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1. ABSTRACT

The estimation of the size of the T-year flood is a basic problem in hydrology.
One impertant source of uncertainty in this estimate Is that caused by rthe uncertain
estimation of the paramecers in the log Pearson III distribution which describes
the occurance of the maximum annual discharge. We describe here a pregram which,
by means of a2 simulation, allows the computation ¢f confidence intervals for the mag-
nitude of the T-year flood as well as determining the distribution of the estimates

for this flood.
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Lil.INTRODUCTION

[t has peen known tor a ianrg Lime, ang is given
in bulletins t7A and 178 of the Water Respurces Councill
01,21, that in the case af a flood distribution whose
togarithm is normally distributed, confidence intervals
for the T-year tlood can be abtained by the use af the
nen-central student’s i-distribution.

The more general case, following the guidelines
af bulletins {7A and 178, is when the logarithm of the
flogad distribution has a Pearson {1 distribution with
a4 non-zero skew parameter. This case of non-zero skew
is more complicated than the case of a lognormeliy
distriputed fiood which is the case ot Zero skew
£3,4,5,6,7,8,91. In an important paper (91 Stedinger
shows that the confidence intervals, for guantiles,
which are given in the U.S. Water Resources Council
guideiines [J,2) are not satisfactory. He uses &
faormyla due to Kite [7) ang derives an expression for
confidence intervals for the quantiles which he shows
is satisfactory in several simulations.

In [6) Hardison simulated a random variable
which we will call the "pon=Central gamma
distribution'; note that in statistics This name is
also used tor a different rangom variable, He uses this
simultation to assess the accuracy of an approximate
formyla for conftioence 1imits tor t1000-trequency
curves givenp in Bulletip t7A. (Tnis is one of tne
formuias which Steviager in (491 found (G o
unsatisfactory.) Hargison’s simulation invalved )}
values of 1Q. 50, 100, and 500 years, sample sizes
10,20 and 40, skew coefticients of -1,0 and 1, levels
af significance .01,.05,.10, .90,.95, and .99, and were
each determined by means of 1000 point simujaticns,

To obtain more sccuracy and 10 cover a more
extensive range of T, sample sizes, skews, and levels
of significance thanp L&), a program was gaeveloped to
simulate & set of vdlues of the non-cenlral gamma
random variable. For the purpose of comparing choices
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of probabilities and the size ot the associated cne-

sided confidence intervals it is useful to have & tapie

of the percentiies of the non-central gamma
aistribution;
range 5%(3%Z)95%. For applications af this see [101.
from this table an empiricial distripution function
for the value Gy of the T-year flood is easily foung
and this distribution is essential for other
hydrological calculations; for an example see [13).

IV, . MATHEMATICAL D1SCUSSION

A. Zero skew., The case Ot zerc skew is a model for
the case of non-zero skew. 50 we first consider the
case wherea X, the logarithm of the maximum annua)
gischarge, has a normal distrioution. for the T-year
tlood, take p=1-1/T, and fet Yp be the p-th quantile
X; t.e,

our simulation gives percentiles for tre

ot

P(Xiyp)=p L1

It is y,. that we want 10 estimate. If the mean
W and standard deviation o of X were known, then since

(X-p)/fo has a N(¢,1) distribution, i.e. & normai
distripution with mean 0 and standard deviation i,

tyguito = 2,

where z_ is the p-th quantile tor an nNi{0,1)
distribution. Of course g and ¢ are not actually
known; we only nave estimates for them, f and 8,
based on m data points.lt is natural to use the
gsTimate

Yo B8z, 13y

put it s important to AGte that the estimazor ¥ ¢s
now itself a random variable depending on fl and 8.
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Consiger
typ-fists ta-Brodeey iibras, 4y
tquatian {4] can pe written , see (121, as
il/qm}taz+szms/4wl. 19)
Ine random variable in bracketrs in 15) has a

non-central t-distribution, with non-centrality
parameter 0=IDJm; the special case 6=0 is the stugent’'s
t-gistripution.

Since Lhe distribution of (4) can oe writlen
terms o1 Lhe Known non~Central t-distrisution,
caonfidence intervals for y_ can be given. Because of
tne way in which the flgod design value is used, the
caontidence interval of greatest interest is a one-siceqy
interval which gives an upper bound, but ¢t course
atner confidence intervals Can also bDe found Dy using
the eappropriate percentiles of the non-central t-
gistribution. And, as was mention above, tne
empirical gistribution tunction is also neeced tor
otrer praclems. The choice of the wvatue T, far the 1-
year floodg, and the number m ot gata points determing
the non-centrality parameier 8. The Oother quantity
whizh must pe specified is & probability p' for the
cne-sided contidence intarvat, 1t t,.is the p’'-th
guantile of the non-central i-distribution,then

mn

P(yp5ﬁ+9EtD,IJm)]=D' (6}
and we have found the one-siged 10Qp~ percent
canfiaence interval for y,. The choice of the set of
vatues p’= ,05(.,05).95 gives an empirical distribution
function.

