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Regression Predictive Models Analysis
of Municipal Waste
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Abstract—This article deals with solid waste modelling for
municipalities in the Pardubice region in the Czech Republic.
Predictive models work with real data on municipal waste.
Municipalities report the stated data into public management
reporting systems. This regards ,,non-sorted — and ,,sorted” waste
used for recycling. In the first case we talk about mixed (assorted)
solid waste, in the second case we talk about plastics and plastic
wrappings waste, glass and glass wrapping waste, paper and card
board waste. The proposed regression models provide sufficiently
high coefficient of determination. Outputs obtained from this analysis
may help municipal representatives to define volumes of selected
types of waste for the coming period and for the determination of
municipal solid waste fee per municipality inhabitant.

Keywords—Waste management, municipal waste, sorted waste,
non-sorted waste, predictive models, regression.

I. INTRODUCTION

ASTE management (WM) can be defined as: ,an

activity focused on waste generation prevention, on
waste handling and on management of the place where waste is
permanently deposited and on the control of the above listed
activities” [26]. In the Czech Republic (CR) the WM Council
[13], [14] plays a very important role in WM. This Council is
as also an advisory body of the Ministry of the Environment
[15].

The Region Authority (hereinafter “Authority”) deals with
waste issues on the regional level. The Authority each year
monitors the amount of waste types reported by municipalities
belonging to the region. The Authority compiles the Region
WM Plan that must be in accord with the CR WM Plan [26].
The joint stock company EKO-KOM is an important part in
the process of waste handling. This company represents the
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country wide system that provides for the utilization, recycling
and sorting of packaging waste done at European level. The
system is based on the cooperation of cities, municipalities and
industrial enterprises. The objective of this system is to make
sure that packaging waste is properly sorted, properly
transported, finely sorted and then used as a secondary raw
material or as source of energy [3], [17].

The CR WM Plan includes also the development of an
Integrated WM Plan which could serve as a tool for the
fulfilment of the CR Plan on the regional level [10]. It is
possible to discuss applicability of an integrated model of
municipal WM in CR [8].

In the first past of this article, for the modelling of the WM
issues, we have used mixed municipal waste - hereinafter
mixed waste (MW) data [1], [26], MW means waste volume
without a sorted waste. Municipalities charge a fee for the MW
generation, this type of waste is generated mainly by physical
entities activities. Municipalities use the proceeds from this
collected fee for paying for the “removal” of this type of waste
from the municipality [1], [26]. This type of waste (MW), but
also other types of waste (e.g. plastics, plastic wrappings, glass
and glass wrapping, paper and cardboard) can be further
handled (separated) or processed [26]. By such handling [26]
we understand (gathering, collection, purchase, transportation,
transport storage, treatment, recovery and disposal). By such
processing we understand waste disposal [12], managed
composting [22], incineration [5] and recycling [26]. In the
second part of article “handling” municipal waste data were
used. It means these following groups: plastics and plastic
wrappings waste (PW), glass and glass wrapping waste (GW),
paper and cardboard waste (CW).

The importance of WM mathematical modelling increases
along with the increasing organization and technology
complexity of this field of activity. These models serve as
support tools for decision making in companies and public
administration and thus they must include also the ideas and
predictions of the future development and priorities. With
regard to the increasing prices of energy, of raw materials and
with regard to externalities generated by e.g. waste disposal on
dumps there emerge trends supporting potential
maximalization of waste utilization. To reach this objective
economic and administration tools can be used. However, to
be able to use these tools in an effective way it is essential to
have an idea on how materials flow and what is the
environmental impact of these flows as well as on the
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economic impacts of the individual measures [16], [24]. A
quality of environmental data and information plays important
role in the process of environmental modelling [7]. In the WM
area mathematical models are used for various purposes [16]:
e C(Creation of integrated WM systems
e Land and area planning, optimalization of locations of
new facilities and forecasting their capacity
e Environmental impact and human health assessment for
any specific facility and EIA alternatives selection
e Optimalization of operations on the level of one
company (collection, transportation, capacity utiliza-
tion, and similar).

In the area of WM modelling [20], [23] for instance the
following models have been used [16]: Cost Benefit Analysis,
Life Cycle Assessment, Life Cycle Costing, Decision Support
Tool, logistics optimalization models and other. In the current
time logistics models, that deal with the optimization of waste
collection and transportation, as well as Life Cycle analysis
models become more and more significant. The latter models
are used for the evaluation of the impacts of the individual
WM alternatives. Also models for MW integrated management
are newly created [16]. An Integrated WM system includes
the set of sources producing waste (in this case these are
municipalities) that are interconnected by road network, the
system also includes the set of facilities representing dumps,
composting facilities and recycled waste treatment facilities.
Optimalization can be done also for these models, however the
optimalization itself depends on the facility managers and
operators and on regulatory elements. The Regulator uses
administrative tools (e.g. operations permissions) and
economic tools (e.g. fees) in order to achieve e.g. minimum
environmental impact under socially bearable costs [16].

