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Abstract 

 

This paper is analysing the development of municipal waste amounts in the 

Swedish municipality of Växjö. The cause of the analysis were declining 

waste amounts in the second half of 2008, which was a  rather atypical de-

velopment since in the years before, a steady growth could be observed. 

Therefore, the Waste management department in Växjö raised the question 

if and in what way the economic downturn that Sweden is currently under-

going could affect the waste amounts. This is the central question I try to 

answer in this paper. To pursue a systematic analysis, I start with a theoreti-

cal section on how waste is generated in societies, how waste is managed in 

Sweden and which factors influence the development of municipal waste. 

Aim of this section is to give a theoretical assessment on how the economic 

downturn could affect the actual waste amounts. Then, an empirical analysis 

of Växjö’s municipal waste amounts is conducted. This is done by  time 

series modelling of monthly amounts, by using the ARIMA methodology. 

The models then are tested on structural breaks that could be attributed to an 

economic downturn. Finally, the waste amounts for the next twelve months 

are forecasted. 
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1. Introduction 

In modern societies, waste is one of the major sources of environmental 

problems. Growing economies and growing populations seem to lead to an 

ever increasing waste mountain, with adverse effects on nature and human 

health. Nowadays it is a political goal to reduce waste amounts or at least to 

reduce the adverse impacts of it. For example, waste management is under 

the four top priorities in the 6
th

 Environmental Action Programme of the 

European Union.
1
 However, those efforts have not proven to be very suc-

cessful so far, and once waste is created, it has to be dealt with. Hereby, 

several approaches can be followed. One approach is to make the actual 

producers responsible for the treatment of the waste created by their activi-

ties. Yet this is not possible for all kinds of waste, and as a consequence, the 

state takes responsibility for managing parts of the waste. In Sweden, this is 

the case for the so-called “municipal waste”.  

This paper is going to deal with the development of the waste amounts and 

the waste management in the Swedish municipality of Växjö. Waste 

amounts in this municipality decreased in the end of last year and the begin-

ning of this year, causing surprise to the people at the waste management 

department of the municipality, since over the years the waste amounts 

showed a steadily increasing pattern. The central question arising from this 

development up was whether the economic downturn, that Sweden is un-

dergoing since the last quarter of 2008, could already have had an influence 

on the municipal waste amounts. Moreover, the interest of the municipality 

in the future development of the waste amounts is quite high in general, 

since it is important for the planning of the waste management to have reli-

able forecasts at hand. Therefore, a important partly question is which fac-

tors are influencing municipal waste amounts and in what way. I try to an-

swer these questions in three steps.  

First, I will give an overview of how waste is generated by economic activi-

ties and what is defined as waste. Associated with that, I will explain the 

necessity for a municipal waste management and give a short introduction to 

the principles of Swedish Municipal Waste Management. Connected with 

                                                 
1  cp. European Commission (2002): Sixth Environmental Action Programme 
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that, I will introduce the municipality of Växjö and its waste management 

and explain the need for good forecasts of the waste amounts.  

Second, an overview over the findings on influence factors of waste 

amounts will be given, with respect to economic, population and socio-

demographic factors. This is followed by an analysis of the current macro-

economic development in Sweden and Växjö, with special focus on the fac-

tors that have an influence on waste amounts, in order to give a preliminary 

general estimation of the future waste development.  

Third, I will try to model the actual waste amounts generated in Växjö by a 

time series model and look for structural breaks that could be connected 

with the economic crisis. Moreover, I will forecast the waste amounts over 

the period of one year. A recapitulation of the findings can be found in the 

conclusion. 

For this paper, I worked together with the municipality of Växjö to obtain 

data and information, especially for the parts three and five. My contact per-

sons in the municipality were the Assistant Head of Waste Management, 

Nicholas Jonasson, and the Communication Manager Marie Ljungberg. 

They generously provided me with information in three meetings, one study 

visit to their facilities and through several emails between March and May 

2008. At this point I want to thank them for their most helpful cooperation. 

Contact details can be found in the reference section.  

 

2. Waste and Waste Management as Part of an Economy: The Swedish 

Example

2.1 Waste as Part of Economic Activities 

Standard models often regard the economy as a linear system of production 

and consumption: Production leads to consumption, and consumption leads 

to welfare. However, in these models two connections to the environment 

are left out: First of all, to enable production of consumer goods, inputs of 

natural resources are inevitable. Second, at all stages of the production (in-

cluding raw materials extraction) and consumption process residuals, or 

waste, are created. An extended economic analysis should take this waste 



 

 

3

                                                

into account when modelling processes involving the economy and the envi-

ronment. Even if nature also produces waste (e.g. fallen branches from 

trees), in economic analysis this waste is usually not taken into account, but 

only the residuals resulting from the production process. This is due to the 

fact that waste from natural processes usually is recycled by nature itself, 

while that is not the case for waste from the production process, or only to a 

limited extend. Therefore, waste in economic terms usually refers to waste 

resulting from the process of converting natural resources into goods or to 

residuals from consumption.
2

Those two links with the environment are also expressed in the two laws of 

thermodynamics: The first one states, as Ayres (1999) puts it, “something 

cannot be created from nothing”, explaining the necessity of raw materials 

or energy input in the production process. The generation of waste is ex-

plained by the second law of thermodynamics, which states (again roughly 

speaking) that most physical processes are irreversible. Moreover, it states 

that every real process increases the entropy of a system. The final state of a 

system is reached when entropy is maximized. At that point, no further 

transformation of a material is possible. Usually, the production process 

increases the entropy of materials. Important from an economic viewpoint is 

that, what is considered as waste, often has such a high entropy that no fur-

ther transformations into economically useful products are possible. There-

fore, the market value of this waste is zero.
3
  

However, disposing waste comes at  a cost, because waste causes direct and 

indirect adverse effects to humans and the environment. Examples are the 

aesthetic disruption of a landscape, contamination of soil or groundwater 

and air pollution through particle and gas emissions. Those do not only ad-

versely  affect the environment, but can also cause risks to public health.
4
 

Those adverse effects and the associated marginal costs usually are zero to 

the individual. Therefore, individual actors tend to use common property 

resources like the environment for the disposal of this economically useless 

waste to minimize their cost of consumption. However, those costs are non-

 
2  cp. Pearce  / Turner (1990): p. 35f. 
3  cp. Ayres (1999): p. 867 f. 
4  cp. Ayres (1999): p. 870 
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zero to the society as a whole. Conclusively, waste disposal is subject to 

market failure, since it imposes external costs to the society by creating the 

externality of  pollution. In addition, mitigating efforts to improve the envi-

ronmental quality would also benefit other actors without the necessity for 

them to pay for this improvement, since environmental quality is a public 

good. Therefore, waste generation and aligned pollution control are subject 

to the market failure of external effects and the freerider problem.
5

This market failure causes the need for state intervention for correcting the 

external costs. Those interventions are usually summarized under the term 

“Waste Management”.
6
  

Since it is not the aim of this paper to analyse the different possibilities of 

mitigating external effects, they are not further explained here. The next 

paragraph describes and analyses the different kinds of state regulations that 

the Swedish waste management is subject to. 

 

2.2. Municipal Waste Management in Sweden 

2.2.1 Definitions of Waste, and Overview 

After explaining the origin and the economic meaning of waste and the need 

for state intervention, this paragraph is intended to introduce legal defini-

tions used by the EU and the Swedish government for different kinds of 

waste and to explain the legal framework regulating waste management in 

Sweden. 

Using the definition of the European Centre on Resource and Waste Man-

agement, “Waste includes all items that people no longer have any use for, 

which they either intend to get rid of or have already discarded. Addition-

ally, waste are such items which people are require to discard, for example 

by law because of their hazardous properties.”7
 Different kinds of waste are 

distinguished: Municipal waste (including household and commercial), in-

dustrial waste (including manufacturing), hazardous waste, construction and 

demolition waste, mining waste, waste from electrical and electronic 

                                                 
5  cp. Bisson / Proops (2002) : p. 4f. 
6  cp. ibid.: p.5 
7  cp. European Topic Centre on Resource and Waste Management (2008): What is 

Waste? 
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equipment, biodegradable municipal waste, packaging waste, end-of-life 

vehicles and tyres and agricultural waste.
8

 Important for the purpose of this paper is the definition of municipal waste, 

which is “…waste (…) generated by households, commercial activities and 

other sources whose activities are similar to those of households and com-

mercial enterprises. It does not include other waste arising e.g., from min-

ing, industrial or construction and demolition processes.”9

In Sweden, municipalities are generally only responsible for household 

waste, not for industrial, agricultural, mining, and demolition and construc-

tion waste. Moreover, large parts of this household waste fall under the so-

called “producers’ responsibility”, which means that a producer is responsi-

ble “for certain identified products throughout their entire lifecycle, includ-

ing (…) recovery as waste” (Avfall Sverige 2008).
10

 In other words, they 

have the physical and economic responsibility to collect and treat certain 

waste products: Packaging, waste paper, end-of-life vehicles, tyres, and 

waste from electric and electronic equipment. Producers’ responsibility was 

first introduced in 1994 and gradually extended.
11

 Since 2008, small batter-

ies are also included.
12

  

Therefore, the responsibility of municipalities reduces to household waste in 

bins and bags, bulky household waste, garden waste, and waste items such 

as electrical and hazardous waste which don’t fall under the producers’ re-

sponsibility.
13

 The circumstance that Sweden has a far-reaching producers’ 

responsibility is important with regard to the topic of this work since a large 

part of the waste that arises from consumption of households actually 

doesn’t fall under municipal waste management tasks. This has to be con-

sidered when trying to assess the effects of an economic downturn on waste 

amounts (see also chapter 5). 

 
8  cp. European Topic Centre on Resource and Waste Management (2008): What is 

Waste? 
9  cp. European Topic Centre on Resource and Waste Management (2008): What is 

Waste?  
10  cp. Avfall Sverige (2008): p.32 
11  cp. European Topic Centre on Resource and Waste Management (2006): p. 10 / p. 12 ff. 
12  cp. Avfall Sverige (2008): p. 8 
13  cp. ibid p. 32 
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In 2007, each Swede produced 513.7 kg of household waste (including the 

waste falling under the producers’ responsibility), summing up to 4,717,380 

tonnes in whole Sweden.
14

 This household waste was either treated as haz-

ardous waste (0.9 %), recycled by material recovery (36.8 %), biologically 

treated (11.9 %), incinerated with electricity recovery (46.4 %) or landfilled 

(4 %). The costs for the different types for treatment vary widely over Swe-

den. For landfilling, they reach from 700 to 1,200 SEK per ton, for incinera-

tion from 500 to 1000 SEK, and for biological treatment from 400 to 800 

SEK.
15

  

 

2.2.2 Legal Framework for Municipal Waste Management in Sweden 

Besides the already mentioned producers’ responsibility, several other na-

tional and European laws and directives shape the Swedish Municipal Solid 

Waste (hereafter: MSW) management and treatment.  

In Swedish law, the responsibility of the municipalities for all waste not 

included in the producers’ responsibility is written down in the Environ-

mental Code of 1998. Municipalities have to ensure that this waste is col-

lected, transported to a treatment plant, and then recycled or removed in a 

way that protects human health and the environment. All municipalities 

have to adopt a municipal waste regulation containing the rules on waste 

disposal, which are then laid down in a waste disposal plan.
16

 That means 

that the municipalities can largely decide for themselves how to organize 

their waste management. This includes that they can either organize it 

within the administrative framework of the municipality or found municipal 

companies. Moreover, they can cooperate on several levels and appoint con-

tractors for the collection and treatment of waste.
17

  

The most important EU regulation affecting MSW management is the EU 

Council Directive 99/31/EC of April 1999 on the landfill of waste, which 

was transposed to Sweden  in July 2001. Among other regulations, it banned 

                                                 
14  Household waste here includes only the treated household waste that can be statistically 

detected. 
15  cp. Avfall Sverige (2008): p. 7 
16  cp. Swedish Ministry of the Environment (2000): p. 84 f. 
17  cp. Avfall Sverige (2008): p. 5 
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all combustible, explosive, infectious (e.g. from hospitals) and liquid waste 

as well as whole tyres from being landfilled from January 1, 2002. In addi-

tion, from January 1, 2005, organic material was banned from being land-

filled.
18

 This means that no waste that potentially could also be incinerated 

is allowed to be landfilled any more. 

