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ABSTRACT
Sohid wastes management in most stales of Nigeria especially in Lagos Statc is
unsatisfactory despile consuming a relatively high proportion of the State’s budget. This
lends Lo ‘crowd out’ other social amenitics. Most of the atiempls made Lo improve -
performance in the discharge of solid waste services hav.: focused mainly on supply-side
aclivities such as collection and disposal capacity which have faiicd to yield very
desirable results. On this premise, this thesis thercfore explored a diffe:ent tool of waste
management by considering the demand-side approach into the planning process. This
analysis questions the initial assumptions that houscholds and firms accord low priority to
solid wastes management scrvices as compared with other composite goods and are quifc
unwilling to pay for it. It also calls to question the command-and-control approach to

solid wastes management.

"To achieve our objectives thercfore, the study investigates the relationship between waste
gencration per capita and its determinants in Lagos State which include among others, the
socioeconomic variables such as income and urbanization, weather variables in the _fogp
of precipitation and temperature levels and; economic instruments such as price of

recyclables (recycling incentive) and user fce.

The study also investigates the impact of weather variables and economic incentives
above ot wasle generation at the commercial level in Lagos State. To accomplish our
analysis, primary instruments were employed in generating the economic incentives in
Lagos Statc and in addition to this, covariance analysis, ordinary least squarcs,
generalized lcast squares as well as integrated autoregressive moving average (ARIMA)

were cmployed in accomplishing the above analysis.

Among other things, the study found an inverse rclationship between both the residential
wastc and houschold user fee. Income has a dircct relationship with residential waste
generation. Significant economies of scale were equally found in urbanization as per
capita waste decline with increascs in population density. Weather variables also cxerted

posilive impacts on waste per capita. While recycling incentive relates positively

viil



(contrary 1o theory) to waste per capita. For the commercial sector, commercial waste is
positively influcneed by recycling incentive and temperature level, whiie precipitation

and commercial user fce relates inversely o commercial wasle.

Based on our findings, we therefore reccommend the use of variablc user fec in Lagos
State, cncouragement of reeyeling and composting via some recycling incentives and
strengthening of bodies involved in waste management among others. The study has
contributed to knowledge by conlirming the beneficial role of economic incentives as
against the conventiona! property taxes and Government’s subventions employed in
wasle management in Lagos Slate. It has also been able o determine the impact of socio-
cconomic, demographic as well as meteorological variables influencing waste '

management among others.
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CHAPTER ONE
INTRODUCTION

1.1 Background of the Study

The envireninent is scen as the outer physical and biological system, in which man and
other organisms’ live and interact. Therefore, the application of economic instruments in
solving ils problems require an understanding of its components and, the need for
positive and realistic planning that balances human nceds against the potentials of the
cnvironment. This is why cnvironmental issucs have continued to form part of strategic
thinking. More important is the fact that environmental imperatives cannot be isolated in

the quest for sustainable development.

The rising concern for the environinent can be attributed to the realization of the limited
carrying capacity of the environment. Man, in his bid to further satisfy his necds and
aspirations for further development and betier living conditions exerted further influcnce
on the cnviromment in which he depends for survival. This causcs further decrioration of
his cnvironment. This outcome is avoidable. Based on the report of Agenda 21, the
success ol cltorts Lo cradicate poverty and manage the natural resource base for ceconomic
and social development depends upon fundamental changes in global consumption and

production pattcrns,

Even though certain innovative production processes have becn celebrated ovar the years,
the environmental gains from these innovations are being offset by huge consumption.
Excessive consumption is causcd mainly by population pressure in the metropolitan
centres and higher income status of individuals. The population problem is compounded
by the fact that cfforts towards improving the cnvironmental quality and economic
performance of products have been some incentives for consumers to consume more.
This process ncgates the bencfits of the original improvement in the cnvironmental

qualily and cconomic performance (the rebound cffcet).



World consumption patterns posc formidable threats to the environment under two
opposing grounds (excessive consumption and inadequatce consumptien). Consumption
pattern has gone up dramatically duc to expansion of the global cconomy and a
corresponding explosion in standard of living. For inslance, the global consumption
expenditure has grown by an average of 3 percent annually since 1970. From 1973 to
1998, the World consumption in real tcrms has more than doubled to reach US 24 trillion
dollars i.c. twice the 1975 level and six times that of 1950 (UNDP, 1998). According to
the “State of the World 2004” report, the amount spent on goods and services at the
household level has increased fourfold since 1960 and topped more than $20 trillion in
2000. The issuc thercfore is, what is wrong with incrcases in consumption pattern or
growth in per capita consumption despite the fact that a sizeable portion of this growth in

consumption is essential for human development?

What is wrong is that while per capita consumption has grown dramatically, there is no
corresponding growth in consumption for cveryonc. Bascd on Brundtland reports (1994),
the richest quintile of the World’s population, accounts for as much as 86 percent of the
total private consumption expenditures. This is against the 1.3 percent total private
consumption cxpenditures of the poorest quintile. The problem of inequality of
consumption as reported is not only an intra-country issuc but also has inter-country
dimensions. An avcrage North American consumes almost 20 times as much as an
average Indian or Chincsc and 60-70 times more than an average person in Bangladesh.
Human Development Report (1998) also finds that gaps between the world’s richest and
poorest people have been steadily widening, and that in Africa, the average houschold
consumes 20 percent less than it did 25 years ago. In addition, growth in consumption has
been attributable to wants rather than needs (a breakdown of this for the World in 1998

can be scen in Appendix N).

Secondly, whilc there is an unprecedented rise in world per capitz consumption, a
breakdown of it indicates that only a small proportion of it is cssential for human

development. Most of this spending has been for wants rather than on cssential needs.



In Africa however, the story is different, while the industrialized and industrializing
countrics of the world arc increasing their consumption on the average, the consumption
of an avcrage African houschold decreased by 20 percent (UNEP DTIE/ROA, 2000).
While the per capita consumption is declining in Africa, there is a marked increase in per
capita consumption of higher income people. This group has access to wider economic
opportunitics, wecallh, privilege and political power while the lower income groups-"arc
further subjected (o a decline in per capita consumptlion. The environmental consequence
of under-consumption in this casc is manifested in further poverty, lack of infrastructure,
poor environmental management and further degradation of the natural environment

among others.

Low income residents of urban centres therefore arc the most vulnerable to exposures
from cnvironmental health hazards, the most susceptible when exposcd to pollution, and
above all, are the Icast able 10 cope with the consequences of environmental disasters
when they occur. The rcasons for the above arc as follows. The houscholds with
inadequate income are less able to afford accommodation that shield them from
covironmental risks and arc foreed to occupy the ccologically fragile arcas (usually
slums/blightcd arcas). These fragilc arcas arc without pipe-borne waler, adequate
provisions for sanitation, drains and garbage collections. This is so because they are
priced out of safe, well located, and planned residential scttlement with adequate
investments in infrastructure {o mitigate the impact of disasters when they occur. Other
reasons include their undertaking environmentally dangerous work to mceet their
physiological nceds, they also lack the political resistance to environmentally detrimental

governmental decisions among others.

Urban environmental improvement can be an cffective means of reducing poverty,
moreso that the improvements enhance healthicr living and working conditions for urban
poor. Betier health resulting from environmental improvement leads to healthy children
that grow into healthy adults without excessive expenditures on medicines and health
care. They also avoid the loss of income that can result from taking time of work due to

illness or to nursing sick family membcrs. They are Iess likely to losc their jobs and enter



a vicious circle of poverty and destitution. National policy frameworks devised by
countrics in less developed countries therefore calls for the necessity of preventing
poverty-driven environmental degradation in the context of rapid population growth and

improving the environmental conditions of the poor.

Urban cnvironmental problems must been given a propriety moreso that the world
population is cxpected to grow by 3.7 billion over the next 40 years. Ninety percent of
that rise will take place in developing countries, largely in citics, pushing population
densitics in many places to an extreme. World consumption of energy and manufactured
goods will triple, even under morc efficient patterns of usc; for developing countries, the
incrcase will be fivefold. If emission (and waste) per unit of output rcmains unchanged,
tens of millions of people will die prematurely cach year as a result of pollution. Water
shortages will become intolerable, and tropical forests and other natural habitats will
shrink dramatically. Fortunately, such an outcome is unnecessary (Ryan, 1992; see also
Usoro, 1998).

Waste management is a part of system of matcrial utilization in the overall economy. In
order 1o fully appreciate and understand the connection between waste management and
the economy, it is nccessary 1o see the interconnection between the functioning of the
cconomy and waste management. This is necessary because the viability of any activity
such as recycling affects and is affected by, arrangements upstream in the supply of
virgin materials from primary sectors and imports, and downstream in the options for

disposing or on-sclling matcerials once they are discarded.

The materials cycle is an open onc because of the presence of international trade. New
matcrials may enter the cycle as raw materials imported from other economies or as
materials embedded in imported goods. At the other end, materials may move out of an
cconomy as cxports because the returns from doing so excced the altemnative local
markets. Figure 1.1 that follows therefore shows the overview of this cycle and the

associaled role of waste management and recycling.



In figure 1.1, developing countries of the world obtain virgin materials needed for
productive purposcs cither locally or as imported virgin matcrials of various components.
They also obtain secondary materials as substantial part of their inputs in addition to
some semi-processed and fully processed malerials obtained through import for local
production. These producers transform these materials and turn them out to consumers as
commercial/industrial goods as well as individual consumables. The consumption
activitics of these scctors therefore create some refuse/residues which are either stored for
onward collcction by the wasle service providers, recycled/reuse (which is hardly the

case in Nigceria) or dumped in the strects.

The waste service providers therefore process the waste and transport to the disposal sites
(incinerators and/or landfill) or sort the waste for material recovery where it finds its way

back to the local produccrs.

The major import of the material cycle in less developed countrics (LDCs) is that
dumping and disposal is always the final destination of waste in an open-loop system of
malerial cycle. In such a system, the logic of cconomic growth implies that the more the
level of consumption (both at domestic and commercial Icvels), the more will be thrown
away as waste. The only cxemption to this is a rc-orientation towards closing up the loop
in malcrial ¢ycle. A viable altemative for developing nation like Nigcfia is the adoption
of a natural model of “closcd-loop” system of matcrials cycle characterized by circular

flow of materials and multiple uscs of materials.

Practically, a hundred percent closed-loop is not achievable, but economic growth and
environmental well being are maintained in the balance where resource conservation in
wasle management revolves around embracing the ‘3Rs’ (reduce, reuse, and recycling).
This approximatcs to an idcal practicable closed-loop system with the sole objective of
diverting as much as possiblc wastc from {andfill to productive uses and waste

minimization which is the main concern of this study.
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Relating waste management to the study area requires a brief description of overall basis
of policy of the statc and Nigeria. Nigeria has an arca of 923,768km? with population
density of 95.8 persons per square kilometre, with predominant population in the urban
arca (based on the NPC 1991 figurcs). Nigeria has a fast growing population ratc which is
expecled to It 152.2 million marks by the year 2010 and 216.2 million by the year 2025
(Sce the figure 1.2 and appendix C).

250 /// 26

200 + 1522 ‘B
// c

150

100 1

50 17
At et TRHAPEINE. ECRPES v B
1992 2010 2025

Year
Figure 1. 2: Projected population growth (in millions) in Nigeria.

IL:.:}Suw"ce: Figure based on Haub, C., and Yanagishita, M. (1992) World
population Data sheet, Washington, D.C.; Population Reference Bureau,
1992.

The process of human agglomeration in multi-functional " settlements of relatively
substantial sizcs called urbanization (with its concomitant commercial and industrial
activitics) could produce a number of problems in any nation and the most threatening
problem of urbanization is social-malfunctioning which can appear in various ways
ranging from overcrowding of areas and homes, paucity of social and health services, -
1o inadequacy of wastc management. Solid waste is a major disutility of urbanization in
Nigeria as rapid urbanization combined with industrialization in Nigerian cities have
crealed greater concentration of wastes that these cities’ systems can possibly assimilate
(See the figure below and appendix H) and onc state where this problem is most severe is

Lagos State.



Wasles i tons.
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Figure 1.3: Comparative chart of projected and estimated waste tonnage in
Lagos state and other states in Nigeria.

Source: Figure based on extract from Federal Ministry of Housing and
Environment. The state of the Environment in Nigeria, Monograph series, No.2.
Lagos (Undated). Adopted from Umoh (1997; 268).

Study Arca

Lagos state has a landmass of 3,577 Sqﬁarc Kitometres which represent 0.4 percent of
Nigeria’s territorial landmass and is the smallest state in the federation. The physical
cnvironment of Lagos Slatc is composcd of about 83% of landmass and 17% of watcr
bodies. Natural factors such as flat topography of the state, its high water table, the
swampy naturc and its intensive rainfall contribute to the problems of the environment
and the location of the state makes it possible to receive pollution loads from migrants,
rivers and strcams from hintcriand states. The size of the state, coupled with the other
factors identified above act as potential threat to the limited carrying capacity of the

Lagos cnvironment.

The state also has been 60-70% of Nigeria’s total industries. The high population and

large concentration of industrial, commercial and trade activities in the state exposed it to



various environmental pollution, unsanitary disposal of solid .wastes (some of which are

toxic or hazardous) and ccological problems.

Kofoworola (2000) tactically presented Lagos problem well when he commented that, ---
Lagos, the Jargest city in Nigeria, increased scven times from 1950 to 1980 with a currcnt
population of over 10 million inhabitants. The majority of the city’s residents are poor.
The residents make a hcavy demand on resources and, at the samc time, generate Jarge
quantities of solid waste. Approximatcly 4 million tones of municipal solid waste (MSW)
is gencrated annually in the city, including approximatcly 0.5 million of untrcated

industrial waste. This is approximatcly 1.1kg/cap/day---.

Ojikutu (2006) also corroborated the above point as he remarked that, the population of
Lagos, which is 13 million, grew from about 290,000 in 1950 and it is expected to cxceed
20 million by 2010, This makes it the most urbanized state in Nigeria and one of the
faslest growing citics in the world. Over 50 percent of industries in Nigeria are located in
the state, contributing about 70% of the national gross industrial output (Oke ef. al.
2001). The statc accommodales about 6.2 percent of the total population of Nigeria and
its annual population growth rate is over 9 percent, The average population density in
Nigeria is 85 persons per squarc kilomcter while that of Lagos state is about 1,308
persons per square kilometer. In some areas density is over 20,000 people per square
kilometer, The share of Lagos statc in international trade in Nigeria is above 70 percent
and it is responsible for about 50 percent of the total value added by the manufacturing
sector in the country. The state cmploys about 40 percent of the skilled manpower in

Nigcria.

Bascd on the above facts, it is clear that Lagos statc holds the key to Nigeria’s industrial
survival and its carrying capacily is scriously threatened and urgent mcasurcs must be
taken to address the problem facing the city. Since the aesthetic states of a place has a
bearing on its cconomic survival, and wastc has been recognized as the number onc
problem facing the state despite the predominant use of command-and-control instrument

in wastc management over the years. It is thercfore worthwhile to look at the potency of
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economic instruments employed in solid wasle management so as 1o securc a cleaner
environment conducive to investment growth., On this ground the research lopic is

Justified.

In summary, Lagos state is chosern as a study area because of its position as the most
urbanized state in Nigeria and because it houscs about one tenth of Nigeria’s population
(Ojikutu, 2006). The scenario in the state is such that natural environment is being over-
stretched, there is serious pressure on waler resources, land is being overexploited, air
quality is constantly abused, noise pollution is on the increase and the general aesthetics
of the state is threatened. It must be realized therefore that, the environment is nothing
but a public good of common heritage of mankind essential for economic survival, and
social development. The preservation and management of the environment and of
renewable and non-rencwable natiral resources are therefore a matter of public utility
and social interest for the good of the community if the sustainability of human cxistence

is to be realized.

1.2 Statement of the Problem

The health status of our environment is either being threatened by the expansion in the
scale of consumption and production activities or is being threatened by the
ineffectiveness and inefficiency of the public sectors put in place to manage the
cnvironment. 1t is not clear which of the above or a combination of it is jeopardizing the
cealization of sustainable development, but what is however clear is that thc cost of
environmental degradation in Nigeria is assuming a colossal height. For instance, in
1990, the socio-cconomic profile of Nigeria (1996) made a huge annuat sum of five

p

billion Uniled Stales’ doliars as the estimate ol the long term ceonomic losses [rom just
the top cight environmental problems facing Nigeria. This is a large percentage of
Nigeria’s Gross Domestic Product (GDP); therefore, this is a huge loss of resources for

Nigeria.

Specifically, there are four cities in Nigeria with the highest production and consumption

aclivities (See Appendix H and §)."Lagos stands out of the lot based on the fact that it

10




houses over sixty percent of Nigeria’s industrial activities including 300 induslﬁes in 12
industrial estatcs (World Bank, 1995) and as such turns out morc wastes and emission.
This was confirmed by the World Bank (1995) as it concluded that the state has the
greatest industrial activitics/pollution in Nigeria as it turns out the highest level of
emission which is in the realm of 8,000 tonnes of hazardous waste per year (World Bank,

1995).

The large volume of waste gencration in Lagos metropolis is a huge problem because
wasle represents an cnormous loss of resources both in terms of materials and cnergy. For
example, quantity of waste is a problem because it is a product of inefficient production

processcs, low durability of goods and unsustainable consumption patterns.

Waste generation has been increasing in Lagos State over the years and an amount of
about 3 nillion tonncs of solid waste is currently being turned oui by houscholds,
manufacturing scctors, commercial premises, construction and demolition activities etc

(Adcogba, 2000).

Tonnes of waste

4,000,060
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3,000,000
2,500,000
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1,000,000
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I
—eo— Annual waste

tonnage
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Figure 1.4: Residential wastes turnout in Lagos State from 1978 to 2001

Source: Figure based on LAWMA Landfill Gate Records (Undated)
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In addition, waste management cxerts significant pressures on the environment in the

following ways:

i.

it

iii.

iv.

Increased transport and the environmental impact of such land transport can be
cnormous and are usually in the form of significant energy consumption and air
pollution since the transport distances from points of waste generation to landfill

are much.

Air and water poilution and secondary waste streams from tecycling plants pose
serious problem to the life support system. Ground or surface water pollution
occurs, because of the shallow aquifer, and permeable soil types in Lagos. Liquid
wastes, lcakages from accumulated solid wastes could readily percolatc down to

the groundwater and cause pollution.

Also related to the above is the fact that pollution of rivers and scas due to
cxeessive solid waste gencration and unsuitable instruments of controlling wastcs
results in extensive fish kills. It also lcads to the destruction of other forms of
aquatic life duc to an incrcased organic load and the concomitant deplction of
dissolved oxygen in the water. When fish or other aquatic orpanisms are not
immediately killed, they accumulate pollutants, which are cventually transferred
to man via the food chain. Airborne pollutants and noxious guses produced from
refusc dumps contribuic to the incrcasc in pulmonary discases among the

populations ncar dump sites (Ajiwe et. al., 2000; Sundarcsan, 1977).

Landfills in Lagos arc unsanitary and they desiroy the acsthetic appeal of the
cnvironment as they harbor flics, fleas, mosquitocs, rats, and other discasc
vectors. Some of the discases carried by rodents and inscct vectors from landfills
include lassa fever, malaria, filariasis, yellow fever, typhoid fover, diarrhea,

cholera, hepatitis, hook worm infestation, skin discases, efc.
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v.  Great demands for land in the creation of landfills and the landfills represent a
permancnt loss of resources. Morcover, the need to control the pollution impacts
of landfills/dumpsites lead to increasing public expenditure for monitoring and
clean-up opcrations.

vi.  Leaching of nutricnts, hcavy metals and other toxic compounds from landfills are
not only dangcrous to the present gencration but has significant conscquences on

futurc gencerations,

vil.  Emission of greenhouse gases from landfills and treatment of organic waste has a

daring conscquence on the lifc support ecosysiem.

Adeogba (2000), remarked that total waste generation in Lagos is expected to increase
duc to rapid rate of rural-urban migration. This in cffect means that the limited carrying
capacity of Lagos will be overstretched. At present, waste management “crowd out”
public investments because the opportunity cost of financing solid waste services (SWS)
through public funds is the social infrastructure foregone. The present landfills have been
congested and mismanaged and the cost of sciting up new sites would be enormous.
Therefore, if present annual growth rate in population of 6-8 % (LAWMA) is to be
sustained, there should be an urgent nced to de-link economic activities from
environmental degradation via an efficicnt waste management strategy that focuses on

wastc minimizalion among others. On this ground, this rescarch work is justificd.

Moreover, economic instruments have been embraced as a potent instrument in the
pollution control and waste management worldwide. Recently, the use of cconomic
instruments in pollution control and waste management has been well embraced as it
introduces more flexibility, cfficicncy, and cost-cffcctivcn;:ss into pollution control
measures. These instruments act as incentives Lo polluters to choose their own means of
poliution control. When cconomic instruments are properly administercd, it can yield the

following benefits:
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i.  Promotion of cost-effcctive means of achieving desirable level of pollution/waste,

ii.  Stimulation of the development of pollution control/waste minimization
technology and expertise.

iii.  Provision of revenue base for the government to support pollution control/waste
managemcal programme.

iv.  Provision of flexibility in pollution control technology.

v.  Lastly, it eliminates government’s requirement for detailed information in order to
determinc the most feasible and appropriate level of control of cach plant or
product (Bernstein, 1993; Qatcs, 1999; Kolstad, 2000, Jerome, 2001).

To what exient the employment of economic instruments in waste management in Lagos
stalc has been able to modify consumers® and producers’ behaviour and reduce waste
generation thercby avoiding all the negative impacts/costs of excessive waste gencration
on the cnvironment is a rescarchable topic. This research is therefore a justifiable one, as

it will determine the future choice of optimal cnvironmental instruments in the state.

1.3 Objectives of the Study

Conscquent to the foregoing, the broad objective of this study is to evolve a policy
framework for optimizing waste management in Lagos state by coming up with more
economically rclevant instruments than currently being applied and evolving a basis for

future policics and policy reforms.

In addition, the specific objectives of the study are to:

i. Estimatc the average uscr charges for solid waste and the average prices of
various recyclables in Lagos state using household and firm surveys for the
purpose of formulating sound waste management policics.

ii.  Determination of the impacts of the average user charge and the prices of

recyclables on waste gencration in Lagos state.
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ii.

iv.

1.4

Analyzing the impacts of other sociocconomic variables (income, population
density, ctc), weather variables (level of precipitation and the mcan maxinum
temperature) on waste generation.

Asscess ihe impact of user charges (residential and commercial) on refuse dumping
in Lagos state and to project the welfare impact of increasing the average user

charge above a bascline.

Research Questions

Gencrally, the major questions this rescarch secks to answer are:

1.

1.5

What are the nature of the previous policies and instruments for wastes
management?

What are the best economic policy instruments that can polentially address the
cxcessive waste generation in Lagos state in particular?

Do the sociocconomic variables (income, population density, houschold size,
etc.) and scasonality factors have any bearing on waste gencration?

What is the welfare impact of economic instruments above other instruments

of solid wastc management?

Researclt hypothesis

We therelore formulated the following null hypotheses relating to the commercial sector.

Commercial Level

ii.

Quantity of commercial waste gencrated has no relationship with the
commercial/industrial user charge. In other words, commercial uscr charge does
not affect the quantity of commercial waste generated in Lagos.

Quantity of commercial waste generated has no relationship with the price of

recyclables, Ievel of precipitation and the temperature level.
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Houschold Level
The hypothescs tested are as follows:

i.  Residential wastc per capita is not affected by the variation in the cost of
residential solid waste disposals {uscr fee) in Lagos. In other words, there is
incfliciency of residential user charge in influencing the quantity of waste sct out
for disposal in Lagos.

ii.  Household income, price of rccyclables, population density, level of precipitation

and, temperature level have no impact on waste generation per capita.

ili.  The uscr charges (both commercial and residential) have no significant influences

on the volume of waste gencration and dumped in Lagos state.

1.6 Scope of the Study

This rescarch covers the entire Lagos state (with its total area of 3,577 squarc kilometers)
and all economic related issues of waste management in the state from 1996 to 2008. It
also analyzes the waste management strategies in Lagos state. Even though the study
reviews issucs between 1980 and 2003, data analysis covers the period 2000 to 2003.
This is duc to the short peried cconomic instruments were applicd. In addition, the data
are weekly and monthly, from January 2000 to December 2003. The main instruments of
concern in the study arc economics instruments. The variables included in the study
include user fee (both residential and commercial), pribe of recyclable, socioeconomic
variables as well as metcorological variables (such as inches of precipitation and,
temperature level). In order to achieve our objective, we will differentiate the analysis of

the housechold from that of commercial.

1.7  Limitations of the Study

The employment of cconomic instruments in pollution contrql and waste management in
the study area has been for relatively shorter period of 1% January 2000 to mid 2004.
Bascd on this, this study is highly constrained on the data length. Using weekly and

monthly data however, we belicve that the data length problem was not serious enough to
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impact negatively on the results.

Also related to the above is the fact that data were not kept (by the environmental
agencics) of some important variablcs of interest. This study however overcame this
through direct survey. In the course of the survey however, response rate was generally
low but not low enough to distort the magnitude of the needed information. Another issuc
also related to this is that most respondents could not be tracked down at home but in
{heir places of work and we cannot rcally say that we have strict adherence to our

stratification.
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CHAPTER TWO
BACKGROUND TO ENVIRONMENTAL POLICY AND WASTE
MANAGEMENT STRATEGIES IN LAGOS STATE

2.1 Introduction

Lagos is the most populous city in Nigeria. It is a mega city of dominant economic
importance in the West Africa sub-region with a population estimate of about 17,552,942
(OfTice of Central Statistics, 2006). It has an annual population growth rate of 6 - 8 %.
Lagos is, by most estimates, one of the fastest-growing cities in the world. It is currently
experiencing a population increase of about 275,000 persons per annum. In 1999, the
United Nations predicted that the ¢ity’s metropolitan area, which had only about 290,000
inhabitants in 1950, would excced 20 million by 2010 and thus become onc of the ten
most populated cities in the world (Wikipedia, 2008). The metropolitan area, an
estimated 300 squarc kilometers, is a group of islands endowed with creeks and a lagoon.
(United Nations Cyberschoolbus, 2008). Afier the Nigerian civil war, migration 1o the
city, coupled with huge waves of refugecs and migrants from other African countrics,

produced a population boom that has continucd to torment the statc till the present day.

Lagos is the commercial and industrial hub of Nigeria, with a GNP triple that of any
other West African country. Lagos has greatly benefited front Nigeria®s natural resources
in oil, natural gas, coal, fuel wood and water. Light industry was prevalent in post-
independence Nigeria and petrolcum-related industry dominated in the 1970’s, directly
affecting the rapid growth of Lagos (United Nations Cyberschoolbus, 2008).

Oil production, of the 1950’s, increased seven-fold between 1965 and 1973, while world
oil prices skyrockcted. By 1978, the metropolitan arca accounted for 40% of the exicrnal
trade of Nigcria, containing 40% of the national skilled population. The world recession
in 1981, which causecd a sharp fall in oil prices, sent Lagos reeling into debt and runaway
inflation that persists at present. As a result, a massive programme of infrastructure and

social scrvices cxpansion came to an abrupt halt.
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Encrgy and water access, sewerage, transportation and housing have all been adversely
affccted by haphazard development of a gcographically disjointed city. Despite the
region’s endowment of water, the city suffers from an acute and worsening water supply
shortage. With congesled bridgcs, traffic congestion is a daily problem in Lagos, and it
takes an average of two to three hours to travel 10-20 kilometres. Since 1985, state urban
renewal plans have concentrated on upgrading the environment of slum communitics by
building roads and drainage channcls and providing water supply, electricity, schools and
health clinics (Cyberschoolbus, 2008). .
Nwankwo (1994) indicates that growing population, rising incomes, and changing
consumption patterns combine to complicate cnvironmental problems (especially the
solid-waste problems) in Nigcria of which Lagos state 1s one. Thus, the population has a
direct conscquence on waste generation with generation per capita (GPC) which is put at
0.5 kg/person/day. The city of Lagos generates about 9,000 metric tonnes of waste daily.
The problem of adequale solid-wasle management in Lagos has reached mammoth

proportions and the situation must be addressed.

This chapter therefore cxamines the content of environmental policy of Lagos State and
the strategies recommended towards achicving certain environmental targets. In addition,
it investigates the historical ecmergence of the main waste management institutions in the
state, outlined their functions, method of operation, financing of waste management and
factors militating against its operation. The activitics of other complementary bodies in
the waste management structure in Lagos state arc highlighted while a summary of waste

managcment related legislations and penaltics are included.

2.2  DBackground to Environmental Problems of Lagos State

Environmental policy
Since the convening of the United Nations Conference on Environment and Development
in 1992, over 100 countrics have adopted national sustainable development stratcgics or
national environmental action plans (di\}ision for sustainable devclopment agenda

21/matlinfo. May 2000). Thesc processes have focused on sctting national environmental
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priorities, devising the best private-public intervention mixes in relation to those prioriiies
and involving the public. According to thc World Bank Report (2001: 24), “these
processes have largely focused on setting national environmental priorities, devising the
best private-public intcrvention mixces in rclation to those priorities and involving the
public. Although policy implementation has been lagging behind policy formulation, as
cvidenced by the large majority of country rcports prepared for the first quinquennial
review and appraisal of the Agenda 21, national environmental policy instruments
provide a unique framework within which to obtain a scnsc of population, of the salience

of population issues in the context of environmental policies”™.

Despite the availability of a National Policy on Environment, Lagos State has also an
ambitious cnvironmental policy. The Lagos State cnvironmental policy goals are tailored
towards the promotion of economic, social and physical development in the state and the

welfarc of its citizenry,

Specific policy goals include the alleviation of poverty, hunger, disease and the adverse
impacts of these problems on the cuvironment; ensuring that every person in the statc had
the right to cnjoy hcalthy environment; promotion of rational use and conservation of
natural resources for the present and future gencrations as a mcans of promoting
sustainable  social and economic development; development, use, restoration,
preservation and enhancing the land, watcr, air and other natural resources of the state in
a manner consistent with the purpose of the policy; mitigation and prevention of pollution
of the natural environment; promotion of awarcness of the citizen of the state on the need
to balance environmental management with development; cooperation and collaboration

with all ticrs of governmient and agencics on environinental matters.

Based on the above, the strategics for realizing the above goals centre on integratcd'énd
holistic vicw of environmental issucs. The envisaged actions wilt be systematic and will
establish and/or strengthen; cnvironmental legislations, environmental regulations,

environmental rescarch, cnvironmental monitoring and evaluation, environmental
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Icgislations and cnactment of nccessary amendments; the establishment of adequate
environmental guidelines and standards; monitoring and cvaluation of the state of the
cnvironment in Lagos Stale; colicction, documentation and dissemination of relevant
environmental data; determination of environmental impacts of proposcd activitics and
auditing of those in cxistence, the impacts of which may affect the environment or the use

of natural resources.

In the arca of environmental management, the government will pay special attention (o
environmental pollution, coastal zones management, issucs of public health,
infrastructural managcment, conscrvation of natural resources, and waste management.

Environmental pollution: This has a number of strategies among which is the regulation
of polluting activities: every economic activity must be conducted so as to minimize the
poliution of the environment, control of the ecosystem degradation, sustainable
production, distribution and utilization of all encrgy sources, proper rcgulation of oil/gas
activities, compulsory installation of pollution abating technology in all modes of
transportation, cncouragement of alternative modes of transportation apart from road

transport with a view to abating noisc pollution.

Coastal zoncs management: The strategics involved here include the preservation and
protection of coastal zones and surface walcr systems from any alterations with adverse
environmental effects, regulation of planning and development of the coastal zones and

the identification and protection of bio-diversity of the coastal zoncs.
Public health has agenda such as the promotion of the highest level of sanitation,

promotion of a wholcsome and conducive workplace environment for all workers,

compliance with the national policy on population growth, relocation of human
-
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population through carefully implemented new town development without jeopardizing

the master plan and the regular monitoring of the state of environment.

Infrastructural management: Continuous studies into cost effective, manageable, cost
efTicient appropriate technology for service delivery in the arcas of waler supply, sewage
and drainage systems, road network, upliftment of blighted areas, eradication of squatter
scttlements, contro) of street tradings and alleviation of level of poverty and destitution
and the circulation of results (o agencies and local government councils in the state for

-

implementation.

Waste management: proper classification of waste for effective management, submission
of study and certification for proposed landfill, cngincering design of any treatment plant
and waste disposal method, implementation and monitoring of cleanup mechanism for
abandoned landfill sites, cstablishment of alert system against toxic, radioactive,
hazardous wastes and illegal dumps and the discouragement of raw sewage into surface

walcrs.

Natural resources conservation: the strategics to be utilized here include the regulatiot: of
all mining activities; the promolion and encouragement of prudent use of the mineral
resources in the state through conservation, regulation and agricultural land use and
allocation; maintcnance of a register of up-to-date approved agrochemicals guidelines for
their use; regulation of the production, use, storage, transportation, marketing, sales of
agrochemicals; selting up of guidelines and regulations for land reclamation and the
submission for certification the Environmental impact Assessment (EYA) Report; the
devclopment of relevant capacity and procedurc to monitor, procure and conserve bio-
diversity of the ecosystem; classification of water bodies and regulation for utilization
and prevention of pollution of surface, ground water and well; assessment and regulation
of the current rate of water abstraction and continuous studies on encrgy sources in the

slate s0 as to promote the usc of rencwable energy.
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The environmental management framework of the policy shall centre on the Lagos State
Advisory Commitice on the Environment and the Lagos State Environmental Protection
Agency (LASEPA) with the responsibility for overall environmental planning, protection
and management of the environment. Empowering LASEPA to stipulate prdccdures and
regulations, cstablish guidelines and procedures for the conduct and submission of EIA
and Audit Reports for new and cxisting facilities. Promotion of coopcration,
collaboration and cousultation among tiers of government for overall environmental
planning, proteclion, monitoring and enforcement, harmonize and review of existing

environmental Iegislations and cnactment of necessary amendments among others.

In the area of environmental funding, the State Government shall fund environmental
programmes, projects and management, set aside onc percent of the State’s Annual
Budget as Environmental/Ecological Fund for the emergency relief measures, it shall
encourage, donations, grants and gifts from agencies, goveinments and friends of the
environment. It shall also encourage the establishment of an “Environment Endowment

Fund”. Lastly, it shall cmipower LASEPA to create avenucs for revenue gencration.