The objective of this contribution is the proposal and the
analysis of selected part of Pardubice region municipalities
WM. We strive for the creation of predictive models for the
“estimate” of the future volume of waste in a municipality
related to the number of inhabitants. We have analyzed a
couple of options for the setting of the predictive model input
set of data on the basis of regression analysis. The outputs can
be used by cities and municipalities governments for decision
making on certain issues related to their WM.

II. PROBLEM FORMULATION

In the course of the recent years integrated WM models
have been elaborated. These models on the one hand minimize
costs and on the other hand they minimize the impacts on the
environment. However, in the CR the optimalization model
has not been used for the design of integrated MW handling
systems [3], [16].

There is already a number of scientific and professional
works that deal with WM modelling. For instance linear
regression (LR) has been used [4] and [18], mental modelling
has been used [19], artificial neural networks (NNs) [21] and
similar. Examples are given in Table 1. In these stated
examples [4], [18], [19], [21] the methods have been marked

as “possible to use”, that means the methods return acceptable
outputs that can be somehow interpreted and use in practical
life..

Each municipality has to deal with WM issues. The WM
issues represent a quite complicated process of matching
inhabitants WM services needs with the effective and efficient
use of the municipal budgets. Costs related to transportation,
handling and depositing municipal waste are usually paid for
jointly by the municipality and its citizens [26]. The number of
inhabitants then plays a significant role for the volume of
municipal waste that must be “disposed* from the municipality
(,,disposed” is used to define the activity of removal of waste
by a company that provides for waste removal) and in
consequence to this such service is billed by the company to
the municipality. Thus it would be beneficial to have a suitable
tool for forecasting of waste volume in relation and with
regard to the year on year increase of population, that would
allow for effectivity in this area. This would also have a major
importance for those municipalities which are subjected to the
current trend of ,satellite developments“ when upon
completion of the satellite development the number of
inhabitants in the municipality may dramatically increase by
these new inhabitants.

In quantitative research [12] multidimensional social and
human reality is reduced to a limited number of a couple of
variables and to a small number of analyzed relations between
such variable. Qualitative research is a non-numerical
examination and interpretation of social reality the objective of
which is to uncover the meaning of the interpreted
information.

Data from Pardubice region (NUTS 3) WM have been
selected for the purposes of the models development. The
Pardubice region is thanks to its land area of 4519 km? the
fifth largest region of the CR. It consists of four districts —
Chrudim, Pardubice, Svitavy and Usti nad Orlici. This region
had (as of December 31, 2011) 517,164 inhabitants that live in
451 municipalities [2], [10].

Based on our discussions with a couple of representatives
from Pardubice region municipalities it is possible to state that
planning in the area of WM is done in the traditional way, no
modelling is done and in the majority of cases no exact
methods to determination of waste quantity (volume) are used.
This however causes the situation that municipalities only
react to an already developed situation with a time delay (that
means in the following year or after they have received the bill
from the disposal company) while the actual situation is
already different.

The solution of this area is linked to municipal finance.
Financing of WM represents major costs for MW, large
volume separated waste and also the disposal of hazardous
waste. There are also the costs related to the management of
collecting yards and to the liquidation of illegal waste dumps.
Company EKOKOM executed a study from which it issues
that municipal expenditures for WM continuously increase. In
year 2010 those costs increased by 1.2 % compared to year

Issue 2, Volume 7, 2013 112



INTERNATIONAL JOURNAL OF MATHEMATICAL MODELS AND METHODS IN APPLIED SCIENCES

2009. While in year 2003 the WM costs per one inhabitant
were CZK 652.40 in year 2010 those costs increased to CZK
881.90. This fact could not stay unnoticed. For next year
(2013) it will be already to increase the maximum fee per a
citizen up to CZK 1,000 [25].

The highest part of these costs are the costs of MW
transportation and disposal, they represent from 49 % to 80 %
of the total costs allocated by municipalities to waste
management. In year 2010, costs disbursed on separated waste
represented 10.6 — 25.5 % of the overall waste related costs
[25].

