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ABSTRACT

Data generation procedure is used to provide equally likely flow
sequences to the historical one in capacity yield analysis. The synthetic
give the designer an idea of the probability of failure-storage relation
in simulation studies.

The monthly flow models can be broadly classified in two categories
namely (1) univariate and (ii) multivariate. Univariate models are
used when synthetic sequences of flow are required at one particular
site and the cross cofrelation with flows at other site are not required
to be preserved. The use of univariate models to generate synthetic
flows at a site is somewhat limited as the flows at various sites tend
to be interdependent.

In the present study, the computer programme for Bivariate Thomas
Fiering model has been developed based on the algorithm given by Clarke.
This has been used for 11 years, 37 years and 100 years, simultaneous
generation of monthly streamflows at (i) Hirakud and Salebhata, and
(ii) Hirakud and Kantamal using 11 years concurrent period (1972-82)
observed data. The model preserves monthly means standard deviations,
correlation with previous month and cross-correlation structure between
two sites. The monthly flows have been generated at Hirakud, .Salebhata
and Kantamal independently using univariate Thomas Fiering model also.
The monthly means, standard deviations and correlation with previous
month of observed and generated flows have been compared on the basis
of sum of squares of error in mean, sum of squares of error in standard
deviation and absolute error in correlation with previous month on
annual (June-May) and monsoon {June-October) basis.

The results indicate? good performance of the bivariate Thomas
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Fiering model for the generation of monthly streamflows at two sites
simultanecusly. The model satisfactorily preserves monthly means,
standard deviations, correlation with previous month and cross corre-

lation structure between two sites.




1.0 INTRODUCTION

Basic hydrologic data is most important in all the water resources
projects. Generally hydrologic data of sufficient long period is not
available. Most of the existing flow records are very short, generally
less than 25 years. The exact pattern of the flows during the historical/
observed period is extremely unlikely to recur during. the economit
life of the project. By generating several streamflow sequences with
the same statistical characteristics as of the observed flows and all
assumed to be equally likely to occur, the designer is able' to decide
the basis of expected behaviour of the system.

Data generation procedures are used to provide equally likely
flow sequences to the historical one in capacity yield analysis. The
synthetic sequences give the designer an idea of the probability of
failure-storage relation in simulation studies.

Models used to generate synthetic sSequences depend dreatly on
the time interval { yearly, monthly, daily or hourly} for which sequences
of synthetic streamflows are regquired. Over the past decade a number
of models have been developed to generate monthly flows for use in
the design and operation of water resources systems. The monthly flow
models can be broadly classified in two categories namely (i) univariate
and (ii) multivariate.

Univariate models are used when synthetic sequences of flow etc.
are required at one particular site and the cross correlation with
flows at other sites are not reguired to be preserved. For this purpose,
basically there are two type of approaches available: (i) Univariate

Thomas Fiering approach and (ii) Disaggregation processes.




Some times, it is necessary to generate simultaneous Sequences
of several hydrological wvariables. 1In general water resources system
planning is concerned with determining the size and operation of not
one but several reserveirs. In such cases, the use of univariate
model for generating synthetic flows at each site of interest is limited,
because the flows at various sites tend to be interdependent. Hence,
the multisite properties of the flows must be considered in generating
synthetic flows at all the sites {Matalas, 1967).

For generating simultaneous flows at two sites bivariate models
are required. Bivariate Thomas Fiering model is one such model.

The present study has been done using the 11 years {1972-82)
runcff data at Hirakud, Salebhata and Kantamal sites of Mahanadi river
basin, adopting the bivariate Thomas Fiering model algorithm given

by Clarke(1973).




2.0 REVIEW

Hazen {1914) is considered to be the first to recognise ihe desira-
bility of extending hydrologic data. Sudler (1927), Barnes (1954) and
Hurst (1936-60} Vare some more to devote their efforts in generating
synthetic annual flows. Later on more comprehensive models were developed
such as that of Thomas and Fiering {1962). Fiering {(1964) gives details
of principal component analysis to eliminate bias in the serial corre-
lation coefficient(of lag) among the synthesized data. He applies it
for the simultaneous generation of synthetic flows at a key station
and at a satellite station. Lawrance (1976) has given a modified version
of the Fiering_two station model. Matalas (1967) has presented an alter-
native to the multivariate Thomas Fiering model. This model requires
very few parameters but at the same time introduces restrictive assumpt-
ions concerning the serial and cross courrelation structure of the sequ-
ences. Srikanthan and Macmohan (1982) have presented a study for stochas-
tic generation of monthly streamflows.

Clarke (1973) has presented method for generation of synthetic
sequences of several hydrolegical variables e.g.the bivariate extension
of the Thomas-Fiering model; the general multivariate extension of

the Thomas Fiering model and the multivariate Matalas model.




3.0 STATEMENT OF THE PROBLEM

The main objectives of the study is to develop and implement
a computer programme to generate monthly streamflow seguences at (i)
Hirakud, (ii) Salebhata and (iii) Kantamal. For this purpose the programme
tor bivariate Thomas Fiering model has been developed based on algoe-
rithm given by Clarke (1973). The model simultanecusly generates synthe-
tic data at two sites and preserves serial and cross correlation struc-
ture alongwith mean and standard deviation of monthly flow. The perfor-
mance of the model has been judged by the comparison of the statistical
parameters of historical flows and the generated flows. The 100 vyear
series of monthly flows at each site has been generated using univariate
Thomas Fiering model, with 11 years observed flows, and the results
have been compared with corresponding generated series using Bivariate
model. Seth, Goel and Bhatia (198B4) give details of univariate Thomas

Fiering model.




4.0 DESCRIPTION OF STUDY AREA

The Mahanadi basin lies between North latitudes 19921 and 23%35°
and east longitudes 80030' and 84050'(Fig.1). The basin extends over
an area of 141592 sg.km. It 1is nearly 4.3% of the geographical area
of the country. Lying in the north-east of the Deecan Plateau, the
basin covers large areas in the states of Madhya Pradesh and Orissa
and only small areas in Bihar and Maharashtra. The state wise distribution
of the drainage basin of the river is given below:

State Drainage Area(Sqg.km)}

Bihar 635

Madhya Pradesh 75,138

Orissa 65,581
Maharashtra 238
Total 141,592

The Mahanadi basin is bounded on the north by the Central India
hills, on the south and east by the Eastern Ghats and on the west by
the Maikala range. The upper Hasin is a saucer-shaped depression known
as the Chattigarh. The basin 1is circular in shape with a diameter of
about 400 km and an exist passage of about 160 km length and 60 km
breadth.

