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APPLICATION OF TIME-SERIES-CROSS-SECTION
DATA IN THE CASE OF FORECASTING SALE
IN AN ENTERPRISE

Summary: The article treats possibilities of using time-series-cross-section data for sales
forecasting in an enterprise. Different kind of approaches to econometric forecasting using
TSCS data are presented. Short-run forecasts of gasoline sales according to regions in Poland
are determined and their quality with the use of the ex-post measures is estimated. The most
accurate forecasting methods are then used to create a combined forecast. In the summary.
advantages and disadvantages of the particular approaches are indicated as well as the
conditions of their practical use.
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1. Introduction

Time-series-cross-section data (TSCS data) enables to conduct more accurate
analysis than time series data or simply spatial data. Besides their ability to analyze
the phenomena in time and space separately, they make economic variables research
possible in these dimensions at the same time. Although they seem to be very useful,
there are not many papers about forecasting based on this data in Polish literature,
basically due to the low availability of statistical data. The other reason is that not in
all cases can this data be used jointly. TSCS data is very often called panel data and
are analyzed in a manner appropriate for panel data'.

In the analyzed case, TSCS data for 16 objects (representing population) and 31
time periods will be considered. The aim of the paper is presenting the possibilities of
sale forecasting based on TSCS data. The basic purpose of presenting short-run
forecasts will be determining the future sale of gasoline 95Unleaded based on
statistical data provided by the LOTOS Group, according to regions. In point of fact,
in the scope of modelling and forecasting of the sale, every known method can be
used. The choice, however, is determined most of all by the availability of statistical

! Because of the nature of the paper, the differences in definitions between TSCS data and panels
will be omitted.
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data. Heuristic methods are useful when forecasting the sale of new products is the
case, whereas statistical and econometric methods can be used for forecasting products
already existing on the market, when historical data are available. The approaches to
forecasting which are presented in the paper are of an econometric type>.

2. Determinants of fuel sales

In the presented research the data concerning unleaded gasoline sales in the period
of January 2006 — July 2008 according to regions have been used®. The forecasting
period is between August 2008 and October 2008. Total gasoline sales during the
analysed period is presented in Figure 1. It is clear that the sales are characterised by
the growing tendency for seasonal deviations. Total gasoline sales according to the
regions during the analysis period is presented in Figure 2 and indicates a large
variation in space.

14000 000
13 000 000
12 000 000 /\\/

11 000 000 //\\,\/‘\ // \v"\ /J“/
10 000 000 7 W/ NV,

9000 000 7

$000 000 -\
7000 OOO T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
© F & © & O ® P
\ Q" O K O D Q' " " O
STPFTIPPFTPFT ISP FP PSP
N e N

litres

Figure 1. Unleaded gasoline sales time-series data

Source: Based on LOTOS SA data.

Based on the analysis concerning fuel markets in Poland and in the world [eg.
Sobiechowska-Ziegert 2005; Dees et al. 2005], explanatory variables that show
variability in time, in space or both in time and space have been chosen for econometric
modelling. Table 1 presents a detailed list of variables being used in this type of
research.

2 Presented approaches to forecasting sales do not include macro-environment.
3 Unleaded gasoline sales data concerning own stations and agency arrangements stations obtained
from LOTOS Joint Stock Company (LOTOS SA).
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Figure 2. Unleaded gasoline sales during the analysis period; cross-section data
Source: Based on LOTOS SA data.
Table 1. Unleaded gasoline sales determinants
Sales determinants in time: Sales determinants in space:
1. Gasoline retail price [PLN/I] 1. Gasoline retail price [PLN/I]
2. Average gross wages [PLN] 2. Average gross wages [PLN]
3. Substitution fuel retail price (LPG) [PLN/1] 3. Substitution fuel retail price (LPG) [PLN/1]
4. Seasonal dummies 4. Market power coefficient (intensity
of competition)
5. Time trend 5. Dummies related to regions location

Source: own study.

The determinant that varies in time and space is gasoline retail price (see Figure 3).

Average gross wages are another factor that shows changes in time and space
(see Figure 4). It can therefore be used for sale modelling according to time-series
data, cross-section data or both time-series-cross-section data.

Despite the fact that LPG price (fuel substitutable for gasoline) shows variability
in time and space, it will not be further considered because it appeared to be
statistically insignificant.

The only factor that needs to be explained is market power coefficient (MPC).
MPC factor usually takes the form of the quotient of the number of stations owned
by one producer and the size of the region or the number of stations owned by one
producer and the number of stations owned by the nearest competitor. Some authors
also use the quotient of the total number of stations and the size of the region [Bello,
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Figure 3. Average unleaded gasoline price [PLN/litre] during the analysed period
Source: Based on LOTOS SA data.
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Figure 4. Average Gross wages in the corporate sector during the analysis period [PLN]

Source: Based on Central Statistical Office (GUS).