Intention of this directive is “(…) to prevent or reduce as far as possible 

negative effects on the environment, in particular the pollution of surface 

water, groundwater, soil and air, and on the global environment, including 

the greenhouse effect, as well as any resulting risk to human health, from 

landfilling of waste, during the whole life-cycle of the landfill.” (European 

Commission 1999).
19

  

 

2.2.3 Financing Options for Waste Management and Treatment 

From an economic point of view, there are several possibilities of covering 

the costs of waste management which arise from the market failure. In gen-

eral, they all intend to internalise the costs of waste disposal, by imposing 

the costs of waste management either on the producer or the consumer. This 

internalisation can follow different principles, depending on who is the tar-

get group.
20

The first principle is the “polluter pays principle” (PPP), which in general 

states that the polluter should come up for all the costs of pollution control 

and prevention that are necessary to keep the environment in a certain 

shape.
21

 In the case of Swedish MSW management, the PPP is applied to all 

items that fall under the producers’ responsibility. To cover the costs of col-

lecting and treating their waste products, the producers add a surcharge to 

the price of the sold product.
22

 The Swedish companies affected by the pro-

ducers’ responsibility have formed joint recycling companies that are fi-

                                                 
18  cp. European Topic Centre on Resource and Waste Management (2006): p. 6 
19  cp. European Commission (1999): Council Directive 1999/31/EC of 26 April 1999 on 

the landfill of waste 
20  cp. Ayres (1990): p. 886f. 
21  cp. Pearce  / Turner (1990): p. 175f. 
22  cp. Avfall Sverige (2008): p. 26 
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nanced through this surcharge and accomplish the waste management tasks 

required by the law.
23

For the waste not covered by the PPP, the costs can be internalised by taxes 

and fees. Economically most efficient would be a tax that would raise the 

price of waste production so that it equals the marginal social costs of waste 

disposal. However, this is usually not feasible since it is not always possible 

to estimate environmental costs exactly, and even more important, the indi-

vidual marginal social costs are impossible to calculate in a municipality 

due to the large number of people living there. Therefore, the price for 

MSW management to be paid by each individual is usually calculated based 

on average costs and not on marginal costs.
24

In Sweden, the local government decides on the waste collection fee. This 

fee has to cover all expenses: from administration over collection up to the 

final treatment. The financing consists of two parts: A basic fee that is in-

corporated in the municipal tax, and has to be paid by everyone (independ-

ent of how much he uses the MSW services), and collection and treatment 

fees that are charged on the basis of the collection frequency and waste 

amounts produced. In 2007, the average amount a Swedish household paid 

in waste fees was 1,940 SEK.
25

 

3. Waste Management in the Municipality of Växjö 

The next section introduces the municipality of Växjö and its waste man-

agement structures. Where possible, comparisons to Sweden as a whole and 

the average Swedish waste management are drawn to see if and how far the 

case of Växjö could be generalized to the whole of Sweden. 

 

3.1 The Municipality of Växjö 

Sweden is divided into 290 municipalities, which constitute the smallest 

administration entities in the country. The municipality of Växjö covers an 

area of 1924.81 km
2 

and has around 81,074 inhabitants. Compared by in-

                                                 
23  cp. European Topic Centre on Resource and Waste Management (2006): p. 13 
24  cp. Kahn (1997): p. 271ff. 
25  cp. Avfall Sverige (2008): p. 26 
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habitants, that makes it the 22
nd

 biggest of the 290 municipalities in Swe-

den.
26

Växjö’s economic structure corresponds well with the structure of whole 

Sweden (compare Table 1). Around 75% of the employment is provided by 

the trade and service sector, including education, research and health care. 

Extraction, manufacturing and production only provide around 25% of the 

jobs in Växjö. 

 

Table 1: Economic Structure in Växjö and Sweden 2006 

 Jobs pro-

vided 

Växjö Kommun 

% 

Sweden  

% 

Trade and communication 8 092 19 18 

Health, health care 7 582 18 16 

Financial and business ser-

vices 

6 183 15 14 

Production, resource extrac-

tion 

5 632 13 17 

Research and education 4 646 11 11 

Personal and cultural services 2 778 7 7 

Public administration 2 262 5 6 

Construction industry 2 308 6 6 

Non-specified activities 1 343 3 1 

Forest, fishing, hunting 868 2 2 

Energy, water, waste 234 1 1 

Total 41 928 100 100 

Source: Växjö Kommun (2009): Business life and employment, own 

translation 

 

In 2007, the average earned income of people over 16 years was 219,700 

SEK, while the Swedish average was 224,700 (both in prices of 2007).
27

 

Unemployment in 2008 was slightly higher in Växjö than in Sweden, 

namely 2.7 % compared to 2.5 %.
28

From this statistical overview, one can say that Växjö could be seen as a 

good representative of an average Swedish municipality. More details about 

                                                 
26  cp.  Statistics Sweden (2009): Regional Population Statistics 
27  cp. Statistics Sweden (2009):  Income statistics 
28  cp. Arbetsförmedlingen Sverige (Swedish employment agency) (2009): Year statistics 

unemployed 
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the economic and demographic development relevant for this paper are 

given in section 4.4. In the next paragraph, the waste management system of 

Växjö is described. 

 

3.2 Overview: Waste Management in the Municipality of Växjö29  

In Växjö, the political entity that is responsible for the waste management is 

the “Tekniska nämnden”, the technical services board. This board is the 

deciding body for the conduction of the waste management in the munici-

pality. It consists of 15 members appointed by the municipal council of 

Växjö. The members are all associated with one of the parties represented in 

the council and should mirror its composition. However, responsible for 

accomplishment of the waste management is the technical administration, 

“Tekniska Förvaltningen” with its sub-agency “renhållningsavdelningen” 

(“waste management department”).
30

The Tekniska Förvaltningen organises the MSW refuse collection from 

around 18,000 household blocks of flats, 14,000 detached houses, 980 sum-

mer houses and 940 companies. It runs eight recycling centres where the 

inhabitants drop bulky household waste and one landfill and waste reloading 

area. Every citizen of Växjö produces on average 540 kg of MSW per year, 

which is then collected and either landfilled, recycled, incinerated or treated 

biologically. The next section contains an overview on how much waste was 

generated in the last years and how it was treated. Moreover, the treatment 

facilities are explained in more detail. 

 

3.3 Different Forms of Waste Treatment 31

In the following figure, it can be seen how large parts of the MSW in Växjö 

were treated in the period 1996 – 2008. 

The sharp drop in landfilling and simultaneous increase in incineration in 

2001 can be explained by the transportation of the EU landfill directive to 

 
29  All information in the sections 3.2, 3.3 and 3.4 that is not marked otherwise was ob-

tained from Nicholas Jonasson and Marie Ljungberg in several meetings between 

March and May 2009. 
30  cp. Växjö Kommun (2008): Växjö Municipality Organisation  
31  All data was obtained from Nicholas Jonasson at the Waste management department. 

The datasets can be found on the CD-Rom attached. 



Sweden in 2002. In anticipation of this, the municipality switched from 

landfilling household waste to incineration. The main finding from this 

analysis is that landfilling is constantly declining, while incineration be-

comes the more important treatment method. In 2008, 87.8 % of all waste 

was incinerated and only 5.2 % landfilled, while in 1998 municipal incinera-

tion was non-existent, but 94 % of the waste was landfilled. The municipal 

recycling rates (excluding recycling under the producers’ responsibility) 

remained fairly constant over time, while biological treatment increased 

from 0.4 to 1.3 % from 2000 until 2008. 

 

Figure 1: Waste treatment rates Växjö 1996 - 2008 
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Source: Växjö Waste Management Department (2009): Waste treatment 

statistics, own illustration 

 

The way the different treatment methods are carried out and the costs asso-

ciated with them are explained in the next paragraphs. 

 

3.3.1 Landfilling 

Landfilling is conducted on Växjö’s own landfill and waste reloading site, 

Häringetorp. All household waste and the bulky household waste from the 

recycling centres is first transported to Häringetorp. There it is sorted ac-

cording to the EU landfill directive and pre-treated. Nowadays, only resid-

ual waste from the recycling centres that cannot be incinerated is landfilled. 

However, the industry can buy the service of the municipality to treat its 
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waste there, and this waste actually constitutes a much larger amount than 

the MSW waste.  

The average cost of landfilling one ton of MSW in Häringetorp is 870 SEK. 

 

3.3.2 Municipal Recycling

The municipality operates eight recycling centres where inhabitants and 

small companies can leave their bulky household waste (as well as items 

that fall under the producers’ responsibility, which are not further treated by 

the municipality). Parts of this bulky household waste can be recycled, 

mainly metals. For recycling, the municipality receives a payment (e.g. 890 

SEK / ton for metal recycling), but, as can be seen from figure 1, material 

recycling only makes up for a small part. The parts that cannot be recycled 

are either incinerated or landfilled. The incineration of bulky household 

waste costs 980 SEK / ton incl. transport, but hazardous items such as im-

pregnated wood can be much more expensive (in this case 1,650 SEK / ton). 

 

3.3.3 Incineration 

Växjö does not operate its own incineration plant, but buys these services 

from other municipal and private companies. Currently, several different 

contracts are in operation. Household and easily inflammable waste is trans-

ported to the neighbouring municipality of Ljungby, where it is incinerated 

with energy recovery and the generation of heat for distance heating. Costs 

of transportation and incineration are 720 SEK / ton. Residual waste from 

the recycling centres is carried to another incineration plant in Halmstad, 

around 90 km away from Växjö. The bulky household waste costs 980 SEK 

/ ton incl. transport. Wood waste is incinerated in a third plant, where costs 

are between 90 and 1650 SEK / ton, depending on special characteristics. 

According to EU law, contracts for incineration (and also other waste  treat-

ment) services have to be advertised publicly when their value is 200,000 

SEK or above. When the contracts are made, they also include an upper and 

lower limit on waste amounts that can respectively have to be processed. 

When those limits are exceeded, the waste has to be stored or another 

incinerator has to be found, which both carries additional costs for the 
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the municipality. If the amount falls below the lower limit, compensation 

has to be paid to the incineration facility. Therefore, it is important to have 

rather reliable figures about the upcoming waste amounts. 

 

3.4 Financing of the MSW Management in Växjö and the Importance 

of Good Forecasts 

Also in Växjö, the waste management is financed through two different 

fees. For administration and planning, running the recycling centres and the 

treatment of hazardous and bulky waste, a basic fee is charged. It is paid by 

every inhabitant who subscribes to the waste services, and depends on the 

housing situation. It amounts to between 310 SEK (small flat) and 775 SEK 

(detached house) per year in 2009.  

In addition, there exists a waste collection fee that should cover the costs of 

collection and treatment of household waste. Households can subscribe to 

different waste collection schedules and different sizes of the collection con-

tainers, so that these fees are variable. For example, the weekly collection of  

a 190 l waste collection bin costs 3765 SEK per year, collection every sec-

ond week costs 1770 SEK (this subscription scheme is the most common 

one).   

Even if there is a variable component of the collection fees, waste is not 

priced according to its marginal costs, but the costs have to be averagely 

covered by the fees. 

Those two components constitute the budget of the municipality. It is le-

gally forbidden to receive funding out of taxes, but some additional funding 

can be obtained by the selling of services (like the landfilling mentioned 

above) to the private sector. The budget is decided on every year, with a 

preliminary planning for the two following years. The decision-making 

body is the municipal council. However, the waste management department 

makes a proposal on budgeting based on its costs. Yet the council is not 

bound by this proposal because the decision is party a political one. There-

fore, situations can develop where the proposed budget is altered by the mu-

nicipal council, though the waste management department has to cover all 

costs out of it.  
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Over a period of three years the budget has to be balanced, meaning that 

surpluses and deficits have to balance each other out within three years. 

  

Knowledge of the development of waste amounts is especially important for 

the budget planning and the negotiations of future contracts about incinera-

tion. Forecasts which prove to be good serve as a legitimation for the pro-

posed budget to the municipal council, reducing the possibility that the 

budget is altered. Moreover, in the short term, they help to balance the 

budget over the three-year period, since waste treatment (especially incin-

eration, since it makes up the largest share of treatment) constitutes a large 

share of the costs that have to be covered. Long-term forecasts, on the other 

hand, help to prevent losses from unfulfilled agreements on waste amounts 

with the contractors and help to plan facilities and personnel. 

 

4. Waste from a Macroeconomic Perspective  

Like already explained in part 2 of this paper, waste is an inevitable part of 

economic activities.  

Over the last decades, growing waste amounts could be observed all over 

the industrialized countries. From 1980 to 2005, the MSW amount grew by 

54 % in the EU 15 and by 60 % in Sweden. This rise is going  along with 

GDP growth, implying that with future economic growth, waste amounts 

are going to rise farther.
32

 Growing waste amounts imply rising costs of 

environmental damage, which is an increasingly recognized topic in both 

political organizations like the EU
33

 or OECD and in the research commu-

nity. Therefore, a lot of research was done over the last years, directed on 

the question which variables influence MSW development and in what way. 

 In this chapter, I will give an overview over the findings of this research so 

far, not only concerning economic growth, but also population growth and 

socio-demographic factors. However, one has to be aware that those studies 

                                                 
32  cp. Sjöström / Östblom (2009): p. 9 
33  For example, the growing waste amounts are under the top four priorities in the EU 

sixth environmental action programme. 
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usually use country level data and therefore the findings might not exactly 

correspond to the development on a municipal level . 