E. Non-zero skew., [n tnis case 1the logariinm X of
the yearly peak discharge is assumeo TO have & Psarson
type 111 distrioution with deansity tunciion

YOOEO (a6 )i (x-c)/a)% Peup-[ (x-ciral (7)
where,1n the case of positive &, the density is given
py {7} for x»c¢ and is zero for x<c, while in the case
at negative & the density is glivea py (V) for x<¢ ang

is zerp for x»>c. Copmpuling the mean u, standard
seyialion o, ano skew ¥ from L7 shows thar L see, for
exampie [137)

oZza?p

1#=a/v, 18,

H=c+ab

where a has Lhe samg sign as ¥. Llnh tollowing the
guidelines of bulletins 17A ano 178 (1,21, 1he skew
coefficient ¢ is estimateg eicner from & map of
regianal skews or from a large pool of date from tnat
regien, Censegquently the grrer in estimating 5 45 of
an entitely different wing than thasy whith arises in
astimating p ang ¢ by maans aof m gata peints for the
specific area tor which the T-year flood is being
estimated, what is ysualiy done to simplify ihis
complicated situation, and what was done for the
simulation, is to syppose that 7 is given exactiy. This
tocuses attention on that part of the variaplity in the
estimate of the T-year floaa which arises trém the
uncertainty in the astimation af u ang o, and {gnores
tne variability whicn comes from the uncertainty in the
astimate ot 7.

the torm of
rapgom variahle

Lhe density 17) shows thail the

iz(x-gl/a ¥

has the <ne paramgifer density

gixa=uisripy Rl ¥ V10
ror x>0 ana O tor x<0; i.e. Z has & gamma distripution
with shape parameter D and sgale parameter ),

In {103 it is shown that §f t_ is the 100g-th
percentile for the gamma distrioution Z, Oz and
&% are the usual estimators tor the mean of 7 ang the
variance of Z using m sampie points, then

(yp-ﬂ!/9=ltpfﬁ2)132 for as0
11
typrBsgetly-y 508, ter aco.

50 configenceé intervals for y, can be Obtained if, for
Z having the gamma ﬁistrﬁbutign 110y, we van 1Ing the
distribution of ’

e-fi, /8. {1y

It is tnis distriputton whics we have Callsg the

noncentral gamma aistripution {10J.

¥ . PROGRAMMING DISCUSS10M

1o simulate the distripution of the
(11) we first must fino

In crder
random variaple or gquatians
the percentile T or ty_p ©f 1he gammd distribution 2.
In odr program tgis is Dgtained oy tirst finging the
corresponging percentile of the norma! N(O,1)
distyibution, and to @0 this Hasting's rational
approximation {14, page 9321 tor the narmal
gistribution function F is used to find F(z) ana
intérval halving is used to find the value ot Z_, with
FlZpJ=D or tne zy_ o with F(z,_,)=1-p: see Lhe function
"Normalf" angd the function "[pversef" ia the @Cogram
listing. TYhen the Wilson-Hilferty transformation
[15,16) is applied to’'this percentile for the normel to
get the percentile for the gamma distribution: See the
function *Wilsan-Hillerty" in the program.

Rext we Must Qgeperate a sequence of ranoom
values whose distripution is that of the given gamma
distribution Z. To do this, we usad the ingenious Box-
Muiler method [17,18) for generating normslly distriguteaq
rangom variaples ano then apply {he wWilson-Hilterty
transformation to tnese variates to getl the desired
SEqUence: se€ the procedure "Randomiormai® in the
program,

Now ftor a given m, m» Ingepenoent gamma
distributed rancom variables can pe generatec, Lhe
sample mean and standard deviation celculated, ana,
together with the gamma percentile which we nave
discussed calcuiating above, ohe valug of the rangom
varigble yiven by equations (11) can be calculated.
This i% done in procegure “mandgs” and tungtion
“statistic”, The purpose at the tuntlion “stalistic®
i$ to separate out Lhe Lhree cases of skew agual zero,
the case gt & Normatl YisLribution, skew greatér tnan
zero, 1h& case cf tha tirst of the wo equations (11,
and sxew lests thap zero, 1ne Case 03 the second ot the
two equatvions (11,

