
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EXAMPLES

Two examples of problems amenable to TEMPROB follow. They
were chosen to demonstrate the flexibility of TEMPROB input with
respect to number of months.

Problem A .

Compute temperature probabilitigs and the value of W(v) for
v =1, v =5, and v = 7 using January extreme minimum temperature
data for Brownsville, Texas from 1930 to 1959 inclusive [see 8,
pp. 6-8].

Note that N = 30, hence N/10 = 3, an integer value. Also,

K = 1. The Main Problem Control Card contains the following

punches:
9 - 10 30 N = 30
14 1 K = 1 {(one month)
18 1 Compute W{v)
19 - 22 1929 Year preceeding first year
of data

The 30 data cards input the January extreme minimum temperature

for each year from 1930 to 1959, For example, the first card is

punched:
cc Punch Information
1- 4 1930 Identify card as 1930 observation
9 ~‘lO 24 | Minimum temperature for

January, 1930

The Lieblein Weights Cards appear precisely as previously defined.



17

The Variable Format Output Title Control Cards appear as:
First Card: (cc. 1-80)
(’1',3(1),45X,’EXTREME MINIMUM TEMPERATURES BY MONTHS'/' ',52X, 'BROWNSVILLE, TEX
| Second Card: (cec. 1-70) |
AS'/'0',30X, 'YEAR',20X, 'JAN", 25X, 'ANNUAL'/" ', 79X, '"MINIMUM TEMP.'/'0")
Third Card: (cc. 1-26)
(' ',30X,14,20X,12,28%,12)
The W(v) Statistic Control Cards are a set of 4 cards punched

as follows:

Lard No. = cc Punch Information
1 10 3 3 different v values to follow
2 10 1 v o= 1
3 10 5 v=5
4 10 7 v o= 7

The output from this job follows.

To aid the reader in interpreting output from TEMPROB, inter~
pretation of specific examples from the last 4 pages of output from
Problem A fellow. Suppose a firm engaged in production and/or
marketing a vegetable crop in Brownsville, Texas is interested in
the probability of crop loss from a freeze during January. Suppose
the manager of the operation decides that 30°F. is the relevant
temperature threshold to consider given the unique aspects of the
operation (e.g. variety, proximity of acreage to ground cover, etc.).
That is, 30°F. represents the threshold temperature which, in his

judgement, may extensively damage the crop.


http:extensive.ly

18

‘From Problem A, page 22, the probability that‘a temperature
of 30°F.‘br below will not occur is .797 (F(x) in output). Of
gourse, thé probability that a temperature of 30°F. or below will
occur is .203 (denoted P in output).

fhe return period for 30°F. is 4.9 years (T(x) in output).
This means that about 4.9 years will elapse, on the average, before
a temperature equal to or below 30°F. will occur., Thus, the manager
might anticipate some crop loss due to low temperatures about once
every 5 years.

The W(v) statistic for v = 1, v = 3, and v = 7 is given in
the last 3 pages of output, Note that when v = 1 then W(v) = P
in the output. The W(v) statistic for v = 3 is .494. This means
that there is about a 50% chance of 30°F. or below occurring at
least once within 3 years, Similarly, when v = 7, W(v) = .796
which means that there is about an 807 chance of 30°F. or below

occurring at least once within 7 years.
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OUTPUL~ PRUBLEM A

EXTReME MINIMar TEEPLRATURES BY MUNTRS
SRUOANSVILLE, TEXAS
YEoak o . JAN - ANNUAL
MINIAUM TCMPe.
1930 . . 24 24
1931 41 41
1932 ; A& A
1932 38 3t
TSB4GB A2
15358 25- 25
Jls3e 32 ... . . 32
1637 37 . ) 37
Clw3s 34 . . 34
1939 4o 46
Asac . 25 . ... ... .25
1541 35 35
1942 U333 23
1543 21 271
15464 32 32
1645 39 39
Ssae L BE 30
1G4 7 3C ’ an
i94c . 25 v . 23
194% 23 23
ss50 0 39 ‘ ) 33
1551 25 25
1652 . . 42 L P2
1655 25 3z
1654 . .35 o o35
1955 26 3¢
1956 o 37 e a7
1987 33 33
Yeo® oo 28 . . 3%
195¢% 31 31
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CARKRANGING ODATA

