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4.1 Introduction

As an applicati.on, the proposed Gamma ARHA(\, 1) model of

Sectlon 3.4.2 ls fitted to the seasonally adjusled monthly river

flows of Perak river ln Malaysia. The seasonal effects of the

original serles are removed by uslng the classlcal method

discussed in Section 2.2, i.e., subtract, each observation from lts

corresponding monthly mean and then divlde by its nonthly standard

cieviation. By f itti.ng a Gamma distribution to the above

seasonally adjusted serles, H€ find that the Chi-sguare statistic

xz is Lg.Tqg with ls degrees of f reedom. Since
2

P(x"

river flows of the Perak river follow a Gamma distribution.

The method of, moments is used to estimate the model's

parameters p,, pn, d., and k. As an alternatlve, we shall also- - r- 'z-
estimate the parameter p' by using the least squares method

{Lawrence and PauI, 1978) and the remaining parameters by moments

method.

We shall investigate the performance of the proposed model by

comparing the simulated sequence to the historical sequence in

terms Of means, variances, skewness and autocorrelation

coefficients. l.le shall also colnpare the simulated results

produced by the two different sets of estimated parameters, YLz,

the set of parameters estinated solely from the moments method and



the set of, parameters estimated

and least squares methods. The

and displayed- in Section 4.3.

from the combination of noments

slmulation results are discussed

s2, skewness v, lag*1

correlation tZ of the

parameters k, &, p1 al-ld

of equations,

4.2 Parametens Estimatlon

In order to preserve the varlance

serial correlatlon rl and lag-Z seri.al

standardized historlcal data, the model's

p, are estlmated from the following system
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From the above formulas, w€ notice that when v = 1, the

proposed model has Gamma distribution with shape parameter k and

scale parameter o-1. We shall use this model for f itting t.he

monthly standardized serles of Perak river. The parameter k is

first obtained from equation (4.3), which then enables us to

obtaln the value of O from (4. 1 ). We next obtain the value of pz

fron (4.2) and thus the value of s. can be evaluated as



& = l/8(L-n,). Finalry, Lhe value of pr can be carculated from

{4.4) and the nean of the standardized historical clata ls
preserved by shifting the origin of the standardized historical

data by a nagnltude c, whose value ls g!.ven by

f =ke(pt*uFt) +c"

Lawrence and Paul (1978) trave developed au estlmation

procedure for dependent observatlons based on the mlnlnlzatlon of

a su:a of squared devlati,ons about conditlonal expectations. As an

al.ternatlve, we shall use this approach to estlmate the parameter

pl Ln the proposed Gamna l'lRi*{(l, 1} prscess. The conditlonal sufil

of squares Qn(.) of the process (3.25) is given by

(4.s)

of squares uith

n-l
er,(Pr , =rlo ["r*1

=n-tt
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where the conditlonal

3. 4.2.

By dlfferentlatlng

respect to .p1, !r€ obtain

- E(Xt+l lxt = x, ) I

k
arr-l4l Inrl-Zpl)*p1l - (ptpz*pzp'

expectation ['(Xt*t lXt ) 1s given in

,,,\ ,

Sect ion

the condltlonal sum

the followlng relatlon

brVz*pzp.f =

tl*t*l*t - I*t*tl"t
(4.6)

Note that thi.s
"L*? - (fx, )z

where all the sums are run from t = 0 to t = n-1

relatlon ls slightly different from (4.4).

i.fith known value of pZ, the value of pl can be evaluated f rom

(4.5). For the purpose of preserving the mealt, variance,

sker"rness, lag-l and Lag-? serlal correlations of the standardized

serieS, the pararneters k, Cu and Pr are agai'n estinated as before'



4.3 Simulation
'',:,Ana1gorithmforgeneratinganeHGamma,{Rl''^d(1,1)sequence
,t. '.

xo, xc t x_ of Section 3.4.2 ls as follows : r..lllnrr:

ALffiRITHT,I

Generate Yo from GammarSFr, e-1).

Set i a 1.

REPEAT

Generate G from Gamma,tFt, e-l ).