[n order tu use & sequeNnce oI nhumbers
Calculated as discussed above to get an approximate
probatility gistripution for tne random variable we
are simulating, a nistogram must be constructed tor
this sequence. To this end, a smail sequence at size
100 is calculated in Orger to be able to scalg thne
numogrs $0 that tney will aimost all lie in [-¢,2) and
alsg 5¢ inat they wiil pe spread cut anovgh in (-7,2]
Lo GGLaiIn guod accuracy for the disiribuiion
funcrion:isee procegure “scate”, Gnce Lhis sealing is
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foung, the interval t-7,cJ is divided up with a step
size af .01 and in ihe procedure "tally" a count is
kepl ot the number of Lime & random variabie value
tatts in this subinterval ot iength .01.

Ihe prucedure “"percentiles” uses the results ot
“tally" and linear interpolation ta yive the
percentiies .0%(.05).95.

The user inputs the number at m, dt gata points
t0 be used in the sample mean and sample standard
deviation, Llhe skew coefficient, any the value T for
the T-year fleco. Jhe numper of blucks Lo pe usev in
the simulation, each ot siZe 1000, can alsg pDe choosen”
by the user; for axample, tor m = 20 data points and a
¢hoice of 10 plocks, Lhe program will 10,000 times
sample 30 points therevy sending 4,000 values it Lne
stalistic, given by Lne function “siatislic, to Lhe
procegureg "faliy” and in Lthe hrocess oF G0ty Lhis b
will generate 300,600 gamma distrisutcd rangom
variabias.

For output, the user first sees the percentiles
for the distribution; see the procedure "percentiles”
and the samplie cutput oelow,

Concerning the accuracy of a simulatian, we
quote [18, page BFl:"Apparently, Rowever, the fesling
ot generators of random vectors would best pe carrieag
Gut by constructing a simulation praobiem ty which the
solution is known, anad wnich requires essentially the
same cheracteristics as the proplem which is ultimately

to be solved". This advice is implemented in the procedure

"percentiles”. Although ihe main purpose of the
procedure "tally" is to tally up the histogram tor the
statistic of interest, it also keeps a tally for the
the sample mean; the atstripution of the sample mean of
& gamma distribution is known exacily apo as one check
on the accuracy of the simulation the difference
between the sample mean percentile and the simulated
sample mean percentile is printed out along with the
percentites of the statistic, Anather check gn the
simulation accuracy is obtained by running the case af
zero skew. The resulting distribution is the noncentrai
t-distripution and the simulation percentiles can be
checked against publishes tables [19] or by generating
the noncentral t-distribution itself tor which see, for
example, (Z01].

The user can also choose to see the entire
nistogram from which the percentiles have baen
interpglated: see the procegure “Ristogram”; and the
user can ¢hoose to iaput estimates for the mean ang
standard deviation at a specitic site so as to se@ Lhe
transformed simulation percentiles which give the
percentiles in terms of the discharge values:see the
proceaure "flcodpercentiles".

The program “contidence”, gescribed apove and
listeg below, was written in Turbo-Pascal, with 8087
support, on the IBM PC. With the Intel 8087 numerical
data precessocr chip, & simutation like the example
given below, which involves the generation or several
hundred thousand gamma distributed randdm numbers,
takes roughly a half-nour. The program would pe an
order of magnitude slower witnout the 8C87.
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vl sameLe GuiPul

PELCENTILES

{lineav.y interpolated from histogram)

m=sample mean, s sample s.d.

with 3@ points in the sample

from a gamma random variable with
gamma = @.Z2500
b = 64.000¢

Kp = 2.5@0997

tp = 84.87257

This is the Kp and tp for the 1090.8 year flood.

Yz[(tp-m) /5]
errgr it mean = m - true sample mean

Number of points in the simuiation:
1@ blocks of size 1000

Percentile Y Y-Kp

5.0 1.958 -@. 559 -@.
1G. 0D 2.071 -2. 438 -B.
15. 090 2.154 -@. 355 %}
9. 00 2.225 ~-@. 284 %}
25.00 2.285 ~@.224 d.
39.94 2.338 -@.171 &.
35.00 2.350 -@.118 .
49 . 9 2. 440 -@. 069 @.
45 .90 2.490 ~@.019 @.
5@ . 29 2.541 a.832 D,
55. 0@ 2.599 ?.0808 3.
6. 80 Z2.650 2.141 2.
65.90 2.786 9.197 [«
7. 00 2.774 @.265 a.
75.00 2.B844 D.3358 2.
80 B8 2.923 B.414 a.
85.00 3.916 a. 5a7 a.
oF. B2 3.147 2. 6538 -2,
895.00 3.349 @.840 -@.

