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ABSTRACT 

The first part of this doctorate dissertation examines the factors influencing the 
occurrence and costs of pinhole leak corrosion as well as the household decisions for 
corrosion prevention and plumbing material selection.  Three mail surveys of households 
were used to elicit the experiences with leaks as well as the optimal corrosion prevention 
and material choices. Probability modeling (i.e. MNL) and linear regression analysis 
were used to analyze survey responses.  Pinhole leak occurrences were found associated 
with pipe type installed, property age, pipe failure history, and dwelling distance from a 
water treatment plant.  The number and location of pinhole leaks in the dwelling and the 
pipe type are associated with the financial costs of pinhole leaks.  The corrosion 
prevention choices as well as the plumbing materials depended on the risk of corrosion 
and cost associated with each option. Previous experiences with pinhole leak impacted 
the decision for household choices.  Faster responses to pinhole leak outbreaks by utility 
managers and policymakers in terms of advising homeowners on the best ways of 
responding to leaks would assist homeowners in reducing costs of pinhole leak repairs 
and associated damages.   
 
 
The second part of this document deals with the debt financing issues. Debt financing 
decisions are made simultaneously by lenders and borrowers.  Since lenders are unable to 
observe directly the firms’  investment decisions, the banks offer contracts based up on 
firms’  observable characteristics (i.e. wealth and size) and the prevailing market 
conditions.  When deciding on the financing decisions, firms also take into account the 
changes in macroeconomic variables in order to lower the cost of borrowing. As a result, 
the goal for this article is to examine empirically the hypothesis of the effect of the debt 
determinant as well as the macroeconomic variables on the debt maturity structure. A 
reduced form of the simultaneous financing decisions model is estimated by employing 
several OLS estimation methods.  The empirical findings offer strong support for firms 
with few growth options, large, and of low quality having more long-term debt in their 
capital structure.  There was, however, no clear support for the impact of macroeconomic 
variables on debt maturity, as some variables were not statistically significant. 
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CHAPTER 1 

 

1.1 Introduction 

1.1.1 Socioeconomic Impact of Pinhole Leak Corrosion on Households  

Pinhole leaks are small holes in drinking water plumbing caused by pitting 

corrosion, a type of corrosion concentrated on a small area of the pipe.  In most cases, 

very small pinhole leaks are hard to detect, especially if they appear in pipes running 

through walls and ceilings.  Generally, it is recommended that pipes be replaced after 

three or four leaks (Gurner, 2003).  Damage from pinhole leaks can include collapse of 

walls and ceilings and water can contribute to growth of mold on the surface of walls, 

floors, and ceilings.  Mold exposure can cause allergic reactions, such as irritation of 

eyes, skin, and throat.  In addition, costs of pinhole leaks include costs of fixing the 

plumbing system, repairing damage to property, and loss of revenue while plumbing 

systems are being repaired.  Property damage may include mold damage, which led to an 

$8.9 billion dollar loss by the residential sector of insurance companies in 2001 (Mann, 

2002).     

While pinhole leaks are a nationwide problem, they are more common in certain 

regions of selected states including Maryland, California, Florida, and Ohio.  In 

Maryland, the governor appointed a task force to examine the issue (Maryland Task 

Force Study, 2004).  Some areas (for example, parts of Florida) have considered banning 

the use of copper piping in order to control the rising number of incidents (Gurner, 2003).  

Due to the increased number of pinhole leaks and other types of pipe failures, it is 

important to learn the decision making process of households with regards to selecting a 

plumbing material when faced with plumbing material replacement. Consumers’  

decisions on plumbing material selection are dictated by various factors, including state 

and federal regulations, service providers, and preferences of individual households. In 

addition, insurance companies collect and utilize information on water damage and 

plumbing material failures in the decision-making process regarding new policy issuance 

and renewal of policies involving private properties.  As a result, homeowners have an 

important stake in finding plumbing systems appropriate for their households, and 
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therefore, they should acquire information on plumbing material attributes such as price 

and health impact. 

 Although the pinhole leak problem has been extensively studied during recent 

years, there have been no studies examining the impact of pinhole leak corrosion on 

individual households.  When corrosion occurs, households have to deal with problems 

resulting from leak damage, including plumbing system repairs and the high financial, 

time, and emotional costs of dealing with the issue.  There is also limited knowledge 

about the preferences of individual households for alternative plumbing materials and the 

driving forces of the decision-making process when the household is faced with the 

replacement of a home drinking water system.  As a result, two articles are proposed to 

investigate the socioeconomic impact of pinhole leak corrosion on individual households 

and households’  preferences for alternative plumbing material and corrosion prevention 

based on their past experiences.  The first study investigates the rate of pinhole leak 

occurrences and the total costs related to the repairs needed after to pipe failure in the 

Maryland suburbs of Washington, D.C.  The second study investigates the preferences 

for plumbing materials and preventive measures against corrosion utilizing stated 

preference Conjoint Analysis method. 