Table 1 Methods used in WM

Description of method application
Output: WhiI development forecast
Characteristics: 8 subsystems have been
researched i detail from the past development
n order to describe their representative
charactenistics. Prognostic system has been
developed that 15 a reflection of the actual
mmicipal W system used in the CR.[4, pp.
28-30]
Output: Household waste production rate
Characteristics: Based on a questionnaire
survey done in households in Port Harcour:
(located n INiger delta plain) the amnmal
honsehold waste production rate related to the
munber of household members have been
emumerated. Fegression analysis have been used
[18]
Oufput: Pecyeling processes mental map
Characteristics: Between vears 2007-2002 a
project was imdertaken in the Michigan
University which by using mental models
analysis meonitored the actual level of students”
and employees levels of knowledge in the area
of recycling processes inside the vniversity.
Statistical analvses were used for the final model
(the map). The analyses showed any potential
gaps in the system. An example of the map 15
showed n [19]
Output: Prediction of stability of recycled mass
Peinforced Lightweight Seal™ (RLS)
Characteristics: INNs were used in research the
ohjective of which was to find out what level of
stabality would have a mass marked BLS. This
mass i3 the result of muxing vanous types of
waste (2.g. : waste fishing nets and excavated
land ) for the purposs of their recyclng. Thiz is
zn ecological manner of recycling of such waste.
Practical experiments have proven that in this
case the NNs can be used for the prediction of
stabality of the created mass with regard to the
ratio in which the mixzed materials are
represented m the created mass [21]

Methed

Iental
modelz

NNz

On the other hand municipalities receive financial means for
WM mainly in the form of fees paid by inhabitants (citizens),
such fees are nearly three quarters of the WM incomes.
Revenues from the sale of secondary raw materials extracted
from the waste are another source of revenues. On average the
fees collected by municipalities were oscillating very closely
under local fees upper limit. In total the total revenues in year
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2010 reached the average value of CZK 620.40 per inhabitant
per year. The municipality then must pay the difference
between the collected fees and the actual real costs from its
budget [25].

The above described situation indicates the need for
effective use of the WM resources. This effectivity is then also
very closely linked to the effectivity of the collection and
transportation systems [25]. An example of an ineffectivity is a
situation where there is a low yield from separated waste
combined with high costs of MW management caused by
insufficient number of containers for the separated parts of
waste which can become part of the MW.

This situation, but also other difficult situations, could be
prevented by using planning tools and modelling on the local
level. However this is also conditioned by the will to accept
,hew methods of work”™ on the part of municipalities
government.

III. PROBLEM SOLUTION

Based on system analysis of the data sources in the
Pardubice region it was possible to get a real data set from
waste collection and transportation company, from company
EKO-KOM, from individual municipalities from the region,
from the region administration office or from the WM
information system [9].

Finally the real data matrix has been built [10], [11] based
on data provided by the Environment department of the
Region Authority in the Pardubice region. Then the standard
data pre-processing was executed including data cleansing,
selection of a suitable set, creation of data dictionary and of
new derived variables. The resulting data set included 416
entries from year 2010. The data dictionary for the MW, PW,
GW and CW prediction models design is showed in Table 2.

A. Prediction of MW volume

For the MW prediction the regression analysis have been
used. A couple of models with various input set settings have
been designed. Based on their comparison the most suitable
model has been selected. Coefficient of determination R? has
been selected as the criteria for their evaluation.

In all cases in which linear regression has been used there
was first found and evaluated Pearson’s correlation coefficient
(CC) p, which is defined as the rate of mutual linear
dependency of random variables x and y [6, p. 42]. After that
importance test for the selection correlation coefficient has
been executed.

This test tests the hypothesis Hy: p = 0. The zero value of
this coefficient means “non-correlation” (linear independence)
of the considered random variables. Positive sign shows direct
dependency between y and x, while negative sign shows
indirect (dependency)“ [6, p. 42].

For the purposes of this calculation the importance
coefficient value was chosen to be a=0.05. Variable x
represented number of inhabitants and variable
represented the volume of MW. We had assumed that these
are non-dependent variables from two-dimensional space with
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normal distribution.

Table 2 Data dictionary of the used data set

Attmibute name Attmibute description

IC obce Wumicipality Identification MNumber

ID stat Mmicipality Identification Number according
to Czech Statistical Office

87 Type of mumicipality

M name Official name of immicipality

X Mumber of inhabitants as of Jammary 1, 2011

Yagr WVolume of MW (code 200301 — collected to
traditional waste bins

Vs Wohune of MW recalculated per 1 inhabitant
(new derived vanable)

¥ew WVohune of PW (code 200139) - collected to
traditional waste bins

Ve Wolmmne of PW recalculated per 1 inhabitant
(new denved vanable)

Ve Volune of GW (code 2001020 — collected to
raditional waste bins

Ve WVolume of GW recalculated per 1 inhabitant
(new denved vanable)

Yew Wohune of CW (code 200101} — collected to
raditional waste bins

Yewr Wolume of CW recaleulated per 1 inhabitant
(new denived vaniable)

where data type and range 15 defined for the selected atimibte

(attnbute’ data type/ data range) by the following way:
51/ zet | nmmicipality, cify and small town; x/ Bange / 36-
121834; iy in [£])/ Bange/ 0740000 — 16735.700000; yam:
m [kg]’ Range 1.254237 — 1207 300302; ypy i [t]/ Range/
0.182200 — 763.920000; ¥py; in [kg]’ Range/ 0.970281 -
100.397015; yop m [t] Bange’ 0.090000 — 925.016000;
Vomy In[keg]/ Range/ 0.584416 — 38.323529; yop i [
Range/ 0.021000 — 889.520000; y-uy m [kg]’ Range/
0112245 — 80 477612,

Results are demonstrated in Table 3. Similar values of CC
were calculated for the rest of variables.

