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Abstract

The statistical recording of occupational accidents in Bulgaria has a history of
almost a century. The first annual statistical data were recorded in 1922 and the
process of recording continued with almost no interruptions. All these allow quite a
long time series to be built which has its own ‘memory’ and is considered to have
reflected all possible external and internal influences. Such a time series also allows
searching for and applying of a univariate method for forecasting of the occupational
accidents in Bulgaria.

The present paper regards several major problems in the application of exponential
smoothing methods for the purpose of the long-run forecasting of occupational
accidents in Bulgaria, such as: (i) the problem of determining the time series pattern; or
the so-called “forecast profile”; (ii) the selection of a suitable forecasting method, (iii)
Calculating of short-run and long-run forecasts; and (iv) the comparison of the results
of the forecast techniques on the basis of the errors in the forecasts. Some conclusions
on the produced forecasts are also being presented together with interpretations on the
meaning of the different values of the smoothing constant with reference to the problems
of over-reporting, under-reporting of occupational accidents and deindustrialization of
economy.
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1. Introduction

The statistical recording of occupational accidents in Bulgaria has a history
of almost a century. The first annual statistical data were recorded in 1922 and
the annual statistical surveys were published in joint editions at every four or
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five years up to 1988. The only exception took place within the period 1948 —
1951 when there were no statistical records made due to the turbulent economic
situation after the end of the World War I, the transition to a Soviet-style
planned economy (the nationalization of the private industrial enterprises) and
the aftermaths of the Paris Peace Treaty (stipulating the expropriation of all the
German industrial property in Bulgaria in favour of the Soviet Union and the
consequent  having-it-back arrangements needed to be accepted by the
Bulgarian government). Since 1989 till now, the annual statistic data have
regularly been recorded in the statistical yearbooks of the Republic of Bulgaria.

The statistical records made within the time period of 1922 to 2010 allow
quite a long time series to be built. The length of these time series (84 recorded
periods) suggests the idea that the fluctuations of the times series have reflected
the influence of all possible external factors and thus the time series have
incurred an internal logics and memory. The revealing of the internal logics and
memory, i.e. the “decoding” of the internal information signal inherent in the
times series and its transferring in the future stands in the essence of the so-
called univariate forecasting methods, such as the exponential smoothening
methods. A comparatively correct and reliable forecasting of the occupational
accidents in Bulgaria would be worth for planning and policing making
purposes.

2. Explaining the forecasting methodology

The usage of a method in a foreign trade transaction depends upon the
duration of relationship and trust between the buyer and seller. To succeed in
today’s global marketplace and win sales against international trade presents a
spectrum of risk, which causes uncertainty over the timing of payments between
the exporter (seller) and importer (foreign buyer). For exporters, any sale is a
gift until payment is received. Therefore, exporters want to receive payment as
soon as possible, preferably as soon as an order is placed or before the goods
are sent to the importer. For importers, any payment is a donation until the
goods are received. Therefore, importers want to receive the goods as soon as
possible but to delay payment as long as possible, preferably until after the
goods are resold to generate enough income to pay the exporter.

The task of applying of the exponential smoothening for forecasting of the
short and long-run development of the number of occupational accidents in
Bulgaria meets with the solving of several major problems:
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Chart 1. Times series of the number of occupational accidents in Bulgaria
within the period 1922 — 2010
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Source: Dimitrov, P. (2011), data by the NSI editions

(i)Determining the time series pattern, or the so-called “forecast profile”
(Gardner, 1987:174-175) (Hyndman, Koehler, Ord and Snyder, 2008:11-23)
and the quality of data in the pattern, on the basis of which to select the suitable
forecasting exponential smoothing method,;

(i) Selecting a suitable forecasting method (technique);

(iii) Calculating of short-run and long-run forecasts for number of
occupational accidents in Bulgaria (up to the year 2020);

(iv) Comparing the results of the forecast techniques (the forecast
models) on the basis of the errors in the forecasts.