 

1.1.2 Cost of Capital Borrowing in Corporate Wor ld   

 There has been significant discussion about the corporate management of 

financial policy to minimize the cost of capital borrowing.  According to Stiglitz (1974), 

in efficient and integrated markets, the optimal financial management policy cannot 

decrease the costs of capital due to the interrelation between the different types of capital 

costs.  Consequently, there is no gain from substituting debt for equity.  Evidence, 

however, has been found against this claim, demonstrating that equity financing is related 

to the predictability of stock returns (Baker et al., 2003).  Debt maturity has been found 

also to relate to market conditions, such as the interest and inflation rates, term-spread 

and dividend-yield (Bosworth, 1971; Barclay & Smith, 1995).  Although plenty of 

articles provide support for the association between debt and returns, no studies have 

examined the cost of capital borrowing at different times of debt maturity.   
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 The relationship between debt maturity and cost of capital borrowing is examined 

by Baker et al. (2003). In their paper, they analyze the variation in the maturity of debt 

due to debt market conditions (inflation and interest rates) and predict excess bond 

returns.  They utilize aggregate annual time-series data and find a close relation between 

debt maturity and predictable variation in the excess bond returns.  They are, however, 

unable to conclude whether firms actually reduce the overall cost of capital borrowing 

from timing the market because of difficulties in interpreting the regression results (Baker 

et al., 2003). 

 The third article extends the empirical analysis performed by Baker et al. (2003) 

to the pooled time- and cross-sectional data in order to examine the relationship between 

the excess bond returns and the corporate debt maturity structure.  In addition, the 

analysis extends previous studies such as that by Barclay and Smith (1995) by 

incorporating the bond returns information with the corporate debt research.  As a result, 

the study accounts for the relationship between debt maturity and the cost of borrowing at 

different maturities. 

 

1.1.3 Common Theme  

Although the three proposed articles’  subjects are very different from each other, 

the common theme between them is the closing of the literature gap with regards to the 

subject matter and applied empirical methodology.  For example, there is a large 

literature gap in the study of the socioeconomic impact of corrosion that includes the 

extent of pinhole leak occurrences, financial costs associated with repairs of pipe failures, 

and household preferences for home plumbing materials and corrosion prevention 

options.  In the case of cost of capital borrowing, previously published articles did not 

attempt to investigate the impact of bonds and macroeconomic variables on the debt 

issuance at different maturity times. Additionally, each of the articles employs and builds 

on several quantitative techniques for empirical analysis of the underlying data.  For 

example, as the finance area has not previously utilized individual firm panel data for 

studying the cost of capital borrowing, the individual level analysis is employed to 

investigate the determinants of long and short-term debt. On the other hand, CA study 

employs the Multinomial and Ordered Logit in analysis of household preferences for 
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plumbing materials and corrosion preventive options.  Finally, both of the corrosion 

articles required development and distribution of survey instruments, adding to the 

richness of the research.  

 

1.2 Ar ticle #1: “ Incidence and Costs of Home Plumbing Corrosion: An Investigation 

of Sample Selection Bias”     

 Since few studies have examined the rate of pinhole leak occurrence and the 

socioeconomic impacts of corrosion on individual households, this article addresses the 

literature gap by analyzing factors influencing the leak occurrence rate and costs of 

pinhole leak corrosion for individual households.  Knowing the rate of pinhole leaks as 

well as the factors affecting their occurrence might help identify the residential areas 

most vulnerable for pinhole leak corrosion. For example, studying location of private 

residences relative to the treatment plants revealed that homes closer to the water 

treatment plant have a higher degree of leak incidents (Lee et al., forthcoming).  

Additionally, knowing the rate at which pinhole leaks occur helps determine the optimal 

time for plumbing system replacement.  For example, the optimal replacement time for a 

plumbing material is predicted to be about 22 years after installation (Loganathan & Lee, 

2005).  

Knowing the total financial costs associated with damage repairs necessitated by 

pinhole leak corrosion as well as the factors driving them provide an additional insight 

into the corrosion impact on individual households.  The financial costs for fixing leaking 

plumbing and the associated damage to ceilings, walls, and floors ranges between $500 

and $25,000 (Kleczyk et al., 2005).  The cost structure and the rate of pinhole leak 

occurrences may lead homeowners to evaluating an appropriate plumbing material for 

their residences.  The decision for choosing best plumbing material is complicated and 

depends on evaluation of product attributes such as cost (material cost plus labor and 

installation cost) and health effects.  Information on factors associated with pinhole leak 

incidence and costs can be useful to homeowners, policymakers, water utilities, housing 

authorities, and others in formulating policies and programs to reduce pinhole leak 

occurrences and the negative financial and emotional impacts of corrosion on individual 

households.    
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A mail survey of residential water users in the Maryland suburbs of Washington 

D.C. was conducted in 2004 to determine the prevalence of pinhole leaks in residences.  

This area was selected due to the large number of pinhole leaks reported by utility 

customers (Washington Suburban Sanitary Commission, no date).  A total of 5,009 

Maryland residents received the survey, and 1,128 responses were returned of which 

1,120 responses were used in the analysis.   

To analyze the causes of pinhole leak corrosion as well as the costs related to the 

pinhole leak corrosion, econometric models including a Binary Logit model and an 

Ordinary Least Square (OLS) regression corrected for a sample selection bias are 

employed.  Results from the survey indicate that pinhole leaks in home plumbing systems 

are a frequently reported problem in the greater Washington, D.C. area.  Based on the 

results of statistical analysis, pinhole leak occurrences depend on several factors, 

including the type of plumbing material and location of the house relative to the treatment 

plant.  Pinhole leaks and the damage associated with their repairs can have high financial 

costs, even up to $18,000.  The number of leaks and location of leaks in the dwelling 

impact repair costs.  Accounting for the sample selection bias affects the level and 

statistical significance of variables related to cost of repairing pinhole leak damages.   