 

4.1 Economic Drivers 

It is rather obvious that economic growth, measured by the GDP, increases 

the output of waste (see chapter 2), since it means in most cases an increase 

in production. However, attempts to determine the exact relationship be-

tween production and waste amounts have resulted in different findings, 

even if the basic question in most of the studies is similar. The main aim is 

to find out how elastic the generated waste amounts react to a change in the 

variable that measures economic growth. Elasticity here is defined as the 

percentage change in the output variable (waste amounts) as a reaction to a 

one percentage change in the input variable (e.g. GDP). For example, in the 

case of unity elasticity, a one percent change in the independent variable 

leads to a one percent change in the same direction in the waste amount 

generated. For elasticities smaller than one, it means that a one percent in-

crease in the economic variable causes an increase smaller than one percent 

in the waste amount generated.
34

Though, the first crucial question is which part of the GDP contributes to 

the generation of MSW. Since MSW is generated by households, it is most 

likely linked to the household consumption expenditure. Mazzanti and 

Zoboli (2008) use the final consumption expenditure of households to esti-

mate the elasticity in the EU. Using a panel data model, they find an elastic-

ity of 0.7 - 0.8 (depending on the model specification) for the old EU 15.
35

 

Johnstone and Labonne (2004) use the real final consumption expenditure 

per capita to estimate elasticities on the household solid waste generation in 

OECD countries through a panel data model. They find and estimate on 

elasticity of 0.69.
36 Daskalopoulos, Badr and Probert (1998) estimate a re-

lationship in the form of MSW = 0.0454*GDP
0.8828  

for Europe, leading to 

an elasticity of 0.88.
37

 
34  cp. Mazzanti / Zoboli (2008): p. 1221 
35  cp. Mazzanti / Zoboli (2008): p. 1226 / 1229 f. 
36  cp. Johnstone / Labonne (2004): p. 535  
37  cp. Daskalopoulos / Badr / Probert (1998): p. 160 
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A slightly different approach is followed by Skovgaard et al. (2007). They 

forecast the MSW amounts for EU countries on the basis of private con-

sumption of only food, beverages and clothing as primary explanatory vari-

able (others being population and time) until 2020 compared to 2005 by 

using a regression model. As the GDP is expected to grow by 35 % in that 

period, but the MSW increases only by 22 %, they also conclude an elastic-

ity smaller than one. However, an interesting fact is that for Sweden the 

model specification giving the best fit leaves out the consumption expendi-

ture and includes only the population and time variable. By that, it forecasts 

a 22.3 % increase in MSW generation until 2020.
38

A special forecast for Sweden using economic growth scenarios is made by 

Sjöström and Östblom (2009). For different scenarios with a GDP growth 

between 1.8 and 3.3 % yearly, they predict a growth of household waste 

between 8 and 290 % until 2030 (compared to 2006), leading to elasticities 

between 0.4 and 1.7.
39

To sum up, most of those studies suggest an elasticity close to unity for eco-

nomic growth and waste development, no matter what exact economic driv-

ers are used. However, regarding the current development of the economic 

downturn, it is questionable if a decrease in economic performance takes 

effect in the same way, that is leads to a decline in MSW amounts around 

unity elasticity. 

 

4.2 Population Drivers 

It is obvious that the size of a population and population growth should have 

a positive influence on MSW development. Again, several studies tried to 

define the exact relationship between those two variables.   

As already mentioned, Skovgaard et al. (2007) forecasted the waste 

amounts for Sweden and found population and time as the influential fac-

tors. They estimated unity elasticity with respect to population, meaning that 

 
38  cp. Skoovgard et al. (2007): p. 10 ff. / 16 
39  cp. Sjöström / Östblom (2009): p. 19 
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a one percent change in the population leads to a one percent change in the 

waste amounts generated.
40

 

 

In the study of Daskalopoulos, Badr and Probert (1998), the relationship for 

Europe between population and MSW was estimated by MSW = 

0.367*population
0.971

, suggesting an elasticity of 0.97, which is also close to 

one.
41

  

Mazzanti and Zoboli (2008) use population density as indicator and find a 

positive correlation of 0.254, likewise indicating that growing population 

(and therefore an increasing population density) has a positive influence on 

waste generation.
42

 Johnstone and Labonne (2004) also use population den-

sity and find an elasticity of .,85.
43

 

4.3 Other Influence Factors 

Some of the studies mentioned above include other socio-economic or pol-

icy variables and test whether they have an influence on MSW generation. 

Johnstone and Labonne (2004) include the percentage of children in the 

population in their model in order to capture different demographic compo-

sitions in the countries. Moreover, they include the rate of people living in 

urban areas to find out if the settlement systems have an effect on waste 

generation. While the percentage of children has a significant negative ef-

fect, the degree of urbanization does not. However, since the demographic 

composition of municipalities is likely to change very slowly (if at all), this 

variable can be neglected when trying to analyse the short or mid-term 

waste generation process of a municipality.
44

Mazzanti and Zoboli (2008) additionally include the rate of urban popula-

tion, the household size, an “oldness index” to capture demographic charac-

teristics and the share of manufacturing in the value added to the model. Of 

these variables, the “oldness index” and the household size have significant 

 
40  cp. Skoovgard et al. (2007): p.14 
41  cp. Daskalopoulos / Badr / Probert (1008): p. 161 
42  cp. Mazzanti / Zoboli (2008): p. 1228 f. 
43  cp. Johnstone / Labonne (2004): p. 536 
44  cp. Johnstone / Labonne (2004): p. 536 
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positive influences on the waste generation. But since these variables usu-

ally are also relatively time-invariant on a municipal level, they are not very 

important for this analysis. Moreover, the study includes an “environmental 

policy variable” which tries to capture all implemented policies related to 

waste management and waste generation. However, this variable does not 

have a significant effect.
45

 This was rather surprising to me since the main 

aim of many waste policies is to influence waste generation rates. 

 

To sum up the analysis of this chapter, from a macroeconomic perspective 

the population size (respectively growth) and economic growth are the main 

drivers of waste generation rates. Moreover, demographic characteristics 

seem to have an influence as well. However, since they are not so variable 

on a municipal level in a short or mid term perspective, they are not relevant 

for the further analysis in  this paper.  

 

4.4 Short-term Macroeconomic and Population Development in Sweden 

and Växjö 

4.4.1 Economic Development 

While long-time predictions like The Long Term Survey of the Swedish 

Economy 2008 forecast steady growth of the Swedish economy (this study 

suggests an annual GDP growth of 2.2%),
46

 the latest economic crisis is 

going to hit Sweden in the short term. I will now present some selected cur-

rent findings about the short-term economic development in Sweden and 

Växjö. 

According to the National Institute of Economic Research (NIER) forecast 

for 2009-2010, the Swedish GDP will drop by 3.9 % in 2009 and will only 

grow by 0.9 % in 2010. This recession already began in the 4
th

 quarter 2008, 

when GDP dropped by 4.9 % compared to the 4
th

 quarter 2007. The output 

of the business sector will drop by 5 %, especially hard hit will be the manu-

facturing industry.
47

                                                 
45  cp. Mazzanti / Zoboli (2008): p. 1228 f. 
46  cp. Swedish Ministry of Finance (2008): The long-term Survey 2008 of the Swedish 

Economy: p.34 
47  cp. National Institute for Economic Research (2009): p. 5ff. 
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This development will of course also affect households and consumer ex-

penditures. Total earnings will decline by 0.5 % in 2009 compared to 2008. 

However, especially through government transfers, the real disposable in-

come will rise by 1.1 %. Nevertheless, the household consumption expendi-

ture, which is the most determining variable concerning waste development, 

dropped by 0.2 % in 2008 and will drop by 1.8 % in 2009 (both compared to 

the previous year). This goes along with an increase in the savings ratio 

from 9 % in 2007 to 14 % in 2009.
48

A closer look on the consumption expenditures reveals that the consumption 

of goods, which is the most important for MSW generation, decreases even 

more than the consumption as a whole (where e.g. services are included), 

namely by 1.9 % in 2008 and 2.3 % in 2009.
49

It is difficult to tell to which extend this economic development is transfer-

able to the municipality of Växjö, since income statistics for 2008 are not 

available yet and forecasts for the municipal level do not exist. However, as 

shown in part 3.1, the economic structure of Växjö corresponds fairly well 

with the one for the whole of Sweden, so one could conclude that the eco-

nomic development proceeds in a similar way. Moreover, it is possible to 

look at an indicator associated with economic development that is available 

for short terms, namely unemployment. 

Compared to April 2008, where unemployment was 2.3 % in the municipal-

ity, it rose to 4.3 % in April 2009, rising even faster than in the whole of 

Sweden, where it increased from 2.2 % to 3.7 %. It started to rise from July 

2008, the fastest increase could be observed in the 4
th

 quarter 2008, when 

unemployment climbed from 3,5% in November to 4,1% in January 2009.
50

From this figures it can be concluded that the economic development out-

lined above also affects Växjö and the economic situation of its households. 

Even if the statistics and forecasts cannot be transmitted directly, they can 

serve as a guideline for the municipal development, and its indicators can be 

used when talking about future MSW development in Växjö. 

 
48  cp. National Institute for Economic Research (2009): p. 5ff. 
49  cp. National Institute of Economic Research (2009): Statistics on GDP and demand in 

Sweden 
50  cp. Arbetsförmedlingen (Swedish Employment Agency) (2009): Monthly municipal 

statistics 
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4.4.2 Population Development 

The population of the municipality of Växjö is constantly growing. Over the 

last 10 years, the population rose from 73,698 inhabitants to 81,074.
51

 This 

trend is going to continue over the next years. Forecasts until 2016 predict 

an increase of population by around 1,000 inhabitants each year, resulting in 

around 88,000 inhabitants in 2016. Over the last years, this increase in 

population was mostly caused by people moving into the municipality and 

only partly by a surplus of births.
52

This indicates that not only the population is increasing, but also the number 

of households. This might have an even stronger positive effect on MSW 

generation rates, since their relation to household size might exhibit dis-

economies of scale, while an increasing number of households cannot pro-

duce such diseconomies.
53

 

To sum up the economic and population trends regarding waste production, 

one would expect a steady increase of MSW amounts over the last years in 

Växjö, fuelled by economic and population growth. For the near future, it is 

difficult to make a prediction even about the direction of the development, 

since population increase and economic downturn in theory work in oppo-

site directions. Moreover, it is not completely assessable how hard Växjö is 

hit by the economic downturn. 

 

5. Future Waste Generation in Växjö 

In this chapter, I will try to predict the future waste generation of the mu-

nicipality of Växjö by time series modelling. Special focus will be put on 

the question whether the economic downturn already shows some influence 

on the waste amounts. As reported by the branch organisation of municipal 

waste management “Avfall Sverige”, the first quarter of 2009 already 

showed decreasing amounts of household waste compared to 2008.
54

 Does 

                                                 
51  cp. Statistics Sweden (2008): Regional population statistics  
52  cp. Växjö Municipality (2008): Population statistics 
53  cp. Mazzanti / Zoboli (2008): p. 3 
54  Avfall Sverige (2009): Kraftigt minskade avfallsmängder i lågkonjunkturens spår (con-

siderable reduced waste amounts due to economic downturn) 
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that also apply to Växjö? And in what way will the economic downturn in 

general affect the waste amounts? 

 

5.1. Methodology and Rationale of the Approach 

5.1.1 Data Examined 

As can be seen from the analysis of waste treatment rates in chapter 3.3, 

incineration is the major waste treatment method in Växjö. Furthermore, the 

amounts of waste selected for incineration drive the development of the total 

waste amounts (compare figure 1). Therefore, in the modelling and forecast-

ing process I will focus on the incinerated waste, which consists mainly of 

household waste in bins and bags and bulky household waste from the recy-

cling centres. The household waste is incinerated in the neighbouring mu-

nicipality of Ljungby, while the bulky household waste is incinerated in 

Halmstad, with different costs adherent. Therefore, I will analyse them sepa-

rately. Taking a first look at the graphical display of the two kinds in figure 

2 and 3, it also seems that they exhibit different behaviour over time, mak-

ing separate analysis even more reasonable. For household and hospital 

waste, I will use data from January 2001 until April 2009. This is the period 

after the implementation of the EU landfill directive and provides 100 ob-

servations. According to the Växjö Waste Management Department, there 

where no more changes in the legal environment that could have a signifi-

cant influence on the amounts incinerated after the implementation of the 

landfill directive. Therefore, this series can be regarded largely free from 

influences of policy changes. 

 

 

 

 

 

 

 

                                                                                                                            
 



Figure 2: Household Waste Incinerated, 01/2001 – 04/2009  
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Source: Vaxjö Waste Management Department (2009): Household Waste 

incinerated 2001-2007 and 2007-2009, own illustration 

 

For the bulky household waste dropped at the recycling centres, data are 

only available from March 2004 onwards, since it was landfilled before that 

date with a special approval of the national government against the regula-

tions of the landfill directive (the reason for the special approval was a lack 

of capacities for the incineration of bulky household waste). However, this 

period still provides 62 observations. Since it is usually recommended to 

have at least 50 observations for a meaningful analysis, the sample size is 

still sufficiently large.
55

 

Figure 3: Bulky Household Waste Incinerated, 03/2004 – 04/2009 
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Source: Vaxjö Waste Management Department (2009): Bulky Household 

Waste Incinerated 2004-2009, own illustration  
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55  cp. Montgomery / Jennings / Kulahci (2008): p. 265 
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5.1.2 Modelling and Forecasting Methodology 

While most of the studies concerning waste generation use regression mod-

els where the waste amounts are seen as a variable developing in depend-

ence of a set of economic, population and socio-cultural variables (see chap-

ter 4), this methodology is hard to apply to the question at hand: the short-

term development of waste amounts in Växjö with respect to the economic 

downturn. This is aggravated by the fact that the aim of a short-term fore-

cast is to predict the monthly generation rates, while most of the independ-

ent variables are only available on a yearly basis. This is especially hamper-

ing since the economic downturn drastically worsened in the last quarter of 

2008, a time span which is not represented very well by yearly national ac-

counting. Therefore, modelling by regression analysis runs the risk of not 

capturing its effects. Furthermore, as already discussed, it is difficult to tell 

to what extend the macroeconomic development of Sweden as a whole can 

be transported to the level of the municipality of Växjö. Since data on in-

come (or the like) in the municipality that could be used are not yet pub-

lished for 2008, one would also run the risk of generalization. 

To bypass these problems, dynamic modelling and forecasting in the form 

of time series analysis can be used. The main advantage is that it is not nec-

essary to construct an equation of independent variables explaining a de-

pendant one, but that lagged values of the dependant variable itself are used 

for modelling the process (univariate analysis). Thereby,  it is possible to 

analyse the properties of a time series and use its own characteristics for 

forecasting, under the philosophy “let the data speak for themselves”.
56

 

Moreover, time series analysis allows to identify trends and seasonal patters, 

which are highly possible to occur in waste generation.
57

 However, a disad-

vantage of univariate time series is that it is not possible to reveal causali-

ties, so even if one detects for example structural breaks in a waste genera-

tion time series, there is no way to “prove” that this change occurs due to a 

certain external influence. 