In the area of environmental cducalion, the Government will introcuce environmental
cducation into school curricular both at Primary and Sccondary; Support LASEPA to
produce and circulate newsletters on environment; ensure the organization of an annual
seminar on cnvironment in the state; promote the organization of seminars, conferences,
workshops, symposia on maiters affecting the environment; empowering LASEPA to
develop environmental training programmes for officers, tiers of governments, police, the

miilitary, and para-military personnel among others.

2.3  History of Waste Management in Lagos State

The history of wastc management in Lagos State dated back to the 70°s when Lagos was
tagged as the “Dirtiest City” in the World. This was the time the Local Govemn{ent
Councils, in pursuance of their constitutional roles were vested with waste management.
These councils however lack institutional and financial capabilities to effectively manage

waste in the statc thus neccssitating for a centralized system under the name — Lagos
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State Refuse Disposal Board. This was the time the Local Government Councils, in
pursuance of their constitutional roles were vested with waste management. These
councils however lack institutional and financial capabilitics to effectively manage waste
in the state thus ncecssitating for a centralized system under the name — Lagos State
Refuse Disposal Board. This is to facilitate some perceived economics of scale through
the cstablishment of a single Authority within a large mectropolitan arca under the

management of a forcign firm of Messrs. Powell Duffern Pollution Control.

The organization was responsible for the collection, transportation and disposal of

domestic waste in metropolitan Lagos, cspecially Lagos Island and Mainland.

In 1979 however, the organization was rcnamed as the Lagos State Waste Disposai Bo;rd
(LSWDB) with added responsibility for commercial/industrial waste opcrations, cleaning
and maintenance of primary and sccondary drainage facilities in February 1, 1980. In
August, 1981, it commences the “Emergency Flood Relief Operation” during the rainy
seasons. The collection and disposal of Scraps and derelict/abandoned vehicles was
added to its functions in Deccember, 1984, a Task Force on Environmental
Sanitation/Removal of illegal structures erccted on the required setback from the roads or
those impeding the clearing of drains or drainage channels was set up. There was the
commencement of world Bank Assistcd Loan for waste collection Equipment and

Manpower Development in 1987.

In 1988 however, the primary and secondary drain collection services were taken over by
the Ministry of the Environment and Physical Planning. In 19‘91, the Board was renamed
as the Lagos State Waste Management Authority (LAWMA) and was conscquently
commcreialized. January, 1996, it decentralized and deployed domestic waste collection
with complementary personnel, to all the Local Government Council Areas in the State.
Domestic and industrial wastc collection was recentralized in April, 1997, In December,
1999, LAWMA was designed as the only authority permiited by law to undertake
commercial, industrial and trade wastc collection services in Lagos State while the

decentralization and deployment of domestic waste collection was given to the private
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sector participants (PSP’) under the supervision of the Local Governments. In the year
2000, the Highway sanitation cxcrcisc was handed over 1o the Highway Managers
Limited.

LAWMA is now charged with the collection and disposal of industrial/commercial waste,
with complementary role fo the PSP operators, Highway Managers and the Local

Government Councils.

In a nutshell, the role of LAWMA in solid waste management in Lagos State can be
summarized as follows:
i.  Collection and disposal of industrial and commercial waste.
1. Complecmentary scrvice to Highway Managers 1.d. and, the Local Government
Councils, and PSP operators in domestic waste collection, and

ii.  Management of landfill sites and wastc Transfer Loading Stations (TLS).

2.3.1  Solid Waste Management System (SWM)
According to Adcbisi (2000), the solid waste management system outlines the processes
involved in the management of solid waste from the source of generation down to the

disposal site.

Theoretically, the following stages are recognized:

a. Generation

b. Storage

c Collection

d. Transportation/Transfer
c. Treatment/Recycling

f. and disposal
In actual practice, most especially in developing countries especially in Nigerian cities,

we have the following stages:

a. Generation
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b. Separation of re-usables by sweepers

c. Storage at waste bins

d. Collection

€. Transportation : R
f. Scavenging by vehicle crews/drivers

8. Disposal/Sales of recovered items

h. Scavenging and reuse at dump site by resident scavengers.

Since the objective of an efficient waste management system is to collect, transport, treat,
and dispose wastes in a hygienic, acsthetically pleasing and environmentally acceptable
manner at the lowest cost possible, it is important to look at the waste management

problem facing LAWMA as evidenced by its waste collection activities.

The threc main methods of waste collection in Nigeria are: House-to-House collection,
collection from centralized points or communal depots and collection from kerbsides.
House-to-House-Collection is practiced in residential areas and other well-planned areas
of Lagos City cspecially in high income low density residential arcas, waste bins and
bags are usually provided by the Government or the private sector participants (PSP) who
would have signed agreement with each household as per the cost as well as the suitable
time of collection. In this arrangement, collection crew enters cach premjse to collect the

refuse on regular basis.

Collection from centralized points or communal depots involved placing communal
waste storage facilitics mainly by the side of the road or other areas with vehicular access
and high population density and households just discharge their wastes into the depots
where refuse collection vehicles visit these sites at frequent interval to collect these

communal wastes,
Collection at Kerbsides is popular where depots are not in use or non-existent but waste

generation is high. Roadsides and open spaces are usually used for depositing bins and’

bags of refuse from where they are emptied.
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2.3.2  Waste Disposal Mcthods in Lagos

A safc disposal of solid waste is a must in cffeclive waslc management, the cxisting
methods in use in Lagos Statc depicts some defects as residents discharge off their refuse
in unauthorized piaces, open spaces, gutters and streams. Others burn their refusc openly

while somc dump in open dumpsites.

Dumpsites are usually disused pits, valley or ditch where wastes are dumped without
trcatment, grading or placcment of a layer of incrt materials to prevent the breeding of
files, mosquitocs and disease carrying vectors. Lagos has 32 approved dumpsites as
observed by the UDBN Survey (1997).

Sanitary landfill involves disposing wastes on land without creating nuisance or hazards
to public health and safety. It utilizes the principle of engineering to confine wastes to the
smallest possible level. The waste is covered with a layer of earth at the conclusion of
each day’s operation or at a specificd interval, Their operational stages can be classified
under — site investigation; design and engineering, excavation and construction, liner

systems, Disposal and [inal cover.

Presently, there are no samitary landfills in Lagos state, but there are three major
dumpsitcs in Lagos State with average depth of 18 metres cach and sizes of 42.0, 10.5
and 9.3 hectares respectively (sce appendix I). incineration is another disposal method
which involves waste processing technique by which solid, liquid and gascous
combustible malter is converted to a residue and to gasses by rcfuse burning and the
residuc in form of ashes is Icfl as an end product. The main incineration plant in Lagos
State was the Oshodi Incineration Plan which has been converted to a transfer station
becausc of the releascs of obnoxious gascs such as carbon-monoxide, nitrogen oxides,
acid gascs ctc as end-products as against the modern incinerators which arc safer with by-

products uscd as a source of cnergy. .
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Other method of disposal is the composting which is a biological decomposition of
waslcs of organic origin under controlled circumstances 1o a condition sufficiently stablc

for nuisance-free storage and for usc in agriculture.,

2.3.3 Financing of Wastc Managemcnt in Lagos Statc

In Lagos State, waste management is regarded as a municipal function and as such it is
cxpeeted Lo be borne by the stale governments. The bulk of the revenue comes from state
subvention, Local Government deductions, other source of finance is through property
tax, which is based on the value of the property. This is usually rcvalued every 5 years. A
percentage of the property valuc is determined as property tax, from which a determined
percentage is passcd on for waste management.

With the commercialization of LAWMA Services, the Board derives additional funding
from intcrnally generated revenue from industrial waste collection (uscr charges). As at
mid 2001, a total of about 260 industrial premises were serviced by LAWMA and

revenue accruing [rom such is put at an average of 810 million per month,

2.3.4 Private Sector Participation (PSP) Schieme

In Dceember 1999, the PSP programme was sct up in a bid to effectively manage the
large volume of municipal waste generated daily in the state (sce appendix [ on waste
generation). This programme was madec in the area of domestic wastc management in
which consumers (domestic houscholds) pay an agreed user’s fee so as to enjoyl the
services of the PSP under cach Local Government of operation. The details of the
successes achieved in the implementation of the programme in the various Local

Governments arc in appendix K.

2.3.3 Factors Affecting Waste Generation and Effective Management:

Massive importation of manufactured and industrial goods and the conscquent change in
consumption and standard of living of urbanized Lagos have given rise to a geometric
increasc in the daily tonnage of wasle generation. An average of 5,500 metric tones of

refusc is gencrated daily in the state as a result of the following; rapid urbanization/urban
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growth, high rate of commercial activities, high rate of industrial production and growth,
high rate of supply and consumption of agricultural products, high products/incidents of
no compliance with town and country planning regulations — indiscipline among the
populace, high incidence of non-compliance with existing laws e.g. Environmental
Sanitation Edict, Town and Country Planning Laws, and. the new Lagos State
Environmental Sanitation Edict. High rate of property development, and geometric
population growth. Other factors include pattern of consumption, level of economic

activity, climate, cultural habits, population, size of personal income,

All the above points put together hinder effective waste management in the following

ways:

a Lack of adequate physical planning, functional drainage system and proper
housing condition.

b Environmental pollution resulting from high industrial activitics.

c Illegal development and squatter scttiements

d Poorly planned road network resulting in perpetuat traffic congestion.

€ [tlegal conversion of designated open spaces.

f Lack of public toilets and baths

g Lack of adequate parking spaces

h Inadequate sewage system elc.

UNCHS Habitat (1984) cited by Cointrean-Levine (1994) also showed Ehat World Bank
study for 30 Countrics showed that per capita waste generation for low income countries
(Nigeria inclusive) s as high as 0.4 to 0.0kg/capita/day which is less than the 0.7 fo
1.8kg/capita/day of the industrialized countries which surely portray a difficult situation
for a rapidly urbanized city such as Lagos as can be scen in its historical pattern of waste

generation in appendix 1.
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2.4  Lagos State Waste Management Institutions

Wastc management in Lagos has been adverscly affected by large volumes of waste
generation and inadequacy of disposal systems. This has caused a constant review of
waslc management stratcgics that could minimize waste generation and improve the level

of elficicncy of wastc management institutions. -

The following agencies were established or re-organized to improve on the performance

of its predecessors.,

a The Sanitary Board of Health for Lagos Colony of 1899.

b ‘The Municipal Board of Hcalth for Lagos Municipal of 1917.

c The Water Division of the Ministry of Works of 1967.

d The Sewage and Drainage Division of Ministry of Works of 1977.

¢ The Lagos State Refuse Disposal Board of 1978.

f The Lagos State Waste Disposal Board of 1979 created through the State Edict
number 9 of 1977, Then the amended Lagos State Waste Disposal Board Law No
8 of 1990.

g The Lagos State Waste Managcment Authority (LAWMA) crcated by the Lagos
Statc Wastc Management Board Edict of 1991.

Other agencics offering complementary roles in waste inanagement in the State are as

follows:

Ministry of Environment and Physical Planning:

This Ministry was created first in 1979 as the Ministry of Environment. In 1989, the
Ministry was merged with the Physical Planning Division of the State Ministry of Works
to become the Ministry of Environment and Physical Planning. These two Ministrics
merged together had two offices under two Permanent ‘Secretaries and they are

responsible to the Commissioner for the Environment and Physical Planning.

Based on the Edict that established it, the Ministry has a total of 59 functions being co-

superviscd by its cight Departments. The functions fall under: ensuring proper planning

30




of the physical environment and the protection of the environment so as to promote a
clean and hcalthy cnvironment and the protcction of the environment so as to promotc a
clean and healthy environment conducive for sustainable, social and economic
development. In the Office of the Environment, there are five Professional Departments

and three parastatals and these are:

a Environmental Scrvices Department

b Sewage and Water Department

c Drainage Departiment

d ‘World Bank Assisted Project Directorate and;
¢ The Finance and Administration Dcpartment.,
Parastatals:

a Lagos Stale Wastc Management Authority (LAWMA).
b Lagos State Environmental Protection Agency (LASEPA). .
c Lagos Statc Water Corporation (LSWC).

Other active players in the environmental management in Lagos arc as follows:

Lagos State Environmental Pollution Control and Technical Committees:

There are twin Commitlces with various administrative and technical members. These
Commitices were established under the Edict 46 of the Lagos State Laws and
Regulations. These Committecs arc the Advisory Sub-Committce with wide range of

cxperts in the area of environmental issues.

The functions of these Committecs inciudc;

a The formulation of state policics on pollution control, environmental sanitation,
conservation issues and environmental control programmes.

b The cxamination and suggestion of waste management strategics for the state.

c Examination and recommendation of acceptable methods of collection and
disposal of both hazardous and toxic wastcs in the statc.

d Looking into other cnvironmental issucs facing the statc and;
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e Recommending of standards for solid, liquid, gaseous, toxic or hazardous waste

management in the state.

Task Forccs, Police and Special Tribunals:

In ordcr to cnsurc an acsthetically clean environment, the Lagos Statc Government sct up
some scrics of ad-hoc task forces and special tribunals. These include the Lagos State
Environmental Sanitation Task Force, and Lagos Statc Environmental Sanitation Co-z'i)s.
They derived their powers respectively under the Edict no 3 of 1992 and 1998. Their
memberships arc spread through a broad spectrum of profcssions with experience and
relevance in environmental enforcement. Other relevant implementation bodies in the
statc includec LASEPA, Commiticc on illcgal conversion of uscs, Town’s Planning

Authority, LSWC and Lagos Statc Urban Rencwal Board.

The Governor has powers 1o set up Special Offences Tribunal when the needs arise and

the Court can sit anywhcre any time to pronounce judgement on cnvironmental matters.

According to Soneye (2000) and LAWMA (Undated), the state Edicts on environmental
management in the state include:

i Street Trading and [llegal Markets (prohibition) Edict no 1, 1984,

il Sand laterite and Gravel Spillage @rohibition) Edict No 4, of 1984.

iii Removal of Abandoned Vehicles Edict of 1984.

iv Town and Country Planning Law of 1984,
Y Environmental Sanitation Edict No 12, of 1985. ‘
vi Road Traffic Law cap 124 Laws of Lagos State and othcr Amendment including

Road Traffic (Amendment) Edict of 1984 which stipulates that:

a. Failure to cover vehicle carrying sand or literite or gravel with tarpaulin attracts a

penalty of M50 fine or 3 months imprisonment,

b. Ncgligent spillage of sand or literitc or gravel on any highway or road in Lagos
State shall attract a penalty of N100 fine or 6 months imprisonment.

c. Discharge of sand, litcrite or gravel on the roadside or highway in Lagos Statc

shall attract a penalty of N50 or 3 months imprisonment.
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1iI,

It is an offence to abandon any vchicle on the highway or road and failure to
report incidents of abandoned vehicles to the nearest police or complaint center
shall attract a penalty of M100 or 3 months imprisonment.
The Environmental Sanilation Law, of 1984 mandaics the occupicr of any
tenement to keep his surroundings, including drains clean, desist from burning
rcfuse inside the Wasle Disposal Board bins.
Other Edicts include: ‘
Town and Country Planning Edict No 1, 1986.
Lagos Statc Water Corporation Edict No 25, 1986.
Environmental Pollution Control LEdict No 13, 1989 — This edict has the
responsibilities and powers to enforce the following.
That residents should keep their cnvironment and gutter clean at all times
using leak-proof dustbins and/or sanitary bags.
That cvery commercial vehicle should carry a litter basket.
That obstructions that constitute public nuisance should be demolished or
impounded. _
That refuse should be properly disposed and should not be bumnt or
icinerated.
That open spaces should not be abused and;
That drains, scwage and tanks should be adequatcly maintained in cvery

ncighbourhoods.

Local Government Authorities:

This ticr of Government also participated in wastc management cspecially between 1994

and 1996. They were given the responsibility to manage waste within their domains. The

Departments of public health in the relevant LGAs were also empowercd to maintain the

existing sanitary landfills in their domains. These duties were referred back to LAWMA

due to non-performance.

The private sector participants (PSPs) alsc partake in waste management in Lagos. The

details can bc found under solid wastc management system. Other actors include the
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Non-Governmental Organization (NGOs) and Community-Based Organizations, Social

Groups and Clubs.

Lagos State Environmental Sanitation Law 2000:

This is an important law for managing the cavironment in Lagos and it has the following

stiff provisions:

iii.

v,

vi.

viii.

ix.

vii.

No pedestrian shall disposc of any scrap papcr, newspaper, candy (biscuit)
wrapper, fruit skin and similar rcfuse anywhere except in litter bins.

No person shall use litter bins for houschold refuse, Commercial or industrial
waste.

Every Commercial vchicle in the state shall carry a litter bin for use of the
passengers.

No passcenger shall throw any litter, fruit skins, scrap paper or other (wastc) itlems
onto the road from any vchicle.

All sidewalks shall be frec from obstruction to allow free flow of Pedestrian
traflic.

All streets shall be free from obstruction and from construction or demolition
materials.

No person shall use another person’s dustbin in front of his or another’s building
far or near from where he resides or works.

No person shall dump indiscriminatcly any domestic, industrial, commecreial
waste, or discarded vehicle spare parts or tyres along highways, roads, channels,
gorges, land dircetly or through private operators cxcept at designated rcfuse
disposal sites.

No person shall disposc off domgestic refuse or waste except through a pri'\}'atc:
sector participalion operator.

No person shall pastc any handbill, poster, notice, sign or advertiscment that bears
the name of his organization or business on sidewalks, trees, bridges, public
dustbin hydrant, highway or any street without the permission of the appropriate

authority.
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xi.  No person shall construct oy put any structore on roads, rail tracks, footpaths or on
the required road sctbacks.
xii.  No person shall organize or hold social partics or religious activities on any major
road; and
xiil.  No person shall allow cattle, goats, sheep or other animals 1o roam on the road or
any opch spacc.
xiv.  Enforcement is to be executed by Eavironmental Sanitation Corp and the police

whilc special offences courts will be established.

Penalties:
Bascd on the provisions, a company or corporate body which carrics the highest penalty
shall on conviction, be liable to a fine of MN100,000 while the least fine that would be

inposed for failing to clean sidewalks is NS00 against an individual.

In addition, the obstruction of any authorized enforcer of the provisions carries a 810,000
finc or six months imprisonment. Enforcers have also been ecmpowered to serve a notice

or prevent recurrence of environmental nuisance whenever any is noticed.

2.5  Asscssment of Past Policies

As good as the carlicr wastc management mcthods look on paper, they arc mired with a
number of problems ranging from duplication of waste management bodies with
ovcrlapping responsibilitics, non-cnforcement of appropriatc cnvironmental laws, to
overwhelming waste gencration and indiscriminate dumping of refuse.

4

The operations of LAWMA itsclf have been met with a number of difficulties among
which we have the financial crunch. LAWMA is hardly paid regularly for the scrvices it
delivers to government institutions or its agencies. In addition to this, the cost of
providing specific charges for wastc management scrvices b;%_individuals and commercial

sectors were not gazcticd properly. Agency did not have a fixed amount of charge, and

~

i
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costs of hiring equipment at the waste management authority were not appropriately set.
Morcover, records of operational activitics and transactions were not kept properly by

this wastc management agency (Soncye, 2000).

Another major problem facing the operations of waste management bodies in Lagos State
is the institutional framework in which wastc management is being operated. There was
no clear-cut decision on who is responsible for the operation of the waste management,
For instance, in the 70’s, the local government was bestowed with the waste managcment
responsibility, but their inability to cope with it led to the setting up of the Lagos State
Refuse Disposal Board in 1978. In 1985, the Local Government of Mainland and Tkeja
were given the responsibility of waste management as a pilot test project aimed at
ascertaining the readiness of Local Governments to take up their constitutional
responsibility. Their failure to discharge these duties efficiently and effectively led to the
takcover of this duty by the Lagos Statc Waste Management Authority (LAWMA). In
1994 again, the wasle management duty was decentralized to Local Government
Councils and again was rceverted back to LAWMA in 1997. The import of the foregoing
is that the instability brougiit about by the constant change in bodies discharging wasle

management scrvices will not permit proper long term planning.

An important issue for consideration in the discussion of waste management strategics in
Lagos Stalc is the issuc of wastc management funding, Urban waste management
requires huge capital and the waste management authority with its lean financial

resources arc finding it difficult to bridge the cver expanding gap between huge waste
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management financial needs and the low financial base. Amqng other things, this has
prompted a number of questions without answers. These questions include what the
actual current cost of efficient waste management should be, who should bear its cost,
should public or/fand privatc scctor bear this cost? Other questions raised include, whether
the payment for wasie scrvices should be direct or indirect, if indirect, should it be a

component of tencment ratc? If the Government should bear the cost, which ticrs of

Government should be responsible?

The waste management authority in trying fo answer these questions concluded that
wasic managcment scrvices cannot be free, and thereforc people must pay directly or
indirectly. The authority therefore decided to be deducting the cost of waste services
indircctly from the tenement collected from property owners. 'I"hc annual tencment was
usually set at belween 2 to 5 percent of property value. The proportion of this that is set
aside for waste management service fee is however uncertain. Apart from the above, the

waslc management board had been enjoying Lagos State subventions and subsidy.

Another mode of financing waste sew‘ices came into being in Lagos State in August 1991
under the commercialization programme. The authority was cxpected to generate cnough
money to offset its expenditure and even repay the World Bank’s US$56 million solid
wasle management loan within 15 years. The commercialization of domestic wastc
services therclore entails charging a minimum monthly tariff oi; M25 per dwelling house
not more than two floors and additional sum of ¥10 for each additional floor. Also as

part of the commercialization of wastc, the authority equally took over the opcrations of

-

37



the private industrial waste contractors’ services. In effect, it decentralized its operations
to cover industrial/commercial waste collection and maintenance of landfill sites while
domestic waste service was handed over to the various Local Governments. So, until this
commcrcialization of wastc scrvices, thc Authority had been operating solcly on
subventions from state and Local Governments since its establishment in 1977,

'The Authority did not achicve much as a number of tenements, Local Governments, State
Government and Federal Government and some industrics and private residence did not

pay up their cxpeceted charges.

Apart from finance, some major problems also came up under the commercialization
arrangements. Some contractors manipulated the system by bribing some Lagos State
Waste Disposal Board (1.SWDRB’s) refuse collection crews designated for private service
1o collcet their rcfuse for them. In the same manncr, some contractors ﬁ‘ﬁudulcntly
obtained spare parts from the LSWDB’s inventory for maintaining their private owned
trucks. Lastly, somc privaic haulers resorted to clandestine dumping. All thc above
factors killed the system and led to the abandonment of private sector participation (PSP)
in 1991 and the LSWDB did not only rovoke the private contractors’ licenses but also

declared monopoly over scrvice delivery.

In Lagos State, Institutions at all levels of governance bave not set up effective pollution
control and wastc management programmes which incorporates Statc-specific problems,
nor have they the capacity to adequately develop and implement standards, regulations,

and charge systems. Where thcy exist, some constraints have been affecting the
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implementation of regulatory and economic instrumentis among which we have
inadcquale cxpertise, funding, cquipment, lack of political will, limited public support
and parlicipation, unclear, overlapping and uncoordinated Institutional responsibilitics
and abovc all, lack of cffective financial management for collecting charges among,

others.

Recently, the PSP programme was set up again so as 1o effectively manage the large
volume of municipal waste gencrated daily in.the statc (sce appendix I on waste
generation). They operated through the use of economic instruments (between 2000 and
2004) in thc arca of domcstic wastc management in which consumers {domestic
households) pay an agreed uset’s fee so as to enjoy the solid waste services (SWS) of the
PSP. The State also operaled in the commercial sector through its agency, Lagos State
Waste Management Authority (LAWMA) for the same period. The detailed data of the
successes achicved in the implementation of the programme in the various Local
Governments are in appendix K. from Januvary 2000 to 2004, the economic instruments
were fully cmiployed in waste management. To what extent this has been able to achicve
cost-cficctivencss, cfficicney and desirable behaviour is therefore the driving force of this

research.
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CHAPTER THREE
REVIEW OF LITERATURE

31 Introdiuction

In this survey, efforl is made to deseribe sustainability and the role of environment in
achieving sustainability as scen by various schools of thought. In ihe sccond part, cffort is
concentrated on theoreticad derivations on waste management vis-a-Vis the role of
cconomic instruments in influencing waste generation. This is followed by empirical
findings on waste management. Lastly, the experience of developing countries like
Nigeria was covered in the fast part. This is Lo achieve a review of policy and the

perceived gap in policy so as to establish a basis for this research.

3.2  Sustainable Development
Every nation strives after development because it is an important panacea for sustaining
the well-being of its people. Human development is a broad and comprehensive concepl.
it is as much concerned with cconomic growth, its distribution, basic human needs with
: s
varicty of human aspirations and with distress of the rich countries, and with the human
deprivation of the poor. Development therefore should be perceived as a muiti-
dimensional process involving the re-organization and reorientation of entire economic

and social systems. Professor Dudley Seers (1969: 3) best posed the basic questions about

the meaning of development when he stated thus:

“The questions lo ask about a couniry’s development are therefore: what has
been happening to poverty? What has been happening to unemployment? What has been
happening to inequality? If all three of these have declined from high levels, then beyond
doubt this has been a period of development for the country concerned. If one or two of
these central problems have been growing worse, especially if all three have, it would be

strange to call the result “development’ even if per capita income doubled”.

Scers’ (1969: 3) statement suggests that if there is a reduction in poverty, unemployment

and incquality, then development can be said to be occurring. Sachs (1979) took a step



further from where Scers stopped. He described ecodevelopment as an approach to
devclopment with the aim of fulfilling social and cconomi¢ objectives, incorporating
ccologically sound management, and solidarity with the future generation. The term
solidarity with the future gencration used by Sachs was similarly emphasized later as
“without compromising the ability of future generations™ in the (WCED, 1987). Later,
Riddel (1980) philosophically outlincd attributes of macro principles of ecodevelopment
as the attainment of international parity, hunger and, poverty alleviation, eradication of
discasc-misery, proximily to sclf-sufficiency, balancing human numbers with resource,

conscrvation of resources and the protection of the environment.

The Brundtland Commission or WCED (1987) defined sustainable development as the
“deveclopment that mects the needs of the present gencration without compromising the
needs of future generations”. The report highlighted the need to simultaneously address
developmental and cnvironmental imperatives. Subscquent attempts have been made to
develop operational measures of sustainability especially in relation to the cnvironn}ent

and the following approaches have been outlined.

The Neoclassical View

The Neoclassical view sces sustainability in the context of man-madc capital or cconomic
growth measured as the conventional Gross Domestic Product (GDP) where capital and
labour play very important rolcs. According to Neoclassical economists, when resources
become scarcer, their prices rise, demand is constrained and the search for substitutes and
morc resource-saving technologics is stimulated. Howcever, the ccosphere is finite and
bounded. Material-intensive economic growth would therefore not be sustainable in the
long-run. The implication of the above arc: pricc mechanisms will fail duc to
imperfections, underlying natural system will collapse and shortages and price increases
would destabilize markets and gaps in cconomic development could result. Sagof (1995)
and technological optimist Simon (1981) with the Neoclassical Economists such as
Nordhaus (1992) tond to discount the cxistence of environmental destruction and its
negative impacts on human welfare and they believe that new technology will allow the

economy to cxpand without damaging the cnvironment, these technological innovations
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will enhance substitutions of scarce natural resources for other resources and recycling of
wastcs generated in the production and consumption processes. Victor (1991) outlined
the Nocclassical indicators of sustainability as — maintenance of man-made capital stock,
resourccs substitutability, technological innovations, change in rclative cost and price

index and, level of cconomic efficiency.

The Economic-Ecological View

Another sustainability school of thought is the cconomic — ecological view which is also
similar {v the Neoclassical school but it calls for the incorporation of ecological
considerations into the mainstream of economics or the resource cconomic framework.
The sustainability criteria of this concept include: the utilization of renewable natural
resources at a rate cqual (o regencration rate. Generation of \:wastcs at a rate cqual to or
less than the absorptive capacity of the environment. Optimization of efficiency through
technological progress which substitutes rencwable for non-rencwables in an optimal

manner (Pcarce et al., 1990; Daly, 1996).

The Ecological School

The other school of thought is the ccological school which opined that economic growth
portends a threat to sustainable development. The indicators of ecological sustainability
according to Dover ef. al. (1987) inclildc soil quality, ccological cfficiency, agro-
ccosystem stability, specics diversity, sustainable yield and assimilative capacity of the

ccosystem,

Ecological-Economics’ School

Ecological-Economics’ school is another view 10 the concept of sustainability. According
to this group, expansion in human economy and environmental quality are related to each
other and the concept of limits must be recognized. The idea is that there are biological
and physical limits to economic growth beyond which both ecological and economic
growths’ collapse would occur. (Daly, 1979, 1996: Costanza, 1991). The sustainability
criteria of this school include; limiting human scale to optimal or carrying capacity, a

through-put cflicicncy enhancing tcchnology rather than throughput quantity increasing,
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use of rencwable resources in such a way that they will not be over-utilized beyond
rcgencralion capacily or sustainable yicld, the gencration of wastes less or equal to the
rencwable assimilative capacity of the environiment and, for renewable inputs, harvesting
must be less or cqual to the rate of regencration and for non-rencwable inputs harvesting

must be lcss or cqual to the rate of creation of rencwablce substitutes.

The Green/Brown Agenda

All the above schools of thoughts can be tactically coined under the ‘green’ and the
‘brown’ agendas for environmental improvement. The green agenda for environment
focuscs on reducing the impact of urban-bascd production, consumption and.v\féhte
generation on natural resources and ecosystems and, ultimately, on the world’s life
support systems. The brown agenda on the other hand cmphasizes the need to reduce the
environmental threats to heaith that arise from poor sanitary conditions, crowding,
inadcquatc watcr provision, hazardous air and water pollution and local accumulations of

solid wasie.

Many of the urban poor of the world are threatened by environmental health problems
with short timing, local in scalc and inaccessibility to basic facilitics such as
environmental services thus making the brown agenda more appealing to citics of the
south. There is however, a complcmcn@ity of the two agendas as citics that have the
capacitly to address their own local environmental problems efficiently and equitably are
more likely to be able to respond to the green as well as the brown agenda hence the bulk
of our study will follow the brown agenda except for the study on user fees to curtail

cxcessive waste gencration and encourage recycling.

Some lessons of interest can be learnt from the foregoing. A sustainable school is right if
it preserves the integrity of an ccosystem and wrong if it does not. There is almost a
unanimous agreement by the various approaches on the existence of ‘real’ or
“hypothctical’ limit ol the biosphere, and sustainable growth involves recognizing this.
Even the Neoclassicals agree on the existence of a hypothetical limited carrying capacity

of the biosphere, but their insistence is that we will never get there because of
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substitutions of ‘scarce natural resources’ for other resources (man-made resources) and
recycling of wasle duc to production and consumption activitics. The major oversight of
this theory is that the carrying capacity of the environment is a scarce natural resource

without any substitutcs.

It is not our intent to join in the environment-growth debate, but rather must recall a
resolution of this debate as presented by Gardiner (1999). According to him, less-than-
optimal outcomes result for both the economy and the environment when decision
makers adopl an cither/or model of the cconomy-cnvironment interaction. The key issucs
in achieving environmental protection and economic progress simultaneously is clean
technology and management practice. This work just as price and institutional rcforms
encourage reductions in all polluting emissions per unit of industrial output. The
development and diffusion of cnvironmentally safc technologies can therefore alter the
production and consumption processes of goods and services and also become beneficial

to human welfare.

According to Toman (1999}, others, notably the ecologists Paul and Anne Ehrlich and the
cconomist Herman Daly, belicve that the scale of human pressure on natural systems
already is well past a sustainable Jevel. They point out that the world’s human populatic;ﬁ
likcly will at lcast doublc before stabilizing, and that to achieve any semblance of a
decent living standard for the majority of people the current level of world economic
activity must grow, perhaps fivefold to tenfold. They cannot conceive of already stressed
ccological systems tolerating the intense flows of materials use and waste discharge that

presumably would be required to accomplish this growth.”

The “low hanging fruit” in sustaining thc camying capacity of the ecosystem is the
employment of cconomic instruments. Employing these instruments require that
cconomic growth and environmental well-being are maintained in the balance where
resource conscrvation in wastc management revolves around cmbracing the ‘3Rs’

(reduce, reuse and recycele). In order to reduce waste generation, on this premise, the

44



study reviews the practical uscflulness of economic instruments in achieving waste

reduction.

3.3  Empirical Applicatiens of Constructs on Waste Management

3.3.1 Uscrfce

In an attempt to find the relationship between waste discarded and users’ fee, Wertz
(1976) madc usc of two data points of discarded waste per capita (699 Pounds) in a
volumc-based user fee in the city of San Francisco in 1970, and the quantity of waste
discarded per capita (937 Pounds) in all urban arcas of the US in the same ycar. All urban
areas 1n the US were paying property taxes to finance waste services in which case the
marginal cost of disposal above the required fevel is zero or simply put, the price of
disposing additional pound of refuse is zero. With these figures, Wertz (1976) calculated
the arc clasticity of wastc with respect to the price of solid waste scrvices (SWS) as —
0.15 meaning that a 100 percent rise in user fee will bring about a 15 percent fall in the

quantity of waslic discarded.

The above result suggests that user fee is potent in reducing waste disposal, but Wertz’s
(1976) distinctive oversight is the arca of waste generation and waste discarded. His
theory analyzed wastc generated while his empirical work focused on waste discardéd.
The importance of this distinction has a great impact on the harmonization of his thcory

and empitical work (Jenkins, 1993).

Also related to the above is his failure to address the difference between waste generated
and waste discarded. For instance, he failed to analyze the impact of uscr fee on refuse
dumping so as to find out the net benefit of such fee. This is a major flaw of his work. For
instance, is the difference in waste gencrated and waste discarded caused by more

composting, rccycling, illcgal dumping of refuse or refuse burning?
Lastly, he was criticized for disregarding waste generated through other means apart from

consumption. The mecager or limited data used coupled with the ncglection of other

important dcterminants of houschold waste and lack of disaggregation of wastc into its
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components are some major problems with this method. This is not to underrate his effort

in discerning the cffcct of uscrs’ fee on waste discarded.

Fullerton and Kinnaman (1996) explored the effects of using economic incentive in the
form of unit pricing programme on the weight of garbage, number of containers, the
weight per can and (he amount of recycling in Charlottesville, Virginia a University town
with a population of 40,341 in USA following the introduction of a unit charge of $0.80
sticker per 32-gallon bag or can of residential garbage collected as from July 1, 1992.

Prior to this time, residential garbage collected was financed by the usc of property tax.