There are four well defined physical regions in the basin namely
{i} The northern . plateau, (ii) The Eastern chats, (iii) the Coastal
plain; and (iv) the erosional plains of the central table land. The
Northern Plateau and the Eastern Ghats are well forested hilly regions.
The coastal plains stretching over the districts of Cuttack and Puri

covers the large delta formed by the Mahanadi and is fertile area well
suited for intensive cultivation. The errosional plains of the central

table land are traversed by the Mahanadi and its tributaries.
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5.0 AVAIARILITY OF DATA
In Mahanadi river basin the availability of flow data for wvarious

sites is as follows:-

Site River Period Catchment area
in sq.km.
(i) Hirakud Mahanadi 1946-1982 3400
(ii) Salebhata Ong 1972-1982 4650
(iii) Kantamal . Tel 1972-1982 19600
(iv) Tikerpara Mahanadi 1972-1982 124000
{(v) Naraj Mahanadi 1946-1982 131700

The gaps in the flow data have been filled up earlier. (NIH, 1986)
In this study, the flows at Hirakud, Salebhata and Kantamal for the
period 1972-1982 only have been considered. The monthly flows for three

sites are given in Tables 1,2,&3 respectively.
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6.0 METHODOLOGY
Clarke (1973) has formulated the following algorithm for
bivariate extension of Thomas Fiering model to generate flow sequ-

ences at two stations simultaneously. Various steps are described

below:
1. Compute the monthly means and standard deviations for station
1. Let these be
s(1y 3 (W = (1) 3 (1)
Yj 'YF ,YM ' ....YD
(1 (1 1
and Sj ) ' SF ), SM!1) ..... SD( )
2. Compute monthly means and standard deviations for stations 2.
Let these be
(2)
= (2) = (2} 5 s (2)
YJ r YF r Y M ' ...YD
(2) (2) 2) {2)
Sj ' F * Sy ! °p
3. Standardize the flows at each station by subtracting appropriate

monthly means and by dividing by appropriate standard deviaticn. The

standardized variables Y1(1), Y§2), Y;1), and Yéz) etc. are calculated

as follows

MO e

Al g g
Ygz) - (Y;” = (), S;z)
MRS IR
Y2(2)= (YF(Z) _ §F (25 / SF(Z)

and so on.

1




4. The Thomas Fiering model is then of the form

(ny (1) (2) £(1)
Yoy SPyg¥p g TRV v - (1)
(v (1) (2) E (2)
Yo = by tho, Yy, *t Tt cee{2)
or in matrix form,
(1) (1) (1)
Y 54 by 1¥Ye-1 t
u e (3
(2) i2) (2}
Yy 2% by, Yo |t

Equations (1) and {2) refer to the streamflow from the two stations
for the months January and February, a similar pair of equaticns holds for
the months February and March,...'and so on. For each pair of months a total
of seven parameters must be estimated for the model (3):

(1) (2)

i1
127 b21, b22, var [ N R var ¢ and cov (E

{1) g (2)

b... b t H t ).

IR
In addition to the 12 x 7 = 84 parametefs required for a year, a further 48
parameters must alse be estimated, bringing the total of 132 parameters.

The method of estimating these parameters is as follows:
(i} Abstract, from the complete record, the data for January and February

and arrange in a table as follows ( It is assumed that N years of

data are available ):

February " January
S SPYo%r Stream 1 Stream 2 Stream 1' Stream 2
Year 1: Y;]) Yéz) YiT) Ygz)
Year 2: Y1;1) Y122) Y1;1) Y:iy
Year 3: Y;;) Y2é2) Y221) ‘ | Yzéz)’
fii) Cglculate the guantities

12




(nm (1) (1) (1))

1f (1,1) = ((y} Xy, * ¥y XY 4, + ...)/N
_ (2) (2) {2} (2)
51 (2,2) = ((y, XY, ) + (y13 x ¥q3 } + ...)/N
T o(1;2) = ((y1(’i 'y1(2)) + (y13‘1§ y1;2)) b N
11
T{2,1)y ="F (1,2},
11 11

and arrange them in a table { matrix ) as follows:

X z
go 3,001 (1 2)

11 by
?{}(2,1) 2(2,2)

{iii}) Calculate the gquantities

r o, (1 (1) _
Lo =y, Mo, e o, Sl e o
" 2
D 2=y, %k 4,2 v e
22
1

11,2 =y, M w, B ey, Tew P e
22
Y(2,1) = L (1,2) , and arrange them as a matrix:
22 22 )

z , ¥

22(1r1) 22(1;2)
I =7 222

(iv) Compute the quantities:

g _ (1) (1 S (1) .
21(1,1) = ((y2 X ¥, + (yM X ¥Yy3 Y + ... /NG
h - (1 (2) (1) (2) i
21(1.2) = ((y2 XY ) + (y14 X Y3 Y 4., ) /NG
5 (2 () (2)_ (1) )
21ﬁ2,1) = ((y2 x ¥, )+ (.14 X ¥q3 )4 .. ) /NG

s (2 2) (2)
210202 =y, T T Py P,

and arrange them as a matrix

13




z z (1,2)
S ELAN 21
21 3 T,
21(2,1) 21(2,2)
{(v) The estimates of b11, b12,b21, b22 are given by the following matrix
equation
I I(1,2) 151(2,2) Z1,2)
P14 P12
= T ) z r
L by, 21(2,1) 21(2,2) 7121 7111
where
A 51(111) %1(2.2) - 51(2,1) 1?(1,2), in explicit terms,
= z z _ 1z z z
b11 ( 21(1,1) 11(2.2) 21(1.2) 21(1,2) 11 (2, 1))/ A .. (4)
) ) ) z
b12 (11(1,1) 21(1,2J 21(1.1). 11(1,2))/A s (5)
- (2 r _Z z
bzl = (21(2.1) 1](2'2) 2]L2.2) 1](2,T))/A -..(6)
- (L z _ 1z )
b22 (11 {1,1) 21(2.2) 21(2.1) 11(1.2))/A .- (7
(vi) The variances var £,(2), and covariance cov ( g t(?), gt(Z))
given by
E () _ 3 ) ) 2
Var t 22(1,1) b]1 21(1.1) b12 21(1,2) -(8)
£ (2) _ r z _ r
var '+ 22(2'2) b11 21(2,7) b22 21(2,2) e (9)
(1) (2)
Cov (g 53 y = 2.(1,2) ¥ _ r
N t 52 b11 2,|(2,1) b12 21(2,2)...(10)
(vii) The whole of the above procedure, from steps (i) to (vi), is repeated
for the months February and March, the months March and April and
S0 on.
(viii) To generate a synthetic sequence we start by choosing values to
initiate the sequence, commonly the Means §j(1) . ij(z)  So that
(1 _ {(2) _ S .
Y, =0, Y, = 0~ Now it is reguired to generate the values

14




E(1)* £ (2)*
a _ and S

with a bivariate normal distribution determined by (8), (9) and

(10). To do this first generate by the Box-Muller method, pseudo-random

Normal deviates u1, u2. These are transformed to give
1)* (1)
52( ) =u, J/ var £,
52(2)* - u1(Cov (E t(T) , gt(Z))/ var gt(1) y o+
(2} 2 {1) {(2) ‘ (1)
us J{var g ¢ - cov ( N £ N ) / var E N )
The generated sequence then begins
(1) _ (1)}*
Y, = (b11x0) + (l:v]2 x 0) +§ 5
(2) _ _ (2)*
y2 - (b21 x0) + (b22 x0) = ¢ 2 and so on

Finally, the yt(l) and yt(Z) are retransformed by such calculations

as

*(1) _ (1) (1} - (1)
Y T Y s Y
*(2) _ (2) (2) - (2)
Y5 T %3 t Yy

15




7.0 ANALYSIS

Monthly streamflows have been generated at the following

sites using Bivariate Thomas Fiering mode.