FLOCD PERCENTILES
13 to the power m+s*Yp
Yp the percentile of Y
given in the percentiie table
3. 40000
Q. 20000

m
s

skew = @.250Q
NHumber of data points = 3
For the T year flood, T = 180.9

Fercentile Flood
3.85 6166
.1 6518
@.15 6774
@.20 6998
?. 25 7193
2.30 7372
.35 7550
3. 48 7728
@. 45 7588
D. 58 8285
?.55 8313
@.60 8512
@. 65 8735
©.70 9312
@.75 9328
Q.80 9652
.85 18873
@.90 12781
@.95 11745

errcr in mean

Va4
319

.81z
.@1s

BZ5
211
@1z
@17
297
a17
218
208
209
228
214
@219
@11
oB2
@32
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V111.PROGRAM L 15TING

program confidence,
{Ted Hromadka, Williamson and Schmid, 17782 Sky Park Blvd., Irvine, CA 22714
Robert Whitley, Dept. of Math.,Univ. of Ca., Irvine, CA, 92717
1986
}
{This program computes confidence percentiles, 5%{5%198%, for sampling
from a Pearson type 111 distribution with a given skew parameter,
Input consists of this skew parameter, T for the T year flood, and the
humber ot datapoints used in the sample mean and sample standard deviation.
The user can choose the number of blocks of size 1@0% in the simulation
tu be between 1 and 3@ and can print out the total histogram of the
simulation if desired. Given estimates for the mean and the standard
deviation of the log {base 1@} of specific data, percentiles for this
data can be printed.

const
block = 1020,
maxdata = 50;
h = 8.01; {step zize in the tally;
L = 2; {simulation tallied in E-L,L}}
maxj = 399; {=(2*xL/h)-1}
max jplusone = 408;
scaletest = 10@,; {sample size:iused to get scalings}
leastint= -32767,; {{almost) smallest integer in turbo pascal}
greatestint = 32767; {lardest integer in turbo pascal}
type
maxvector = array{l.. maxdatal of real;
tvector = arrayi?..maxjl of real;
factor = arrayl[@..18} of real;
var
NoBlocks: integer; {# of blocks used in simulation}
HoDataPoints: inteder; {# of points used in the sample estimators for
the distribution parameters}

dvector:maxvector; {vector of nodatapoints r.v. simulating a
sequence of datapoints}

tallyl:tvector; {histogram tallies of the mean as a check}

tally2:tvector: {histogram tallies of the statistic Y of
interest: see procedure “"statistic"}

pfactor: factor; {pfactorlj] is the @.0@5+i*%(@.05) percentile
of ¥ for j=00{1)18}

gamma: real ; {skew coefficient}

b:real; {sqr{gamma’=4/b, gamma = zero and b infinite
corregpond to the case of a normal distribution}

tp:real; {F{tp)=1-1/T, F N(&,1) d.f.if gamma is zero, else

F is the gamma d.f. with parameter b and
F{tp)=1-p for gamma positive while F(tp)=p
for gamma negative.}

Kp:real,; {point estimate for the p-th percentile of a
Pearson III is mean + s.d. * Kp}

T:real, {the T-year flood}

p:real; {p=1-{1/T)}

scalel: real; {{mean-midl)/scalel scales the mean to [-Z2,2]1}

midl:real,

scaleZ:real; {(Y-mid2)/scale? scales the statistic Y

to the rangs (-Z,217F
mid2:real;
GammaNotZero:boolean; {false in the non-normal cass of finite b}
GammaPositive:boolean; {true if gamma>d}
ansl:char,; {n if do not print histogramj}
ansZ:char; {n if don't want percentiles for specific data}
x,y:real;k, j:integer;

function NormalF(x:real):real;
{see Abramowitz and Stegun, Handbook of Mathematical Functions, page 932,

NormalF is the distribution function for a normal N(@, 1
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const
p = @.2316419;
bl =04, 319381530,

b2 = ~0.358563762;

b3 = 1.781477937;

bd = -1.821255978,

od = 1.330274429;
var

temp, tempZ, t: real;

begin {function NormalF}

t:=1/(1+p*x);

temp: =b4+b5xt;

temp: =b3+tempxt;

temp: —bhZ+temp*t;

temp: =bl+tempxt;

temp: =temp*t;

tempZ: cexpl{~x*X/2) /sqrit Zxpi;;