Cavero 2007]. In this case the first solution has been used and the MPC factor has
been estimated according to the following formula:
GS;
MPC; = RS, (1.1)

where: MPC,— market power coefficient of the producer in the region i,

GS, —number of gasoline stations owned by LOTOS SA and the agent sta-

tions in the region i,
RS, —size of the region i.

MPC in the analyzed period was characterized most of all by variability in space
(see Figure 5). Variability in time appeared to be impossible to observe because of
the data frequency.

In the scientific papers in the field of fuel market analysis, other explanatory
variables which play the role of sale determinants are also used. These variables are
related most of all to the location of the region, for example: the number of routes
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Figure 5. The average Market Power Coefficient (MPC) of the producer during the analysis period

Source: Based on LOTOS SA data.

and their purpose (expressways, highways), agricultural or industrial character of the
region, proximity to other countries or regions [Banfi et al. 2005]. In the analyzed
case all mentioned variables appeared to be statistically insignificant.

3. Forecasts of sales

To forecast unleaded gasoline sales every approach discussed before has been used.
The forecasting period was between August and October 2008. Because of the
availability of the actual values of dependent variable in the forecasting period,
forecast accuracy measures have also been set. To increase accuracy, a combined
forecast has been created using the methods regarded as best in this case.

In the simplest approach, using time-series data, the sale forecast has been set
based on the following time-trend model*:

11
Ve = bo + byt + byt? +chSRj +u, (1.2)
j=1
where: b, b, b,, ¢ - structural parameters of the time-trend model,
— seasonal dummies related to the last season.

A detailed forecast for the individual regions has been obtained based on their
average shares in total sales assuming that these shares will not change in the
forecasting period®. The results are presented in Table 2 and in Figure 6.

* The proposed parabolic time trend model described gasoline sales best. The estimation results
allowed to use this model for forecasting.

> Assumption of maintaining the constancy of the shares in the future was made due to the short
horizon of the forecast.
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Analyzing the results presented above, one can notice that the most accurate
forecast has been obtained for: Dolnoslaski, Warminsko-mazurski and Wielkopolski,
while the least accurate was for: Zachodniopomorski, Podkarpacki and Podlaski.
The reason for it was the assumption of a constant share of sales that was varying in
different directions and the strength of individual regions during the analysed period.
The results achieved based on this approach could be improved by taking into account
the company’s strategic plans for entering new markets or omitting old ones. The
forecasts obtained in this approach are on average underestimated and their average
relative error is 15.8%.
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Figure 6. Forecast of unleaded gasoline sales according to model 1.2

Source: own study.

In a more laborious approach, different analytical forms and econometric models
types have been used because of the heterogeneity of the regions®. For the purpose of
forecasting, models which best reflected gasoline sales during the analysed period,
have been chosen. A forecast for each region based on cause-effect models has been
obtained using forecasting values of gross wages for individual provinces and
producer’s assumptions concerning future, desirable retail prices at gas stations
according to the regions.The results have been presented in Table 3 and in Figure 7.
While analyzing the results it can be observed that the above approach allowed to
obtain accurate sales forecasts in most provinces. The exception is the region of Opole
where the average relative ex-post error was 21.5% and the region of Lodz where the
average, relative ex-post error was 17.6%. The forecast accuracy in this approach

¢ Variation coefficient for the total sale according to regions was 103.8%.
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can be improved by using econometric models better describing the sales in the
object. Forecasts obtained in this approach are on average underestimated and their
average relative error is 8.8%.
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Figure 7. Forecast of unleaded gasoline sales according to models for the individual regions

Source: own study.

In the static approach, cross-section models for sales forecasting have been used.
In the analyzed case, because of the seasonality of gasoline sales, cross-section
models for homologous periods have been estimated. This means that the period of
the last available observation for the forecast for August 2008 was August 2007, and
so on. Using previously presented gasoline sales determinants, the following cross-
section model has been estimated:

yi = bo + blxli + bzXzi + b3X3i + b4X4 + u,: (13)

where: x,, — a retail price of gasoline in region Z,
x,, — the average gross wages in the industry for region i,
x,,—MPC in region i,
x, — dummy variable with value 1 for Pomorskie region (location of the
producer) and value 0 for other regions.

The sales forecast for the regions has been set using the producer’s assumptions
about retail prices, forecasting values of gross wages and the last available observation
concerning MPC’.The results are presented in Table 4 and in Figure 8.