 

1.3 Ar ticle #2: “ Conjoint Analysis Study of Households’  Preferences for  Plumbing 

Mater ials”    

Consumers’  decisions on plumbing material selection are dictated by various 

factors, including state and federal regulations, service providers, and preferences of 

individual households. For example, general contractors are the primary decision-makers 

of plumbing material installation in new houses; while utility companies respond to 

corrosion threads by adding corrosion inhibitors into drinking water treatment. 

Consequently, all service providers influence consumer decisions regarding the best 

plumbing material for residential use.  

Since homeowners have an important stake in finding plumbing systems 

appropriate for their households, they should not only rely on the expert advice but also 

acquire information on plumbing material attributes such as price, health impact, 

longevity, and corrosion resistance in order to make informed investment decisions about 
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plumbing systems for their homes.  For example, health effects, longevity, taste and odor 

have been found to be the most important factors in consumers’  evaluations of plumbing 

material for home use (Lee et al., 2005).  Additionally, households are willing to pay up 

to $4,000 when guaranteed a leak-free plumbing system for 50 years (Kleczyk et al., 

2006).  Random utility models are usually adopted in preference elicitation and 

maximization (Champ et al., 2003). Information on consumer preferences for drinking 

water plumbing attributes can be useful not only to individual households but also to 

policymakers, program managers, water utilities, and firms with interests in drinking 

water infrastructure.   

There are two types of commonly used preference elicitation methods that could 

be utilized in evaluation of households’  preferences for drinking water infrastructure: 

revealed and stated preferences.  The main difference between these two methods is that 

stated preference approaches rely mainly on primary survey data while revealed 

preference approaches rely mostly on secondary data and draw their conclusions based on 

the actual decisions made by people (Champ et al., 2003). Many researchers tend to 

combine revealed preference and stated preference data as this approach allows for an 

extension of the behavioral analysis beyond the limited range of historical experience 

(Whitehead et al., 2005).   

Economists utilize stated preference methods such as Conjoint Analysis (CA) and 

Contingent Valuation (CV) for non-market valuation analysis, including willingness-to-

pay estimation. All of these methods are derived from the Random Utility Framework, 

which is based on the premises of preference ordering (Champ et al., 2003). On the other 

hand, Analytic Hierarchy Process (AHP) is widely employed by the Engineering field for 

determination of the most optimal attributes for given products.   

For the purpose of this study, the stated preference framework method, CA, is 

employed to address the issues related to the drinking water infrastructure and to elicit 

information on home plumbing materials and the tradeoffs between risk of corrosion and 

financial spending for preventive options, two surveys of residents residing in a 

Southeastern Community were conducted. The first survey elicited information on the 

prevalence of pinhole leaks and other plumbing material failures, households’  

experiences with plumbing material failures, the cost of repairs and property damages 
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due to the material failures, and household preferences for corrosion preventive 

measures. The follow-up survey of the Southeastern Community, sent only to those 

residents who agreed to participate in future studies, related to the plumbing material 

issues and elicited information on households’  preferences for a set of hypothetical 

plumbing materials.   

As it is important to learn household perceptions and preferences for drinking 

water infrastructure, the study objective is to investigate homeowners’  preferences for 

plumbing materials and preventive techniques against corrosion based on households’  

experiences with plumbing material failures. The study employed CA questions in 

preference elicitation for corrosion prevention and plumbing materials. The data are 

analyzed by employing several regression methods including Multinomial Logit and 

Ordered Logit models. The model specifications include the attributes describing 

corrosion prevention alternatives and plumbing material as well as socioeconomic 

characteristics of the surveyed households. For example, the risk of corrosion was found 

to have no statistically significant impact on household decisions while a plumbing 

material described by ‘no corrosion’  and ‘convenient installation’  attribute level was 

found the most preferred in the set of alternative plumbing systems. Based on the 

regression results, the willingness to pay and compensating variation is computed to 

assess the level of financial impact the households are willing to allocate to for the best 

fitting home plumbing alternative. 

 

1.4 Ar ticle # 3: “ The Determinants of Corporate Debt Matur ity Structure”    

There has been a significant discussion about the corporate management of 

financial policy in order to minimize the cost of capital borrowing.  According to Stiglitz 

(1974), in efficient and integrated markets, the optimal financial management policy 

cannot decrease the costs of capital due to the interrelation between the different types of 

capital costs.  Consequently, there is no gain from substituting debt for equity.  Evidence 

has been found, however, against this claim, demonstrating that equity financing is 

related to the predictability of stock returns as well as market variables such as inflation 

and interest rates (Bosworth, 1971; Barclay & Smith, 1995).  Although the above papers 

provide support for the association between debt and returns, none offers information on 
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the cost of capital borrowing at different times of debt maturity due to lack of analysis of 

returns data.  

The relationship between debt maturity and cost of capital borrowing is examined 

by Baker et al. (2003). In their paper, they analyze the variation in the maturity of debt 

because of debt market conditions (inflation and interest rates) and predict excess bond 

returns.  They utilize aggregate annual time-series data and find a close relation between 

debt maturity and predictable variation in the excess bond returns.  According to their 

findings, firms issue long-term debt when bond returns are low (bond prices are high) and 

short-term debt when returns are high (bond prices are low).  They are, however, unable 

to conclude whether firms actually reduce the overall cost of capital borrowing from 

timing the market due to difficulties in interpreting the predictions of the regression 

results (Baker et al., 2003). 