1.(a} Hirakud with reference to Salebhata
(b) Salebhata with reference to Hirakud
2.(a) Hirakud with reference to Kantamel

(b) Kantamal with reference to Hirakud
The length of the generated streamflows is
(a} 11 years, (b} 37 years, and {c) 100 years
The length of generated data as 11 years and 37 years has
been chosen as the length of observed data is 11 years and 37 years
is the length of long term streamflows available at Hirakud. Length
of generated data as 100 years has been chosen arbitrarily.
Observed streamflows data for the period 1972-82 (11 years)
only have been used.
"The following  statistical parameters of observed data and
generated data have been computed and compared
{a) Mean of monthly flows
(b) standard deviation of monthly flows
{c) correlation with previous month
{d) cross correlation with another site
The equations used for the computation of above statistical

parameters are
NZ- X,

= _i= )
N

wn

1}
]
%

|
o]

.
N




N
r
1=1 3+1 1] ]
Y57 N N
- 1 2.1
Ioax - k09 (x, -x . H"
i=1 'J :l l"] 'J :]
N N
= 1 - 1
ro=(E (Xi x))/?'(}.‘ (Yl .—Y.))/2
i=1 'j iz! r] J
where,
Xi 3 = monthly flow for jth month in ith year for site X
’

ij = mean flow of jth month - for site X
Sj = standard deviation of jth month flows for site X

th . th
monthly flow for (j+1) months in (1i+1) year for

Xi+1,j+1
site X
. . ) th
Y, . = monthly flow for (j+1) th month in (i+?1) year for
i+1,9+1
site X.

th
Y. . = monthly flow for j  month in ith year for site Y.
]
th
r. = Correlation of (j+1) month flows with Jjth month flows.
. .th .

r = cross correlation for the j month flows between X and Y sites.

The monthly flows (100 years) at all the three sites have
been generated by univariate Thomas Fiering model. The results
of bivariate Thomas Fiering model have been compared with the results
of univariate Thomas Fiering model on the basis of following
criteria on annual (June-May) basis and on monsoon basis{June-Oct).
(i) Sum of squares of error in mean
(i1) sum of squares of error in standard deviation

{iii} Absolute error in correlation with previocus month sum of

squares of error in mean (Rm) is given by

17




where,

Rm sum of squares of error in mean

Mq . mean of jth months flows {observed)
r

n Number of Eonths

Mg 3 mean of jth months flows (generated)

Similarly sum of squares of error in standard deviation

(R s) is given by

2
Rs =7 (SO . -5 )
J=T r] g':]
where,
R s Sum of squares of error in standard deviation
So,j standard deviation of Jjth month's flows (observed)
S . standard deviation of Jjth months flows (generated)
t
The values of n are 12 and 5 in case of annual and mcnsoon
respectively.
Absolute error in correlation with previous month ERI is
given by
n
ERI = I {(r_ _,-r1r_.)
'_'l 0'3 g’J
J_
where,

ERI is absolute error in correlation with previous month.
ro,j correlation with previous month in observed data
for jth month.
rq,j Correlation with previous month in generated data
for jth month.
The 1listing of the source file (Bivariate Thomas Fiering
model) has been given in Appendix I. Data file (to generate flows

at Hirakud and Kantamal simultaneously) and output file are in

Appendix II and III respectively.
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8.0 ‘RESULTS
As stated earlier monthly streamflows of (i) 11 years, (ii) 37
years, (iii) 100 years length have been generated at the following
sites using bivariate Thomas Fiering model.
1.(a) Hirakud with reference to Salebhata
{b) Salebhata with reference to Hirakud
2.(a) Hirakud with reference to Kantamal
{b) Kantamal with reference to Hirakud
The monthly flows for 100 years at Hirakud, Salebhata & Kantamal
have also been generated using uni-variate Thomas Fiering model for
the sake of comparison. The performance of the model has been compared
on the basis of reproduction of statistical parameters ( mean, standard
deviation, correlation with previous month (r1) and cross correlation
with the second site (ro) ) for different lengths of generated flows.
The sum of Squares of difference in mean of observed and generated
flows Rm’ sum of squares of difference in standard deviation of observed
and generated flows, Rs and absolute error in co-relation with_previous

month ER represented by absolute difference of the corresponding

1!
values of e for all the 12 months {as well as for monsoon months
{June - October), have alsc been computed to judge the overall performance

of the model. The results for the above-mentioned four cases are being

discussed as follows:-
8.1 Monthly Streamflow Generation for Hirakud and Salebhata

8.1.1 Hirakud with reference to Salebhata

The statistical parameters (mean, standard deviation, correlation
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with previous month and c¢ross co-relation with corresponding flows
for Salebhata} of observed (1972-82) and generated monthly flows

{i) 11 years, (ii) 37 years and (iii) 100 years) are given in table
4 and alsc plotted in Figs.2,3,4&5. It is seen that for 11 years length
of generated data, the 4 parameters{ mean, standard deviation r, and
r1) do not match well. However, for 37 years and 100 yeafs length of
generated data there is a good reproducticon of means though standard
deviation, r, and r still do not match completely. The overall perfor-
mance of the model is quite good when the generated sample is of 100
years length as clearly indicated by Figs.2,3,4&5.

The comparison of performance of bivariate model for Hirakud site
using data of Salebhata and of univariate model for Hirakud site has
been indicated by the values of sum of squares of error in reproduction
of mean and standard deviation of annual basis and on monsoon season
basis in table 8. It is seen that as the length of generated sample
increases for the bivariate model the reproduction of mean and standard
deviation both on annual basis as well as monscon basis is improved.
However, the corresponding sum of sguares error for univariate model
are relatively better. It seems to be due to somewhat poor correlation
between two sites for flows during August. Absclute error in reproduction
of correlation with previous months in case of bivariate Thomas Fiering
model (100 years) and univariate Thomas Fiering model (100 years)! are
0.672 and 0.504 respectively on annual basis and 0.382 and 0.278 on
monsoon basis. This indicates that preservation of correlation with

previous month is better in case of univariate Thomas Fiering model.

8.1.2 Salebhata with reference to Hirakud

The statistical parameters{mean, standard deviation, correlation
with previous month and cross correlation with

20
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the corresponding flows for Hirakud)} of observed (1972-82) and generated
monthly flows ({(i} 11 years, (ii) 37 years and (iii) 100 years) are
given in table 5 and also plotted in figs.6,7, and 8. It is seen that
for 11 years length of generated flows, the four parameters do not
match well. The reproduction of standard deviation is very poor in
case of all the three data lengths. The performance of the model is
better when the generated sample is of 100 years length.