Data was collected before and after the implementation of the unit pricing programme
bascd on weight per can of garbage and recyclable matcrials of 75 houscholds. Voluntary
curbside recycling requires the cily to provide a free recycling container to each
houschold in which to place glass, tin, ncwspaper, aluminium and certain plastic etc. The
75 households were those who voluntarily agreed to participate in the exercise and with
full data out of the 400 initially invited. Some demographic data were collected through

questionnaire to cach of the 75 houscholds.

Data was collected for four weeks in May and early June before the commencement of
unit pricing and again over four wecks in Scptember following the implementation of the
programme. Holiday was excluded and the observations in those two days it rained were
cxcluded. Other minor adjustments were made to the data and a control for scasonal and
other cffects were verified because the change in garbage from May to September might
not all be due to a change in price. Scasonal and other cffects were verificd first by
comparing these data with the aggregate in Charlottesville (excluding the University of
Virginia) between 1986-1991 and 1993-1994 (cxcluding 1992).

Secondly, by comparing with the 25 cities in Virginia between May and September 1992.
Thirdly, by comparing their obscrvations with thosc of Richardson and Havlicck (1974).
The result shows that the threc estimates of seasonal effects are close to one another, but

their standard crrors are high because commercial and residential wastes arc combined.
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The variance is large so the observed change in Charlotiesville is not statistically
different from changes in those of other citics. The Authors noted that the difference in
estimates may be as a result of the inclusion of yard waste, inclusion of the houscholds on

vacation and other rcasons which they lactically corrected.

Their results under what they termed as direct measures show that an average person in
their sample reduced the weight of garbage from 10.90 to 9.37 pounds per week (14
pereent decrease). By applying Fisher-Sign test, this change is statistically different from

zero at 5% level. The arc-clasticity of demand is — 0.076 at mean levels pricc and weight.

On the volume result, average individual reduced volume from 0.73 to 0.46 per container
per week or a 37 percent deereasc in volume which is statistically significant at 1 percent.

The arc-price clasticity of demand is -0.226 at mean levels of price and volume.

The density (pounds per can) increased from 15.04 to 21.49 per can or an increase of 43
percent meaning that residents stomped on refuse. The possibility of dumping was
explored by fielding respondents with survey questions which explored “all” the legal
options of disposal and the “other” means to reduce garbage. 8 of the 75 houscholds or
10.7 perecent of respondents indicated “other means” as one of their waste reducing

stratcgics.

The methods used to actually compute illegal dumping was to. look first into those that
indicated ‘others’ and sceond into those whose garbage fell to zcro during the
measurement period. Using the first method indicated that 4 of 75 (5.33%) dumped
refusc of an average of 13.38 pounds per person per week or 28% of total reduction in
curbstde garbage. The sccond method indicates that 7 of 75 households (9.33 percent) or

43 percent of total reduction in garbage at the curb were duc to illcgal dumping.
On the overall, 38% reduction in waste was accounted for by more recycling, 28% by

dumping, 34 pereent duc to morc composting, less packaging demanded at stores and

other methods.
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Fullerton and Kinnaman (1996) concluded that households’ response to unit’s pricing
was in the form of reduction in thc number of bags but not on the actual weight of their
garbage. Houschold therefore stomped on their garbage to reduce their costs. There was
also an increase in recycling weight. Though, refusc weight declined by 14 percent at the
curb, alter accounting for dumping (using the lower estimate) the actual reduction in

garbagc is only 10 pcreent.

They went further to explore the possibility of applying a one-bag minimum as the
solution to wastc managcment problems in Charlottesville. The (-mc-bag minimum
requires communities to pay property taxes or monthly fees to finance one-bag waste
disposal per houschold weekly and additional bags would require the purchase of
stickers. They made a few assumptions that households that dump all their refuse would
not dump only the cxcess over a bag, that their regular garbage would incrcase by the
quantity not dumped and that others presenting up to a bag of garbage (33 percent) are
unaficeted by unit pricing. They discovered that dumping reduced substantially by 83
pereent (0.42 to 0.07 pounds per person weckly) but this will result into undesirable
changes in garbage (lor example, garbage weight incrcased by 1.04 instcad of 1.54
pounds per week, volume increased by 0.21 instead of 0.27 cans per week) and recyclmg

(rosc from 0.50 to 0.58 pounds per weck).

They went further by applying a simple cost-benefit comparison into the analysis. The
demand for parbage collection is assumcd to be the marginal benefit (MB). The social
marginal cost (SMC) of Charlottesville was found to be equal to $1.03 per bag (Repetto
et. al., 1992) and a price of zero is capable of leading to 100 much wastes gencration since
Charlottesville charges only $0.80 ﬁcr bag of garbage, without illegal dumping, the net
gain per person yearly is $3.59. When there is a mild dumping in which individuals dump
into firm’s dumpsters, the welfare gain is $2.67 or $2.17. The same benefit was computed
in the casc of a one-bag minimum. The “threshold” costs per bag that will yield a zero nct

gain was computed for cach situation.
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When the estimated administrative costs to the government (this includes cost of stickers,
commissions to arca merchants, cmployces payments efc.) were computed per bag, these
estimates were greater than any threshold values. Consideration of illegal dumping makes
the benefits smaller while at the same time added to social costs of disposal. Bascd on
this, they concluded that the incremental benefit of unit pricing is smali and in our simple

comparison, the social benefit does not cover the administrative cost.

Fullerton and Kinnaman (1996) is commendable as they focus on the impact of weight-
based unit pricing which is morc rclevant in the consideration of the city’s garbage and
expenditure on disposal. The inclusion of only the houschold units make this research
cffort appcaling, but the first loophole of the research is in the arca of sclection of the 75
households. These houscholds no doubt arc of the cducated and environmentally
conscious background. We might as well statc that the sample suffered from a sclf-

sclection bias which may have a dire conscquence on the results of the entire rescarch.

Anothce sampling problem cven identified by the Authors which has the same
conscquence with the sclf-scetion bias is the over-sampling of the home-owncers, married
couples and full ime workers in the analysis. The sample also has a higher than average
income and cducation. This will no doubt make the sample an untruc represcntation of
the eutire population moreso that it excluded dormitories and all multifamily dwellings

which togcther make up the 31 pereent of housing in Charlottesville.

Moreover, in the delermination of who dumped what refuse and the quantity of garbage
reduction that arc accounted for by dumping, the use of qucstionnaire which requested
each houschold to state whether they did not attempt to reduce garbage, recycled more,
composted more, demanded less packaging at stores or uscd “other means” to reduce
garbage, they assumed that “other means™ referred to the possibility of illegal dumping
activity alone. This may not be so as respondents were not even asked whether tiicy
engaged in reuse. “Other means” for instance may be interpreted to mean reuse or other
legal mcthods of reducing waste by respondents. The consequence of this is that illegal

dumping figures might be over stated thus reducing the incremental benefit of unit
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pricing. It is even possible for respondents to avoid stating that they engaged in other
mcans of reducing gargage cven when they actually dumped garbuge lcading to the

derivation of overstated marginal benefit of unit pricing.

Jenkins (1993) derived the cquation that explains the quantity of waste discarded by
houschold and firms. For thce houschold, he rclates the quantity of residential waste
discarded per capita to the user fee charged. The commercial equation relates quantity of
commecrcial wasle per employce to price which is the uscr charges for commercial waste

services.

The results of the empirical analysis indicate that the demand for solid waste services is
sensitive to user fees in both the residential and commercial demand. He estimated the
price elasticity of residential demand for solid waste services of -0.12 and -0.29 for
commercial demand. They also concluded that the extension of local landfill sitcs’ lives
can be accomplished first by imposing user fees rather than the flat fees for solid. waste

scrvices and sceondly by increasing the user fees for commercial solid waste scrvices.

Jenkins (1993) has provided a useful kit and tool for analyzing household’s responses to
solid waste scrvices. The inclusion of’ the nccessary cconomic and sociocconomic
variables and the verification of the robustness of estimates indicate the thoroughness and
uscfulness of his cstimates. However, the analysis of commercial waste per capita is out
of place and the omission of an important dependent variable (average capacity
utilization) which affccts industrial/commercial waste generation can bias the cstimate
especially if the omitled variable is collincar with any of: the included independent

variables.

Goddad (1995) has researched into the appropriate intervention tools to control the size
and composition of solid wastcs flow. According to Goddad (1995) the most dramatic of
the intervention tools is the adoption of high recycling targets for specific factions of the
wasle sircams and spccial measures to deal with packaging wastes in some Europcan

countrics. Goddad’s (1995) paper therefore reviewed published literature and concluded
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that the conceptual and cimpirical basis on which to predicate efficient and effective solid
wastc management policy is still incomplete. The major basis for public interventions
thus far established in the economic literature is that user fec is effective for waste
management al the houschold level. The paper therefore analyses the role of uscr fecs or
user charges in rationalizing investments in waste management technology. He however
found that the uscr charges arc not rightly sct as the wastc management institutions have
failed to focus on the role that user fees can play in motivating source reduction at the

consumer or household lcvel.

The contributions of Goddad (1995) no doubt is commendable, his methodology however
is bascd mainly on reviewing literature on cconomic incentives which is not thorough
enough for serious meaningful conclusion. In addition, the focus was mainly on firm’s
behaviour at the gencration Ievel to the neglect of houschold behaviour and the roles of
incentives in bringing about manageable waste quantities. This gap our study hopes to

covcer.

Xavier and Picter (2007) analyzed the instruments for reducing the quantity of waste
generated. These instruments were grouped into three categorics. The first is what they
called pecuniary incentives (unit-based pricing), the second is the service level and the
third is the mcasurcments stimulating prevention and waste reduction incentives. They
evaluated the applicability of literature results from other studies on Belgium (Flemish
region). Factors that have greatest impact on houschold solid waste generation as well as

the municipality specific characteristics were analyzed using a multiple regression model.

They found a positive impact of income on waste generation. They estimated an income
clasticity of 0.326. They also found pccuniary incentives as effective instruments in
reducing waste. They equally cstimated the price elasticity of -0.139. The general
conclusion is that a higher percentage of dircct costs, dircctly attributable to waste

services, borne by houscholds reduce waste gencration.
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Xavier and Pieter (2007) no doubt contributed in no small manner to the economics of
solid waslc, the analysis of the determinants of waste generation is broad in outlook, but
the neglect of weather factors in their analysis places an important limitation on their
analysis. In addition, such a study is bascd on developed country with higher leyel of
income, and their results may not necessarily be identical with that of a dcve]opii;g
country like Nigeria. Therclore, there is a need for conducting a rescarch based on the

peculiarity of a State like Lagos.

3.3.2 lucome

In the empirical validation of his thcory, Wertz (1976) collects cross-scctional data for 10
Detroit suburbs that deliver refuse to a common disposal authority based on their
characteristics and similarities in wasltes collection for 1970. He uscd the ordinary lcast
squarcs method to estimate a Jinear regression model. He estimated parameters in an
cquation that simply relaics annual pounds of refuse collccted per capita to thc annual

income per capita and obtained the results:

W = 888 +0.0753y ¢’ =0.459
(6.24) (2.61) (t — statistic)
(<0.01) (0.02) (P - value)

Using these results, he went further by computing the income clasticity of waste as 0.279
at the samplc mean of those variables. Mcaning that, when a consumer’s income riscs by
100 percent, his waste will increase by 27.9 percent. Wertz (1976) went further by
including six additional Dectroit suburbs with similar scrvice characteristics with the
carlier tcn suburbs and then estimated a regression result of:
W = 013+ 0.0574y
(5.61) (2.100) (t statistic)
(<0.01) (0.05) (p valuc)

He estimated the income clasticity as 0.272 meaning that 2 100 percent rise in income

will lcad 1o a 27.2 pereent risc in waste gencration, The similarity of these cstimates
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made Wertz (1976), to conclude that there is a slightly positive relationship between

income and waslc gencration.

Werlz's (1976) income effect generally cannot be resolved by analysis alone, but the
uncommon naturc of inferior goods crcalcs a presumption that residential refusc

quantitics will increase when real income increascs.

Most rescarch mentioned income as a determinant of quantity of waste, but there is no
uniform conclusion (regarding sign and significance). Somc rescarchers have cven
concluded that the income and waste components’ relationship can be non-uniform
(Richardson and Havlicek, 1978) depending on the type of waste. The majority of studics
however found a positive relationship between aggregate waste and income (Wertz,
1976; Fullerton and Kinnaman, 1996; Jenkins, 1993; Xavier and Picter, 2007).

Investigating this under a different environment would be worthwhile.

3.3.3 Population density
Since population is assumed to be the cxtent of urbanization, population density has been
hypothesized to be influential in the determination of a community’s consumption pattern

and conscquently the quantity of wastc gencerated.

There are however mixed findings on the relationship between urbanisation and the
quantity of waste gencrated. There is an indication that changes in population density also
lead to changes in the refuse types. In fact, some types of refuse might be reducing while
others might be increasing. The fact however remains that the changes in waste
composition brought about by changes in population density do counteract onc another
and thus affcct the result of analysis calling for more empirical analysis under diffcrent

environments.
3.3.4 Avcrage houschold sizc

This is a mecasure of the economics of scale within the houschold. This is to ascertain

whether or not there is a positive relationship betwceen the average number of members of '
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a household in a community and the waste per capita. For instance, if there is economies

ol scalc within the houschold, as the houschold sizc gocs up, the waste per capita reduccs.

There are reasons to believe in economtes of scalc within the houschold. There is the
tradition of handing down items and matcrials form onc member of the family to the
other as the sizc of the family goes up. There is the inclination of bulk purchases (which
reduces packaging) as the family size gocs up. Morcover, Jarge familics sharc some
goods like newspapers and yard space (Jenkins, 1993). Richardson and Havlicek (1978),
Fullerton and Kinnaman (1996) agree to the presence of cconomics of scale while

Jenkins (1993) disagrees with the presence of cconomics of scale within the houschold.

3.3.5 The age distribution of population

The implication of age distribution on waste quantitics has been described by Richardson
and Havlicek (1978). The consumption bundle of individual changes over his lifetime.
Total wastc gencrated is low in carly age, it incrcascs with age, thercafter in old age it
declines. Jenkins (1993) reprcsented the active age of consumption to be between 18 and
49 ycars and his cmpirical work validates the cxpectation of a positive corrclation
between age distribution and waste generation even though Richardson and Havlicek
(1978) could not validatc the active year’s positive and significancc result calling for

morc cmpirical cvidence cspecially in a different sctting.

3.4  Policy Issues _ _

The ncxus between cnvironmental conditions and devclopment is a clearcut one.
Deforestation, soil erosion, water pollution, air potilution, water hyacinth expansion,
urban dccay, industrial poliution arc some of the cnvironmental problems which if
unchecked can lead to colossal ecological and economic losses which can hinder further
cconomic growth, impair human hcalth and cnvironmental quality. A sustainable
development therefore is impossible in an environment that does not enhance the health

status and the gencral well-being of the people.
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Umoh (1997) aptly put the nexus between the cnvironment and human development in

Nigeria well when he stated thus:

“All countries, whether underdeveloped, developing, or developed are always
striving 10 meel the basic needs of its citizenry. In the quest for development in Nigeria,
human activity and technology have greatly impaired the natural ecosystem by
undermining its viabilily to such an extent that it has become diminished in terms of
biodiversity, bioactivity and biomass making it less able to withstand shocks. Such
deterioration of the environment is responsible for the pervasive level of poverty in
Nigeria and has had a far-reaching negative impact on the environment upon which man
depends for survival. It further suggests, that to improve the conditions of living for
people in the immediate term and safeguard the standard of living for the future
generations, the balance of the natural ecosystem must be enhanced and protected. There
is the need 1o stop the degradation of land and forestry assets and restore the ecological

balance”.

The socio-economic profile of Nigeria (1996) corroborated the statement of Umoh (1997)
in its cstimates made in 1990 in which the long-term losscs for only the top cight
environmental problems in Nigeria was put at over five US billion dollars annually

cxcept mitigative actions arc taken.

The realization of the need to initiative mitigative measures so as to curtail the adverse
cifects of cnvironmental degradation on sustainable dcvclopmcni nceessitated  the
Nigerian government to promulgate Decree number 42 in 1988 in response to the Koko
toxic waste cpisode which involved the importation and dumping of hazardous wastc into
Nigeria and later the Federal Fnvironmental Protection Agency (FEPA) Decree number
58 of December 1988, which gives the agency overall responsibility for formulating and
implementing a national environmental policy and to set a national guideline, criteria and
standards for watcr quality, cfflucnt limitation, air quality and atmosphcric protcction,
noise control and the discharge of hazardous substances was initiated. The Decrec also

sct out appropriate penaltics for non-compliance with its provisions. Following this is the
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National Policy on Environment which was launched in November 1989 to provide the

framework for the pursuit and realization of the aims and objcctives of the FEPA Decree

and the summary of it is well documented in the work on Onwiodukit (1998). The policy

has a goal of achicving sustainable development in Nigeria. Specifically, it is aimed at:

i

i

iii

v

vi

i

ii

v

Sceuring for all Nigerians a quality of cnvironment adequate for their health and
well-being,

Conscrve and use the environmen: and natural resource for the benefit of present,
and futurc generations.

Restore, maintain and enhance the ecosystems and ecological processes essential
for the functioning of thc biospherc so as to preserve biodiversity and the
principle of optimum sustainable yicld in the use of living natural resources and
ccosystems,

Increase public awarencss and nurturing the understanding of essential linkages
between cnvironment and devclopment and to cncourage individual and
community participation in the environmental improvement efforts.

Promote coopcration with other Countrics, International Qrganizations, Agencics
so as to achieve optimal use of trans-boundary natural resources and effective
prevention or abatement of trans-boundary cnvironmental pollution.

In the arca of cnergy production and use, the policy states that as cnergy
consumption increases with increasce in industrialization, it is cssential to ensurc a
balanced mix of various energy type which will be compatible with sound
cnvironmental practice, and the reduction of the ncgative impact of cnergy

production and use on the cnvironment.

The strategies designed to achieve the above include:

Encouraging the usc of cnvironmentally safc and sustainable cnergy forms.
Promoting safe and pollution-free operation in energy production and use.
Moniltering and controlling the icvel of noxious by-preducts of cnergy production
and usc such as CO, NOy, SO;, CO; and non-methane hydrocarbons, thereby
reducing the “green housce” cffects.

Sctting up of stringent standards of safety in all cnergy production processcs.
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v Monitoring of oil spill contingency plans including national, corporate and
company lcvel plans.

vi Ensuring an effective monitoring and asscssment of environmental protection
programmcs in upstrcam and downstrcam scctors of the petroleum industry.

vil Establishing standards for thc control of fuel additives with respect to trace
clements cspecially pb, s, va, Ni, Cr and zn.

viii  Encouraging re-injection and utilization of produced gases to prevent the adverse
cnvironmental tmpact of gas flarcs.

Plausible and commendable as some of the cfforts made so far to arrest environmental

degradation in Nigeria may scem, the fact remains, however, that cnvironmental

problems in the country rather than abate are increasing in- number, complexity and

magnitude. For instance, 80 percent of industrics in Nigeria discharge solid, liquid and

gaseous clfluent directly into the cnvironment without any treatment. Both the World

Bank and the erstwhile Federal Environmental Protection Agency (FEPA) have obscrved

that degradation of envitonmental quality is most severe in four states (Lagos, Rivers,

Kano and Kaduna) that housc 80 percent of the nation’s industrics (Osac-Addo, 1992.

Adopted from Magbagbeola, 2000). This thereforc demands a more aggressive,

irrcvocable and all cmbracing approach towards tackling the gamut of cnvironmental

problems currently plaguing Nigeria (Oluocha, 2000).

3.5  Waste Management in Developing Countries

All Nigerian major Citics like Abuja, Benin, Enugu, lbadan, Kano, Kaduna, Lagos and
Port-Harcourt are desirous of cost-effectiveness and ecosystem-sustaining regime of
municipal solid waste disposal. This is so because houscholds in these states gencrate
about a tonne of Municipal waste annually and the trend is expected to skew upwardmin

the futurc duc to Urbanization trend (Adcogba, 2000).

Durotoye (1998) tactically coined the refuse problem in urban Nigeria as follows: “Bad
refusc disposal schemes characterize most Nigerian urban arcas. Increasing population
density doubtlessly implies greater generation of solid wastes and trash. Refuse moulds

and dumps arc common featurcs of our town landscape. Often in desperation, people
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dispose of their refuse in gutters, drains, sireams and rivers which become clogged up and
causc Nooding in the raining scason. Conscquently, road failurcs occur with the
formation of potholes”. According to Durotoye (1998), refuse generated in urban town

may pollute water supply of smaller communitics living downstream of the town.

Olokesusi (1998) also remarked on the deplorable condition of waste management and its
altendant problems when hc commented that, “the indiscriminate and improper
management of solid wastes in the country can be regarded as serious envire-social
problem which has been causing a lot of psychological and emotional disturbance to the
people. -------- very few people arc not affected by the present and expanding mountains
of solid wastcs in all our urban centres, cspecially at bus stops and markets.” In a
nutshell, improper solid wastes management may result in one or more of the following:

i.  Uncollected wastes encourage the breeding of ﬂics, cockroaches, rats and other

rodents which transmit plagucs, discases, rabies and other health hazards.

ii. It may lcad 1o the pollution of underground water duc to the percolation caused by
rain water and in landfill areas. Ground water is the major source of water in our
urban arcas, its pollution is of great concern.

iit. It could cause flooding in areas where it is being dumped in strearns which might
causc a lot of damage to lives anq propertics c.g Ogunpa flood disaster al Ibadan
in 1981 (Olokcsusi, 1998).

Olori (2003) cited Alo on the beneficial role of environment, and the need for its proper
management as follows. “The cnvironment is a sustainer of life and if we do not manage
it well we are reducing our lifespan, we are damaging our health and there are factors that
arc unscen. We want to say take care of our environment so that we can have somcthing

to live behind for the coming generation.”

Lagos is the largest producer to Municipal solid waste in Nigeria as it generates an
average of 7,500 metric tonnes minimum per day, yet it is the smallest of Nigeria’s 36
states with an area of 3,345 square kilometers (1292 square miles) which represents about

0.36 pcreent of Nigeria’s land mass of 923,768 sq. kilomcters but with a population of
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5,725,116 which was 6.4 percent of Nigeria’s population as at 1991. The current
Commnissioner for Environment, Mr. Tunji Bello during the inauguration of wastc
management socicty of Nigeria (WAMASON) held at Muson centre stated that: almost
9,000 to 12,000 metric tonnes of refusc are being gencrated daily. He went further by
stating that, at present, the state spends nothing less than N4G0 million per month to
manage wastc. This is not cnough. This in cffect means that wastc management ‘crowd-
out’ public investments necessitating for a new approach to financing solid waste services

in the statc.

Bello’s (2008) remark above is a confirmation of the carlier picture presented of the state.
The population was projected to risc to 7,877,810 by the ycar 2002 (Nigerian statc and
local Government Arca Demographic Profile 1999-2010). It has a population density of
1712 per square kilometer bascd on the population Census of 1991 (Population Census of
the Federal Republic of Nigeria Analytical Report at the National level NPC 1991). This
density figurc was cstimated to be 2,355 persons per square kilometer by 2002 (computed
by the author based on the projected 2002 population). It houscs the Nigeria’s largest
chief port, and principal cconomic an cultural centre (Microsoft Encarta Encycloi)e&ia,
2000). Lagos has about 17 percent water bodies and over 41 blighted/slum settlements —
a fall out of prematurc and spontancous urbanization. It has a flat topography, a high
water table, cndemic perennial flooding and it is swampy (Adeogba, 2000). All these

combincd constrain wastc management.

Moreover, household income in the state has becn rising over the years. Despite the
incrcases in income, pollulion and wastc management problems have assumed a
predictable upward trend in conformity with the anti-growth theorists in a dynamic world
where the pro-growth vicw holds sway. For instance, Dosunmu (1998) concluded that the
emission inventory in Lagos shows a progressive increase. Waste generation too is also
on the increase and the average waste generation per capita a day in the city was 0.55kg.
whilc the least waste generated per day in the state was 7,500 metric tonnes. Out of the
total waste gencrated, only about 73 percent actually got to the final disposal sitc

(LAWMA, undatcd).
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The above situation portrays the inadequacy of waste management strategies which has
the potential of adversely affecting the cconomic and social lifc apart from posing risks to
the health of the people of l.agos state since the visual quality of an urban environment
contributes to the residents’ self identification with their neigbourhood. Tt also determines
the potential of the particular area for fleas, home out-door oriented recreation and thus

contributes significantly to the well being of the citizens,

In the same vein, a pleasant appearance of a city attracts private investors and revenue
generating enterprises and, therefore, promotes cconomic well being of a neigbourhood.
An unpleasant appearance on the other hand as it is in [.agos presently contributes to the
cxact opposite cfleets i.c. withdrawal of higher income investors, public negligenee and

accelerated deterioration of physical, cconomic and social living conditions.

‘I'he current trend in solid waste management strategy therefore is to divert as much waste
as possible from going to disposal sitcs or by discouraging thc consumption of goods
with high waste content through imposition of an optimum disposal tax on solid waste
scrvices. This involves reducing the quaatity ol waste produced, such as by inducing
consumers (o avoid the purchase of disposable and over-packaged goods, and by
industrics changing production proccsscs to gencrate fewer unusable by-products.
Alternatives to disposals are being identified (recycling, reuse and composting among
others) depending on waste composition. Waste is fast beccoming a resource and not a
“waste”, Alo (2008) also commented on what the ideal situation should be regarding
solid wastc and its management when he stated that waste minimization for cxample, is
an cxccllent strategy and an effective way of waste management for Lagos and Nigeria
since its objective of reducing operating cost through the clihination of or rcductio;i in

wastc trcatment and disposal is not only achicvable but desirable.
One way in which waste minimization can be achicved is through recycling. Recycling

(and rcusc) resull in material being returned to production processes, cither as closed loop

process (where the material is made into thc same, or similar product from which the
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material arose) or in processes where the waste material is fashioned into something

completely different. The main benefits of recycling for the cconomy as a wholc arosc
from the reduced need for primary extraction, and hence the reduction in the
cnvironmental cffccts from the production, processing and transport of thc raw matcrial.
Another benefit is in the diversion of wastce (as well as its associated cost of disposal)

away from thc dumpsitcs.

In other words, recycling (and rcuse) also known as the mrcular waste managcmcnt
option rcduccs the ratc at which primary resources arc run down, and reduces the
disruption of land surface and water pollution caused during the extractive process for the
cconomy as a whole. Olori (2003) citcd Alo (2008) on the benceficial impact of recycling
and the need for its adoption when he stated that; “People can make money from waste.
Pcople should think of sctting up rceycling plants for wastes and packaged watcr nylon
sachets. The wrappers are recyclable and they can be used again after being cleaned and
recycled to make another sct of wrappers,” he says. Alo (2008) suggests that incentives
be given to users of packaged water who return the wrappers to the producers. “For
cxamplc, a 100 picces of uscd wrappers could fetch 20 naira (two U.S. cents) and if you
return 1,000 you get 100 naira (one U.S. dollar). If we do this, our citics will be rid of

purc walcr wrappers™.

“Recycling will cnsure that the gutters and drainages are not blocked and our homes are
not flooded when it rains,” hc commented. The import of this is that with the nccessary
incentives, recycling can be made bencficial and waste ending up at the disposal sites can
be reduced considerably.

Recycling on the other hand has its associated environmental impacts, Consumption of
cnergy in the scparation, transporting, clcansing and processing the recycled matcerials to
the point at which it is combined with the primary material stream are detrimental
processcs to the cnvironment: Greenhouse gascs and particulatc cmission as well as
dioxins are rclcascd into the atmosphere in the process of recycling. The general

approach or stratcgy in thc adoption of recycling option is, if the process of primary
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production is more energy intense than secondary production, recycling reduces the rate

of cucrgy consumption. Othcrwisc, recycling is morc cnergy intensive and may be

undesirable.

The decision as to which option is best therefore include the trading off of the different

pros and cons of the approaches through cconomic valuation of the different cffects.

Coopers and Lybrand et. al. (1997) reported that the following factors were considercd to

be important for determining cxternal costs associated with wastc management options.

a
b

a o

-

Composition of waste stream

Size of the disposal sitc or facility
Physical characteristics of the disposal site
Age of the disposal sitcs, or facility
Spatial location of the disposai site

Level of pollution abatcment in a facility.

The external costs (and benefits) estimate in Pound Sterling per tonne of solid waste (in

1999 prices) was cstimated by Cooper and Lybrand et al. (1999) and the tablc below

gives the summary.
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Table 3.1: External costs and benefits of differcnt waste management options.

WASTE MANAGEMENT OPTION EXTERNAL COST ESTIMATE, £ PER
TONNE OF WASTE, 1999 PRICES

Landfill -3

Incineration (displacing electricity from +17

coal-fired power stations)

Incineration {displacing average-mix -10

clectricity gencration)

Recyeling +101
Ferrous mctal +297
Non-ferrous metal +929
Glass +196
Paper +69
Plastic {ilin -17
Rigid plastic +48
Textiles +60

Source: Adopted from Coopers & Lybrand er. al. (1997)

In tablc 3.1, the positive options indicatc a benefit per tonne of waste while the negative
represents net disbenefils/cots. For instance, landfilling can bring about $3s net cost to
the socicty. Recycling has nct environmental bencfits over incincration and landfill,
However, these estimales scem to exclude the costs of leachates from landfills, all

disamcnity costs and somc of the environmental costs of processing for recycling.

The above estimates preclude disamenity cost which could be significantly high. This
study also suggests that urban incincrations with cncrgy rccovery may produce net
external benefits amounting to £15.20 per tonae to a net environmental cost of £4.10 per
tonne (in 1999 prices). This cstimates of cost and benefits must be interpreted with
caution due to uncertainty in quantification and valuation of impacts. External costs and
benefits per tonne of waste may vary based on location and wastc quantity sent out to
cach option (Wastc Stratcgy 2000 for England and Walcs). CSERGE (1993) suggests that
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cxisting rural landfill sites without enetgy recovery may have net external costs of

between £1.09 and £10.90 per tonne (1999 prices).
Coopers and Lybrand (1997) went further in their analysis by ranking waste management
options by specilic criteria. This classification is very relevant in the study of cconomics

of wastc management in Lagos Statc.

Table 3.2: Ranking of waste management options by specific criteria

Rank TOTAL NET ECONOMIC BENEFIT
i Source reduction
2 Recycling
3 Landfill
4 Incineration
5 Municipal composting

Saurce: Coopers and Lybrand et. al. (1997)

The import of table 3.2 is clear, source reduction is most beneficial viewed from
cnvironmental costs and total nct cconomic benefits” angle. The sccond best option is
recycling afier which landfilling follows. The main problem with the ranking table is the
placement of municipal composting as the Icast choice option. The environment in which
the research was conducted must have been responsible. In an environmental where the
overwhelming waste streams arc in the form of biodegradable, composting is as attractive

as reeycling.

Having passed remarks on Cooper and Lybrands’s ranking table, it is better to analyze
the wastc management options. Source reduction, recycling and cc;mposting can bc
encouraged through the use of cconomic incentives of which user charges and recycling
incentives arc mostly favourcd. Landfilling and incincration were the most traditionally

favourcd management options in Nigeria and somc other countrics of the world, Waste
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collection was viewed as the role of the municipal governments and people were not

cxpeceled to pay for waste management scrvices.

Afler dccades of waste management by the Governments and its Agencies, waste
management was dceenfralized and wastc managemcent was broadened to incorporaic
Private Scctor Participants. The issuc here is, have ﬂle)l/ farcd so well in waste
management? How cifective and cfficient arc thec waste management strategics? The

solution (o the above problem is the main concern of this rescarch.
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CHAPTER FOUR
THEORETICAL FRAMEWORK AND EMPIRICAL METHODOLOGY

4.1  Introduction

Our theorctical [ramcwork and litcrature revicw and the analytical framework provided
the justification for empirical models of this study. Studies such as of Wertz (1976),
Richardson and Havlicck (1978), Fullerton and Kinnaman (1996), Jenkins (1993) have
formulated rclationship between waste volume on one hand and the average user fee and
income on the other hand. However, the issuc is far from being rcsolved as mixed results
were obtained. In addition, these studies were conducted in developed economies, this

therefore cstablished justification for this study in a less developed cconomy.

Urbanization and weather variables wesre justified in Jenkins’ empirical analysis as
cxcrting substantial influcnces on waste generated per capita, in order not to overlook this
fact, this study incorporated urbanization into the household sector model while, the
weather variables were incorporated into the houschold and commecrcial scctors as donc

by Jenkins.

Justification for price of recyclables (both commercial and residential} were based on
Jenkins® theorctical and cmpirical derivations, whilc the justification for disaggregating

of wastc to residential and commercial were also bascd on Jenkins’(1993).

Although, this research shares in common with earlicr rescarches the use of regression
analysis, it differs in its thoroughness in the use of cconometric packages such as the
stationarity test and the elimination of spurious relationship, use of ARMA term and the

filtering of data to achicve a whitc noisc among othcrs.

Following from our survey in chapter three, this study adopted the Jenkins’ {1993)
houschold decisions on solid wastc scrvices’ model, which was bascd on disaggregated
household decision on waste scrvices.. The model is relevant in formulating policy on

solid wastc managcment. On the other hand, wastes were disaggregated into units which
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are very relevant in formmulating policy on the environment. The analytical framework of
this rescarch was divided into two major parts. The first part was bascd on houschold’s
decision regarding solid wastc using the household production function (Langham, 1972,
Jenkins, 1993). The scecond part was on a firm’s decision on solid wasic generation using

the conventional firm’s production function {Jenkins, 1993).

4.2 Willingncess to Pay (WTP) and Uscr Fec: a Theoretical Construct

Economists have a distinct definition of valuc bascd on the idcals of rationality and
consumer sovereignty. Since an individual consistently knows what he or she wants and
nceds (rationality) and is best able to make choices that affeet his or her own welfare
(consumer sovercignly), rationality rcquires that if an individual prefers clean
cnvironments to a filthy onc he or she must consistently rank clcan covironment ov& a
dirty one. If a change occurs such that the person believes she is better off in some ways,
she may be willing to pay moncy to sccurc this improvement. This willingness to pay
(WTP) refleets her cconomic valuation of improved environmental services (Harley,

Shogren and Whitce, 1997).

Altcrnatively, if the change makes her worse off, she might be willing to accept
compcnsation (willingness to accept compensation — WTA) to allow this detcrioration.

Thesc arc the two general measurcs of cconomic value for an cnvironmental service.