NormalF:=1-temp2*temp;
end; {function NormalF}

function InverseF(p:real):real;
{finds x such that F(x)=p by interval halving
¥
const
small = 18E-8;
var
x1,x2,x3 :real;
F1,F2,F3:real;
begin {function InverseF}

x1:=@;
Fl:=NormalF(x1};
xZ:=1;

F2:=NormalF(xZ},
while p > F2 do begin

xl:=xg;
Fi:=F2;
#*2:1=x2+1;

FZ:z=NormalF(xZ};
end; {of while}
repeat
w3i={xl+x2)/2;
F3:=NormalF({x3);
if F3 > p then
begin
x2:=x3;
F2:=F3;
end{of if}
else
begin
x1:=x3;
F1:=F3;
end ;

until FZ-Fl < small;
InverselF :={x1+x2)/2;
end; {function InverseF}

procedure RandomNormal({var rnl,rnZ:real);
{a call to RandomMNormal{x,y¥) returns two independent
normally distributed r.v. as x and y. See Newman and Odell,
The Generation of Random Variates, page 18, or Abramowitz
and Stegun, Handbook of Mathematical Functions, page 953
}
var
t1,t2,t3:real;

begin
tl:=random;
t2:zrandom;
t3:=sqrt(-2%xlnitiyl;
rnl:=t3*sin{Z¥pi*t2};
rn2:=ti*cos{24pikt?);

end; {procedure randomnormal}
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function WilsonHilferty(t,shape:real}:real;
{4 call to WilsonHilferty(t,shape), with t pormally distributed,
returns a variable which has (approximately) a gamma
distribution with a (shape) paramster "shape™.
Ses Kendall and Stuart, The Advanced Theory of Statistics,
Yol.I,page 40@, and see Mathur, A Note on Wilson-Hilferty
Transformation of Chi-squared, Bull. of the Calcutta Stat.
Assoc, 1@{1961)183-105 for a discussion of the error in this
approximation. It is very g€ood as long as the number of d.f,
which is 2b when you convert gamma, with shape parameter b,
to chi-gguared, is >14.

var
temp:real;

begin
temp: =1l-{1/(9%shape) )+trsqrt( i/{9*shape));
temp: —exp{3*in{tewnp));
Wilsontilterty: =shape*temp;

end; {function WilsonHilferty}

procedure RandomGamma({var rnl,rnZ:real);

{A call to randomgamma({x,¥y) returns two independent gamma
distributed r.v. as x and y. The approximation used is
discussed in the function WilsonHilferty. Note that if
X has a Pearson I11 distribution with parameters a,b,and c,
then (X-c)/a has a gamma distribution with parameter b.
This procedure assumes a global shape parameter b for the
gamma fupnctions.
H
var

tl,tZ:real;
begin

RandomNormal (1, T2y,

rnl:=WilsonHilferty(tl,b);

rnZ:=WilsonHilferty{tZ,b);
end ; {procedure RandonGamma}

procedure datavector;

{This procedure geherates a vector of dimension nodatapoints

whose components are independent with the same gamme distributiocon
with skew parameter gamma; in the case of & zero skew parameter,
they are normally distributed.

var
Jiinteger;
a,b,u:real;
begin
Jirly
wiTintinodatapoints/2)+8. 5,
repeat.
it gammanctzero then randomgamnaia, L 2lse randomnorwalia, b
dvector{ 2+j-11:za;
dvectorlZ2¥%j]:=b;
Ji=arl
unkbil gwa;
if oddinodatapoints) then opegin
if gamanotzero then randomgamnuata, b)) eise randonnoreailia, b
dvectorinodatapoints | =a;
end; it}
enid; {procedure datavector}

procedure MandS¢var mean, sd.real:;
{keturns the mean and standard deviation ot the data in the data vectaer
H
var
jlinteger;
begin
mean | =& ;
sd:v@;
tor j:=1 to podatapoints do begin
mean : Smean + dvector{il;
sd:=ad + sqridvectorijl);
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i
end; {of for}

E mean: =mean/nodatapoints;

F ad:={sdi-nodatapoints*sqr{mean))/inodatapoints-1); {unbiased}
sd:=sqrti(sd);

t end, {uf procedure mands}

[ tion statistici(x,y:reali:real;

{Given mean x and standard deviation ¥, this computes the
statistic which is being simulated.