The reproduction of statistical parameters in generated flows
is bivariate Thomas Fiering model and univariate Thomas Fiering model
has been compared on the basis of (i) sum of squares of error in mean,
Rm {ii) sum of squares of error in standard deviation RS and {iii)
absolute error in correlation with previous month, ER1. The results
are given in table 9. The values of Rm decrease a§ length of generated
data increases. No particular trend is Sseen in case of RS. The wvalues
of Rm and Rs are much lesser in case of univariate Thomas Fiering model
indicating that reproduction of mean and standard -deviation 1is better
in univariate TFM.

Absolute error in reproduction of correlation with previous menth
in case of bivariate Thomas Fiering model (100 years} and univariate
Thomas Fiering model (100 years) are 1.087 and 0.847 respectively on
annual basis and 0.74 and 0.516 on monsoon basis. This indicates that
preservation of correlation with previous month is also better in case

of univariate Thomas' Fiering model.

8.2 Monthly Streamflow Generation at Hirakud and Kantamal

8.2.1 Hirakud with reference to Kantamal

The statistical parameters(mean, standard deviation, correlation
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with previous morith and cross correlation with Kantamal flows) of observed
(1972-82) and generated monthly flows (11 years, 37 years and 100 years)
are given in Table & and also plotted in figs 9,10,11 and 12. It is
seen that for 11 years length of generated data, the four parameters
(mean, standard deviation, and rO ) do not match well. However,

1

for 37 years and 100 years length of generated data there is good repro-
duction of means, though standard deviation ro and r1 still do not
match completely. The overall performance of the model is guite good
when the generated sample is of 100 years 1length as clearly indicated
by Figs.9, 10, 11 and 12.

The monthly flows (100 years) at Hirakud have been generated using
univariate Thomas Fiering model also. The reproduction of statistical
parameters 1in generated flows in bivariate Thomas Fiering model and
univariate Thomas Fiering model has been compared on the basis of (i) sum
of squares of error in mean, Rm' {ii} sum of squares of error in standard
deviation, RS and (iii) absolute error in correlation with previous
moch. ’The results are given in Table 8. The values of Rm decrease
as the length of generated data increases. No particular trend is seen
in case of Rs' The wvalues of Rm and RS are much lesser in case of uni-
variate Thomas Fiering model.

Absolute error in reproduction of correlation with previous month
in case of bivariate Thomas Fiering model (100 years) and univariate
Thomas Fiering model (° 0§ years) are 0.283 and 0.278 respectively on
annual basis and 0.536 and 0.504 on monsoon basis. This indicates that

reproduction of mean, standard deviation and correlation with previous

month 1s Somewhat better in case of univariate Thomas Fiering Model.
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8.2.2 Kantamal with reference to Hirakud

The statistical parameters (mean, standard deviation, correlation
with previous month and cross correlation with Hirakud) are given in
Table 7 and plotted in figure 13,14,15 and 12.

The monthly flows (100 years) at Hirakud have been generated using
univariate Thomas Fiering model also. The reproduction of .statistical
parameters ‘in generated flows in bivariate Thomas Fiering model and
univariate Thomas Fiering model has been compared on the basis of (i)
sum of sguares of error in mean, Rm (ii) sum of squares of error in
standard deviation, Rs and (iii) absoclute error in correlation with
previous month. The results are given in Table 10. The values of Rm
decrease as the length of generated data increases. No particular trend
is seen in case of Rs' The wvalues of Rm and R_ are much lesser in case
>f univariate Thomas Fiering model.

Absolute error in reproduction of correlation with previous month
in case of bivariate Thomas Fiering model (100 years} and univariate
Thomas Fiering model (100 years) are 0.32 and 0.571 respectively on
annual basis and 0.519 and 0.774 on monscon basis: This indicates that
reproduction of mean and standard deviation is better in case of uni-
variate Thomas Fiering model. Reproduction of correlation with previous
month is, however, better in bivariate Thomas Fiering model for this

particular site,
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9.0 CONCLUSION

The computér programme for bivariate Thomas Fiering model developed
on the basis of algorithm given by Clarke (1973) and implemented on
the VAX 11/780 computer has provided reasonably satisfactory results
for simultaneous generation of monthly streamflows for a pair of two
sites. The results are satisfactory both for Hirakud-Salebhata pair
and Hirakud-Kantamal pair. It is seen that as the length of generated
flow sequence increases from 11 to 37 to 100 years, the reproduction
of statistical pa;ameters of the observed flow series (11 years) improves.

The comparison of performance of bivariate model with the univariate
model indicates somewhat better performance for the univariate model
in the reproduction of mean and standard deviation. This seems to be
due to somewhat limited length of data i.e.11 years being used and
also poor cross correlation for monthly flows of August which contri-
butes guite a high proportion of flow.

However, in order to judge, the relative performance of bivariate
and univariate models, it would be desirable that further investigations
are carried out for more sites with better data base. The use of biva-
riate Thomas Fiering model should generaliy be preferred over univariate
Thomas Fiering model since it would enable preservation of not only
statistical characteristics of the particular sites but alsc the cross

correlation structure with the other site.
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APPENDIX I

THIS PROGRAM IS MEANT FOR RIVARIATE EXTENSION OF THF THOMAS
FIERING METHOR
AONTHLY STREAMFLOW DATA [3 REQUIRER
Xi s ¥7 0 HONTHLY STREAMFLOWS
BEAMLY Y ¢ HEAM OF MONTE J FOR STATION 1
MEANZCEY 7 MESN OF KOMTH J FOR STATION 2
SOILH L STANDARD DEVIATION OF MONTH J FDR STATION i
SR204 1 STANRARD DEVIATION OF MONTH J FOR STATION 2
YI1{Iadia¥iZileliy .y, o STANDARTISED MONTHLY FLOWS
CUMITILHSUMI 20, ooy ¢ BUANTITIES TO BE ESTINATEDR
BISVASseEI20 a0y, 1 HODEL PARAMETERS FOR MONTH U
Ul ¢ U2 1 FSEURD - ReNDOM WURMAL DEVIATES GENERATER BY THE
BCX-HULLER #ETHOD
T1{I+JJ0¢ © THE GENERATER SEBUENCE FOR STATION 1 » KONTH ‘41
AND Ith YEAR
¥24i1»40% 3 THE GENERATED SEQUENCE FOR STATION 2 » MONTH JJ°
AXD Tih YEAR
i+ NUMEER OF YEARS FOR WHICH DATA IS AUATLABLE
NI HUMRER OF YEARS FDR WHICH SYNTHETIC DATA IS REQUIRED
FEAL KEANT HEANZ
DIMENSION MEANI{IZ))MERNZ (127 SBI(121y 8201219 X2(100:12)s
IY21{1000 123+ ¥ 2201000 120y RUI{A2) 0 BIZ{12) o R21 12 B22(12) 4
SYITI000 1239 Y2000 120 V13100 1205 120100 1219 41 ( 100, 12}
DIMENSION VARTTI(12) s VARZIZCI2 s COZIITCIR3 o YT(100512) 1 Y4(100,12]
DTHENCION CVI12) QU2 {120 s NYEAR (B0 » TITLET (S0 TITLE2(ED
RIMENSION OX1012001 2012005 BY3 12001 «5Y4(12003»CROSS( 12}
TMENEION GMEAND {121 GHEANZI 12108014120, 0802( 12}
COMION ZR{I21IROID)
OFER{UNIT=1yFILE="THONAS, DAT " s 8TATHS="0LD
QFEN(UNIT=2¢FILE="THOKAS, OUT 9 STATUS="HEY")
HCCEFT $othy il
Al DaTs
FEAIN L A0Q0ITITLED
FEARS Lo R T CONYEARCD YV 41010 39 =10 1219812825830 s I=15M)
REAR{I 10003 TITLEZ
1400 FORMAT(BOAL )

