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ABSTRACT

The author used the term blind data to express the data which can't be directly extrapolated or
managed in other ways. Such data almost exist in two forms—the distorted dala and multi-folded
data. The first appears when the system is subjected to uncontrolled environment and the second
appears when the output curve consists of folds—seem to be cycles—having equal periods along
the time horizon such as the electricity demand. This paper investigates, by using simulation, a
forecasting method developed earlier by the author for distorted data and proposed another fore-
casting method can be applied for hourly and haif-hourly forecasting of electricity demand. An ex-
isting demand curve is used to explatn the logic of the latter method, which in turn can be extended
1o the cases that have a behavior similar to the electricity demand.

INTRODUCTION

Earlier studies have shown that time series analysis is the most commonly quantitative technigue
used to model forecasting in business and production (Gardner and McKenzte 1985, Soltan 1998,
Ragsdale and Plane 2000.) Accurate forecasts or at least forecasts enable a company to build a pro-
duction or service plan with minimum expeeted interruption. Concerning the blind data, electricity
demand forecasting has received a considerable attention (see Taylor and Majithia 2000 and the pa-
pers therein) but forecasting with distorted data seems to be neglected (Soltan 1998.)
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Soitan (1998) has developed a heuristic method 10 solve the forecasting problems that have dis-
torted data—he meant the data that are found impossible 10 follow any trend or can be smoothed by
using the knowm techniques. This method will be successful when it is necessary to forecast under
such critical coaditions. Under a few assumptions, he stated that the problem can be solved using
the time series analysis after combining the original data into several groups having equal number
af points along the time horizon, All groups were assumed to follow a specific probability distribu-
tion with estimable averages and standard deviations. Moreover, he stated that at least one of the
known averages (mean, mode, etc.) can be used as an estimator offers a good trend leading (o an ex-
pected forecast for the next group average. After that, an expected forecast for a point can be easily
obtained under &n estimated probability. The term random quantities was used in the sense of each
consecutive number of data bul not for a distribution at each point; in other words it is different
from forecasting stochastic demand or demand variation {review Bell 2000 for more details about
this point.) The first contribution of this paper isto investigate the method developed by Softan
(1998} for distorted data.

The electricity demand forecasting was invoked since the industrial change of the structure of
electricity supply all over the world. Forecasting the electricity demand is often based on the short-
term. Day-ahead half-hourly or hourly demand forecasts are necessary for time scheduling of power
and for estimating the daily electricity pool price. Bunn (1982) reviews many methods developed
for shon-term forecasting in the electricity supply industry. A popular heuristic approach, based on
a past demand curve, predicts 10 or 11 points on the demand curve—cardinal points—and then
forecasts half-hourly demand by a procedure called profiling which [fits a curve to the cardinal
points (Baker 1985, Taylor and Majithia 2000 ) The past demand curve is often a previous day de-
mand which is chosen subjectively according to similar conditions while it was suggested that pro-
filing half-hourly forecasts of the next day should be extended to more than one past curve. For that
concern, Ramarathan et al. (1997) obtained forecasts by using separate models for each hour of the
day and suggested lhe application of switching and combination procedures to extend their ap-
proach. Tayler and Majithia (2000) invesligates possible profiling improvements by using a con-
trotled weighting mechanism. However, there i3 no statement for a best approach to short-term
electricity demand forecasting. The second contribution of this paper represents a meihod allows the
use of unlimited number of past demand curves to forecast half-hourly or hourly electricity demand.

THE ANALYSIS

Distorted Data

The main assumption in the method developed by Soltan (1998) was 1o have a sufficient number
of periodical data 1o enable the combining procedure to se1 manageable groups. Therefore, it is ba-
sically designed for the systems which respond quantities in short-periods. The objective here is to
investigate the proposition that the group averages approach a trend that can be processed by using
the time series analysis. In addition, it is required 10 differentiate between those averages from the
view of preference.

A simulation procedure is foillowed to generate uniformly distributed data in groups having the
same number of data Ten consecutive groups were generated each time with group sizes 30, 50, 60,
70, BO, and 120 obscrvations respectively. The siatistics calculated were standard deviation, arithin-
etic mean, median, yeomelric mean, harmanic mean, and root mean square. The plots of those sta-
tistics are depicted in Fig 1 (size 30), Fig. 2 (size 50), Fig. 3 (size 60), Fig 4 {size 70). Fig. 5 (size
80), and Fig 6 (size 120} respectively. Note that the mode is not calculated in this analysis 10 avoid
the subtle of nsexistence, but it could be examined if real data are available The procedure can he
simply carried out usiug electronic spreadsheets—£EXCEL 7 for instance—which become common
software tools managers use 1o analyze data and model quantitative problems (Ragsdale and Plane
2000.)
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It seems from Figs. 1 1o 6 that the harmonic mean is the worst trend followed by the geometric
mean and all trends become better as the group size increases. The standard deviation fits a very
good trend, which makes the related calculations aecurate. Note that the geometric mean is not
clearly defined for the bigger sample sizes, therefore it does not appear in Fig. 6 (size 120). How-
ever, the arithmetic mean, median, and root mean square behave in a simifar fashion with trends
having high determination factors. Thus verifying the starement of Soltan (1998) and making those
three averages more reliable for proup average forecasting. There ia no statcment for the best group
size whereas it can be selected using experimentation, There are two trade offs—smaller the group
size, the more accurate forecast for the included points and vice versa for a larger group size. The
advantage of a small group sizc is always achieved if a rend is discovered. But the planncr should
be aware about the nature of data and the required forecasts. The analysis proves that the method
introduced by Soltan {1998) can be fed as a complementary part to the time series analysis to deal
wilh unsiable and unconventional systems.

