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SUMMARY

A microcomputer-based algorithm for estimaticn of the three parameters of a
generalized Gumbel (extreme value type 1) distribution class is presented. Tre
parameters are shift, scale, and shape. The classical Gumbel distribution results if
the shape parameter is equal to unity. Three-parameter as well as two-parameter
(shape equal to unity) estimation can be performed for given histogram data.

Parameter estimation is accomplished by means of the maximum-likelihood
principte. The derivative equations which result from the associated logarithmic
likelihood function are used. A more comprehensive presentation of generalized
Gumbel distribution estimation which also allows treatment of population data and
which includes moment estimates and maximum-likelihood estimates by direct
optimization of the logarithmic likelihood function will be presented elsewhere.
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L. INTRODUCT ION

The Gumbel distribution (extreme value type | for maximum values) [S: Chap.
3.5]. [6: Chap. 21.4] is defined by its probability density function (PDF)

f(xiAb) = b~ lexp-(e&+8) , £=xAb!, xeR , (1.1
or by its cumulative distribution function (CDF)
F(x:A,b) = exp - e& , (1.2)

with parameters shift A € R, and scale b > 0. It is of considerable importance in
various statistical data interpretation problems. Its CDF (1.2) forms the basis of a
simple, highly popular, but not very reliable, linear regression procedure for the
estimation of the parameters A and b . With u = log (- log F) it leads to the
linear functicn

u = -b-lx « ab~l,

Therefore, if a set of data (xy, Fp} is Gumbel distributed, the paints (xy, Uy, = log
(-log Fy)) are located on a straight line in the (x,u)-plane. In other words, if for a
given data set {xy, Fp}, the points (xy, up) seem to be located on a straight line,

the unknown parameters of the Gumbel PDF (1.1) can be determined by means of a
least-squares algorithm [S: Chap. 8.11].

A more reliable parameter estimation approach can be based on the maximum-
likelihood (ML) principle (14; Chap. 12.5], [8; Chap. 5.4] which leads tc a simple
algorithm relative to the Gumbel PDF (1.1). It is suggested, however, to apply the ML
principle to a more general POF class, namely

. _ exp (R 1 - —a* ~ (y_ ! »*
flxAB D) = ﬁ;%—(_g;.:lﬂ oxp 5(9 E,) , L=(¢2b  , xeR . )

It depends on the parameters shift A € R, shape § > 0, and scale b > 0. Introductior
of the shape parameter B makes the PDF class (*) much more flexible than the
original Gumbel ciass (1.1) which is contained in (*) as a special case for shape

B =1.

The CDF of (*) is given by

b

_ 1
FOGNBD) = | T(taBb)dt = — T8, - ,
(x:\B.b) J (tinB.b) =) (B B exp &)

—o0

where T'(wx,z) is the incomplete Gamma function with lower integration limit z [3;
8.390.2]. Cf ccurse, this CDI leads to the linear relationship explained abcve cnly if
B =1, 1.e., in general, a simple geometric parameter estimation technique is rc lerger




available. It may be of interest to note, however, that it is possible to show that log
(1 - T(b&-A)) is asymptotically linear in & as & T . This can be seen by
expressing the incomplete Gamma function in terms of the degenerate hypergeometric
function [3: 8.351.2].

It is the objective of this report to show that parameter estimation for the
three-parameter generalized Gumbel class () via the ML principle can be
accomplished by means of a reliable algorithm which is more efficient than those
currently available for the classical Gumbel class (1.1).

Questions of hypothesis justification and gcodness of fit are outside the
framework of this report and, thus, are not addressed here.




1. DIFFUSION CHARACTER OF THE GENERALIZED GUMBEL DISTRIBUTION

It is well known [3], [10], that the function

qlx.t) = —_— P exp-&d , &= xe (.

x>0, t>C,0>0,p <1, with

1o
[o«szt] LTt =0,

c = cl) = (1.2)

/o
[o(or"(1 -exp-ort)] ., T =0,

s the delta function initial condition (at x = 0, t = Q) solution of the autcnomous
Fokker-Planck equation

[ a0 z(x,t)]xx - [ow) z(><,t>]x - 2,(x) = 0, x>0,t>0

AX) = 0?9 | x>0 (diffusion coefiicient), 1.3)
D(x) = o<(2—0-p)><1‘d - TX (drift coefficient) .
wWith t =ty > 0 1n (11.2) considered as a parameter, the function (11.1) becomes the
hypergamrma PDF with parameters ¢ = ¢ (tg) >0, p <1, ¢ > 0 [10], [11].
The transformation x = exp -~ ?5'19 (S: (5.6)] generates from (11.1) the functicn
f(y,t) = g exp - 3~ 1y,t) |dx/dy|

which, after y has been replaced by x , is of the form

f(xt) = S exp—(c_d e_& - B&) , &= xb—] \ (1.4)
b T (8)c®

b=o"'%,B=0-po”!, and c =c(t) given in (11.2). For any fixed t = ty > 0 and
with ¢ (tg) = B'”O, this function becomes identical with (1.4) (for A = 0).

e




The transformation x = exp - ¥~ !y applied to the differential equation (11.3)
leads (after y has again been replaced by x ) to the autonomous Fokker-Planck
equation

[A"(x) w(x,t)] - [D"(x) w(;<,t)] = wyxt) =0,
XX X
A" = xo?bZexpb x| (I1.5)

(%) = cxczb(i-B)exp b~ 'x + owb

of which the function (11.4) is a solution. By means of different parameter
designations the function (11.4) can also be transformed so that it becomes a nonlinear
similarity solution of (11.5) [12;: Secs. 2,3].

The particular case 1 - p = 0 reduces the PDF (11.1) to the Weibull PDF [11], and
(11.4) becomes the Gumbel PDF with 8 = 1.

Il DATA SETS

It will be assumed that the given statistical data are of the general form of a
set of ordered pairs {xyp, fap)} (»=1, .. M) with xy <xp <..<xy,and M<N=
£Mp=y fav . fap being the absolute (integer valued) frequency of the observation xj.

In standard statistical terminology data given in this particular form are called
histogram data.

It will furthermore be assumed that, for histogram estimation, the xp's are the
midpoints of Class intervals [a +« (v-1)Aa, a+ vAa),aeR, Aa>0, i.e., Xp =a-+
(v-1/2)Aa, and that fa, 20, fay 21, faq2 1. Other estimation problems, such as
poritation estimation and different approaches will be presented elsewhere.




IV.  THE LOGARITHMIC LIKELIHOOD FUNCTION

For the generalized Gumbel PDF (*) with parameter vecter P = (A, 8,0) and with
the abbreviation

pv(>\) = XV - )\

the likelihood function takes the particutar form

Le) = BN o™NING) e -8 irav exp-bp, * ifavb—‘pv
v=1 v=1

The functicn

e(P) - N logL(P)

= Blog B -logb~logI'(B) - B ifv(b_]f’v + exp-b_1pv) . (v.1)
v=1

where f, = N71f5, denotes the relative frequencies of the xy's with sMyoy fy =1,
is the fogarithmic likelihood function (LLF) of the generalized Gumbel distribution
class (*).

The ML principle asserts that the optimal parameter values (if they exist)
relative tc the given data are the coordinates of the point P = (X, B, b) in the cpen
parameter space P: {x €R, B >0, b >0} at which the LLF $(P) takes it global
maximum.
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V. MAXIMUM-LIKELIHOOD ESTIMATION

In this report ML estimation of the parameters of the PDF class (*) will be done
by means of the derivative equations which result from equating to zero the first
partial derivatives of the LLF &(P) given in (IV.1). They are of the form

8o [1 —ifvexp-b‘1 pv] =0,

»=1

2
oA

00 logB+1-y(B) ~ irv(o"pv + exp —b"pv) =0,
oB p=1

) -1 -2 ( -1 ) )
-p !« Bb 5, f 1 -exp-b =0,
Bb 8 v=1 va ® pv

where Y(x) = d log I'(x)/dx is the psi function [3; 8.362]. Their appearance can be
simplified by introduction of the functions

AD) = i f,ep-b'p >0,
p=1

- -1
B(AD) = g ToXpexp=b p,> 0.

Then, with the mean

X = ifvxv = const. , O0<x <

XM ,
v=1

they take the form
1-A=0,
logB+1-WB)-b&-2-A=0,

-b+B(Xx~A-B+2A) = 0 . (V.1)




By means of the first one, A can be eliminated from the other two so that only the
equations

r@) - b G-2) =0,
-b+ B(x-B) =0, v.2)
remain. The function

r(B) = log B - y(B)

which appears here is positive for B > 0 and is strictly convex and decreasing, r(g) 7
o as B 10, r(B)! 0as P 7o, as can be verified by means of the Laplace integral
representacion for r(g8) [3; 8.361.8]. The first one of these equaticns allows one to
express b interms of B and A,

b=b(8) = (R-a)/r®)>0. W.3)

Thus, b can be eliminated from equations (V.1) and (V.2). Setting

AADb)Y = AADBAL) = QAB) = ifv Tv()"B) >0, (v.4)
p=1
B(Ab) = BOMD(A.B) = R(AB) = i 1, T,(A8) >0, (v.5)
P=1
with
T,.8) = exp - [pv(Q-)\)'] r(B)] (v=1,....M
one obtains
and) = [%-rR8)]Br®) - G- = 0 (v.6)
h(AB) = 1~Q(B) = 0. v

If (R, B) is a solution of this system of equations, then b follows from (V.3) for A
=X, B =B. The objective, therefore, is to develop an efficient numerical algorithm
for the solution of equations (V.6) and (V.7). Properties of the functions g(A,B) and
h(x,B) which are essential for this purpose will be investigated in Section VI.