READ: Lods (NYEAR( D) s (X2{ I3 05 =15 120501102031 s T=1 5N}

00 1010 L=1sN

e 1020 M=1.12

I=£2%¢L~-14J

XLCI=X1(Ls 2}
14620 OX2(I=X2(Lr
1616 CONTINUE

WRITE(2+1000} TITLEL

WRITE(2: 1030 INYEARCI s (X1 (T 20 =19 120 s =1y}
1030 FORMAT(IS:12FB.1)

CaLL EXAMCOX1:NeMEANL»SD1)

WRITE(2y 1060 TITLE2

WRITE(25 1040 (MYEAR (D) o (X2( Ty D)p J=1a 1209 I=10)
1040 FORMAT{ISs12FR.1)

Lag N )

Las LA I g B ward

L4 B 5 ]

Lo ]

P ]

4

L0 I - T e B B §

£

I-1/VII




500

100

on

e T

350

CALL EXAR{DX2sM HEANZHSD2}
CALL CROSSLEX1.X20NsMEANTMEANZ ) SP1s5D25 CROSS !

fid=h

o & J=1si2
JJ=JH
IFCLERDY Ji=t1
IF{0ER.12) JJ=]
M7 1=l

YT i (X To 3 -HEANT {00 3 /80 L0
YIH L D=2 {Ta i -HEANZ (1 3/8020 1
Y2y = (XI’I:JJ?-MEﬁNifJJT)fSPi’JJB
J )."s!’}“( ]

Y2 T =020 T ) ~HERAND S
WRITE{Z»500:

FORMAT{/1Xy "STAKDARD UARIARLES /)

HRITE( 22100 (Y21{Tr 00 Y2
FORMAT(SY.4F12,3)
sMi111=0.0

8M1122=0.0

eM1112<0.0

RO 3 I=14N

LR RIS SRS SRR MIL + o
SM1122=SM11224Y12¢1 12 EX2

SXI112=8M1 112411 {1 )Y 12( 1 3}

CONTINUE
aMiitii=cHitt1/aN
BHII22=5M1122/00
CHE112=511112/8N
HRITE{(2:250}
FORMAT(/1X» 'SIGMA(LL) =

2T d)y

y3X}

11003 Y120 s di s 11}

URITE(2:600) GM1111,8M1112,5H1112,541122

A=SN11118SM1122
R=SK13128SH1112
BELTA=a-B
HRITE(2s700IDELTA
FORMAT(2FB,3/2FB.3)
oK2211=0.0
SM2218=0.0
EMe22=0.0
?U ¢ I=isi

2211 =EM221 14 Y20 (T J2HY2

H2212=8H221 24 Y21 Ty IRY22{ 100

H{IJi

2222=Sﬁ2222+¥ L JIYZ2{ D )

CUH*INUE
°52211=SH2211/AN
SH2212=EK2212/AN

o2 222=SH°°22!QN
HRITE(2,3500
FORMAT (/1Xs "'SIGHA(22) =

vk}

HRITE(2,600) 5M2211,5M2212,5M2212,8M222

SM2111=0,90
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RR20 ISR 1 EENDIZ2-BNDITTREMI 1120 TELTA
YAk 12201-20 1O ST -BI2 0 00 aENET 2
YARTIZIL=BK22I0- ?SI'JJ.t M2121-BR2{ 0 esH2127
1512 RS SIEIRES L:1s e W
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."312 =’ .?b:':i‘ LLI

LﬁRI NCE(Z
2030207712400

ool

o 1; J=1;13

I?fLLEQ‘laﬁﬁﬁuJ.EQ.i? 1
TFOL B9, 1.ANDL JLER. L) Y2
f LL ﬂF(ﬂUL'”i!’ v 1o JEs 1Y

{L"ﬂ,-db

(La12)=0.4
i

'F.Q.EO- i k=Ll

JIZISUTRSART (VARITIONG
FI20=01 00T T2 0 FSORT (VARZTI(L)
IVARIILL D

YL J3=RILCA R L KRLZ0S)
Y2(Le BRI YR RO 2L
Y3 DL SR HAEANT LD
TFeYI(Le b LYo YRIL 3=,

YA{L s Jr2¥ 0Ly JIRERD (S REANZ I
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sk

iviw

nAnA
2025

~pT
Akt

COnTINIE

CONTINUE

CRITESZ 950!

FRunT! I(J'GENERQTE
YRITE(Z
FDR%ﬂTf’IX!'H’Fﬁ¥LW GENERATED FLOWS .}
URITEL2:P600 1YL s D d=2ls 1250015 M1 !
FORMAT{1Xs12FC, 1}
CALL EYAM{GYZ:N1.E
WRITE(Z,782
FORMAT( 71Xy "NARAJ GENERATED FLOWS':
VRITE(22805 (V4 {Ladin Jo12120 4051,
TALL EYANIGY4 1 GHEANT G502}
ENREANI=CE
APREAN REDIEY
‘N Tll ," ,:

,S?‘_"Gn’

XHONN Eﬁha'ﬁ.ﬁ
AMONMEANZ =
YMONSDI= C.C
et (RE A
BE 2010 I=1:12

SMME AN ANMEANT  (MEANL (1)-GHEANL (I I0R2
SHMEAN2=ANMEAND+ {MEANZ L TX-BHEANZ (T2
ANSDL=ANSRIF (DI -GSD LI kk2

ANCTP=ANSRZH(END (T -GED24T) 2
CONTINUE
10 2320 =55

SRNMME A S HONKERN T (MEANL L TS -GMEANT (15 5902
nquﬁEﬁNL‘XﬂﬂQHEﬁH°+(HEEN”'I?’BHEERE{ H3% ¢ &

CHONCDL =MGNSDI+ (SRICT-BRRI(IY 1 RX2
NMONSDR-XMONBR2H(SN2( I} '"P” Tiveng
CONTINUE
SRTTE{1T0 2030 { AHREAN T ANMEAND s ANSDL 5 ANETZ « XMONMEANT + XMONMEANZ
1+ XHONS .]lYFUNSALl
FORMATL /1% "ANN, SUM OF SOUARCS OF ERROR IN MEAND FOR SITEL-
1°F13,2/1X 6NN, SUM OF SAUARES 0F ERRGR IN HEAN FOR SITE2='F13.2
21X AN, SUM OF SQUARES OF ERROR IN 8D FOR SITE1='F{3.2/1X"ANN
3, SUM OF SEUARES OF ERROR IM Sh FOR SITE 2='FI12.2/1X'MON. BUN
?DF SOUSRES OF ERROF IN #EAM FOR CITE1='F13.2/1% HONSON SUM OF