                                                 
56  cp. Gujarati / Porter (2009): p.774f. 
57  cp. Diamadopoulos / Katsamaki / Willems (1998): p.178 
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Time series analysis has been used for modelling waste generation rates in 

several studies. Diamadopoulos, Katsamaki and Willems (1998) modelled 

and forecasted daily MSW generation rates in the Thessaloniki Greater Area 

by using a seasonal ARMA (Autoregressive Moving Average) model with 

satisfactory results.
58

 Diamadopoulos, Ginestar and Navarro-Esbri (2002) 

used a similar model to forecast monthly MSW generation rates in several 

Spanish and Greek municipalities.
59

 Chang and Lin (1997) also used a sea-

sonal ARMA model on monthly MSW generation rates in Taipeh City, 

Taiwan. In addition, they modelled an intervention event in the form of a 

new recycling policy into the series.
60

All three studies use the ARIMA methodology for identifying a correct 

model for their data. Since this methodology seems to be suitable for model-

ling and forecasting MSW generation, I chose to apply it on the Växjö data, 

too. In the next paragraph, I will give a short introduction to it.  

 

5.2 The ARIMA Methodology 

The ARIMA, also called Box-Jenkins Methodology after its developers,  

allows to analyse stationary time series data systematically on serial de-

pendences in the respective data and to use them for modelling and forecast-

ing.
61

 Basically, it is tried to fit a model that explains the actually observed 

values by autoregressive (AR) terms of the lagged dependant variable, mov-

ing averages (MA) of lagged error terms and stochastic error terms. More-

over, trend and seasonal variables and constants can be included. The pro-

cedure consists of the three steps model identification, parameter estimation 

and diagnostic checking, which are repeated iteratively until a good fit is 

obtained. When all these steps are accomplished successfully, the model can 

be used for forecasting.
62

  

 
58  cp. ibid. 
59  cp. Navarro-Esbri / Diamadopoulos / Ginestar (2002): p.3ff.  
60  cp. Chang / Lin (1997): p. 167 ff. 
61  cp. Montgomery / Jennings / Kulahci (2008): p. 231 
62  cp. Gujarati / Porter (2009): p. 778 f. 



5.2.1 Model Identification 

Before starting the actual ARIMA modelling process, it is important to 

check if the time series under consideration exhibits non-stationary or sea-

sonal behaviour. 

Stationarity is an important feature because non-stationary processes change 

their statistical characteristics over time. Therefore, modelling and forecast-

ing can only be done for the time period under consideration and cannot be 

generalized to other (especially future) periods. Non-stationary time series 

therefore are of limited use for modelling and forecasting processes.
63

  

A stationary time series exhibits three distinct statistical characteristics: 

 

1. The Expected Value is constant over time: E(xt) = µ for all t = 1,2,…,T 

2. The Variance is constant over time: var(Yt) = E (Yt – µ)2 =j 2 

3. The Covariance of two values only depends on the lag length separating 

them and not on their occurrence in time: 

 けk = E[(Yt – µ)( Yt+k – µ)] for all t = 1,2,…T-k and k = 1,2,…, T-1  

 

If one of those characteristics is not fulfilled, the series is non-stationary.
 64

The two main reasons for non-stationarity are a random walk process or a 

deterministic time trend.  

A times series follows random walk (also called unit root process) process if 

the value at time t is an exact representation of the value at t-1 plus a ran-

dom error term and possibly a drift parameter (a constant):  

Yt = h + gYt-1+  ut,                             with g = 1 and h = drift parameter 

In the random walk model, the variance is not constant, but follows the fun-

tion  

var(Yt)= tj2 

 The expected value of the series is given by  

E(Yt) = Y0 + th 

and is in the case of h ≠ 0 also time-variant. Therefore, a random walk proc-

ess (with or without drift) is non-stationary. 

                                                 
63  cp. Gujarati / Porter (2009): p. 741 
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64  cp. Gujarati / Porter (2009): p. 741 
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A deterministic time trend is exhibited when a process follows the form 

Yt = h + く1t + ut

where the variance is constant (j2
),  but the expected value of the series is 

E(Yt) = h+ く1

and therefore time-variant and the series is non-stationary.
65

 

 Most time series can be transformed into stationary ones by differencing 

(“integrating”) them one or several times or removing the time trend. Sev-

eral tests on stationarity are available, I will explain the one I use when ap-

plying them to the data.  

 

When the series is declared stationary or transformed into a such one, the 

next step is to look for seasonality, that means periodic patterns underlying 

the data. Those patterns can be discovered by introducing dummy variables 

corresponding to the periodicity that is suspected and then testing if they are 

significant. In my case, I will introduce 11 monthly dummy variables (one 

comparison month) to the model, leading to an equation in e.g. the form of: 

Yt = h + く1t + く2d1+ く3d2 く4d3 +く5d5 + く6d6  + く7d7 + く8d8 + く9d9 + く10d10   

         + く11d11 + く12d12 + ut 

Here, April would be the comparison category. The dummies d1 - d12 equal 

one only when an observation takes place in the corresponding month, oth-

erwhise they are zero. For example, d1 is only “activated” (equals one) if an 

observation was taken in January, otherwise it is zero. In like fashion, all 

other dummies are zero in January. It then tested which dummy parameters 

differ statistically from zero.
66

 

When the seasonal behaviour is identified, one can look for the appropriate 

autoregressive and / or Moving Average process that fits the data well. This 

is usually done by Correlogram Analysis, where the error terms are checked 

on autocorrelation or partial autocorrelation.
 
If there exists any significant 

 
65  cp. Gujarati / Porter (2009): p. 742 ff. 
66  cp. Wei (2006): p. 162 



autocorrelation or partial autocorrelation, the residuals are not random errors 

and contain information that can be used for further modelling.
67

   

This is done by analysing the sample autocorrelation function and sample 

partial autocorrelation function. The estimated autocorrelation function is 

calculated by 

0)var(

),cov(

γ
γ

ρ
k

t

ktt
k

y

yy
==

+
 

for k = 0,1,2…K , where K is usually about T/4. If とk differs statistically 

significant from zero, this is a hint that autocorrelation at that lag is present 

and that an autoregressive term should maybe be included.
68

  

The general form of an autoregressive process looks like follows: 

tpttttt uYYYY ++++= −−− ααα ...2211  

Therefore, the value of Y at time is represented by a linear combination of p 

lagged values and a stochastic error term ut. Which lagged values are in-

cluded is determined by the autocorrelation function: Those lags k that ex-

hibit significant autocorrelation should be (at least preliminarily) included.
69

Moving Average (MA) terms are identified by using the estimated partial 

autocorrelation function. In general, a moving average process is a linear 

combination of q white noise error terms and a constant µ: 

qtqtttt uuuuY −−− +++++= βββµ ...2211  

Which MA-terms should be included, can be determined with the help of 

the Partial Autocorrelation Function. The partial correlation coefficient とkk 

measures correlation between two observations k time periods apart after 

adjusting for correlation in the intermediate lags
70

. Significant partial auto-

correlation at lag k is a hint that a moving average term lagged by k periods 

should be included.
71

  

 

                                                 
67  cp. Montgomery / Jennings / Kulahci (2008): p. 265 f. 
68  cp. Montgomery / Jennings / Kulahci (2008): p. 28 
69  cp. Gujarati / Porter (2009): p. 778 ff. 
70  The formal mathematical definition of partial autocorrelation is quite complex and 

therefore left out here. 
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71  cp. Gujarati / Porter (2009): p. 778 
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Those two processes can be combined to an ARMA(p,q) process. If the time 

series has to be integrated d times first to make it stationary, an ARIMA 

(p,d,q) process is obtained.
72

  

 

5.2.2 Parameter Estimation 

After the preliminary suitable seasonal ARIMA (Autoregressive Integrated 

Moving Average) pattern is identified, the associated parameters are esti-

mated by estimation methods like least squares or maximum likelihood
73

. I 

will use the software package EViews 5.1 for the modelling and parameter 

estimation process and will only apply the method of least squares. 

 

5.2.3 Diagnostic Checking 

To find out if the estimated model is appropriate after the parameters are 

estimated, several tests are conducted on the residuals of the model. In an 

appropriate model, the residuals should be purely random (or white noise), 

that is to have zero mean, constant variance and should not show serial cor-

relation (とk and とkk should be zero up to lag K) . If that is not the case, it is 

necessary to go back to the step of model identification to look for a model 

that gives a better fit.
74

 

5.3 Household Waste Incinerated 

5.3.1 Preliminary Thoughts 

As already concluded from section 4.4, it is not clear what kind of future 

waste development can be expected for the household waste incinerated 

(hereafter: HWI) from the development of the economic and population 

drivers mentioned above. In addition to these drivers, it is worth discussing 

if the nature of the household waste in question could provide some hint on 

the behaviour of its amounts during an economic crisis. 

                                                 
72  cp. Gujarati / Porter (2009): p. 780 f.  
73  cp. Montgomery / Jennings / Kulahci (2008): p. 266  
74  cp. Montgomery / Jennings / Kulahci (2008): p. 266 



First of all, since we have a far-reaching producers’ responsibility in Swe-

den, items that are discarded in the household waste in bins and bags are 

mostly food residuals, residual waste paper and residuals from packaging. It 

is questionable if the amounts of those items are affected by an economic 

downturn, since they are made up of everyday necessary consumption 

goods. It is rather unlikely that consumption of those goods decreases as 

long as the crisis does not substantially affect the income of the population. 

Connected with that, it is also questionable if a decrease in income inevita-

bly leads to dwindling amounts of that part of household waste, since the 

behaviour of consumers could be altered towards producing more household 

waste in bins and bags. For example, it is possible that people stay more at 

home due to an income decrease, consuming more food at home, or take 

fewer holidays, resulting in probably higher waste amounts. Similarly, ris-

ing unemployment increases the time spent at home and might therefore 

also lead to an increase in waste rather that a decrease. To sum up, a number 

of ambivalent effects work towards the amount of HWI incinerated. 

 

When looking at the graphical display of the HWI in figure 2, its develop-

ment seems fairly stable with a slight upward trend. This impression is en-

hanced by analysing the changes of the monthly values compared to the 

previous year, as displayed in figure 4: 

 
Figure 4: Household Waste Incinerated, change compared to same 
month, previous year (in kg) 
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Source: Vaxjö Waste management department (2009): Household Waste 

incinerated 2001-2007 and 2007-2009, Own illustration 
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As can be seen from the bar chart, in most cases the amount of HWI was 

larger in the observed year than in same month of the previous year (the 

unusually steep falls in 2003 were caused by a municipal strike). However, 

in seven months of 2008 and the first two month of 2009 a decrease com-

pared to the previous year can be observed, giving some evidence that the 

slight upward trend might has been stopped or even reversed. Yet there is no 

definite evidence if the economic crisis has an effect on the HWI amounts, 

since we cannot observe an abrupt alteration in the change pattern. How-

ever, it can be tried to confirm that result by modelling the amounts and then 

to look for structural breaks in the model. 

 

5.3.2 Modelling of Household Waste Incinerated75

When trying to model the data, the first step I undertook was to substitute 

the outliers caused by the municipal strike in April and May 2003. As sub-

stitution, I used the averages of the corresponding month the year before and 

after. Then I checked the series on stationarity and looked for seasonal and 

trend components underlying the data. To check for a random walk process 

and a deterministic trend, I used the Augmented Dickey-Fuller (ADF) test. 

In the ADF test, the following equation is estimated: 

∑
=

−− +∆+−++=∆
m

i

tititt YYtY
2

111 )1( εααβδ  

It is tested if (1-g1) = 0 (which would mean g1=1, e.g. a random walk proc-

ess) and if く1 = 0, therefore testing for a deterministic trend.
76

  

The estimation output of the ADF test for HWI can be seen in table 2: 

 

 

 

 

                                                 
75  Generally, I will only display the parts of the EViews-Output within the text that are 

directly relevant for the explanation and the further development of the models. 

From tables that are only presented in extractions, the full version can be found in 

the Appendix. 