The problem of determining the times series pattern, or the so-called times
series’ “forecast profile” is usually solved by the comparing the times series in
regard with a pre-set classification of exponential smoothing methods or the
derived form them forecast profiles in terms of development curves. As
Hyndman, Koehler, Ord and Snyder point out (Hyndman, Koehler, Ord and
Snyder, 2008:11-12), this classification of smoothing methods originated with
Pegles’ taxonomy (Pegles, 1969:311-315). This was later extended by Gardner
(Gardner, 1985:1-28) and modified by Hyndman et al. (2002, 2008) and
extended by Taylor (Taylor, 2003:715-725) giving a classification set of fifteen
models (Table 1). In the regarded time series, as it will become later clear, the
Gardner’s much simplified classification can also be successfully used for
finding the best fit forecasting method or forecast profile (Chart 2).

A simple visual comparison of the times series of the occupational accidents
in Bulgaria for the period 1922-2010 with the Gardner’s classification shows
out that these particular time series comes into the “constant-level trend, non-
seasonal” profile. Of course with the help of more sophisticated statistical
analysis, such as the linear trend estimation by the use of the least squares
method and etc., it can be also proved that these very same time series comes
into the “N,N” variation of a Taylor’s patterns of forecasting methods that
requires the presence of no trend and seasonal components.

The finding that the time series of the occupational accidents in Bulgaria for
the period 1922 — 2010 correspond to the “constant-level, non-seasonal” profile
and require the “N,N” variation of exponential forecasting methods makes the
problem of selecting and using of a suitable forecasting exponential smoothing
method much more predetermined and easier to solve. As both Gardner and
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Hyndman et al. point out this profile corresponds to the simple exponential
smoothing forecasting method (SES) which has the following mathematical
notation:

Table 1: Classification of forecasting methods

Trend component Seasonal component
N A M
(None) (Additive) (Multiplicative)
N (None) N,N N, A N,M
A (Additive) AN AA AM
Ay (Additive damped) Ag:N Ag.A Ag:M
M (Multiplicative) M,N M,A MM
My (Multiplicative Mg,N Mg,A Mg,M
damped)

Source: Hyndman et al. (2008), p.12

F .. =AY; +1-AF, 1)
Where:

FT+1 is the forecast for time period “T+1”;
YT is the value of the Y variable in time period “T”’;

A is the smoothing constant with a value between 0 and 1;

FT is the mean experience of the time series smooth to time period “T”; or
the past forecast value for the time period “T”.

Equation (1) imposes the combination of two values in preparing the
forecast: the most recent value for the time series, YT, and the average

experience of the time series smoothed to period T — FT, also known as “old

forecast”. The forecast is a weighted average of these two values. The
smoothing constant, A, is the weight attached to the most recent observation in
the time series, i.e. to the most recent value of the forecasted variable. When A
is close to 1, the new forecast will be greatly affected by the most recent
observation. When A is close to 0, the new forecast will be very close to the old
one (Hanke, J E., Reitsch, A., G., 1991).

For long range forecast, it is assumed that the forecast function is flat
(Hyndman et al., 2008:14), i.e. for all the future periods after the time period
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“T+1" the forecast values are equal to the forecast made for the time period
“T+1

Fron =Frg m=23,... (2

The flat function is applied as the simple exponential smoothing works best

for time series that have no particular trend, seasonality, or other underlying
characteristics.

Chart 2: Forecast profiles from Exponential Smoothing Models by Gardner
(1987)
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Before calculating short-run and long-run forecasts by using the selected
suitable forecast method, i.e. the simple exponential smoothing (SES) to
forecast the number of the occupational accidents in Bulgaria, one can, of
course, try some of the other variations of the exponential smoothing methods.
However, most of these values either produce negative in value forecasts after
the year 2020, or equal to zero, as it is in the case of Brown’s linear (double)
one parameter smoothing (Chart 3).