Table 3 Results for mumber of mhalatant v, MW volume selection
correlation coefficient
CC . P-value for .| Decision on hypothesis Hy
Importance test -
(19828 ] declmed

At the beginning the objectives of the model are set, that
means to predict (with a sufficient level of accuracy) the
volume of MW in relation to the number of inhabitants.

The independent variable x is in this case the number of
inhabitants in the individual municipalities. The dependent
variable y,y is the volume of MW produced in year 2010 in
tons for the individual municipalities. These variables are the
inputs into the regression analysis that by means of the method
of the smallest square (in case of the linear regression)
estimates the parameters of the regression equation which we
acquire at the output.

In order to be able to compare these models the indicator R?
was calculated. In case this index was too low, the base data
set was modified — for instance by eliminating “suspicious”
records (that is such records on which it could be assumed that
their values are outliers) or by reducing the input data sets.

The evaluation of R?, modification of input data were
executed based on expert evaluation.

From the base data set were removed step by step some
entries of “suspicious” entries that acquired such high values
of waste with regard to the number of inhabitants that it was
assumed that with certain probability this could had been
caused by some errors in the records.

Ten models were realized. In Table4 there are
demonstrated the results of only seven of them because the
interpretation of the remaining three models did not reach any
improvement in R?. From the base data set in the course of the
modelling 5 records were removed, these might have been
outliers.

Tablz 4 MW LE. analvsis rasults

Mode] mumber B* Description
1A 0.965 Diata set - not excluded
mmmicipalities
Diata set without
mmmicipality Homi
Tieinovec
Drata set without
mnmicipality Homi
Tieinover and city Seé
Diata set without
nnmicipality Homi
Treinovec, cities Se and
Chvaletice
Drata set without
mnmicipality Homi
Treinover, cities Seé,
Chvaletice and Chocen
Drata set without
mnmicipality Homi
Tireinovec, cities Seé,
Chvaletice, Chocen,
Brandys nad Orlici
Diata set without statutory
town Pardubice

1A 0.966

A 0.975

44 0.976

A 0.980

a4 0.981

TA 0.928

Linear regression equation (1) corresponds to model 1A, (2)
model 2A , ..., (7) model 7A and defines the predicted value
of MW volume 3, by the following way:

Py = 6432 + 0.144x (1)
Py = 64.68 + 0.144x )
P = 60.28 + 0.144x (3)
Vaw = 58.99 + 0.144x , 4)
P = 56.50 + 0.143x , 5)
P =55.78 +0.143x , (6)
P =17.53+0.194x . (7

Outlier records have been derived from Fig.1 where
horizontal axis represents number of inhabitant and vertical
axis represents Volume of MW in tons. Excluded records
“points” are marked by pale points. After their exclusion any
potential other remote values (see grey points) have been
analyzed, in these cases however the determination index value
has not improved, thus these values have been preserved in the
data set.
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Fig. 1 MW data original structure

In Fig.2 the MW volume data are transited by the
regression line, according to (6) where horizontal axis
represents Number of inhabitant x and vertical axis represents
Volume of MW y, in tons. The highest value in the graph is
reached by Pardubice statutory town.

While it could seem that compared to others this record
cannot be compared to other records (the value of the derived
attribute MW per inhabitant y,;; however achieved value
comparable with other cities or municipalities, and has not
been considered outlier value), its exclusion from the base data
set decreased R* (see model 7 in Table 4). Mainly due to this
phenomenon this record has been retained in the data set for
the remaining part of data modelling.

20000
12000
16000
14000
12000
10000

8000

6000
4000 ®
2000
0 T T r r

0 20000 40000 60000 80000 100000 120000
Fig. 2 Resulting LR line for ¥, (model 6A)

From among the above listed models, under the selected
criteria, the linear regression achieved the best results on the
base data set modifies by 5 listed towns (model 6A in Table
4). With further removal of values there has not been any
further R? improvement achieved. The regression equation for
the MW volume per inhabitant prediction y,; has the
following shape stated in (6), for R* is 0.981, that means that
the equation explains the 98.1 % variation of the explained
variable. This is sufficient level and thus this equation could be
used in practical life.