This paper extends the empirical analysis performed by Baker et al. (2003) to the 

pooled time- and cross-sectional data in order to examine the relationship between the 

excess bond returns and the corporate debt maturity structure.  In addition, the analysis 

extends previous studies such as that of Barclay and Smith (1995) by incorporating the 

bond returns information with the corporate debt maturity structure research. As a result, 

the study accounts for the relationship between debt maturity and the cost of borrowing at 

different maturities.  

The goal of this paper is to examine the hypothesis of the effect of the excess 

bond returns on the debt maturity structure at the individual firm level data.  It is 

predicted that firms issue long-term debt when bond returns are low.  The results are 

expected to support the debt market timing theory as found by Baker et al. (2003).  The 

notion of the corporate debt maturity structure is explained by the determinants of debt 

structure as well as debt market conditions.  It is predicted that small and unregulated 

firms with more investment growth options have less long-term debt and managers use 

debt maturity to signal important information to the market.  Furthermore, high and low 

risk quality firms issue more long-term debt compared to intermediate risk quality firms.  

Additionally, it is expected that the macroeconomic variables will be negatively related to 

the maturity of debt.  
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The research objective is achieved by investigating the relationship between the 

excess bond return as well as the determinants of the firm’s debt and the corporate debt 

maturity structure.  Several panel data estimation methods are employed to evaluate the 

relationship between debt maturity and its determinants including fixed and random 

effects regression and GLS regression (Wooldridge, 2002).  The results obtained from 

this study add to the undeveloped literature of debt financing by extending the analysis of 

the impact of debt determinants on debt maturity by analyzing returns data and providing 

evidence for relationship between debt maturity and cost of borrowing at different 

maturities.  

 

1.5 Conclusions 

Although the three proposed articles’  subjects are very different from each other, 

the common theme between the articles is the closing of the literature gap with regards to 

the subject matter: the socioeconomic impact of pinhole leak corrosion on individual 

households and excess bond returns impact on debt financing; and applied empirical 

methodology: utilization of pooled time- and cross-section data for cost of borrowing 

analysis and preference elicitation for plumbing material and prevention options.  All 

three papers are innovative in the utilization of econometric techniques by utilizing cross-

sectional and panel data estimation techniques.   
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CHAPTER 2 

Incidence and Costs of Home Plumbing Corrosion: An 
Investigation of Sample Selection Bias 

 
 
An earlier version of this article was published in the December 2008 edition of the 
Journal of American Water Works Association 100(12).  E. Kleczyk and Dr. D. Bosch 
coauthored this article. The published article differs from Chapter 2 (extended version of 
the published article) by the extent to which the econometric model and economics 
theory are explained in the paper. The in-depth explanation of these concepts is not 
necessary to understanding of the article content. 
 
 
An earlier version of this article was presented at the American Agricultural Economics 
Association Annual Meeting.  Long Beach, CA.  July 2006. The article is available online 
at  http://agecon.lib.umn.edu/cgi-bin/view.pl.  
 

Abstract 
This research study analyzes factors influencing the occurrence and costs of pinhole leak 
corrosion in households in suburban Washington, D.C.  A mail survey of households is 
used to elicit whether leaks were experienced in the home, the number of pinhole leaks, 
and estimated repair costs for plumbing and associated damages. Probability modeling 
and linear regression analysis of survey responses with correction for sample selection 
bias are used to analyze survey responses regarding leak occurrences and costs.  Pinhole 
leak occurrences are found to be associated with pipe type installed, property age, pipe 
failure history, and dwelling distance from a water treatment plant.  The number and 
location of pinhole leaks in the dwelling and the pipe type are associated with the 
financial costs of pinhole leaks.  For example, repair of leaks occurring in the basement 
generally are much lower compared to leaks occurring on the second floor.  Faster 
responses to pinhole leak outbreaks by utility managers and policymakers in terms of 
advising homeowners on the best ways of responding to leaks would assist homeowners 
in reducing costs of pinhole leak repairs and associated damages.  Expanding state-
funded property insurance to cover property damage from leaks when private insurance 
coverage is inadequate would also benefit many homeowners.   

 
Keywords: Corrosion Detection and Control, Home Plumbing System, Drinking Water, 
Heckman Sample Selection Bias  
 
JEL Classification Code: Q25, C13 
 



 13

2.1 Introduction 

Pinhole leaks are small holes in drinking water plumbing caused by pitting 

corrosion, a type of corrosion concentrated on a small area of the pipe.  In most cases, 

very small pinhole leaks are hard to detect, especially if they appear in pipes running 

through walls and ceilings.  Generally, it is recommended that pipes be replaced after 

three or four leaks (Gurner, 2003), although others have recommended two leaks 

(Edwards et al., 2004).  Damage from pinhole leaks can include collapse of walls and 

ceilings and water can contribute to growth of mold on the surface of walls, floors, and 

ceilings.  Mold exposure can cause allergic reactions, such as irritation of eyes, skin, and 

throat.  Furthermore, copper itself can cause severe health problems, such as liver and 

kidney failure, if consumed in doses higher than 1.3 mg/l (EPA, 1992).  In addition, costs 

of pinhole leaks include costs of fixing the plumbing system, repairing damage to 

property, and loss of revenue while plumbing systems are being repaired.  On the other 

hand, water leaks increase water usage and therefore, utility revenue.  Property damage 

may include mold damage, which led to an $8.9 billion dollar loss by the residential 

sector of insurance companies in 2001 (Mann, 2002).     