Two observations relative to the shift parameter A are of importance. Relation
(V.3) requires that A < x for the scale parameter to be positive. Furthermore, if A

< xy = min {xp), then (xp - A) (X - A)~! >0 for v 2 2 so that Q(%,B) < 1 which
contradicts (V.7). Consequently, in (V.6) and (V.7), A is restricted to the interval

Xy <A <x). It should also be observed that the positive function Br(B) which

appears in (V.6) is less than unity for B > 0. This follows from the integral
representation for r(g) mentioned earlier.

The special case that the shape parameter B is assumed to be unity will be
discussed next. In this situation, the LLF (IV.1) reduces to

®(Ab) = - loghb - i rv(b“pv + exp -b"pv).
p=1

The derivative equations now lead to
1-A =0,
-b-B+x=0,

with A and B, functions of x and D, defined as before. The first equation can be
solved for A

1

A = -blog fvexp—b' Xp (v.8)
=1

1%

and A can be eliminated from B so that

-1

B = i fv exp - b X rv X, exp b L
v=1 y=1

Therefore, the second equation becomes an equation in just one unknown,

-1
e e _h- _n) i _nl _
gb) = x-b [ﬁ fv exp-b xv] Tv X, Xp b X, = 0 . v.9)

v=1 v=1

It is easily seen that g'(b) is negative for b > 0 and that g(b) T x - xy >0 asb ! 0,

and g(b) ! - e as b T eo. It should also be observed that (V.9) implies that b <x if
g(b) = 0.




T ——

By the property of the function g(b) just discussed, equation (V.9) has exactly
one positive root b . It immediately gives the corresponding value X for the shift
parameter from (V.8) for b = b. ML estimation for the two-parameter Gumbel
distribution is, therefore, easily accomplished by the solution of the single equation
(V.9).




VI. PROPERTIES OF g(A,B) AND h(A,B)

This section contains a description of properties of the functions g(A,8) and
h(A,B) which are essential for the design of an efficient solution algorithm for the
system of equations (V.8) and (V.7). The function h(A,B) will be considered first.

By means of the substitution
- -1
y = exp - (x—x) rg) . (vi.)
which takes the functions T, (A,B) appearing in (V.4) and (V.5) into

R VA
T,(A8) =y

equation (V.7) changes into

ha8) = 1 -y i fvng =0 . (V1.2)
p=1

It is equivalent to the equation

A-x1 i X X
Y =y - Y = uly) - Wy =0 .
p=1

For fixed A in the interval (xy, x), y = y(B) becomes a one-to-one mapping of (0,%)
into (0,1). Clearly, f(y)»0asy T 1 (i.e., as B T ). Furthermore,

W) = A - % >0,
J4) = i fv(Xv‘X]) =% - X; > 0.
v=2

Since X - x{ > A-x{ >0, it follows that v (1) >u (1) > 0. This implies that 0 <
v(y) <u(y) fory <1, y sufficiently close to 1. Consequently f(y) >0 fory <1, y
sufficiently close to 1, and, hence, h(A,B) > 0 for B sufficiently large. Furthermore,
h(A,B) L 0 as B T o,

10




Next, u(y) $ 0, v(y) ¢ fy ,as y L 0. Therefore, f(y)> - fy asy ! 0, and hence,

h(A,B) ! - as B I 0. Consequently, for every fixed A € (xq, X), the function h(x,B)
has an odd number of positive zeros.

It can now be shown that, for every fixed A € (x, x), equation (V.7) has exactly

one positive simple root § . The derivative of h(X,B) with respect to B is of the
form

dh
—_— - AQ-R - __.. ( ) V13
5 - = (ha-R) - a8 (V13)

R and Q defined in (V.4) and (V.5), respectively. The factor - (X - A)~! rois
positive for every B > 0. Suppose the second factor

a’8) = - i 1rvTv(xV—)‘)
p=1

has two distinct positive zeros, 0 < By < 8. By Rolle’s Theorem, q’(B) must have a
zero in the interval (81, 82). But

2
q®) = -r ifvTv i";'f)— >0

v=1 X=A

for every B > 0. Therefore, q(B) has at most one positive zero. By properties of h
discussed earlier, 9h/98 has at least one positive zero. Therefore, the function
q(B), which is equivalent to 3h/38, has exactly one positive zero, say, Bo. Since h

has an odd number of positive zeros and since h(A,B) < O for small values of B >0
and h(7,B) > 0 for large values of B , it follows that h(A,B) has exactly one
positive zero, say, Bn(A), such that 0 < Br(A) < Bg. The zero Bp is simple since

q(Bp) = 0. For, if q(Bp) = 0, q(B) would have two distinct zeros.

It is now possible to show that the positive function Bp(A), the unique zero of
h(x,B) for given X\ € (xy, X ), implicitly defined by equation (V.7), is strictly

monotonically increasing in the interval (x1, x ). Let X and § = Bp(R) be such
that h(X, 8) = 0. By the implicit function theorem there exists a function Bp(A)
such that h(A,Bn(A)) = 0 on some interval (A1, A2) which contains X . Since
a(Br(A)) (q(B) having been defined in (V1.3)) is different from zero, in fact

a(BR(A)) = AQ(A, BRH(A)) = ROA, BR(A)) = A - R(A, Br(A)) > 0 (V1.4)

11




for every X € (xy, x ), the function Bp(A) can be continued from (Ay, Ay) as a

differentiable function to the entire interval (xq, X ).

Its derivative is defined by the identity

Ln(8y) .'(g_“(_;)zl [;_R(x.sh(x))] . L(;@[X-R(;\.shm)] dB::x) -0
FEPY )

(V1.5)

since £M,zy fp Ty (A, BR(A)) = 1, it follows from Tchebychef's inequality that X -
R(A, Bn(A)) > O for every A € (xq, x). Furthermore, by (V1.4), A - R(A, BR(A)) > 0.
Therefore, (V1.S) implies that dBR(A)/dA > O for A € (x4, X). That is to say, Br(A) is

strictly monotonically increasing in the interval (xy, x).

The following facts concerning the function Bpr(A) should finally be observed.
By (VI.5), its derivative is given by

4B, N) r (Bh(%)) [; -R (7\. Bno‘)ﬂ

> ] r'(Bho‘)) (; _}\)[)\ -R (7\. Bh(k))] .

(V1.6)

The positive function [ % - RO\, BRI IA - R (A, BRI L 1 as A T %X . The
positive function r(Bh(A)) [-r' (BN can be expressed in the form

)~ __xr

v T Vi.7)
-r(x) %y (%) ~ 1

Since Bp(A) is positive and strictly monotonically increasing, the argument x =

Bh(A) in (VL.7) cannot go to zero as A T x . Furthermore, for x > 0, the numerator
xr(x) in (V1.7) is bounded above by unity, and xr(x) { 1/2 as x I eo. This limit
relation can be established by means of the Laplace integra! representation of r(x)
mentioned before and by application of Theorem 14.1.3 in {2]. The denominator
function in {V1.7) is positive for x > 0, and x¥'(x) 4 0 as x T . This limit relation

can be verified by use of an integral representation of ¥ '(x) [15; Chap. 12.321.
Consequently, as (VI1.6) shows, B'h(x) T as AT x,i.e, Bh(A) has a singularity at A

=X .

12




Now suppose Br(A) would approach a finite limit as A T x . Then, as (VI.1)

shows, y ! 0 as AT x, i.e., the second term in (VI1.2) will not remain finite as A 1
X. This establishes a contradiction to the identity (V1.2) with 8 = Br(A) and A

sufficiently close to X . Therefore, Bh(A) T 0o as AT X . For this reason,

numerical solution of equation (V.7) may fail for A close to X.

Equation (V.6) will now be considered. The transformation (VI.1) changes it into

g\B) = - ;<—g->‘ ifvxvng BYiogy-1 = 0.
v=1

An equivalent equation is

- AX Xy~ X A-X
[xy ! -ifvxvu" ‘] Blogy «y ' =0 (v1.8)

v=1

in which A is considered fixed in the interval (x, x). The function B(y) cannot be
explicitly expressed in terms of y . However, it is only necessary to know that

-1 -(;—9\)—1 as B L0, ie,asyioO,
BW gy =-(32)  8r(®) -

-[2(;-7\)]_] as B Too ie,asytl.

The second limit relation has essentially been established already in connection with
(VI.7). The first one follows from the fact that xr(x) T 1 as x { 0 {3; 8.362.2].