7 Due to the construction of the coefficient and the short-term forecast it has been assumed that in
the forecasting period this ratio does not change.
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Figure 8. Forecast of unleaded gasoline sales according to cross-section models
in homologous periods

Source: own study.

It can be noticed that the results obtained in this approach are much worse than
in the previous one. The average ex-post error is about 28.2% and the forecasts are
overestimated. The sales forecast for some provinces can be regarded as completely
inaccurate (Swigtokrzyski, Podlaski, Opolski). The reason for it is the heterogeneity
of the objects that are not included in the presented cross-section models.

In the quasi-dynamic approach the general form of model 1.3 has been used.
31 cross-section models of sales for each month of the analyzed period have been
estimated in the first place. They were used to check whether structural parameters’
variations in time are statistically significant. The above mentioned model has been
also estimated for the average values in the analyzed period (average values model).
After receiving the series of structural parameters estimates, their linear trends have
been estimated. It appeared that parameters b, and b, do not show significant changes
in time. Parameters b, and b, are characterized by insignificant trends, they show,
however, a significant seasonal variation. Parameter b, is characterized by a significant
decreasing tendency as well as seasonal deviations. Therefore it was decided to use
the following solution. For the purpose of the forecast, parameters b,and b, obtained
from the average values model have been used as well as forecasting values of the
parameters b,, b, i b,, according to their trends. The results are presented in Table 5
and in Figure 9.

While analyzing the presented results it should be noticed that in the regions
where the sale is the lowest the forecast values are negative. This is because, in the
case of cross-section modelling, when values of a dependent variable vary in space
and additionally when the objects are heterogeneous, estimated parameters do not
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fully reflect relations among variables. This method of forecasting enabled to achieve
the average squared error of 35% which means that a quasi-dynamic approach should
not be used in that type of analysis.
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Figure 9. Forecast of the unleaded gasoline sale according to cross-section models including structural
parameters variation in time

Source: own study.
The collected data also allows to conduct the combined analysis in time and in

space. Because of the fact that dependent variable varies in time and space, cross-section-
time-series dynamic model with individual effects in the following form was used:®

Yit = boit + byieXait + b2 ieVie-1 + Vi + Uy (1.4)
where: x,, —retail gasoline price in region i in time period ¢,
Y;,_1 — gasoline sales in region i in time period 7 — 1,
v, —individual effect for region /°.

The above presented model was estimated with the OLS method. The detailed
forecast was produced based on previous assumptions about average retail prices
and by including individual effects. The results are presented in Table 6 and in
Figure 10. The obtained results indicate a slightly lower average forecast accuracy
than in the second approach when the individual models for each region were used.
The average ex-post error is 13.2% and forecasts are overestimated. The least
accurate sale forecast was determined for: Swigtokrzyski, Zachodniopomorski and
Opolski.

8 The average gross wages appeared to be insignificant and were removed from the model.
° Factors changing in space, such as the number of petrol stations, highways, proximity to the
border, are the reason for introducing individual effects for the region.
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Figure 10. Forecast of unleaded gasoline sales according to time-series-cross-section model including
individual effects.

To increase accuracy, the combined forecast of two predictions, which were
considered the best, was created. The components of the combined forecast were the
results obtained using the second approach (individual models for each region) and
cross-section-time-series model. Weights were assigned on the basis of ex-post errors
for those approaches [Dittmann 2008]. The results are presented in Table 7 and in
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Figure 11. Combined forecast of gasoline sales

Source: own source.
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Table 8. Comparison of accuracy measures for set forecasts

Mean Relative Average Relative ex-post
Prediction methodology forecast forecast ex-post error error for all
bias bias (liters) objects
Time trend model (1.2) 33360 4.93% 112 152 15.79%
Individual models (second approach) 5404 0.77% 62 766 8.83%
Cross-section model (1.3)
(static approach) —82 343 10.4% 200 145 28.2%
Cross-section model (1.3)
(quasi-dynamic approach) 170 478 31.57% 250 097 35.20%
Cross-section-time-series model
with individual effects —682 —0.10% 93 757 13.20%
Combined forecast 3715 0.5% 55547 7.8%

Source: own study.

Figure 11. They confirm the correctness of the decision of the combined prediction.
As a result of the combination the underestimated forecast was achieved with the
ex-post error of 7.8%. The detailed list of accuracy measures for all created forecasts
is presented in Table 8.