Considering individual’s economic problem, we assure that an individual derives utility
from both cnvironmental quality (Qp and all other market goods and scrvices (x =xi, X,
..-» Xp) such that U = u {x, Qq). The individual’s choice is however constrained by fixed
monctary income, M. The problem becomes: maximize U = f (x, Qo) subjcct to M = Px +
PuQo. Where, P is the vector of market goods’ prices and P, is the willingness to pay for

cnvironmcental good.
Since the cconomic value of environmental services (such as solid waste service) is not

reflected by direct market prices, consumer surplus mcasurcs arc uscd 1o capturc the

valuc of changcs in thesc services.
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Figure 4.1 Willingness to pay for improved environmental services

Figure 4.1 above illustrates the basic ideas of consumer’s surplus for quantity changes in
an cnvironmental scrvice. Point A represents the utility level, Uy, and composite market
good, x. If we increase the level of environmental services to Q; from Qg keeping x fixed,
the individual’s utility incrcasc to U, from Up. The question therefore is what is the
maxiinum he or she is willing to pay (WTP) to secure this change to Q; from Q¢? The
answer s, the individual would give up thc compositc market goods until he or she

rcached his or her original utility level, that is, the move to point C from point B.

This maximum willingness to pay is called the Hicksian compensating surplus (after Sir
John Hicks). Bascd on the forcgoing thercfore, individuals would be willing to pay for
solid waste services and give up some composite goods until his maximum willingness to

pay is just cqual to the amount that would rcturn him to his original level of utility.

Most households pay a flat fee to have their refuse collected. In this case, household’s
payment is fixcd regardicss of the quantity of rcfusc discarded. Houscholds thercfore face
a marginal or incremental cost of refuse disposal equal to zero and thus may be disposing
of greater than optimal quantitics of waste (Jenkins, 1993). Depicting the fec houschold

pays for refusc collection (including transportation and disposal) as thc houschold’s
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demand for solid waste services (SWS), user fee is potentially beneficial in providing

mncentives for houscholds and firms in the following way.

Price of SWS

Marginal social

I)*

6] Q* Q

Figure 4.2 the demand curve for residential SWS (adopted from Jenkins 1993).

Consider the demand curve for SWS shown above in figure 4.2, the implication is thalt as
price declines, demand for SWS (which cquals the quantity of lwastc discardcd) increascs.
However, in many citics in Nigeria, price per unit of SWS is zero and the quantity
discarded is Q" which is morc than the quantity that would have been discarded with a
positive price. I P* were charged per unit of SWS (which could be a 32-gallon container)
the quantity of SWS demanded would decline to Q. For the quantity of wastc not only to
decline but also to be optimal, the price charged for SWS should reflect the social cost of
such scrvices (Jenkins, 1993). The cfficacy of the uscr fees in affecting waste genceration

is reviewed theorctically below.

User Fees

Wertz (1976) investigated the dircet cffect of a positive volume based uscrs fee on
residential demand for solid waste services (SWS). He focused on the development of a
formal thcorctical model of the demand for SWS. Wertz {1976) postulated that
individual’s purchases are assumed to be guided by the maximization of individuzls

utility U;
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U=U®Xi, ..., Xa, A)

Subject to:

YPXi+ttw—y=0
Where  is the weight-based rcfusc colicction fee, X; denotes the quantity of good i
purchased, P; its price and y income, the variable A represents the refuse that accumulates
on onc’s premises between collection stops, multiplied by the distance(S) through which
the refuse must be transported before the public agency will collect it. While w is the
total weight of the refusc which is a lincar combination of goods chosen (i.c. w = K¥ X))

and ri>0 represent a constant, unit refuse weights and K stands for a shift paramcter.

Woertz formulated the Lagrangean of the form:

L=U (Xi, . --,Xua A) -A (ZCiXi - Y)

With an initial problcm of choosing X and A to maximize the Lagregean.

According to Wertz (1976), for optimal decision to be made, an individual must
maximizc his utility which is a function of quantitics of goods (composite goods)
consuined subject to the waste services he received which is the cost of solid waste
scrviees (SWS) in the form of user fee. Wertz (1976) derived first-order conditions for
utility maximization and a comparative static analysis from which he derived the
dircction of relationship between the quantity of wastes a houschold generates and the

cost of SWS in the form of the weight bascd uscr fecs.

Werlz’s analysis implies balancing positive utility from consumption against the ncgative
utility (disutility) from rcsulting refusc. The conclusion of Wertz (1976) is that
consumption of refuse generating goods will vary inversely with both users’ fee and the
absolutc refusc disutility. Theorctically, Wertz (1976) implicd that the quantity of wastc

generated varics negatively with uscr’s fec.

Weriz’s theoretical analysis though provided a starting point for further analysis but can

casily be flawed on the ground of his myopic view of the factors that influcncc waste
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generation. There are other factors that influence waste generation than those suggested
by Wertz’s theory. Perhaps, the most thcorctical oversight of Wertz is the lack of
distinction between waste generated and waste discarded. His empirical work considers
the latter whilc his theory rclates to the former and this distinction is very important when
recycling is incorporated (Jenkins, 1993). Jenkins also criticized Wertz for disregarding
any waslc gencrated by actions other than consumption such as yard waste and when this
is incorporated, Wertz’s earlicr conclusions might be affected. Jenkins also criticized
Woertz's cmpirical analysis as nccessarily limited by the meager data on which it is based
and he did not control for variations across urban arcas in income or weather conditions
or numcrous other influcntial factors affecting demand for solid waste scrvices which he

oversimplificd.

Another attempt on solid waste scrvices was that of Choe and Fraser (1999). According
to Choc and Frascr, a comprchensive waste management policy should target four
sequential goals of reduction, reuse, recycling and disposal. However, most existing
studics fail to provide a comprchensive framework within which to provide policy
recommendations. For instance, Wertz (1976), Dobbs (1991), Dinan (1993}, Morris and
Holthauscn (1994), and Jackus ef. al. (1996) focuscd on wastc management at the
consumption and disposal stages atone while Copeland (1991), Palmer et. al. (1997), and
Conrad (1997) conccatratc on the produ'ction stagc alonc. Choc and Fraser referred to
Fullerton and Wu (1998) in which they stated that waste management policy aimed only
at sourcc reduction in the production stage ignores subscquent houschold behaviour such
as waste reduction effort like reuse and recycling, as well as a waste collection charge on
the houschold which can lcad the houschold to demand products with less wastc content,

thereby affecting production decisions as well.

According to Choc and Fraser (1999), a firm produces consumption good with cost
function C(g.k) — (ctk)g where q is the quantity of the good produced, ¢ > 0 is the
marginal cost incurred in reducing the amount of waste intrinsic in the goods produced.
(k) is thc amount of wastc intrinsic in the goods after production and it rangcs between

zero and one.
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Choe and Fraser now introduced two policy instruments into what they called a second-
best option. That is, the monitoring of illcgal waste disposal of the houschold and
imposition of fines on illegal waste disposal by the monitoring regulator. There is a
probability variablc of catching illegal wastc disposal and per unit penalty (which is
assumed 1o be exogenously determined is imposed). It also assumed that the pcna’ily“for
illegal waste disposal is highcr than or cqual to the marginal cnvironmental cost of illcgal
wasle disposal. Legal or illegal waste disposal depends on the relativity of inducing legal

disposal 1o the resultant benefits.

They made two propositions. First, that an optimum waste management policy based on
second-best option is characterized by a positive cnvironmental tax on the firm, a wastc
collection charge on the houschold set between the private cost of illegal waste disposal
and the social cost of lcgal wastc disposal and thc monitoring probability nccessary to

support the two instruments to induce houschold compliancc with Icgal disposal.

Second, a higher monitoring cost makes legal wastc disposal costly, and must be made up
by a rcduction in the wastc collection charge. This induccd waste collection charge must
bec made up by an incrcasc in environmental tax on the firm (The ratc of penalty for

illcgal waste disposal has an oppositc cffcct as the monitoring cost).

The sccond-best optimal problem is stated mathematically as the solution to the
maximization of surplus s({, 7) in :

Maximizeg S(4,7) = Ulalt )] - Vie(t, 9)]-[c+k{t, Da, 1) - viak{,nlan)-pet,1)} -
m(t-8)/¢

Subject to 8 <1 <6 + ¢ and (t+r)e’ [k(t, ) + 1 =0 where k denotes equilibrium, ¢ is the

penalty for illegal dumping, p is the waste reduction benefit from houschold cffort and m

is the cost of monitoring illcgal wastc whilc other variables are as initially represented.
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In all, the second-best policy option is a combination of a strictly positive waste
collection charge on the houschold, explicit monitoring of illegal waste disposal, a strictly

positive environmental tax on the firm.

The first problem with Choe and Fraser’s second-best option is the assumption of a single
representative individual with a private cot of illegal disposal. When this is extended to
individuals, there is bound to be a different private costs of illegal disposal to each of.
them even if all other conditions hold, houscholds with lower private cost of illegal
disposal whose private costs of illegal disposal are lower than the threshold will still
dispose waste illegally while the rest may comply with the legal disposal. Monitoring
cost will now determine the optimal policy. Since monitoring cost is an exogenous factor,

the second-best approach may not lead to an optimal decision.

Another flaw ol this approach was recognized by he Authors themselves which is the
issue of coordination. Environmental taxes are exogenously determined by the National
government, wasle disposal by municipal governments and monitoring and penalizing
illegal wasle by the environmental protection or law enlorcement bodies. There is bound
to be a cost of coordination failure to be borne and this will add to the cost of waste

management (Jenkins, 1993).

Jenkins (1993) developed a utility maximization model which relates utility positively to
the quantity of goods consumed subject to a number of constraints among which we have

the user change for solid waste services,

Jenkins (1993) modeled the houschold and firm. His houschold model is based on utility
maximization lramework of the well known household production model. He assumed
that household utility is a function of the quantity of time the houschold spends enjoying
leisure {, and of course, he oblains hourly wage rate s and sT wage per day in addition to

the non-wage houschold income V and total revenue derived from recyclingPrR ().
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His maximization problem in Lagragean form becomes:

L=U(X, . X, )+ A{sT+v+ PeRy(ty) - 121 PiXi— st + 6 + ty) -

Pl 5 Wit 2o Rifh) - Ra()]

Where P; is the market price of good X, Pw is the weight-based user-fee, Wy is the
weight of jth Lype of waste associated with one unit of good | (following Wertz, 1976)
while Z is the weight of waste created by non-market goods such as garden waste efc. ti
is the number of hours per period spent recycling marketable waste(R1) while t; is the
number of hours per period spent recycling waste of which household l-eceives.nd‘
payment for (Ry). Differentiating the Lagrange with respect to Xi—Xn, tL, 1, f2 and A

gives some first order conditions which we shall briefly mention.

His result suggests that as long as the household is paying a positive user fee, the cost of
a good to the houschold will incicase with the quantity of waste associated twith that
good. Jenkins (1993) also modeled the commercial demand for waste services within a
profit maximization framework in which the demand for commercial solid waste services
is a function of the prices of factors of production and the commercial user fee and his
result is analogous to that of household outcome. Firms will find inputs that generate a lot
of waste more expensive as the commercial user fec increase thus creating incentives for

both firms and houscholds to purchase goods with less waste contents.

The theoretical construct of Jenkiits (1993) is more appealing as’it introduced a maore
comprehensive approach to decision regarding solid waste services. This is no doubt a

preal improvement over Wertz’s analysis.

Recycling
Jenkins (1993) developed a utility maximization model which relates utility positively to
the quantity of goods consumed and negatively to the amount of recycling subject to a

number of constraints. He also in this utility maximization model of household decision
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on solid waste services viewed the impact of an increase in user fee on time devoted to
reeyceling, Je then concluded that as the uscr fee on sold wasic service is raiscd,
individuals will devote more time to recychng. The import of this is that as user fee is
raiscd, morc recycling will be done by the houschold. in the like manner, the firm will
commit more labour to recycling as the commercial user fee for solid waste service is

ratsed.

4.3 Framework of Jenkins’ Model on Houschold’s Decision Regarding Solid Waste

In thc consumption activitics of individuals, wastc is gencrated as a by-product of
consumption. They therefore tend to maximize utility subject to the relevant budget
constraint. Individuals thercforc determince their level of recyeling, the quantity of waste

to disposc by allocating their time among thesc competing activitics including leisure.

Assuming that a household wishes to maximize utility from the consumption of some
quantitics of market goods (Xi, —-, X,) and the quantity of timc devotcd to leisure
activities (1), this can be formulated as

U(X; , =, X, 1)

Ui>0,i=1,--n U >0 (D

Where U() represents the utility function and subscript U’s denote partial derivatives of
utility with respect to the market goods and leisure. |

Since cach unit of i th good consumcd has its associated fixed component of waste
(Wertz, 1996), if we denote this fixed component of waste measured in weight as W;, and
we assumced that Wi can further be broken down into J types of waste.: For instance, a
cow slaughtcred will have the bowel waste, the bone waste and the hoof components
waste cte. If Wy is therefore the weight of the i™ type associated with a unit of good i,

then,

i .
Wi = Z WIJ. 1= 1&“'3“ (2)

Apart from wastes generated from market goods, non-market goods’ waste enter

individual’s decision. If yard wastc is represented by Z which is recyclable but for which
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payment is not recetved and the weight of all waste components (which comprises of
wastc associated with all market and non-market goods) is denoted by W, then;

w=i Wi X + 2 (3)

i=|

In the j type of waste, three types are relevant to the consumer’s utility
maximization{j=(1,2,3) where j=1 j1 =2 j2 j=3 Ja}: Rccyclable wastc for which
household receives payment (J;); recyclable waste for which houschold receive no

payment (J2); and the non-recyclable waste (J3).
n k)
W=Z Z WX+ Z
=l J=!
if the total weight of I; type of waste is denoted by Wg 4\, then:
n Il
Wiam = Z Z WiX )
i=l J=
If the total weight of J; type of wastc is denoted by Wy, then:
" Flay
Wr =Z Z WX + Z (5)
=l el
It must be noted here that the inclusion of Z indicates the addition of the garden waste
which 1s rceycelable withoul payment received.

Denoting the total weight of the non-recyclable waste (J3) by Wg;

n S+ 2453
Wnr = Z Z WiiXi (6)

i=l j=jl+j2al
Households do not recycle one-hundred percent of their recyclable waste because
receycling involves huge investment of timc and this investment of timc has an
opportunity cost in the form of reduction in wages (as less time will be available for

work) and rcduction in Icisurc activitics.

Representing the quantity of J; waste that is recycled by R; and the time spent on
reeycling them by t; and for J; type of waste, represent the recycled material by Rz and
the time spent on them by t; . Thercfore, Ry and R; are positive functions of the time that

the houschold devotes to recycling them. In other words, as the time devotced to recycling
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cach of the waste component increases, more of each waste component is recycled (sec

ciquation 8).

Ri=R;{ti), R = Rytr ); (7
ar, 5 o, 4R, 5 o (8)
dt, dl,
2 2
AR, ARy ©)
dt, di,

Intuitively, it appears that the easiest recyclables for the household to recycle are first
recycled and the marginal productivity of time is positive giving rise to cquation 8.
Howcver, the second derivatives of quantities of waste recycled with respect to time
speat reeycling them arc negative mcaning that as the quantitics of waste recycled

incrcascd, marginal productivity per unit of time is ncgative (scc cquation 9).

Furthermore, a consumer has limitation on the maximum recycling of both marketable
and non-markctablc wastc. Hc cannot reeycle more than the waste generated. This is

represented by cquation (10).

n J1 n Flej2
Ri<Y § WXis Ry 'S WiXi +2 (10)
i=l j=l =l jaglsel

Based on the above thercfore, an individual wishes to maximize his utility subject to
some constraints which arc; the productivity or income of the houschold, non-wage
household income and the revenue from recyclables. Given that;

P; = the price of good i:

Py = the price per unit weight of residential SWS (a weight based user fee).

P = The payment reecived for reeycling Wiam

V = non-wage household income

S = The hourly wagc rate carncd by the houschold

T = Individual’s time endowment per day (e.g. 24 hours a day)

t; = Thc number of hours the houschold spends working for wages.

The resulting maximization problem in Lagrangcan form is as follows:
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L= UK X ) + A ST+ v+ PrRi() - 3 PXi- s+ ty +1) - Py i WiX;
i=1 =] Fl

+Z - Ri(t)) — Ra(tz)] (11)

Diffcrentiating the Lagrangean with respeet to cach of the variable produces a number of

first-order conditions which will be briefly discussed. Their implications are derived

through forming firstly, a ratio between Uj and U, which yiclds:

f
| P+PY W,
Ui =
o T L (12)
P,,+Pw2ur',y.

Jj=l
In the result above, price of good i is P; and price of good h is Py. The other component
respectively denotes the SWS price for waste on good i and h. The sum of these two
components is the marginal social cost of goods i and h. The ratio in the right-hand
depicls the marginal social cost of good i over good h. Equation 12 therefore explains
houschold’s rcaction to an increase in waste associated with a good. Since P, is thé pﬁce
per unit weight of SWS, it is a weight-based user fee for SWS which is not zero. Other
things being cqual, the houschold will respond to an incrcasc in quantity of waste
associatcd with good i by reducing its consumption rclative to good h. Consumers
therefore will increasc the consumption of a good (in the presence of a non-zero uscr fec)
in response 1o a decline in waste associated with the good and this provide incentive to
manufacturers to reducc wastc associated with their products:
Also, given that A is the marginal utility of income and S is the marginal income of time
spent working;
U =28 (13)
Optimum houschold will sct the marginal utility of time spent at Icisurc cqual to the

marginal utility of timc spent working. From the first-order results and solving for S ;

s= 4Rl ipy) (14)
drl

s = 4KZp, (15)
dr2
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Equations 14 and 15 implics that household will continue to recycle until the value of the
marginal product of time spent recycling (marketable in cquation 14 and non-marketablc
in cquation 15) cquals the wage rate. Furthcr manipulation of 14 and 15 produccs:

dar, S (16)
dt, P+ AR,

dr, S
di, Fy

17)

The above equations suggest other things being equal that the number of hours spent
reeycling is positively related to the cost of waste disposal or uscr fee for solid waste
services (SWS). The optimizing houschold will respond to an.increase in uscr fee, Pw by
reducing the marginal products of both t; and tp (through an increasc in hours spent
recycling both marketable and non-marketable waste). If the time spent recycling
markctable waste is cqual to the timc spent recycling non-marketable waste, then the
quantitics of marketable waste and non-marketable waste recycled are equal. Equations
16 and 17 howcver suggest that the houschold will rceycle a greater quantity of
markctable waste than non-marketable waste making R > R,. Since the marginal product
of time spent recycling non-markctable is the wage rate divided by the price of SWS only
while the marginal preduct of time spent recycling marketable good is thc wage rate
divided by the sum of the pricc of SWS al.ld the price reccived for recyclablces, it thercfore
follows that the marginal product of t) is lcss than that of t; implying that t, is greater than

ts.

Lastly, if we assume that all the first-order conditions can be solved for

X, Xn t1 and t;. their solutions will be functions of the parameters of the sysicni'of
equation 11.

Xi=Gi(S, V, P1,--,Py, Pi, Py, Wi1,---, Wy, Z),

i =1,--m

ti =G4 (S, V, Pi—-.Pn, Pi, P, Wiiy--, W, Z) (18)
L=GL(S,V, PPy, P, Py, Wip,-——-- Wy, 7)
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I the demand for SWS = W' = W - R, - |, and substituting carlier notations inlo them
produccs the cquation:

n i R
W=3 % wy Gi() + Z - Ri[Gti()] - Ra[Gta )] (19)

=l 3=l
Based on set of equations in (18), it is clear that the demand for SWS is a function of
houschold’s wage ralc, non-wage income, prices of goods consumecd, price received for
recyclables, the pricc of residential SWS or the user fee, the waste components of all

goods consumcd and the quantity of wasle generated by non-markct goods.

4.4 Framcwork of Jenkins® Model on Firin's Decisions Regarding Solid Waste

The representation used in this modcl is as follows:

Q = The quantity of output produced

P, = The price per unit of output, Q.

1; = The quantity of non labour input:

r; = The price per unit of input:

L, = the number of utilized productive hours by the firms

L. = The total number of labour uscd by the firm (in hours)

S = The hourly wage rate earned by the firm.

W = The weight of commercial waste _

w; = The weight of waste associated with a unit of 1th input.

I*w = The price paid by the firm per unit weight of waste (a commercial Weight-bascd
user fee for SWS)

Pp = The price reccived by the firm per unit weight for recyclables.

K = Type of wasle (marketable)

R°| = Quanltity of wastc rceycled

L, = Number of labour hours devoted 1o recycling marketable waste,

K, = Other recyclable waste which arc not markctable but arc recycled to avoid disposal
cosls

R’ = The quantity of non-markctable wastc recycled by the firm,

Lz = The number of hours spent recycling non-marketable waste,

Wm = Marketable waste
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W*s = Non marketable but recyclable wasee

Wik = Non recyclable waste.

Firms are into productive activities so as to produce goods and as such maximise profit
from their productive activitics. In maximising profits therelore, scveral factors tend Lo
constrain their profitability one of which is the solid waste services’ costs (SWS) just like
the inputs® cost which must be deducted from their revenue. Recyeling on the other hand
aficets firms by drawing labour away from the real productive activitics. When the
recycled materials are marketable, they can affect dircet sales. On this ground,
recyclables are divided into two components of marketable materials which include
matcrials re-used within the firm. The sccond component is the non markctable matcrials
which are recycled in order to avoid the disposal costs.

The input aspect of the firm can {urther be broken down into labour inputs (L,) and non-
labour inputs (Ij---Iy). Assuming that a firm that produccs just a good with labour and
non-labour inputs is given as:

Q=1L Lp); (0

fi>0,i=1,-m; f,>0: '

Given the production function above, output is a function of these two components of
inputs mentioned above. The weight of commercial waste is a function of a subsct of
non-labour inputs (W° = W(l},---,Ix;} but instead of using the functional form above, we
simply adopt a stronger assumption that commercial wastc is a lincar combination of

such inputs.

We= i Wil @)

i=|
Since wastes can further be broken down into types and if we assume K types of wasle,

the formular (2) above translatcs to:

k

W= Z Wi 1=1,--M (3)
k=1

Assuming that K represents the marketable waste, therefore

Whim = i i Wil CY)

i=] k=l
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The quanlity of the marketable waslc actually recycled (R)) will depend positively on the

number of labour hours devoted to recycling them.

R = RALa; SEL >0 )

‘1
If the casicst recycling is first donc and the difficult is dunc later so that as more labour is
devoled to recycling. The productivity of labour falls off,
d’Re,
(ll.r2 ]

Equation 6 is enough to satisfy the second-order condition for profit maximization of the

<0 (©6)

firm-given in cquation (11). It is nccessary to say that the quantity recycled can never be

greater than the total quantity of marketable waste generated by the firm. i.c.

M k1 -
R =< Z Z Wi (N
i=l k=l

The next waste group is the non-markctable waste (W ) which firms recycle so as to

avoid disposal costs. This is denoted by K type. The labour hours spent on recycling this

waste is Ly,
. . y otk
RY = RY(Ly); R250.  re< ¥ ‘Zz wid; (8)
dL, il kg4l

Equation {8) subjecls a lincar and dircct. relationship between recycled non-marketable
wasle and labour hours spent recycling them. By assumptions, as more and morc labour
time is spent recycling this kind of waste, the productivity of that time diminishes (see
cquation 9).

d’R; <0 ©)

dL’
Apart from Ky, K; types of waste identified, The K; type of waste comprises of virtually

non-reeyclable (W °wg) and arc always somc solid wastc residucs which must be disposed
off completely.
Equation (10) shows thc mathemalical representation.

. M ky kg kg
Wi = Z wikli (10)

i=]  k=k +hy+]
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Given the above, the firm wishes to maximize revenue (PyQ) minus the cost of non-
labour inputs, minus the cost of labour, minus the cost of commercial weight-based solid
wasle services on residues, plus revenue from recycling activities.

When the maximization problem is formulated into a Lagrangcan function we have:

L=rQ - i nili — S(L, + Ly + Lg) — PS, [i i Widi = R®; (Li} = R% (L)) + P°r
i=l =k k=1

REy (L) + Af(1y,----- s Lp) — Q] (11)

In a perfect market, maximization of (11) with respect to cach of the variable gives somc
first-order conditions. The implications of a first-order condition when Pg is substituted
for A is that, a profit maxtmizing firm chooscs cach non-labour input so that the valuc of
the input’s marginal product cquals its marginal cost. The marginal cost of input i
includcs input price of i as well as cost of disposing wastcs associated with the input.
From the first-order results, taking the ratio for inputs i and h gives a condition a profit
maximising firm must fulfill.

n+ P'Cwi:W,.,it
LA ki (12)
Iy r, + P%ZWM
k=1

The above suggests that the firm will sct the marginal ratc of technical substitution
between two inputs cqual to the ratio of marginal costs of those inputs (which include the
market price of cach input plus the cost of disposal of wasic associated with the use of the
input). In order words, a positive user fee for commercial SWS implies that inputs that
generate high quantitics of waste arc, other things being cqual, less desirable to the firm.
The incentive effect is that a firm will seck out low waste inputs which, in turn, gives
manufacturcrs of the inputs incentive to lower the waste associated with their products,

The elfeets of an increase in the commercial user fee for SWS can be scen from the resul(

below.
df(‘:l — S (13)
dl, P+ Py
dlfcl — S (14)
dr, P
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The meaning of this is that more labour will be devoted to recycling in response to an
increasc in the commercial uscr fee for SWS (P°,).

Lastly, if the first-order conditions arc solved for Iy,---,1, [ and L, in cquation 11;

I i = Hj (I'] »y==Im, 5, PC‘R ) I)(;w WI!,'“:ka)

i=1,---m

LI = I'IL] (r],“‘,rm, S, Pc R, Pcw WI!:'“ank) (1 5)

[42 = I'ILZ (]'],---,l'm‘ S, PCR . I)Cw W[ |)'--1wmk)
A k

The firm’s demand function for SWS = W = W°-R% - R% = >y Wili()- Rf
inl kel

[Hei ()1-R% [Hi2 ()]

T'rom the above therefore, W' = 1° (r(,—-=-,tm.$, P°p P%% Wi p,-—-, W)

In conclusion, the firm’s demand for SW3 is a function of non-labour input costs, the

wage rate, the price received for recycling (price of recyclables), the commercial user fee

for SWS, and the waste associated with each input.

~.In conclusion, the theories just prescnted in sections 4.3 and 4.4 brought out some

important determinants of quantity of wastc gencrated by the houschold and the firm, it is

incomplete in a sense as they did not include all the determinants of waste in the model.

‘For instance, the impact of weather variables in the determination of both the houschold

and commercial sectors’ waste cannot be rule out. Literature has revealed that weather
variables arc very important in the dctermination of waste gencration. For instance,
Jenkins (1993) found significant impact of weather and demographic variables on waste

generation, however, his theory failed to incorporate this.

In addition, the theories have been able to show the direction of relationships between
both rcsidcntiél as well as the commercial waste quantitics and their determinants. Tt has
however failed to give regional specific estimates of magnitude of relationship. Viewed
from these angles thercfore, we say that these theorics alone arc inadequate o provide a
total guide in this study and there is a need to complement with empirical analysis which

we believe will be able to overcome the shortcomings of these theorics.
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4.5  Mecthodology

4.5.1 Model specification and estimation procedures

To determine the strength of relatedness or level of association between waste generated
per capita and user {cc on onc hand and wastc per capita and other explanatory variables
(like level of precipitation, temperature, household income, density, prices of recyclables)
on the other hand, the study utilized rcgression tool {o ascertain causal relationships

cxisting between variables.

Residential model
Wpe = 3¢ + B Rinc + f}; Popden + 33 Rain + 34 Temp +
s Rprecy + Bg Rusa + g5 (1)

"The commercial modcl analyzed in this study is hercunder stated:

Commercial model

Qcom = ay + o Rpreey -+ a; Rain + o3 Temp + o4 Rusfeom + g 2)

Incremental contributions and stepwise regression of dumping

Choc and Frazer (1999) in their theoretical analysis confirmed the role of cfumping when
the solid waste services’ charges are increased. This study is following up on this in this
empirical investigation of dumping. Incremental contribution is an important onc in this
situation. In this empirical investigation; one is not completely sure which of the user
charges (apart from the cartpusher’s charge) is worth adding as cxplanatory variable in
the dumping model. Our intent here is to exclude variable that contributes very little
towards crror sumn of squarcs {(ESS). In the samc manncr, we do not want to exclude
explanatory variable(s) that substantially increase ESS. To accomplish this, this study

uscd the analysis of variancc (ANOVA) or F-test. We utilized the latter tool.
In this method, one proceeds either by introducing the independent variables one at a

time (stepwisc forward regression) or by including all the independent variabies in onc

multipic regression and rejecting them onc at a time (stepwisce backward regression). The
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decision 10 add or drop 4 variable is usually made on the basis of the contribution of that
variable to the 1SS, as judged by the F-test. We adopted the stepwise forward regression

procedure and the F-test utilized the following formular,

T

Fro= (R =Rg/dl 3)
(1 = RY ) / dF

Wlhcre:

R4 is the R ol the old model (if’ the old model has one

independent variable, R? equal to R? of this model).

Rzncw equal to R? of the new mode! (say new model with ,
q Y

another independent variable added).
df numerator is the number of new regressors added.
df denominator is (n-number of parameters in the new model)
Note that since the dependent variable (dumping) is the same under new and old model,
the above formular can be used, otherwisc we have to use another version of I*-test which

we nced not include here,

The modcls analyzed are:

Dumpsm = ¢ + ) Rearprsm + € 4)
Dumpsm = ¢y + o Rusasm + € (5
Dumpsim = o + oy Rusfcosm + & (6)
Dumpsm = ¢ + ) Rearprsm + o Rusasin + & (N
Dumpsm = o + ¢ Rearprsm + o Rusfcosm +& (3)
Dumpsm = o + o Rearprsm + oz Rusasm + a3 Rusfcosm + & (9

Where:
Househstz = mecan household size in Lagos

Popden = Population per square kilometer (population density)
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Rprecy = Average monthly price of recyclables (deflated
by the consumcr price index) corresponding to time t.
Qcom = weekly/Monthly tonnes of commercial/industrial solid wasle
Wpe = weekly/Monthly waste per capita
Rain = Average monthly level of precipitation in Lagos corresponding to time t.
Rine = Monthly houschold income (deflated by the CPI) corresponding to time L.
Workpop = Percentage of population between 15 and 49
Rusa=Avcrage monthly residential user charge (deflated by CPl} corresponding to time t.
Ruslcom = Average monthly uscr charge for commercial/industrial waste (deflated by the
CPI) corresponding to time t.
‘'emp = Average mcean temperature in Lagos
Dumpin = monthly quantity (in tonncs) of wastc dumped in Lagos Strcets
Carprice = Cart pusher’s average monthly charge
Dump = Quantity of wastc dumped in Lagos in time 1.

Rearpr = Monthly rcal cart pusher’s charge corresponding to time t.

SM addcd at the end of variables means that they have been smoothed using the Holt-

Winters smoothing technique.,

Since data for the study are time scries, we conducted a unit root test so as to eliminate
the possibility of a spurious regression by applying Augumented Dickey-Fuller (ADF)
test on all variables (both weckly and monthly) and then applied the nceded differencing
in the regression analysis. Our inability to obtain a white noisc process further compelicd

us o add autorcgressive-moving average (ARMA terms).

In addition to this, we ran rcgression on Holt-Winters® filtered data (the justification for
simoothing data and for adopting Ilolt-Winters’ procedure is provided in the next
subsection). In order to obtain the best estimate of models, we equally ran Ordinary Least
Squarcs (OLS) regression and the Generalized Least Squares (GLS) regression on modcls
at levels so as to obtain the best estimates of modcels. The justification for applying GLS

when OLS shows autocorrclated disturbances were provided by Greene (1997), who
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stressed the problem posed by autocorrelated disturbances and a way of dealing with
them when he stated that the mode! with autocorrclated disturbances is a gencralized
regression model, and we should expect lcast squarces to be in-cfficient. This problem can
be scen when we know the disturbance proccss and the process gencrating the
independent variables. The elficiency of least squares falls to less than 10% if the
autoregressive root (p) is closc to 1. Judge et ol (1985) also agreed to the loss of
efficiency but differ on the severity of the problem (sec also, Hill, Griffith and Judge,
2001). Bascd on the forcgoing, we applicd the gencralized lcast squares (GLS) on scrics

at levels and Holt-Winters® filicred data.

Data filtering or smoothing

Filicring techniques provide a mcans of removing or at Teast reduce volatile short-term
fluctuations in a time scries. Filtering is a scries procedure, which may be used to
gencrate new scrics that arc bascd upon the data in the original serics. Filtering cnhances
the generation of serics with white noise. Smoothing may be done to make the time series
casicr lo analyze and interprel. Smoothing also may be done to rcmove scasonal
fluctuations. That is, to descasonalize or scasonally adjust a time series. Lastly, filtering
techniques do producc optimal forccasts in certain conditipns, which turn out to be
intimately related to the presence of unit roots in the series being forecast. In addition,
other approaches producce optimal forccasts only under certain conditions as well, such as
correct specification of the forecasting model. We must stress here that all our models are
approximations, any proccdurc with a successful track record in practice is worthy of
serious consideration, and filtering techniques do have successful track record in the

situations mentioned above.
Hodrick-prescott filter (HP)

IHp smoothing mcthod is widcly used for macrocconomic analysis to obtain a smooth

estimale of the long-term trend componcnt of a scrics.
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Technically, Hp filter is a two-sided linear fiiter that computes the smoothed scries S of y
by minimizing the variancc of y around S, subjcct to a penalty that constrains the sccond
differcnce of S. In other words, Hp filter chooses S, to minimize:

Sy~ SO+ AT [ Sert =80 = (S =Sen) I (10)

in the above function, A stands for the penally parameters which controls the smoothness

of the serics Sy, In our analysis, we uscd the E views default valucs of?
(100 for annual data

A = <4 1600 for quarterly data

\ 1400 for monthly data

It must be stressed that the larger the A, the smoother is the S;. As A tends to o, 5§
approachcs a Jincar trend. This is a major problem that is encountered in the use of Hp-
filter which led to the spurious regression obtained, hence the study considered other

filtering method (Holt-winter’s techniquc).