It can now be seen that the left-hand side of (V1.8) approaches positive values
asyl Oandasy 1. This implies that, for fixed A € (xy, x), the equation g(A,B) =

O has an even number of positive roots. There may exist values of A € (xy, X) for

which g(A\,B) = 0 has no positive roots at atl. As a matter of fact, a more careful
investigation of equation (V1.8) reveals that there may exist numbers A and Ay , X

<Ay <Ap <x,suchthat g(AB) =0 has noreal roots for A € (Ay, Ap).

13




VIl. THE PARAMETER ESTIMATION ALGORITHM

Estimation of the parameters of the generalized Gumbel distribution class (*),
Section I, for a given set of histogram data {(xy, fp} (v=1, .., M), x, =23+

(v - 1/2)Aa, is based on the solution of the derivative eauations (Section V) of the
associated LLF (IV.1). The algorithm presented in this report covers the three-
parameter unknown case as well as the two-parameter unknown case in which the
shape parameter B is assumed to be equal to unity.

In the three-parameter case the equations g(A,8) =0 (V.6), and h(A,B) =0
(V.7) must be solved. Their solution (R, 8) determines the scale parameter b by
(V.3). In the two-parameter case the single equation g(b) = 0 (V.9) must be solved.
Its solution b determines the shift parameter XA by (V.8).

. Ihe Three-Parameter Case

Suppose that (X, 8) is a solution of the system of equations (V.6) and (V.7)

with A € (x7, Xx) and $ = Br(R) > 0, and that the graphs of the functions implicitly
defined by g = 0 and h = 0 have a proper intersection at (A, §). Then there are
numbers AL and AR ., X <AL <A< LR < X ,and numbers B = Bx(A[) and BR =
Bh(AR), 0 < B < BR., such that h(x, BL) =0, h(AR, BR) = 0 and g\, BL) g(AR. BR)
< 0. Since Bp(A) is strictly monotonically increasing (Section V1), the solution

point (X, B) of the equations (V.6) and (V.7) is boxed in the interior of the rectangle
in the first quadrant of the (A,8) plane defined by the points (A(, By), (A\L. BR) . (AR,

81). (AR, BR).

Boxing of the solution point (X, §) requires the solution of the equation h(\,B) =
0 only and evaluation of the sign of the function g(A,8).

The root By (A) of h(A,B) =0 is first bracketed by sign change detection along
the search sequence By = 1071 (1.618)¥ (v=0, 1, 2, ..., 19). Brent's method [13;

Chap. 7.31 is then used to calculate the root. In the numerical algorithm it is actually
not the equation h = 0 which is solved but the equivalent equation f =0 given in Sec.
VI. The range of f is bounded for 8 € (0,0) whereas the range of h is not bounded
below near B = 0. The use of f instead of h eliminates possible overflow problems
for small values of 8 . The parameter estimation algorithm is aborted if no root

Bn(A) is found in the interval (1071, B1g). Shape parameter values outside this
interval would lead to nearly pathological densities.

To obtain A values for boxing the solution of equations (V.6) and (V.7), the B
roots of h(X\,B) = 0 are calculated along a sequence {A(0), A(0)g A(0)  aA(l)g

AL, ) of A values with A(0) = k- Aa/2 and

14




_ =1
)\g’)=)\(0)* ZV]Aa(zvugg) :

-1
){V) = )\(0) - 2v()\(0) - x])(zv + 99) (»=0,1,2,..,30).

The first of these subsequences converges up to X , the second down to xj as v T oo,
Let g(0) B(")R. B(V)L. be the corresponding roots of h = 0.

The sign of g(A,B) is evaluated at the points (A(0), g(0)) (A(P)g | g(V)p), ang
), 8(P)). The process is terminated if at two successive points, either in the

(AR} or in the {A(") ) subsequence, the product of the g functions is negative,
i.e., if boxing of (X, §) has been achieved.

The boxing rectangle is subsequently refined by bisection of the A interval
until the accuracy requirement (AX < 1077) n (AB < 10~7) is satisfied.
Monotonicity of the function Bp(A) is not exploited in the actual numerical algorithm

because of the interplay between the one-dimensional Brent's method and the two-
dimensional boxing process.

2. Ihe Two-Parameter Case

The root b of equation (V.9), g(b) = 0, is first bracketed by evaluation of
g(by) along the search sequence by = 107! (1.618)Y (¥=0,1,2, ..., 19). The reason for
the restriction of b to this interval is analogous to that given earlier for B

Bemark. For computational convenience the transformation x; = x; - Xy s

applied before the start of the actual computations. [t arfectsn only the shift
parameter. The algorithm calculates the relative shift value Ay and returns the true
shift value X =%y *+ xj.

15




VIIIL. EXAMPLES

To demonstrate the algorithm a number of examples are presented.
Accompanying tables are given in Section IX.

Example |

N = 87 observations of annual 24-hour maximum rainfalls (in points) at Sidney,
Australia, over the period 1859-1945 are given in Table 1.i [7]. Grouping into
histogram absolute frequency data has been performed on the data of Table 1.1 in five
different ways, Gy , as displayed in the second columns of Tables 1.3Gy, (v=1, ..., 5).
The first column shows the class interval numbers v . The class interval data are
given in Table 1.2.

Parameter estimation has been performed with three and with two (8=1)
parameters. The results are shown in Tables 1.4G, (v = 1, ..., 5).

The estimated parameter values are used to calculate the expected absolute
frequencies from the PDF (*). For the three-parameter estimates they are given in
the third columns of Tables 1.3G,, , and for the two-parameter estimates in the fifth

columns. Next to the calculated frequencies in Tables 1.3G, are shown the chi-

square values. As mentioned in the Introduction, no significance will be attached to
them within the framework of this report.

Example 2

A total of N = B9 observations of frequencies of annual maxima of rainfall (in
inch) in 24 hours at Camden Square, London, over the period 1860-1948 [1; Chap. 8.7]
have been grouped into M = 12 class intervals [a + (v-1)Aa, a + vAa) with a = 1/2,
Aa = 1/4. The data are given in Table 2.1. The results of the three-parameter and
two-parameter estimates are shown in Table 2.2. The calculated expected
frequencies together with the corresponding chi-square values are displayed in Table
2.1,

Example 3

This example concerns the distribution of the greatest ages of men [(4: Sec. 1,
Table I, 2nd ed.]. A total of N = 52 observations have been grouped into M = 9 class
intervals [a + (v-1)Aa, a + vAa) witha = 395.5 and Aa = 1. Table 3.1 shows the given
data. Calculated results are shown in Table 3.2 (parameters) and in Table 3.1
(frequencies and chi-square values).

Example 4

The last example deals with the ensemble distribution of the greatest ages of
men and women [4: Sec. |, Table |, 4th col.]. The total number of observations is N =
104 corresponding to M = 11 class intervals [a + (v-1)Aa, a + vAa), a = 95.5, Aa = 1.
Table 4.1 shows the given data. The results are presented in Tables 4.2 and 4.1.
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IX. TABLES

17/(18 Blank)




Table 1.

1 Annual Maximum Twenty-Four Hour Rainfalls (in Points) at Sidney,
Australia, 1859-1945.

_3‘01

Frdeis
HbEe
ot
BN
337
374
3dc
27

370 62 662 169 3,5 3905 1c
Y L) A18 445 183 424 a5 430
Y 281 489 EN S69 204 425
433 645 485 468 283 275 536
<91 434 330 310 236 487 273
39 423 441 627 157 TRV 364
T 571 127 a5 748 441 L2
G 472 316 653 488 a1a 418
2B 188 484 459 48y Z39 351
11 322 3849 335 263 276 339
o3 343 b4 1145 336 192 420
Tablel.2 Class Intervals and Number of Classes for Groupings Gy (»=1, ..., S)

Gy Gy G3 G4 Gsg

a 150 12S 150 100 125

JAY. ] 100 100 S0 75 75

M 10 10 20 14 14
Table 1.3Gy Grouped Frequency Data for Grouping G

GUMBEL DISTRIBUTION CALCULATIONS
Data file is

v

COVIONEWLMN -

10
Totals

f( abs)
11
23
23
10
10

N8 -58658

LNGDSET 1.DAT

3 Para tstimate

f(ca
10

25.
20.
13.

7.

86.

4
2.
1

1)

.41
28
91
10
60
.32
44
.38
.78
.44
43

19

X#t#2
.03
172
21
.73
.76
.02

.10
.78
.72

2 Para Estimate

f(cal)

9.
22.
22.
15.
8.

4.
2.
1.