*  To make clear which tables are only dispalyed in extractions, they are marked with a * 
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76  cp. Gujarati / Porter (2009): p. 757 f. 
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Table 2: Augmented Dickey-Fuller Test for HWI* 

Null Hypothesis: HWI has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=12) 

   t-Statistic   Prob.* 

Augmented Dickey-Fuller test statistic -9.701530  0.0000 

Test critical values: 1% level  -4.053392  

 5% level  -3.455842  

 10% level  -3.153710  

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(HWI)   

Method: Least Squares   

Sample (adjusted): 2001M02 2009M04  

Included observations: 99 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

HWI(-1) -0.991669 0.102218 -9.701530 0.0000

C 1434428. 149866.8 9.571358 0.0000

@TREND(2001M01) 3577.266 631.6369 5.663484 0.0000

 

In this test, the hypothesis of a random walk is rejected with a probability 

value of zero for H01: (1-g1) = 0 (see the value of the t-Statistic and “Prob.” 

for Augmented Dickey-Fuller test statistic), but a time trend was detected 

(see variable @trend), since H02: く1 = 0  was rejected with a probability 

value (hereafter: p-value) of zero. This confirms what was already pre-

sumed from the graphical display. Moreover, the ADF test suggests the in-

clusion of a drift variable h (see “c” in the output), which in this case can be 

interpreted as the mean of the series.
77

  

Therefore, the preliminary model to go further on with follows the form 

HWIt = h + く1t 

Since we have monthly data, it is reasonable to suspect that some seasonal 

pattern is underlying the data. I chose to test for seasonality by introducing 

eleven monthly dummy variables to the model above and check their sig-

                                                 
77  cp. Gujarait / Porter (2009): p. 745 
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nificance.
78

 Using April as a comparison month (since the mean of April is 

close to the mean of the whole series), I estimated the following equation: 

HWIt = h + く1t + く2d1+ く3d2 く4d3 +く5d5 + く6d6  + く7d7 + く8d8 + く9d9 +   

            く10d10 + く11d11 + く12d12 + ut 

The estimation output is displayed in table 3: 

 

Table 3: Checking for seasonal variation in HWI* 
Dependent Variable: HWI   

Included observations: 100 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

C 1452159. 48572.06 29.89700 0.0000

@TREND 3563.584 446.8203 7.975430 0.0000

@MONTH=1 74705.75 60677.14 1.231201 0.2216

@MONTH=2 -95122.28 60668.92 -1.567891 0.1205

@MONTH=3 -79652.53 60663.98 -1.313012 0.1926

@MONTH=5 -34245.62 62569.20 -0.547324 0.5856

@MONTH=6 -33218.58 62554.84 -0.531031 0.5968

@MONTH=7 -135083.4 62543.67 -2.159825 0.0335

@MONTH=8 -10923.25 62535.69 -0.174672 0.8617

@MONTH=9 46560.67 62530.90 0.744603 0.4585

@MONTH=10 118039.6 62529.31 1.887748 0.0624

@MONTH=11 21364.75 62530.90 0.341667 0.7334

@MONTH=12 87906.17 62535.69 1.405696 0.1634
 

As can be seen, not all coefficients are significant (using a p-value of 10% / 

0,1 as significance level). Therefore, I repeated to estimate the model above, 

dropping each time the least significant dummy until all remaining parame-

ters were significant at the 10% level at least (using the p-value), resulting 

in the following model: 

HWIt = h + く1t + く2d1+ く3d2+ く4d3+ く5d10+ く6d12 + ut 

The estimation output can be found in table 4. 

 

 

 

 

 

                                                 
78  cp. Wei (2006): p. 162 
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Table 4: Estimation output for trend-seasonal HWI model 
Dependent Variable: HWI   

Method: Least Squares   

Sample (adjusted): 2001M01 2009M04  

Included observations: 100 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

C 1449116. 28230.85 51.33094 0.0000

@TREND 3590.708 439.9152 8.162274 0.0000

@SEAS(1) 76446.50 46010.27 1.661509 0.1000

@SEAS(2) -93408.65 46007.31 -2.030300 0.0452

@SEAS(3) -77966.03 46008.56 -1.694598 0.0935

@SEAS(7) -133342.7 48378.43 -2.756242 0.0071

@SEAS(10) 119699.0 48381.98 2.474040 0.0152

@SEAS(12) 89511.29 48404.34 1.849241 0.0676

R-squared 0.521454     Mean dependent var 1624382.

Adjusted R-squared 0.485042     S.D. dependent var 176785.1

S.E. of regression 126861.9     Akaike info criterion 26.41620

Sum squared resid 1.48E+12     Schwarz criterion 26.62462

Log likelihood -1312.810     F-statistic 14.32126

Durbin-Watson stat 2.221316     Prob(F-statistic) 0.000000

 

All coefficients are significant at least at the 10 % level and this model al-

ready gives a quite good fit.  Adjusted R-squared as a measure of the good-

ness of fit is already quite high with 0.48, meaning that the model can ex-

plain 48 % of the variation in the data. 

However, when looking at the correlogram (for a lack of space, the correlo-

gram is only given up to lag 26, see Appendix for full display) of the residu-

als of this model in table 5, there is some evidence that the residuals are not 

completely white noise.  
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Table 5: Correlogram of trend- seasonal HWI model* 

Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob

      .*| .     |       .*| .     | 1 -0.121 -0.121 1.5017 0.220

      . |**     |       . |**     | 2 0.249 0.238 7.9699 0.019

      . |**     |       . |**     | 3 0.209 0.281 12.575 0.006

      . | .     |       . | .     | 4 0.029 0.036 12.666 0.013

      . | .     |       .*| .     | 5 -0.014 -0.151 12.687 0.026

      . |**     |       . |*.     | 6 0.234 0.160 18.625 0.005

      .*| .     |       . | .     | 7 -0.112 -0.031 20.012 0.006

      . | .     |       .*| .     | 8 0.038 -0.073 20.172 0.010

      . |**     |       . |*.     | 9 0.197 0.175 24.520 0.004

      .*| .     |       .*| .     | 10 -0.174 -0.107 27.943 0.002

      . |*.     |       . | .     | 11 0.087 -0.029 28.808 0.002

      . | .     |       . | .     | 12 0.013 -0.026 28.829 0.004

      .*| .     |       .*| .     | 13 -0.128 -0.074 30.737 0.004

      . | .     |       . | .     | 14 -0.008 -0.033 30.744 0.006

      . | .     |       .*| .     | 15 -0.044 -0.092 30.980 0.009

      **| .     |       .*| .     | 16 -0.240 -0.153 37.990 0.002

      . | .     |       . | .     | 17 0.007 -0.030 37.996 0.002

      .*| .     |       .*| .     | 18 -0.147 -0.076 40.673 0.002

      .*| .     |       . | .     | 19 -0.162 -0.043 43.957 0.001

      . | .     |       . | .     | 20 -0.042 -0.050 44.182 0.001

      .*| .     |       . | .     | 21 -0.108 -0.028 45.696 0.001

      .*| .     |       . | .     | 22 -0.128 -0.004 47.833 0.001

      . |*.     |       . |*.     | 23 0.070 0.079 48.475 0.001

      **| .     |       .*| .     | 24 -0.199 -0.108 53.812 0.000

      .*| .     |       .*| .     | 25 -0.135 -0.167 56.279 0.000

      . | .     |       . | .     | 26 0.023 0.003 56.349 0.001

  

The p-value of  the Q-statistics in this table gives the probability that up to 

the respective lag k all とk are simultaneously equal to zero, which would 

mean that the residuals are white noise.
79

 However, this is not the case for 

this series, suggesting the inclusion of MA and AR terms into the model. 

For this series, it is quite hard to identify a pattern, but for example at lag 2, 

3, 6, 9, 12, 24 autocorrelation or partial autocorrelation seem to be present. 

Therefore, I estimated several model specifications with different MA and 

AR terms and compared them over the significance of the parameters, the 

Schwartz and Akaike Information criterion (SIC resp. AIC)
80

 and over the 

correlogram of their residuals, since the residuals should be white noise in a 

                                                 
79  cp. Gujarati / Porter (2009): p. 753 f. 
80  SIC and AIC are model selection criteria. A low SIC and AIC indicates a well-fitting 

model. 



 

 

35

valid model. The model that performed best in terms of model selection 

criteria and diagnostic checking of the residuals was the following: 

HWIt = h + く1t + く2d1+ く3d2+ く4d7+ く5d10 + く6d12+ く7HWIt-6+ く8HWIt-24 +     

            く9HWIt-25 +  く10ut-1 + く11ut-3 + it 

The estimated parameters are given in table 6. 

 

Table 6: Estimation output of the seasonal ARMA model for HWI 
Dependent Variable: HWI   

Method: Least Squares   

Sample (adjusted): 2003M02 2009M04  

Included observations: 75 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

C 1421066. 29888.47 47.54563 0.0000

@TREND 3836.666 482.2083 7.956450 0.0000

@SEAS(1) 72269.48 32518.57 2.222406 0.0299

@SEAS(2) -80654.98 28483.85 -2.831604 0.0062

@SEAS(7) -165938.0 30669.81 -5.410465 0.0000

@SEAS(10) 139630.9 34163.00 4.087196 0.0001

@SEAS(12) 108015.4 30038.06 3.595950 0.0006

AR(6) 0.215044 0.124381 1.728909 0.0887

AR(24) -0.157860 0.079371 -1.988878 0.0511

AR(25) -0.160515 0.080242 -2.000402 0.0498

MA(1) -0.199948 0.117536 -1.701160 0.0938

MA(3) 0.397427 0.125470 3.167512 0.0024

R-squared 0.707844     Mean dependent var 1662734.

Adjusted R-squared 0.656832     S.D. dependent var 144670.0

S.E. of regression 84748.48     Akaike info criterion 25.67841

Sum squared resid 4.52E+11     Schwarz criterion 26.04921

Log likelihood -950.9404     F-statistic 13.87618

Durbin-Watson stat 2.127641     Prob(F-statistic) 0.000000

 

All parameters here are significant at least at the 10% level, and Adjusted R-

squared is quite high with 0,65. Diagnostic checking of the residuals did not 

show any remaining autocorrelation or partial autocorrelation (see Appendix 

for correlogram). Moreover, the model seems very well capable to capture 

all major movements of the series, especially towards the end of the period 

under consideration, as can be seen from the following graph: 

 

 



Figure 5: Actual, fitted, residual values of HWI  
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Tests on remaining autocorrelation, model-misspecification and incorrect 

functional form were negative (for details, see Appendix).
81

 However, 

White’s test on heteroscedasticity was positive, but since heteroscedasticity 

doesn’t bias the estimators, I decided to do nothing about it since apart from 

that the model performed well.
82

 Therefore, I proceeded with this model to 

forecasting. 

I decided on forecasting the values of next year, until April 2010, since 

forecasts further ahead might get too inaccurate considering the small sam-

ple size. The estimated value of y k periods  ahead ( ŷ T+ k) is obtained by 

calculating the  conditional expected value of yt+k, given the current and 

previous observations yT, yT-1,…: 

ŷ T+ k(T) = E [yt+k| yT, yT-1, ...]
83

 To have the possibility to evaluate my chosen model on its forecasting abil-

ity, I forecasted some of the models I ruled out before, for reasons of com-

                                                 
81  I used Ramsey’s RESET-test to test for model-misspecification and the Breusch-

Godfrey LM-test to test for autocorrelation. 
82  To make sure that the presence heteroscedasticity does not give to misleading results,  I 

estimated the model with White’s heterosceasticity-consitent standard errors. Still, 

all the parameters were significant at least the 10 % level, therefore I concluded to 

proceed with the model estimated above. 
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83  cp. Montgomery / Jennings / Kulahci (2008): p. 275 



parison. It turned out that the model I chose performed best in terms of the 

Root Mean Squared Error:  
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which should be as small as possible for a good forecast.
84

It also performed best with respect to the Theil inequality coefficient and the 

Bias proportion, which should be close to zero in a good model.
85

 The fore-

casting results are summarized in the following graph: 

 

Figure 6: Forecast and forecast evaluation for HWI 
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Forecast: HWIF

Actual: HWI

Forecast sample: 2001M01 2010M04

Adjusted sample: 2003M02 2010M04

Included observations: 75

Root Mean Squared Error 92819.99

Mean Absolute Error      74462.07

Mean Abs. Percent Error 4.545334

Theil Inequality Coefficient  0.027829

     Bias Proportion         0.000033

     Variance Proportion  0.075247

     Covariance Proportion  0.924721

 

 

The line graph of the forecasted values until 2010 looks like follows (the 

first missing values are caused by the recursive AR and MA terms)
86

: 

 

 
 
 
 
 

                                                 
84  cp. Montgomery /Jennings / Kulahci (2006): p. 49 f. 
85  cp. Wei (2006): p. 88f. 
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86  The actual values of the forecast and the 95% confidence intervals until 2010 are pro-

vided in a file on the data disk. 



Figure 7: Forecasting values for HWI until 04/2010 
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This forecast reveals a steady increase in household waste, as could be de-

rived from theory, since economic and population growth was overall posi-

tive in Växjö over the last years. Therefore, the municipality should calcu-

late with growing household waste amounts at least over the next year. 

However, this forecast only is valid if no political or behavioural changes 

occur in the period under consideration. 

Nevertheless, the interesting question is: Is there a structural break in the 

model that could be attributed to the economic downturn? To test for struc-

tural breaks, again Ramsey’s RESET-test can be used, since it tests for 

model misspecification, which would be the case when a structural break 

was within the data that was ignored during model building. Yet, the Null 

Hypothesis of No Model-Misspecification cannot be rejected (see Appen-

dix).  

Another possibility is to use the Chow forecast test. In this test, the fitted 

model is divided into two subsamples, and then it is checked if the residuals 

from the first subsample are compatible with the ones from the second. If 

yes, this is a sign for parameter stability within the model and against struc-

tural breaks. The Chow forecast test tests the null hypothesis of parameter 

stability against the alternative of instability.
87

 I performed this test by di-

viding the model along each month of 2008, but the null hypothesis of no 

structural break could never be rejected (see Appendix for test outputs for 

selected months of 2008).  
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87  cp. Lütkepohl (2004): p.49 
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From these two tests, one can  reject the hypothesis of a structural break in 

the HWI series, so it seems like the economic downturn has no influence 

that is statistically significant. However, it could well be the case that the 

period of economic downturn is still too short or has not unfolded its whole 

power on the consumers yet, so that there might be an influence but we can-

not detect it by statistical means right now. That does not mean that there is 

no influence, but I can not detect it with the statistical models and tests ap-

plied. 