SEHUARES OF ERROR IN H AN FOR SITF2/F13.2/1%'HON, SUM OF SQUAR

DEu 0F EFROR IN S FOR SITEl='F13.2/1X°MOM. SUM GF SGUARES OF
? ERROR IN SD FOR SITE2='F13.2:

CALL CROSS1(Y3s Y4341 OMEANT» GMEANZ65D16S02CROSS)

BEQUENCE "7}

LR*H :EAN; lﬁsnl;
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iToE
£Ng
Z SURRQUYTINE BLANULLER
SUERDUTINF RIVMUL(OME *Uus...,- ¥i
STMENSION CHEII 1 TR
M8 I=hi
CAL WEITE{DG IV ONE 5 THOS DS
FOTURR

1

SURRRUTINE KRITE
SHRROUTINE WHITECKX KYstisR)
HRER

CALL RAHDMTL I XD

Pz X‘Jé..CERB

L RANM L {:AZ:

A=LRRT(-2.0AL0GISH
R=RdSTHIR
H=RC08 R
FETURN
TND
SUBRRDUTINE RANDUCIAIVyYFL}
IY=IX%8353¢%
IFIYiTaad
Iv=1Y4214748364741
'IF! -Y ?
TFL=YPLRD, 68386138 ~F
L=V
YFL=YFL-FLOAT(IFL:
FETURN
l'!-{h
%UBRBUTINE DATA
RIMENSION X1(100+12)9X2(100912}
CHARACTER#SO TITLE
TOMMON X19524MaN1
O1E Il
REﬁn:f strlrLE
001 U117
PEAB'I 100) X1{Ird)rX2{1s
WRITE( 28N TITLE
HRITEC 202000 (X1 {TaJin =10 12
URITE 2r3G0 (X2{Ivd3r 1012}
i CORTINUE
WEITECTy400)
% FORMATIASSY
Al FORMAT( 7R8C)
195G FOFMATLFI0.3040X:F 16,3}
204 FORMAT (1% "HIRAKUD 54y 6F10.35 /1340 6F1C. T2
05 FORMAT /1 "NARGI s 7X 0 8F 15, 37130088 10. 30
400 FORHATC/7R{INRY

(<N 4 |

[y
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RETURN

END

SUBROUTINE EXAM{yMYERRS: AVEMONs SIMON?

4 SUBRDUTINE TO CALCULATE MOMTHLY MEANS,SRySLOPES
AND CORRELATIONS START CYCLE BY LOADING 12TH MONTH
COMMON ZB{123:2R{12)

DIMENSION G71)-WORKI(10G}sWORKI(I00) +AVEMON(12)» SIMONCID)
H=NYEAREX12

R 20 I=12+H912

J=1/12

WORKICI=R(D}

{ALL BASICOHORKI+AVEMONC12:SDHMON{12YNYEARS)

M 21 I=1.12

M=]-%

IF (M.EQ.0) N=12

ng 22 =IaNy12
=i Hi1/12

UORK MK =041

CALL BASIC (WORKJsAVEMOMCI )+ SDMBN(I}sNTERARS)
IF (I-13 24,2524

AYEARS=NYERRE-1

E=WORE LD

00 o2& TA=1HYERRS

YORK M T =WORK M T.M41;

CaLL CORREL(HORKI HORK D AVEMDN(MY » AVENON{I T o SIMONIMY +
1ENXONI T s ZR(LI s ZR(TT o NYEARS)

IF (I-10 72827

HYEARS=NYEARSH] -

nd 7% I4=1sNYEARS-1

IN=NYERRS-1J

WORE D TH =UERI M IK-1)

UORKICLI=4

a0 23 K=1.HYERRS

UORKI(X)=HORKMK

CONTINUE

QUTFUT THIS INFORMATION FOR CHECKING
URITEL241081 AVEMON

WRITETZ+114) SDMON

URITE(2:107) TR

WRITE(2s115) IR

FORKAT(/ /¢ MEANS'/SX+12F8.1)
FORMATL 7 * STANDARD DEVIATIONS'/SX12F8.1)
FORMAT(//" SLOPES'/3X:12F8. 3}
FORHATL/, " CORRELATION WITH PREVIOQUS MOMTH'/SX»12FB.3)
RETURN

END

SUBROUTINE BASIC(XsAVERSDHNi

DIMENSION X(1}

THIS SUBROUTINE EYALUATES THE MEAN AND STANDARD DEVIATION
fIf AN INPUT SERIES XsLENGTH N}

I-vi/VIiI
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14

[ ]

EX=0.0

§5X=0.¢

EN=1.3/FLOAT (M)

001 I=1sN

A=X{I}

SX=5X14A

SEX=58X+AXA

AVER=SXIRN

SR=554-SXAVER

SD=S8RT(SD/FLOAT(R-11)

RETURN

END

SURRDUTINE CORREL (XsY2XMEAM: YMEAN,SDX) SDY»SLOPEsRsN)
DRIKERSION X{X)aY(1)oHX1100) 1 HY(100)
THIS SUBROUTINE SIVES THE SLOPE OF THE FIT WHEN Y IS
REGRESSEDR OM XsALSD RyTHE CORRELATION COFFICIENT BETWEEN
TANDY.
MEANS AND SD'S ASSUMED FROM EARLIAR WORK

N3 1 I=1el
HACTI= {1 -XHEAN
¥Y(h=Y(Ti-YHEAN

ENTEE

SAY=SRVHARE

FEX=EENHARA

£gY= S’+Q*P

BEX=5QRT{ESY

28Y=3 QRT(SJIJ

R=3RY/(35X¥55Y;

LSPE-R*SDYJ ..-SX

RETURN

END

SUBRDUTINE CROSSE {(X1sXZ»MyANEANIANEANZHSD1.SH2)CROSS)
RIMENSION X1(100¢12)5X20200:12) +AHEANI (12) s ANEANZ(12},SD1(12)
1»SR2(12)CROSS (1)

8010 =12

SUN=0.0

20 20 Is1sN

SUM=SUM XDy J3-AMERNT {1 ROX2{ T2 J3-AREANZ(J))
CROSS (Y =CUM/ (SR {JIRED20 0 1{N-1)