B. Prediction of PW volume

The procedure for defining regressive equation for the
amount of municipal waste plastic is analogical to the previous
procedure. Even the simplified model looks the same only with
the exception that in this case the dependent variable is the
amount of plastics ypy in tons produced in the territory of the
given municipalities in year 2010.

After the elimination of zero values from the original data
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set 9 records were removed (the data matrix contained 407
municipalities). More than 30 models were implemented
(dependent variable: amount of waste ypy in tons, independent
variable: number of inhabitants x). Based on the graphic
illustration of data and the assessment of the variable values
vepr some records were replaced (Fig.3) that could be
considered remote value. R’ was continuously increased,
however in smaller steps, up to the level of 0.98. The
replacement/removal of some objects from the data matrix did
not have nearly any effect on the value R (this concerned
mainly municipalities with very limited number of inhabitants
and with a large production of plastics per 1 inhabitant). The
review of observed but not excluded municipalities is
mentioned in Table 5. Selected results of the modelling —
values of R? are stated in Table 6.

350,00

300,00

250,00

200,00

150,00 =

100,00 *

50,00 T L
S 4

o Lo
o,oom

0 5000

10000 15000 20000

o Plastics » Excluded municipalities a Observed but not excluded mun

Fig. 3 The original data structure (excluded, observed but not
excluded municipalities)

Note: Fig. 3 illustrates only the general/orientation location of
the regression line, the value for statutory town Pardubice is
missing for the reason of better visibility.

Takle 3 Observed but not excluded numicipalities

M_name x Vew [8] | Vow [kg]
Fonov nad Doubravon 1707 3021000 17.70
Buit’ 1465 30.72774 2087
Prachovice 1442 260000 1.80
Dlouha Trebova 1245 1.20800 087
Homi Fedice 473 2830627 3012
Staré Zdamce 605 3020000 4962
Rohovladova Béla 3T 17.23500 3270
Pozstani 257 0.25567 (.64
Pohozmce 240 3.39000 64.13
Grma 162 6.89500 42 36
Neratov 134 ] 1348000 100.60
Ujezd u Sezemic 128 | 10.77000 8414
Wysoka 16 1.31500 36.33

Linear regression equation (8) corresponds to model 1B, (9)
model 2B , ..., (19) the best model 12B and defines the
predicted value of PW volume ypy by the following way:
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Table 6 P LE analysis results

. Description

Diata set - not excluded
mmcipalities

Diata set without Sezemice
Diata set without Litony3l,
Sezemice, Policka

Data set without Litomysl,
Sezemice, Policka, Prelous
Diata set wathout Litonaysl,
Sezemice, Policka, Pieloud,
Se

Diata set without Litony3l,
Sezemice, Policka, Preloug,
Sec, Langkroun

Diata set without Litony3l,
Sezemice, Policka, Peloué,
526, Langkroun, Zivanice
Diata set without Litonysl,
Sezemice, Policka, Preloud,
%26, Langkroun. Srch

Data set without Chmdim,
Litomyil, Sezemuce, Policka,
Pielous, Seé. Lanikroun,
Diata set without Chmding,
Litomiyil, Sezemuce, Policka,
Prelons, Seé, Lanikroun, Srch
Data sat without Chmdim,
Litomiyil, Sezemuce, Policka,
Frelons, Seé, Lanikroun,
Srch, Svitavy

Diata set wathout Chrodin,
Policka, LitonryEl, Sezemuce,
Preloug, Lantkroun, Seé,
Srch, Zivamce, Staré Hradists,
Svitavy, Tremodnice

IModel mumber
1B

2B
3B

4B

5B

6B

B

8B 0.9484

9B 0.9583

Ppw=4.0804 + 0.0068x, ®)
P =3.7922 + 0.0068x, 9)
Vo= 3.3339 + 0.0067x, (10)
Po=3.2125 + 0.0067x, (11)
e =3.0934 + 0.0067x, (12)
Vo= 2.9759 + 0.0066x, (13)
P = 2.8946 + 0.0066x, (14)
Vo= 2.8569 + 0.0066x, (15)
Ppw=2.8477 + 0.0065x, (16)
Ppw=2.7276 + 0.0065x, (17)
Ve = 2.6533 + 0.0064x, (18)
Ppw=2.3855 + 0.0064x. (19)

When modelling (similar as in the previous subchapter A)
the municipality Se¢ was again excluded. This record shows
high values of the selected waste types. This can be caused by
the fact that this area is a highly touristy area, in particular in
summer months. Containers are used here for waste that is
collected separately (this knowledge is based on a query).
However, we cannot also exclude the possibility of an error in
entering the data to Pardubice Regional Office database

The best modelling result (model 12B) was obtained by
excluding municipalities stated in Table 7. 12 municipalities
were excluded. Nevertheless it could be possible that some
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further changes and amendments would bring about a higher
value of R?, however this change would be in the order of
thousandth.