56
20
38
15
51
3?7
15
04

.50
.24

86.

o8

Xi#3#2

e

.22
.03
.02
.75
.26
.83
.58
.00
.50
.46




Table 1.3Gp Grouped Frequency Data fer Grouping Gg

GUMBEL DISTRIBUTION CALCULATIONS
Data file 18 LNGDSETZ2.DAT

3 Para Estimate 2 Para Estimate
v f( abs) f(cal) X2 f(cal) X2
\ 8 6.79 .22 6.79 .22
2 18 20.64 .34 19.70 .18 -
3 25 22.61 .25 22.74 .23
4 16 16.10 .90 16.78 .04 X
5 7 9.56 .68 9.97 .89
6 2 5.25 .58 5.34 .52
7 3 2.79 .02 2.721 .03
8 2 1.47 .19 1.35 .32
9 ) .77 .77 .66 .66
10 1 .40 .91 .32 1.43
Totals 87 86 .38 86.35

Table 1.3G3 Grouped Frequency Data for Grouping G3

GUMBEL DISTRIBUTION CALCULATIONG
Data file is LNGDBET3.DAT

3 Pare Estimate 2 Para Estimate

v f(absg) f(cal) X##2 f(cal) X#2

1 6 3.13 2.63 3.20 2.46

2 5 - 7.28 721 6.74 .45

3 8 10.80 .72 190.04 .42

4 196 12 . 1€ .66 11.77 .89

S 12 11.56 .02 11.69 .01

6 11 9.98 .12 10. 36 .04

? 10 7.99% .53 8.49 .27

8 )] €.14 6.14 6.59 6.59

9 5 4.63 .03 4.93 .00
10 5 3.44 .21 3.59 .58
11 3 2.53 .09 2.57 .07 .
12 1 1.85 .39 1.82 .37
13 3 1.35 2.02 1.28 2.32
14 1 .98 .00 .89 @1 .
15 1 .21 R .62 .23
16 ) .52 .62 .43 .43
17 ] .38 .38 .30 .30
18 (7} .27 .27 .21 .21
19 )} .20 .28 .14 .14
20 1 .14 5.11 .10 8.34
lotals 87 85.93 85.74

20

e —————eeeed




Table 1.3G4 Grouped Frequency Data for Grouping G4

GUMBEL DISTRIBUTION CALCULATIONS
Data file is LNGDBET4.DAT

3 Para Esgtimate 2 Para Egtimate

v f(abs) f(cal) X#it2 f(cal) X#rg
1 2 1.84 .01 2.08 .00
* 2 9 8.91 .00 8.55 .82
3 15 16.12 .08 15.46 .81
4 20 17 .39 .39 17.35 .40
) 5 13 14.32 .12 14.76 .21
6 8 18.23 .48 10.70 .68
? ? 6.78 .01 7.06 .00
8 6 4.33 .65 4.41% .87
9 3 2.70 .03 2.67 .04
10 2 1.67 .86 1.89 .10
11 1 1.03 .00 .94 .00
12 ] .63 .63 .85 .58
13 (%] .39 .39 .32 .32
14 1 .24 2.47 .19 3.56

lotals 87 86 .57 86.62

Table 1.3G5 Grouped Frequency Data for Grouping Cg

GUMBEL DISTRIBUTION CALCULATIONS
Data file is LNGDSETS.DAT

3 Pa a Estimate 2 Pare Estimate

v f(abs) f(cal) X332 f(cal) X##2
1 6 3.98 1.82 4.05 .93
2 8 12.24 1.47 11.76 1.20
3 20 17.51 .35 17.16 .47
q 17 16.70 .at 16.88 .00
5 16 12.82 .79 13.23 .58
. 6 4 8.78 2.60 9.09 2.85
7 6 5.66 .82 5.80 .01
8 4 3.53 .06 3.54 .06
. 9 3 2.16 .32 2. 11 .38
1@ 1 1.31 .07 1.24 .05
11 1 .79 .05 .72 MR
12 a .48 .48 .42 .42
13 ] .29 .29 .24 .24
i4 1 A7 3.94 .14 5.33

Totals 87 86.43 86 .38
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Table 1.4Gy Three- and Two-Parameter Estimates for Grouping G

Input file is LNGDBET1.DAT

This is a 3 paremeter fit
3943538 38 34 36 46 36 3 38 38 36 35 b 38 36 36 3 36 36 30 30 35 36 38 46 38 30 38 35 3 30 36 30 24 22 28 23 %

THE FINAL VALUES

Lambda = .3156819E+003
b - .762429E+002
Bata - .436916E+000

UL 2 2 22 2.8 222 2 2L 0282 2 8 2 s g 2tk 2k R g R R g L

Input file is LNGDBET1.DAT
This is a 2 parameter fit
498 46 46 35 45 36 36 4 26 35 36 36 35 3 45 45 38 45 35 26 236 36 4 36 28 35 36 36 2 48 25 3 36 36 3 44 36 3 3¢ 3

THE FINAL VALUES

Lambda = .348179E+003
b = .134030E+003
Beta = . 100000E+001

36 3 3536 3¢ 30 38 34 30 36 36 34 36 36 38 3 46 3 3L 3¢ 36 3 I 3 36 38 3R 38 3 3 30 38 0383 JE I 2030

Table 1.4Gy Three- and Two-Parameter Estimates for Grouping Go

Input file is LNGDSET2.DAT

This is a 3 parameter fit

363830 20 30 2 H 040 26 20 20 $H 30 3 20 38 24 20 3 3F 3 20 3H 3H A HE T SEE 2 2302 0 38 38 2 24
THE FINAL VALUES

Lambda = .336618E+003
b = .116841E+0@3
Beta = .759879E+000

2638 35 38 30 34 45 S 25 30 3 S0 0 038 20 30 34 3 3E 0 3 3 3L LS SL R 3H B3 L3

Input file is LNGDSET2.DAT
Thia is a 2 parameter fit
3 3E 38 30 55 30 30 48 38 30 38 36 35 38 35 38 35 38 36 34 35 30 35 30 38 30 48 38 26 36 34 20 30 48 34 44 4 35 3 3¢

THE FINAL VALUES

Lambda = .346930E+003
b = .138075E+003
Heta = .100000E+001

45 36 35 38 I8 $F I 35 9F 38 3E JESF 35 I8 37 45 36 S8 48 I 38 30 4F 36 35 25 3 38 35 36 3E 35 32 46 35 35 5E oF 44 3¢

22




Table 1.4G3 Three- and Two-Parameter Estimates for Grouping G3

Input file is LNGDSET3.DAT

This ie a 3 parameter fit
36 34 36 38 36 38 90 4 25 3£ 38 34 2031 46 34 2530 35 36 35 41 U0 30 46 3 35 20 36 20 36 35 48 36 34 45 30 94 38 46 3¢

THE FINAL VALUES

Lambda = .331387E+003
- b - .102870E+003
Beta = .661333E+000

4636 38 3¢ 48 3 48 38 38 38 48 3 38 35 38 35 28 38 36 35 34 3F 96 3E 38 34 3E 3¢ 30 35 36 3 3 28 0204 38 L4t

Input file is LNGODSET3.DAT
This is a 2 parameter fit
463035 98 3126 36 3 2 30 30 2036 30 3 S 4F 34 2L SH R FH 2 2 H 3H B GE B A0S S 24 A B2

THE FINAL VALUES

Lambda = .346724E+003
b = . 134 135E+003
deta = . 100000E+001

36 38 36 35 3 38 3 3F 3 38 3 3F 38 34 30 36 36 34 3L 30 36 36 38 3 3F 38 3¢ 36 3¢ 3 36 36 3 34 36 3L 3 30

Table 1.4G4 Three- and Two-Parameter Estimates for Grouping G4

Input file is LNGDSBET4.DAT

This is a 3 parametar fit
436 36 3 35 35 46 35 24 31 38 3 34 36 28 35 SF 4 25 30 36 3036 30 36 30 38 3 238 30 3 30 34 3434 300 43¢

THE FINAL VALUES

Lambda = .339635E+003
b = .116049E+003
Beta = .762044E+000

36 3t 48 3¢ 3¢ 38 28 36 36 35 35 35 34 34 35 36 34 35 35 34 3E 3 36 36 35 34 3E S 4E 3 3 3 40 3 E 3030 E 4 4 3¢

Input file is LNGDSET4.DAT

This ie @& 2 parametar fit
. AR 4E3E 26 38 2636 30 36 38 30 24 35 30 36 30 20 38 30 30 34 30 38 30 3H4F 35 30 30 34 3130 2 3E 3 24 238

THE FINAL VALUES

Lambda = .349790E+003
b = .137783E+@803
Beta = .100000E+02@1

36 3¢ 36 35 36 36 35 38 35 30 35 36 34 38 38 3 35 34 34 36 35 34 3¢ 35 3E 3 3 35 34 38 38 3¢ 48 3 36 03 48 30




Table 1.4Gs Three- and Two-Parameter Estimates for Grouping Gs

Input file is LNGDOBETS.DAT

This is & 3 perameter fit
LA 2- 22 3 2-2-2-2-2-1-X-F -2 X X 2-r-2-%-%- P Ll-X-goi-iX-X-i-R-l-F-Ril-ofeX-iid

THE FINAL VALUES

Lambda = .336333E+003
b - .118707E+003
Beta - .805587E+000

3446 3¢ 48 3 36 3¢ 35 38 36 35 96 35 35 38 35 3 38 48 3 4 3E3E S8 3 38 25 3 3538 38 38 3L 33 8 3P4 3E St

Input file is LNGDSETS.DAT
This is a 2 parameter fit
- - 2-2- 2 2 2°%-X-F X XL X-PIE-2-F- X2 F L. 2XX-2-F-E-F-X-T.F LT XL F-F-LE-F-3

THE FINAL VALUES

Lambda = .344157E+003
b = .135811E+003
Beta = . 100000E+00 1

36 36 30 35 3 36 38 36 3 3 38 34 3¢ 36 38 35 34 3¢ 3 35 38 3 30 3E 3 38 34 48 35 3 36 36 SRR L 2L 343

Table 2.1  Annual Maxima of Rainfall (in Inch) in 24 Hours at Camden Square, London,
1860-1948