Perhaps, it is pertinent to review some of the theories and literature relating to Hodrick
Prescott and other appropriate filter so as to.be guided in the choice of filters. Ahamuda
and Geragnani (1999) in their abstract summarized some of the shortcomings of Hodrick-
Prescott filter thus; “Hodrick-Prescott filter has been the favourite empirical technique
among rescarchers studying “cycles”. Software facilities and the optimality criterion,
from which the filter can be derived, can oxplain its wide usc. However, different
shortcomings and drawbacks have been pointed out in the litcrature, as alicration of

variability and persistence and detecting spurious cycles and autocorrclations.---

According to Ahamuda and Geragnani (1999), Cogley and Nason (1995) obscrved that
there arc possibilitics of obtaining “spurious cycles” when filtering “difference stationary
data” (likc a random-walk representation). Cogley and Nason’s (1995) observation above

was confirmed in this analysis. Harvey and Jacger (1993) extended the analysis to show
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the possibility of “spurious sample cross correlation™ between spurious cycles. They even

put a warning to the “uncritical use of mechanical detrending”.

King and Rebelo (1993) also showed cases in which persistence, variability and
comovement of (simulated and actual) economic series are altercd (after filtering with
Hodrick-Prescott) in comparison with those raw data. Another scrious criticism of
Hodrick-Prescott filter was raised by Nelson and Plosser (1982: 158) when they stated
that, “Hodrick-Prescott strategy implicitly imposes a componcnt modcl on the data
without investigating what restrictions are implied (a difficult task in their model) and

whether thosc restrictions are consistent with the data”.

One major problem with the Hodrick-Prescott filtered data which is related to the above
is that it shows more serial corrclation than first-differenced data and this is evident in
our OLS and GLS estimates derived carlier and based on this, an appropriate smoothing
method for data has to be derived and the next issue is, how can the study evolve a

suitable filter that is compatible with our data?

Although there are numerical indicators for assessing the accuracy of the forecasting
technique, the most widely used approach is using visual comparison of several forcca;;ts
to assess their accuracy and choose among the various forecasting methods. In this
approach, one must plot on the same graph the original values of a time series variable
and the predicted values from several different forecasting methods, thus facilitating a

visual comparison {(Ahamuda and Geragnani, 1999).

Visual comparison of forecasting power of smoothing techniques indicated that Holt-
Winters’ filter is the most appropriate of them all. In the study series, scasonal variation
was so strong as it obscures any trends or cycles, which are very important for the
understanding of the process being observed. Winters” smoothing mcthod has the
potentiality of removing seasonality and makes long term fluctuations in the series stand
our more clearly. Holt first suggested it for non-seasonal time serics with or without

trends. Winters’ generalized the method to include seasonaiity, hence the name Holt-
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Winters® method. One appealing feature of Hot-Winters® filter is that it can be used for
less-than-annual periods or data. This special feature also makes this filter appropriate for
the study’s weekly and monthly series unlike the Hodrick-Prescott filter which uses
quarterly, monthly and yearly data penalty parameters for controlling the smoothness of

SCrics.

Holt-Winters’ filter
lHolt-winters” smoothing is a form of cxponential smoothing in which forecasts from
exponential smoothing methods adjust based on past forecast errors. The study therefore

used the Holt-winters method with no seasonal and with two parameters.

This method is appropriate for series with a linear trend and no seasonal variation. This

method is a parsimonious one, Two smoothed series Y, of yi is given by:

Voo =a-+Dbk (11)
Where,

a = permanent component (intercept)

b = trend

These two coefficients are defined by the folldwing recursions:;
a()=ayt(1-o0)fat-1)+bt-1] (12)
b(t) =P [a(t) —a (-1} + (1- B) b(t-1) ‘ (13)

Where 0 <a, 3 <1 arc the damping factors. Forecasts are derived by Y.k = a(T) + b(T)
K. (Eviews).

Estimation procedures
In order to get the best estimate for both household and commercial models, three
estimation techniques were employed:

i Models were estimated at levels using unfiltered data (raw data estimation).
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ii In order to avoid high autocorrelation and spurious regression results associated
with method one, stationarity was tested using the Auguménted Dickey-Fuller (ADF) test
and based on order of integration, we applied the needed differencing before running our

regression.

Also, following Greene (1997), not in all cascs can differencing alone produce a white
noise series. Addition of autoregressive moving average (ARMA) in correcting
autocorrclated errors is appropriate. Pindyck and Rubinfeld (1998) suggest that time-
serics analysis and regression analysis can be combined to prociucc a better forecast than
would be possible with the use of either of these techniques alone. A regression model
would have the dependent variable explained by all the independent variable(s) and an
additive crror tcrm. The additive crror term accounts for unexplained variance in the
dependent variable. However, one source of forecast error of this regression model would
come from the additive error (noise) term whose future values cannot be predicted. One
cffective application of time series analysis is the construction of ARIMA modecl for the
residual series w, of this regression. We would then substitute the ARIMA model for the
implicit error term in the original equation. The ARIMA model provides valuable
information-about what future values of g are likely to be. In other words, it helps to
explain the unexplained variance in the regression equation. The resultant model is likely
to provide better forecasts than would the regression equation as it combines both the
structural (economic) explanation of part of variance of dependent variable and the
explanation of the structurally unexplained variance of the independent variable. This
model is referred to as transfer function model or multivariate autoregressive-moving

average model (MARMA).

Further justification of ARIMA was provided by Greene as he commented that in trying
to obtain the BLUE, it is not so casy to know which procedure is the correct one. It is
however obvious that most economic time series data are strongly trended. Taking
incorrect approach will not necessarily improve matters. As an example, differencing
may produce a white noise series, but differencing may trade trends for autocorrelation in

the form of an ARMA process (Greene 1997).
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The ARIMA model however is defective due to its inability to predict accurately sharp
downturns and upturns in models thus limiting its value for forecasting (Pindyck and

Rubinfeld 1998).

iii One of the important issucs for consideration in the analysis of time series is the

outlicr consideration.

A mathematical reason to adjust for such occurrences is that the majority of forecast
techniques employed in data mining are based on averaging and, arithmetic averaging is
very sensitive to outlicr values, Therefore, some alteration should be made to the data

before modeling and one approach to this is data smoothing/filtering.

‘Then, which smoothing methed do we adopt?

Our visual comparison of forecasting power of smoothing techniques (as recommended
by Ahamuda and Geragnani, 1999) indicates that Holt-Winters filter is the most
appropriatc of them all as it did not alter persistence variability and comovement of

(simulated and actual) serics.

Generally, for the three procedures, ordinary least squares were first fitted and in most
cases, autocorrelated disturbances were found, and taking a clue from Greene (1997),
Judge e al. (1985), Hill, Griffiths and Judge (2001), we applied the generalized least

squares technigue.

Estimated Generalized Least Squarcs (EGLS) — The Cochrane-Orcutt iterative
procedure
In a regression model with AR(1) errors given by:
Wpe = f3p + | Rprecy + B; Rain F 33 Temp + B4 Rusa + 5 Rinc + B¢ Popden +
Where 1ty = p pe1 + v (-1 < p < 1) and v, is an uncorrelated error term. If the cocfficient
of p is known, the autocorrelation can easily be solved. Itfowever, the theoretical value of

p is not known, Cochrane-Orcutt devised an iterative procedure for its “best” estimation.
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According o this method, if the Wpe modcl above is true in time t, then, it is also truc in
time {t-1) so that;
Wpe = g 4 3 Rprecy, + Pz Raing + B3 Tempey + B Rusa,, + 85 Rine, + f3¢
Popdengy | .
Multiply through by p on both sides, we have;
pWpce) = pflo - o3 Rprecy 4 pBz Raing + pB; Tempy.y + pPy Rusa.; 1 pPs Rincy
+ pPe Popdeny + ppa
By subtracting model pWpcy from model Wpce, we would have;
(Wpe - pWpeet) = Bo (1-p) + B (Rprecy -pRprecyi) + Bz (Rain-pRaing.) + B3 (Temp-
pTempii) 1 Ba (Rusa-pRusa,.;) 4 Bs (Rinc-pRincy.)) + Be (Popden-pPopdeny.)) + &

Where, ¢ = (P« w). & satisfics the usual OLS assumptions. We can apply OLS on the
transformed mode!;

Wpc* =" + B Rprecy” + " Rain’ + Bs’ Temp® + B4 Rusa’ + Bs’ Rinc” +

[3(,' Popden. 1 g

Where,
Wpe* = (Wpce - pWpcen); Rprecy* = (Rprecy -pRprecy..);
Rain* = (Rain-pRain,); Temp* = (1"cn1p—§1‘cn1p1-t); Rusa* = (Rusa-pRusa.;);
Rinc* = (Rinc-pRinces) Bo* = Bo* = (1~ pesimaca)s Br* Pr; B2* = Bz; Bs* = Pa;
Ba* = Ba; Bs* = Bs; Be* = Be.
Cochrane-Orcutt’s implementation procedures involve the estimation of the original Wpc
model utilizing the OLS and obtaining the residuals (p). The estimated residual is then
used in running the AR(1) regression of the from; i = pjp.y + vi. The estimated ‘rho’ is
then substituted into the generalized difference equation. Since beforchand, it is not
known if the estimated ‘rho’ obtained is the best, we continue a process of obtaining the

best estimate of ‘rho’ (that js, iteration).
The revised parameter estimates, 1%, Br*, B2%, Bs*, Ba*, Bs*, and P¢* obtained in the

generalized difference equation arc then substituted into the original regression model to

obtain a new residual p*
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' =Y.-PBo - Pi° Rprecy' - B2 Rain' - Bs° Temp' - P4 Rusa’ - Ps Rinc' -
Ps Popden’.
This can be computed since all the right-hand variables are known. Having known the
values of ", this residual again is then used in running another regression of the form;
k= p* pure owe

The above is the second-round estimate of ‘rho’. This process continues until we are
almost sure that the best ‘rho’ has been obtained. In other words, the iterative process can
be continued for as many steps as desirable. The guiding principle is, stop the iterations
when the new estimates of ‘rho’ differ from the old ‘rho’ by less than 0.01 or 0.005 (there
is convergence) or after 10 or 20 estimates of ‘rho’ have béen obtained (Pindyck and

Rubinfeld 1998).

Since ‘tho’ estimate is used instead of the true ‘rho’, this procedure is known as feasible
gencralized least squares (FGLS) or estimated generalized least squares (EGLS) method
(Gujarati 2003). Although, there arc various itcrative methods of finding ‘rho’ (for
instance, Hildreth-Lu scanning or search procedure, Durbin two-step procedure efc.) so as
to estimate GLS, Cochrane-Orcutt iterative produce seems the most popular and the most
preferred. It has a special additional value of being capable of estimating higher-order
autoregressive process. The above reasons therefore informed our choice of this GLS

procedure.

GLS is also very useful in correcting heteroscedasticity. According to Greene (1998),
“The problems for estimation and inference caused by autocorrelation are similar.to
(although, unfortunatcly, morc invelved than) those caused by hetcroscedasticity, As
before, least squares is inefficient, and inference based on the least squares estimates is
adversely affected. Dcpending on the underlying process, however, GLS and FGLS

cstimators can be devises that circumvent these problems.”
GLS estimatcs based on Holt-Winters® filter showed more robustness compared with

ARMA estimated models and we prescnted our results based on the GLS estimates of

both household and commercial (weekly model). In addition to the above, the study also
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employced the covariance analysis to determine the direction of relationship between our

variables.
4.5.2 Data Description and Source

Primary data

‘There are two sets of primary nstrument used in this study. One set was administered
randomly on big manufacturing firms in Lagos State to obtain information like their
monthly average recyclable costs/prices from January 2001 to December 2003. In all, 100
companies werc surveycd out of which about 41 responded positively to the
questionnaires. Qut of the 41 that responded, only 21 companies actually stated the prices
of their recyclables and these recyclables include metal/iron scraps, plastics/rubber waste
(including nylon pellets), aluminium and paper waste. The average of these prices was
used as the prices of recyclables — having deflated by the consumer price index (CPI).

These figures were used alongside our secondary data in our regression analysis.

The other two aspects of this company’s instrumcnts have first, an area in which
companies were expected to check in on options in an eight-question matrix, which seeks
to find out their perception of what an efficient and effective waste management should
entail. In other words they tick one of: I strongly agree (5 points). I agree (4 points) it

depends (3 points) 1 disagree (2 points) and [ strongly disagree (1 point).

When cach of these companics makes its choicc, any item of the eight question matrix
that does not make a mean of at least 4 marks is removed from the ranking scale of the
fourth part of the questionnaires. In other words, for an item to be considered as a
component ol efficient and effective behaviour, respondents must at least agree that such

an item is important for inclusion.

The third part of the questionnaire requires the respondent to rank their waste service

providers on their efficient level in each of the eight-item scale in part 2. The ranks and
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scores are: excellent (5 points), good (4 points), fair (3 points), poor (2 points) and very

poor (! point).

Each waste scrvices provider will be ranked on overall based on items sclecled as
meeting the criterion under part 2 above. Any waste service provider that makes an
overall average of 3.5 points on all the included items in the third part will be categorized

as cllicient and effective.

The second sets of questionnaires were administered in a stratified random sampling
process on the household sector. 1,000 questionnaires in all were given out, out of which
504 were returned. The stratified sampling technique involved giving out 50
questionnaires each to the 20 Lagos State Council arecas. The major problem with this
sampling technique is that respondents could not be tracked down at home and as such,
questionnaircs were administered on respondents mainly at their working places and in
this case, there was no assurance that the strata stipulations was strictly followed as.many
people are not residing even close 1o where they work. Categorization of our data based
on those zones could not be accomplished because some respondents did not disclose
their address. However, we feel that this sampling technique may not necessarily lead to

high sampling error, The distributions of the 1,000 questionnaires are hereunder given;

Table 4.1:  Presentation of Survey Instruments

Description Quantity | Percentage
Houschold surveyed 1000 100

Total questionnaires returncd 504 50.4

Badly completed questionnaires 41 4.1

Did not state service providers 25 25

Self disposal 24 24

Cart pushers patrons 220 . 22.0

Tolal PSP patrons 194 194

Source: author’s ficlkdwork, 2004.
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The other two parts of the questionnaire are similarly structured like that of the
4
commercial instrument and as such, their aualysis and interpretation will follow same

pattern as those of commercial/industrial nstruments.

This analysis also tried lo investigate why people patronize the cart pushers who
incidentally cause substantial dumping in Lagos metropolis as opposed to the
conventional PSP. We thercfore compared the mean income of patrons of PSP with those
of their cart pusher’s counterparts. We also compared the mean user charger of the two

residential solid waste service providers utilizing the difference of two means approach.

We tested the hypothesis of no significant difference between the mean charges of PSP -
(X,) and that of the cart pushers (X2) of course. It is expected (no matter the income
level) that an individual will patronize the cheaper of these two service providers’
provided the individual does not have a personal reason not to follow this line of thought.
In carrying out (his test, null hypothesis of no significance difference between the
population mean (i) charges were formulated. 1n other words, the null hypothesis states
that:

Hg: By -Hz= 0

As against the alternative hypothesis of;

HAfl«ll‘Pz #0

The Z formular utilized for testing the difference of two means is:

Z = Xl — X2
82+ 87?
\ i 11h)
Where: !

X, is the mean value of prices charged by the private sector partictpants (PSP)

X3 is the mean charge of the cartpushers.
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S,2 is the variance for the PSP sample
S,* is the variance for caripushers’ sample
1y is the number of PSP patrons in the sample

iy is the number of cartpushers’ patron sampled

The test is a two-tailed test and we take o to be 0.02. The decision rule is: if Z—calculated
is greater than Z-critical as o = 0.02, reject the null hypothesis and accept the alternative
hypothesis that the average charges by PSP is significantly different from those of the

cartpushers. 1f our result indicates the contrary, then we accept the null hypothesis.

Sccondary data:

Lagos projected population, % of population between 15-49, Lagos area from which
Lagos population density was obtained were derived from the National Population
Commission. The consumer price index (CPI) was obtained from the Statistical News of
the Federal Office of Statistics — FOS (July 2004), 1996/97 to 2000 figures for average
household income in Lagos State was obtained from the Annual Abstract of Statistics
various 1ssues and we made our extrapolation to 2003 using the growth rate of Nigeria’s

GDP.

The following data were obtained from LAWMA’s landfill records — Daily quantity of
residential wastes disposed, daily quantity of commercial waste disposed (these quantities
were used as proxies for actual waste generated), and the quantity of waste dumped in
LLagos. Also, meteorological department provided the meteoroiogical variables while
ARMA with monthly dummics were used to capture more recent data. Lastly, some of
the data were generated or transformed linearly to weekly data for analyzing. The method

of linearizing is as follows.

We utilized simple extrapolation models which is the linear trend model when we believe
that a series y, will increase in constant absolute quantities in each time period, we can
piedict term y, by fitting the trend line given as;

Yi=c 4+
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Where t ts time and y, 1s the value of y at timce 1. Usually, t is chosen to cqual zero n the
base period. ¢ 15 the quantity of y, in time zero or in the base period while c; is the

constant increase 1 ¢y from one period to the other (Pindyck and Rubinfeld 1998).

10]
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CHAPTER FIVE
PRESENTATION AND DISCUSSION OF RESULTS
5.1: Covariance results
Table 5.1 shows the covariance matrix of the variables of our househeld models.
Covariance is a measure of the linear association between variables A and B. if both
variables arc always above and below their means at Lhe same time, the covariance will
be positive. 1f on the other hand, A is above its mean when B is below its mean and vice
versa, the covariance will be negative. Cov (A,B) = 1/(N-1) Z (Al —~A)(Bi-B)
Table 5.1; Covariance half-matrix table of variables of the modcl
Qres Wpe Rusa Rprecy Popden Rinc Workpo | Househsiz | Temp Rain
P
Qres 1305844
Wpe 164917 0.021
Rusa -3816.739 | -0.476 193,524
Reprecy -30.680 -0.084 44,112 31.498
Popden 5680.337 | -0.590 -62.922 203.687 3751.850
Rinc -84032.65 | 5.526 3888.251 -1659.970 | -46926.37 | 692988.7
Workpop -1.875 0.000 0.039 -0.115 -1.975 24.572 0.002
Houschsiz 7.928 -0.001 -0.088 0.281 5.113 -64.629 -0.003 0.007
Temp 87.017 0.014 11.102 1.850 -14,393 434.463 0.009 -0.019 2.134
Rain -19841.35 | -2.655 -283.979 -60.076 469.810 -18973.89 1 -6.211 0.470 -96.696 | 12504.2
Observations 156 156 156 156 156 156 156 156 156 156

(Pindyck and Rubinfeld, 1988). From table 5.1, wastc per capita has a positive covariance
with total waste gencration, this shows that growth in waste capita significantly
contribules to growth in residential waste generation. In the same manner, high positive
covariance between population density and total residential waste indicates that
urbanization causes waste gencration to rise tremendously while waste per capita declines
with level of urbanization showing the economies of scale of urbanization.

User fec has a negative covariance with total residential waste as well as waste generation
per capita indicating that as user fce is increased above its mean, waste generated per
capita as well as total residential waste would fall below their means confirming the
beneficial role of user fee in curtailing waste gencration. Income has a high negative

covariance with total residential waste indicating that as household’s mean income rises
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above its mean, total residential waste was below its mean valuc. On the other hand
however, waste per capita has a positive covariance with household income. The above
result showed that houschold income relates dircctly with waste per capita than with total

wasle (that may not be related to income level)

Positive covariance between temperature level and both waste per capita and total
residential waste is cxpected. Iligh temperature is related to high level of economic
activity and converse is also true for low temperature level. Level of precipitation is
inversely related to waste per capila and total residential waste. The cxplanation for this
is also related to that of temperature level. Other results also confirmed the direct
covariance between houschold size and population density showing that household size
could be a major determinant of population density. Price of recyclables has a ncgative
covariance with waste per capita as well as total residential waste as expected. This
indicates that if we are targeting waste minimization, setting up of well functional

recyciables markets can help in bringing about this.

The major shortcoming of the above presentation is that the value of covariance depends
on the units of measurements of A and B. Due to this reason, we will have to present the
correlation-coefficient. Unlike the covariance, the correlation coefficient has been
normalized and is scale-free. It ranges between -1 and -+1. Corr. (A, B) = p (A, B) = Cov.
(A, BY oaop. Where, cA and oB represent the standard deviations of A and B
respectively (Iindyck and Rubinfeld, 1988). The result of the correlation can be found in
the appendix O. The correlation results are not different in signs with those of the
covariance table except that their normalized values are very low. Also featured in the
analysis is the rclationship between residential waste per capita and the real user fee at
one hand, and the total residential waste and user fee depicted in appendices P and Q. The
scalter plot confirmed the inverse relationship between user fee and waste per capita at
one hand and user fee and total residential waste at the other hand. The significant
coniribution of the plot is that, it has shown that user fec is potentially beneficial in
providing the disincentive effect of wasteful bchaviour and. the consequent excessive

waste generation.
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5.2 Stationarity Results for Monthly Data

The first step in the analysis of gconomic instruments for waste management in Lagos
statc is the determination of the series” stationery (since the study employed time serics in
the analysis). To do this, we utilize the Philip-Perron unit root test which is the same as
Augmented Dickey fuller test (ADF — test) based on asymptotic distribution (Gujarati,

2003). The results for monthly data are as follows:

Table: 5.2: The Augmentced Dickey Fuller Result For Monthly Data

Philip-Perron test Mackinnon critical at 1% significance level
siatistic’/ADF
Variable Level 1 2 Level e 2™ Remark
diflerence | difference difference | difference
HOUSENSIZ 0.188 -4.739 - -3.635 -3.642 - 1(1)
POPDIEEN 0.222 -5.389 - -3.635 -3.642 - I(hH)
RIPRECY -1.607 -3.660 - -3.635 -3.042 - (1)
QCOM -3.886 - - -3.635 -3.042 - K0)
WPC -4,339 - - -3.035 - - K
RAIN -3.830 - - -3.635 - - 1{0)
RINC -1.498 4,617 - -3.635 -3.642 - (1)
WORKPOP ).240 -5.853 - -3.635 -3.642 - L[¢))
RUSA =201 -3.326 -6.5173 -3.635 -3.642 -3.647 1(2)
RUSFCOM -1.512 -3.653 - -3.035 -3.642 - K
TEMP -5.628 - - -3.635 -3.642 - 0)
DUMPIN -0.691 -5.116 - -3.635 -3.642 - D
CARPRICLE -0.050 -3.710 - .| -3.635 -3.642 - {¢D)

Where:
[Touschsiz = Mean household size in Lagos
Popden = Population per square kilometer (population density)
Rprecy = Average monthly price of recyclables (deflated
by the consumer price index) corresponding to time t.
Qcom = Weckly/Monthly tonnes of commercial/industrial solid waste
Wpe = Weekly/Monthly waste per capita
Rain = Average monthly level of precipitation in Lagos corresponding to time t.
Rinc = Monthly household income (deflated by the CPI) corresponding to time t.
Workpop = Percentage of population between 15 and 49 of age

Rusa=Average monthly residential user charge (deflated by CPI) corresponding to time t.
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Rusfcom = Average monthly user charge for comimercial/industrial waste (deflated by the
CP1) corresponding to time L.

Temp = Average mean temperature in Lagos

Dumpin = Monthly quantity (in tonnes) of waste dumped in Lagos Streets

Carprice = Cart pusher’s average monthly charge

Dump = Quantity of waste dumped in Lagos in time t.

Rearpr = Monthly real cart pusher’s charge corresponding to tme L.

Based on Philip Perron (PP) test statistic implemented above, four variables are
integrated of order zero (quantity of commercial waste, waste per capita, temperature and
precipitation level) while all other variables arc integrated of order I (except the
houschold user fee that is integrated of order 2) and as such needs a second differencing

s0 as to achieve stationarity. The study incorporated these in the subsequent modecl.

We proceeded by analyzing the impact of cconomic instruments on houschold waste
gencration. This same model also captures the impact of some socioeconomic variables
(such as household’s real income, and population density). A linear model to capture the

above relationship was fitted, the result of which is presented under section 5.3
5.3 Houschold monthiy regression results for differenced-stationary data

OLS regression for household model (imonthly data)
Wpc = Bo + B1 D(Rprecy) -+ B2 Rain + Bz temp + fad (Rinc) +
Bs D(Popden) + Bs DX(Rusa)+ ei (1)

Where D(variable) is the first difference of the variable, D* (variablc) is the second

difference of variable.
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Tablc 5.3: OLS Regression result for residential meodel (differenced monthly data),

Dependent variable is WPC (waste per capita)

Variable Coeflicient t-statistic
D(Rprecy) -0.043 0.766
Rain -0.001 -0.915
Temp 0.077 0.826
D{Rinc) -0.000 -0.733
D(Popdcn) 0.265 0.502
D? (Rusa) 0.019 0.943
R” 0.120
Adjusted R -0.038
DW 1.361
L*-statistics 0.761
Akaike info crilerion 2.466
Schwarz criterion 2.735

The above result indicates that none of the independent variables on their own
significantly explained waste generation per capita even at 10 percent significance level.
Temperature increases, population density, and user fee positively increase wastc
generalion per capita. Real price of recyclables, level of precipitation, and real houschold

income insignificantly depressed waste generation.

A look at the result indicates that contrary to expectation, waste generation responded
positively to user fee and ncgatively to income. Another look at the other statistics
indicated that R-squared of about twelve percent indicates that this is rather a poor fit.
I-statistics result also indicates that the joint contributions of the independent variables in
cxplaining wasle generation per capita in Lapos state was unfounded. Lastly, Durbin

Watson result indicates that first-order auto correction was present.

The negative adjusted coefficient of determination, insignificant F-statistic, and contra-
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intuitive results made us to simulate with various functional forms.

Pindyck and Rubinfeld (1998) suggest that time-series analysis and regression analysis
can be combincd to produce a better forecast than would be possible with the use of
either of these techniques alone. A regression model would have the dependent variable
explained by all the independent variable(s) and an additive error term. The additive error
term accounts for uncxplained variance in the dependent variable. However, one source
of forecast error of this regression model come from the additive error (noise) term whose

future values cannot be predicled.

We therefore went further by re-specifying the model in such a way that the residuals
would resemble a white noise process. [n particular, the residuals must be nearly
uncorrelated with each other so that a sample autocorrelation function of the residuals
would be close to zero for displacement K> 1 (Pindyck and R;Jbinfcld, 1998).

In order to correct the misspecification problem, we simulated various ARMA terms as
suggested by the Eviews Uscr’s Guide (2003: 311) which gave an insight into the AR and
MA terms to fit the properties of the residuals. It suggests that the Akaike information
criterion and Schwarz criterion provided with each set of estimates may be used as a
guide for appropriate lag order selection and we simply took a ;:lue from this, and, basc;:l

on their robustness, adopted ARMA (2,1) the result is hereunder presented:
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Table 5.4: OLS regression for houscheold modcel (differenced monthly data) with
ARMA terms. o
Dependent variable is WPC (Waste per capita)

Variables Coecfficicnt t-statistic
D(Rprecy) -0.010 -0.198
Rain -0.002 -1.256
Temp 0.125 1.101
D(Rinc) -0.001 -2.356
D(Popden) 0.012 0.018
D(Rusa) 0.025 1.399
AR(D) 1.215 7.285
AR(2) -0.541 -3.210
MA(1) -0.967 -28.030
R* 0.448 '

Adjusted R 0.256
DW 1.966
IP-statistic 2.335
Akaike info criterion 2.245
Schwarz criterion 2.658-
Convergence achieve afier 10 iterations

There was a positive relationship between moanthly waste gencrated per capita and
temperature, population density and user fee. Real household income, level of
precipitation, and price of recyclables were negatively related to waste per capita even

though only income significantly explained waste generation per capita.

The coefficient of determination and the adjusted coefficient of determination are high
enough for difference-stationary model, but the insignificant F-statistic however is a
major flaw of this functional form. The Durbin Watson result here may not be of
guidance in the test of a first-order autocorrelation but the counter-intuitive results and

nonconformity with theory and practice of results has made us to conclude that fitting the
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monthly data to our residential demand for solid wasle services may produce misleading

resulis.

5.4 Commercial monthly regression results for differenced-stationary data

OLS regression for diffcrenced commercial model (monthly data)

The model to be analysis here is hereunder stated:

Qcom = o;Qcomy.; - oz D(Rprecy) 1+ a3 Rain + oy Temp + os D(Rusfeom) -,y (2)

Where D(variable) is the first difference of the variable, D? (variable) is the sccond

differenced of variable.

Table 5.5: OLS Result for differenced variables (commercial mode))

Dependent variable is Qcom (inonthly quantity of commercial waste)

Variablcs Cocfficicnt t-statistic
Qcomy 0.017 5.289
d(Rprecy) 390.577 0.781
Rain 2010 0.158
Temp 557177 3.322
d(Ruslcom) -0.378 -0.149
R? 0.473
Adjusted R* 0.403
F-statisic 6.734
Akatke info criterion 20.994
Schwarz critcrion 21.217

The above result indicates that commercial waste generated in the previous time period
has a significantly high positive impact on those generated in the present or current
period. At the other hand, tempcrature level is a significant explanatory factor of

commercial waste. This is also in conformity with Jenkin’s finding that commercial
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wasle is positively related to the level of cconomic activities which is positively
influenced by temperature level. In addition, commercial uscr charge exhibited an inverse
relationship with the quantity of commercial wastc gencration in conformity with
theories. A further look at the result indicates that commercial waste is positively related
to price of recyclables as opposed to the theoretical postulates. Level of precipitation is
also positively rclated to total commercial waste although, neither of these variables
significantly accounled for commercial waste generation. The other statistics produced R-
squared of about fourly-scven perceit and this is rather a good fit for a difference-
stationary model. Collectively, the variables contributed significantly to waste generation,
but individually insignificant. The adjusted coefficient of determination of fourty percent
and Lagrange-Multiplier result which ruled out the prescnce of serial correlation points to
the fact that this model is reliable. Since autocorrelated errors can be ruled out (see table

5.5), we do not see any reason for estimating the ARMA version of the model.

The Breusch-Godfrey LM test is a general autocorrelation test which can accommodate
lagged explanatory variables and can test for higher-order autoregressive schemes like
AR(2). AR(3), etc. In addition, it can allow for simple or higher-order moving averages
of white noise error terms (Gujarati, 2003: 473). For the above-mentioned reasons, we
consider it more appropriate in testing for scrial correlation of our models ard the
procedure is as follows:
In a model Yi=fo+ B1 Xt +...7 Pt Xt + e 3)
If the error term follows pth-order autoregressive scheme (AR(p)), then;

K= Piphel T Papli Foon F Ppllep + & (4)
& 1 a while noise crror tcrm. The null hypothesis of the tcSt 5, p=p2=...=pp=0.
In other words, there is no serial autocorrelation of any order (in the above case, of order
p). the decision rule is to use the F-test and Obs*R-squared to test the joint significance
of the cocfficients of the error terms. If we obtain a probability value greater than 0.05, it
means that, at 5% significance level, the LM test does not reject a null hypothesis of no

autocorrelation (1lill, Griffiths and Judge, 2001: 275).

The implementation procedure is to run OLS on model Y, and obtain the u. Wc then
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regress [y on the original explanatory variables as well as the lagged values of p to the

desired order. For example, in an AR(2) for the original model above, we have;

we = BU‘ + B Xt PaXnt o a5

)

Table 5.6: Breusch-Godfrey Serial Corrclation LM test for differenced weekly

model
I-statistic 2.575 Probability 0.094
Obs*R-syuarcd 5.436 Probability 0.066

The search for the most befitting estimate of commercial model still continues. Since the

intent of this rescarch is to obtain a most rzliable estimate of data, we therefore performed

analysis on weekly data of all variables carlier mentioned. Before we proceeded, we siill

tested for the presence of a unit root and the results are as follows:

Weekly results

Table 5.7: The augmented Dickey-Fuller result for weekly data

Philips-Perron test statistic Mackinnon
IADF crilical at 1%4
significance level
Variable Lcvel ¥ 2™ diflcrence Level 1% differcncs: 2™ Remark
BifTerence difTcrence

Houschisiz 0.062 -5.595 - -3474 -3.474 - 1(1)
Popdci -0.335 -9.295 - -3.474 -3.474 - I(1)
Rprecy 1010 4,935 . 3474 23474 . i)
Qeom -3.543 - - -3.474 - - I(0)
Wpe -3.488 - - -3.474 - - 0]
Rain -3.237 -4.663 - -1.474 -3.474 - I
Rinc -1.473 -5.622 - -3.474 -3.474 - 1(1)
Workpup -1.674 -9.295 - -3.474 -3.474 - )]
Rusa -1.775 -1.999 - -3.474 -3.474 - I(1)
Rusfcon -1.550 5375 - -3.474 -3.474 - (1)
‘Temp -3.907 - - -3.474 - - I{Q)
Dumpin -1.012 -7.061 - -3.474 -3.474 - 11}
Carprice -2.321 -4.267 - -3.474 -3.474 - {1
Where:

Ilousehsiz = Mean household size in Lagos

Popden = Population per square kilometer (population density)

Rprecy = Avcrage monthly price of recyclables (deflated

by the consumer price index) corresponding to time t.
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Qcom = Weekly/Monthly tonnes of comnercial/industrial solid waste '
Wpe = Weekly/Monthly waste per capita

Rain = Average monthly level of precipitation in Lagos corresponding to time t.

Rinc = Monthly houschold income (dcflated by the CPT) corresponding to time t.
Workpuop = Percentage of population between 15 and 49

Rusa=Average monthly residential user charge (dcflated by CPI) corresponding to time t.
Rusfeom = Average monthly user charge for commercial/indusirial waste (deflated by the
CPI) corresponding to time t.

Temp = Average mean temperature in Lagos

Dumpin = Monthly quantity (in tonncs) of waste dumped in Lagos Streets

Carprice = Cart pusher’s average monthly charge

Dump = Quantity of waste dumped in Lagos in time t.

Rcarpr = Monthly real cart pusher’s charge corresponding to time t.

The result of a-unit root test on all weekly series are shown above and based on the order
of intcgration, we ran regression on the differenced variable. In order words, for variable
X with a unit rool, we replaced X with AX = (X} = X, —Xy.1. For variable X integrated
of order 2, D? (X) = D(X)) — D(X¢.1). By so doing, the model is transformed as follows:

5.6 Houschold weckly regression results for differenced-stationary data

QLS Repression for Dilferenced Restdential Model (Weekly Data)
Wpe; =B D(Rprecy) - B2 D{Rain) + B3 Temp + B4 D(Rusa) +
Bs D(Rinc) + B D(Popden) + &y

Where D(variable) is the first difference of the variables, D*(variable) is the sccond difference o

variable. Note that first differencing climinates the need for a constant term in the transforme:

cquation. 11 a constant term were included, it would pick up the effect of any time trend present is

the initial model (Pindyck and Rubinfeld, 1998).
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Table 5.8: OLS regression result for differenced weckly residential model

Dependent variable is WPC (wasle per capita).

