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Abstract Time series techniques are applied to Ghara-Aghaj flow records, in order to generate forecast
values of the mean monthly river flows. The study of data and its correlogram shows the effect of seasonality
and provide no evidence of trend. The autoregressive models of order one and two (AR, AR2), moving
average model of order one and ARMA (1,1) model] are fitted to the stationary series, where the AR2 model
yields results which are statistically compatible with the past records. For a better understanding of the
behavior the spectral analyses of the data and exhaustive statistical tests are also provided. Synthetic data
generated by AR2 maodel together with historical data are then used to obtain reservoir storage for varying
design pertods, and draft rates. For this, the Stall’s method which 1s a more sophisticated form of mass curve
is employed. Results are given as two design curves.
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INTRODUCTION

The length of records of rivers in the Fars province is
inadequate in comparison with the design period of adam.
Therefore, for arealistic design itis necessary to utilize not
only the historical data but synthesis sequences which

could possibly occur in the future.
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To generate forecast values of the mean monthly river
flows, time series techniques which preserve the relevant
statistical parameters of the past records are applied to the
longest records of Fars rivers; that is, those of the Ghara-
Aghaj at Band-e-Bahman. The statistical methods for
analysing time series are well established. The traditional

methods are mainly concemed with isolating the
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deterministic components {trend and periodicities) and
the stochastic components. The latter may then be ex-
plained in terms of stochastic models, such as moving-
average or autoregressive models. If time series tech-
nigues result in a model truly representative, the synthetic
data should provide records some of which can be more
critical than those observed in the past and these can be

combined with historical records for design purposes.

THE GHARA-AGHA]J RIVER FLOW
ANALYSIS

The longest record of the Ghara-Aghaj stretches back for
15 years; this is at Band-e -Bahman wherce the caichment
intercepted is 24 10 square kilometers. The firststepin time
series analysis showed that no sigaificant trends or long
term fluctuations were present in the serics of recorded
Ghara-Aghaj river {Tows. This was casily ascertained by
inspection of the series of annual means against the sample
mean. Another procedure, the weighted moving-average
method, has also Tailed to reveal trends. Obviously. in the
abscence of trends, the removal of periodicities (annual and
scasonal variation) is a prerequisite to the analysis of the
stochastic components. In order 10 achieve this serial
correlograms and spectrum have been used.

Serial correlogram is a plot of the autocorrelation
coefficient against time lag {2} and is a graphical represen-
tation of the storage processes in the catchment. The
correlogram of the Ghara-Aghaj river flows is shown in
Figure 1(a). The presence of annual cycle is obvious from
this ligure,

Another well-known means for the exploration of the

internal structure of a time series is aspectrum. Incontrast

process through time, a spectrum considers the trequency
properties of a time series. The spectrum is a plot of the
spectral density against tfrequency [71. The spectrumof the
Ghara-Aghaj river flows is shown in Figure 2, which
confirms the presence of an annual cycle with asharp peak
at 0.52 cycle per month.
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Removal of Pertodicities

Periodicities of the analyzed data cdeprcted by Fagures Hay
& 2) were removed In two simple sieps:
a) cach individual observation was subtracied from the

corresponding observation in the previous walcr vear:
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this may be considered as the removal of annual eycle.
b) the first step was followed by the sunple procedure of

calculating the twelve monthly averages and subtract-
ing the appropriate one from cach iwndividual record
and then dividing the result by the standard deviation;
this may be considered as the removal of scasonal
eftects.,

The correlograms of the stationary series (Figure 1(b)),
shows that the first four coefficients are significantly
different from zero. In other words, the coetficients die
exponentially and the coefficients beyond lag one are not
significantly different from zero. The spectrum of the
stationary series (Figure 2), demonstrates the efficiency of
the simple procedure described above in removing

periodicities.