GUMBEL DISTRIBUTION CALCULATIONS
Data file i1s GLDSET2.DAT

3 Para E€gtimate 2 Para Estimate
v f(abs) f(cal) X#3#2 f(cal) X2
1 4 3.58 .05 3.86 .00
2 18 19.31% .09 18.34 .01
3 24 25.08 .85 25.087 .08
4q 24 18.43 1.68 19.21 1.19
[} 10 10.729 .06 11.26 .14
6 a 65.77 .54 §.82 .87
? 2 2.97 .32 2.84 .25
8 %] 1.51 1.851 1.38 1.38%
g /] .76 .76 .63 .63
10 2 .38 6.79 .30 9.82
11 '} .19 .19 .14 .14
12 1 .10 8.37 .86 13.69
Totals 89 88.87 88.89
24




Table 2.2 Three- and Two-Parameter Estimates

Input file 1is gldaset2.dat
This iea a 3 paramaeter fit
6 35 35 45 3 35 45 31 £5 36 41 21 48 38 35 3036 38 31 36 35 3P 20 3E 4R 0 40 40 2 20 06 30 20 2 400 S 2 2 2

THE FINAL VALUES

Lambda = .107845E+080 1
b - .272609E+000
Beta = .749054E +000

3t 36 3¢ 38 36 3 9 45 36 3 38 3 30 3E 36 38 48 30 30 28 35 38 30 3448 3 25 45 35 34 34 38 36 34 3 3E 34 3 e3¢

Input file is gldset2.dat
This is a 2 parameter fit
4898 3548 303 48 36 31 35 3 35 38 38 35 3830 3145 4P 38 98 6 31 31 38 38 31 38 40 1 SH 30 3 4130 B 30 3 38

THE FINAL VALUES

Lambda = . 110330E+001
b = .325831E+200
Beta - . 100000E+0801

263 4 40 40 28 3634 44 PSS AR S0 2 0 2 B E B 30 3 A0 4 90 3 SE LI SR S dE S0 U

Table 3.1 Greatest Ages of Men

GUMBEL DISTRIBUTION CALCULATIONS
Dats file is GLDSET1.DAT

3 Para Estimaste 2 Para Estimate

v f(abs) f(cal) X332 f(cal) X#eD
1 1 1.56 .28 1.3? .19
2 8 5.7 1.06 6.94 721
3 9 9.80 .06 10. 38 .18
4 9 10.93 .34 19.93 .34
5 190 9.12 .89 8.69 .29
6 5 6.31 .27 5.90 .14
? 2 3.88 .91 3.67 .76
8 7 2.21 10.41 2.18 10.70
9 1 1.208 .93 1.28 .08

Totals 52 50.57 50.31
25




Table 3.2 Three- and Two-Parameter Estimates

Input file is GLDSET1,DAT

This is a 3 paramater fit
4648 38 36 45 25 48 36 30 36 4836 36 3535 36 35 36 40 38 30 45 3 45 31 38 30 48 36 35 36 346 B 41 3 2 4k et

THE FINAL VALUES

Lambda = .988081E+002
b - .224240E+001
Beta = .156860E+0801

38 36 38 31 34 36 36 36 32 36 3 3 36 48 38 38 36 30 30 34 31 34 38 3 3F 34338 48 3 403 S0 30 SR 3PS SE R S

Input file is GLDSET1.DAT
This is & 2 parsmeter fit
36 3 34 35 3 25 35 3430 3 46 35 3 36 40 40 34 46 35 I 30 36 35 4 3 30 31 3 3R I 38 M E SR

THE FINAL VALUES

Lambde = .986214E+PB2
b = .171052E+801
Beta = . 100008E+001

3534 34 38 3 3¢ 35 34 35 34 38 34 3¢ 3¢ 3 3 34 3¢ 34 3 349 3+ 38 3¢ 36 40 36 38 38 36 45 36 34 38 343 4 3 3¢

Table 4.1 Createst Ensemble Ages

GUMBEL DISTRIBUTION CALCULATIONS
Data file is GLDSET3.DAT

v

VOVOO A WON -

10
11
Totals

3 Para Estimate

f(abs) f(cal) XE2 f(cal)

1 1.99 .49 1.20
11 ?.39 1.77 8.12
15 15.56 .82 18.31
18 21.27 .50 22.29
22 20.93 .08 19.28
18 16.04 .97 13.69
1@ 19.16 .00 8.76
8 5.587 1.06 §.28

3 2.73 .03 3.87

o .23 1.23 1.76

1 .52 .44 .99
184 103.39 102.70

26

X##2

2 Para Estimate

.03

1

.02

.60
.83
.40
.12
.18

.41

.76

.00




Table 4.2 Three- and Two-Parameter Estimates

Input file ie GLDSET3.DAT
Thie ie @ 3 parameter fit )
3530 S0 3¢ 38 26 35 90 35 3P 35 38 45 48 15 38 35 36 30 9 9 34 35 35 35 30 4 4 4F 38 45 38 38 35 34 3L 3+ 3P 3L 3¢

THE FINAL VALUES

Lambde = .393298E+001
b = .366330E+001
Beta - . 3896 1SE+001

3635 36 36 040 36 35 90 40 40 35 I8 95 38 3F 3¢ 36 38 35U 38 42 4 35 36 3F 35 3F 0 98 34 35 3F 3 3F 36 48 S 3 3¢

Input file ie GLDSET3.DAT

This is a 2 parameter fit
36 35 35 3 3 40 96 48 38 3 3 36 35 45 36 6 $F 38 3¢ $F JSP 3¢ 34 38 34 34 3¢ 3¢ 34 40 35 38 38 3¢ 38 38 2 31 34 3¢

THE FINAL VALUES

Lambde = .34747BE+001

b = .1721638E+001
Beta = . 100000E +001

33538 3 3 30 36 35 30 35 99 36 38 35 35 34 44 38 38 36 90 36 48 3 46 36 9 3 38 38 35 30 30 34 36 35 4 40 3 38 3

27/ (28 Blank)
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X. PROGRAM LISTING

29/(30 Blank)




c Raesearch Directorate, RDEC, USA MICOM
c Or. C E Hall, Jr.
Cc 1 Sept 1988
Cc mod 4 Jan 89
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON /GGG/ NCL,FREL{ 225) ,RHO{ 225) , XC( 225) , SUMA, SUMB , XBAH
COMMON /SSS/ DSHIFT, NTOT, ALFHA, J20R3
CHARACTER#30 FILENAME
CHARACTER®7S COMMENT
c Send standard output to the printer

OPEN(7?, FILE = ’‘PRAN’)

(@]

Open i~put file

CALL HISTORD(FILENAME,DELTAA)

c Output the results both to the screen and to the output fila
WRITE(?7,%) * Input file is “, FILENAME

I/0 for a two or three parameter fit

WRITE(*,’(A\)’) ’ Enter desired parameter fit, 2 or 3-~*
READ( *,*) J20R3

WRITE(7, (A, I2,A) ") ~ This is a ’,J20R3, ‘' parameter Fit’

C Calculate XBAR

CALL CALXBAR

o]

IF (J20A3.EQ.3) THEN
I Calculate the roots of gl{.) and h{.)
1ERR = @
CALL ROUOTG( XROOT, YROGT, IERR)
IF (IEARAR.NE.Q) GOTO GS9a@

C Calculete the value of b
TEMP1 = DBLOG( YROOT)Y - PSI{ YHRGOT)
TEMP2 XBAR - XROOT
BvAL TEMP2 / TEMP1
RLAM XRO0T - DSHIFT
ELSE
Scale BVAL to match HOOTH routine
IF { XCUNCL) .GT.70.00) THEN
ALPHA = XC(NCL) / 70.089
£LSe
ALPHA = 1.0y
ENDLF

o

Sol /e Tor dvAL, via HIOIM
CALL ROOTH({ X,BVAL, IEAR)
IF (IERAR.NE.B) GOTO 24V

Cc Calculata ALAM and set BETA i YRQOT)
HVAL = BVAL % ALFHA
SUMY = @9.0@
00 180 ICNT = t, NCL
SUM1 = SUMIT + FHELL IUNT)  QEXP( XC{ ICNT) /BVAL)
199 CONTINUE

31




ALAM =~ (~1.D0) # BVAL # DLOG(BUM1) - DSHIFT
YROOT = 1.D0
ENDIF

C Write values to the screen
WRITE(?,*) S AL 0 RS S R R R R e S R R N S e e r At R b SR SRt A S b e
WRITE(7,%) * THE FINAL VALUES ’
WRITE(7,%*)
WRITE(?,’( *° Lambda = “’, E15.6E3}) ) RLAM