While pinhole leaks are a nationwide problem, they are more common in certain 

regions of selected states including Maryland, California, Florida, and Ohio.  In 

Maryland, the governor appointed a task force to examine the issue (Maryland Task 

Force Study, 2004).  Some areas (for example, parts of Florida) have considered banning 

the use of copper piping in order to control the rising number of incidents (Gurner, 2003).  

However, due to lack of information on pinhole leak and corrosion problems, building 

regulators and policymakers have been slow to address the issue in some areas.   

 Although the pinhole leak problem has been extensively studied during recent 

years, there have been a small number of studies examining the impact of pinhole leak 

corrosion on individual households.  When corrosion occurs, households have to deal 

with problems resulting from plumbing material leak damage.  In many cases, repairs 

extend beyond replacing the part of failed pipe to repairing all related damage to the 

house.  The process of repairs might take several weeks or months and cost households 

thousands of dollars.  In many cases, the property insurance policy does not cover 

damages resulting from leaks and households are forced to cover the expenses by 
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themselves.  In addition to the financial and time costs, households experience emotional 

stress because of dealing with the corrosion solutions.   

Few studies have examined the socioeconomic impacts of corrosion on individual 

households.  This study addresses the gap by analyzing factors influencing the occurrence 

and costs of pinhole leak corrosion in individual households.  Survey data and regression 

analysis are employed to assess pinhole leak occurrences in home plumbing systems and 

associated costs.  The influence of sample selection bias on estimated coefficients and 

statistical significance of the estimated model is assessed.  Information on factors 

associated with pinhole leak incidence and costs can be useful to policymakers, water 

utilities, housing authorities, and others in formulating policies and programs to reduce 

pinhole leak occurrences and the negative financial and emotional impacts of corrosion 

on individual households.   

 

2.1.2 Study Objectives 

Because few studies have examined the socio-economic impacts of corrosion on 

individual households, this study addresses the gap by analyzing factors related to the 

occurrence and costs of pinhole leak corrosion in individual households.  The study 

objectives were met by (1) conducting a residential copper pitting survey in Washington 

D.C., an area known for a higher than average rate of copper pitting; (2) utilizing survey 

data in a weighted logistic model to predict probability of pinhole leak occurrence, and 

(3) analyzing the costs associated with pinhole leak damage using the ordinary least 

square regression (OLS) corrected for sample selection bias.    Information on factors 

associated with pinhole leak incidence and costs can be useful to policymakers, water 

utilities, housing authorities, and others in formulating policies and programs to reduce 

pinhole leak occurrences and the negative financial and emotional impacts of corrosion 

on individual households.   
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2.2 L iterature Review 

2.2.1 Causes of Corrosion 

Corrosion is “ the chemical or electrochemical reaction between a material, 

usually a metal, and its environment that produces a deterioration of the material and its 

properties”  (Corrosion Source, 2007).  Pitting corrosion is a “ form of localized corrosion 

as it does not spread laterally across an exposed surface rapidly but penetrates into the 

metal very quickly, usually at an angle of 90o to the surface”  (Brown, 2001).  Theories as 

to the origins of pinhole leaks vary and there are few proven causes (Edwards et. al., 

2004).  Edwards suggests that removal of natural organic matter as mandated by tighter 

Environmental Protection Agency (EPA) drinking water standards can contribute to the 

problem in combination with other factors since natural organic matter can be an 

inhibitor to the corrosion-inducing chemical reactions.  The natural organic matter can 

reverse copper corrosion by allowing the growth of organisms to reduce the oxygen and 

also by adsorption to the pipe wall (Edwards & Sprague, 2001). Pipe failures can also 

result from other factors, including faulty installation or wearing of copper due to friction 

from rubbing against a surface (Fleishman, 2001).  Metallic plumbing materials such 

copper and stainless steel can be affected by uniform and pitting corrosion.  Pitting 

corrosion might be affected by synergies among the following factors: source of water 

and the applied treatment, pipe type, plumbing material, water pressure and velocity, 

temperature, anthropogenic effects, and water chemistry including water hardness, 

alkalinity, dissolved oxygen, and corrosion inhibitors (Farooqi, 2006). 

The corrosion occurrence rate varies significantly with the water chemistry.  For 

example, fresh, surface, and saline water have different rates of corrosion occurrence.  

According to the Copper Development Association database (CDA) (1974-2004), forty-

six percent of residential dwellings reporting pipe failures received drinking water from 

private wells while nineteen percent received water from surface water supply (Farooqi, 

2006).  The majority of residential dwellings receive water from large municipal 

distribution systems operated by private and/or public utility companies who draw water 

from either surface water or ground water aquifers.  Ground and/or surface raw water and 

applied treatment could affect potential for corrosion (Farooqi, 2006).  For example, 
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surface water is more turbid and carries higher levels of organic contaminants and urban 

pollutants.  On the other hand, ground water has higher concentrations of total dissolved 

solids (TDS) due to mineral pick up from soil and rocks (Tchobanoglous & Schroeder, 

1985).   