Lé 47 41 40 Y 37 34 32
3G 30 35 33 32 40 28 27
42 3y 38 Ag 37 30 1Y 23
Sed= L2 117 114 111 107 103 97 92
Aud=  UL23VCTL 0 0L164ALT8  O.124239  0.112414 G.C94038 0.GT79263  ©.065408 0.052496
4 c("Z?,) ff}
Aud Seds 29.21011D 16.2088140 15 .303240 12.477950 10.126260
Sloaltud 60344575 4a825052 3.262754 1.967832
SUM Aed Sad=  110.875200 ALPtH= 26.958400
Bod= =0L32a5y 7 =CL08L 70 —G.0LT927  0.020698  0.045420  0.061652  C.0T18T6  0.G77242
;:' v"\,‘?;{ i-:))‘/l’ :
Bed Had==41.273610 =4,953191 R T & 2251416 4.856540
G301 56 C6.97LYTL 7.106265 6e31H64G 5236846
SUM Bad Sed= . —14. 0232 BETAS  —4.69411
MEANTALPH=D ST 758 ETA=Z  39.66690 CVARIANCE= L J645%BETA%%2= 36424696

~wlTHIN SUBGRUUPbblN CRUER UF EECREASING MAGNITUDE

25
25
31

81

C.040C34

0.077971

24
23
25

72

12
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1e 35 Gaal7 Ua517 D.an3 2.072
15 24 J.a3u Nebi7 » Ga413 2.422
14 33 Ve d4d et ol 04350 2.86C
1o 32 3 Cleitdhe L Selob ) o 0.2G4 L 3.405
16 31 Leldbd B.755 TL24%5 4.082
o 20 Letve AN A (.203 4,922
1d 29 1eH95 ‘ J.832 H.168 5.964%
19 26 la“ncj » ‘ Vet62 , 0.138 ‘ 7.255
o 21 2w T a7 C 0113 ; .853
21 26 L R lj‘v,mum L U, vy o UL.092 , 1C.822
20 25 oS4t NL.G25 Ne0T5 13.282
22 24 S o 2761 L e939 0.061 16.3%14
24 23 2974 ‘ (.950 0056 20.066
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©TEMP. FROM MAX. TO MIN. owlVv)
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Problem B

Compute temperature probabilities and the ﬁalue of W(v) for
v = 10 using monthly data November through March 1920-21 to
November through March 1969-70 for Weslaco, Texas.k

Note that N = 50, hence N/10 = 5, an integer value. Also,

K =5, The Main Problem Control Card contains the following

punches:
cc 225521 Information
9 - 10 54 N = 50
14 5 K=25
18 1 Compute W(v)

19 - 22 1919 Year preceeding first year of data.
| The 50 data cards input November through March extreme minimum
temperature for each year 1920-21 through 1969-70. The punches are
as specified above for '"Data Cards.”
Again the Lieblein Weights Cards appear precisely as previously
défined.
The Variable Format Title Control Cards appear as:
First Card: (cc. 1-80)
(*17,3( ),45%X, "EXTREME MINIMUM TEMPERATURES BY MONTHS'/' ' 57X, "WESLACO, TEXAS'/
Second Card: (cc. 1-80)
'0',30X, 'YEAR',7X, 'NOV',7X, 'DEC", 7x, "JAN' , 7X'FEB', 7X"MAR' , 15X, 'ANNUAL' /', 93X,
Third Card: (cc.‘l—l9)

MINIMUM TEMP,'/'0Q")
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Fourth Card: {cc. 1-49)