Tzble 7 Excluded municipalifies for model

M name X Ve [t] vy [kg]

Litonyzl 9260 21473820 | 21.78
Policka 8913 16801000 | 1883
Preloné £663 12447720 | 1437
Sezemice 3493 15370000 | 44.00
Tremoinice 3086 3264338 | 17.068
Set 1633 62.74760 | 37.91
Staré Hradiseé 1481 5691000 3817
Srch 1331 3050000 | 4477
Zyanice 882 41.07000 4656
Chmdim 22080 20511600 [12.832
Swvitavy 17004 166.10320 (9.769
Lanékroun 9637 13013800 [13.50

900,00

800,00 1 y = 0,0064x + 2,3855

700,00 R’ =0,9809 —"*

600,00 |

500,00

400,00

300,00

200,00

100,00 1

0,00 ‘ ‘ ; ; ; ;
0 20000 40000 60000 80000 100000 120000

Fig. 4 Resulting LR line for ypy (model 12 B)

Resulting regression equation for the estimation of the
volume of variable ypy in tons depending on the number of
inhabitants x (Fig. 4) has the following form (19) and R? for
this equation obtains value 0.98 which represents 98 %
variability of the explained variable. As is the case with
variable y,; this is quite high value, thus this could be
sufficient for practical utilization.

C. Prediction of GW volume

The dependent variable ygy here is the total volume of
glass in tons produced in the individual municipalities of
Pardubice region in year 2010, the independent value is the
number of inhabitants x.

The data matrix after removal of zero values included 407
municipalities. There were realized more that 20 models
(dependent variable: amount of waste ygy in tons, independent
variable: number of inhabitants x). Based on the graphic
illustration of data (Fig. 5) and the assessment of values of the
variable ygp; those records that could had been consider
remote values were removed. Gradually the R? was increased.
Exclusion of some objects from the data matrix did have
hardly any influence on the value of R” (this concerned mainly
municipalities with a low number of inhabitants and at the
same time a high volume of produced glass per inhabitant).
The number of excluded and further observed municipalities is
stated in Tables 8 and 9.
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Fig. 5 Original data structure (excluded, observed but not excluded
municipalities)

Note: Fig. 5 illustrates orientation location of the regression
line, Statutory town Pardubice value is missing for better
orientation reasons.

Table 8 Obzerved but not excluded mumecipalities

M name x Yo [t] Vi [kg]
Switavy 17004 18238000 10.73
Ceska Trebova | 16028 165.19430 1031
Ustinad Orlici | 14428 165.57900 11.48
Vrbatuw 333 1398800 420
FKosteles
Madonovice | 313 10.14800 3242
Cenkovice 177 8.04000 4542
Neratov 134 6.73700 3028
Ceské Lhotice | 102 3.94900 5832

Table 9 Excluded numeipalities for moedel

M name X Ve [£] Vi [ke]
Chrudim 22050 71473300 31.08
Vvsoke Myto [ 12202 143.60700 11.68
Litomysl QE60 14733000 1494
Tremoénice 3086 74.33492 2408
Sec 1633 8626620 5212

The value R? was observed under step by step elimination of
selected municipalities. The most dramatic change against the
model without exclusion of municipalities was recorded when
municipality Chrudim was excluded (the difference is 0.1614)
and after the exclusion of municipalities Chrudim and Sec¢ (the
difference against the model with excluded municipality
Chrudim is 0.0043). With excluded municipalities Chrudim
and Sec¢, Tremosnice, Vysoké Myto a Litomysl the highest
value R* = 0.9741 was reached. Fig. 6 shows linear regression
line for the resulting model. Selected modelling results are in
Table 10.

1200,00
1000,00
800,00
600,00
400,00
200,00
0,00 4#"/

0 20000 40000 60000 80000 100000 120000 140000

y =0,0079x + 3,6274
R? = 0,97

¢ Glass [t] =——Linear (Glass [t])
Fig. 6 Resulting LR line for Yy (model 6C)
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Linear regression equation (20) corresponds to model 1C,
(21) model 2C , ..., (25) the best model 6C and defines the
predicted value of GW volume ygy- by the following way:

Yan =4.5012 + 0.0087x, (20)
Yo =4.0925 + 0.008x, (21)
You = 3.9243 +0.008x, (22)
Yeu =3.8173 +0.008x, (23)
Yo =3.7481 + 0.0079x, (24)
You = 3.6274 + 0.0079x. (25)

Resulting regression equation for the estimation of the
volume of variable ygy in tons depending on the number of
inhabitants x has the following form (25) and explains the
97.4 % of spread of the explained variable.