Pinhole leak corrosion is also dependent on the type of plumbing material of 

which there are four major types:  copper, plastic (CPVC, PVC, PEX, Polybutylene), 

galvanized iron, and stainless steel.  Copper pipes are the most widely used plumbing 

material in residential dwellings due to advantages such as durability, affordability, 

minimal health problems, and fire retardence.  However, copper is susceptible to pinhole 

leak occurrences especially when the water has a pH lower than 6.5 (pH < 6.5) (Farooqi, 

2006).  Stainless steel has a high resistance to corrosion but has other disadvantages such 

as high cost (Farooqi, 2006).  Galvanized iron pipes are used very rarely in residential 

plumbing due to problems with rust build up, leading to hydraulic malfunction of pipes 

(NSF, 2007).  Plastic pipes are not subject to corrosion but have other problems such as a 

tendency to fail when exposed to extreme heat and cold (Farooqi, 2006).  Pipe size also 

might have an impact on pinhole leak occurrences.  Analysis of CDA database (1974-

2004) revealed that the majority of pipe failures occurred in half-inch pipes (0.5 in) and 

three quarters pipe (0.75 in) (Farooqi, 2006).   

Water pressure, velocity, temperature, and anthropogenic effects may also affect 

corrosion potential.  In general, higher pressure and velocity of water are both deleterious 

(Nguyen, 2005), although higher velocities may increase the fusion rates of protective 

species within the pipe and protect against corrosion (Schock, 1999).  Water temperature 

plays a significant role in copper corrosion through its impacts on solubility of solids, the 

formation of scales on the copper surface, brochanitite formation, and water velocity 

(Schock, 1999; Edwards et al., 2004).  For example, the presence of sulfate, bicarbonate, 

and orthophosphate leads to short term reductions in copper solubility. However, over 

longer time periods, formation of basic brochantite can ultimately increase copper 

solubility (Powers, 2000).   Overall, the impact of water temperature on pinhole leak 

corrosion is very complex and might depend on water chemistry.   

Water chemistry, including water hardness, influences corrosion potential.  

Harder water tends to be less corrosive (Schock, 1999), although the form of hardness 
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affects the level of corrosion resistance (Edwards et al., 1994).  Water hardness may 

interact with hydraulic factors, such as formation of gaseous cavities, to influence 

corrosion (Cohen & Meyers, 2005).  

Anthropogenic effects can also impact pinhole leak corrosion in copper pipes, 

including human errors during plumbing system installation and/or repair (CDA Reports, 

1974-2004).  Post-construction activities can cause pitting corrosion.  For example, 

improperly flushed copper pipes might cause accumulation of debris at the bottom of the 

horizontal pipes, which can further induce pitting corrosion due to oxygen differential 

mechanism (Rossum, 1985). 

 

2.2.2 Socioeconomic Impact of Corrosion 

Only few studies have examined the socioeconomic impact of corrosion on 

individual households, however, accounting for economic as well as health and aesthetic 

problems resulting from corrosion alongside the chemical and biological causes of 

corrosion is critical in managing distribution systems to provide safe water to households.  

Cost of corrosion to public infrastructure is estimated to be billions of dollars and to 

include loss of about 15% of the water resource through leaks (Dietrich et al., 2004).  

Additionally, the total cost of pinhole leaks within the U.S. was estimated to be nearly 

$930 million per year.  More than 50% of the costs are due to plumbing material failure 

in single-family homes while multi-family apartment dwellings and commercial 

buildings account for around 20% (Scardina et al., 2007). Repairs associated with 

plumbing failure can last up to several weeks and the repairs extend beyond replacing the 

part of failed pipe to repairing all related damage to the house.  The extensive repairs may 

cost households thousands of dollars. Damages from pinhole leaks may be covered by a 

homeowners’  insurance policy; however, in recent years, homeowners’  insurance 

companies have suffered significant losses, even up to $9 billion in 2001.  Water-pipe 

breakage and related problems are often not covered under new insurance regulations and 

homeowners are forced to fully cover all expenditures (Jones, 2002).   

Insurance companies are assisted in screening undesirable risks by CLUE 

(Comprehensive Loss Underwriting Exchange) report, a comprehensive database of 
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personal property information that includes information on claim date, its cause, and the 

amount paid out to the customer (Franscona, 2003).  Insurance companies may limit their 

coverage of losses or decline to renew homeowner policies to customers who either had 

incidents of leaking water pipes or bought a house that was affected by the problem.  The 

homeowner must either find another carrier, possibly at a much higher premium rate, or 

bear all costs associated with home plumbing failure.  States may offer a last resort 

coverage plan for households who lost their coverage; however, premiums are very high, 

and loss coverage is limited with such plans (Dietrich et al., 2005).   

Water-related problems may affect housing resale values.  Difficulties in 

obtaining reasonably priced homeowners insurance coverage may discourage potential 

buyers and lower resale values.  Resale values are also lowered through structural 

damage to the house and environmental contamination of drinking water and other 

aspects of the home.  For example, in Washington, D.C., real estate agents have to 

disclose to potential buyers any environmental problems such as asbestos, radon gas, lead 

contamination of water, chronic pipe leaks, and flooding (Fleishmann, 2004). 