CONTINUE

WRITE(2»3}(CROBS{I) s d=1+12}

FORMAT{ " (RDSS CORRELATION BETHEEN SITES’/SX«12F8.1)
RETURN

END
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APPENDIX II1I

MONTHLY FLOWS IN MM AT HIRAKUL 1972-1982
1972 1.8 63,64 107.5 82.0 21.1 10.4
1973 1.4 125,72 179.0 190, 4 112.6 30.3
1974 2,2 42,4 25, é 14.8 17,4 6.4
1975 5.6 101.5 220,27 98,9 5749 16.3
1976 1.8 79,4 191,9 2,9 ?.9 4.4
1977 22.8 115.9 170.2 110.9 28.1 7.0
1978 13.1 a2z, 222.7 84, 18.5 8.8
197% 2.5 34.0 92,3 2.8 14,4 4.0
1980 - 33.4 143,9 121.4 217.8 19.7 744
1981 4.3 62.8 133.0 76,0 27 .4 7+3
1982 3.7 30.5 170.4 Sé .2 18.8 7.8
DEC JAN FEB MAR APR MAY
6.6 2,3 2.1 1.2 1.0 0.4
6.8 3.8 2.3 0.8 0.3 0.4
3.4 1.5 1.2 0.9 0.4 0,4
5,7 3.2 2.2 1.2 0.6 0,4
2.8 1,3 0.8 0.7 0.3 0.4
5.1 2.2 2.4 2,3 0.4 0.4
6.0 2.8 2,9 G.7 0.3 0.4
2.9 1.1 G.8 0.7 0.3 0.4
3,7 2.5 1,2 0.7 0.7 0.4
4,0 2.9 3,1 3.2 0.3 0.4
3.8 1.8 2.5 1.0 0.3 0.5
MEANS
8.6 BO.1 . 157.7 54,0 31,5 10.2
4.6 2.3 2.0 1.2 0.4 0,4
‘I I ATIONS
STﬁNngﬁnléle 33,0 44,5 63,5 29.7 7.4
1.5 G.B OB 0.8 0.2 0.0

ITI-1/XVII




[y . INR S - . -
BLOFES - 773 0,303 0,243 0,240

‘14|800 203é1 oy d 0

04 144 0.440 0,446 . %33 ~-0.023  ~0,028
CCORKELATION WITH PREVICUE MONTH

-0.0480 0,661 D.218 0.213 0,020 Q.982

G.735 D772 0,652 D.4602 -0.0681 -0.210

MONTHLY FLOWS AT KAaMHTaAMaL IN MM (1972-82)

1972 1.3 114.9 78.4 161,46 1741 9.1
1973 2.4 261.5 131.6 0.5 &1 .4 37.2
1974 7.7 14.5 43,1 16.2 11.4 -2
1975 .3 7.4 134.1 79.4 29.9 7.
1976 0.8 126.5 288,46 135,64 V7 S
1977 2.8 74,1 177.2 257.2 15,7 12.4
1978 2.9 103.3 495,4 101.8 22.8 18.4
1979 35,3 77.2 141.0 14,7 28.5 4,0
1980 36,6 245,8 85,9 280.6 16.9 7.9
1981 1.3 6.5 208.2 94,9 27.1 2.9
1982 5.2 39,1 160.7 70,7 645 4.7
DEC JAN FEB MAR APR MAY

7R 2.4 0.9 0.5 Gt oL

T2 2o dh 1.1 O, A Oy SEN

2.2 0.9 0.2 0.1 0.0 0.0

S d 1.5 . & G.1 Q.6 Q.2

.2 1.1 G4 LA I | 0.1 1.8

G, 2.3 1.5 G.% 0.4 0.2

2,73 i.3 0.4 D, G

" 1.2 LA .1 (A 2,0

. 3.2 1.3 1.4 0, & .4

1, a5 1.5 L7 1A .4 3

¢ 3 0w oot O, 4 G0 0, 4

III-II/XVII




MEANS

9,7 102.8 177.3 118.4
4‘? 1 () 0"” 00"_.‘
STANDARD LEVIATIONS
2.0 0,5 0,4 6.5
5LOFES
8,593 1.741 -9,082 -0.,009
0,149 0.312 0,374 0,62

CORRELATION WITH FREVIQUS MONTH

-0.,336 0,281 -0.0%5 ~0,01%
0.742 0.7228 0,748 0.342

CRASS CORRELATION BEETWEER g171E¢
0,425 0,742 G 42

.23 0,091

G 379

SIGMACLLY =
0.909
0.386

IT-III/XVII

D.806

0.2

<
Ll

""00 034

0,330

el
-

—
-2
>

0 » Lj.\ ] 1

~OL 070

i1.7

~
i
o

ey

[a]

0.548

0.163

0.867

4] + ':'84

P




SIGMA(22)
.509
0.4674

SIGHALLIZ)
G401
G.3248

kil =

A

0, e

B12 = -0, 220 B2l = 0,292 B22 = 0,134

VARIANCE(1) s VARIANTE(?Y 4ND COVARIANCE

SIGHMALLL)
(.509
(o4

SIGHA(ZZ2)
a.,90%
G.370

SIGHACLZ)
0.289
0.012

El1 =

3.474

O.874
O.902

Or‘JJ )
0

G.aa7

~0.,.050

0.62

1

[ A

774 0.4

VARIANCE(1) » VARIANCE(2) AND COVARIANCE

BIGHACLI1)
4.90%9
0,570

SIGHMACZZ2)
¢.209
0.635

SIGMACI2)
$.193
0.005

El1l =

0.74%

6,570

D900

-3.043
_00012

0.39%

VARTANCE(1) » VARIANCE(2) ANR COVARIANGE

0.819%

SIGHA(LIL) =

0.209 0.435

0.633 0.90%
B16HAC22) =
0.6 O.QIE

J.812 0.90%
506MA(12) =

0,472 =0,08%3

.37 =

d.174

R12Z = —-0.409 E21 = 0.,121% E22 = -0.145
500 .42
RlI2 = -4,298 R21 = H.023 E22 = -0.028
0.9469 O.482°%
III-IV/XVII



Bi1l = 1.142 B1Z ~0,8%1 "ol o= 1,970

VARIANCE(1) s VARIANCE(2) AND COVARIANCE

e

0.295 0.342 0,227

SIGMACLL) =
0.50% ¢.812
0.812 Q.9209

SIGMA(Z2) =
D909 0.8
6. 850 0.9

GMALLIR) =
Q.293 0,
4,830 0

=
’
rJ
li
o
.
¢
LA
-?-l

Bl1 = 3,105  RI2 = -0,137 g2y = 0.4864
VARTANCE (1) » UARTANCE(2) NI COVARTANICE
0,026 0.13% 0,043
SIGMA(L11) =

3.90% 0.8350
0.850 0.20%

SIGMAL22) =
0.909 0.839
0.839 0.70%9

SIGMACLI2Y =

0,548 0.698
0.606 0.674

E11l = 0,135 R12 = 0,641 B21 = -0.214 R22 = 0,942
YARTANCE(Y) o VARIANCE(2) AND COVARIANCE
0.3722 0,404 2.3258
SIGMACLLY

.90 0.83%9
0,339 0.9209

H

SIGMAC2D)
H.909 0,517
IR

STGHACLD)Y =
0,702 0,727
EPET Y S P

#11 = 0.220 BE12 = 0,590 B2 = 0,743 |13

]
)
il
-
-
ad
3%}

HALTANCE(1) VARIAMCE(2) aND COVARIAND

4,320 0,248 0,031
HIEMACLL) .
. 509 0.537
G337 G.900

III-IV/XvIT

B22 = =0.741 ~



HIGMALZ2:

0,909 0.526
0,528 0.90%

SIGMALLZ)