(' ',30%,14,8%,12,8X, 12,8%,12,8X,12,8%,12,14X,12)

The W(v) Statistic Control Cards are a set of 2 cards punched

as follows:

Card No. cc Punch Information
1 10 1 1 v value to follow
2 9 - 10 10 v =10

The output from this job follows.
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OUTPUT~ PROBLEM B
T EXTREME MINIHUM TEMPERATURES Y HUNTHS
AESLACD, TEXAS
AR NOV DEC JAN FEB MAR ' ANNUAL
R AINTIRUM TEMP,

1920 31 30 36 34 50 30
1521 46 - 35 33 33 21 27
1922 41 37 39 27 38 27
1923 %6 49 33 32 39 32
1324 42 26 21 k2 A6 . 26
1925 37 23 " 30 38 46 23
1526 35 32 32 36 37 32
1927 42 31 26 35 38 26
1628 42 33 33 3¢ 36 ) 30
1929 38 27 21 42 38 21
1530 38 33 35 46 33 33
ARy -5 sl 4 sy 1
1932 35 23 29 2 42 27
1525 42 I 41 ' 35 32 32
1934% 41 34 24 27 & o &
1955 . 41 37 2T 29 A&l 21
1936 38 34 38 38 34 3%
1937 3% 34 30 33 52 30
1538 3¢ 34 41 35 41 , 35
1939 39 31 23 32 37 23
1940 30 39 27 37 37 - 27
1941 44 41 32 35 34 32
1942 39 29 26 34 3 26
1643 34 31 27 41 38 27
1544 37 28 36 38 44 28
‘1945 by 32 32 37 41 32
1546 41 34 30 32 38 310
1947 41 34 28 31 32 28
1(;48 32 P 35 . 2‘{) éi'!j) . e lfB N - PR - 20 .
1943 35 "33 39 37 41 ” 33
1652 32 24 26 19 31 1Y
1951 32 33 38 33 35 32
1952 42 35 36 43 43 35
16353 27 28 33 30 37 - 28
155% 39 37 31 23 38 28
Lcos 33 iz G5 93 cotizg vt ga
1656 32 38 34 47 41 32
1957 35 7 Z6 32 31 3% 26
1553 39 238 31 39 46 28
1959 S 32 32 32 29 371 0 T T 29
1667 40 35 32 a3 45 32
Yom o ae e I I Vs
1362 43 33 23 3¢ 39 23
1963 36 29 29 33 42 29
1564 42 30 33 31 33 30
1465 41 47 28 33 34 . 28

966 34 25 29 31 43 29
e At 33 SL 3L me e e
1963 33 34 29 47 39 ‘ 29

1949 22 34 28 28 3G - 28
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20
21
22
23
24
25
26
27
28
29
30
31
32

;,33,,‘“,,;,_« PR .

34
35
3o
37
3g
39
40
41
43
43
b4
45

PSR

&t
&
49

e

35
34
o33
33
33
32
o 32

32

32

32
- »32 .

32

32
31

31

39
30
30
30
30
30
29
2G
2%
29
28
28
28
25
28
28
S8

27
27
27
27
27
27
PEETE
26
26
24

23
23

Ly
21
20
19
16

CTEMP. IN CROER

0.078

L N T

29

M/(N+L)

0.020
0,039
0.059 .

