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The basis for a reliable forecasting of the expected municipal water
demands is the knowledge of the factors which modify the demands on water
supply both in space and in time. Water demand is in itself a kind of social
requirement, therefore it is function of social development.

According to the materialistic conception, the decisive impelling force
of social development lies in the production. Relying on the strength of this
ascertainment, the magnitude of the municipal water demand can be stated
to be defined in the first line by the degree of evolution of the productive forces.

1. Definitive and affecting factors of lomg-range municipal water demand

The change in water demand is the result of the simultaneous effect
of a great number of factors. These factors may be grouped according to their
evident appearance or concealed effects. Accordingly, they can be distinguished
as [1]:

— fundamental determinants. and

-— operative factors, affecting the former ones.

The fundamental determinants are

— expected number of the inhabitants (NN;), and

— expected per capita water demand (g;).

The operative factors have been summarized in Fig. I.

2. Investigations on, and results of forecasting the probable water demand

Investigations were carried out in order to establish forecast of water
demands to be expected in selected agglomerations, by using various research
methods. In the research in vestigations, so-called mechanical procedures have
been applied, mainly as a check, as well as analytic methods which permitted
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to take into account several operative factors simultaneously. These methods
have been treated at length in an earlier paper [2]; in the presented study
the authors intend to report on the application of these methods.

2.1. Application of mechanical methods

From among the mechanical methods, trending and extrapolation have
been applied.

If, at a time, a suitable number of data are available, one may determine
the trend of preceding development. If one assumes the preceding rate of
development observed to hold also for the forecast period, then from the
data being at disposal one can forecast long-term water demands. As an illustra-
tion, the results obtained in establishing the forecast of the water demands
of Bratislava are presented. It is to be noted that these results show the
development of the total water demand of the city.

The average daily water consumption for each month through 66 months
was measured, from June 1967 to July 1972, By making use of the measure-
ment results, the trend of consumption was determined with the help of a
computer and the equation of the trend curve was approximated by mathe-
matical relationships assuming the consumption data of the base year to agree
with the water demands (Table 1). Extrapolating the trend yielded values
of water demands to be expected for the years 1980, 1990 and 2000 listed
in Table 2 [3].

Table 1

The trend of water consumption in the city of Bratislava

Number R of Correlation index | Equation
morIxthz R : Q(m3/day)
Linear approximation
1-66 0.7880 [ 121 679.85+510.512 - T
1-60 | 07710 121171.27+534.214 . I
1354 0.7277 121 072.34+-539.801 - I
1-—-48 0.8064 118 707.64--675.655 - I

Approximation through a progressively increasing curve

1-66 0.7912 121 985.552 - €0,0037,
1—60 0.7756 121 458,137 - €0,009,
1—54 0.7354 121 270,982 . g0,00101,
1—48 0.8113 119 168.984 . e?,00502,

1
I
I
I
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However, this method of forecasting should only bhe applied with pre-
caution, and after a certain time, the results should be modified by using
corrective factors to eliminate the inherent errors of mechanical methods.

Table 2

Forecast water demands of the city of Bratislava

i 1980 ] 1990 2000
.M?nths \‘ Form of appioximation : -
involved \ > 100 Q (m®/day)
1—-66 Linear exponential : 194.7 255.9 | 317.2
2079 3253 5090
1—60  Linear exponential 1976 2617 325.8
213.1 341.4 547.2
1354 Linear exponential 198.3 263.0 327.8
215.2 348.2 563.4
1—48 | Linear exponential L2153 296.4 377.5
' 244.3 146.2 815.0

2.2. Application of analviic methods

When using analytic methods, one should investigate separately the
development trends of the fundamental determinants defining the water
demands and to correct their rate of development depending on the probable
effect of the operative factors.