Generate B from Betarkpl, kt1-Znr)).

ComPute x, = ugl_l + Bg + c.

Generate H from Polsson fupZy i_t) .

Set sun = O, J = 1.

REPEAT

Generate u' frora Exp(a).

Compute sum = sun + ly', J = J+1.

UNTIL J > J'/.

ComPute Y, = sum + (l'nlG.

Compute j = J + 1.

UNTIL I > n.

The above algorithm 1s written j"n Fortran 77 and ttre program

is attached in Appendix 4A.

The program 1s executed on the [tP9000/320 workstation

equlpped ulth an MC68020 mlcroprocessor and MC68881 coprocessor.

The bullt-in pseudo-random number generator, RAN, of HP90O0

Fortran ?? is used to generate the required Unlform U(0, 1) random

varlates. The independent G(k, F) are generated by the rejection

method of Ahrens and Dieter (1974). The Poisson(I), tr s 5O and



the independent Expta) are generated by the widely used inverse

transform nethod. For I > 60, the Polsson()t) varlables are

generated by the Normal approxinatlon. The Nornal(O, 1) varlables

are generated by the ratio method of Rlpley (1984), and the

independent B(m, n) are generated by uslng the result that

x = Yr/(Yr+Yr) is a B(rn, n) if Yt * Yz * 7, where Yt = 'u1/*,

^,1/nY^ = U-'" and U* U., are two Uni"form variates from U(0, 1)zLl

{Rublnstein, 1980, pg. 81).

Table 4,1 shaws the sample autoeorrelatlon ,k, partlat

autocorrelatlon O!<k, mean, varlance and skewness for the

standardized data of Perak rlver. From these statlstlcs, it is

clearly seen that the standardlzed data ls skewed and wlth

long-term correlatlon strueture.

In the siroulati.on study, lOO sequences of the standardized

monthly stream flows Y t, each of them conslsting 48O data, are

slmulated from the fltted Gamma dRffl(1, 1) model of Sectlon 3.4.2.

For each of the 100 slmulated sequences, the mean, variance,

skewness

j = l, 2,

obtalned as

and the autocorrelat i.on coeff lc lents ,j,

. r 72 are calculated. The orlglnal serles X, is then

X, = m + s-Y-, T = 1, 2, tZT T T T-

where *, and ", are respectively the mean and standard deviation

of a given rnonth z of the origi.nal series. The simulaLed series

in Table 4.2 are generated by uslng the parameters obtair:ed solely

fron the method of moments. This table gi.ves a comparison betr^ieen

characterlstlcs of the historical data and characteristics of the

simulated data for both the orlglnal and standardized series.



':rj':l

:. From the results shown ln Table 4.2 and Table 4.3, we observe

, that the simulated series bears a reasonable resemblance to the

hlstorlcal series in terms of neans, varlances, skewness and

,, autocorrelation coefflclents.
-:

i,, Table 4.4[ compares the performance of the nodel by uslng the

.,:,t, , I

l',, tuo alternatlve sets of parameters. From this table, w€ can

':t: :'

':'.'. observe that the sample mean, skeurness and serial correlations of
!::.:lj,::

a' the sinulated serles (except the sample varlance and the third
:: .

.',: autocorrelatlon coeff lclent ) have lmproved slightly if the
'

. cornblnatlon of monents and least squares methods ls used for

slmulation and furthermore, the standard errors (in parentheses)

for most of the statlstlcs have also been reduced sllghtly, uhich

lndi.cates t,hat the slmulation ls rnore stable.



Tab1e 4.1

Sample Autocorrelation rn, PartiaJ-

Nean, Variance dnd Skewness 0f The
Perak River.

