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The paper presents the results of research onotiigraction and evaluation of
the forecast of the economic phenomenon in theduime period on the example
of roundwood production in Poland.

The process of building an econometric model a@geal function is illustrated
in this paper. The trend function was verified d@he convergence coefficient was
calculated. The point and the interval forecaa$ wonstructed. On the basis of the
results of studies the forecast accuracy was etedusand a number of
recommendations were presented. The recommendaggasd the use of research
results for decision-making and the needs of theeriz economy.
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1. Introduction

On the basis of the analysis of economic phenonagbprocesses in the
forestry and timber sector one can assume thatadem environmental issues
related to the use of forest resources the relaime absolute indicators
characterizing their economic effectiveness willdssential in the evaluation of
ecological effectiveness of using natural resourddé® condition of the natural



environment will be affected by its monitoring, pev determination of
developmental objectives in the forest managemeashtelated sectors.

A systemic approach to the rational use of natueslources nowadays
becomes a guarantee to reduce the economic, soclacological risk. Therefore
it is necessary that the executives and businessatms have the ability to
anticipate future economic events and estimaténéir tdevelopmental, economic
and financial plans the necessary amounts of roaodwproduction, its price,
production revenues and costs.

The aim of the paper is to present the individdagss of constructing the
econometric model for the needs of the executimeslved in the planning of
economic activity in the General Directorate of 8tate Forests in Poland.

Source data were obtained from the yearbook o€B® "Forestry” from the
years 2020-2012. The stages of constructing theemivdtlude: a preliminary
exploration (data preparation), model building, leation and verification of the
forecasting model, drawing conclusions on the bas$ishe model verification
results and making recommendations for the prdctisa of the results of the
forecast amounts of roundwood.

2. Data exploration (preparation of data for the malel)

Data on the amount of roundwood production in ylears 2000- 2012 is
presented in Table 1.

Table 1. Roundwood production in the years 2000-2012, thods{

Roundwood

T Year production in

thousand rh-y,
1 2000 27659
2 2001 26671
3 2002 28957
4 2003 30836
5 2004 32733
6 2005 31945
7 2006 32384
8 2007 35935
9 2008 34273
10 2009 34629
11 2010 35467
12 2011 37180
13 2012 37045

Source: based on the data of the Central Statisticalc®ffi

308



3. Construction of the econometric model

Figure 1 shows the scattering diagram, that is, daga from Table 1.
The distribution of the empirical points formingime series indicates that a trend
function with accuracy to the random componerthenform of linear function (1)
can be adopted to describe this phenomenon.

Y =at+a 1)
where
y, — the amount of roundwood produced in the conaecuytears , in thousands’m
t =1, 2, ..., 13 years corresponding to the calendar years 20@1,,20, 2012,
a;, @ — structural parameters of the model (in other wondsbers),
n = 13 — number of observations — number of data.

It is called building an econometric model of rowmdd production, as a linear
function.
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Figure 1. Scatter diagram — data from Table 1

The aim of the econometric analysis is to deterntifimestructural parameters
a;, ag in the model (1). In order to do that auxilianfccdations were performed in
Table 2.

To estimate the structural parameters of this foncthe dependencies
resulting from the classical method of the leastsegs were used [1].

{ Y, =ng+a )t @
Z(ytt): g t+Y t°
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After substituting the appropriate data from tablee obtain:

42571413, +91a, 3
3133348-91a, +81%, @)
Table 2. Auxiliary calculations
Year| t Yi A t? 9t (yt - 9t )2 (yt Y )2
2000 1 27659 27659 1 27691,732  1071,383824 25898692
2001 2 26671 53342 4 28534,314 3471939063 36928580
2002 | 3 28957 86871 9 29376,896  176312,6508 14363849
2003 | 4 30836 123344 16 30219,418  380099,3765 366288
2004 5 32733 163665 25 31062,06 2792040,484 2079801
2005 6 31945 191670 36 31904,642  1628,768164 642674
2006 7 32384 226688 49 32747244 1319316742 133985
2007 | 8 35935 287480 64 33589,806  5499934,898 102688
2008 | 9 34273 308457 81 34432348 25404,53454 237786
2009 | 10 34629 346290 100 35274,97 417277,2409 34488
2010 | 11 35467 390137 121 36117,552  423217,9047 1739669
2011 | 12 37180 446160 144 36960,134  48341,057P6 qeEA05
2012 | 13 37045 481585 169 37802,716  574133,53p7 OBR4736
Z 91 | 425714 3133348 819 - 13943332,6 1431533463
By solving the system of equations (3) we obtaetalues of parameteag a.
{ a, =842582 4)
a, = 2684915
The equation of the linear trend function has ttienfollowing form:
§/t =84258 + 2684945+ & (5)

wheree =y, —V, - remainder component.