Table 10 G'W LE analysis results

Model mumber B- Description

1C 0.2016 Data set - not excluded
nmmicipalities

C 0.963 Data set without Chmdim

3iC 0.9673 Data set without Chrudim,
Sed

4C 0.%692 Data set without Chrudim,
Sec. Tremoimce

3C 0.9704 Data set without Chrudin,
Seé, Tfemodmce, Vysoke
Mito

aC 09741 Data set without Chrudim,
Seé, Tremodnice, Vysoké
Mrto. LitonyEl

D. Prediction of CW volume

In the Framework of the data set pre-processing in total 101
records with zero value were replaced. The fact that some
municipalities show in this type of waste zero value is possibly
caused by the fact that in some municipalities there are not
paper and card board containers and there are no other
collection spots where this waste could be deposited and later
transported for further processing or liquidation. Despite this
fact the modelling was done.

The used data matrix included in total 315 records. The
dependent variable here was ycy in tons for individual
municipalities in year 2010, the independent variable here is x
in individual municipalities of the Pardubice region. More than
40 models were executed with step by step elimination of the
indicated municipalities (the exclusion was based on graphic
illustration again and based on recalculated values of the
variable ycpy ).

The highest R” increase was however observed with a model
based on a file/data set where town Chrudim was not included
(R? = 0.7751) that showed 36.94 [kg] of ycys and then the case
where the statutory town Pardubice was excluded (R*=
0.7639) that on the other hand showed very small ycp; (7.38
[kg]). With the exclusion of both municipalities we observed
the decrease of the observed R? indicator against the previous
two models (R*=0.7467). After exclusion of Chrudim,
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Lanskroun, Litomysl, Letohrad, Zamberk and Svitavy, that
showed quite high levels of variable ycp; (model 8D) we
observed an increase of the given indicator (R*=0.9034)
with regression equation (33) for the estimation of the volume
of paper and card board pcy,. When only Statutory town
Pardubice was excluded, because of its different characteristics
, and other municipalities were kept in the given data set
(model 2D), the regression equation (27) was obtained for ycy,.

Fig. 7 shows the basic structure of the data including
excluded and observed but not excluded municipalities. The
overview of excluded municipalities is in Table 11.

1 000,00
800,00
600,00
400,00
200,00 +55%sq

0,00

0 20000 40000 60000 80000 100000 120000

¢ Paper and card board containers
© Excluded municipalities
= Observed but not excluded municipalities
Fig. 7 Original data structure (excluded, observed but not excluded
municipalities)

Table 11 Excluded municipalities for model

h—'I_].'lﬂ.'L'L‘.’E' s Yew [[] Yeowr DIE]

Letohrad 622 18081500 048
Zamberk 6043 19856100 3286
Pardubice 121834 200 52000 738

Chrudim 22999 240 51800 [ 3594
Svitavy 17004 348.13670 2047
Litomysl aga0 20318730 2074
Lantkroum | 9637 30577400 | 4107

Table 12 shows the overview of the selected modelling
results. Fig. 8 shows the graphic illustration of the model (8D).

Table 12 CW LE. analysis results

Mode] number B* Description

1D 0.6351 Diata zet - not excluded
mumicipalities

D 0.7639 Data zet without Pardubice

iD 0.7751 Data set without Chrudim

4D 0.8244 Data set without Chrudim,
Lanikroun

3D 0.8344 Data set without Chrudim,
Lanikroun, Letohrad

a0 0.8603 Data zet without Chrudim,
Lanikroun, Letohrad,
Litonayil

D 0.8746 Data set without Chrudim,
Lanikroum, Letohrad,
Litomyil, Zamberk

ED 0.9034 Data set without Chrudim,
Lanikroun, Letohrad,
Litonaysl, Zamberk
Svitavy

Linear regression equation (26) corresponds to model 1D,
(27) model 2D , ..., (33) the best model 8D and defines the
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predicted value of CW volume ycy by the following way:

Yeu=6.1848 +0.0092x (26)
Yeu = 8.8475 +0.0225x 27)
Yew = 5.4381 +0.0084x, (28)
Yer=4.6807 +0.0082x (29)
Yer = 4.3092 +0.0082x, (30)
Pew = 3.7967 + 0.0080x , 31)
Yem =3.3855+ 0.0080x , (32)
Yerr=2.9947 +0.0078x . (33)
1200,00
1000,00 y = 0,0078x + 2,9947
R® = 0,903 -
800,00 /
600,00

400,00
200,00’,3,/
0,00 T T T T T T
0 20000 40000 60000 80000 100000 120000
e Paper and card board containers

—Linear (Paper and card board containers)
Fig. 8 Resulting LR line for Yy (model 8D)

Based on the graphical illustration of the data there was also
applied a polynomial trend (this trend curve is used when data
fluctuates), that with regard to the fluctuation of data showed
to be appropriate. On the base data file a higher value of the
observed indicator (R*=0.8378) was achieved. Upon
exclusion of the statutory town Pardubice there was observed
decline to (R?=0.8267), when town Chrudim was excluded
there was an increase (R?=0.8829). Upon exclusion of both
municipalities at the same time there was observed decline (R*
= 0.7471) with regard to the basic data set. By exclusion of the
above stated municipalities (see Table 11) a model was created
(model 8D1) with the highest value of the indicator (R*=
0.941), regression equation (41) and a corresponding curve on
Fig. 9. Table 13 shows selected results of modelling with the
utilization of the polynomial trend.