Autocorrelation 0*,
Standardized Data Of

JC

1 z J 4 5 6 7 8
,k o.64?. 0.546 o. 4541 4.429 u. 333 o. e81 0.329 U. Z3A

an a .642 o.?,2-9 0. 084 0.093 -0. 051 -0. oo7 0.171 -0. 096

k
9 10 tt tz 13 t4 15 16

,k a. t74 o.102 0.114 0. 090 0.134 o.160 o.167 a. t27

ao -o. o70 -o.076 o.038 0.032 0.132 o. 052 0.422 -o.056
k

L7 18 19 20 21 ?2 23 z4
,k a. Lzo o.133 o.091 o.084 o.059 o. 066 o.108 o. o1i

ok o.016 o.032 -0.053 -0.033 -o.055 o. oo3 0.168 -0.140

Mean = O.OOOO, Variance = 1.OOO0, Skewness = 0.9061



,'l::

: ::l:Table {.2
t{ean, variance, skewness Attd Autocorcelation coeff icjents rr,
j - 7, 2, 3, ..., 12 af The Historical Stream Flor,rrs And The
synthetic stream Flows Generated By The Ganma ARI'LA(I, 1) Hadej.

monthl.y
streanf lor"ls
statistics

Original Data

Historical Sinulated

Standardlzed Data

Historlcal Simulated
Hean 2.732 2..78L

(0.1e2)
o.000 0.040

to. 161)

Variance 2.704 2.750
(0.4s1)

1 r|02
1 ' ooo 

to. isal

Skewness 1. 549 1.508
(0.24e)

o.92t 0.855
(0. 211 )

t1 0.632. 0.619
(o.039)

4.642 0.628
(o.oss)

t'z 0.373 0.362
(0.0s2)

0.545 0.529
(0.064)

t3 0.173 0.133
(0.064)

4.464 0.445
ta.o72)

t4 0.064 0.004
(0.064)

0.429 0.371
(0. o?e )

ts o.035 0.006
(0.063)

0.333 0.308
(0. 083 )

,6 o. o30 -a.ooz
(0.063)

0.281 0.256
(0. o8e )

tT 4.027 -0. o4t
(0.062)

o .329 0 .2L2
(0.086 )

tg -0.081 -o.093
(0.0s9)

o. 238 0.174
(0. o8e)

,g -0.032 -a.429
(0.062)

CI.174 0.141
(0.08s)

t1o 0.113 0.12,s
(0. 0s8 )

0.102 0.116
t0.08s)

'1t a.296 0.295
(0.056)

0.114 0.090
(0. 086 )

'Lz
0.383 0.397

(0.06s)
0.090 0.070

(0.086)

*Means and standard errors (in parentheses) of the 100 sinulated

series.

ir:i.



TABLE

tleans
O{ The

4.3

And Standard Deviations Of Each Of The
flistorical And Sirnslated Data.

L2 Calendar tlonths

Honth
Means

Historical Sfunulated

Standard Deviations

Histori,cal Slmulated
Jan. s.6tz 3.710

(0.3e6)
z. oeo 2.o86-

(0. 266 )
Feb. 2..23A 2.267

(0.203)
1.122, 1.094

{0.169}
March 1.487 1.934

(0.18s)
0.955 0"946

{0.148}
April 2.A76 2.102

(0.174)
0.8.27 0.798

(0. 121)
May 2.689 2.7t4

{0.183}
0.934 0.904

{0.136)
June 1.950 1.975

(0.135)
0.675 0.659

(0.111)
July 1.763 L.78?

(0.08s)
0.445 0.442

{0. ose)
Aug. 1.966 2.A1,2

(0.2s3)
1.326 1.305

(0. e18)
Sept. 2.44A 2.A82

(0.140)
0.686 0.689

(0.107)

:"'
3.774 3.848

(0.3rs)
t.69A 1.580

to.zze)
Nov. 4.600 4.6s6

(0.347)
L.790 t.779

(0. 268 )

Dec. 4.247 4.284
(0.3s6)

1.958 1.910
rc.274)

*Meerns and standard errors (in parentheses) of the 1OO sirnulated

series.



'l
TABLE 4.4

tlean, Variance, Skevtness d.nd Autocorrelation Coeff icients r .,

j = 1, 2" ..., 12 Of The Turo Synthetic Stream Flouts Generated
By The Ganwa ARHA(I, 1) t{rodel llith Different Sets Of Parameters.