 

5.4 Bulky Household Waste Incinerated 

5.4.1 Preliminary Thoughts 

When thinking about the connection of bulky household waste and eco-

nomic development, one can reach slightly different conclusions than for the 

regular household waste. This is due to the nature of bulky household waste, 

which mostly consists of durable goods with relatively high purchase costs, 

such as furniture, floor coverings, carpets, bicycles etc.. In case of an eco-

nomic crisis, where consumers might feel uncertain about their future in-

come situation, the purchase of such goods is more likely to be postponed 

than the purchase of everyday non-durable goods that finally end up in the 

regular household waste. 

However, parts of such durable consumer goods also fall under the produc-

ers’ responsibility, for instance electronic equipment (like TVs and com-

puters). It is likely that their purchase is going back and therefore also the 

discard of the old items. But since this waste does not fall under municipal 

waste management, the picture of bulky household waste with regard to an 

economic downturn might also be incomplete  

For the Bulky Household Waste incinerated (hereafter: BWI), the first 

graphical observation of the period 2004 –2009 in Figure 3 appears to ex-

hibit an upward trend, which flattens towards the end. Moreover, a rather 

strong seasonal variance seems to underlie the series. If we once again look 

at the changes in the monthly amounts compared to the previous year, the 

pattern looks as follows:  

 



Figure 8: Bulky Household Waste incinerated, change compared to 
same month, previous year (in kg) 
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Source: Vaxjö Waste management department (2009): Bulky Household 

Waste incinerated 2004-2009, own illustration 

 

It is interesting to see that over the years, the monthly amount of BWI usu-

ally was higher than compared to the previous year. However, from mid 

2007, some months with a decrease occur. Almost throughout the whole of 

2008 (eight out of twelve months), waste amounts were lower than com-

pared to the same months in the previous year, especially from mid 2008 

onwards. Though, the last two observations (March and April 2009) show 

again a rise in BWI compared to 2008. This illustration gives some evidence 

on decreasing waste amounts due to an economic downturn, since Sweden 

was strongly affected by this downturn the last half of 2008 and the decrease 

in BWI occurs approximately simultaneously. Yet, as already mentioned, no 

causality can be depicted hereof.  

 

5.4.2 Modelling of Bulky Household Waste Incinerated 

When modelling the data, I started again by testing for stationarity. A ran-

dom walk process was rejected by the ADF test (table 7), but again the in-

clusion of a trend and a drift variable was suggested: 
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41

Table 7: Augmented Dickey-Fuller test for BWI* 

 

Null Hypothesis: BWI has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 4 (Automatic based on SIC, MAXLAG=10) 

   t-Statistic   Prob.* 

Augmented Dickey-Fuller test statistic -5.174505  0.0004 

Test critical values: 1% level  -4.127338  

 5% level  -3.490662  

 10% level  -3.173943  

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(BWI)   

Method: Least Squares   

Sample (adjusted): 2004M08 2009M04  

Included observations: 57 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

BWI(-1) -0.933874 0.180476 -5.174505 0.0000

D(BWI(-1)) 0.283667 0.158165 1.793484 0.0789

D(BWI(-2)) 0.462344 0.163186 2.833241 0.0066

D(BWI(-3)) 0.678906 0.151955 4.467820 0.0000

D(BWI(-4)) 0.292625 0.142002 2.060709 0.0446

C 110817.4 22907.94 4.837508 0.0000

@TREND(2004M03) 1808.442 421.5807 4.289669 0.0001
 

The second step was to check for significant seasonal variability, again by 

introducing monthly dummy variables. This time, I chose June to be the 

comparison month, since its mean was close to the mean of the whole series. 

From this test, the dummies for February, July and December were signifi-

cant at the 5 % level, the ones for January and October at the 10 % level 

(due to a lack of space, the estimation output can be found in the Appendix). 

I chose to introduce them all preliminarily, so the tentatively estimated 

model had the following form (for the output, see table 8):  

BWIt = h + く1t + く2d1+ く3d2+ く4d7+ く5d10+ く6d12+ ut 

 

 

 

 

 



 

 

42

Table 8: Estimation output for trend-seasonal BWI model* 

 

Dependent Variable: BWI   

Method: Least Squares   

Sample (adjusted): 2004M03 2009M04  

Included observations: 62 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

C 126482.3 6874.255 18.39941 0.0000

@TREND 1938.376 187.8221 10.32028 0.0000

@SEAS(1) -35779.05 12465.49 -2.870249 0.0058

@SEAS(2) -59129.43 12479.49 -4.738128 0.0000

@SEAS(7) 56383.20 12440.80 4.532120 0.0000

@SEAS(12) -44984.68 12454.30 -3.611981 0.0007
 

 

All parameters of this model are highly significant. However, looking at the 

correlogram in table 9, it shows significant autocorrelation at lag 1 and lag 

12, and partial autocorrelation could be suggested at lag 12, which means 

that the residuals still capture information. 

Therefore, the correlogram suggested the preliminary inclusion of an AR(1), 

AR(12) and MA(12) term, resulting in the following model to proceed with: 

BWIt = h + く1t + く2d1+ く3d2+ く4d7+ く5d10+ く6d12+ く7HWIt-1 + く8HWIt-12 +      

           く9ut-12+ it 
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Table 9: Correlogram of trend-seasonal BWI model 

Date: 05/16/09   Time: 10:31   

Sample: 2004M03 2009M04   

Included observations: 62   

Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob

      . |**     |       . |**     | 1 0.262 0.262 4.4544 0.035

      . |**     |       . |*.     | 2 0.248 0.193 8.5271 0.014

      . |*.     |       . |*.     | 3 0.184 0.090 10.799 0.013

      . |**     |       . |*.     | 4 0.217 0.128 14.007 0.007

      . | .     |       .*| .     | 5 0.061 -0.064 14.269 0.014

      . |*.     |       . | .     | 6 0.127 0.057 15.407 0.017

      . | .     |       .*| .     | 7 0.016 -0.061 15.426 0.031

      . |*.     |       . |*.     | 8 0.144 0.115 16.947 0.031

      . |*.     |       . | .     | 9 0.073 0.024 17.350 0.044

      . | .     |       .*| .     | 10 -0.018 -0.110 17.376 0.066

      . |*.     |       . |*.     | 11 0.152 0.178 19.183 0.058

      . |**     |       . |**     | 12 0.301 0.251 26.367 0.010

      .*| .     |       **| .     | 13 -0.081 -0.287 26.901 0.013

      . | .     |       .*| .     | 14 -0.041 -0.125 27.042 0.019

      .*| .     |       .*| .     | 15 -0.081 -0.092 27.596 0.024

      . | .     |       . |*.     | 16 0.026 0.085 27.653 0.035

      **| .     |       **| .     | 17 -0.228 -0.242 32.244 0.014

      .*| .     |       .*| .     | 18 -0.141 -0.075 34.034 0.012

      **| .     |       . | .     | 19 -0.210 -0.042 38.107 0.006

      . | .     |       . |*.     | 20 0.032 0.126 38.205 0.008

      . | .     |       . |*.     | 21 -0.028 0.163 38.282 0.012

      . | .     |       . | .     | 22 -0.051 -0.026 38.543 0.016

      . | .     |       **| .     | 23 -0.057 -0.189 38.872 0.020

      . | .     |       .*| .     | 24 -0.032 -0.122 38.977 0.027

      **| .     |       . | .     | 25 -0.234 -0.054 44.855 0.009

      **| .     |       .*| .     | 26 -0.220 -0.069 50.178 0.003

      .*| .     |       . | .     | 27 -0.117 -0.003 51.721 0.003

      .*| .     |       . | .     | 28 -0.074 0.043 52.354 0.003

 

After comparing several models with different ARMA patterns on their per-

formance over significance of the individual parameters, AIC, SIC and cor-

relogram analysis, the model that clearly performed best was: 

BWIt = h+ く1d2+ く2d7 + く3d12+ く4HWIt-1 + く5HWIt-12 + く6ut-12+ it 



Table 10: Estimation output of the seasonal ARMA model for BWI  
 

Dependent Variable: BWI   

Method: Least Squares   

Date: 05/26/09   Time: 12:59   

Sample (adjusted): 2005M03 2009M04  

Included observations: 50 after adjustments  

Convergence achieved after 17 iterations  

Backcast: 2004M03 2005M02   

Variable Coefficient Std. Error t-Statistic Prob.  

C 230379.5 5494.362 41.93016 0.0000

@SEAS(2) -88737.03 16293.95 -5.446012 0.0000

@SEAS(7) 142753.3 23816.05 5.993998 0.0000

@SEAS(12) -86601.02 18228.21 -4.750935 0.0000

AR(1) -0.238821 0.060393 -3.954416 0.0003

AR(12) 0.712084 0.046370 15.35666 0.0000

MA(12) -0.922657 0.034122 -27.03998 0.0000

R-squared 0.883169     Mean dependent var 193756.6

Adjusted R-squared 0.866867     S.D. dependent var 41294.89

S.E. of regression 15067.44     Akaike info criterion 22.20764

Sum squared resid 9.76E+09     Schwarz criterion 22.47532

Log likelihood -548.1909     F-statistic 54.17542

Durbin-Watson stat 1.637749     Prob(F-statistic) 0.000000
 

As can be seen from the following graph, the model seems also highly ca-

pable of capturing the major movements of the series: 

 
Figure 9: Actual, fitted, residual values of BWI 
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An interesting feature of the model is that the trend variable is not included 

any more, since it was highly insignificant. It seems like the seasonal and 

autoregressive terms capture the trend sufficiently. Diagnostic checking on 

the residuals revealed no remaining (partial) autocorrelation. Tests on 

model-misspecification, remaining autocorrelation and heteroscedasticity 

were all negative (see Appendix for correlogram and tests). Therefore, I 

proceeded with this model to forecasting. Again, I tested this model (and 

some of the ones I ruled out before, just reasons of comparison) on its fore-

casting performance over the next 12 months (until April 2010). 

 

Figure 10: Forecast and forecast evaluation for BWI 
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Forecast: BWIF

Actual: BWI

Forecast sample: 2004M03 2010M04

Adjusted sample: 2005M03 2010M04

Included observations: 50

Root Mean Squared Error 21077.95

Mean Absolute Error      15693.61

Mean Abs. Percent Error 8.169155

Theil Inequality Coefficient  0.052899

     Bias Proportion         0.009993

     Variance Proportion  0.006387

     Covariance Proportion  0.983619

 

 

The model I chose performed best in terms of the root mean squared error 

and the mean absolute error compared to other models. Also, the Theil Ine-

quality Coefficient and the Bias Proportion perform really well, so this 

model can be accepted as a sufficient for forecasting.  

The values until 2010 in graphical display look like follows: 
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Figure 11: Forecasted values of BWI 
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BWIF =  
Forecasted Val-
ues of  BWI 

 

Again, a steady upward trend over the next year can be seen, and it is 

unlikely that this trend will reverse, provided that no political or behavioural 

changes occur, due to the development of the economic and population fac-

tors influencing the generation of MSW in Växjö. 

As for HWI, I tested for structural breaks by the RESET-test and the Chow 

forecast test, but again the hypothesis of a structural break was rejected 

throughout all tests. The conclusions to be drawn from this result are similar 

to the ones from HWI: Even if there is an influence of the economic down-

turn, it is not possible to detect this yet by the applied models.  

 

To sum up the statistical analysis of the two time series, it can be said that 

from a pure graphical analysis of the changes in the series, an influence of 

the economic downturn could be suggested. However, in both cases this 

influence cannot be detected as a structural break within the models. The 

general modelling and forecasting of the series revealed an upward trend 

with strong seasonality for both cases, suggesting increasing waste amounts 

at least over the predicted period of  one year. If there are no policy or be-

havioural changes in the population, this trend might not be altered in the 

future. 
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6. Conclusion 

When recapitulating what has been found out so far with regard to the initial 

question of how the economic downturn affects municipal waste amounts in 

Växjö, it can be seen that many factors have to be taken into account when 

trying to understand the relationship between municipal waste and economic 

development.  

First of all, the legal framework and the definition of municipal waste has to 

be taken into account when trying to assess the future development of waste 

amounts. In Sweden, many waste items that are produced by households 

actually do not fall under municipal responsibility, but the producers are 

responsible for treatment. Therefore, the waste amounts that can be analysed 

in the municipal framework might be subject to special impacts of the eco-

nomic development that do not automatically cause a decrease in waste, 

such as rising unemployment. 

Second, it is important to be aware of the fact that indicators of an economic 

downturn, which are conceptualised for the national level might not be di-

rectly transferable to the municipal context, since municipalities can be 

characterized by special industrial and employment structures. In Växjö, the 

structure seems to correspond quite well to the one of Sweden as a whole, 

but with a smaller share of manufacturing. Though this sector again is espe-

cially hard hit by the recession, so maybe the downturn affects Växjö less 

than the county as a whole. Yet, this is hard to asses. Moreover, currently it 

is not yet measurable how much the economy is really turning down be-

cause only prognoses are available, even for the first quarter of 2009 (na-

tional accounts are currently only available until the fourth quarter of 2008). 

Another crucial factor is how fast and how strong a downturn is transmitted 

to the consumers as the generators of municipal waste. Furthermore, the 

growing population of Växjö most likely has counter-effects on the waste 

amounts to those of the economic development. 

One should be aware of all those limitations when trying to model and ana-

lyse municipal waste amounts statistically in order to detect a change in the 

waste generation patterns. By using time series analysis, one can model the 

amounts irrespectively of the development of independent variables like 
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economic development (which are largely not available yet), but in that way 

it is also more difficult to reveal causalities. Moreover, the time period 

where effects of a recession could be perceived is still very short and the 

downturn might not has unfolded its whole effects on the consumers yet.  