Another bit of work is necessary if the data distribution is not known in advance—Test of Hy-
pothesis about the group-original data probability distributions. If the experiment fails to define a
probability distribution, the planner may split the group forecasted average by the number of dara
included in each group bul he should be conservative about the quantity declaration {Reler to the
equations in Soltan 1998.)

However, the distorted data in produclion and business are still in 1.ved for extensive work taking
in considcration the simple statistical tcchniques. This because the reliability of the forecasts may
disappear with the complicated techniques especially if thev involve many validation assumprions.

Multi-Folded Data

As declared before, the most known form of mulli-folded data is the hourly or haif-hourly elec-
trieity demand which may cycle every day (sec Fig. 7) with change in the curve parameters. The
profiting approach has a salient drawback that it restricts the number of used pasi curves. Cther
drawbacks exist; it needs to extensive analysis and its application is limited to the short-term fore-
casts. Although the short-term forecasting was reccived a considerable attention. the profiling is still
the most popular approach. Moareover there is a statement that there is no consensus as to the best
approach to shori-term electricity demand forecasting {Taylor and Majithia 2000.) Therefore, this
paper has tried 10 discover a simple method makes the available data managed by known ap-
proaches to the time series analysis. It will be at least a guide to the profiling approach if it is neces-
sary, It gives an initial forecasting solution which may be more accurate than profiling.
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Fig. 7 A day actual demand of a company’s power in MW:  An approximation to the
case curve found in Taylor and Majithia (2000), J. Opl. Res. Soc., Yol 51, No. |, p. 74,
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The method will be explained guided by an actual data curve, shown in Fig. 7, at the National
Grid Company in England, which is responsible for the transmission of electricity. The curve is di-
vided into parts. Each part should include a group of points having a specific trend. Tt is preferred
that the planner looks to more than one past curve Lo settle those divisiuns subjectively or quantita-
tively by using some statistical techniques. The objective here becomes to forecast the parameters
of each division trend by using a number of past data curves on the short- or long-term. After that
the forecasts of any hour or half-hour can be oblained assuming that it is located in a specific divi-
sion (see Fig. 7.)

According to the given data curve, we obtain half-hourly seven divisions—1-12, 12-25, 25-30,
30-34, 34-41, 41-45, and 45-48 respectively. The first division fiis approximately an exponential
curve whereas the other divisions can be approximated by straighi line fittings. Hence, the parame-
lers of those trends can be forecasted easily if other past data curves are available. Points 1, 12, 25,
30, 34, 41, 45, and 48 respectively replace the cardinal points in the profiling approach and can be
used to adjust the forecasted trends because they represent the most critical points on the curve.

As clear, this procedure makes the data relent to the simplest time series analysis; therefure Lhe
objective of the work is achieved at this point. Also the techniques of making the curve division are
beyond the topic of this paper because they depend on the nature of dnta and the importance vl
analysis. Flowever, it can be manipulated subjectively.

CONCLUSION

This paper has addressed the problem of forecasting, which deals with unconventional data forms
called by the author, blind data—ineluding distorted data and multi-folded daia. Those dala are no1
available directly to the ‘ime series analysis. An earlier approach for distorted data is investigated
by the experiment, which exhibited its effectiveness and vatidation of its statements. Another ap-
proach is introduced for the multi-folded data (electricity demand is considered as an example)
forecasting. The approaches seem to be intuitively appealing becausc they were construeled with
simple statistieal lechniques. Moreover, they ean be easily understood and computerized by the
practitioners.

Moreover, the first approach can be applied to the high variability mulii-folded data by eonsider-

ing each fold as a single group, but in theses cases it fails to expect forecasts for an individual point
especially in the ease of hourly electrieity demand. However, it ean supply an aceurate forecast for
the total eleetricity demand during the whole day.
Profiling is the most popular approach for foreeasting eleeiricity demand, nevertheless there is no
reliability about its foreeasts, although it is subjecied 10 several improvements aod 1rials o include
more than one pasi daia curve (refer to Taylor and Majithia 2000.) llowever, there is no assurance
that the curremt approaches, including our approach, obtain the optimum short-1erm forecasts lor
hourly or half-hourly eleciricity demand. Therefore, as a future work the author proposes the inte-
gration belween profiling and the approach presented here or another similar one lo eliminate exten-
sive statistical wurk, minimize the forecasling error, and deal with the long-lerm forecastiog.
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