Monthly
Streamflows
Statistics

Slanafdlzed Data

Hlstorlcal

Slmulated Data

Moments method Combination

Mean
0. ooo o

(o
o40 0.4?,2
161) (0. 14s)

Variance 1.000 1
(o

oo2 0.983
1s4) (0.1s4)

Skewness a.gzL o
(o

855 0.858
2]-t) to. 211 )

t1 0.642 0.528 0.631(o.oss) (0.oss)

tZ o. 546 0.529 0.533
(0.064) (0.068)

t3 o. 454 0.445 4.44?
ta.o72) (0.068)

,4 o.429 0.371 0.373
(0.07e) (0.o72)

ts o. 333 0.308 0.314
(0.083) (o.o7s)

,6 o. 281 0.256 a.264
(0. ose ) (0. 081 )

,7 a.329 o.2t2 0.219
(o.086) (0.081)

t8 o.238 a.L74 0.181
to.o8e) (0.082)

"g
o.174 0.141 0.L47

(0. 085 ) (0. 084)

t10 0.102 0.116 a.LzL
(o.08s) (0.078)

'L:l
0.114 0.090 0.100

(o.086) (0.078)

o.0?o 0.081
(0.086) (0.080)'rz 0. 090

*Means and standard errors (in parentheses)

serles.

of the tOO sirnulated



Appendix 4A

Below are Programs urltten for the algorithm given in Section

4.3.
PROGRA}'I MAIN

This program is written for generating rnonthly rlver flows
usi.ng- the algorithm discussed ln section 4.3. This
progir* returns the vital statlstlcs, such as the mean'

,rari.rr.", skewness, autocorrelatlon coeff icients r.,
(J = 1, 2, 12) and the monthly nean and standard
dlviatlon for each of the LZ calendar months of the
generated serles. These statistlcs can then be used to
ivaluate the perforrnance of the proposed model'

The follolring subroutines/functions are directly called
by this Program:
momen
stat
statl
gana
beta
exPon
poi
poisso
normal
acf

Required inputs correspondlng paraneter in {3.25)
* * * rF * lt lr ,* * * * * r( i* * t* i( lF l* l* * * * * * iF * rF * * lF * * * * * lF * l* 

'* 
* * * rF * * l* lF

alpha
P1

?2 p2

gkk
vv

*rr***rrr**rrJ*r**,r'**|*,F*|r***,*,|**r****l*l*,**.r**l*|tr**'***{t*l*|F*.F*lFt*|ftF*

imonth(i) = mean of the r-th month of the origlnal series
lsd(l)=standarddeviationofttret-thmonthofthe

original series r !
c = *.frtt,ra" of the shifted orlgin as given in

(4. s)

Constants used in this Progran:
ntr = number of samPles

::-: -::i:::-::-:i :i - ::-:-:i:l :: - -

::::::::::::----
real nonth, imonth, isd
integer poisso, POi , goun!] n countZ ' 

count3

dirnension i*orril tiil ,isd(12) 'month(12) 'sd(12)

I
c
c
c
c
c

c
c
c

c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c

c

c
c
c
c
c
c
c
c

&
p7

c
c
c
c
c
c
c



c

dinension ar {12) , sdar (12) , 11 ( 12 )

dimensi.on, rmonth( 100, 12), rsd( 1Oo, 12),r2(100, 12 )

dimension y(501 ),x(6O1 )

read * , alpha ,PL,PZ, gk, v, c
teta=alpha ( 1-P2)
do k=l,12

read *, inonth(k) , isd (k)
end do

nl=1OO
n2=480

write (6,994) alPtra,P1,P2, gk, teta,v
c
c

c

betaZ =
betal and beta3 =

shape parameter of Ganma(betaZ, teta)
parameters of Beta(betal, beta3)

6s1st=gkrP1
beta|=gk* ( 1-P1 )
beta3=gk* (1-(Z*P1 ) )
write t6,997) beta1,betaZ,beta3, teta

c
c
c

Initlal lzations

tal=O.
ta. '0.
tv1=0.
tvZ=O.
ts1=0.
ts2=0.
iseed=1 t3

c

c
c

r+rlte (6,99991
do 1=1,nl

y( 1)=gafi&(betaZ, teta, iseed)
do i=2,n2+t

b=Beta(betat , beta3, iseed)
g=gama (betaZ, teta, iseed )

x ( i )=v*y( i-1)+ ($*g)+c
t=PZ*alpha*Y( i-1 )