€293

G.118
C0W137

0.157

C.19%
0.216
N.235
0.255

0.275

0,294
00314
0.333
0.353
003?3
D392
0,412
D.431
0,451
De411
Je &G0
Ce519
5.529
€549
Ce569
0.588
G.0608
0.627
Q‘o f}zi_,
C.685
Ca25
00 7‘!’5
G765
QT84
Oe 8(3"1
GeB2G
CeB43
G863
0.882

- <1'\ G507 e

I T RV
0.9722
0.941
0.961
0.9450G



32 32
34 33
33 32
35 33
32 31
Sed= 166 161

(.230001
[o027331

AIJ:

Ausd Sed= 38.180160
11.255340

SUM A.d S.d=

Bed= —Ne3264597 =0.085070C —-0.017927

DOTZ2734

Bad Sed==53.8830&0
Ba. 754583

SUM Ba.d Sed=

MEAN=ALPH=0.5TT*3ETA=

Gelé4l78

N

© ARRANGING DATA WITHIN SUBGROUPS IN ORDER OF CECREASING MAGNITUDE

20 10 27 27 26 26 23
32 31 | 30 30 ' 27 27 24
32 30 28 23 27 27 26
32 32 29 28 28 h 28 26
30 29 29 29 28 28 23

150 152 143 142 136 136 122

Me124239 0.112414 0.094638 0.079263 0.C65408 0.052496 0.040024

6910

264432640 17.08
4.884148

8.895487

20941280
Te139456

13.533230
« 705769

151.054300 ALPH= 30.2108 70
Co020698 04045420 0.061652 C.C716876 0.077242 0.077971
—13.690270 —2.7T96611 3.146095 6,4950359
G.775134 10.5C4910 Ye512460 Te250665
—~14.98697 bETA= —-2.99739

31.94337 VARIANCE=L +645%BET M2 = 14.77929

l6

G99

0¢



INDEX

TEMP.

FROM MAX.

35
34
33
32

ik
D4

30
29
28

27
26
25
24
23
22

1
S

3y
[ S

14

P

18
17
16

TQ

MIN.

L={X-ALPH)/BETA

~-1.598
- 1e 254
-0.G31
-0,597
-3.263
G.O70
0ebli4
O.1238
1.071
le405
1.738
2 072
2e 406
24735
3,073
3.407
3.740
4.074
Ga40 7
GoT 41

F=EXP (-E%k{=2))

0.007
0.029
0.163
c.272
00394
Hebl3
C.0620C
G710
c.782
0,839
U.882
(0.914
G937
G.955
U.967.
G977
0.9G63
.98
0.991

P=1-F{X}

0.993
Je971
0.921
C,.B837
G728
Ce600G
Oo‘{?g?
0,380
Ce290
0.218
D.161
C.1l8
0086
S.063
GeC4S
0.033
D.023
0.017
D.012
0.009

T{Xy=1/p

1.007
1.030
1.086
1.194
1e374
14649
2,054
2.631
3aba47
4a595
6,203
B8.452
11.594
15,982
2245110
30.065
424,609
59,283
82561
115.057

1€



10

o

T
12
s
16
in
10
g -
in

5
34

33

32

- s
22
. © Sy
20
] } Lo N
: e ;
17 i
16 :

©TEWP. FROM MAX. TO MIN.

- 32

0.371
0.282
0.211

04156

0,084

T 0.115
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The following pages contain a listing of the source statements

of TEMPROB.



$J0B X025M2, TIME=001,PAGES=01C
INTEGER TEMP{10G,12),MIN(]

”W*{J&(z

G R

C

C

.

OF CALCULATING

s

RE

00 296

55

N
300

o

C

93
STE

93

52

STEP~

¥y STUREZ (1) ,STORE4(1G),S5TO
DIy FRTLIO6C), FMTZ2(20)

REAL DIV(LIDO)AJ{10),B
*F(l&?isptlﬁ“}yﬁtlrJ),TGT{l
CAD IN THE NUMBER
‘\‘J(V}o

REAC(5,50) .
FORMAT(6X,1214)
AD IN TESPIRATURES

DO 9G 11=1.NY 7
READ(5,51) (TEMPII1,J1)
CEORMAT(14X,514)
IF{NM.GT«1) GO TC
‘MIN(Il):TEXP(Il 1)
CSAVELIl)=d4IN(IL)
conTINUE ,
READ(5,52) {4J(1),
CREAD(5,52) (3J(J),
FORMAT(10F3.6)
READ(5,54) (FUTL(IV,I=1,6
FURMAT{Z2244)