Therefore, even if from a descriptive analysis of the changes in municipal 

waste amounts compared to last year there seems to be an influence an in-

fluence, it is not detectable with the modelling methods that I used. How-

ever, this does not mean that there is no influence. Maybe the statistical 

methods I used are not sensitive enough to detect it, or as already men-

tioned, the time period under consideration is still to short. Conclusively, the 

initial question if the economic downturn affects the municipal waste 

amounts has to be negated – in statistical terms, and with all the limitations 

mentioned above in mind. 

Hence, it would be interesting to carry out a similar analysis after a longer 

period of time, or when the economic development is going to reverse itself 

again. This could be of additional value for the future planning of waste 

treatment, since it might add new findings on how elastic the municipal 

waste in Sweden actually reacts to economic development. Moreover, it 

could give the possibility to analyse deeper how the different parts of 

household waste (if waste falling under the producers’ responsibility is in-

cluded) react to changes in the income situation of households. Research in 

this area, which is still very limited, might be of great value for the future.  

Therefore, the development of municipal waste amounts (with all costs ad-

herent to it) offers a large field for research, especially on how the different 

kinds of waste develop and by what they are influenced. From a plain cau-

sality analysis of influence factors the research could proceed to look for 

more adequate treatment methods and, what in my opinion is more impor-

tant, for specific policies for reducing different kinds of waste. This is be-

cause in the long run, the big challenge for societies is to reduce waste 

amounts, since otherwise the costs for the society are going to rise ex-

tremely.  
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7. Appendix 

A1. Statistical Amendments Chapter 5.3.1 
 

a) Estimation Outputs and Correlograms 
 
Page 30: Complete estimation output of the Augmented Dickey-Fuller Test 

for HWI 

Null Hypothesis: HWI has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=12) 

   t-Statistic   Prob.* 

Augmented Dickey-Fuller test statistic -9.701530  0.0000 

Test critical values: 1% level  -4.053392  

 5% level  -3.455842  

 10% level  -3.153710  

*MacKinnon (1996) one-sided p-values.  

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(HWI)   

Method: Least Squares   

Sample (adjusted): 2001M02 2009M04  

Included observations: 99 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

HWI(-1) -0.991669 0.102218 -9.701530 0.0000

C 1434428. 149866.8 9.571358 0.0000

@TREND(2001M01) 3577.266 631.6369 5.663484 0.0000

R-squared 0.495155     Mean dependent var 3268.384

Adjusted R-squared 0.484637     S.D. dependent var 200182.3

S.E. of regression 143708.4     Akaike info criterion 26.61879

Sum squared resid 1.98E+12     Schwarz criterion 26.69743

Log likelihood -1314.630     F-statistic 47.07870

Durbin-Watson stat 2.000023     Prob(F-statistic) 0.000000
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Page 31: Complete estimation output of checking for seasonal variation in 

HWI

Dependent Variable: HWI   

Method: Least Squares   

Sample (adjusted): 2001M01 2009M04  

Included observations: 100 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

C 1452159. 48572.06 29.89700 0.0000

@TREND 3563.584 446.8203 7.975430 0.0000

@MONTH=1 74705.75 60677.14 1.231201 0.2216

@MONTH=2 -95122.28 60668.92 -1.567891 0.1205

@MONTH=3 -79652.53 60663.98 -1.313012 0.1926

@MONTH=5 -34245.62 62569.20 -0.547324 0.5856

@MONTH=6 -33218.58 62554.84 -0.531031 0.5968

@MONTH=7 -135083.4 62543.67 -2.159825 0.0335

@MONTH=8 -10923.25 62535.69 -0.174672 0.8617

@MONTH=9 46560.67 62530.90 0.744603 0.4585

@MONTH=10 118039.6 62529.31 1.887748 0.0624

@MONTH=11 21364.75 62530.90 0.341667 0.7334

@MONTH=12 87906.17 62535.69 1.405696 0.1634

R-squared 0.534367     Mean dependent var 1624382.

Adjusted R-squared 0.470142     S.D. dependent var 176785.1

S.E. of regression 128684.2     Akaike info criterion 26.48885

Sum squared resid 1.44E+12     Schwarz criterion 26.82752

Log likelihood -1311.442     F-statistic 8.320207

Durbin-Watson stat 2.228642     Prob(F-statistic) 0.000000
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Page 33: Complete estimation output for the identification of the ARMA-

process: Correlogram of the trend-seasonal model for HWI 

Sample: 2001M01 2009M04   

Included observations: 100   

Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob

      .*| .     |       .*| .     | 1 -0.121 -0.121 1.5017 0.220

      . |**     |       . |**     | 2 0.249 0.238 7.9699 0.019

      . |**     |       . |**     | 3 0.209 0.281 12.575 0.006

      . | .     |       . | .     | 4 0.029 0.036 12.666 0.013

      . | .     |       .*| .     | 5 -0.014 -0.151 12.687 0.026

      . |**     |       . |*.     | 6 0.234 0.160 18.625 0.005

      .*| .     |       . | .     | 7 -0.112 -0.031 20.012 0.006

      . | .     |       .*| .     | 8 0.038 -0.073 20.172 0.010

      . |**     |       . |*.     | 9 0.197 0.175 24.520 0.004

      .*| .     |       .*| .     | 10 -0.174 -0.107 27.943 0.002

      . |*.     |       . | .     | 11 0.087 -0.029 28.808 0.002

      . | .     |       . | .     | 12 0.013 -0.026 28.829 0.004

      .*| .     |       .*| .     | 13 -0.128 -0.074 30.737 0.004

      . | .     |       . | .     | 14 -0.008 -0.033 30.744 0.006

      . | .     |       .*| .     | 15 -0.044 -0.092 30.980 0.009

      **| .     |       .*| .     | 16 -0.240 -0.153 37.990 0.002

      . | .     |       . | .     | 17 0.007 -0.030 37.996 0.002

      .*| .     |       .*| .     | 18 -0.147 -0.076 40.673 0.002

      .*| .     |       . | .     | 19 -0.162 -0.043 43.957 0.001

      . | .     |       . | .     | 20 -0.042 -0.050 44.182 0.001

      .*| .     |       . | .     | 21 -0.108 -0.028 45.696 0.001

      .*| .     |       . | .     | 22 -0.128 -0.004 47.833 0.001

      . |*.     |       . |*.     | 23 0.070 0.079 48.475 0.001

      **| .     |       .*| .     | 24 -0.199 -0.108 53.812 0.000

      .*| .     |       .*| .     | 25 -0.135 -0.167 56.279 0.000

      . | .     |       . | .     | 26 0.023 0.003 56.349 0.001

      .*| .     |       . |*.     | 27 -0.114 0.074 58.172 0.000

      .*| .     |       . | .     | 28 -0.090 -0.051 59.317 0.000

      . | .     |       .*| .     | 29 0.022 -0.075 59.387 0.001

      .*| .     |       .*| .     | 30 -0.129 -0.065 61.830 0.001

      . | .     |       .*| .     | 31 -0.051 -0.068 62.214 0.001

      . |*.     |       . | .     | 32 0.089 0.033 63.404 0.001

      .*| .     |       .*| .     | 33 -0.175 -0.093 68.076 0.000

      . | .     |       .*| .     | 34 0.027 -0.075 68.192 0.000

      . | .     |       . | .     | 35 0.055 0.008 68.659 0.001

      .*| .     |       .*| .     | 36 -0.119 -0.088 70.904 0.000
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Page 34: Correlogram of estimated ARMA-model 

Sample: 2003M02 2009M04   

Included observations: 75   
Q-statistic probabili-
ties adjusted for 5 

ARMA term(s)    

Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob

      .*| .     |       .*| .     | 1 -0.079 -0.079 0.4864 

      . |*.     |       . |*.     | 2 0.114 0.108 1.5070 

      . | .     |       . | .     | 3 -0.042 -0.026 1.6472 

      .*| .     |       .*| .     | 4 -0.103 -0.122 2.5128 

      . | .     |       . | .     | 5 -0.045 -0.055 2.6813 

      . | .     |       . | .     | 6 0.011 0.030 2.6922 0.101

      . | .     |       . |*.     | 7 0.057 0.066 2.9670 0.227

      . |*.     |       . |*.     | 8 0.112 0.104 4.0489 0.256

      . |*.     |       . |*.     | 9 0.154 0.154 6.1245 0.190

      .*| .     |       .*| .     | 10 -0.075 -0.074 6.6275 0.250

      . |*.     |       . |*.     | 11 0.114 0.093 7.7907 0.254

      . | .     |       . |*.     | 12 0.009 0.088 7.7974 0.351

      .*| .     |       .*| .     | 13 -0.094 -0.080 8.6167 0.376

      . | .     |       . | .     | 14 0.055 0.030 8.8988 0.447

      . | .     |       . | .     | 15 -0.031 -0.004 8.9903 0.533

      . | .     |       .*| .     | 16 -0.032 -0.070 9.0920 0.613

      . | .     |       . | .     | 17 0.009 -0.038 9.1002 0.694

      .*| .     |       .*| .     | 18 -0.136 -0.160 10.964 0.614

      . | .     |       .*| .     | 19 -0.023 -0.066 11.019 0.685

      . |*.     |       . | .     | 20 0.074 0.056 11.599 0.709

      . | .     |       . | .     | 21 -0.014 0.006 11.620 0.770

      . | .     |       . | .     | 22 0.035 0.000 11.752 0.815

      .*| .     |       .*| .     | 23 -0.090 -0.138 12.656 0.812

      .*| .     |       . | .     | 24 -0.076 -0.052 13.317 0.822

      .*| .     |       .*| .     | 25 -0.139 -0.097 15.561 0.743

      . |*.     |       . |*.     | 26 0.111 0.152 17.024 0.710

      . | .     |       . | .     | 27 -0.045 0.053 17.268 0.748

      . |*.     |       . | .     | 28 0.077 -0.004 17.988 0.758

      . | .     |       .*| .     | 29 -0.041 -0.058 18.204 0.793

      . | .     |       . | .     | 30 0.012 0.057 18.223 0.833

      .*| .     |       .*| .     | 31 -0.137 -0.134 20.699 0.757

      . | .     |       . |*.     | 32 0.044 0.108 20.962 0.788

 
 

 

 

 

 



b) Diagnostic checking 

 

Page 35: RESET-test 

The RESET-Test (Regression Specification Error Test) tests if the func-

tional form of a model is correct, if variables are missing or wrongly in-

cluded into the model. The general idea of the test is to run the regression 

that is assumed to be correct and to obtain the estimated values of the de-

pendant variable . If in this model is mis-specified, it is most likely that 

information is not captured correctly by , but by the residuals of the 

model. Therefore, the residuals should follow a systematic pattern when 

displayed against . The general idea of RESET is that the inclusion of 

then should increase the fit of the model. Thus, RESET tests if the inclu-

sion of an independent variable increases R

tŶ

tŶ

tŶ

tŶ

tŶ 2
 significantly in a statistical 

sense. This is done by an F-Test that compares the old R2 wit the new R
2
. 

In the specific case of the HWI-model, I chose to include and 
2

tŶ tŶ as addi-

tional regressors.  

The equation tested therefore was the following: 

HWIt = h + く1t + く2d1+ く3d2+ く4d7+ く5d10 + く6d12+ く7HWIt-6+ く8HWIt-24 +     

            く9HWIt-25 +  く10ut-1 + く11ut-3 + く12HWI + く13 HWI2 + it 

This equation delivers an R
2

new 

which is tested against R
2

old which is obtained from the original model  

HWIt = h + く1t + く2d1+ く3d2+ く4d7+ く5d10 + く6d12+ く7HWIt-6+ く8HWIt-24 +     

            く9HWIt-25 +  く10ut-1 + く11ut-3 + it 

The F-value then is obtained by the following equation. 

( )
( ) ( )model new in the parameters ofnumber n/ -1

regressors new ofnumber /
2

22

−
−

=
new

oldnew

R

RR
F  

Where n is the number of observations. Under H0: No model-misspecifation 

(=R
2

new not significantly higher than R
2

old) the F-value follows an F-

distribution with (2, 61) degrees of freedom.  
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The F-value and the corresponding probability value are calculated by the 

RESET test:
88

Ramsey RESET Test:   

F-statistic 0.653753     Prob. F(2,61) 0.523695

Log likelihood ratio 1.590603     Prob. Chi-Square(2) 0.451445

 

As can be seen, the probability that H0 cannot be rejected with a p-value of 

0,52. Therefore, it can be concluded that the model is correctly specified.  

 

Page 35: Breusch-Godfrey LM test on serial correlation: 

The Breusch-Godfrey LM test tests if the residuals of a model are autocorre-

lated. Autocorrelation in the residual terms leads to a situation where the 

variances of the estimated parameters are not minimal any more and there-

fore, confidence intervals and significance tests are not reliable any longer. 

Autocorrelation is present when the error term follows a relationship like ut 

= とut-1 + it , where it is a random error term. 

Therefore it is important to test if autocorrelation is present and then to re-

move it. The Breusch-Godfrey test is meant to detect autocorrelation. The 

idea is to regress the residuals of a model once on the independent vari-

ables of the original model, e.g. like the following (again, since the HWI 

model is so large, I take a smaller example for explanation): 

tû

û = g1 + g2X1+ g3X2 + it  

and obtain the residual sum of squares (RSS1) of this model. 