Lf (t .gt. 60) then
sr.=poi(t,iseed)

else
p=polssott, iseed)

endlf
sun=O.
do j=l,m

w=expon(alPha, lseed)
gun=sum+w

end do
y(1)=sum+(1-F2)*g

end do

Conpute the historical series
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I ,

count2=O
do while (countZ 'le. rL2-L2')

do count\=t,L2
count3=count2+countl
x(count3)=x (count3+1 ) *isd (countl. ) +lmonth(countl )

end do
countz=count2+12

end do

compute and display the mean, variance and skeHness of
eacl set of the generated data. The autocorrelation
coefficients r- (J = 1, Z, 1Z'), the monthly mean and

standard deviation for each of the 12 calendar months are

also conputed; they are kept in the arrays r2(n1 , tz),
rmonth(nl, lzl and rsd(n1, LZ) respectively'

call momen(x, averx' varx, skew, r1, nZ)
call stat (x,month, sd,n2)
do n=1,12

r2(l,n)=r1(n)
rmonth(1,n)=month{n)
rsd( 1, n)=sd(n)

end do
write (6,999) 1, averx' varx, skew
ta1=tal.+averx
ta?=taZ+ (averx**2)
tv1=tv1+varx
lv7=tv?+ (varx**2)
ts1=ts1+skew
Ls?=ts?+ (skew**2)

end do

Compute overaLl average, varjance and skewness

a.a=ta!/nl
va=( taZ/nl)-(aa*rZ)
sda=sqrt (va )
av=tv1./n1
vv=( tv2/n1)-(av**2)
sdv=sqrt (vv)
as=ts1ln1
vs=( tsL/nL)-(as**2)
sds=sqrt (vs )
write (5,995) aa'av'as
write (6,998) sda, sdv, sds
r.rrite (5, 9998 )

Compute and display the overall average and standard

error for each of the tZ sample autocorrelation

coefflclents r. (i = 1' 2' " ' ' L2\ of the n1 samples'
J

call statl {rT,ar,sdar'n1 )

do L=L,12

c

,, c
1:: C

^
:tc
'.c
rc

c
c
c

c
c

c
c

c



write (6,996) i,ar(i),sdar(i)
end do

c
c
c
c
c

Conpute and disPIaY
of the rnonthlY mean

12 calendar months

the overall average and
and standard deviation

of the n1 samples.

standard errcr
for each of the

c
c
c
994
995
996
997
998
999
9996
9997
9998
9999

r.rrite (6, 9996)
calt statl (rmonth, month, sd,n1 )
call. statl (rsd, ar, sdar, n1 )

do k=l,12
write(6,999?) k,month(k), sd(k), ar(k), sdar(k)

end do

Formats

format rctrc-4/)
format (//lx,  haver,3f IO -3/ \

format (15,2f10-3)
format [4f'10.4//)
format {2x, 4hs.d., 3f1'0. 3)
forrnat (15,3f10.3)
format (//2x,?hmonth,6hmeans,6hs.d., lxhstand.dev. 4hs.d.
format (i5,6f7.3)
format u/zx,4hlag ,l3hsamp. autocor ,LZ]rr stand.devia,/)
f ornat (/ /LAx,?haver , 4x, 6hvar , 3x,  hskew/ )

stop
end

SLJBROUTINE momen(x, averx' varx, skew, 11, n2)c
c
c
c

c
c
c
c

c
c

c

Subroutine
skewness

x
averx
varx
skelr
r1
nZ

momen is used to compute the mean, varlance,
and autocorrelation coefficients 'j

(J = !, 2, ..., ln for each set of the generated data'

generated series
average of the series
variance of the series
skewness of the series
autocorrelation coefficients of the series
number of data in a samPle