It is difficult to assess the health costs associated with pinhole leaks due to the 

complex relationship of water quality and health.  The health problems may be, however, 

examined through association to pinhole leaks and copper corrosion (Dietrich et al., 

2005).  Copper is an essential micronutrient and World Health Organization (WHO) 

recommended that adults consume 30- g/kg bodyweight per day (WHO, 1996).  

Drinking water is a major source of dietary copper (Dietrich et al., 2004).  Copper 

however may also cause severe health problems when it appears in water at levels higher 

than about 3 mg/L.  The increased copper levels in water may cause acute symptoms such 

nausea, vomiting, and diarrhea in the gastrointestinal tract (Olivares et al. 1998, 2001; 

Pandit & Bhave, 1996; Pizarro et al. 1999, 2001).  The stomach irritation is caused by 

copper ions producing the toxic effect.  When copper is ingested in amount greater than 

1g, an acute toxemia may result leading even to death (NRC, 2000). 

Pinhole leaks may also lead to creation of mold on the surface of walls, floors and 

ceilings, which is very hazardous to human health.  For example, diseases such as asthma 

can occur due to contact with mold.  Mold exposure can also cause allergic reaction such 

as irritation of eyes, skin, nose, throat, and lungs.  People with weakened immune 
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systems may be more vulnerable to infections by molds and mold toxins.  Finally, 

hypersensitivity pneumonitis may develop, following either short-term or long-term 

exposure to mold.  The disease resembles bacterial pneumonia and is relatively 

uncommon (NIAQI, 2004). 

Copper pipe corrosion presents problems for aesthetics of drinking water supplies, 

although research on water-related aesthetics of metallic materials is limited.  Depending 

on individual taste acuity, different copper concentrations (1-5 mg/L) may produce 

unpleasant sensations described as metallic, acidic, astringent, salty, and bitter (Beguin-

Bruhin et al., 1983; Zacarias et al., 2001).  The major source of organoleptic problems is 

the water distribution system (Khiari et al., 1999) as it releases copper or iron when 

corroding (AWWA, 2003).  “Metallic”  taste is often the reported water problem (Suffet 

et al., 1995).  For example, Virginia Tech research group found 70% of individuals 

participating in their study capable of detecting metallic taste in distilled water at copper 

concentrations below 1 mg/L while 75% of the panelists capable of detecting taste of 

copper at and below the health-based standards of WHO (Dietrich et al., 2004; Cuppett et 

al., 2006).  

Beside taste, the metals can emit odor and therefore, negatively impact the water 

quality.  Uncorroded metals are very unlikely to smell as they present extremely low 

vapor pressures (Hultgren, 1993).  Likely corrosion products on the metal surface can 

easily evaporate (Weast, 1977) and therefore, cause unfavorable odor.  Despite the 

potential for metal odors, no citations concerning “metallic”  odors in water have been 

found so far (Dietrich et al., 2004).   

The copper levels in drinking water above 1.3 mg/L may cause a blue-green 

discoloration of water and leaves a bluish-green stain on porcelain if water drips from a 

faucet.  There is also a persistently strong smell of chlorine in the water supply when 

pinhole corrosion occurs in the copper plumbing system (NIAQI, 2004).  
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2.3 Methodology 

2.3.1 Survey Design 

A mail survey of residential water users in the Maryland suburbs of Washington 

D.C. was conducted in 2004 to determine the prevalence of pinhole leaks in residences.  

This area was selected because of the large number of pinhole leaks reported by utility 

customers (Washington Suburban Sanitary Commission, no date).  A stratified random 

sample of 5,015 residents in the zip codes served by WSSC was chosen.  Zip codes with 

high incidence of reported leaks to the WSSC and zip codes containing water treatment 

plant were sampled more heavily (Figure1 presents the surveyed area).  The survey was 

distributed following the Dillman technique of mail surveying, which included mailing a 

questionnaire with postage-paid return envelope, sending a reminder card, and sending a 

second copy of the survey to nonresponders (Dillman, 1978).  A total of 5,009 Maryland 

residents received the survey and 1,128 responses were returned of which 1,120 

responses were used in the analysis.  Eight responses were dropped from the study 

because they were incomplete.  The survey analysis focused on the incidence of pinhole 

leaks; associated financial, time, and emotional costs; and potential causal factors.   

 The sample design was intended to fulfill two purposes:  1) provide an indication 

of the incidence of corrosion and pinhole leak problems across the study area; and 2) 

target areas with high reported rates of pinhole leaks in order to provide more information 

about pinhole leaks in residential dwellings.  Due to financial constraints of the project, 

the sample consisted approximately of 5,000 households with 3,000 surveys allocated to 

the high frequency of incidents zip codes located nearby the Patuxent and Potomac water 

plants and the remaining 2,000 surveys distributed to the other zip codes reporting leaks 

in the WSSC database.  These surveys were distributed based on the proportion of 

reported leaks in the zip code area relative to the total number of leaks in the remaining 

area.  A minimum of 10 surveys was sent to every zip code reporting leaks.   