Regression equation (34) corresponds to model 1D1, (35)
model 2D1 , ..., (41) the best model 8D1 and defines the
predicted value of CW volume ycy by the following way:

Peu= - 9.6832 + 0.0241x - 1E-07x%, (34)
Yo = 1.045+0.0073x + 1E-06x°, (35)
Feu= - 5.3745 +0.0189x - 9E-08x’, (36)
Yeu=-5.335+0.0189x - 9E-08x’, (37)
Fou=-4.5939 +0.0175x - 8E-08x’, (38)
Yeu=-4.5109 +0.017 Lx - 8E-08x’, (39)
Yeu=-3.9858 +0.0161x - TE-08x’, (40)
Yeu=-2.7693 +0.0141x - 6E-08x". (41)
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y = -6E-08x* + 0,0141x - 2,7693 _
R’ =0,9

/

0 20000 40000 60000 80000 100000 120000

e Paper and card board containers
—Poly. (Paper and card board containers)
Fig. 9 Resulting regression curve polynomial trend for Yoy
(model 8D1)

Tzble 13 OW polynonual regression analysis results

Miodel mmaber B- Description

1D1 0.8378 Data set - not excluded
mumicipalities

D1 0.8267 Data zet without Pardubice

i (0.8829 Data set without Chrudim

4D1 0.7471 Data set without
Pardubice, Chmdim

i 09118 Data set without Chrudim,
Lanikroun

aD1 0.8ial Data set without Chrudim,
Lanikroun, Letohrad

D1 08272 Data zet without Chrudim,
Lanskroumn, [etohrad,
Litomuyil

ED1 0941 Data set without Chrudim,
Lanikroun, Letchrad,
Litomyil, Zamberk
Svitavy

From the above stated it is clear that the polynomial trend
represents a better approximation of the given data that
reached quite visibly better R* values. Upon the exclusion of
the statutory town Pardubice record and potentially the
exclusion of some other municipalities the data, after graphic
illustration, more pointed to a linear trend.

IV. CONCLUSION

The possibility to forecast MW volume is important
especially for negotiation of contract conditions with waste
collection and transportation companies. The estimated MW
value jointly with other types of waste may serve to define the
level of fees to be paid by municipality inhabitants as well as
for reservation of sufficient municipal finance for this area
from the municipal budget. And last but not least it allows to
plan rent (or purchase) of new (larger or smaller) waste
bins/containers and in case of separated waste also their
number.

The achieved R” values than speak about the explanation of
98 % (98 %, 97 % and 90 %) variability of real data set speak
about the usability or about the suitability of regression models
for MW — the model 6A (PW — the model 12B, GW — the
model 6C and CW — the model 8D) prediction on the regional
level. It is possible to discuss application the polynomial trend
represents
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There is a decision making issue arising: to respect reality
when modelling, that is to work with the status (real situation)
in other municipalities and only exclude statutory town
Pardubice, that dramatically differs in the number of
inhabitants (there is about 5 times more inhabitants than in
Chrudim) and where we can assume that the low value of the
given variable is given by the fact that a large number of
people does not separate paper and card board, and thus to
select as the winning model the model (2D) with value R2 =
0.7639 which represents only 76.39 % of the explained
variable, or to keep this model and to exclude other
municipalities with higher number of inhabitants where the
amount of paper and card board per 1 inhabitant is very high
and to use model (8D) with observed indicator R* better by
0.1701, that is R* = 0.9034 that explains 90.34 % spread of
the explained variable in case of the linear regression equation,
or potentially to use model (8D1) with polynomial trend that
explains up to 94.1 % spread of the volume of paper and card
board in the observed municipalities.

In case of the variable Glass, also the polynomial trend was
used based on detailed graphical illustration where very good
results were obtained. With the resulting model the R? values
for the polynomial and the linear trend reach high values (the
difference is only 0.0182). To predict the volume of glass both
models could be possibly used. However due to complexity of
the calculation and also due to large rounding in the case of the
polynomial trend the approximation under linear regression is
more suitable despite the fact that before ,,cleansing™ it returns
lower R values.

In the future it is possible to deal with the issue of prediction
by means of NNs, or potentially deal with municipality
classification by the volume of MW, PW, GW and CW on the
basis of cluster analysis.
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