0,893 0,228
0,437 Q. &TE
B11 = Q.774 K12 = -0.210 B21 = (Q.042
UARTANCEZL)Y » VARIANCE(2) OND COVARTANCE
0, 94%7 (3032 G,.330
SIGHACIL) =
0,509 0.524
0, 5246 O.90%
cIGMA(22) =
0,907 0,351
0,351 Q.90%
slGaMA(12) =
0,547 D..125
0,342 0.4%9
Bl11 = 0,785 RiZ? = -0.317 R21 = 0.094
JARTANCE(1) » WARIANCE(Z) AND COVARIANCE
0.51% Q634 2.438
SIGMA(LLY =
0.%0% 0.3951
0,591 0.90¢%
SIGMA(22)Y =
0,90 ~0.044
"{]&OC'.“"‘ 0"?@‘?
GTGEMAET2)
A T VRS 0. 107
{0, 22% 0,558
Ly o= i, 290 1o o= 0,351 r2i = ~0,189

UARTARGCE S 21 AND CIVARTANCE

SIGHALLIL)

00969 -

0. 0449

SIGHAC22)
.79

0.053%

HIGHATL2)
- (" ] i. ‘I‘l' l

0,044 RV

0.064
O.90%

H

0.053
0.50%9

0. AEY
Q.76

IIT-IV/XVII
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0,708

0,488
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.
rJ
1

Bl1 = 1,142 B1Z -0, 891 grr o= 1,070 RZ

VARIANCE(1) » VARIANCE(2) AND COVARIANCE

0.295 0.342 0,227

HIGHMACLIL)Y =
0,909 ¢.812
H.,812 Q.90%

SIGMA(22) =
0.909  0.850
0.850  0.90%

SIGHNAL12)Y =
0.893 0.772
0.830 0.788

R11 = 1.105 E12 = 0,137 E21 = 0.48B4 B22 = 0.254
YARTANCE (1) » VARTANCE(2? ANTC COVART UL
0,029 ¢.13% 0,042
SIGMACLL)

09,909 0.830
0,830 0.9209

SIGMAL22)
e.209 0.839
0.839 0.90%

GIGMACL2Y =
0,548 0.498
0.5064 G674

E11 = 0,135 Bi2 = 0,641 k21 = -0.214 R22 = 0,942
VARIANCE(1) » VARIANCE(2) ANI COVARTANCE
¢,372 0.404 0.325

SIGHALL1L)Y =
0.909 0,839
0.839 0,909

GIGHMA(22) =
H,909 0,537
hLH37 G.909

STHHAI1D) =
2,707 0,727
TN .86
®11 = 9,278 E12 = 0,590 B21 = -0,763 E22 = 1,437
MALLTANCE(L1) » VARIANCE(?2) AND COYARTIANCE
0,320 0.248 0,031

ST MACLL)
4,908 0,537
T G900
III-IV/XVITY
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B11 = »0{463 K12 = 0,680 EZ1 = -0.209 [22 = 0.049.
VARIANCE(1) s VARIANCE(2) AND COVAFRIANCE
O A5G eRAR -0, O3
SIGMA(LIL)Y =

a,20% 0.053
4]

0,053

BIGMACDL) =
G.e0w 0,304
0,84 0.7n%

1
i

SIGMACT 21
0, 139 —~0.064
=0 100 g, 150

BLL = =0.0149 ° 812 = -0.081  §21 = —g,101 gon
VARIANCE(1) + VARIANCE(2) AND COUAKTANCE
0,684 0,874 0,362

GENERATED' SEQUENCE

HIRARUD GEMNERATED FLOUS

Year June July Aug. Sept. Oct. Nov.
31.0 17G.3 ounL. B 17%.8 8.4 13.7
3.9 1% .7 2lE.4 128,42 11.7 A3
1.0 49,1 20244 115.4 .0 Ou 0
15.5 59.9 170.8 22.2 A Za.2
36,1 142,4 206.3 12.3 0,0 L
.0 108.9 16%.5 63,4 31.2 P8
2.4 1.2 132.7 1146.3 416 ig,3
e 43,4 131.0 24,0 0.0 .0
2.1 PE5.D 22,1 114.,9 20,7 &ed
?.3 83.8 185.4 94.2 35.8 16.%
0.0 52.8 YA . 1046.3 G2.7 1.6
1¢.8 g72.1 1%4.5 0. H 6,2 P9
0.0 34,46 154,73 4.3 AB.7 172.0
9.7 83.53 2.0 7.8 4,3 2.9
2.4 B2.9 165.4 A0.0 28.1 &3
4,2 102.6 14636 0.0 A 0.0
21.3 123,535 1g0,0 21.4 26.3 10.3
26,4 125,49 187, 4 14¢.1 215 #.8
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0.0
31.3
1400
11.¢
20.7

2.0
10.7

0.0
23,2

508
23.3
19.5

0.0

3.0
11.4
1.9

Tl

0.0
14.9
15.¢
11.9
16.1

T+0
i7.8
10.1
22.0
21.2

5.0
10.7

3.9
3.6
12.9

F4.4
138. 4
79.9
57.8
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8.7
7.8
91,4
75.7
120.7
141,86
115.8
13,2
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86.0
61.3
33.7
20.1
56.7
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B5.6
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123.3

&2,

b odn
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95,0
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197.2
223.1
191.0
187.0

g83.1
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1%5.,9
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15%.0
1643.,3

26,8
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36.64

0.0
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HEANS

10.6 83,7 157.7 81.5 30,4
9.7 4.6 2.4 2,0 1.3 0.3 0.4
STANDARD DEVIATIONS
2.0 35.9 41,1 $7.8 23,7
6.4 1.4 0.7 0.8 0.7 0,2 0.0
SLGPES
—21.844 2.542 0,507  0.213  0.242
0.262 0.140  0.421 0.704 0,538 ~0.036 -0.031
CORRELATION. WITH FREVICUS MONTH
~0.068 0.638 0,442 0,152 0,592
0.974  0.84% 0.810 0,638 0,571 -0.132 -0.2%3
GENERATED FLOWS Fo R IKANTAMAL
MAY JULY AUG SEPT CCT NGV
25.5  294.5  358,1  234.7 31,6 14,3
be6, 214.7  362.3  150,0 10,2 1,2
5,9 82,4 348.1  258.8 3,5 0.0
13,4 75,0 285.3 0.0 37,4 26.0
2.3 128,3  384.,2 §7.0 4,4 3,0
0.0 59,3  204.4 83,0 22;9 8.6
0.0 24,7 140.2 110.2 34,6 23,7
13.8 49,0 100.1 69,9 7.6 0.0
6.0 136.,1 173.0  131.7 20,6 7.1
12.6 131.5  307.8 79,5 24,0 13,7
10.5  1B5.3  132.1  164.7 33,5 20,3
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MEANS

12,0 110.8 179,45 105, 9
4,8 1.8 'J".f -j‘;_é
STANDARDT REYTATIONS
10,5 73.1 110.,4 61,4
1.9 008 0.4 [
SLOFES
6.414 1.891 0.024 -0,014
CURRELATION WITH FREVIDUS MONTH ]
0.224 0.273 0,018 -0,025
0,730 0,708 0,743 0.530
CROSS CORRELATION BETWEEN SITER
0,431 0,723 0,408 0,701
0.915 0.540 0,627 . héd
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