Variables Coefficient T-statistics

D(Rprecy) 0.055 3.401
D(Rain) 2.62E.05 0.090
Temp 0.027 69.620
D(Rinc) 5.23E.05 0.604
D(Popden) 0.000 . 0.180
D(Rusa) -0.007 -1.192
R® 0.074

Adjusted R* 0.043

DwW 1.151

I"-statistic 2.373

Akaike info criterion -1.032

Schwarz criterion -0.914

The result in table 5.8 indicates that price of recyclables as represented by its first difference
metrological variables (temperature and precipitation levels), real income, and population densit;
were positively related Lo waste generation per capita. Real user fee however was inversely relate
to wasie per capita in conformity with thcory and practice. Price of recyclables and temperatur

level are significantly accounted for in our model.

This model is not acceptable however on- the ground of very low coefficient of determination anc
adjusted-coefficicnt of determination even though the F-statistic is barely significant at the 5%
level. To overcome this, we simulated with various ARMA models and based on level o

robustness settled for ARMA(2. 1) which result is presented as follows:
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Table 5.9: OLS regression result for difterenced weckly variable with ARMA term.

Dependent variable is Wpe (waste per capita).

Variables Cocfficient T-statistic
D(Rprecy) 0.072 5.132
D(Rain) 0.000 1.156
Temp 0.027 ' 24.185
D(Rinc) 2.39E.05 0.350
D(Popden) 0.000 0.313
D(Rusa) -0.010 -2.070
Ar(1) 0.893 4.420
Ar(2) -0.016 -0.117
Ma(l) -0.587 -3.117
R-squared 0.315
Adjusted R-squared 0.277
DW 1.97%
F-slatistic 7.211
Akaike info criterion -1.306
Schwarz crilerion -1.127

Convergence achieved after 8 iterations

A close examination of the result indicates that the coefficient of determination has greatly
improved. A cocfficient of determination of approximately 32 percent and adjusted-cocfficient o
delermination of almost 28% is not a bad onc for differenced variables, although there is stil
room, for improvement. The MA and AR roots also confirm that spurious regression has beet
avoided. The highly significant F-statistic indicates that all the independent variables jointly

explained waste per capita in Lagos.

Table 5.10: Breusch-Godfrey serial corrclation LM test for differenced weckly model witl

ARMA term

F-statistic 0.062 Probability 0.939

Obs *R-square 0.131 Pobability 0.936

The Lagrange-multiplier result above also rejects the poésibility of first and second-ordec:

autocorrelation, meaning that this model is more reliable.

The above result indicated that price of recyclables, meteorological variables (temperature anc
precipitation levels), real income, population density are positively related to waste generation pe

capita. Real user fee is negatively related to waste capita in conformity with theory and practice.
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User fee, temperature level and the price of recyclables were significantly accounted for in the
above model. Despite the level of confidence exhibited by the model here, we still feel that othe
techniques can still be explored so as get the best lincar unbiased cstimate of the houschold modet.

5.7 Commercial weekly regression results for differenced-stationery data

0OL.S regression for dilferenced commuercial model (weekly data)

The model to be analyzed here is hercunder stated:

Qcom = o;Qcom () + ap (Rprecy) + az D(Rain) + a4 Temp + as D(Rusfcom)+ g;; (7

Where D(variable) is the first difference of the variable, D*(variable) is the second difference o

variable.

Table 3.11: regression result for differenced weckly commercial modcl

Dcpendent variable is Qcom (Monthly quantity of commercial waste)

Variablcs Cocflhicient T-statistics
Qcomy, 0.803 18.061
D(Rprecy) - 157.312 1.257
D(Rain) -5.082 -1.496
Temp 65.585 4322
D(Ruscom) 0.089 0.152
R’ 0.669
Adjusted R* 0.660
DW 2.370
F-statistic 75.654
F-statistics 75.654
Akaike info criterion 17.720
Schwarz criterion 17.818

The unreported result of the commercial model shows a disappointed result as the cocfficient o
determination and adjusted coefficient of determination arc negative making the model totall:
unacceptable. When we factor in the fact that waste generation in time t-1 could significantl:

- - £
explain waste generation in time t, there is a remarkable improvement in our estimate which i
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presenled in Table 5.10. First, the cocfficient of determination of about sixty-seven percent and the
adjusted cocfficient of determination of sixty-six percent, and highly significant F-statistic madc
this estimaic looks unbiased and acceptable.

The result indicates that precipitation level is the only variable that has an inverse relationship with
commercial waste. Contrary to theory and practice, price of recyclables as well as the commercial

uscr fce relates positively to commercial waste generation.

Table 5.12: Breusch-Godfirey scrial correlation LM test for differenced weekly commercial

model.
I-statistic 0.528 Probability 0.002
Obs*R-squared | 12.563 Probability 0.002

Breusch-Godftey serial correlation result for the model however failed to reject the presence of
serial corrclation. Thercfore, a morc appropriatc model has to be estimated by introducing the
ARMA terms to correct the misspecification in the above model. Based on the robust nature, we

scttled for ARMA (1, 2). The result based on this is hercunder presented.

Tablc 5.13: OLS results for weekly commercial model with ARMA term

Dcpendent variable is Qcom (Monthly quantity of commercial wastc)

Variablcs Coefficient T-statistics
Qcomy 0.894 17.551
D(Rprecy) 158.831 1.525
D(Rain} -4.147 -1.464
Temp 36.672 2.144
D(Ruscom) -0.157 ) -0.340 -
AR(]) 0.815 7.032
MA(i) ] 1250 o -~ -11.299
MA(2) 2.370 1.731
F-statistic 75.054
Akaike info criterion 17.720
Schwarz criterion 17.818

Convergence achicved after 99 iterations
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Table 5.14 scrial correkation LM test for weekly commnercial model with ARMA

term.
F-statistics 11.161] Probability 0.000
Obs*R-squarcd 20.601 Probability 0.000

Table 5.13 shows the result which indicates that the coefficient of determination and ihe
adjusted cocfficicnt of determination bave increased duc to the addition of the ARMA (1,
2) term. The coefficient of dctermination is very high for a differenced variable, this is
quitc remarkable. The joint contributions of the independent variables in explaining the
quanlity of commercial waste generation was confirmed by the highly significant F-

statistic.

Last period commercial waste quahtity is directly and significant related to the current
commcrcial waste quantity. In addition, commercial waste quantity is significantly
cxplained by the temperature level in agreement with Jenkin’s findings. The relationship
between comnercial waste and tempcraturc fevel is direct. This is an agreement with the
findings of Jenkins that commercial activities increase with high temperature. On the
overall, most indcpendent variables bechaved in conformity with theorics and practice.
Price of recyclables responded positively to commercial waste turnout, level of
precipitation responded negatively to commercial waste. In addition, commercial uscr
charge cxhibited an inverse relationship with the quantity of commercial waste
generation in conformity with theory and practice. Nonc of these variables sigmficantly

affect commecrcial waste generation.
However, the Lagrange-Mulltiplier result also presented is a confirmation of the presence

of serial correlation. ‘The search [or the most robust estimate of commercial model stil!

conlinues.
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5.8 Monthly regression results for unfiltered commercial daia at levels

Commecrcial model (data cstimation at lcvels)

The models to be analyzed here is hereunder stated:
Qcom = ao + oyRrprecy + oy Rain + o Temp + o4 Rusfecom + g
Where, all variables arc as previously defined.

Table 5.15 regression for commercial model (unfiltered monthly data at levels)

Dependent variable is Qeom (Monthly quantity of commercial wastc)

Variables CoefTicient T-statistics

Constant 83622.080 1.613
D(Rprecy) 2069.115 0.746
_(rain) -6.300 -0.298 . |
Temp -2543.065 -1.494
Ruslcom 3.281 1.803
R’ 0.156

Adjusted R® 0.047

DWW 0.0706

I'-stalistic 1.430

Akaike info critcrion 21.098

Schwarz criterion 21918

The above results on table 5.15 indicate that none of the independent variables on their

own significantly explaincd waste gencration cven at 10 percent significance level.

A further look at the result indicates that most of the included cxplanatory variables
exhibited contrary signs to theory and practice. The coefficient of determination produced
a result of about sixteen percent which indicates that this is a poor fit. The adjusted
cocfficient of five pereent and Durbin Watson of 0.71 points to the fact that scrial
correlation is present. The main conclusion that can be drawn from this is that fitting OLS
to unfiltered and undifferenced monthly data of the commercial model will produce a

mislcading result,
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The justification lor applying the Cochrance-Qreutt’s estimated generalized least squares
(EGLS) when OLS shows autocorrclated disturbances was provided by Greene (1997),
Judge et al. (1985), Hill, Griffith and Judge (2001). Taking a clue from this, we present

our EGLS result as follows:

Table 5.16 EGLS regression for commercial model (unfiltered monthly data at
levels)

Dependent variable is Qecom (Monthly quantity of commercial wastc)

Variables CoefTicicnt T-statistic ;
Constant 76441.400 | 1.506
Rprecy 240.938 0.555
Rain -16.706 -1.056
Temp -1470.394 -0.887
Rusfcom 0.548 0.240
AR(1) 0.579 4.543
R’ 0.506

Adjusted R* 0.420

DW 75.654

F-statistic : 5.933

Akaike info eriterion 20.988

Schwarz criterion 21.254

Convergence achieved after 6 iterations

A look at the result on table 5.16 indicates that the coefficient of determination and the
adjusted cocfficient of determination have improved. The cocfficient of detcrmination
indicates that indcpendent variables have explained about 51 percent variability in the

quantity of commercial wastc.

The joint contributions of the independent variables in explaining the quantity of
comincreial waste gencrated was confirmed by the highly significant F-statistic. In

addition, the Durbin-Watson statistic of 2.50 is an indication of thc absence of at least a
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first-order autocorrclation. This is also confirmed by the LM result hercunder presented.

Table 5.17: Breusch-Godfrey scrial correlation LM test for commercial modcl

(unfiltered monthly data at levels)

I'-statistics 2.830 Probability 0.077

Obs*R-squared 6.066 Probability 0.048

While the price of recyclables responded positively to commercial waste turnover,
mcteorological variables (lcvel of precipitation and temperature level) responded
negatively to total commercial waste. In addition, commercial user charge exhibites a
dircct rclationship with the quantity of commercial waste generation. On the overall, most
independent variables exhibited counter-intuitive results which are at variance with
theorics and practice and nonc significantly explaincd commercial wastc gencration but
collectively, they contributed to the explanation of commercial waste. The search for the

most robust estimate of commercial model still continues.

5.8 Monthly rcgression results for filtered commercial data at lcvels

Commcrcial model {filtcred data and Icvels’ estimation

The model to be analysed here is hereunder stated:
Qcomsm = qot ¢ Rpreeysm + o, Rainsm + o3 Tempsm  +

o4 Rusfcomsm + g, %

Where, all variables are as previously defined and SM afier a variable means the variable has beei
filtered using Holt-Winters mcethod. The choice of Holt-Winters” filtering technigue over that o
others has alrcady been explained in the analytical technique, so we are not going to bring that u

here in this discussion.
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Table 5.18 rcgression for commercial model (monthly filtered data at levels)

Dependent variable is Qcomsm (Monthly quantity of commercial waste)

Variables Coefficient T-statistics

Constant 31141.610 0.602
Rprecysm 133.176 0.336
Rainsm 14.507 0.557
Tempsm -782.836 -0.500
Rufcosm 3.717 1.875
R’ 0.142

Adjusted R* 0.031

DW 0.299

F-statistics 1.28]1

Akaike info criterion 21.909

Schwarz critcriori 22.129

The result on Table 5.18 indicates that the coefficient of detcrmination as well as the
adjusted coefficient of determination are too low. The F-statistic result also failed to
support the joint contributions of the independent variables in explaining commercial
waste generation. In addition, the Durbin-Watson result failed to reject the presence of

serial autocorrelation and most variable results showed counter-intuitive signs and are

insignificant thus neccssitating the estimating of an EGLS version of the model.
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Table 5.19 GLS regression for commercial model (monthly filtcred data at levels)

Dependent variable is Qcom (Monthly quantity of commercial waste)

Variables Coeflicient T-statistics
Constant 74351.140 2.544
Rprecysm 97.776 0.285
Rainsm -9.719 -0.931
Tempsm -889.867 -1.157
Rufcosm -0.253 -0.143
AR(1) 0.797 10.562
R’ 0.812

Adjusted R 0.779

DwW 2.018

IF-statistics 24.978

Akaike info criterion 20.254

Schwarz critcrion 20.521

Convergence achieved afier 8 iterations

A look at the result on Table 5.19 indicates that the autoregressive process is 0.80 which
is within a unit bracket indicating the siationarity of the process. In addition, we present
the estimate of autocorrelation using the Breusch-Godfrey serial correlation EM-test. The

result of this is presented below on table 5.20.

Table 5.20: Breusch-Godfrey serial corrclation LM test for commercial model

(monthly filtcred data at levels):

F-statistics 0.573 Probability 0.571

Obs*R-squarcd 1.424 Probability 0.491

The serial correlation result presented above confirmed that serial correlation has been
corrected by the use of GLS or EGLS or FGLS to estimate the monthly commercial
model. Other results indicated that the independent variables have been able to account

for about 81 percent variability in commercial waste, this is a good fit. The joint
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contributions of the independent variables in e¢xplaining commercial waste has been

confirmed by our significant F-statistic.

Meleorological variables affected commercial waste generation negatively and,
commercial uscr charge has an inverse relationship with quantity of waste generated by
the commercial sectlor. Contrary to expectation, price of recyclables reacted directly 1o
the commercial waste quantity. In all, nonc of the independent variables on its own
significantly explained the commercial waste quantity. This on a first inspéction looks
like the problem of multicollincrarity. Gujarati (2003) referred to Goldberger’s parody
which emphasized that small sample size and lack of variability in the explanatory
variablcs may causc problems that resemble multicollincarity (Gujarati 2003). The
remcdial measures are in iwo categories. One is to follow some rule of thumb (pooling
the data, dropping variablc(s) and specification bias, transformation of vanables, addition
of new data efc.). The other way around it is the “do nothing” approach championed by
Blanchard (1967). According to this approach, multicollineratiy is not a problem with
OLS or statistical technique in general, it is a data deficiency problem (micronumerosity)
and most time, we have no choice over the data we have available for analysis (Gujarati
2003). It is true that there is non-variability in most of our explanatory variables. This
could be the rcason why our cocfficicnt of determination and adjusted cocfficicnt of
determination are so high whercas all the explanatory variables are insigaificant but
nearly exhibited expected signs. Following Blanchard’s suggestions, we do not sce any
reason why we should do anything to correct this, moreso that other approach to the issue
is based on rulc of thumb and their potcntials in solving the problem without crcating a

more difficult problem into our analysis is doubtful.

5.9 Weekly regression results for filtered commercial data at levels

Regression results afier applying Holt-Winters filter on weekly scrics commercial _modcl

The model to be analysed here is hereunder stated:

Qcomsm =ay + oy Rprecysm + a; Rainsm + a3 Tempsm + a4 Rusfcosm + g
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(In the above model, the SM after a variable indicated that the variable has been filtered).

Table 5.21: OLS estimate of weckly filtered data for cumm;:rcial model

Dependent variable is Qcomsm (weekly quantity of commercial waste)

Variablcs Cocflicient T-statistic
Constant 12408.200 2224
Rprecysm 74.709 1.891
Rainsm 0.817 0.337
Tempsm -390.277 -2.160
Rufcosm 0.778 3.918
R* 0.147
Adjusted R* 0.124
DWW 0.142
I*-statistic 6.577
Akaike info criterion 18.640
Schiwarz criterion 18.737

The OLS result on smoothed series was not too different from that of the unsmoothed

weekly commercial model except that two variables significantly explained commercial

wasle generation. R-squared and adjusted R-squared improved slightly, but the

autocorrclated disturbances still appeared. This thereforc, made our OLS estimate

inefTicient. Applying GLS due to its efficiency property (Green, 1997), a better estimate

was achieved.

GLS estimate of weekly commercial model.

The model to be analyzed here is hercunder stated:

Qcomsm = ag + oy Rprecysm + oaRainsm + a3 Fempsm + oy Rusfcom + it (n
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Table 5.22 GLS cstimate of weekly filtcred data for commercial model

Dependent variable is Qecomsm (Weckly quantity of commercial waste)

Variables Cocflicicnt T-statistics

Constant (o) 3230.5065 _ 0.519
Rprecysm 59.461 0.895
Rainsm -1.906 -0.990
Tempsm 188.827 1.000
Rulcosm -0.619 -0.342
AR (1) 0.924 36.514
R’ 0.894

Adjusted R 0.891

Dw 1.891

F-statistic 254.904

Akatike info criterion 16.521

Schwarz criterion 16.638

Convergence achieved after 7 iterations

A close look at the result on Table 5.22 indicatcs that autoregressive process is 0.92
which is within a unit bracket indicating the stationarity of process. In addition, we
analyzed the autlocorrelation process using the Breusch-Godfrey serial correlation LM

test. The result of this is presented on Tabie 5.23,

Table 5.23: Breusch—Godfrey serial correlation LM test of weekly filtered data for

commcrcial model

F-squared 0.621 Probability ‘ 0.539 |

Obs*R-squared 1.297 Probability 0.523

The Lagrange multiplier resuit indicates that autocorrelation was not present. The EGLS
result for commercial modcl showed that the coefficient of determination improved
tremendously to 89 percent, the F-statistic of 254.9 validated the joint significance of the

indcpendent  variables in explaining total commercial waste gencrated. The LM
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conflirmed the abscnce of autocorrelation meaning that cstimates based on the weckly
commereial model is good for policy formulation. A fairly comprehensive interpretation

of result is hereunder given.

Based on the FGLS estimates reported, the coefficient of determination of 89 percent
points 1o the fact that all independent variables explained up to 89 percentage variability

in {otal commercial waste generation.

Even though cach of the independent variable did not explain total commercial waste
generation significantly, a combination of these variables explained the commercial

waste generation significantly.

Contzary to expeclation, commercial wastc generated responded positively to the average
price of recyclables. This result is also related to what was obtained by Jenkins in his

commercial model.

Precipitation level and commercial waste generated are inversely related indicating that
rain reduces the level of commercial activity and hence the quantity of commercial waslc
generation. The quantity of commercial waste gencration rcsponded positively to
tcmperature in conformity with intuition. The above result is true since commercial
activity and temperature are positively rclated, it is expected that total commercial waste

should have a positive relationship with temperature level.

Lastly, the commercial user fce was negatively related to commercial waste gencration.
This is also a confirmation of theorics, especially Jenkin’s (1993) theory of firms’

behaviour adopted in this work.

The above result also exhibited traits that resemble multicollinearity. Gujarati (2003)
referrcd to Goldberger’s parody which cmphasized that small sample size and lack of
variability in the explanatory variables may cause problems that resemble

multicollinearity (Gujarati, 2003). We also adopted the “do nothing” approach
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championed by Blanchard (1967). Since we have no choice over the data we have

available for empincal analysis (Gujarati, 2003).
5.10 Monthly regression results for unfiltercd household data at levels

QLS cstimates for unfiltered monthly houschold model (variables at tevels)

OLS regression for residential unfiltered model at levels (monthly data) is produced
below:
Wpc = ¢ + B Rinc +3; Popden +33 Rain + 34 Temp + B5 Rprecy +

B¢ Rusa +g; (12)

Table 5.24: OLS estimatc of monthly unfilterced data for household mode).
Dependent variable is Wpe (Monthly waste per capita)

Variable Cocfficient T-statistic
Constant ($o) 4.693 0.177
Rinc 0.000 0.196
Popdcn -0.001 -0.122
Rain -0.000 -0.240
Temp 0.131 0.926
Rprecy 0.073 1272
Rusa -0.037 -1.194
R* 0.101
Adjusted R” -0.085
DwW 1.603
F-statistic 0.543
Akaike info criterion 2.482
Schwarz criterion 2.790

OLS result of monthly serics shows some unimpressive result as it has, very low R-

squared and negative adjusied R-squared, Durbin-Watson of 1.60 indicating the presence
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of sertal correlation. We further applied an FGLS on series and the result is not in

anyway better than the OLS estimate. The FGLS estimate is presented below.,

GLS estimates for unfiltered, household model (monthly variables at levels)

GLS regression for residual unfiltered model at levels (monthly data) is produced below:
Wpe = {3 + 3 Rprecy + 3, Rain + 33 Temp -+34 Rusa + Bs Rinc + 3¢ Popden +

Eit (13)
Table 5.25: FGLS estimate of monthly unfiltered data for houschold modcl.

Dependeni variable is Wpe (Monthly waste per capita).

Variables Coefficient T-statistic
Constant (B, 13.816 0.479
Rinc -0.000 -0.163
Popden -0.004 -0.400
Rain -0.001 -0.587
Temp 0.095 0.585
Rprecy 0.066 0.935
Rusa -0.026 -0.690
AR(1) 0235 1.195
R? 0.143
Adjusted R* -0.079
DW 1.849
F-statistic 0.646
Akatke info criterion 2.530
Schwarz criterion 2.886

convergence achieved after 7 iterations

The result on Table 5.25 shows that houschold user fee, level of precipitation, household
income and population density are inversely related to waste per capita. On the other
hand temperature level, and price of recyciables are positively related to waste per capita

contrary to expectation.
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A further look at the resuli indicates that the coefTicient of determination s very low and
the adjusted cocfficient is negative and all the independent variables have not
significantly explained waste per capita. In addition, the Durbin-Watson result shows the
presence of serial correlation making us to suspect the inadequacy of this model. We

therefore proceeded by smoothing our monthly data and then re-made our estimates.
5.11 Monthly regression results for filtered houschold data at levels

OLS estimate for filtered, monthly household model] {variables at levels)

OLS regression for filtered household model at levels {monthly data) is produced below:

Wpesm = g + BiRprecysm + § Rainsm + B3 Tempsm +4 Rusasm +

BsRincsm + Bg Popdensm + g (14)

Table 5.26: OLS Estimate of monthly fiitered data for houschold model.

Dependent variable is Wpe (Monthly waste per capita)

Variables Coeflicicnt T-statistic

Constant (Jo) -4.999 -1.100
Rincsm , 0.000 1.354
Popdensm 0.003 1.913
Rainsm 8.651-05 0.332
Tempsm (.003 ‘ 0.179
Rprecysin 0.011 1.235
Rusasm -0.005 -1.108
R* 0.521

Adjusted R* 0.422

DW 0.488

F-statistic 5.261

Akaike info criterion -1.147

Schwarz criterion -0.839
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The result on Table 5.26 shows that income is positively related to waste generated per

capita in conformity with theory and practice. Population density significantly explained

waste gencraled per capita and the relationship is a direct one. Other results indicate that

temperature level and price of recyclables directly explained waste per capita.

Precipitation level was positively related to waste per capita. In agreement with theory,

user fee is inversely related to waste generated per capita.

In the above case however, the F-statistic justified the joint contributions of the

independent variables in explaining waste per capita. The coefficient of determination of

52 percent 1s not too low. With Durbin-Watson of 0.49 however, there is surely the

presence of at least a first-order autocorrelation. This further necessitated analyzing with

an FGLS because of its efficiency property.

Table 5.27: GLS estimate of monthly filtered data for household model

Dependent variable is Wpe (Monthly waste per capita)

Yariables Cocfficient T-statistic

Constant (3o) -2.808 -0.745
Rincsm -4.34E-05 -0.571
Popdensm 0.003 1.910
Rainsm -1.15E-05 -0.083
Tempsm 0.002 0.146
Rprecysm -0.003 -0.377
Rusasm 0.002 0.518
AR (1) 0.782 7.941
Adjusted R? 0.810

DW 1.232

F-statistic 21.707

Akaikce info criterion -2.214

Schwarz criterion -1.859

Convergence achieved afler 12 itcrations
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Tablc 5.28: Breusch-Godfrey scrial corrclation LM test of monthly filtered data for

houschold model.

F-statistic 3.652 Probability 0.041

Obs*R-squarcd 7.914 Probability 0.019

The result on Table 5.27 shows the FGLS for the filtered monthly data. The result also is
not too different from the OLS counterpart just estimated. This lends credence to the
postulates that whenever we usc FGLS, or EGLS method, the estimates may not be best
lincar unbiased cstimate (BLUE) in small samples. The estimated OLS cocfficients may
have their usual optimum properties asymptotically. Griliches and Rao (1969) in a Monte
Carlo study found that if the sample is relatively small and the ‘tho’ value is less than 0.3,
OLS is as good or better than FGLS when there is autocorrelation. The determination of
large or small samples is however not casily determinable. Practical judgment however
suggests that if you have observations of 15 to 20, the sample may be small, but if you

have, say, 50 or more observations, the sample may be relatively large (Gujarati, 2003).
Lastly, the Lagrange multiplier result of the model indicates that at least a first-order
autocorrclation was still present and as such this model is not reliable as it is not efficient
and cannot be rclicf upon for policy formulation.

5.12 Weckly regression results for unfiltered houschold data at levels

QLS cstimate for unfiltered, weckly houschold model (variables at levels)

OLS regression for residential unfiltered model at levels (weekly data) is produced

below:

Wpc= Bo+ PBiRprecy + P2 Rain+ P3 Temp+ Ps Rusa+
Bs Rinc + B¢ Popden + gy (15)
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Table 5.29: OLS estimatc of weekly unfiltered data for household model

Dependent variable is Wpe (waste per capita)

_ Variables Coeflicient T-statistic
Constant () 0.469 0.227
Rprecy 0.007 1.848
Rain -0.000 -0.789
Temp 0.019 1.669
Rine 4.85LE-05 0.962
Popden 4.80E-05 0.068
Rusa -0.006 -4.297
R’ 0.149
Adjusted R* 0.115
DW 1.655
F-statistic 4.347
Akaike info critcrion -1.083
Schwarz criterion -0.940

OLS result of weckly series for unfiltered data serics at levels shows some unimpressive

results as it has, low R-squared, and autocorrelation cannot be ruled out. We further

applied an FGLS on scrics and the result is presented below.

FGLS estimates for unfiltered, weekly household model {variables at levels)

FGLS regression for residential filtered model at levels (weckly data) is produced below:

Wpc = Bo + i Rprecy +B; Rain +3; Temp + fl4Rusa + 5 Rinc + BgPopden + &,
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Table 5.30: FGLS cstimate of weekly unfiltcred data for houschold model

Dependent variable s Wpe (waste per capita)

Variablcs Cocfficient T-statistic
Constant (Bg) 0.279 0.126
Rprecy 0.008 1.893
Rain -0.000 -0.771
Temp 0.017 1.264
Rinc 6.24E-05 ) 1.134
Popden 7.47E-05 0.098
Rusa -0.006 -3.786
AR (1) 0.516 1.945
R’ 0.179
Adjusted R* 0.140
DW 1.925
I'-statistic 4.589
Akaike info criterion -1.127
Schwarz criterion -0.970

Convergence achieved afler 6 itcrations

Before an in-depth breakdown of the above result, it is good to test for the presence of

autocorrelation using the Lagrange multiplier test and the result is depicted as follows;

Table 5.31: Breusch-Geodfrey serial correlation LM test on weekly unfiltered data

for houschold modcl

F-statistics 3.422 Probability 0.035

Obs*R-squared 6.986 Probability 0.030

LM test above failed to reject the presence of serial correlation up to order 2. In addition,
there was a low coefTicient of determination of about 18%, although F-statistic was

significant and autoregressive root within a unit bracket is a clear sign of stationarity.
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lLooking at the coctlicient of determination and the adjusted coefTicient of determination,
the independent variables have explained only about 18 and 14 percent respectively of
the variability in wasle per capita. This is a bad fil. In addition, the coefficient of
determination and the adjusted coefficient of determination of 18 and 14 respectively
indicates that the included explanatory variables contributed insignificantly o the

explanation of waste per capita and were not properly accounted for.

A further look at the result showed that houschold income, population density, price of
rccyclables, and temperature level have positive impact on waste generated per capila

although the cocfficients are very low and insignificant. -

Other result shows that the level of precipitation was indirectly related to waste generated
per capita. However, what the precipitation adds to waste per capita was very slight and
insignificant. The logic behind this result is simple, since not all households do keep their
refuse bins indoor, it is expected that precipitation may cause waste to increase in weight.
Again, the user fec was negafively rclated {o waste per capita in conformity with
intuition, theory, and empirical findings of carlier works (Jenkins, 1993; Richardson and
Havlicek, 1978; Wertz, 1970; Fullerton and Kinnaman,1996). Based on the result of
Table 5.29 however, this estimate is not good for policy formulation and forecast. A new

approach has to be devised.
5.12 Weckly regression results for filtered houschold data at levels

OLS estimate for {iltered, weekly household model (variables at levels)

OLS regression for residential filtered modet at levels (weckly data) is produced below:
Wpesm = [y + B Rprecysm + [ Rainsm + [3; Tempsm + 34 Rusasm +

[33 Rincsm + B¢ Popden + 6 a7
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Table 5:32: OLS estimate of weekly filtered data for houschold model

Dependent variable is Wpcsm (waste per capita)

Variables Cocfficicnt T-statistics
Constant {[3y) 1.657 1.329
Rprecysin 0.005 2.121
Rainsm 6.93E-05 0.955
Tempsm 0.032 5.543
Rusasm -0.005 -6.447
Rincsm -1.29E-05 -0.426
Popdensm -0.000 -0.426
r 0.339
Adjusted R” 0.312
DWW 0.290
F-stalistics 12.884
Akaike info criterion -2.295
Schwarz criterion -2.159

OLS result of weekly series aller applying Holt-Winter’s filter on scries at levels also
shows some unimpressive results as it has, low R-squared, almost zcro Durbin-Watson
(0.29). This indicates the presence of scrial correlation. We further applied an FGLS on

series and the result is quite interesting.

FGLS estimates for filtered, weekly household model (variables at levels)

FGLS regression for residential filtered model at levels (weekly data) is produced below:
Wpcesm = Bo + BiRprecysm + zRainsm + 3 Tempsm + f4Rusasm +

BsRincsm + fisPopdensm + g; (18)
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Table 5.33: FGLS estimate of weekly filtered data for household model

Dependent variable is Wpesm (waste per capita)

Variablcs Cocfficient T-statistic

Constant () 3.080 2.120
Rprecysm 0.016 4.305
Rainsm 3.50E-05 0.494
Tempsm 0.017 2.320
Rusasni -0.003 . -2.010
Rincsm 1.00E-05 0.439
Popdensm -0.001 -2.188
AR(1) 0.902 33.375
R? 0.859

Adjusted R* 0.852

DW 1.764

F-statistic 129.222

Akaike info criterion -3.890

Schwarz criterion -3.734

Convergence achieved afler 9 iterations

Belore an in-depth breakdown of the above result, it is good to test for the presence of

autocorrelation using the Lagrange multiplicr test and the result is depicied as follows:

Table 5.34: Breusch-Godfrey scrial correlation LM test on weekly filtered data for

houschold model

F-statistics 2.230 Probability 0.111

Obs*R-squared 4.623 Probability 0.099

LM test of Table 5.34 rejects the presence of serial correlation up to order 2. In addition,
the ‘rho’ value of 0.9 points to the absence of a unit root and the stationarity of the

process.
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There was a high coceflicient of determination of about 86%, significant F-statistic and
autoregressive root within a unit bracket is a clear sign of stationarity. LM test confinmed
the absence of serial correlation. Full and meaningful presentation of result based on this

estimate can therefore be given.

Looking at the coeflicient of determination and the adjusted coeflicient of determination,
the independent variables have explained about 86 percent respectively of the variability
in wasle per capita. This is a good fit. In addition, the coefficient of determination and the
adjusted coefficient of determination of 86 and 85 respectively indicates that the included
explanatory variables contributed highly to the explanation of waste per capita and were
well accounted for. The F-statistic also validates the joint contributions of independent

variables in explaining waste per capita.

A further Jook at the result shows that household income has a positive impact on waste
generated per capita although the cocflicient is very low and msignificant (0.00001). The
clasticity of waste generation per capita with respect to a small change in income at their
sample means is about (.2, meaning that a 100 percent rise in income will lead to a 20
percent rise in wasle generation, This shows that waste generation was less elastic of
household’s real income. This clasticity was similar to those obtained by Wertz (1976)

-0.272 Richardson and Havlicek — non uniformity of income effects on diflerent waste
components (1976) and Jenkins (1993). This elasticity is very important for policy
making since any government’s deliberate plan to boost income level in the state must go

with adequate waste management services.

Interestingly, the average price of recyclables did not conform to theory and intuition as it
was directly related to waste per capita. The rcason for this may not be unconnected with
the nature of recyclables. The average price of recyclables in wasle streams was 100 low
to provide the needed incentive for houscholds to recycle because of the high transport

costs for large volume, low value recyclables generated in Lagos.

This resuit is very similar to what Jenkins obtained in his empirical validation of his
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theory. Other results showed that the level of precipitation was directly related to wasle
generated per capita. However, what the precipitation adds to waste per capita was very
slight and instgnificant. The logic behind this result is simple, since not all households do
keep their refuse indoor, it is expected that precipitation causes waste Lo increase in

weight.

There was a high, significant positive relationship between waste generated per capita
and the level of temperature. A unit risc in temperature level can bring about as much as
0.016562 kilogrammes increasc in waste per capita. The reason for this relationship may
not be unconnected with the fact that the level of activities (including domestic) increases

the morc in warm scason than in cold scason.

The user fec was negatively related to waste per capita in conformity with intuition,
theory, and empirical findings of earlier works (Jenkins, 1993; Richardson and Havlicek,
1978; Werlz, 1976; Fullerton and Kinnaman,1996). A unit increase in monthly user fee
other things remaining constant would lead to a 0.003318 decline in weckly waste per

capita.

Elasticity of waste generated per capita 'with respect to a small change in the average
monthly uscr fee at their sample means was about -0.9. The meaning of this is that a 100
percent rise in the user fee will lead to a 90 percent decline in wasle per capita. This is
almost a unitary elasticity value which is similar to the ones obtained by Weriz (1976);
Richardson and Havlicek (1976) and Jenkins (1993). The clear import of this finding is
that user fec is a very potent instrument in curtailing excessive waste penerated per capita

in Lagos.
There was an inverse relationship between waste per capita and population density. This
result also indicates that the more compacted the popuiation is, the more people tends to

take advantage of the resulting economics of scalc of sharing items.

In all, waste per capita was significantly explained by user fee, level of temperature, the
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price of recyclables and population density.