A STOCHASTIC MODEL FOR THE
GHARA-AGHAJ RIVER

Three well-known stochastic models are autoregressive,
moving average and autoregressive moving average mod-
c¢ls. The correlogram of a given time series provides sonme
ideas as to which stochastic model will be appropriate to
describe a time series. The correlogram of the stationary
series (Figure 1(b)) shows that the coefticients die expo-
nentially and that the coefficients beyond lag one aue not
significantly different from zero. This 1s an adequate
criterion for an AR modet of a short memory 121, There-

fore, an AR (Markov 1) model or an AR2 model secm
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Figure 2. Spectrum of monthly mean flow
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appropriafe for the Ghara-Aghaj, that is:

qtzalqt_|+zqu“+2‘ (1)
where g g, and g, are Hows in monthts, U -1 and 12,
Z 1x the random component, and a, =1 and i, =0doran
AR T model; and

Lol r,-r,
i, = —

1

1-1) -1~

for an AR2 model.

For the Ghara-Aghaj the AR2 model was found more
appropriate. The correlogram of Z is shown in Figure 1(c).
Note that the 95% confidence limit is equal to +2 /YN,
Fitling MA and ARMA to the stationary series of Ghaa-

Aghaj records was found to be unsatisfactory.
Hurst’s Coeflicient

To Justifiy the apropriateness of the AR2 model lor the
Ghara-Aghaj, another criterion known to hydrologists as
the Hurst’s coefficient was calculated. According to Hurst
et al . [4] and Mandelbort and Wallis [8], the ratio of range
R to the standard deviation of flow s in & sequence of N
values is R/s = k.N¥, The exponential constant H should
not be significantly different to 0.5 if an AR model based
on a short memory is to be adopted. For the Ghara-Aghaj
the mean value of Hurst’s coctficient was found to be equal
t0 (.52, This 1s not considered to be significantly ditfferent

tx (15,
Synthesized Data

Draita generation based on an AR2 model 1s done using onc
half od the vecond af a e, The synthetic sequences are
tested against the othier half by plotting the cumulative
distribution functions of Figure 3. This figure reveals the
close match between the historical and synthestzed data,
Further statistical tests inciuding Kolmogorov Smirnov

two-sample tests, confirm that the synthesized and
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historical data come from the same population. In the
following synthetic stream, flows generated by the AR2
model are combined with historical flows to obtain the
reservoir storage capacity for varying design periods and
draft rates. Utilizing AR generated stream flows, for the
prediction of reservoir storage capacity is also recom-
mended by Kendall and Dracup [6] and Masahiko et al. [9].

RESERVOIR STORAGE DESIGN

In order to determine reservoir capacities for varying
rates of outflow and design periods, the Stali’s method
[10] has been computerized. Basically, the approach is to
find nonoverlapping critical low flow (drouth) periods of

m month and rank them. If N is the number of years of
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data, the lowest sequence is assumed to have a mean
return period of N. The K™ lowest sequence will have a
mean return period of N/K. In fact the plotting position of
form P=K/Nis used. The application of Stall’s method to
the data for several low flow series is presented in Figures

4 and 5. Figure 4 can help the designer to obtain the gross
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Figure 4. Draft rate available during a 30-year drouth from
Various reservoir capacities
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Figure 5. Draft rate available during selected recurrence inter-
vals from a theoretical reservoir on Ghara- Aghaj with a capacity
of 14 x 10’'m?
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draftrate from reservoirs of various capacities during a
drouth of selected recurrence intervals, Figure S represents
the performance of a particular reservoir of a known
capacity during drouths which have various recurrence
intervals.

The end portion of the first curve tends to increase its
slopes. In other words, an increment of reservoir capacity
provides lesser increment of available draft rate. In con-
trast, the end portion of the second curve tends to decrease
its slope, so that an increase in the draft rate results in a
water shortage during a drouth which has lower return
periods. These two points allow the designer to choose an

optimum design,

CONCLUSION

The methodology described in this paper constitutes a
rational approach to the solution of the problem of deter-
mining the gross yield of a reservoir, and represents an
efficient overall use of basic stream flow data to aid the
hydrologist’s judgment in the selection of an optimum
design. Ditticulties of design due to lack of long sequences
of reliable river flow data may be overcome by the stochas-
tic models as data generating systems. Generated stream
flows by AR models are more reliable than those generated
by conventional methods. As a result the Stall’s method
complemented by AR modcels gives a better and more
accurale estimate of reservoir storage capacity, and pro-
vides amore reliable program tor controlling the draft rate

and hence preventing drouths.
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