func

}
; begin
{ if gammanotzero then
begin
if gammapositive then statistic:={(tp-x)/¥}
else statistic!=-(({tp-x)/¥};

end{gammnotzero then}
else statistic!=({tp-x)/y};{then gamma is zeraol
end; {function statistic})

rocedure scalel(var scalel,midl, scale2,midZ:real);
{procedure scale samples the mean and statistic scaletest times
and keeps track of the max and min and sets the scale factors
so that {x-midl}/scalel is exactly scaled to [-1,1] for the mean
and {(x-mid2)/scalel is exactly scaled to [-1,1] for the statistic;
for the definition of the statistic see the function statistic.
The procedure tally then counts the occurrences of the scaled
mumbers in [~2,2] with an interval size of h.
1
var
jrinteger;
temp, X, Y, maxl,minl, max?,min2: real;
begin
datavector;
mands(x, ¥’ ;
minl:=x;
maxl: =x;
winZ: =statisticix,y);
max2:=statistic(x, ¥);
for j:=1 to scaletest do begin
datavector;
mands{x, ¥} ;
if minl>x then minl:=x;
if maxl<x then maxl:=x;
temp:=statistic(x,y);
if minZ>temp then minZ2:=temp;
if maxZ<temp then maxZ:=temp;
end; {j for}
midl:={(maxl+minl)/2;
scalel:=(maxl-minl}/2;
mid2:=(max2+min2) /2;
scale?: ={max2-min2)/2;
end; {procedure scale}

P

procedure tally(var mean,sd:real)};

{Counts the number of times the simulated statistic falls in each interval
[L+{j-.5)*h,L+{ j+.5)*%h) and does the same for the sample mean. The
distribution of the sample mean is known, which gives a check on the
accuracy of the simulation.

If mere than 32 blocks of 10W@ are desired, the sum variable must be
changed from inteder to real to avoid overflow.

var
Jl, j2:integer;
cl,c2:real;
begin
cl:=pean,
cl:=(cl-midl)/scalel;
if (el>maxj*h} then tallyllmaxjl:=tallyl(maxji+l
else if (ci<-maxj*h} then tallyl[(@]:=tallyil(@]+]
else {the first two ifs are to avoid integer overflow}
begin
Jl:=round(i{ecl+L)/h},;
case jl of
leastint..~1: tallyl(@]:=tally1[@])+1;
2. .maxj: tallyllill:=tallyll j11+1;
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maxjplusone. . greatestint: tallyllmaxjl:=tallyllmaxjl+l;
end; {case}
end; {third else}
c2:=statistic(mean, sd),
c2:=(c2-mid2)/scaleZ;
if {cZrmaxj*h) then tallyZimaxi):=tallyZimaxjl+1
else if (c2<{-maxj*h) then tally2(0]:=tally2[P]l+1
elsge
begin
J2:=round{(cZ+L)/h;
case jZ2 of
leastint..-1: tally2[@3}:=ztallyZ[@]+1;
@. .maxji: tally2(i2):=tally2(321+1;
maxjplusone. . greatestint: tally2(maxil:=tally2imaxjl+l;
end; {case}
end; {third else}
end; {procedure tally}

procedure histogram;
{If requested, prints outs the histogram outcome of tally

var
s2:real;
Jjiinteger;
begin ;
writeln{lst," HISTOGRAM' };
writeln{lst),;

if GammaNotZero then

begin
if gammapositive then writeln(lst,’ of the simulation of Y={{tp-m)/s)")
‘else writeln(lst,’ of the simulation of Y=-[{tp-m}/s]’);

writeln(lst,"’ with gamma = ’,gamma:2:3);

end {of if} :

else

writeln{lst,’ of the simulation of Y=[{(t-m)/s])’');
writeln(lst);
writeln{lst,"’ m=sample mean, s sample s.d.’');
writeln{lst,”’ with *,NoDataPoints,’ points in the sample’}:
writeln{lst,”’ Number of points in the simulation:’};
writeln(ist,’ ’,NoBlocks, ' blocks of size ’',block);
writeln(lst);
writeln(lst,’ For each point p listed, the tally is the *);
writelnilst,’ number cf points in the interval [p-K/2,p+K/2)73;
writeln{lst,’ K = ’, hxscale2};
writeln{lst,’ no listing if tally is zero. ’);
writein(lst,’ Sum is a running subtotal.’);
writeln{lst};

writeln{lst,”’ Scale factors:');

writeln(lst,’ scalel = *, scalel};

writeln(lst,’ mid1 = %, mid1);
writelni(lst,'’ scale2 = ', scaleZ};

writeln(lst,”’ mid2 = ', migZy;

writeln(lst);
writeln{lst),

writeln{lst,”’ <] Y sum '),
writeln{lst,’ E— "
s2:=0;

for j:= @ to maxj do begin
if (tallyZ2(31>@) then begin
write(lst, ({ jxh-L)*scaleZ+wmid2):16:5);

writellst, ' fotally2():5:0y;
s2:=s2+tallyz(il;
writeln{lst,’ LsZ: by

end; {of if}
end; {of j for}
writeln(lst};
writeln(ist),;
end ; {of procedure histogram}
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function truemean{normalp: real’:real;

{This fupction returns the true percentage point of the sample mean
corresponding to the percentage point normalp of N(d,1).