Improvement of filtered data analysis version over the ARMA model estimation

Charemza and Deadman (1997) highlighted the traditional econometric criteria for
selecting the ‘best model’ such as the maximum R? (co-efficient of determination)
criterion, which are far from being the ideal especially if the model has been derived
through data mining (procedures which used a fixed data sample in some sequential
manner to arrive at the final model specification). Perhaps, a brief consideration of
coeflicient of deterinination is important, so that we can know the potentials and
relevance of this tool in this rescarch cffort. The co-cfficient of determination measures
the proportions of the total variation in the dependent variable that is accounted for by

variations in the regressors.

Regression analysis is ofien used for forecasting and in this case, we are interested in how
well the regression model predicts movements in the dependent variabile. The coefficient
of determination (R?) is a measure of the fit of the model. R? is the squared correlation
between the observed values of the dependent variable and the predictors produced by the
estimated regression (Green 1997). Even though a high R may be achieved, the direction
of causation in the behavioural relation being tested may be incorrect. This sugpests that
sccking high R” valuc is no substitute for carcful theoretical analysis (Doti and Adibi,
1998). A high R? valuc can also mask other statistical problems (for instance,
misspecification) such as the omission of relevant variables which are trended with the

included explanatory variables leading to a very high R?

Again, some serics are inherently more erratic and unstable and, consequently, are more
difticult to explain in terms of a regression relationship. In such a case, a low R* may be
quite an achievement in spite of the fact that it looks paliry when compared with those

equations that have R? values typically close to one.

Aunother problem with the coefficient of determination is that it never decreases when

another variable is added to a regression equation no matter how irrelevant the variable is
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to the model. A way of avoiding this is by computing the adjusted — R? which will fall
(risc) when the variable X is deleted from the regression if the t-ratio associated with this

variable is greater (less) than 1 (Greene, 1997).

All the above sugpests is that R? measure must be used carefully in a discriminating
manner. It can prove to be a useful cconometric tool of analysis but only when it is used
with discretion. Meaning[ul empirical results are more likely to emerge from an equation
that is based on careful theorctical analysis rather than onc with a high R® and a weak

theoretical framework (Doti and Adibi, 1998).

Greene (1997: 256) also corroborated the above point when he stated that, “Little can be
said about the relative quality of fits of regression lines in different contexts. One must be
carelul however, even in a single context, to be sure to use the same basis for comparison
for competing models. Usually, this concerns how the dependent variable is computed.
For example, a perennial question concerns whether a linear or log-linear model fits the
data better. Unfortunately, the question cannot be answered from a dircct comparison. An
R? for the lincar regression model is different from an R* for the log-linear model.

Variation in y is difTerent from variation in log y”.

Several other measures were proposed vﬁlh the aim of improving understanding of the

overall characteristics of a model. The most widely used criteria for judging the goodness

of a particular model whilst taking into account the number of estimated parameters are:

i The coefficient of determination, adjusted for the number of explanatory variable

1 The Akaike information criterion (AlC) computed as: AIC = (-2 I/n + 2.k)/n or
log (Ze*m) + 2k/n. where 1 is the value of the log likelihood function of the
estimated model, k is the number of independent variables and n is the number of
obscrvations, The idca behind the use of AIC is the sclection of model with
minimal loss of information (smallest AIC). For models with the same number of
parameters and cstimated using the same sample, this lcads to selecting the model
with the smallest residual sum of squares (RSS).

For model with different number of explanatory variables the AlC and adjusted —
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R criteria may differ.

The Schwarz Criterion (8C) is derived as: -2 1/n + 2k (log n)/n or log (Zezfn +k
log n/n). The AIC differs from the adjusted — R in that it penalizes the addition of
right-hand-side variables (which reduces the number of degrees of freedom) more
heavily. The SC also penalizes thc addition of right-hand-side variables more

. 2
heavily than does the corrected R*.

The final prediction error (FPE) is compuled using the formular below: P =
((n+k) / (n-k))o” is an unbiased estimate of the residual variance) FPE is based on
forecasts made using actual rather than estimated values of explanatory variabies
for forecast periods and using parameter estimates for the entire sample, inclusive
of the forecast period. The model with the smallest ex-post prediction crror is

sclected.

All the above criteria, as well as numerous modifications arc based on ' ihe
principle of minimizing the residual sum of squarcs as a guide for sclecting the

best model (Maddala, 1988; Charemza and Deadman, 1997).

The results of coefTicient of determination, adjusted coefficient of determination,
Akaike information and Schwarz criteria indicates that the FGLS or EGLS
estimates on Holt-winters’ filtered data are the most robust. In addition, they arc

the most reliable for forecast and policy decisions.

results presentation of stepwise regression for dumping model

Dumpsm = oy + o) Rearprsm + ¢ (19)
Dumpsm = oy + o) Rusasm +¢ ‘ (20)
Dumpsm = a4 + oy Rusfecosm + & (21)
Dumpsm = ag + oy Rearprsm + o2 Rusasm + & (22)
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5 Dumpsm = ap + oy Rearprsm + ¢ Rusfcosm + ¢
p P

(6) Dumpsm = o + a; Rearprsm + oz Rusasm + o3 Rusfeosm + ¢

Results
. Dumpsm = 173244.2 - 933.949 Rcarprsm + ¢
t-stats (2.823) (-1.920)

R-squared = (0.098, adjusted R-squared = (.071, F=3.69

2. Dumpsm = 83208.64 — 142,187 Rusasm + ¢
t-stats (1.852) (-0.617)
R-squared = 0.00206, adjusted R-squared =-0.018, F = 3.88

3. Dumpsm = 62044.19 — 0.861 Rusfcom + &
t-stats (2.84) (-0.299)
R-squared = (.003, adjusted R-squared = -0.027, ¥ = (.090

4. Dumpsm = 205954.8 - 2395.605 Recarprsm + 779.110 Rusasm + &
t-stats (3.357) (-0.703) (1.941)

R-squared = 0.190, adjusted R-squared = 0.141, IF = 3.88

F-ratio due to the addition of Rusasm = 3.67 (signf)

5. Dumpsm = 179527.1 - 1107.748 Rcarprsm + 2.076 Rusfcosm + ¢
t-slats (2.809) (-1.993) (0.664)

R-squared = 0.1097, adjusted R-squared = 0.0558, F =2.03

F-ratio due to the addition of Rusfcosm = 3.71 (signif).

(23)
(24)

(25)

(26)
27

(28)

29

(30)

€2))

6. Dumpsm = 211040.8 — 2528.7 Rcarprsm + 768.5 Rusasm + 1.8 Rusfcosm +¢

t-stats (3.376) (-2.745) (1.895) (0.6006)
R-squared = 0.200, adjusted R-squared = (i.125, F =2.66
F-ratio due to the addition of Rusfcosm to (4) = 3.55 (sigif.)

(32)

The general conclusion one can draw from the above results is that all the three

142



independent variables are justified for inclusion into the dumping model.

Table 5.35: GLS estimate for dumping model

FGLS monthly data FGLS weekly data
Variable Coefficicnt t-statistic coeflicient  t-statistic
Constant -26116.80 -0.222 5805.271 0.762
Rearprsm 49.062 0.096 34.019 0.464
Rusasm 71.062 0.286 -5.860 -0.187
Rusfcosm 2.770 1.053 0.221 0.556
AR(D) 0.976 0.982
R-squared 0.892 0.955
Adjusted — R® 0.850 0.953
DW 1.850 1.874
F 62.011 ~ 800.260

35 : 155

The above result shows the GLS estimates of the dumping model. The import of this
model! is to account for the dumping that accompanies cach user charge. The stepwise
regression has enabled us 1o ascertain the regressors to include in the model. Of course,

the three user charges collectively exerted significant influence on dumping.

The GLS result suggests that a first-order autocorrelation has been cured and the
dependent variables has explained betwecn 89 % (for the monthly data) and 95% (for the
weekly data) variability in the dependent variable indicating that a good fit has been
achicved. Autocorrclation has been cured and the inverted roots within a unit bracket is
an indication of stationarity. From all these, one can rightly conclude that a good model

for dumping has been achieved.
Further look at the result shows that cach of the user charge (including the cartpusher’s

charge) influenced waste dumping though insignificantly. An increase in the user charge

gave rise to more dumping. Even though no individual charge increased waste gencration
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signilicantly, a combination of these charges when increased simultaneously can cause

significant waste dumping. This fact is confirmed by the significant F-statistic result.

5.15 Bchavioural analysis of houschold

Although, this section is not a major objective of our analysis, we feel compelled to add it
to our analysis because of the valuc added. It analyzed why a particular household would
opt for a particular type of waste service provider. In addition, it indicates the ranking of
each waste service provider as perceived by the households and firms. The major tool of

analysis here was the difference of two means.

The difference of two means result for the incomes of PSP and the cartpushers’ patrons
produced a Zeyeutaca 0f 1.46 which is lower than the Zgiear at o = 0.02 (that is, 2.33)
_ which indicates that the mean income of the PSP patrons was not significantly different
from the mean income of the cartpusher’s patron. In order words, income was not a major

determinant of which waste service provider to patronize.
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Table 5.36: Difference of vo means resull for houschold charges

Difference Crifical

Xi Xz S Sz N N3

of 2|7 at o

means £ | =0.02

calcul.
] 157.29 | 97.96 104.65 |82.62 [4.29 2.33 162 177
2 158.52 | 99.65 10473 | 84.69 [4.23 2.33 162 177
3 160.37 | 98.52 106.49 | 84.67 4.48 2.33 162 177
4 161.62 | 99.09 106.52 | 83.33 458 2.33 162 177
5 162.23 | 97.96 106.85 | 83.30 |4.56 162 177
6 163.46 | 99.09 104.84 | 81.96 |4.85 162 177
7 157.91 | 99.65 | 101.75 | 82.65 4.95 162 177
g 159.14 | 100.78 | 101.72 | 84.69 |4.93 162 177
9 156.06 | 101.91 | 100.00 |85.35 1454 162 177
10 158.52 | 101.91 | 102.08 | 84.68 4.75 162 177
11 15976 | 105.3 106.13 | 89.77 4.36 162 177
12 16161 1109.82 | 10571 |92.54 (4.1l 162 177
| 177.66 | 113.21 | 96.16 92.13 6.42 162 177
2 180.13 | 113.78 | 10645 |92.05 6.24 162 177
3 180.13 | 113.78 | 107.77 | 92.67 6.18 162 177
4 181.99 11547 | 110.67 | 94.23 6.07 162 177
5 8199 [ 11547 |108.73 [94.23 G.14 162 177
o 18260 | 115.47 {10816 | 94.83 6.21 162 177
7 181.13 | 117.73 | 104.52 | 95.64 5.95 160 177
8 18113 | 117.73 ] 10521 195.64 5.93 160 177
9 18113 [ 118,11 | 10521 |96.97 5.85 160 176
10 18050 | 12039 | 103.72 | 100.01 |5.57 160 176
11 181.75 | 12095 {10599 {101.03 |5.55 160 176
12 18223 | 123.23 | 106.76 | 100.54 | 5.41 160 176
| 709.76 | 13232 | 115.19 | 103.15 | 6.9] 162 176
2 20976 | 132.99 }115.19 | 10433 | 6.84 162 177
3 71099 1 134.12 | 117.41 |102.32 | 6.83 162 177
4 71099 | 13638 | 1192} | 102.65 ]6.58 162 177
5 212.85 | 135.81 | 120.04 ]102.85 |06.76 162 177
6 714.08 | 13694 [ 12096 |103.01 1674 162 177
7 213.46 | 135.81 | 119.91 | 102.85 | 6.82 162 177
8 71223 | 13638 | 118.97 §103.21 |6.69 162 177
9 21223 | 136.94 | 118,97 | 104.65 | 6.6] 162 177
10 212.61 | 139.2 118.65 | 106.53 | 6.42 161 177
11 214.48 | 139.77 | 120.05 {107.37 | 6.47 161 177
12 715.10 | 140.9. | 11931 | 107.49 ]647 161 177

Source: Author’s ficldwork, 2004.
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Wherce:

Xy, S; and Ny are respectively the mean charges, the standard deviation and the number

of respondents partronizing the PSP. X3, S; and N; are respectively the mean charges, the
4

standard deviation and the number of respondents partronizing the cartpushers.

The difference of means’ results indicates that the mean charge of the cartpushers was
significantly different from the mean charge of the private sector participants. On furthef
inspection of the two means, the cartpushers’ charge was significantly lower than those of
the PSP which may of course explain why many people are partronizing the cartpushers

and indirectly contribute to illegal dumping in Lagos state.
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Table 5.37: Residential clients’ opinion of effective and efficient waste management

Commensurate service charges | Obser | Mean STD. - | Observati { Mean | STD i Diff. of
with tevel of solid wastc | vation | scores DEV. ons scores | DEV | two
disposal. In other words, waste ' mean Z
service delivery must not be 0o

catcul
costly.
Waste scrvice delivery must be | 174 4.67 0.59 220 4,64 0.57 | 0.51

adequate. That is, waste must be

disposed regularly

There must be fair and sale | 174 4,31 0.78 220 4.20 0.85 [ 1.35
working conditions and job
training  for waslc  service

providers

Waste collectors must  have | 174 4.47 0.68 220 4,35 0.3¢ | 1.58
technical resources  (such  as
equipment, expertise and skills)

to cope with wasle management

There must be management | 174 3.84 0.90 220 3.73 1.04 | 1.12
flexibility. That is, case in firing
waste  personnel  for  non-
performance and in providing
upward mobility for workers

with good performance

Therc must be a “task’ system of | 174 3.08 0.85 220 3.61 0.98 10.76
work in which workers may
teave whenever they finish their

assigned route,

There must be a structure 1o} 174 4.40 0.81 220 4.27 0.85 | 1.54
monitor the performance of

waslc service providers

The will to enforce or maintain | 174 3.90 1.07 220 3.65 1.09 | 2.28

contractual  agreements  with

their clients must be present.

Source: Author’s fieldwork, 2004

All items not significant at o = 0.02 in a two tailed test. In order words, the opinions of

cart pushers’ patrons and those of the PSP patrons tally on what efficient and effective
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waste management should be. This story was however different with the commercial
waste service clients who belicved that elTiciency in waste management entails all but the

practicing of a task system. See details of result and ranking below.

Table 5.38: Commercial clicnts’ opinion of effective and efficient waste management

l. Commensurate service charges with level of | Observation Meanl STD.
solid waste disposal. In other words, wasle scores DEV.
service delivery must not be too costly 32 4.69 0.54

2. Waste service delivery must be adequate. | 32 4.94 0.25
That is, waste must be disposed regularly

3. There must be fair and safe working | 32 4.69 0.47
conditions and job training for waste service
providers

4, Waste collectors must  have  technical | 32 4.63 0.61

resources (such as cquipment, expertise and

skills) to cope with waste management

5. | There must be ln_{lﬁil.é:,_‘nlél_'!{rh;:}.{ﬁ)ﬁilily. That | 32 4.03 0.69
is, ease in firing waste personnel for non-
performance  and in providing upward
mobility  for  workers  with  good

performance

6. There must be a “task’ system of work in | 32 3.75 1.02
which workers may leave whenever they

finish their assigned route.

7. There must be a structure to monitor the | 32 4.56 0.5

performance of waste service providers

8. The will to enforce or maintain contractual | 32 4.75 0.56
agreements  with their clients must be

pl‘CSC]]t

Souree: Author’s fieldwork, 2004




Table 5.39: Efficient and effective waste services’ provision ranking

1.

Commensurate service charges with
level of solid waste disposal. In other
words, waste service delivery must

not be too costly

Mean scores

(COMMERCIAL)

Mean
sScores

(PSP

Mean scores

(CARTPUSHER)

3.76

1=

Wasle service delivery must  be
adequate. That is, wasle must be

disposed regularly

3.76

(¥5)

There must be fair and safe working
conditions and job training for waste

service providers

2.59

3.38

2.97

Waste collectors must have technical
resources  (such as  equipment,
expertise and skills) to cope with

waste management

2.78

3.4

3.14

There nmmst  be  management
flexibility. That is, ease in !iring
waste personnel {or non-performance
and in providing upward mobility for

workers with good performance

NA

NA

There must be a ‘task’ system of
work in which workers may leave
whenever they finish their assigned

route.

NA

NA

NA

There must be a structure to monitor
the performance of wasle service

providers

2774

3.40

3.27

The will to enforce or maintain
contractual agreements with their

clients must be present

2.78

NA

NA

AVERAGE OF TOTAL

2.8

3.55

3.37

Source: Author’s ficldwork, 2004.
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Since our bench mark for cfficiency was a total avcrage of 3.5, only the PSP service
providers slightly passed the efficiency and effectivencss test. It must be mentioned that

thair sorvices noed Gue tuning, for beller porformances.

There is an urgent need to reorganize the wastc management institutions for cffective and
efficient performance. Effective and efficicnt waste management by the private sector
participants (PSP) starts from the type of the PSP. For cffective and efficient wasie
management in Lagos State, the Franchise System in which government or LAWMA
award a finite-term monopoly (a franchise) to a private firm (or a group of them merging
together to become a firm) for the provision of solid waste collcction services looks more
attractive. The granting of this franchise should be done afier a competitive qualification
process. The PSP firm would dcposit a performance bond with the government Agency
and pay a license fee to cover the government’s monitoring costs. ‘The private firm
recovers his cost and profit through dircct charges to the houscholds, cstablishments, and
companics within his domain. The agency’s roles here include its control over the tariff

charged to the customer via price regulation.

Be that as it may. there arc some factors that can limit the success of PSP in wasle
management and these include the risks related to environmental regulatory changes.
National inflation, currency value and convertibility, fucl prices, pricing policics, import
bans or quotas, and taxes among others. Government can therefore come in and cushion
the effects of the above shortcomings in addition to providing further incentives in the
form of puarantees for meaningful borrowings, assumption of foreign exchange risk, tax
incentives, custom duty excmption, and speeial lines of credit, technical assistance,

cquipment hiring among others.

Although the collection and disposal of refuse can be done with little knowledge and
limited equipment, effective and efficient waste management requires substantial
planning ability, appropriatc cquipment and contauous managerial optimization of
vehicle and workes’ productivity, The above siatod ingredicnts are the technology for

cfficient wastc management. Waste management. Agencics must cosure that PSPs to be
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licenced must have the appropriatc technology capable of ensuring its success in this

ficld.

Smaller, younger crews, lower absenteeism, wages, and benefit cost, more flexible
scheduling, efficient vehicle routing, better designed vehicles, managerial incentives,
faster vehicle repairs, vehicle standardization, and competition are parts of the important

requirements for qualification for appointment as a Franchisee.
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CHAPTER SIX
SUMMARY, CONCLUSIONS AND, POLICY RECOMMENDATIONS

0.1 Summary

The health status of Lagos environment is being threatened first by the expansion in the
scale of consumption and production and by the population pressure which exerts
substantial impact on the carrying capacity of the limited space of Lagos. With the rapid
rate of urbanization, more migrants are expected in Lagos in the future with a potential of
exerting further impact on Lagos environment. A major impact of increases in economic
activities in Lagos is escalation of solid waste quantity and its management problem
except something drastic is done. Refuse is a major disutility of urbanization and urban
environmental improvement can be an effective means of reducing poverty. It is against
this premise that this study investigates the impact of economic instruments in waste

management in Lagos state.

Various studies have been conducted in the past on the efficacy of user fee in waste
management. Examples of such studies include Wertz (1976), Fullerton and Kinnaman
(1996), Richardson and Havlicek (1974) and Jenkins (1993) among others. All these
carlier studics were on developed cconomies with organized but sophisticat;:d

lastitutions.

However, with the rudimentary system in Lagos and the low level of income, high level
of waste generation and the scarcity of landfill spaces in Lagos, this research embarked
on a sludy of economics of waste management focusing on the assessment of the impact
of user charges on waste generation both in the residential and commercial sectors. The
study also seeks to determine the impact of weather and socioeconomic variables on
wasle generntion. In addition, the study analyzed the impact of cost of recyclables (a

recycling incentive) on both residential and commercial waste generation,

Since the impacl of user charges on waste generalion can also be linked with the quantity

of waste dumped in Lagos state, this study also analyzed the limpact of the user charges
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on quaniity of waste dumped in Lagos State. The study derived the welfare impacts
(conservation and transportation of waste to landfill efc.) of increasing the average uscr
charges above the 2003 baseline in Lagos, as well as the average price of recyclables and

the average user fee in Lagos (see appendix L and M),

To accomplish the above, weekly and monthly data were used in the analysis with a view
to sclecting the more robust estimates in the formulation of policy recommendations

based on our findings.

Furthermore, we tried to determine the factors that contribute to effective and efficient
wasle management in Lagos, assess the level of efficiency and effectiveness of waste
service providers in Lagos and at the same time identify factors that contribute to
dumping in Lagos by utilizing two sets of primary instruments. The summary statistics of

our variables is shown in table 6.1 below.

Table 6.1: Descriptive statistical table of variables of the model

Qres Wpe Rusa Rprecy | Popden | Rine Workpop | Hooschsiz | Temp | Ra
Mcan 6310423 | 0.813 | 194.622 | 45.899 | 2320.613 | 11697.26 | 46.564 3.277 30.192 1 14
Mecdian 6270.000 | 0.816 | 196.205 | 43.227 | 2321.406 | 11669.76 | 46.562 3277 30.750 | 12
Maximum 11528.00 | 1.463 | 222.560 | 58.565 | 2425.895 | 13684.42 | 46.872 3.421 32.000 | 38
Minimum 2776.000 § 0.347 | 171,900 | 40.034 | 2214.186 | 10176.12 | 46.50% 3.132 27,700 | 13
Sud. Pev 1146416 | 0.146 | 13.956 | 5.630 61.450 335.141 | 0.041 0.084 1466 | 11
Skewness 0.617 0477 | 0.039 0.911 -0.018 0.260 2.601 -4.40E-15 | -0.399 | 0.4
Kurtosis 6.541 6.230 | 2.089 2.463 1.818 2.921 20.333 1.810 1739 | 2.2
Jarque-Bera | 91.39563 | 73.735 | 5.428 23.454 | 9.085 1.799 2243.162 { 9.350 14474 | 10
Probability 0.000 0.000 7§ 0.066 0.000 0.0106 0.407 0.000 0.009 0.001 ] 0L
Observations | 156 i56 156 156 156 156 156 156 156 15¢

The above table shows the descriptive table of variables used in the analysis. A look at
table 6.1 shows that the mean weckly waste disposal is about 6,310 metric tonnes. The
weekly range of disposal is 2776 to 11,528, Jarque-Bera statistic result and its probability
failed to accept the hypothesis of normal distributions of quantity of residential waste,
Average real user fee has a mean and median of about 195 and 196 Naira respectivéiy.
Jarque-Bera supporis the normality in the distributions of residential user fee and

houschold income. Other univariate statistical results of variables can be found in the
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appendix R and S. Tables 6.3 and 6.4 shows the cconomctric analysis summary of both

houschold as well as the commercial modcls.

Table 6.2: Summary of Houschold weekly results

Variables Usnhiltered Differenced | Filtered
OLS FGLS OLS ARMA OLS FGLS
Constant 0.469 0.279 - - 1.657 3.080 (2.120)
(0.227) (0.126) (1.329)
Reprecy 0.007 0.008 0.055 0.073 0.005 0.016
(1.848) (1.893) (3.401) (5.132) (2.121) (4.305)
Rain -0.0001 -0.0001 0.000 0.0003 6.93L- 0.000
(-0.7893) (-0.771) (0.090) (1.156) 05(0.955) | (0.494)
Temp 0.019 0.017 0.027 0.027 6.032 0.017
(1.669) (1.264) {69.620) (24.185) | (5.543) (2.320)
Rinc 4.851:-05 6.24E-05 0.000 0.000 -1.29E-05 | 1.000E-05
{0.962) (1.134) (0.604) (0.350) . | (-0.426) (0.439) -.
Popden 4.80E-05 7.47E-05 0.0602 0.0603 -0.0004 -0.001
(0.068) (0.098) (0.181) (0.313) (-0.912) (-2.188)
Rusa -0.006 -0.006 -0.007 -0.010 -0.005 -0.003
(-4.297) (-3.780) (-1.192) (-2.070) | (-6.447) {-2.610)
Ax(1) - 0.156 - 0.893 - 0.902
(1.945) (4.420) (33.375)
Ar(2) - - - -0.016 - -
(-0.117)
Ma(1) - - - -0.587 - -
{-3.131)
R-squared 0.149 0.179 0.074 0.315 .339 0.859
Adjusted R-squared | 0.115 0.140 0.043 0.277 0312 0.852
DW 1.655 1.925 1.151 - -0.290 1.765
F-slatistics 4.347 4.589 2.373 7.211 12.884 129.222
Akaike info | -1.083 -1.127 -1.032 -1.306 -2.295 -3.890
criterion
Schwarz criterion -0.946 -0.970 0914 -1.127 -2.159 -3.734
Convergence level | Not Allcr 6 | Not After 8 | Not Afler 9
applicable ilcrations applicable | iterations | Applicable | iterations

(Figures in parenthesis under estimates are the corresponding t-slatistics)

In models of time scries, it is necessary o know whether the underlying stochastic

process that gencrated the serics can be categorized as time invariant. If the characteristic

of the slechastic process change over time, such a process is non-stationary. It will often

be difficult to represent the time serics over past and future intervals of time by a simple

algebraic model. If on the other hand, the stochastic process is fixed in time, then one can
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model the process with an equation with fixed cocﬂiciénls that can be estimated using
past data (Pindyck and Rubinfeld, 1988). The conscquence of running a regression model
on nonstationarity series is the possibility of producing spurious regression result in
which a relationship would be established between some unrelated variables whereas

thcy may not be related in real world situation.

However, most time scries are time variant, and the data for this study is no exception.
Since data for our study are time series, we conducted a unit root test so as to climinate
the possibility of a spurious regression by applying an Augmented Dickey-Fuller (ADF)
test on all variables (see Gujarati, 2003). According to Gujarati (2003), to avoid the
spurious regression problem that is likely to emerge from regressing a nonstationary time
scries on one or more nonstationary time series, the affected nonstationary variables have
to be transformed so as to make them stationary. A way of transforming such variables is
the differencing method. If a variable has a unit root, the first difference of such a
variable is stationary. If on the other hand, a time series is integrated of order two {I{2)},
it will contain 2 unit roots, and we will have to difference it twice to make it stationary.
Most data used in this study showed some trendy patterns based on the Augumented
Dickey-tuller results. The import of this is that levels of each series tend to increase as
the level of data increases or decreases. To avoid the dependence of variance on the level
of data of such a variable, we applied the needed differencing based on their order of

integration to ensure stationarity.

However, Grecne (1989) observed that by differencing or detrending series of the model,
we may oblain a white noise series, but it may equally trade trend for autocorrelation in
the form of MA(1) process thus, justifying the inclusion of ARIMA model. The ARIMA
model uses three tools for modeling serial correlation in the disturbance term. Therefore,
it is more useful in generating a white noise process than differencing alone could
achieve. Pindyck and Rubinfeld (1998) suggests that time-series analysis and regression
analysis can be combined to produce a better forecast than would be possible with the use
of either of these techniques alone. A regression model would have the dependent

variable explained by all the independent variable(s) and an additive error term. The
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additive error term accounts for unexplained variance in the dependent variable.
However, one source of forecast error of this regression model would come from the

additive error (noise) term whose future values cannot be predicted.

One effective application of time series analysis in this case is the construction of
ARIMA model for the residual series p of this regression. We would then substitute the
ARIMA model for the implicit error term in the original equation. The ARIMA model
provides valuable information about what future values of € are likely to be. In other
words, it helps to explain the unexplained variance in the regression equation. The
resultant mode! is likely to provide better forecast than would the regression equation as
it combines both the structural {(economics) explanation of part of variance of dependent
variable and the explanation of the structurally unexplained variance of the independent
variable. This model is referred to as transfer functions model or multivariate

autoregressive — moving average model (MARMA).

Our inability to oblain a white noise process through diflerencing alone further compelled
us to use the multivariate autoregressive-moving average (ARMA terms) to the
differenced mode! following the Eviews User’s Guide’s (2003) insight into the AR and
MA terms to fit the properties of the residuals. It suggests that the Akaike information
criterion and Schwarz crilerion provided wilh each set of estimates may be used as a
guide for appropriate lag order selection and we simply took a clue from this. However, -
one of ARIMA’s greatest shortcomings is its inability 1o predict accurately sharp
downturns and upturns in models thus limiting its value for forecasting (Pindyck and

Rubinfeld, 1998).

Such downturns and upturns are called outlier’s values. Whenever data levels are thought
to be too high or too low for “business as usual” we call such points the outliers. A
mathematical reason 10 adjust for such occurrences is that majority of {orecast techniques
are based on averaging and arithmetic averaging as we have it in our series are sensitive
to outlier values; therefore, some alteration should be made to the data before modeliﬁg.

One approach to the outlier problem js filtering techniques. This provides a mean of
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removing, or at least reduce, volatile short-term fluctuations in a time series. Filtering is a
scrics procedure, which may be used to gencraic new series that are based upon the data
in the original series. Filtering enhances the generation of series with while noise,
simoothing may be done to make the time series easier to analyze and interpret. In
addition, filtering techniques do produce optimal forecast in certain conditions, which
turn out to be intimately related to the presence of unit roots in the series being forecast.
Then, which smoothing method do we adopt? The answer is; our visual comparison of
forecasting power of smoothing techniques (as recommended by Ahamuda and
Geragnant, 1999), indicates that Holt-Winters™ {ilter is the most appropriate of them all as

it did not aiter persisience variability and comovement of (simulated and actual) series.

Ordinary least squares’ estimates on the Holt-Winter’s filtered weekly data indicates the
presence of serial correlation. The justification for applying the Cochrane-Orcutt’s
estimated generalized least squares (EGLS) when OLS shows autocorrelated disturbances
was provided by Greene (1997) who stressed the problem posed by autocorrelated
disturbances and a way of dealing with them. He stated that the model with
autocorrelated disturbances is a generalized regression model, and we should expect least
squarcs to be ineflicient. This problem can be seen when we know the disturbance
process and the process generating the independent vz;riables. The efficiency of lcast
squares falls to less than 10% if the autoregressive root (p) is close to 1. Judge et al.
(1985) also agreed to the loss of efficiency but differed on the severity of the problem
(see also, Hill, Griffith and Judges, 2001). Our most reliable household and commercial

estimates are the FGL.S estimates of weekly models.
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Table 6.3: Summary of Commercial Weekly Results

Variables Unfiltered Differenced Filtered
OLS FGLS OLS ARMA OLS FGLS
Constant 83622.08 76441.40 - - 12408.20 3230.565
{1.613) (1.506) T ] (2.224) (0.519)
Qrom - - G.803 0.894 - -
(18.061) 1 (i7.551)
Rprecy 209.115 240938 157.312 158.831 74709 59.4061
(0.746) (0.555) (1.257) (1.525) (1.891) (0.895)
Rain -6.300 -16.706 -5.082 -4.147 0.817 -1.906
(-0.298) (-1.056) (--1.4906) (1.464) {0.337 (-0.990)
Temp -2543.065 | -1470.394 | 65.586 37.672 -390.277 188.827
(-1494) | (0.887) | (4322) (2.144) (-2.160) | (1.000)
Ar(l) - 0.580 - 0.815 - 0.924
(4.543) {(7.032) (36.514)
Ma(2) - - - -1.250 - -
(-11.299)
R* 0.156 0.506 0.669 0.728 0.147 0.894
A;jj usted 0.047 0.420 0.660 0.715 0.124 0.891
R
DWW 0.706 2.497 2370 2.142 0.142 1.863
F-statistics 1.430 5.933 75.654 55.845 6.577 254904
Akaike info | 21.698 20.988 17.720 17.515 18.640 16.521
crilerion _
Schwarz 21918 21.254 17.818 17.673 18.737 16.638
criferion -
Converge Not Afler 6 | Not After 99 | Not Afler 7
nee level applicable | iterations applicable | iterations | applicable | iterations

(Figures in parenthesis under estimates are the corresponding t-statistics)

The EGLS result on which our commercial model result came from is however not
without its problem. None of the explanatory variables on its own significantly explained
commercial waste generation, but collectively, they significantly explained commercial
waste. The coefficient of determination as high as 89 percent and insignificant

explanatory variables would have suggested that there is a multicollinearity problem.

On a first inspection, it looks like we have problem of multicollinearity. Gujarati (2003)
referred 1o Goldberger’s parody which emphasized that small sample size and lack of
variability in (he explanalory variables may cause .problems that resemble
multicollinearity (Gujarati, 2003). The remedial measures are in two categorics. One is to

follow some rule of thumb (pooling the data, dropping variable(s) and specification bias,
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transformation of variables, addition of new dala efc.). The other way around it is the “do
nothing”™ approach championcd by Blanchard (1967). According to this approach,
multicollinearity 1s not a problem with OLS or statistical techntque in general, it is a data
deficiency problem (micronumecrosity) and most time, we have no choice over the data
we have available for empirical empirical analysis (Gujarati, 2003). 1t is true that therc is
non variability in most ol our explanatory varnables. This could be the reason why our
cocllicient of determination and adjusted coelficient of determination are so high
whercas all the explanatory variables are insignificant but ncarly cxhibited expected

signs.

6.2 Conclusions

The following conclusions were arrived at, at the end of the study. There is a low positive
association beiween household’s mean income and waste generation per capita. This is in
conformity with carlicr results obtained by Wertz (1976), Richardson and Havlicek
(1974) and, Jenkins (1993), meaning that consumplion increases as houschold income
gocs up. However, this result should be taken with caution as our analysis did not
investigatc the impact of income growth on various components of waste but on the
overall waste tumout. For instance, as the real household income declines, as it bas over
the years in Nigeria, purchases of starchy, sugary {oods and beverages with high
associated wastcs became the next viablc': option. In fact, the low-income familics have
been associated with the consumption of high caloric content foods which are typically

with a lot of wastc.

The impact of income on waste components are mixed and perhaps it is more appropriate
to make reference to Richardson and Havliccks’ result in which wastes were scparated
into 11 different materials and income were linearly related to each of them using the
OLS method. Their results suggest that there is a significant and positive relationship
between income and the quantities of green glass, newspapers, grass and aggregate wasle
discarded whilc they find a significant and ncgative relationship between income and
quantities of aluminum, textiles, plastics, garbage/others discarded. Future efforts are

therefore needed in Nigeria to analyze the impact of income growth on disaggregated
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waslc componcnts.

There are {wo weather variables employed in our analysis and they are: the level of
precipitation and the mean temperature. The results on them are mixed for some obvious
reasons. For the commercial equation, waste genecration is affected by the level of
precipitation and the relationship is ncgative in conformity with intuition and Jenkin’s
(although is not a significant variable). In other words, the level of commercial aclivities
decline during the raining scason and so is the quantity of commercial wastc generated
while the {emperature rise is supposed to boost economic activity and hence, waste;

gencration by the commercial sector.