READ(5,54)
READ(5,535) KING
MI1=1,KING
READ(S5,50) V(Y1)
IF(NM.EQ.I) 5N TO

DO 91 Kl=1,NY
LITT=TEMN («1,1)
DO G2 Ll=2,M4
WI‘ITF‘P(KL,Lll.LE.LIT1)
CONTINUE
CSAVE(K1Y=LITT
MIN(KL)=LITY

CONTINUE S
WRITELO,FAT L)

DO S3 Ml=1,NY
CYEAR=IYEAR+MD T
WRITE(&,FATZ) YEAR,(TEMP
p--2 SW&T THE EXTREVE
NY¥1=nNY-1

8 qg Iézl,Nyylwm;uwiwm
IzP1=12+1
DO 98 J2=|
F{IntIizy.
IMO=MIN(]2)
MIN{TZ2)=MIN(d2)
MIN(J2)=14D
CONT IMYE
wqrfses,szd
;DQ“A (11!
P INT

!l H

1,10
1,1

— -

30e

i

B Ty T
GE ”“\.(J?))

2

THOMAS

Le SPORLEDER

37

OA}QYFAKyS&VC(Iqq)QDTC?;L{lQ)1STJFC£{IO)

?Pb(lﬁi

u(lC)yAJSJ(lQ),%JQJ(lOi

SUM( L)y
2)

STORE&E{10),
ST?“E?{lU),STGRfail

0), 70100}

T

:\}

NF YDARS AND THE N

MY NM TRV, TYEAR S

CSTEP-1 SELECT THE SMALLEST TEMPERATURE BY YEAR

,Jl:}.t

LITT=TEmpP(KI,LI)

{3419N139N13105~«l:‘1
MINIMUM

GO TO

[N S

WUMBER

GF MONTHS

&

N )

P MINGML)
OESCENDING URDER

TeMP. IN

9%

SXLTTENP, ORIE? Y b X,

‘%f"(f‘a*l)

Ix

K{12¢0),

V(I\}},j

MEANZZULI00) s X(1C0)Y,

AND TEST VALUE

VAR TSR ANALLE


http:FOR~~T(lOFa.61
http:IF(NM.GT.ll

W*sg .

gy

Vlr5
46

41

48

46
56

51

52

o5

54

56

ey

58

60

a1

62
63
b4

e gs

1412
&7
68

59

70

72

13

T4
15

77
78
79
39
81

gp

83

a4

85

a6

87

89

91
92
23

95
96
g1

16

og

G4
63

DO 94 K2=1,HY
R ?:KZ

ﬁlV(&?l (R2/(RY+1,0))
WETTE(&,63) K2, M10(K2),RIVIK2)
FORMAT{® ¢t QE?:IE;lSX;IZ,}EX;Fé.}

~C STEP-4 ﬁFR&ﬁGEATHEWQ%TAH&Y‘SGSGRDU?;'“

Cge

7

3
37

o

NSUB=NY/1D
DO 97 L2=1,NY

IF(L2.LF.10) G0 01 h o T
IF(LZObEO»l A‘\;DOL? LE.EC’ GO T‘:] 2

IE{L2.05.21AND.L2.LELZC) GC TO 3
IF{L2.GE, 31 AvDoL_.LE.QOJ 50 TO 4
IF{L2.G.% 1 ANDLL2.LEL50) GO TO 5
IF(L2, Pt :1 ANDLL2.LF,60) 60 10 6
CIF(L2.GT .61 AND,L2,LY.7C) GO TO 7
IF{L2.65.71AND. L2, LF.80) GO T2 8
STOREI(LZY=SAVEL(L2) - S
GO TO 97

CSTOREZ{L2-17)=5AVE ley S
co 10 97 o B
STORER(L 2~ 2)}~§ﬁv*{L?J

GO TH 97

STLREA(L2-230)=SAVE(LZ)