4. Conclusion

Forecasting the method of sales based on time-trend model enabled to achieve the
average squared error of 15.8% for all regions and forecasting periods. Its advantage
is that it is computationally simple and can be set on the basis of one model. Its
disadvantage, however, is that it does not take into account possible changes in
geographical sales structure. A solution could be an adjustment of the total sales
indices for each object on the basis of the company’s strategic plans, which would
allow for more accurate forecasts. In the regional breakdown, based on time-series
data (the second approach) one versatile econometric model for the sale of fuel
cannot be applied due to the fact that the analyzed objects are heterogeneous. The
sales in various provinces depends on varied factors. Therefore, for the purpose of
forecasting the best fitted models should be chosen. This approach, although very
laborious, gives satisfactory results in terms of an accurate forecast. The advantage
of this approach is that spatially customized models enable to improve forecast
accuracy. In the analyzed case several impermissible forecasts were obtained that
undoubtedly affected the final accuracy of the forecast. Further research in this area
should consist of searching for models that better reflect the regularity occurring in
these regions. The disadvantage of the approach is its laborious intensity. Monitoring
of sales in geographical terms, taking into account the business strategy and changes
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in individual objects, would probably improve the accuracy of predictions using this
method, thus increasing its practical usefulness.

The approach to constructing cross-section models for homologous periods was
used in the static analysis based on the cross-section data. Given the very large
variation in the dependent variable in space (variation coefficients in the regional
breakdown for the homologous periods amounted to: 1.109 for August 2007, 1.0346
for September 2007 and 1.0167 for October 2007), the obtained forecasts are not
distinguished with high accuracy. The analysis of the results, however, allows to
conclude that after adjustment to certain objects, the forecast accuracy could be
higher. For provinces where the sale of fuel is lower than average, some weightings
downward coefficients for sales forecasts should be introduced. The advantage of this
method is that it does not require complex calculations. On the other hand the
disadvantage is that it does not take into account the diversity of endogenous variable
in terms of geography, which reduces the accuracy of the forecasts. For the prediction
of phenomena in such highly diverse objects, this method should rather not be used.
In the quasi-dynamic analysis, based on cross-section data and models for all time
periods, the average squared error of 35% was achieved. This is caused by the high
variation of sales in space as well as the averaging and prediction of structural
parameters. This also leads to the fact that it is possible to obtain negative values in
provinces where there is the lowest sales of fuel, which does not let the application
of this approach to the above example. The advantage of this method is an ability to
determine trends in structural parameters. This method, however, is labour intensive
because of the need for estimating both spatial models for each unit of time as well
as time-trend models of structural parameters. For long time series the workload
ratio for the effect is too high. Due to the large variation of the dependent variable,
time-series-cross-section analysis was conducted in accordance with individual
effects. In this approach the average squared error of 13.2% and the lowest forecast
bias were achieved. The advantage of this method is that it takes into account changes
both in time and space, but is rather computationally complex. This method is
remarkable in supporting the increasingly common use of computer packages with
the option for a panel data estimation. A combined forecast, constructed on the basis
of'the two most accurate predictions, allowed to determine the average underestimated
forecasts, with an error of slightly below 8%. The combination of forecasts taking
into account the most accurate approaches is becoming an increasingly popular
method of forecasting, because it usually allows to receive the most accurate
forecasts. There is a possibility, however, of obtaining estimates characterized by
less accuracy than the forecasts included in the composition [Dittmann 2008].

Due to the fact that ex-post measures have been used for the evaluation of the
forecasts,the above analysis can be a source to search for the best method of
forecasting of sales for the company. For the above example the most accurate
approaches proved to be: individual models for each region (the second approach),
cross-section-time-series approach with individual effects and the combined forecast.
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To use these methods in practice, constant monitoring of the obtained forecasts as
well as constant updating of the models are recommended, taking into account
changes in the structure of sales and marketing strategy.
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WYKORZYSTANIE DANYCH PRZESTRZENNO-CZASOWYCH
DO PROGNOZOWANIA SPRZEDAZY W PRZEDSIEBIORSTWIE
— PRZYKLAD RYNKU PALIW PLYNNYCH

Streszczenie: W artykule wskazano mozliwosci wykorzystania danych przestrzenno-czaso-
wych do prognozowania sprzedazy w przedsigbiorstwie. Przedstawiono rézne podejscia do
prognozowania ekonometrycznego przy uzyciu tego typu danych. Wyznaczono krotkookreso-
we prognozy sprzedazy benzyny bezotowiowej Pb95 w przekroju wojewoddztw oraz dokonano
oceny ich jakosci przy uzyciu miernikow ex-post. Dwie najdoktadniejsze metody prognozowa-
nia wykorzystano do zbudowania prognozy kombinowanej. W podsumowaniu wskazano wady
i zalety poszczeg6lnych podejsé oraz warunki ich zastosowania praktycznego.
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