}
var

temp:real;
begin

temp: =normalp,

if GammaNotZero then {non-por

begin

mal distribution?

temp:=WilsonHiltferty(temp, b*¥nodatapoints:;
truemean: =temp/nodatapoints;

end {of if}
else {normal distribution,
begin

b infimite}

truemean. ~temp/sqrt(NolataPoints);

end; {of else}
end; {function truemean}

procedure percentiles;
{Frints the percentiles 5%(5%)95% of

the simulated statistic which

are found by linear interpolation in the histcgram of procedure

tally.
}
var
3,41, 32,k integer;
percent, tmean, error, s, NoSimPoints,

begin
writeln(lst);writelnilst);
writeln{lst,’
writeln{lst);
writeln(lst,
writeln(lst,
writeln(lst,
if GammaNotZerc then
bedin
writeln{lst,

m=sample mean,
with

>
>
)

writeln(lst,’ gamma
writeln{lst,’ b=,
writeln{lst,”’ Kp = ’,Kp:8:5);
writeln{lst,’ tp = 'L,tp:B:5);

writeln(lst, This is the Kp
writeln{lst);

if gammapositive then writeln(ls

else writeln(lst,’
end {of if}
else
begin

writeln(lst,’
writeln(lst,’
writeln(lst,’
writeln{lst);
writeln(lst,’
end; {of else}
writeln({let);
writeln(lst,’
writeln(lst};
writeln(lst.’
writeln(lst,’
writeln(lst);
writeln(lst);

t= ',ep:8:56);
¥Y=[{t-m)/s1"'};

error

’,NoBlocks,’

write(lst, "Percentile

if gammanotzero then writeflst, Y-
error in mean

writeln{lst,"’
writeln(lst,’

', HoDataFoints, ’

from a normal N(@, 1)

This is the t for the

pN, interpolation: real;

PERCENTILES ),

(lipearly interpolated from histogram!'};

s sample s.d.°}%;
points in the sample’);

from a gamma random variable with’});

,gamma:6:i4);
b:8:4);

and tp for the ',T:5:1," year flood.’);

t,’ Y=[{tp-m)sgl')

Y=-[{tp-m}/s]"};

random wariable with’);

*,T:5:1,"' year flood. ');

in mean = m - true sample mean’);

Number of points in the simulation:’);

blocks of size ',block?;

"y
Kp'} else write(lst, 'Y¥Y-t’');
0y,

writeln{lst);
NoSiwPoints:=block*NoBlocks;
write(lst,' '};
for 5:=0 to 18 do begin
percent:=(5+;5%51),;
write{lst, percent:4:2},;
phN:=(@,@5+(@, @5*3))*NoSimPoints;

if tally2(@1>=pN then interpolation:={{-L)*scaleZ+midZ)
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else begin
k:=0;
s:=tally2(d];
repeat
K:=k+1;
s:=s+tally2(k];
until s»pN;
j21=k;
it k=maxj then interpolation:=lk*scaleZ+mid?
else begin
repeat
k:=k-1;
until taliy2(k]>2;
Jl:=k;
end; {(else with repeat’
end; {else executed if tally2[@]<pN}
interpolation:=({pN-(s-tally2[j211)/tallyZ([ 321 )%({52-j1)%n+{ jlxh-L1+h/2;
interpolation:=interpolation*scale2 +mid?2;
write(lst,’ ', interpolation:9:3);

pfactor(jl:zinterpolation;

if gammanotezero then write(lst,' . ’,interpolation-Kp:9:3)
else write(lst,"’ ', interpolation-tp:9:31;

1f tallyl[@]>=pN then interpolation:=({-Li*scalel+midl)
else begin .
s:=tallyllkl;
repeat
kizk+l;
s:=s+taliyilk};
until s>pN;
J2:=k;
if k=maxj then interpolation:=L*scalel+midl
else bedin
repeat
k:=k-1%;
until tallyl(kl1>9;