WRITE(?7,’( *° b *, EV15.6E3) ) BVAL
WARITE(?7,'( ’’ Beta = ‘’, E15.68E3) ') YROOT
WRI TE( 7 , gs) LR LR PR RV LR AR R LR KRR ERAR LR L SRR AR AR et R AR R S R R XM
GOTOo 999
C ERRUR
g84 CALL ERRMESS{ IERH}
99S CLOSE( 7)
END
C a0 3h et st 220 SH 30 20 SE 20 30 05 52 520 230 25 2 2 20 0 0 22 A0 A0 I 2 B 20 30 2 20 2 0 20 Ar ST AT S S AR R T S e e S B A e i e
C This subroutine reads histogram date 2nd cealculates reloative freg

SUBROUTINE HISTORD(F1LENAME,DELTAA)

IMPLICIT DOUBLE PRECISION (A-H,0-2}
COMMON /GGG/ NCL,FREL(225) ,HHO0(225),xC(225),5UMA,SUMB, XBAR
COMMON /SS5S/ DSHIFT, NTOT, AILLPHA, J20R3

DIMENSION IFABL120)
CHARACTER®*3@ FILENAME

WARITE( =%, “(A\}’) ’ Enter the input file name -’
READ( =, "(A) ') FILENAME
OPEN( &, FILE = FILENAME, STATUS = ‘0t.D’)

C Read absolute frequencies
READ( 8, "(A) ’) COMMENT
READ(8,=) A, DELTAA
READ{ 8,*) NUMCLASS
HEAC(8,#) (IFAB{ICNT),ICNT=1 NUMLLASS)
NCL = MNUMCLASS

NTOT = ©
DO 120 JCHT = 1, NUMCLASS

NTOT = NTOT + IFAB(JCNT)
120 CONTINUE

00U 288 JCNT = 1, NUMCLASS

FREL(JCNT) = DBLE(IFAB(JCNT)) / uweLE{NTOT)
280 CONTINUE
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Calculate the XC
DSHIFT = ((~- BELTAA)/ 2.@800) - A
DO 308 JCNT=1,NUMCLASS
XC(JCNT) = DBLE(JCNT-1) * DELTAA

CONTINUE

RETURN

END

3635 28 25 48 24 25 28 8 3020 35 38 26 20 90 0 20 24 30 26 20 S0 20 30 20 25 48 30 20 20 S0 2 48 20 25 26 20 2 20 I8 24 I 20 30 26 30 0 20 2 20 20 2 2 20 SR A AR 2R g 3
= ERRMESS writes error messeges to the terminal

e e e O 4R 20 RIS A 0 30 A0 8 0 A P IR 28 P L 28 2 3E 3P R Y A 2R A e i S 2 0 55 20 gb E IE IR S b S 4l S g ar g 2Rt g e s i e

SUBROUTINE ERRMESS( IERR)
IF (IERR.EQ.8) GOTO S0
WAITE(*,*) ’ TERMINAL ERRQOR!!!’

IF (IERR.EQ.1) THEN

WRITE(*,%)’ No zerocrossing found for W@’
ELSEIFf (IERAR.EQ.2) THEN

WRITE(*,#)’ Root of h not bracketted’
ELSEIF ( IERR.EQ.3) THEN

WRITE(*,%*)’ h does not converge tc a zero’
ELSEIF (IERR.EQ.4) THEN
WRITE(*,*)’ g-h root intersection not faound-’

ENDIF

RETURN

END

S I e 4 o S0 A S 5 20 28 38 30 48 45 20 45 96 58 58 5k S8 2 oT 0 S 2 AR 9E 5 S 28 4r B0 A 2 2r g 20 40 20 20 20 4820 0 Sh B N A 4 I g SR b e g
* GFUNC{ X,BETA) Calculates the derivative g(c,beta)

% 1 Sept 88

* mod 2 Dec 68

% Res., Dir., C. E. Hall., Jdr.

- PSR IR 40 00 20 SE 0 SE T 00 SE AR 46 SE 2F 20 1 20 3 2 GH SE R R 0 255 40 3E 3 3 4 oE 48 S G SE I S S ST ST

FUNCTIUN GFUNC(X,BETA)

IMPLICIT DOUBLE PRECISION {A-H,0-2)
COMMUN /GGG/ NCL,FREL( 225) ,RHO( 225) , XC{ 225) ,SUMA, SUMB, XBAR
COMMON /SSS/ DSHIFT, NTOT, ALPHA, J20R3

ASHLFT = X
CALL SUMAB( XSHIFT,BETA)
SOETA = DLOG(BETA) - PSI(BETA)

GFUNC = (DBLE({NTOT)*XBAR-GUMB) #*BETA%*GBETA -
{UBLE(NTOT) #*XBAR - DBLE(NTGT)*XSHIFT)

RETURN
£.ND
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#* HFUNC(BETA) Calculates the derivative h(c,beta)
# 1 Sept 88
# 13 Oct 88 mod for three function root finding

Res. Qir., C. E. Hall, Jr.
R R R R R R L g g R g R L R R R R T T R s

FUNCTION HFUNC( X,BETA)

IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON /GGG/ NCL,FREL(225) ,RAHO(225) ,XC(225) ,5UMA, SUMB, XBAF
COMMON /S§5S5/ DSHIFT, NTOT, ALPHA, J20R3

XSHIFT = X

1F (J20R3.EQR.3) THEN
SBETA = DOLOG(BETA)} - PSI(B8ETA)
YLOG = SBETA / (XSHIFT - XBAR)

SUM = ©0.09
00 100 JCNT=1,NUCL

SUM = SUM+FREL(JCNT)*DEXP( YLOG*{ XCU JCNT)} -XC( 1))}
CONTINUE

HFUNC = DEXP( YLOG*( XSHIFT-XC(1)})) - SUM

ELSEIF (J20R3.EQ.2) THEN
BVAL = BETA * ALPHA
TEMP1 2.00
TEMPZ2 = B.00

DO 200 JCNT = 1,NCL
TERM = FREL({JCNT) / DEXP( XC({JCNT) /BVAL)
TEMP1 = TEMP1 + TERM
TEMPZ = TEMFPZ2 + TERM # XC{JCNT)
CONTINUE

HFUNC = XBAR - BVAL - TEMP2 / TEMF1
ENDIF

RE TURN
END

ki " R R T R i A R R A R e R R N R = R A A T
- SUMAB{ X,BETA}) Calcuiates the sarias sums A and B
t 1 Sept 83
o Res. Dir., C. E. Hall, Jr.
U MR Ab 25 40 H AR 35 25 20 20 44 SE 4R 0 20 b 25 F SE AR A P R 3 AR 4 32 20 4 35 E S e 203 SRR H S SF b e A0 IR de dR el A AR R S e e ab L L

SUBROUTINE SUMAB(X,BETA)

IMPLICIT DUOUBLE PRECISICN (A-H,0-2)
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COMMON /GGG/ NCL,FREL(225),RH0O(225),XC(225),S5UMA,SUMB, XBAR
COMMON /88S/ DSHIFT, NTOT, ALPHA, J20R3

XEHIFT = X
SBETA = DLOG(BETA) - PSI(BETA)
SUMA = @0.D@
SUMB = @.D0

DO 418 J = 1,NCL

SUMA = SUMA + DBLE(NTOT)#FREL(J) * DEXP{ ( (XSHIFT - XC(J)
( XBAR -~ XSHIFT) ) * SBETA )

sUMB = SU&B + DBLE(NTOT)*®*FREL(J) * XC(J) * DEXP(
{ (XSHIFT - XC(J)) / (XBAR - XSHIFT) ) * SBETA )

419 CONTINUE
RETURN
END
C B R Ry L e R R e a2 L s
c PSI2 CALCULATES VALUE OF PSI FUNTION FOR GIVEN ARGUMENT
c B2 SR A I 42 2SR 202 0 6 S S R R S IO 4 2 S S S R A R I s
FUNCTION PSI(YTX)
IMPLICIT DOUBLE PHECISION(A-H,0-2)
DATA U,T1,72,73,74,75/100,1200, 1200,2100, 2000, 1100/
H=8.00
XTX = YTX
goto 208
10@ AR=R+U/XTX
XTX=XTX+U
200 IF (XTX.LE.2D1) goto 100
Q=U/{ XTX®#XTX)
PS1=0=1@*(Q*( -Q/TS+U/T4)~U/T3)+U/T2)
PSI=DLOG(XTX)~R-U/(200*XTX)+(PSI-U)*Q/T1
RETURN
END
L R TR R R L U R R R R R KR R oE R AR YRRE- L R B R L R R L R AR R o Rt O

SUBAOUTINE SETLIM{ XMIN,XCEN, XMAX,DELXPOG,DELANEG)
IMPLICIT DOUBLE PHECISION (A-H,0-2)

COMMON /SS55/ DSHKIFT, NTOT, ALPHA, J20R3
COMMON /GGG/ NCL,FREL(225) ,RHO(225) ,XC(225) ,5UMA,SUMB, XHAH

YMIN = ©0.DO
AMAX = XBAR
XLEN = XMAX - ©.500 # ( xC(2)-xXCi1) )
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100

o000

164

200

o o0

DELXPOE = XMAX - XCEN
DELXNEG = XCEN - XMIN

AETURN

END

L R L L R R T T TR R P e AP e PPy g
* CALXBAR( .) calculates XBAR for the gumbel

* distribution

#* 2 Dec 88

* C E Hall, Jr, Research Directorate, HDEC, MICOM

R e R R A R . B R R R R R

SUBROUTINE CALXBAR

IMPLICIT DOUBLE PRECISION (A-H,D-2)

COMMON /GGG/ NCL,FREL(225) ,RHO( 225) ,XC(225) ,SUMA,SUMB, XBAR
COMMON /SSS/ DSHIFT, NTOT, ALPHA, J20R3

Calculate the moments
XBAR = @.D@
DO 108 ICNT=1,NCL
XBAR = XBAR + FREL( ICNT) # XC(ICNT)

CONTINUE

RETURN

END

c R R L T b R g R R R S R P R R T EURCR R R O FUERY
* ROOTG( XRODT, YROOT, IERRA)

# 31 Aug 88

® Res. Dir., C E Hall, Jr.