Result for weather variables in the residential equation indicates that temperature
significantly affccts waste generated per capita. While precipitation level insignificantly
affccts residential waste generation. While precipitation reduces waste for the
commgcrcial sector, it increases waste for the residential sector. The reason for this is that
rain increases the volume and weight of residential waste due to lack of good storage for
residential waste before they are collected. Increases in temperature also, significantly

increase the residential activitics hence, the waste per capita.

Findings on the analysis of, the presence of economies of scale due to urbanization
indicate that there is significant substantial cconomics of scale duc to urbanization.
Generally, the import of our finding here is that as more people are added to an area, the
average rcfuse per family member declines meaning that there is cconomies of scale duc
to urban agglomeration. Economies of scale exists when financial savings result from
sharing items among the houscholds within an arca. For instance, houschold can share
yards or newspaper. One household can recycle for other {(that is, one household’s waste
can be beneficial to another family in the ncighbourhood).\ In addition, membcers of
houschelds arc more litkely to hand down clothing, toys, books and other items from onc

liouschold to the other.

The impact of the average cost of recyclables on waste per capita is interestingly
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fascinating and we will interprete il in ar: indirect manner. First, cost of recyclables is a
significant factor cxplaining wastc gencrated per capita. The relationship is however
positive contrary Lo intuttion and theory. This suggests that as the real costs of recyclables
arc rising, people devote less time 1o reeycling. This s understandable, possibilitics arc
that the average prices of recyclables were just too low to be an incentlive for culling
waste that is why it was not a potent factor for reducing waste per capita in Lagos.
Secondly, the cost of sorting and recovery may be (oo prohibitive that it has lost its
incentive cffect. For commercial equation, the relationship is positive and, it is not a

significant {actor cxplaining the quantity of commercial waste generated.

The result ol our user charges for both residential and commercial seclors however
produced the expeeted sign and it shows that the demand for solid waslte is sensitive to
user fees. ‘There is a negative relationship between wastle generation and user charges.
The dificrences in these results are: that user charge is a significant factor cxplaining
residential waste gencration whereas it is not a significant factor explaining commercial
wastc generation in Lagos state. In addition, the clasticity of demand for residential waste
services of -0.9 at their sample means is almost unitary and this is quite important in
wasle management policy formulation. In addition, these results are comparable to thosc
of earlier studies by Wertz (1976), and, Jenkins (1993). Except that the price elasticity of
demand for solid waste scrvices in Lagos is higher than thosc often found in the literature
and this is understandable. Cointreau (1994) observed that waste services consume more
of the income of individuals in a developing country than it does the middle and higher
income countries. In other words, wasle service charge as a proportion of income is
higher for low income cconomics than it is for the high income nations, so by increasing
this cost further will cause a drastic reaction by the houschold members to further reduce

their waste generation.

The result of model relating dumping to all user charges indicate that all the user charges
except the PSP charge arc positively relaied to dumping and their cocfficients are much
{excepl for PSP charge). However, none ol these charges is a significant factor explaining

dumping cven though the joint contributions of these variables in significantly cxplaining
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waste dumping in Lagos State is confirmed. The insignificance of our user charges made
us to conclude that dumping in the state is probably explained by so many other factors
other than those captured by our model and these factors may range from low income
level, poor scrvices by the service providers, poor institutional arrangements, lack of
monitoring and indiscriminate dumping by the cart-pusliers to lack of provision/extension

of waste collection service to various parts of Lagos slate.

6.3 Policy Recommendations

Domestic wasles are inevitable products of daily activities. It is thercfore practically
impossible to eliminate waste generation out rightly. The major policy implication of this
research is that tipping fee or user fee is the most potent instrument in securing wasle
minimization and secure large welfare gains in Lagos State. This instrument works by
discouraging wasteful consumption (while encouraging re-use, rceycling  and
composting) and patronage of over-packaged goods. This sends signal upstream to the
producer to design for cavironment. In addition, if Lagos residents are paying a
reasonably fow user fee, savings in disposal alonc can be substantial. When other costs
such as transportation and collection costs are added into the figure, savings would be

substantially large cspecially in view of Lagos population.

It is important to estimate the weifare cffects of raising the average user fee or cost of
solid waste services by a Naira (in May 2003 prices) other things being constant. This
will lead to lead to 0.003 kilogramme decline in weekly waste per capita in Lagos state or
approximately 1306.9 tonnes decline in total waste generation in Lagos State (based on
2004 projected population of 8,34,808- National Population Commission’s (NPC)
estimate). The gross saving (in private cost) resulting from a Naira increase {in real term)"
in residential user charge (based on Cointreau’s estimates above) is between
US$24,831.68 and US$49,663.37 yearly (or M3,209,742.96 to M6.419,486.66 based on
the average exchange rate of M129.26 to 1US$ o[ 2003).

Government should stop financing residential Solid Waste Services (SWS) by flat fec or

through property tax and instcad charge uscr fee. In addition, this residential user fec
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should be highly proportional to the volume/weight of waste discarded and should be
raised. The commercial user fee too must be substantially raised to as to produce the
necded incentive. In other words, this study recommends solid waste pricing systems that
provide continuous incentives for households and firms to cut down on their waste
generation. The price system should be in the form of variable garbage can rate or pay-
per-bag systems. Experience has shown in developed countrics that complementing
marginal pricing with recycling programmes can reduce waste volume substantially

(Anderson et. al. 1989).

A sccond issue that affects our policy suggestions is the increase in the illegal disposal
that accompany uscer [ee. This problem would have been dampened through the
enforcement of anti-dumping laws. However, in Lagos, as elsewhere in Nigeria, there are
institutional weaknesses which encourage dumping. A way out of this problem is waste
auditing. Strict enforcement of environmental laws can provide the needed incentives for
individuals and organizations to act in an environmentally acceptable manner, and
penalties should not be seen only as @ means of raising funds for the government.
Auditors must be able to monitor individual factories® wastes to ascertain actual quantity
generaled commereially and if there is a shortfall in quantity, a company must be able to
account for it through production process modification, more recycling or reuse among

others.

Recycling is almost not cost effective in Lagos for obvious reasons. First, the quantity of
recyclables in the waste stream in Lagos State is very low because residents consume less
of packaged goods. Optimized recovery of recyclables may also not be feasible because
people are not practicing source separation of recyclable materials. Recycling in Lagos is
usually done by the scavengers and the rccovered items are always contaminated. Other
problem facing recycling in the state include high cost of collecting recyclables from
door 1o door. This cost is so high and in fact higher than the cost of collecting solid
wastes because it requires almost the same number of stops and the quantity collected for
cach stop is usually less. For recycling to be profitable therefore, governiment needs to

support the PSP service providers in recycling, This is justifiable when the savings in
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tandlill space due to recycling can justify the cost of government support for recycling.
Otherwise, the private sector would bear the recycling cost only if the benefit of recycling

is adequate to enable profit.

However, with the low and undeveloped market for recyclables, waste service providers
may not find recycling as a feasible option except government or its agencics can provide
incentives to wasle service providers so as to make reeycling more attractive. These
options are suggested for consideration: provision of financial incentives in the form of
jow cost loan, loan guarantees, tax exemption all tied to some recycling targets. Another
option is the facilitation of the cstablishment of a concessional arrangement between the
private sector participant and the informal waste pickers. Another option is through
government’s  encouragement of private owned buy-back centre for purchasing
recyclables from individuals, process them to meet industrial requirements, and sclling
them 1o industrics. Government’s role in this case is the provision of financial support to
privately owned centres. A demonstration of this been made in the New York City of the
US where buy-back-centres are given a payment for every of waste recycled back to
industry thereby saving on disposal (diversion from landfill disposal and saving of space

in the landfill).

Apart from the above, there should be serious encouragement of deposit-refund systems
in which special taxes, charges or fees arc imposed on consumers in such a way that
recycling are encouraged. This approach is currently in use for beverage bottles and beer
bottles in Nigeria, but plastic bottles and cans are rarely recycled as they are not subjected
to any deposit-refund systems. In fact recently, deposit-refund system has been extended
to automobiles and automobile batteries in developed countries. Nigeria should borrow a

leaf from this.

in addition, composting can be viable option in the reduction strategy in Lagos State
because biodegradable wastes formed between 60% and 68% of total waste generation in
Lagos as opposed to the 10.4% found in the worldwide average composition. Paper and

paperboard formed about 38% in the worklwide average composition of municipal solid
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waste and as such recyclables of various components constitute about 76% of total waste
generation thus confirming the viability of recycling, reuse and waste-to-energy as means
of reducing waste ending up permanently in the landfill. However in Nigeria, we found
out that recycling and reuse alone cannot be viable in minimizing waste ending up
permanently in the landfiil but the complementary role of composting must be seriously
recognized in Lagos dug Lo the peculiarity of waste composition in Lagos which is mostly

biodegradable.

The advantage of composting here includes the production of organic material (manure}
which is capable of the enhancing agricultural productivity. The use of organic material
can complement the grossly inadequate inorganic fertilizer. Compost can also be

economically beneficial in land reclamation, land cover or as embankment stabilization.

Composting is capable of reducing volume of waste ending up permanently at the
dumping/disposal sites by more than 50% and as such, the associated environmental

hazards of landill/dumpsite disposal arc only temporary.

Lastly, lack of waste reduction targets for households and firms in the state and the
disincentive elTect of under-charged disposal facilitics encourage recyclzoles to compete
for waste streams, selting waste targets and raising the disposal fee will go a long way in

increasing rceycling.

6.4 Contributions to Knowledge

Policy contributions

This research has been able to determine the impacts of user’s fee as against the
conventional property tax (tencment ratc used in partly financing waste managerment)
applied on waste generation. Positive user fee has been demonstrated to exert substanllal
impact on solid waste generation. This is made possible by compelling people and
organizations to consume and produce goods with lower waste contents leading (o a

drastic reduction in the quantity of waste going to the final disposal sites. In addition to
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this, it reduces the public expenditure on wasle management and the savings from this
can possibly be channeled to other wellare yi¢iding amenities such as public health,
water, efc. This finding however should be interpreted with caution as increases in user
fee may lead to a greal reduction in waste set out for disposal but may also lead to
dumping of refuse if appropriale monitoring of dumping as well as the enforcement of
anti-dumping laws are nol in place. Further research is needed to ascertain the accurate

impact of a positive user fee on illegal dumping of refuse.

‘This study also showed the impact of some socioeconomic variables on waste generation
and composition in Lagos state. For instance, waste generation and income is expected to
move in the same dircction. The implication of this is that any government policy that is
expected (o increase income must be matched with commensurate waste management
facilitics. In addition, waste generation has not responded in'verscly lo- the price of
recyclables in Lagos state, the policy imporl of this is that the more the government
encourage recycling, re-use and composting through the initiation of some relevant

economic packages, the greater will the people’s welfare be.

Another finding of this research is that higher population density impacts posilively on
waste generation calling for adequate planning of waste disposal services. Generally, it
will be possible to make a future projection and planning on waste management in
anticipation of a change in certain demographic/socioeconomic characteristics. T his

research will be an eye opener (o some ecenomic incentives which are potent in solving

some pollution and waste management problems in the Lagos metropolis

Lastly, it will serve as a reference to further studies on environmental matters in Lagos

melropolis.

Theoretical contributions

The efficacy of ecconomic instruments (as against the conventional regulatory
instruments) in pollution contral and waste management has been at the centre of

theoretical controversy worldwide (Bernstein, 1993).
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The recent adoption of the instruments in pollution control and waste management has
been theorized to introduce flexibility, cfficiency, and cost effectiveness into pollution
control and waste management. This study has given further theoretical credibility to the

beneticial properly of cconomic instruments in waste management.

The above statement is not to suggest that the beneficial property of regulatory
instruments is not recognized, there is a great need for complementarities. The effective
utilization of economic instruments requires prc-existing appropriate standards and Jaws

with effective capacities for enforcement and monitoring.

6.5 Suggestions for Future Studies

it has been shown both theoretically and empirically that user fee and other cconomic
instruments cmployed in the control of pollution do cause some dumping problem, and
(he optimal economic instrument in waste management and pollution control is
indeterminable in any part of the World.‘ Further work is therefore needed on the

determination of optimal level of cconomic instrument.

Further studies are needed on the possibility of extending the studies to cover water
pollution, aquifer contamination and under ground water pollution. It is only when these
pollution effects are aggregated that an optimal Pigovian tax can be used to correct

pollution.

[t has been aigued that there 13 always a distortion in the economy in which case the
optimal Pigovian tax is indeterminable. T'or instance, if the tax system in the economy is
not optimal, the Pigovian tax may not be optimal in which case there is a need to first of
all deternine the optimal tax level before the optimal Pigovian tax is derived, so there is

need for further research on this aspect.

In addition, there is the need for analyzing the external costs and benefits of different

wasle management options through the combined process of life-cycle assessment (LCA)
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and cconomic valuation in Lagos State 50 as Lo minimize costs associated with waste

= management strategies.

Lastly, there is need for further rescarch on practical aspects of implementing and
operating combinations of regulatory and economic instruments that are most appropriate,

for developing economies like Nigeria.

——

-
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APPENDIX A

HOUSEHOLDS
Dear sir or Madam,

RE: ECONOMICS OF WASTE MANAGEMENT IN LAGOS STATE

Mr Sunday Avyadi_is doing an academic study into the “Economics of Waste Management
in Lagos State” as part of his doctoyal dissertation. As one of the selected respondents, we
scek your support and co-operation. Your response to this questionnaire and comments

would be very much appreciated.

Your responses will be treated with the highest level of confidentiality. Your response
along with that of others will be collated, analyzed and interpreted for the benefit of the

state and the country.

Thank you for your anticipated cooperation.

Prof. “Tayo Fakiyesi

Supervisor
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2)

(3)
(4)

()

(6)

SECTION A

Name of Respondent —-=-----s-smeommmmm oot

(optional).

Address/location of Respondente-------------s-smmummmmmmnmeroeoeee

Occupation of Respondents-m-arame-m-nsmmmooeosmmmm oo coo oo e
Educational qualification of the head of household:

Primary School Leaving Cestificate ()

Ordinary Level Certificate ()
NCE, OND, HSC, A-level ()
Bachelors’, HND, etc. ()

Other degrees/Cert. (please indicate} ()

How many people are in your houschold?

[-2 members ( ); 3-4 members ( ); 5-6 members( ) members; 7-8 members (),
Above 8(please specify(  J-mm-m-mmmemmmmmmmemm s oo '

What is your houschold income monthly? .

N1- N20000( ); N20001 —N40000( }; N40001 - N6000( ); N60001— N80000();

Above N80000 (please specify) N —--rammmmmemmsnmmcen e -
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SECTION B

INSTRUCTIONS: please tick the answer that corresponds to your choice. Please note

that there is no “right” or “wrong” answer — answer cach of the questions as honestly as

possible. If you wish to make additional comments on any of the specilic questions or the

issues in general, use the space provided at the end of the questionnaire.

(h

(2)

(3)
)

)

(6)

How often is refuse collected in your household daily/weekly? If .weekly, state
whether: once ( ); twice ( ); thrice { ); uncertain ( )others (specific)--------------
What quantity of waste pick-up per period?

Any quantity ( ); % of adrum ( ); % of adrum( ); % of d drum( ); one drum( );
Do you lurn out more waste than required? YES (1 ); No ().

I your answer to question 3 above is YES, how do you dispose the excess wasle?
By lcaving it within premises( ); By burning it () By disposing it through other
means( ); by disposing it through my wasle service provider at no extra cost { );
by paying extra amount to get it disposed (plcase state the cost implication for
example N 10 per extra drum) ( Jemmn-smmmssssmsmsemsomsnommsmmssoosomonassmonosoomennsnes
Can you cstimate what you pay for waste disposal per periods of collection?

YES or NO.

Il yes, for 5, please give the estimale per period for the last 3 years, into the

attached schedule.
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=

|

(NO - N100) (N 101- N200) (N 201- N300} | (N 301- N40Q) (N 401- N500)
JANUARY | () () - () ()
FEBRUARY | ( ) () () () {)
MARCH () () () () ()
APRIL () - () () ()
MAY () () () () ()
JUNE () () () () ()
JULY () () () (). ()
AUGUST () () () () ()
SEPTEMBER | { ) () () () 10)
OCTOBER | ( ) () () () ()
NOVEMBER | () () () ) ()
DECEMBER | ( ) () ) () ()
2002
(NO-NI00Y | (N101-N200) | (N201-N300) | (N301-N400) (N 401- N500)

JANUARY () () () () {)
FEBRUARY | ( ) { ) () () {)
MARCH () () () (). 1O
APRIL () () () () ()
MAY () () () () ()
JUNE () () () () ()
JULY () () () () ()
AUGUST () () () () T
| SEPTEMBER | () () () () ()
OCTOBER | () () () ) ()
NOVEMBER | ( ) () 1) {) ()
DECEMBER |{ ) () () () ()
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003

(N0 - N109)

(N 101-N200)

{N 201- N300)

(N 301- N400)

(N 401-N500)

JANUARY

S’

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

R R e 1 T G Bl R B I B B

PDECEMBER

,

~ —~ — ~ o~ o~ e~ o~ ~—~ —~ o~

SECTION C
(1)

disposal{ ); Other (pleasc specific)

2)

Efficient and effective waste management entails:

Who colleets your waste? LAWMA (); PSP operator ( ); Cart Pushers( ); self

e

I strongly
agree

I agree

{
depends

{ disagree

I strongly
disagree

(i) Commensurate service charges with
leve! of solid waste service delivery
musl not be too costly.

() )

()

()

)

(i) Waste service delivery must be
adequate. That is, waste must be
disposed regulariy.

(2 ()

()

()

()

(iii) There must be fair and safe working

conditions and job training for waste.

service providers.

() )

()

()

)

(iv) Waste collectors must have
technical resource (such as equipmesd,
expertise and skills) to cope with waste
management.

() ()

()

()

()

(v) There must be management
flexibility. That us, ease in firing waste
personnel for non-performance and in
providing upward mobility for workers

() ()

-,

()




witli good performance.

work in which workers may lcave

(vi) There must be a ‘task’ system of

must be present

whenever they finish their assigned | ( ) () () () ()
routc.

(vii) There must be a structure to

monitor the performance of waste | ( ) () () () ()
service providers.

(viii) The will to cnforce or maintain

contractual agreemems with their elients | () () () () { )

(3)  How would you rank your waste service provider (for example, LAMWA, PSP

operator, cart pusher etc) in relation to the following?

Excelicnt

Good

Fair

Poor

Very poor

(i) Commensurate service charges with
level of solid waste disposal. In other
words, wasle service delivery is not {0
costly.

()

(

)

(

)

()

(i) Waste service delivery’s adequacy.
That is, waste is disposal regularly

()

(it} Fair and safc working cordilions
and job training for wasle scrvice
provider,

(iv) Wasle collectors must have
technical resource (such as cquipment,
expertise and skills) to cope with waste
management.

(v) Management flexibility. That is, case
in firing waste personnel for non-
performance and in providing upwdtd
mobility for workers with goed
| performance.

(vi) Practicing of a ‘task” sysiem of
work in which workers may leave
whenever they finish their assigned
route.

(vii) The availability of an effcctive
structure to monitor the performance of
waste service providers,

(viii) The will to enforce or maintain
contractual agreements with their clients
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THANK YOU FOR YOUR KIND ASSISTANCE
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APPENDIX B
COMPANIES

Dear sir or Madam,

RE: ECONOMICS OF WASTE MANAGEMENT IN LAGOS STATE

Mr Sunday Ayadi is doing an acadentic study into the “Economics of Waste Management
in Lagos State” as part of his doctoral disscriation. As onc of the selected companies, we
seck your support and co-operation. Your response 10 this questionnaires and comments

would be very much appreciated.

Your responses will be treated with the highest level of confidentiality. Your responscs
along with that of other will be collated, analyzed and interpreted for the benefit of the

state and the country.

Thank you for your anticipated cooperation.

Prof. ‘Tayo Fakiyesi.

Supervisor

SECTION A

(1) Name of Respondent-------------------- -(optional).
(2) Address/company of Respondent -=ws-=sn--zmsrmemmmss —

(3) LoCation-----=--=ssssmsmmsasmmmmmssmomnmmsooomnonens -
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SECTION B

() Did you sort out your waste for recycling (that is, the process of recovering waste

materials for remarking of another product)? YES ( ), NO ( ).

(2) Did you buy recyclables (that is, recovered wastc materials) as your inputs

(materials nceded for production)? YES ( ), NO ( ).

(3) is using recyclable (that is, recovered waste materials) inputs more economical

than using virgin (materials in its original or natural condition) inputs? YES ( ).

NO ( ); [don’tknow ( ).

(4)  what percentage is waste sorting in the cost of recyclable inputs?
0%-5%( ); 6%-10%( ); 11%-15% { ); 16%-20% ( }; 21% - 25%( ).

5 If your answer 1o either ‘1’ or ‘2” above is ‘YES’, how much did you buy/sell

these components from January 2001 to December 2003 per tons/kg etc?

(PLEASE SPECIFY)

2001

PAPER

PLASTICS

METAL

GLASS/BOOTLES

OTHERS

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER
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» 2002

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY p

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2003

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

SECTIONC
€)) Who collects your waste? LAWMA ( ); PSP operator { ); Cart pushers ( );

self disposal ( ); others (please specific)----------- -

) Efficient and effective waste management entails:



[ strongly
agree

1 agree

It
depends

I disagrec

I strongly. l_
disagree

(i) commensurate scrvice charges with
level of solid waste disposal. In other
words waste service delivery must not
be loo costly

()

()

)

(i) waste service delivery must be
adequate. That is, wastc must be
disposal regutarly.

()

()

()

(iii) There must be management
flexibility. That is, ease in firing waste
personnel for non-performance and in
providing upward mobility for workers
with goes performance.

()

()

()

(v) There must be a ‘task’ system of
work in which workers may leave
whenever they finish their assigned
route,

()

)

()

(vi) There must be a ‘task’ system of
work in which workers may leave
whenever they finish their assigned
roule, '

()

()

()

(vii) There must be a structure lo
monitor the performance of waste
service providers.

()

()

()

(vii) The will to enforce or maintain
contractual agreements with their clients
must be present cosl.

()

()

()

G)

operator, cart pusher etc) in relation to the following?

How would you rank your waste service provider (for example, LAMWA, PSP

Excellent | Good Fair Poor Very
poor

(i) Commensurate service charges witl
level of solid waste disposal. In other | { ) {) () () ()
words, waste service delivery Is not too
coslly
(ii) Waste service delivery’s adequacy. | ( ) () () () ()
That is, waste is disposal regularly
(ili) Fair and safe working conditions
and job training for waste service | ) () () () {)
providers :
(iv) Waste collectors’ technical
resources (such as equipment, expertise | () { ) () {) {)
and skills) to cope with waste
management

(v) Management flexibility. That is, ease

191



in firing waste personal for non- | () ) ( ) () { )
performance and in providing upward
mobility for workers with  good
performance.
(vi) Practising of a ‘task’ system of
work in which workers may leave [ ( ) () {) () ()
whenever they finish their assigned
roule.
(vii) The availability of an effective
siructure to monilor the performance of | { ) () () () ]
wasle service providers.
(viii) The will to enforce or maintain | ( ) () {) () ()
contractual agreemenis with their clients
(5) What percentage is waste in the running cost of your company?
0%-5% ( ); 6%-10% ( ); F1%-15% ( ); 16%-20% ( ); 21%-25% ().
(6) COMMENTS: --- -~ -

THANK YOU FOR YOUR KIND ASSISTANCE.
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APPENDIX C

World pepulation data 1992 to 2025

Population (Millions)

population

doubling tune

(ycars)
1992 2010 2025

World 5,420.0 7,115.0 8,547.0 41
Developing .| 4,197.0 5,782.0 7,155.0 34e
Developed 1,224.0 1,333.0 1,392.0 148
Nigeria 90.1 152.2 216.2 23e
Canada 27.4 32.1 35.0 89
us 255.6 295.5 327.5 89
UK 57.8 59.9 61.0 257
France 56.9 58.8 58.6 169
Former USSR | 292.3 336.6 390.6 104
Italy 58.0 56.4 51.9 1,386
Cote d’lvoire 13.0 25.5 39.3 19
Tanzania 274 50.2 77.9 20*
Uganda 17.5 325 49.6 19*
Zzambia 8.4 15.5 242 18*

Key:* = Critical, = » Serious

Sources: Haub, C., and Yanagishita, M. (1992) World population Data sheet,

Washington, D.C.; Population Reference Bureau, 1992.
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APPENDIX D

Waste generation rates and income

Low income Middle income
Country Country
Solid waste quantity 0.2/T/clyr. 0.3/T/clyr.
{tonne/capita/yr.)
. Average income
$US/capita/yr $350/clyr $1,950/c/yr

(in 1988 $US)

Source: Urban Management Programme.,
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Industrialized

Country

0.6/T/c/yr.

$17,500/c/yr
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APPENDIX E

Annual domestic waste per capital for some countries of the world

Country Annual domestic Kilograms Pounds
waste (million
metric tons)

Australia 12.6 090 1,520
Belgium 4.3 470 1,040
Canada 18.9 630 1,390
Denmark 2.8 530 1,170
Finland 2.1 410 900
France 32.8 560 1,230
Germany 32.8 400 880
ltaly 27.0 470 1,040
Japan 50.4 400 880
Mexico 31.9 330 730
Netherlands 2.0 580 1,280
Norway 27 620 1370
South Korea 17.7 390 860
Spain 14.5 370 820
Sweden 3.9 440 970
United Kingdom 28.8 490 1,080
United States 192.9 720 1,590

Source: Organization for Economic Cooperation ai

1997.
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APPENDIX I

(4A)

WASTE COMPOSITION IN LAGOS STATE

i Vegetable 68%
i Paper - 9%
iii. Textiles 4%
v, Metals 3%
V. Plastics 7%
V. Glass %
vi. Grit 4%

Source: LAWMA (Undated)
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APPENDIX G

The Worldwide average composition of MSW in Municipalities

Food wastes 10.40%
Yard wastes 13.45%
Paper and paperboard 38.10%
Plastics 9.40%
Metals 7.70%
Glass 5.90%
Wood 5.20%
Textiles 3.70%
Rubber and leather | 3.00%
Other wastes 3.20%

Source: US EPA Survey of 1990.
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APPENDIX H
Estimated and projected volume of solid waste generation in some Nigerian cities

from 1992 to 2000

Urban Arcas 1992 1985 1990 2000
Lagos 625399 081394 | 786079 998081
Ibadan 350823 382224 | 440956 - 559882
Kano 319935 348580 | 402133 535186
Kaduna 257837 280925 | 324084 431314
Onitsha 242240 263929 | 304477 386593
Port Harcourt 210934 229821 2065129 252853
Oshogbo 131903 143712 | 173720 253841
Aba ' 131903 143712 | 169719 236703
Jos 99871 111905 | 135272 197660
Warri 67871 | 75607 | 91396 133531
Gusau 44488 , 48471 57243 79835
Potiskum 15434 | 16816 19399 28347
Uyo 12508 13628 15721 20923
Suleja 9383 10514 13311 21336
New Bussa 5690 6200 7152 9518

e

Source: Federal Ministry of Housing and Environment. The state of the Environment in

Nigeria, Monograph series, No.2. Lagos (Undated). Adopted from Umoh (1997; 268).
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APPENDIX I

Solid waste gencration and tonnage in Lagos State from 1978 to 2001

Year WASTE TONNAGE | WASTE GENERATED BASED ON 73%
LANDFILL DISPOSAL COMPLIANCE*

1978 170,000 232,877

1979 367,000 502,740

1980 369,000 505,479

1981 256,013 350,703

1982 456,903 625,895

1983 378,034 517,855

1984 388,000 531,507

1985 573,215 785,226

1986 1,169,215 1,601,664

1987 473,144 2,018,005

1988 2,630,613 3,603,379

1989 3,194,148 4,375,545

1990 3,527,109 4,831,656

1991 2,368,770 3,244,890

1992 1,797,682 2,462,578

1993 2,024,197 2,772,873

1994 1,396,847 1,913,489

1995 1,895,504 2,596,581

1996 944,153 1,293,360 ,

1997 1,010,719 1,384,547 ‘

1998 1,856,205 2,542,747

1999 2,078,431 2,847,166

2000 1,200,000 1,643,836

2001 1,884,708 2,581,792

Source: LAWMA Landfill Gate Records(Undated)
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APPENDIX J

Present landfilt / dumpsites in Lagos State 2007

a. Olushosun, Oregun, - Ojota, Somolu LG (42 Hectares)

b. Abule-Egba, Alimosho LG (10.5 Hectarcs)
C. Solous, Alimosho LG (9.3 Tectares)
Depth of landfill (18 Metres)
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APPENDIX K

Private scetor activities in waste management in Lagos State 2002

SIN LOCAL NO OF NO OF NO OF %a
GOVERNMENT REGISTERED | HOUSES | TONNAGE | COMPLIANCE
PROS SERVICED | PER DAY
I AGEGE AJEROMI/ | 40 25,198 223 62
2 IFELODUN 45 40,825 316 88
3 ALIMOSHO 87 43,531 176 49
4 AMUWO/ODOFIN 22 20,946 238 30
5 APAPA 40 22,656 198 55
6 BADADRY 10 5,918 180 50
7 ETI-OSA 35 29,789 288 80
8 IFAKO-LIAYIL 38 27.517 255 71
9 HKEJA 25 21,456 302 84
10 IKORODU 32 13,426 144 40
1 KOSOFLE 33 16,000 172 438
12 LAGOS ISLAND 30 21,591 252 ., |70
13 LAGOS 30 25,000 298 83
4 MAINLAND 31 24,727 277 77
[5 0JO 47 36,814 273 76
16 OSHODI-ISOLO 49 32,218 234 05
17 MUSHIN 18 10,849 198 55
18 SOMOLU 34 24,347 252 70
SURULERE

Source: Ministry of Environment and Physical planning Ministerial Press Briefing in

Commemoration of 3" year in Office (Activity Report).

201




APPENDIX L

Average residential user fee in Lagos State from January 2000 to December 2003

YEAR MONTH AVERAGE USER FEE (M) AVERAGE USER FEE IN MAY 2003
PRICES (M)
157.29 - 211.98
158.52 ' 209.40
160.37 210.18
161.62 198.80
162.23 194.9
2001 163.46 194.9
157.91 188.21
159.14 185.91
156.06 179.17
158.52 18.55
159.76 187.51
161.61 190.35
177.66 201.89
180.13 201.49
180.13 201.04
181.99 198.90
181.99 197.82
2002 182.60 197.83
181.13 186.73
181.13 188.28
181.13 189.07
180.50 195.14
181.75 190.12
182.23 191.58
209.76 215.58
209.76 218.73
210.99 222.56
210.99 212.91
212.85 21291
2003 214.08 203.50
213.46 194.94
212.23 196.33
212.23 187.15
212.61 185.85
214.48 185.06
215.10 182.44

—

SOURCE: Author, Primary survey results 2004
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APPENDIX M

Average price of recyclables in Lagos State from January 2000 to December 2003

YEAR

MONTH

AVERAGE USER FEE IN MAY

2003 PRICES (M)

2001

34.83

34.76

(o [ B | —

34.88

34.80

34.89

34.87

34.87

34.91

35.05

35.15

35.11

35.00

2002

38.57

38.75

38.86

38.77

38.33

39.79

40.41

40.02

38.9

38.93

38.95

38.77

2003

55.09

55.18

55.52

55.09

55.90

56.10

56.51

50.44

NeR RN RN R RN [Py QUSY § o)

56.38

10

56.38

11

56.10

12

56.46

SOURCE: Author, Primary survey results 2004
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APPENDIX N

Global prioritics in spending in 1998

Global priority $U.S. Billions
Basic cducation for cveryone in the world 6
Cosmetics In the United States 8
Water and sanitation for everyone in the world 9
Ice cream in Furope 11
Reproductive health for all women in the world 12
Perfumes in Europe and the unilcd states 12
Rasic health and nutrition for everyone in the world 13
Pet foods in Europe and the united states 17
Business entertainment in Japan 35
_Cigarclies in Furope o _ 50
Alcoholic drinks in Lurope 105
Narcotics drinks in the world 400
Military spending in the world 780
Source: Author, Primary survey results
APPENDIX O
Half correlation matrix table of variables of the model
Wpe Rusa Ryprecy Popdet Rine Workpop Houscsiz Temp Rain
Wpe 1.UB000Y
Rusa -0.234280 | 1.000000
Rprecy | -0.102504 | 0.564994 _ | 1.000000 '
Popden | -0.065992 | -0.073844 | 0.592514 | 1000000
Rine 0.045484 ).335756 0355300 | -0.920304 | 1.000000 -
Workpop | 0.032921 | 0.068562 | -0.496551 | -0.783719 | 0.177480 | 1.000000
Housesiz | -0.063580 | -0.075015 | 4.595819 0.993211 -0.923739 -0.788897 | 1.000000
Temp 0.007561 0.546328 0.225603 -0.160856 | 0357269 0.154302 -0.154028 [ 1.000000
Rain 20162715 | -0.182554 | -0.095727 | 0.068592 -0.203829 -0.045798 | 0.049956 -0.591953 1.000000
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APPENDIX P

Scatter plot of WP C and real user fee

240

220- L
* -:.-3‘-':0 ’ h .:

2004 aanr
:_. . :".'i.r :

1804 R

160 : :

0.0 0.5 1.0 1.5

WP C

APPENDIX Q

Scatter plot of tatal residential waste and real user fees

240 - -
220 - B
200 . _raT
180 - .
160 A 1 | A i T
2000 4000 6000 8000 10000
QRES
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: APPENDIX §
Commercial user charge of Lagos State from 2001 to 2003

2001
Oune dino bin once weekly collection
Additional frequency

One mammoth once weekly collection
Additional frequency

One drum once weekly collection
Additional frequency

2002
One dino bin once weekly collection
Additional frequency

One mammoth once weekly collection
Additional frequency

Once drum once weekly collection
Additional frequency

2003
One dino bin once weekly collection
Additional frequency

One mammoth once weekly collection
Additional frequency

One drum once weekly collection
Additional frequency

N 45,000 Monthly
M 7,500

N 16,000 Monthly
MN3,000

25,000 Monthly
21,000

N 55,000 Monthly
A 10,000

N20,000 Monthly
N 4,000

8,000 Monthly
MN2,000

" N 55,000 Monthly
M 10,000

220,000 Monthly
N 4,000

8,000 Monthly
N2,000

Source: LAWMA Commercial Department (Undated)
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