The graphic illustration of the trend function i®gented in Figure 1.
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The average of thg/, variable is

13
Y. =13y, = £ 4257143274723
ne 13

The average of thévariable is

3. Results of the empirical studies

Verification of the trend function. The verification of the trend function
(econometric model) consists in checking how wiethatches the empirical data.
We calculate variation of the random component:

13
(yt - yt)z
s Rl (6)
¢ n-k
wheren = 13 — the number of datk,= 2 — the number of estimated parameters
(a,, &) of the trend function.

From Table 2 we read
13

> (v, - 9.f =139433326

t=1
hence
= 1394333%
¢ 13-2
The standard deviation of the remainder compongn¢-estimation error of the
model is

=1267575%7-

S, =./S? =./12675757 =112586 thousand rh 7)
The remainder variation coefficient is
V, = % M00% = @ (110 = 344% (8)
A 3274723

The obtained coefficienV, < 10%.

It is significantly less than 10%, which indicategood match of the model to the
empirical data.
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Calculation of the convergence coefficientThe convergence coefficient was
determined from the dependency according to [1]datd from Table 1.

13
Y
2(%-9) _ 1394333%

¢2 — t=1 =
>y, -9) 14315334@

=0,0974 9)

The determination coefficient is defined from trependency
R?=1- ¢2 =1-00974=09026 (10)
The value of the determination coefficient indisatkat 90.26% variation of the

variable Y, is explained by the model (1).

Verification of the structural parameters. Calculating average estimation error
of the structural parameters: for parametgraccording to [1] and data from
Table 1.

D(a,)= S, - 112586  _ 112586 _ 8346 (11)
J2t-nOi?  (819-13072 1349
for parameten, according t¢1] data from Table 1.
2
Dla)= S, | 1! 819 (12)

=112586 =11258601058= 66239
¢ n(i t> —nt2) - 13819-13072) ABLIOS s

The relative average estimation errors of parameteanda, are respectively [1]:

Vv, = MIOO% = %100% =99<50%

(12a)

v, = Da(ao) _ 862398 1500 — 24706 < 500
a, 2684915

And are significantly smaller than 50%, which icates good match of the model
to the empirical data.

The econometric model of roundwood production inugands of h in the
consecutive years is noted in the general form

Yo =at+a, +g (13)

D(a) Dfa) s R
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And for this case it is
J, =8425& +268495+¢ (14)
(8346) (66239 (112586) R?=09026

The quality of function (14) is assessed by deteimgi the significance of the trend
slope coefficient, the so-called significance afgmaetera, .

We hypothesizeH, :a, =0 against the alternative hypotheHis a, # 0.

For verification of H, we use the statistics according to [1].
T=—2 _=5%%_10499 (15)

From the t-Student distribution table, for the assd confidence level of
l1-a =095 andn-k=13-2 =11 degrees of freedom, we read the critical

value of the test, =2,201.
The critical test area for the assumed hypothddisis:

K =(-c,~t,)0(t, +o)
{K = (-0 +2201) 0 (2201, +) (16)

Conclusion: TEK, (17)

means that thél, hypothesis should be rejected in favour of Hjéhypothesis,
this means that the parametgris significantly different from zero. The value of
this parameten, = 842,58 m*/year is interpreted as follows: for the years 2000
2012, on average, each y@&42,58 thousand rmore roundwood was produced
in comparison to the previous one.

Summary of the outcomes:
a) statistically significant estimation of the g@eter &, — dependences (4) and (17);

b) low average estimation errors of parame@@nda, - dependencies (11) and
(12) and low relative errors (12a);
¢) low value of the remainder variation coefficielf — dependency (8);

d) determination coefficienR® close to unity— (10), indicates that the linear
trend function (14) describes well the amount &f tbundwood production in the
time function and can be used for short perioddaséng.
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4. Roundwood production forecast

Point forecast. The point forecast of the amount of roundwood & year 2013,
that is, fort =T = 14 determined by the relation (5) and is

Yi, = aT +a, =84258114+ 2684915= 38645298 thousand th  (18)

The point forecast is given with the accuracy emdard deviation of the remainder
componens, dependency (7).

YTD=14 =al+a,£S (19)
Yr.s = 38645298+ 112586 =[37519438+ 39771159

Next, the absolute and relative forecast erroretemined according to [1] and
data from Table 2.

Absolute forecast error

—_F)? _ 72
D =S 1+i+n(Tt) 11258 1+1i3+ (1‘;8;) _1306266 thousand i (20)
> (-t

i=1

The relative error of this forecast is equal to:

D;reaive = D = DI *100% = 1306266 , 100% = 338% <10% (21)
Yr 38645298

It is assumed that the relative forecast efr less than 10% is a small relative

error. This means that the resulting forecast (h8y be regarded as acceptable.
The estimated linear trend function is a good [tedi

Interval forecast. In order to make the interval forecast one shotleck earlier
the normality of the random component distributioh the trend function.
The check will be performed with the Jacque-Begsgt.t Table 3 contains the
appropriate auxiliary calculations.