22002 B98I ST R IR I A2 R 2L 41 2 20 S S 90 20 2 S AL 0 B0 40 SE A0 H 0 S0 640 35 240 4E R0 S0 20 A0 A AL IR AR R S 48 S AN AR A 2R A8 20 e

SUBROUTINE ROOTG(XROOT,YROOT, IERR)
IMPLICIT DOUBLE PRECISION (A-H,0-2)

CALL RTGBRACK(XA,YA,XB,YB,IERR, IOFLAG)

IF (IBFLAG.NE.Q®) GOTO 100

IF (IERA.NE.@ ) GOTO 200

CALL BIS4RTG(XA,YA,X8,YB,XROOT, YRUOT, IERR)
GOTO 200

ARA01 = XA
YROQT = YA

AETUARN

END

A SEIE 48 2F 2 2 2 20 S 4R I8 4P P 20 20 SR SR AL SE 20 A0 440 2000 2 28 H 2 48 S0 S 0 B 00 SRR S JP 20 2 0 40 S JE AR 2R 4 2 ARSI b S e
= CVALUE( JCNT,DELXPOS,DELXNEG, XPOS, XNEG)

* Thig subroutine calculates the positive and negotive

%

shift values.

36




onon

oo0oo0o0on o

200

# 31 Aug 88
* Res. Dir., C. E. Hall, Jr.
P TR T TR S PR R Y R R R R R R R R R

SBUBROUTINE CVALUE(JCNT,DELXPODS,DELXNEG, XPO6,XNEG, XCEN)

IMPLICIT DOUBLE PRECISION (A-H,0-2)
TERM = DEXP( DBLE(JCNT) #DLOG(2.0D00) )

XPOS = XCEN + TERM # DELXPOS / ( TERM + 99.0D0 )
XNEG = XCEN - TERM % DELXNEG / ( TERM + 99.8080 )

RETURN

e St R A A R A R S S I A B 2P 2 e E 2 B A A S AP R A L 2 W 2 2 2 A A AL N L W WA AL W b TR e R A 2
* RTGBRACK( .)
This subroutine brackets the root of the function g
#* 3t Aug 88
* Res. Dir., C. E. Hall, Jr.
PR

PR32 - RLE-T TPy RRT Y- R LR R R R R R g~ LR R R R R R R R R R SRR Lk R L b e i S

SUBROUTINE RTGBRACK( XA,YA,XB,YB,IERR,IOFLAG)
IMPLICIT OOUBLE PRECISION (A-H,0-2)

JCNT = @

IOFLAG = @

IARLFLG = @

MAXJ = 30

CALL SETLIM{ XMIN,XCEN,XMAX,DELXPOS,DELXNEG)
XC = XCEN

CALL ROOTH(XC,YC,IERR)
IF( IERR.NE.Q) GOTO 400
2C = GFUNC(XC, YC)

IF (ZC.€Q.0.08) GOTO 39@

Calculation loop
JCNT = JCNT + 1
CALL CVALUE(JCNT,DELXPOS,DELXNEG,XPOS, XNEG, XCEN)

Check positive ¢ shift
IF ((IRLFLG.EQ.2).0R.(IALFLG.EG.3)) BOTO 225
CALL ROOTH(XPOS, YR, IERRA)
IF (LERR.NE.@) THEN
IERR = @
IALFLG = IRLFLG + 2
GOTO 228
ENDIF

ZP = GFUNG( XPOS, YP}

IF (2ZP.EQR.8.00) GOTO J3va@
IF ((2ZP*2C).LT.0.D00}) GOTOD 354@
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Check nagative ¢ shift
IF ((IALFLG.EQ.1) .OR.(IRLFLG.EQ.3)) GOTO 250
CALL ROOQTH( XNEG, YN, IERR)
IF (IERR.NE.®) THEN
TERA = N
IRLFLG = IRLFLG + 1
GOTO 250
ENDIF

ZN = GFUNC( XNEG, YN)
IF (IN.EQ.9.DO@) GOTO 385
IF ((2ZN#ZC).LT.0.D08) GOTO 360

IF ((IRLFLG.NE.3) .AND.(JCNT.LT.MAXJ)) GOTO 200

IERR = 4
GOTO 400

Sign change in positive Jj-1,3 bracket

XB = XPOS

Ye = YP

JMINT = JCNT -1

CALL CVALUE(JMINI ,DELXPOS,DELXNEG, XA, XNEG, XCEN)
CALL HOOQOTH{ XA,YA,IERAR)

GOTO 409

Sign change in negative j,j-1 bracket

XA = XNEG

YA = YN

JMINT = JCNT - 1

CALL CVALUE(JMIN1,DELXPOS,DELXNEG,XF0S,XB,XCEN)
CALLL ROOTH( XB,YB, IERR)

GGTO 400

Zero found
IBFLAG = 1

XA = XPOS
YA = YP
GOTO 409

Zero founc

IQFLAG = 1

XA = XNEG

YA = YN

Fo TUHN

END

R R R B R R R <R AR AR BRI KR et L R 1R LR R KRR AR S Rk it A AR PR B RERE Kk 3 IR R LR SRR
* BISARTG - Bisects the intsrvel until delts X, ang
& delta Y are both less than 1.8E-7

% 31 Aug 88

* Res. Dir., C.
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SUBROUTINE BIS4ARTG( XA,YA,XB,YH,XM,YM,IERR)
IMPLICIT DOUBLE PRECISION (A-H,0-2)
TOL = 1.90-07

ZA = GFUNC(XA,YA)

2B = GFUNC(XxB, YB)
Cc Bisection loop
100 XC = (XA + XB) / 2.@D@o

CALL ROOTH( XC,YC, IERR)
IF (IEAR.NE.@) GOTOD 300

2C = GFUNC(XC,YC)
IF (ZC.EQ.0©.D®) GOTO 250

IF ((ZC*ZA) .G7.8.00) THEN
XA = XC
YA = YC
ZA = 2C
ctLSE
XB = XC
Y = vC
ZB = 2C
ENDIF

DELTAX = DABS(XB-XA)
DELTAY = DABS(YB-YA)

IF( (DELTAX.GE.TOL) .OR. (DELTAY.GE.TUL) ) GOTO 10

XM = (XA + XB) / 2.00
YM = (YA + Y8B) / 2.00
GOTO 300
C Exact zero found
250 XM = XC
YM = YC
300 RETURN
END
G P- R R R LR AR AR FRLR R iR B R AR LR EIELELE LR s F I R RN -t RAR L R BT (R Rt R R Rt - R K KA R R Rk R ]
C * RTHBRACK - Koot H Brecketing Subroutine
v = This subroutine brackets the root of only ire h Juaction
c w 31 Aug 88
c Res. DOir., Dr. C. E. Hall, Jr.
C AU 3L 3R T IR 6 S 20 S HE 0 40 SR 38 R I P 2 0 20 320 2 2 2P 30 30 38 30 20 G S AR 3E 3F 3R 4 S ST 203 0 SR SE S I A G B L IE 3 A ks
SUBHCUTINE RTHBRACK{XV,YA ZA,YB,28, IERK)
IMPLICIT DOUBLE PRECISION (A-H,0-2)
C Set starting paremeters
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Yo - 90.109
ODUPFAC = 1.618D9
MAXITER = 19

IERR = @
Cc Set initial values
YA = Y@
ZA = HFUNC(XV,YA)
ITER = O
C Evaluation loop
100 ITER = ITER + 1

Y8 = YA ® DUPFAC
ZB = HFUNC(XV,YB)

IF (ZB.EQR.®.DQ) GOTO 150
IF ({ZA*ZB) .LT.0.D0) GOTO 150

YA = YB
ZA = 2B

IF (ITER.LT.MAXITER) GOTO 100

c MAXITER exceeded set error flag
IERR = 4
152 RETURN
END
C e AR et R R R IR e S R R R S S SR A SR S S L S S N R S R R Y AR NN R RN S ST
c HOOTH - Finds the root of h
C : 31 Aug 88
O * ARes. Dir.,
C AR R R A R i AR LR L R R R R EER AR AERE ]

SUBRUOUTINE ROOTH({ XV, YROOT, IERR)
IMPLICIT OOUBLE PRECISIGN (A-H,0-2)

CALL RTHBRACK( XV, YA,ZA,Y8,Z8, IEAR;
1F( IERR.NE.B) GOTO 200
CALL BROOT(XV,YA,ZA,YB,2B,YROOT, IERR)