dimension x(601) , r1 ( 12)
tol1=0.
to12=0.
to13=0.
do L=l,nZ

to11.=tolt+x(i)
tolZ=lol?+x(L)**2'
to13=tol3+x( ir*xZ

end do
averx=toLt/nZ
varx=to 1 2/ nZ- ( averx* *2 )

skew=to I :- t g* io f Zl"ttut* ) + ( 3r to I 1 * ave rx* *2 )

ut **="t* w / n2- ( averx* *3 )



var2=sqrt (varx) **3
skew=skev/var?
call acf (x, rl', averx, varxf nZ)

return
end

SLBROUTINE stat (x, month' sd' n2 )

c
c
c
c

c
c
c
c

Subroutlne stat is used
standard deviatlon for
every generated serles'
montir = monthlY mean of

to compute the monthlY nean and
each of the 12 calendar nonths of

the generated series
deviation of the generated

c
c
c
c

(-

c
c
c

c
c

sd = monthlY standard
ser ies

nZ = number of data in a samPle

reaL month' tI,LZ
lnteger countl' countZ, count3
dimenslon month (72) , sd( 12)
dlmenslon x(501)
r.4=n2/lZ
do countl=\,12

tl.=0.
t2=0.
count2=0
do while (countZ ' le' nZ-tZ)

count3=count2+countl
tt=t1 +x ( count3)
LZ=t?+x( count3 )**Z
count2=count2+12

end do
rnonth(countl )=tl/n4
sd ( count L)=LL/n4-month ( count l)x*Z
sd ( ccuntl )=sqrt (sd (countl ) )

end do
return
end

:::i::i :Y -: :li Ii ::: ::ilTi I -
subroutine statt is used to conpute the overall average

andstandarclerrorfortheautocorre}ationcoefficients
r: (J = 1, Z, ..', LZj of the n1 sanples' The monthly

J
mean and monthly standard deviation for each of the

12 calendar montirs or the n1 sarnples are also computed

by this subroutine'
ar = av€rage of the statistics
sdar = standlrd error of the statistics
nL = number of samPles

dimension r2(100' !2) 'artLz) 'sdar(tZ)
do i=l,LZ

trt=0.
LrZ=O -

do j=1'P1



tr1=trl+r2(j, i )

tr2=trZ+(r2(J, i)*tz)
end do
ar(i)=tr1,/n1
sdar ( i )=( tr2/n1)- (ar ( i ) **2)
sdar ( I )=sqrt (sdar ( i ) )

end do
return
end

FUNCTION gama (atpha, la.mda, iseed J

I

c
c
c

a.

Function
It uses

(1e74).

real alPha, lamda
n=lnt (alpha)
a=alpha-m
YY=1.
do i =1,m

yy=yy*rdn( lseed )
end do
yy=-alog(YY)
lf (a "ne. 0. ) then

b=1. -a
t)=2.
do whlle (u .gt. 1. )

ul=ran( lseed) ** (1 . /a)
u2=ran( iseed) ** ( 1 .,/b)
u=ul+u2

end do
u=u1lu
v=-a1og(ran( lseed) )

else
w=0.
v=O.

endif
gama= (yy+vrw )/lamda
return
end

y:::T-:::::1113:1lll
Function beta is used to generate the independent B(m, n) '

The Beta variates are generated by using the resurt
(Rubinstein, 1980, pg' 8t ) that if Y fY 2 = 1' then

X=Y l/ (Y 
,+Y 

"] 
ls a B(m, n) , where Y fU\/' ' Yz=UL/tr and

1-t-. U^ are two Unlform varlattrs from U(O' 1) ''1,' /.