The null hypothesis is tested:

H, - the random component of the trend function hasranal distribution, with
the alternative hypothesis

H,- the random component of the trend function does have the normal
distribution.
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The JB statistics according to [1] and data fronbl&& are used to verifyH,,
defined as follows:

1 1 2
JB=n=0B,+—0(B, -3 (22)
5B+, (B, ~3)
where
l 2
=|-—-9,21277| = 0502
13
S = 1Zq 31394333% =1035647 (23)
n
g _ —
——D == 4 13= 3408
n 2 S 13 3
€' =y, - §, —remainder.component
Table 3. Auxiliary calculations cont
Year | t | ¥ S Yo =% g g ¢ % %
2000 1 (27659 [27691,732 -32,732 1071,384 -35068,53533 [1147863,298 (-3,1571E-05( 9,978E-07

2001 2 |26671 |28534,314 -1863,314 [3471939,063 |-6469312662 |1,20544E+13 [-5,8240258 | 10,4784663

2002 3 |28957 |29376,896 -419,896 [176312,651 |-74032976,83 31086150838 [-0,0666485 | 0,02702219

2003 4 |30836 [30219,478 616,522 |380099,376 [234339627,8 |1,44476E+11 |0,21096523| 0,1255879]

2004 5 32733 |31062,06 1670,94 |2792040,484 |4665332126 [7,79549E+12 |4,19998477| 6,7763675

2005 6 |[31945 |31904,642 40,358 1628,768 65733,82556 |2652885,732 |5,9177E-05 | 2,3061E-06

2006 7 (32384 |32747,224 -363,224 (131931,674 |-47920750,42 17405966651 (-0,04314086(0,01513044

2007 8 35935 |33589,806 2345,194 |5499934,898 (12898414322 |3,02493E+13 |11,6118515| 26,294724

2008 9 |34273 |34432,388 -159,388 |25404,535 -4049177,952 [645390375,4 |-0,003645290,00056102

2009 | 10 (34629 |35274,97 -645,97 417277,241  |-269548579,3 |[1,7412E+11 -0,24266224)0,15135715

2010 | 11 (35467 |36117,552 -650,552 (423217,905 |-275325254,3 |1,79113E+11 (-0,24786271{0,15569749

2011 | 12 (37180 |36960,134 219,866  [48341,058 10628555,05 |2336857884 |0,0095684 | 0,0020313f

2012 | 13 (37045 |37802,716 -757,716 |574133,537 |-435030166,9 [3,29629E+11 [-0,391637730,28653611

> 91 (425714 [425713,91 0,088 13943332,57 | 10233525728 5,0978E+13 9,21277437 34856

Thus, the empirical value of the JB statistics is:

JB=13* % *0502+2i *(3408-3) | =13*[0,0837+ 0007] =11786 (24)

315



JB statistics has thehi-squaredistribution with two degrees of freedom.

For the assumed confidence level of @ = 0,95, we read the critical values of the
test from the distribution table.

x2 = 5991 (25)

For this case JB=11786<x? = 5991 (26)

means that there is no basis for rejecting lthehypothesis declaring that the
remainder component of the trend function has nbdis&ibution.
Now the interval forecast can be constructed:

T{y? -t,D, <y, < ¥ +t,D,} =1-a (27)

For the confidence levdl-a = 095and the sample siza = 13, valuet, is read

from the distribution tablé-Studentfor n — 2 = 13- 2 = 11 degrees of freedom:
t, =2201. Considering the dependencies (18) and (20), rtevial forecast will

be noted:
38645,298 2,20101306,266< y, < 38645,298 2,201L1306,266
37770206< y; <41520389 thousand m (28)

Absolute erroex-anteof this forecast is:

V, =|t,D;| = 220111306266= 287509 thousand rh (29)

Relative erroex-anteof this forecast is:

VTreIative = V'If = V-l*- D]‘O(}%J = w
Yr 38645298

The errors (29) and (30) can be considered lowth@dorecast can be regarded as

acceptable. The forecast value foe14is in the range of (28) with a probability

of 95%.

Evaluation of the results From the data of the Central Statistical Offibe t
amount of roundwood production wasg, = 37996 thousand m3. The error
ex-postfor our forecast is:

LL0C% = 743<10% (30)

Vst = V-1 — Y1 = 38645298-37996= 64929 thousand rh
V. <S,=112586 thousand rh

post

This means that the forecast was fulfilled alnid%.
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5. Discussion and summary

The paper illustrates only one type of forecastingdel. The linear trend
function describes well the amount of roundwooadpiction in the time function
and can be applied to short-term forecasting. Hewneif the analysis results
indicated a low level of matching and a lasgeposterror, it would be advisable to
analyze several forms of non-linear econometric efw@nd select the form of
model that would match best with the empirical data

In practical business it is not only forest managetmemployees that are
interested in the forecast results but also busirgserators involved in wood
processing including: production of paper, eleatriergy, furniture or minor wood
processing that need this kind of information.

For the purpose of monitoring the natural environindorecasting the
amount of roundwood provides information on theslesf roundwood production,
which should remain within the tolerance limitsusing natural resources.
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