G2 TO 97

STORES(L2-4CY=SAVE(L2Y

Gl TO 97 - )
TSTOREAL(L2-50)1=SAVE(L2Y

GO TQ $7 B
STURET(L2~60)=SAVE(L2Z)

GG TO 97

STORE3{L2-7C)=SAVE(LZ)
CONTINUE

CTSTEP~-5 ARSANGE EACKH SUBGEQOUP ROWWISE I[N D

101

g

ga T

gg "

99

106

101

DO 102 L3=K3pLl,ic T T

DC 161 I3=1,9
13P1=13+1
DO 101 J3=13P1,10

CIF(STOREI(I2),GE,STCREL(J2Y) GO TO 101
JMOC1=STOREL(L3) L
STUREL(I3)=STOREL(JZ)

STOREL(J3)=JMOl
CONTINUE
IF(NSURLEDL 1) GO TO 4CO

DO 102 K3=1,9

K3pPl=K3+1
[F{STORFZ2IKZ) L GELSTOREZILS) )Y GO TO 1b2
JMD2=STURE2{K3) ST
STUREZ(K3)=STORE2{L3)

STOREZ(L3)Y=g%02
.FNCUN?I UQ
COIFINSURLEDLZ) GO TR Aoy T T

0o 193 M3=1,9
M3IP1=M3+1

DO 103 N3=93p1,10
IF(%TF5>3{*3).UC ST
JMOZ=STORE3 (M 2)

CSTUPE3(M3)=STCRERINGY
CIQ<EB(J;) JiHo3

T

RERINRYY GOOTO 103

38


http:IF{L2.G[.61.A~D.L2.L~.7C
http:NSUB=r-.jY

103
104
175
126
107
128
109

110

11y

112
113
114

115

116

117 .

118
119
126
121
122
123

124

125
126
127

128

129

130
131
132
133

124

135

126
137
128
12¢
1490
141

1Fi{nsys .,k
0o 104 14
14P1=l4+1

Y
d

. 3)
1S

DI 194 J@-IQPI 10

JM04=5TORE4(] 4

STcszaziak-src<84(44;

STOREZAL J4}=JMD

TF(NSUB.EQ.4)
DO 195 K4=1,9
K&4P 1=Ka+ 1

DO 105 L4=K4P1,10

JMD5=STORES (KA

CSTORES(K4) =STORES(LAT
STORES(LA)=JMD

CONTINUE
IF(NSUZ,T05)
DO 106 M4=1,9
MAP 1= 4+ ]

GO 146 kA=M4PL,1C

JHDL=STOREGC(M4

STCRIGI44)=STOR

STOkESL(N4Y=JMD
CONTINUE
TIE(NSUSLEQ.8)
DO 1G7 121=1,6
IAPL=T131+1

JCONTINUE o

DO 1CT7 I21=1APL,10

[C1=STURET(IAL
CSTGRFT7{1A1)=ST
STRRET7{IBYL}=1CL

167 CONTINUE

Lo T

143
144
145
1406
a7

P

s

ln‘-\

407

63

151

152

153

154
155
156
157

158

15g

160
1461

MR ITELG,ER) T

IF{i“éSU?:EQ'?Q
DO 128 JAl=1,9
JAPt=JdAl+1

D"] 158 J‘-T“JHP
TFUSTORES(JAL)

JCY=STOREB(JAL

STORES(JALI=STORES(JBL)

STORES(J31)=JC
CONTINUE

39

GO TG 40C.

| FORMAT(NLH,5(/),29%, PARKANGING DATA WITHIN SUSGFOUPS
HSECREASIHG “AGN o s

KRITELA,;55) (S

WiF( VSURLESL L)
PIT{(%,QQ! {STCRE

TF{NSUBLEN.2)

IR (RNSURLED L 2)