In the second model, serially correlated terms are included in the regression:  

û t: û t= g1 + g2X1+ g3X2 + と1 û t-1 + と2 û t-1+ と2 û t-2+… + とp û  t-p+ it 

and again the residual sum of squares (RSS2) is obtained. How many lags to 

be included is calculated automatically by EViews based on model selection 

criteria (here, Schwartz Information Criterion). 
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88  cp. Gujarati / Porter (2009): p. 479 f.  



Then it is tested if the introduction of the serial correlated terms into the 

regression changed the fit of the regression significantly. This is done by an 

F-test where  
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)
( )

( ) ( model second in the parameters ofnumber n/

 termscorrelatedserially  ofnumber /

1

12

−
−

=
RSS

RSSRSS
F  

Under H0: No autocorrelation (=RSS2 not significantly lower than RSS1) the 

F-value follows an F-distribution with in our that case (2, 61) degrees of 

freedom.
89

 The value of the F-statistic and the corresponding p-value to re-

ject H0 are given by the following EViews output: 

Breusch-Godfrey Serial Correlation LM Test:  

F-statistic 1.308334     Prob. F(2,61) 0.277745

Obs*R-squared 3.076547     Prob. Chi-Square(2) 0.214752

As can be seen, H0 cannot be rejected and one can conclude that no remain-

ing Autocorrelation is present in the model. 

 

Page 35: White test on heteroscedasticity 

Heteroscedasticity means that the variance of the error terms is not constant, 

but changes systematically with the time t. Heteroscedasticity leads to the 

problem, that the estimators do not have minimum variance, and are there-

fore not the best estimators available. However, they are still unbiased if the 

changing variance of the residuals is taken into account (as done by apply-

ing White’s Heteroscedasticity-consistent standard errors).  

Heteroscedasticity can be detected by the White-Test. The idea of the test is 

that if Heteroscedasticity is present, the squared residuals should exhibit a 

systematic pattern following the original independent variables, the squares 

of the original independent variables or the cross-products of the independ-

ent variables. Therefore, ut
2 

is regressed on the independent variables. To 

make the idea more clear, an example is given for a case with two inde-

pendent variables (I’m not giving the example with the HWI-model since 

with a number of 11 independent variables, their squared values and cross-

products, it would get unnecessarily large and confusing):  

                                                 
89  cp. Gujarati / Porter (2009): p. 438 ff. 



ut
2 
= g1 + g2X1t + g3X2t g4X1t

2
 + g5 X2t

2
 + g6X1tX2t + it       
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From this model, the Residual Sum of Squares (RSS1) is obtained. 

Then, an alternative model is estimated where ut
2 

is regressed only on a con-

stant: ut
2 
= g1 + it 

and the Residual Sum of Squares from this alternative model (RSS2) is ob-

tained. 

Then it is tested if the first model has a better fit than the second one, which 

is done by testing if the residual sums of squares differ significantly. That 

would mean that ut
2 

would acturally follow a pattern, which again would be 

a hint for Heteroscedasticity. The test applied is an F-test where  

( )
( ) ( )2 modelin  parameters ofnumber n/

1 modelin  parameters ofnumber /

1

12

−
−

=
RSS

RSSRSS
F  

The White Test tests H0: No Heteroscedasticity against H1: Heteroscedas-

ticity. As can be seen, H0 has to be rejected with a p-value of 0,027. There-

fore, Heteroscedasticity is present. 

White Heteroskedasticity Test:  

F-statistic 2.131009     Prob. F(12,62) 0.027244

Obs*R-squared 21.90090     Prob. Chi-Square(12) 0.038646

 

c) Forecasting 

Page 37: Chow Forecast Test for several breakpoints in 2008 

The Chow Forecast Test tests H0: Parameter constancy against H1: Parame-

ter variability. As can be seen, H0 could not be rejected at any of the se-

lected splitting points. 

Chow Forecast test for April 2004 as splitting point: 

Chow Forecast Test: Forecast from 2008M04 to 2009M04 

F-statistic 0.922213     Prob. F(13,50) 0.537444

Log likelihood ratio 16.11978     Prob. Chi-Square(13) 0.242722
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90  cp. Gujarati / Porter (2009): p. 386 ff. 
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Chow Forecast test for June 2008 as splitting point: 

Chow Forecast Test: Forecast from 2008M06 to 2009M04 

F-statistic 0.964205     Prob. F(11,52) 0.489663

Log likelihood ratio 13.92162     Prob. Chi-Square(11) 0.237361

 

Chow Forecast test for August 2008 as splitting point: 

Chow Forecast Test: Forecast from 2008M08 to 2009M04 

F-statistic 0.979965     Prob. F(9,54) 0.466966

Log likelihood ratio 11.34634     Prob. Chi-Square(9) 0.252714

Chow Forecast test for October 2008 as splitting point: 

Chow Forecast Test: Forecast from 2008M10 to 2009M04 

F-statistic 0.744285     Prob. F(7,56) 0.635621

Log likelihood ratio 6.671918     Prob. Chi-Square(7) 0.463820

 
 
 

A2. Statistical amendments Chapter 5.3.2 

a) Estimation outputs and correlograms 

 

Page 39: Complete Estimation output of the Augmented Dickey-Fuller test 

for BWI 

Null Hypothesis: BWI has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 4 (Automatic based on SIC, MAXLAG=10) 

   t-Statistic   Prob.* 

Augmented Dickey-Fuller test statistic -5.174505  0.0004 

Test critical values: 1% level  -4.127338  

 5% level  -3.490662  

 10% level  -3.173943  

*MacKinnon (1996) one-sided p-values.  

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(BWI)   

Method: Least Squares   

Sample (adjusted): 2004M08 2009M04  

Included observations: 57 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  
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BWI(-1) -0.933874 0.180476 -5.174505 0.0000

D(BWI(-1)) 0.283667 0.158165 1.793484 0.0789

D(BWI(-2)) 0.462344 0.163186 2.833241 0.0066

D(BWI(-3)) 0.678906 0.151955 4.467820 0.0000

D(BWI(-4)) 0.292625 0.142002 2.060709 0.0446

C 110817.4 22907.94 4.837508 0.0000

@TREND(2004M03) 1808.442 421.5807 4.289669 0.0001

R-squared 0.470724     Mean dependent var 1367.368

Adjusted R-squared 0.407211     S.D. dependent var 37809.98

S.E. of regression 29110.97     Akaike info criterion 23.51020

Sum squared resid 4.24E+10     Schwarz criterion 23.76110

Log likelihood -663.0408     F-statistic 7.411443

Durbin-Watson stat 1.861087     Prob(F-statistic) 0.000010

 

 

Page 39: Checking for seasonality, comparison month = April: 

Dependent Variable: BWI   

Method: Least Squares   

Sample (adjusted): 2004M03 2009M04  

Included observations: 62 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

C 117914.0 11249.99 10.48125 0.0000

@TREND 1943.407 165.5665 11.73793 0.0000

@MONTH=1 -27381.85 14645.85 -1.869598 0.0675

@MONTH=2 -50737.26 14659.88 -3.460960 0.0011

@MONTH=3 -22909.56 13987.18 -1.637896 0.1079

@MONTH=4 18107.04 13994.04 1.293911 0.2018

@MONTH=5 13387.41 14600.86 0.916892 0.3637

@MONTH=7 64810.59 14600.86 4.438820 0.0001

@MONTH=8 27823.19 14603.68 1.905218 0.0626

@MONTH=9 17803.78 14608.37 1.218738 0.2288

@MONTH=10 27012.37 14614.93 1.848272 0.0706

@MONTH=11 -9539.037 14623.37 -0.652314 0.5172

@MONTH=12 -36582.44 14633.68 -2.499880 0.0158

R-squared 0.823443     Mean dependent var 178868.1

Adjusted R-squared 0.780205     S.D. dependent var 49239.22

S.E. of regression 23084.50     Akaike info criterion 23.11575

Sum squared resid 2.61E+10     Schwarz criterion 23.56176

Log likelihood -703.5883     F-statistic 19.04423

Durbin-Watson stat 1.091492     Prob(F-statistic) 0.000000
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Page 40: Complete estimation output of the trend-seasonal model for BWI 

 

Dependent Variable: BWI   

Method: Least Squares   

Sample (adjusted): 2004M03 2009M04  

Included observations: 62 after adjustments  

Variable Coefficient Std. Error t-Statistic Prob.  

C 117914.0 11249.99 10.48125 0.0000

@TREND 1943.407 165.5665 11.73793 0.0000

@MONTH=1 -27381.85 14645.85 -1.869598 0.0675

@MONTH=2 -50737.26 14659.88 -3.460960 0.0011

@MONTH=3 -22909.56 13987.18 -1.637896 0.1079

@MONTH=4 18107.04 13994.04 1.293911 0.2018

@MONTH=5 13387.41 14600.86 0.916892 0.3637

@MONTH=7 64810.59 14600.86 4.438820 0.0001

@MONTH=8 27823.19 14603.68 1.905218 0.0626

@MONTH=9 17803.78 14608.37 1.218738 0.2288

@MONTH=10 27012.37 14614.93 1.848272 0.0706

@MONTH=11 -9539.037 14623.37 -0.652314 0.5172

@MONTH=12 -36582.44 14633.68 -2.499880 0.0158

R-squared 0.823443     Mean dependent var 178868.1

Adjusted R-squared 0.780205     S.D. dependent var 49239.22

S.E. of regression 23084.50     Akaike info criterion 23.11575

Sum squared resid 2.61E+10     Schwarz criterion 23.56176

Log likelihood -703.5883     F-statistic 19.04423

Durbin-Watson stat 1.091492     Prob(F-statistic) 0.000000

 

 

Page 43: Correlogramof ARMA-model for BWI: 

Sample: 2005M03 2009M04   

Included observations: 50   
Q-statistic probabili-
ties adjusted for 3 

ARMA term(s)    

Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob

      . |*.     |       . |*.     | 1 0.166 0.166 1.4683 

      . |*.     |       . | .     | 2 0.088 0.062 1.8908 

      . | .     |       . | .     | 3 0.033 0.009 1.9493 

      . | .     |       . | .     | 4 0.014 0.003 1.9611 0.161

      . | .     |       . | .     | 5 -0.005 -0.011 1.9626 0.375

      . |*.     |       . |*.     | 6 0.082 0.086 2.3640 0.500

      . |**     |       . |**     | 7 0.242 0.226 5.9183 0.205

      .*| .     |       .*| .     | 8 -0.091 -0.187 6.4347 0.266

      . |*.     |       . |*.     | 9 0.071 0.086 6.7515 0.344



 

 

60

      .*| .     |       .*| .     | 10 -0.124 -0.158 7.7545 0.355

      . | .     |       . | .     | 11 -0.028 0.023 7.8054 0.453

      .*| .     |       .*| .     | 12 -0.113 -0.107 8.6793 0.467

      . | .     |       . | .     | 13 0.007 0.020 8.6826 0.562

      . | .     |       .*| .     | 14 -0.051 -0.095 8.8694 0.634

      .*| .     |       .*| .     | 15 -0.167 -0.096 10.950 0.533

      .*| .     |       .*| .     | 16 -0.128 -0.140 12.202 0.511

      **| .     |       .*| .     | 17 -0.265 -0.143 17.736 0.219

      .*| .     |       . | .     | 18 -0.071 -0.021 18.142 0.255

      .*| .     |       .*| .     | 19 -0.153 -0.069 20.104 0.216

      . | .     |       . | .     | 20 -0.015 -0.025 20.125 0.268

      . |*.     |       . |**     | 21 0.095 0.203 20.934 0.283

      .*| .     |       .*| .     | 22 -0.090 -0.145 21.678 0.301

      .*| .     |       .*| .     | 23 -0.165 -0.088 24.289 0.230

      .*| .     |       .*| .     | 24 -0.173 -0.101 27.295 0.161

 

b) Diagnostic Checking 

Page 43: RESET Test for BWI : 

Ramsey RESET Test:   

F-statistic 0.751290     Prob. F(2,41) 0.478140

Log likelihood ratio 1.799636     Prob. Chi-Square(2) 0.406644

 

Page 43: Breusch-Godfrey LM test on serial correlation: 

Breusch-Godfrey Serial Correlation LM Test:  

F-statistic 0.895249     Prob. F(2,41) 0.416341

Obs*R-squared 1.369105     Prob. Chi-Square(2) 0.504316

 

Page 43: White-Test on Heteroscedasticity: 

White Heteroskedasticity Test:  

F-statistic 0.980386     Prob. F(3,46) 0.410258

Obs*R-squared 3.004789     Prob. Chi-Square(3) 0.390887

 
c) Forecasting 
 

Page 44: Chow Forecast Test Splitting Point April 2008: 

Chow Forecast Test: Forecast from 2008M04 to 2009M04 

F-statistic 0.494795     Prob. F(13,30) 0.910157

Log likelihood ratio 9.712970     Prob. Chi-Square(13) 0.717220
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Chow Forecast Test Splitting Point June 2008: 

Chow Forecast Test: Forecast from 2008M06 to 2009M04 

F-statistic 0.384275     Prob. F(11,32) 0.952713

Log likelihood ratio 6.203474     Prob. Chi-Square(11) 0.859449

Chow Forecast Test Splitting Point August 2008: 

Chow Forecast Test: Forecast from 2008M08 to 2009M04 

F-statistic 0.642611     Prob. F(9,34) 0.752829

Log likelihood ratio 7.854593     Prob. Chi-Square(9) 0.548864

 

Chow Forecast Test Splitting Point October 2008: 

Chow Forecast Test: Forecast from 2008M10 to 2009M04 

F-statistic 0.854531     Prob. F(7,36) 0.550812

Log likelihood ratio 7.685769     Prob. Chi-Square(7) 0.361116
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