290 RETURN
NG

SUBROUTINE BROOGT(XV,YA,ZA,YB,Z28B,YR0O0OT, IERR)
IMPLICIT OOUBLE PRECIESION (P-2)

DOUBLE PRECISION EPSI,HFUNC
PARAMETER (MAXIT=100,EPS1=3.D0-8)
ZC=28
DO 516 NIT=1,MAXIT

I (2B%2C.GT7.0@08) THEN
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YC=YA
2C=2ZA
YO=YB-YA
YE=YD
ENDIF
IF(DABS(ZC) .LT.DABS(2B)) THEN
YA=YB
YB=YC
YC=YA
ZA=28
. ZB=2C
2C=ZA
ENDIF
TOL1=2.DO*EPSI*DABS( YB) +.5D00%EPSI
YM=_500%( YC-YB)
IF (DABS(YM) .LE.TOL1.0R.ZB.EQ.QDO) THEN
YROOT=YB
RETUAN
ENDIF
IF(DABS( YE) .GE.TOL1.AND.DABS( ZA) .GT.DABS( ZB)) THEN
S=28/2A
IF(YA.EQ.YC) THEN
T=20@#YM*5
8=1D0-S
ELSE
R=2A/2C
R=2ZB/2C
T=S#( 200%YM*Q#( Q-R) -( YB-YA) *(R-1.00))
Q=(@-1.00)*(R~1.00) *(5-1.00)
ENDIF
IF(T.GT.0.00) Q=-Q
T=DABS( T}
Y3=300*YM*Q~DABS( TOL 1%Q)
IF(2.D0*T.LT.OMIN1(Y3,DABS( YE*Q))) THEN
YE=YD
YD=T/Q
ELSE
YD=YM
YE=YD
ENDIF
ELSE
YO=YM
YE=YO
ENDIF
TA=YB
ZA=28
IF(DABS( YD) .GT.TOL1) THEN
YB=YB+YD
ELSE
YB=YB+DSIGN( TOL 1, YM)
ENDIF
ZB=HFUNC( XV, YB)
519 CONTINUE
IERR=5
- RETURAN
END
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c 42625 2 U P AR IE I 20 S 3020 82 40 25 30 30 20 F 2 20 5k 34 20 0 A A0 AR A0 2 b et 2p R P IR 2R E 0 G A A ek g AN N R 0 2
c #* This program calculates the gumbel pdf from the

c & gumbel paremeters

Cc * powaell’s method.

c * Or. C. E. Hall, Jdr.

c ® Res. Dir., RDEC, MICOM

c # 17 Oct 1988

c * mod 5 Dec 1988

c L RIR-X-RLE-RIR-T- LRI L- - PR ETE 2-F- R RIS LERE - R IR RIS S A Ak RTE R R SRt R ol KRR AR AR R AR

IMPLICIT DOUBLE PRECISION (A-H,0-2) b
CHARACTER#30 FILENAME

COMMON /GGG/ NCL, FREL(225), RHO(225}, xc(22%)" .
COMMON /SSS/ XSHIFT, NTOT, J20OR3

OPEN(7,FILE="PRAN"’)

WRITE(*,%} ’ 3 Parameters’

WRITE(*®*, (A\)’) ’ Enter the Lambdo--
READ( *,*) RLAM®

WAITE(*, "(A\)’) ’ Enter b-"
READ( *,%*) SIGMAQ

WRITE(*,’'(A\) ‘) ’ Enter Beta-"
READ( *,%*) RMUO

WHITE(*,%#) °* 2 Parameters’
WAITE(*,“(A\) ") ' Enter the Lambde-’
AEAD( %, %) RLAMI

WRITE(#,(A\) ‘) * Enter b-~’
READ( *,*) SIGMA1

AMU1T = 1.D0

C Set parameter for unshift XC’s
J20R3 = 2
XSHIFT = ©8.00

CALL HISTORD(FILENAME,DELTAA)

c WAITE HEADER TO PRINTER
WRLITE(7,%) GUMBEL DisTHIBUTION LALCULATIGNSG
WRITE(?, (A, 1%,A)") 7 Data file is ’,FILENAME

WRITE(?7, (11X} ")
WRITE(?,900)

500 FORMAT (1X,30X,’3 Para Estimate’,?7X,’ 2 Paras Estimate’)
WRITE(7,910) ~
910 FORMAT (13X, 1Hv,5X,6Hf( abs) ,5X,6Hflcal) , BX,4HX%%2 6X,
- EHf(cal) ,6X,4HXH#%2)
IsYT = @

Sy2 = 8.00
SYy3 = .00
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DO S0@ ICNT=1,NCL

Y1 = DBLE(NTQT) * FREL(ICNT)
Y2 = DBLE(NTOT) #POF({ XC{ ICNT) ,RLAMO,SIGMAB,RMUQ) *DELTAA

Y3 = DBLE(NTOT)*POF( XC(ICNT) ,ALAM1 ,SIGMA1,AMU1) *DELTAA
SY2 = SY2 + Y2

SY3 = 5Y3 + Y3

DELY = (Y1 - Y2) = (Y1 - Y2) / Y2

DEL2 = (Y1 - Y3) # (Y1 ~ ¥3) / Y3

IV1 = NINT(Y1)

ISY1 = 1SY1 + Iv1

WRITE(7,9@1) ICNT, IY1,Y2,DEL1,Y3,0ELZ
FORMAT (12X,13,7X,1I3,1X,4(5X,F6.2))

CONTINUE

WRITE (7,902) ISY1,3Y2,SY3

FORMAT( 12X, ‘Totals’4X,I3,6X,F6.2,16X,F6.2)
WRITE(?, ‘(1H1) ")

CLOSE(?)

END

SIS RS AR SR A AL 20 4R 20 0 36 40 20 20 30 20 20 20 20 2F S 2020 30 2 26 20 20 20 20 28 20 3 SH 46 20 SE SR 28 2 400 30T WAL IS SH I L S R A SE

This subroutine reads histogram data and colculates relative freg
SUBROUTINE HISTORD(FILENAME,DELTAA)

[MPLICIT DOUBLE PRECISION (A-H,0-2)

COMMOUN /GGG/ NCL,FREL{225),RH0(225),XC{225)
CUUMMON /S55/ XSHIFT, NTOT, J20R3

UTMENSIUN IFAB(129)

CHARACTER*38 FILENAME

WHITE(*,’(A\) ‘) ’ Enter the input file name -’
AEAD( =, "( A) ) FILENAME
OFeN(s, FrILE = FILENAME, STATUS = ‘0LD’)

Read obsolute frequencies
HEADL B, “(A) 7} COMMENT
READ(8,*) A, DELTAA
READU 8, %) NUMCLASS
AEAD. S, ) (IFABCTICNT)  ICKT=1,NUMCLASS)
ML = NUMCLASS
NTOT = O
DO 189 JCNT = 1, NUMCLASS

NTOT = NTOT + IFAB{JCNT)
CONTINUE

DO 288 JUCNT = 1, NUMCLASS

FHEL(JCNT) = DHLE( IFAB(JCNT)) / DbLE(NTOT)
CONTINUE
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Calculate the XC
IF (J20R3.EQR.2) THEN
XSHIFT = (~1.D0Q) # XSHIFT
DO 25@ ICNT = 1, NUMCLASS
XC{ICNT) =A+( DBLE( ICNT)-0.5D0) *DELTAA+XSHIFT
CONTINUE
ELSE
XSHIFT = (( - DELTAA)/ 2.000) - A
DO 300 JCNT=1,NUMCLASS
XC(JCNT) = DBLE{JCNT-1) * DELTAA

CONTINUE
eNDIF
RETURN
END
B4R S AT 2L 30 B S0 2 B 2 2 20 45 20 SR SR 2R AR AR 40 30 30 40 30 R 20 2 200 48 3 S0 P A 6o SRR AN 20 S o g n A D0 4R e gb AR ok dE St Sr 2t
* The Gumbel Probability Oensity function
B T R R RO R R g R L AL

FUNCTION POF( X,RLAMDA,B8,BETA)

IMPLIC1T DOUBLE PRECISION (A-H,D-2)

XI = (X - RLAMDA ) / BB
F1 = BETA * DLOG(BETA) - DLOG(BB) - GALOG(BETA)
F2 = BETA * { DEXP( =-1.D@ ® XI ) + XI )

POF = DEXP( F1 - F2 )

RETURN

ENJD
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FUMCTION GALOG(QTEMP

e b T g R g L

IMFLICIT UOUBLE PRECISION (G,Q-2)
PARAMETER (U=1.D0,XMLIM=14.D0)
GaL0G = 999.9999

IF{QTEMP.EQ.0.D03) RETURN

X < UTEMP

XM oA =y

AMUL = XMUL = X

X = X + U

IFCX.LT.XMLIM) GOTO 114

Q= X * X
Y={U/21.00+((-1.DQ)/28.DB+5.D0/(99.D8*Q)) /) /R
Y=15.080+(U/(-6.00)+Y)/Q)/{60.00%X) -X*({ U-DLOG( X))
GALOG=Y+DLOG{DSGRT({ B.D@*DATAN(U) /X)) -DLOG{ XMUL.)
HE TUAN

MO
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