[F{NSUG.ED . 4)

WRITE(S,66) (STERZS(N

IR (HSUBLER L5
WRITE(6,66) (STOR

ITu
TOR
GO

DEY/VGYY
1015 ,15=1,10)
SN o

cl5hyd5=l,12y

G0 T3 4CL )
WRITE(S, 0651 (STOREI(KE),KG=1,10)
GO TO 4ol ‘ -
WRITE(A,446) (STORZ4(MS)Y,M5=1,10)
G OTO 401
i5) ,NS=1,10)
0y QU‘,,~W,A Gy
FOLLG),16=1,10)
50 Tu 40,

IF(NSUBLET,6)

CIF(STRRE4014).GELSTOREA(IA)) GO 1D 104

)

4

6C 10 400 T T T
TF{STORES{K4) G5, STORES(LA)) GO TO 165 o )

) T

5 o

GO 1O 400 i ) )
IF(STIREGL(F %), 38, STCYES{NG)) GC TO 106

)

EO(NG) ~ - )

6

TG G T e e
IF(STORET(IALY.GELSTORET(IBL)} GO TO 147

) e o

ORET(IRL)

GO TO 400 . ) B i

Ly T e .

LGELSTOREG(JELYY GO TC 108

)

1

[N GRDER OF D


http:ST'J::<.tS
http:IF(STQP:::'7(I/\lJ.GE.STOR.E7
http:STD;;ZE5(K.td
http:IF(~SU3.EQ.41
http:IF(NSU9.E~.31

179
186G

;81

133

-

M
<o
~

C

[
-

C

6'\

ay
STEP-

421

Sdﬁ O
C(&?I”U

DO 180 Ké=1,1C

(STCRETIKKLI) P KKYI=1,10)

£) (STCREBIKK2),KK2=1,1C) _
P1EX,10114,6%X))
CH COLUM CF THE MATRICS

IFENSUR EQW 1)

CIFENSUBLER
IF{NSURLEQ.3)

s 2

'

IF(NSUBLEQ,4)
IF (NSUBLEQL D)

*

CIFINSUBLER.B)

LR
IFENSUBWEQLT)

100

“ 57

3

IFENSURLED SR

k.
CUMTINUE

WRITELA,6T)

FUMAT(TO

ST1EP-7F FQOb+ SuUM

STEP—§ FOXM ALPH,EETA,NE

2372

€05

6046

£OT

L

608

201

STEP-9 CAL
b.ﬁR[Tﬁ(byo‘F)

}

GO TG 4]

SUMIKE) =STCREL{KE)

SUM £K61~%T“’fl(ha)+STP«E2(Kb) N

SUPIKeY=5TU REL(KS)+STORE2(KG) +STLRE3{KS)

SUMIKS)=STOCRELIKO Y +STCORE2(KG ) +STOREZ(KS)+STOREG (KA

SUMIKE)=STOREL(KS)+STOREZ(KO6PHSTORES (KH)+STCREL(KS)
+STORES(KE)

SUMIK6)=STORELIKE) #STORER2 (K& J+STORES(KE) ¢#STOREA(KA)

+STRES(KSHI+STUREG(KE])

SUM(KA)=STURE 1<Ko;+srn«&2<«o)+ST0R:%(<6)+STQag£iKé¥W’“

 +STORES(KG) ESTOREL{KS) +STIRET (K6) ,
SUY{KS) =STIRELIKGI+STOREZ (KA ) +STLRES(KE ) +STORE4 (K06)
HSTORES(KA)+STOFE6(KS)+STLRETIKSI+STOREBLKO)

(SUMIKT),XT7=1,10}

y}."rX’ tS,.d=t

e e e o S

TClT4,6X))

[] i,
Aud S.J AND SUM B.J S.Js THEN PRINT THEM
f' -t

AND VAQIANCE, THIZN PRINT THEM

NO 2391 I1J1=1,13
TOTLIJL)=3U(1J1)