2.2.1. Investigation of the factor of growth of per capita water demands

From among the investigations of the growth factors of the fundamental
determinants only those of the per capita water demands are reported. The
determination of the growth factor of per capita water demands has been
dealt with, among others, by Dieirich and REINBECE [4]. As a result of his
investigations, Dieirich found a relationship between the growth factor of
per capita water demands and time, in agreement with our own investigations.
Analyzing our forecast data on the basis of Dietrich’s diagram (Fig. 2) the
following conclusions may be drawn:

— at theinitial segment of the curve alag of about 10 years may be observed,
— it is probable that the slope of the curve will be steeper than that of

Dietrich’s curve which proves that the rate of development was here

more marked than in the F.R.G. during the corresponding period.
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2.22. Forecasting the development irend of the factors determining the total average
water demands (extrapolation of the complex trend)

If sufficient actual data are available for the extrapolation of the funda-
mental determinants, so they can be forecast separately by using the familiar
methods [2]. By taking into account the same basic periods in the trend
function of the fundamental determinants, at the end of the planning period,
the total water demand to be expected may be determined as follows:

Qz‘@:_,."_;'_"'ZQOCDf (1)
No g e i3

wherein

Q,, and Q,, —average water demands at the end of the planning period and
in the base year, respectively,

N, and N; — number of inhabitants at the end of the planning period and
in the base vear, respectively,

g, and g, — average per capita daily water demands at the end of the
planning period and in the base year, respectively,

e, and e, — percentages of population enjoying central water supply

at the end of the planning period and in the base year. respec-
tively.
This method of forecasting is a skeleton to be modified according to
the effects of the operative factors. From among the investigations performed,
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an account is given on the results of the analysis made in connection with
the city of Bratislava (Table 3).

Table 3

Forecasts of water demands

Total water demands to be expected Q m¥/day

Method of forecasting 1980 1990 2000
Analytical method 273.976 |  407.018  508.997
linear 215.326 296.404 377.482
Trending v
exponential 244,301 446.216 . 815.012

For the sake of comparison it should be mentioned that when investigat-
ing the trend of water demands in connection with Budapest and Miskolc
the following results were ohtained for the time-dependent average per capita

water demands (Table 4) [5]. [6].

Table 4

Development of the average per capita water demands

City Budapest ! Miskole

' average per Ci\pitﬂ total
Year ; water demand g,
(lit/eapita/day)

1972 435 390%
1980 630 540
1990 775 660
2000 850 750
2030 1020 950

*Estimated from data of 1971

2.2.3. Simulation

In order to forecast per capita water demands, from among the funda-
mental determinants, the deviation from the average and the distribution
of the water demands by making use of the available data was analyzed as a
first step [7].

In order to characterize the probability distribution of expected per
capita water demands, the lognormal distribution function was applied ( Fig. 3)
because computer-made fitting tests have proved that with an increasing
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homogeneity of the data, an increasing area involved an inereasing satisfaction
of water demands, the demands tend towards the lognormal distribution.

The intention of the present investigations was to simulate the water
demands involving the effects of the operative factors. If one knows also the
probability distribution function of the development of the population supplied.
one can also establish the probability distribution function of total water
demands which permits a reliable forecast.

Sumimary

Forecasting the water demands of a settlement is a technical and in most cases economie-
al problem. From the methods reported herein for the forecast of water demands the authors
consider the analytical methods as the most successful ones, in all cases where appropriate and
reliable data are available. In a number of cases, however, the lack or unreliability of significant
data makes necessary to apply other, e.g. mechanical methods which, in certain respect, are
less accurate. For instance in the case of the city of Bratislava several forecasting methods
were used. The results show that for a short-range forecast, the mechanical methods e.g. trending
give acceptable results, but it is thought necessary to apply simultaneously several methods in the
case of long-range forecasting as well as the careful consideration of the results from the technical
point of view (e.g. the assessment from the engineering viewpoint of computer outputs) as
sell as the revision at given periods and if necessary, modification of the estimates.
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