Jl:=k;
end; {else with repeat}
end; {else executed if tallyl[@]1<pN}
interpolation:={{pN-{s-tallyl[ 2] 1) /tallyl[j21)%(j2-jl)*h+( 51*xh-L)1+h/2;
interpoliation:=interpolation*scalel+midl;
case j of
{the argument of truemean is the @.@5+;x(0.085) percentage
point for a N{(9®,1) random variable}
tmean: =truemean( -1, 64485),; {, 05}
tmean: —truemean(-1.28155}; {.147}
tmean:-truemean(-1.93643); {.15}
tmean: struemcan(-@.84162%; <.2@}
tmean : —truemean{-@,67449); {.25}
tmean: —truemean{ -9, $2449); {.32}
tmean: =truemean(~@. 38532); {.356}
tnean: ctruemean{ -@. 25335); {.48}
tmean: =truemean(-@. 12566); {.45}
tmean: struemeani{d. dQPG2); (.50}
10: tmean:=truemean{®.12566); (.55}
{
{
{
{
{
{
{
{

CXIPRHEWND T

11: tmean:=truemean(d.Z5335); .B@}
1?: tmean:=truemean{®.38532); .B5}
13: tmean:=-truemean{®. 52449); .73y
14: tmean:=truemean(d.67449); .75}
19: tmean:=truemean{@.84162); .80}
16: tmean:=truemean{l.@d3643); .85}
17: tmean:=truemean{l. 28155); .50}
16: tmean:=truemean{l.64485); . 952
end; {case}
error:=interpolation - tmean;
writeln(lst,”’ ‘,error:7:3);
end;{j for}
writeln(lst};
writeln(lst);
writeln(lst};
writeln(lst);
end; {of procedure percentiles}
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procedure floodpercentiles;
{Uses the global variable pfactor[@..18] and prints a table
of 1@ raised to the power (imputmean + inputsdipfactor(jl}

}
var
jrinteger;
inpputm, inputs:real;

begin
writeln;
writeln(’Input estimates for mean and s.4.’);
writeln( 'mean = ?7);
read(inputm};
writeln;
writeln(’standard deviation = %?°);
read{ inputs);
writeln;
writeln(lst};
writeln(lst};
writeln{ist);

writeln(ist,”’ FLOCD PERCENTILES’);
writelnt(lst,’ 1@ to the power m+s*¥Yp’);
writeln{(lst,’ Yp the percentile of Y’);
writeln({ist,”’ given in the percentile table'};
writeln(lst, "’ m = ',inputm:8:5);

writeln(lst, "’ s = ', inputs:8:5);

writeln(lst);

writeln{lst,’ skew = ', gamma:6:4);
writelan(lst,” Number of data points = ’,nodatapoints:4);
writeln(lst,’ For the T year floed, T = ', T:5:1);

writeln{lst);
writeln(lst, 'Percentile Flood’y;
writeln(lst,
writeln(lst,"' *);
for j:=@ to 18 do begin
write(lst,2.95+5%(3.05):4:2, '),
writeln(lst, exp(1n(lﬂ)*(1nputn+pfautor[;]*1nputs)} 6:93;
end; {j for}
end; {procedure floodpercentiles}

ry

begin {program confidence}
writeln(’input the number of data vectors’);
read (nodateapoints);
writeln;
writeln(’input skew coefficient gamma’),
read{gamma?’;
writeln;
if abs{damma)<@d.@5 then
GammaNotZero: =false
else
begin
if (gamma>®) then gammapositive:ztrue else gammapositive:=false;
b:=4/sqr{gamma);
GammaNotZero: =true;
end; {of elsel}
writeln(’Computation will be for the T-year flood. Input T.°’)

read(T);
writeln;
p:=1-(1/T};
tp:=inverseF(p}; {F N(@,1) d.f.}
if GammaNotZerc then
begin

if gammapositive then tp:=WilsonHilferty(tp,b)

else tp:=WilsonHilferty{(-tp,b};

if gammapositive then Kp:=(tp-b)/sqgrt(b)

else Kp:=-(tp-b)/sqrt(b};

end; {of gammanotzero then}

scale{scalel, midl,scale2, mid2);
writeln({’How many blocks (1-38) do you want tc do¥'};
read(NoBlocks ) ;
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writeln;

for k:=0 to maxy do begin
tallyl(kl:=@;
tally2(k]: =0,

end; {of for}

randomize;

for k:=i to NouBlocks do begin

write(’ block #°,k:2);
for j:=1 to Block doc begin
datavector;
mards{x,y);
tally(x,y};

end; {of j for}
end; {of k for}

percentiles;

writeln;

writeln(’po you want to print the histogram({y/n»?’);
read{ansl};
if {ansl = 'y') then histogram;

writeln;
writeln(’Do you want percentiles for specific dataly/ni?’);

read!{ansZ);
if (ans2 ='¥’) then floodpercentiles;

end. {of confidencel
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