IENENISRISE
TOTALI=(,

AJULSL*TCTALIL)

DO 232 1J2=1,13

TOTALL=TOTALL+AJS I 1I2)
AA=TOTALL/NSUS

DG 253 1J3=1,10

BJSSLTI2) =800 1J2=TCT (193

TOTALZ=DC,

00 2¢4 [JU4=1,1
c+2JsJ{lda)

TOTALZ2=T73

58 TOTAL2/MSUS

1
r{L_

R[T*{o,v;l)

F MATLYS

Py laXy YA d=,10F10,06)

ﬁPIfLimyob?3

FUFRATL TG

HRETE(é,QQB)
FOEMAT( " ,26%,7SUM Asd Sad=',F12, 5,15x,’ALPH 'sF12.6)
wRETE{é,écé)

FORMAT(!

?f?*(é 5¢
FUQ ALT(YD,

DET”( )yt)x,

)‘AT{'Q‘

FORARMAT{ YO

{

(

3X

I

-

AJCIJS)Y ,1d5=1,10)
AJSULTJEY T yo=1L,1n) T
y';\sJ S»:J“"‘! 1(3{?‘3,6;'3)())

TOTALL, AA

{

SJCTJT) . 1J7= 111“3

;1’?;’() BoJﬁ, “’T’f 10a6)

16 )

€}

607

7,,

{

2X9 13,0 S.J=1,10(FL10a6,2X))
TOTAL?2,83 ‘
26011 SU e S d=tiFLT 515X, T BETA=Y, F11L5)

CMEANT ALY 577
V“Ki-laﬁ1;=sn«*
im’xQ-E,TE(G"

l

R

2
"ll,‘y Vf
[ Ry N

Al

L -0

S
ALPH~DLOTTHBETA=" »F11.5, 10X, "VARTANCE=1, 645%E

RET A 220 ,F1 1, 8}

CULATE

ZyF(X),P, AND T{X), THEMN PRINT TuEM .

FOm T(‘I‘vQ(i),?GX,'ihD&X'; SXy'TEMP, FROM MAX, TO MIN.',5X,

“°"~{x ALPY

(R AS

TA','5x,*F=§XP(45**(MZ))',“f'"*p 1-FX) 1, 7%,

#IT{Ay=1/p0/001%)


http:IF(~SUB.EQ.5J
http:I~C~SU9.EQ.31

MNPI=MNP Y]

DO 205 KJI1=1yMNPL

L DIKERI LY =M INGLI=KIb+

XT1Jd=1JK{KJT)
2K =(XIJ-24)/38
A={=2.71328%%(~7(KJ1)))
F(KJL)=EXP (A)
P(KJL)=1. =~ F(KJL)
CT(KJL)=1. / PURJLY

41

WRITE(6,50C) KJI1, TJK(KJILY, Z(KJ1), FLKJ1Y, P(KJL), T(KJ1}

FORMAT{!
CONTINUE

635
275

o IF(TaV.EQ.C) GO TGO S9¢
C STEP-10 FIRM wl(V) AMD PRINT IT

DG 207 NJL=1,KING
WRITE(S,510)

FORMAT(' 17 3 2(/),45X, "V 415, TEYR,
00 258 NJ2=1,9kP1 '

W{MJ2)=1s = ((1.=P(NJ2) )=V (NJL))
WRITE(&,501) VINJIL)Y, TUKINIZ),
FORMA
CONTINUE
CONTINUS
ARITE(H,654)

610

6l
23
207

£86 FORMAT('(') o
§53  STOP
END e )
SCAT2

”ngjI?!lé‘K)Ithi.)XQF—,‘B!12\’(QF703!l}XsF?oBvBX,F?.?})

FROM MAX, TC MING',13X,'w(V)")

‘o‘!(t\\iJZ)
(P21, 43X, 12, 21X,12419X,F 7.3