;;;-;;;;--"-"
zL2=2.

gama ls used to generate
the reJectlon method

t"he independent G(k, t3).
eif Ahrens and Dieter

c
c
c
c

c

c



do wirile (z:1J .ge. l)
i"ni t=ran ( i p:] )
zL=i ni t** ( 1,rql )

lnit*rant ipSi
z2=init*t { llql* )
z1?=zl+zZ

end dcr
bela=2T/zLZ
return
end

FUNCTIUN expon(t, ip3)

(-

c
c

Function Expon ls used to generate the independent Exp(a).
It uses the inverse transform method.

real lnlt
ini t=ran ( 1p3 )
expon=*alog ( lnit )lt
return
end

INTEGER FUNCTION pol ( Iamda, lseed)

c Functlon poi ls used to generate the independent Poi(A)
c varlates when )t

c approxi.mated by the Normal distribution.
c

real lamda
e1=exp(1. )
eZ=sqrt (2. /etl
call normal (x,e2, lseed)
sx=sqrt ( landa)
pol=lnt ( larnda+x*sx+. 5 )

lf(Pol .le. 0) Pol=0
return
end

INTEGER FLINCTION poisso ( lamda' lseed )

c
cFunctlonpoissolsusedtogeneratetheindependent
c PoLsson virlates when I 5 60' It uses the inverse

c transforra nethod'
c

real lamda
c=exp(-larnda)
b=c
k=0
a=ran( lseed)
do r.rhile(a 'gt' b)

crcf lamd^7 (l+'!'|
b=b+c
g=14+1

end do
poisso=k



return
end

SUBROUTINE normal {x, e?, iseerl J

c Subroutine normal is us*d t* genera.te the independent
c NormaI (trr, oz) variat.t*s. Il uses the ratio method of
c Ripley (1983).
c

tw=1.
do while (tw .gL. O. )

u=ran ( lseed )
u1,=ran( iseed )
v=(2. *u1*1. )*e2
x=v/u
z=(x**Z. ) /4.
if {z .le. 1. -u) then

tw=-1.
else

if (2.1e. -alog(u)) then
tw=-1.

endif
endif

end do
return
end

SUBROUTII,IE acf (xx, rr , revl , rev2, ms )

c Subroutlne acf i.s used to conpute the tZ autocorrelation
c coefflci'ents r - (j = l, 2, 1'2) of a given series'

J
e

dlnension rr (LZ),xx(600)
do j=1,12

suml=O.

"J1=ms-Jdo i=1,j1
suml=sum1+ (xx ( i ) -rev1 )* (xx ( i+i ) -rev1 )

end do
suml=sumllns
rr (J )=surnl,/revZ

end do
return
end



Conclusion

The main ain of ttri:i strirlv is t o develop sui table

prolrah:ilistic mcdels for ttre stochastic component of hydrologic

time series, which is independent of seasonal movement and trend

cyc1e. By means of simulation, we then gener?te synthetic series

for the stochastlc, seasonal and trend components, and combine

Lhese generated series to get an artificial series that can be

used in varlous water resource projects.

In order to separaLe the stochastic component fron its

original series, H€ have attempted to use the decomposition

techniques such as the classlcal non-parametric method, the

Fourier serles approach, the Census X-l1 procedure and the

dRfffi-model-based aPProach. We have also aPPraised the

applicability of' these technlques in hydrologic study. From the

results obtatned ln chapter Two, techniques like the census x-II

procedure and the dRll{d-mode1-based approach, uhich have been

developed for decomposlng economic and business time series into

trend, seasonal and i.rregular components, are nob appropriate for

serving the maln alm of this studY'

Inthesecondpartofthisstudy,W€haveproposeda

first.ord.erARI,IAnodelthatcanbeusedtogeneratecorre}ated

Gamma.likeprocesses.Bycomparlngtheslmulatedresultsofthe

proposed rnodel (as shown in Tables 4'? and 4'3) to those of the

{'IGAR!4A(L,1) model of Sim fi987il' w€ notice that the performance

of the proposed model is not as good as the latter' However'

unlike the newly proposed nodel' the parameters of the

NGARI'IAIL, t ) model have to be obtained by solving a set of two



simult"aneous equations, uI:ich does nt:t a)way:; promise a solution.

Therefore in pract ice, tire Fr,ipr-r)s€irl model can be usecl a$ an

al ternat ive to the lttGfRiYA { 1 , 1 ) made I when the restrict ions

discussed in Section 3.4.1 of Chapter Three are encountered in

parameters estlmat ion.