Chart 3 : Forecasting of the occupational accidents in Bulgaria up to 2020 by
the use of Brown’s one parameter adaptive method for double exponential

smoothing and sPss® software package

Model Description

Model Type
Model ID Numbe of occupational Model_1 | Brown
accidents
Model Statistics

Model Model Fit statistics Ljung-Box Q(18)

Number of Stationary R- Number of

Predictors squared MAPE Statistics DF Sig. Qutliers
Numbe of occupational 0 131 12,593 40,944 17 ,001 0
accidents-Model_1

— Observed

=== Forecast
80000

600007

40000

Number
L ISPON-Z0000:VA

200007

Source: Dimitrov, P. (2011). The data for the calculations are provided by the
Bulgarian National Statistic Institute.
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Such types of predictions, though technically seeming correct, are
groundless as they go beyond the limits of the common sense and the simple
economic logics, just because the occupational accidents are unlikely to become
extinguished.

After these additional proofs that the simple exponential smoothing is the
best fit exponential smoothing forecasting model, it can be in fact applied for
calculating the short-run and long-run forecasts for number of occupational
accidents in Bulgaria up to the year 2020. And here comes the issue of selecting
the proper value of the smoothing constant A.

Though in scientific literature there are humerous proposals either for the
way of calculating of A (DeLurgio, 1997:156-157) (Gardner, 1985:179-180), or
for direct attributing of values to A (Brown, 1959 and 1963) (Gardner,
1985:180) (Hanke, Reitsch, 1991) , the present paper shall regard and test a set
of several values of A (0.10; 0.30, 0.70, 0.90, 0.95 and 0.99 respectfully, as well
as the A=2/N +1 way for calculating) in order to minimize the forecast error.
This will also provide a hint, as it will be seen later, for some plausible
interpretations of the achieved forecasts values for the number of the
occupational accidents in Bulgaria.

One of the criteria for the suggested minimizing could be the mean absolute
percentage of error (MAPE). For the purpose of visualization and comparing of
the results from the different forecast methods for past and future periods, as
well as the extent of achieved error (in comparison of the forecast values with
the actually observed ones for the past periods of time), these results are
presented in table and graphic form in Table 2 and Chart 4.

Based on the results in Table 2 and Chart 4, one can outline seven major
types of forecasts (two optimistic and three pessimistic ones) for the number of
occupational accidents in Bulgaria up to the year 2020, as follows:

e The most optimistic forecast (the forecast with the lowest value) —
calculated by the use of a smoothing constant A=0.99, the red column
in Table 2 and the red doted line in Chart 4:

Some 3230 occupational accidents in Bulgaria in year 2020;

e The second most favourable forecast calculated by the use a smoothing
constant A=0.90, the dark green column in Table 2 and the dark green
line in Chart 4:

Some 4122 occupational accidents in Bulgaria in year 2020;
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Chart 4. Forecasting of the number of occupational accidents in Bulgaria up to
2020 by the use of simple exponential smoothing with different values of the
smoothing constant
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Source: Dimitrov, P. (2011). The data for the calculations are provided by the
Bulgarian National Statistic Institute.
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Table 2. Calculating of short and long-run forecasts for the number of the
occupational accidents in Bulgaria by the use of different smoothing constants

Number | Number of
of occupational

N) Bulgaria

Forecast:

periods | accidents in | Ft+1=A.Yt+{1-A)Ft

(A=0,10)

Forecast:
Ft+1=A.Yt+(1-A)Ft

(A=0,30)

582

594]

640}

753]

862

894]

006

431

810

700}

702]

692}

003}

2148

2535

3260

4016

4229

L L LT

[NNNARNAN

Forecast:
Ft+1=A.Yt+(1-A)Ft
(A=2/N+1;

582
597|
652|
774
872
890
986
1335
1634
1580
1599
1610}
1806
1918
2157
2577
3037
3270
3381
3366
3494
3436
3241
3348|
3496
3778
3145
3040}
2943
2851
3818
4548|
5353
6243
6934
7576
8235
9237
10387
11306
12176
12851
13752
16145
17603
18866
19296
20089
20870
21675]
22384
23383
24806
25410
25747]
26225
26562
26861

Source: Dimitrov, P. (2011). The data for the calculations are provided by the

Bulgarian National Statistic Institute.
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e The third, moderately optimistic forecast (the forecast with the lowest
value) — calculated by the use of a smoothing constant A=0.90, the blue
column in Table 2 and the blue line in Chart 4:

Some 5070 occupational accidents in Bulgaria in year 2020;

e The next moderate forecast calculated by the use a smoothing constant
A=0.70, the light green column in Table 2 and the light green line in
Chart 4:

Some 9160 occupational accidents in Bulgaria in year 2020;

e The first comparatively pessimistic forecast calculated by the use a
smoothing constant A=0.30, the yellow column in Table 2 and the
yellow line in Chart 4:

Some 17341 occupational accidents in Bulgaria in year 2020;

e The second comparatively pessimistic forecast calculated by the use a
smoothing constant A=0.10, the rose column in Table 2 and the rose
line in Chart 4:

Some 21431 occupational accidents in Bulgaria in year 2020;

e The most pessimistic forecast calculated by the use a smoothing
constant achieved by the rule A=2/N+1 (where N is the number of the
observed value), the orange column in Table 2 and the orange line in
Chart 4:

Some 23021 occupational accidents in Bulgaria in year 2020.
3. Forecasts’ interpretations and conclusions

The above-presented seven forecasts can have different interpretations. The
first interpretation, which comes from the most optimistic forecast achieved
with A=0.99, is that taking into the account the whole time series from 1922 to
2010, the number of occupational accidents in Bulgaria by 2020 will most
probably not have to be less than 3230 accidents. This means that even in a
forecast which almost entirely takes into the account the most recent values in
the time series (and which takes them as true ones), the number of the
occupational accidents in Bulgaria by 2020 will stay quite closely to the last
reported figures for the years 2008, 2009 and 2010, but will not diminish any
further. One can easily conclude from the slight discrepancy between the
forecast for 2020 and the reported values for 2008, 2009 and 2010 (actually in
favour of the forecast for 2020) that expectations by the Bulgarian OSH
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authorities (the General Labour Inspectorate Executive Agency and the National
Social Security Institute) for an even further decline in the number of the
occupational accidents in Bulgaria are quite unlikely to happen.

The second interpretation, which comes from the second most optimistic
forecast achieved with A=0.90, is that taking into the account the whole time
series from 1922 to 2010, the number of occupational accidents in Bulgaria by
2020 will most probably not have to be less than 5070 accidents. This means
that even in a forecast which predominantly takes into the account the most
recent values in the time series (and which takes them as true ones), the number
of the occupational accidents in Bulgaria by 2020 will stay much higher than
the last reported figures for the years 2008, 2009 and 2010. One can easily
conclude from the discrepancy between the forecast for 2020 and the reported
values for 2008, 2009 and 2010 that in the recent years there has been a serious
underreporting in the number of the occupational accidents in Bulgaria. And if
the recorded values in 2020 are again much lower than 5070 accidents, it will
also mean that underreporting continues and is persistent.

Another follow-up interpretation of the achieved five forecasts is that each
forecast achieved with a different value of the smoothing constant A may
correspond to a different presumable level of underreporting. This interpretation
could be accepted to some extent under the assumption that the high levels of
the number of occupational accidents reported in the 1960s, 1970s and 1980s
have not changed abruptly in the next twenty years. However, this assumption
is quite unlikely as the Bulgarian economy did changed in structure in the 1990s
and in the first decade of the 21st century. All this opens room for a fourth
possible interpretation.

The fourth interpretation of the achieved five forecasts is that each forecast
achieved with a different value of the smoothing constant A corresponds not
only to a different presumable level of underreporting, but also to a different
level of deindustrialization of the Bulgarian economy, a process which goes on
for the past twenty years (lliev, 2008:30-113). This will also mean, for example,
that the most optimistic forecasts of 5070 occupational accidents per year from
2011 to 2020, achieved with a value of the smoothing constant of 0.90
correspond to a staggering 90% percent value of deindustrialization of the
Bulgarian economy in regards to the levels achieved in the 1980s. This
assumption, though perhaps exaggerated, is unfortunately supported by both
statistical data and independent economic researches (Vladimirova, lliev et al.,
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2008) especially in some particular industrial sectors of the Bulgarian economy.
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