 Samples were weighted to correct for oversampling in zip codes with high 

numbers of reported pinhole leaks.  Responses were weighted by the number of people 

over 18 years of age represented by each survey sample in each zip code.  Weighting was 

done as follows:  1) Calculate the number of residents over age 18 per sample survey in 
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the study area.  There was an average of 216 residents per sample survey (1,083,323 

residents divided by 5,009 surveys).  2) Calculate the number of residents over age 18 

per sample survey in an individual zip code area.  For example, a zip code area with a 

population of 35,000 that received 100 surveys would have 350 residents per sample.  3) 

Calculate the weight for an individual zip code area as the ratio of the number of 

residents per sample in the individual study area to the number of residents per sample in 

the overall study area.  Responses from the zip code example would have a weight of 1.6 

(= 350/216).   

 

2.3.2 Analysis of Pinhole Leak Occurrences   

Respondents were asked if they ever had a pinhole leak (small hole in pipe) in 

either hot or cold water pipes of their residence. Based on their responses (either ‘yes’  or 

‘no’ ), a probabilistic analysis of potential causal factors using a weighted binary logit 

model was performed to predict the probability of pinhole leaks occurrences.  The logit 

regression predicts the probability of pinhole leak incidents associated with the 

independent factors.  Weights used in the analysis are the sample weights for individual 

zip codes described earlier.  To evaluate the logit regression, the explanatory variables 

are related to the probability of pinhole leak incidents. 

If a respondent reported a pinhole leak, then a value of 1 was assigned to a 

response variable, yi, if no leaks were reported than 0 was assigned.  yi is a realization of a 

random variable (Yi).  Yi has a distribution described by a probability parameter, 
�

i, for ni 

observations and takes the following form (Rodriguez, 2007): 

 

Probability (Yi = yi) = (ni 
yi)

�
i 

yi(1 - 
�

i)
1- yi  (1). 

   

Equation 1 presents that Yi takes values of either 1 or 0 with probabilities 
�

i and (1 - 
�

i) 

respectively.  

Assuming that the logit of the probability is a linear function of predictors, the 

logit function is defined as follows:  
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logit(
�

i) = (zi
’ββββ), (2) 

 

where zi is a vector of covariates (independent variables impacting the probability of 

pinhole leaks) and ββββ is a vector of regression coefficients, which defines the systematic 

structure of the model, and i = 1…n. Furthermore, � j represents the change in the logit of 

the probability associated with a unit change in the j-th predictor while holding all other 

predictors constant. When equation (2) is exponentiated, odds for i-th unit of a covariate 

are derived (Rodriguez, 2007): 

 
�

i/(1 - 
�

i) = exp(zi
’ββββ).  (3). 

 

Solving equation 3 for the probability parameter, 
�

i, results in the following model 

(Rodriguez, 2007): 

 
�

i = � (zi
’ββββ)   (4) 

 

where � (z’ iββββ) is the cumulative distribution of a logit random variable, zi explanatory 

variables, and i = 1…n (Griffiths et al., 1993).  The cumulative distribution function is 

defined as: 

 
�

i = � (zi
’ββββ) = 1/(1 + e (-zi’ ββββ))  (5). 

 

The left hand side of the above expression is the probability scale while the right hand 

side is a non-linear function of the independent variables (predictors) (Rodriguez, 2007).  

The binary logit regression does not depend on the restrictive assumptions of a 

least square regression such as linear relationship between dependent and independent 

variables, normally distributed endogenous variables and error terms, and homogeneity of 

variance (Garson, 2006).  The logit probability density function is smooth, symmetric 

around zero, and bell-shaped.  Maximum likelihood estimation is often employed in the 

logit function evaluation: 

logL(ββββ) = � {yi log(
�

i) + (ni - yi)log(1 - 
�

i)} (6) 
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where 
�

i depends on the covariates zi and a vector of p parameters ββββ through the logit 

transformation (Griffiths et al., 1993).  

The dependent variable of the logit model is binary, taking a value of 1 when 

pinhole leaks occur and 0 otherwise.  The following factors potentially associated with 

pinhole leaks were analyzed in the model: geographical location of dwelling relative to 

water treatment plant (approximated by estimated water travel time (water age) to zip 

code in which the dwelling is located) (provided by Robert Buglass, Principal 

Environmental Engineer, Washington Suburban Sanitary Commission, Laurel, 

Maryland), type of pipes installed (copper vs. others), history of pipe failure, plumbing 

age, and the source of water (approximated by a dummy variable with a value of 1 for 

respondents located in zip codes which predominantly receive their water from Patuxent 

Water Treatment Plant (PWTP) and 0 otherwise).  History of pipe failure reflects whether 

the respondent had other types of failure in their drinking water pipes beside pinhole 

leaks.  Age of plumbing material is a variable representing the actual age of the plumbing 

system installed in the household.  Plumbing age was set equal to age of the dwelling 

unless the respondent indicated plumbing had been replaced in which case the number of 

years since replacement was used.  In the questionnaire, the house age was determined 

using the following intervals:  since 2000, 1990-1999, 1980-1989, 1970-1979, 1960-

1969, 1950-1959, 1940-1949, before 1940.  The plumbing age question was asked using 

the following intervals: after 2000, 1995-1999, 1990-1994, 1980-1989, 1970-1979, 1960-

1969, and before 1960.  The five-year intervals were combined to make ten-year intervals 

in order to match the ten-year interval format of house age question.  Median value of the 

interval was computed and subtracted from the year 2006.   

A variable not included in the pinhole leak occurrences regression analysis is the 

volume of water usage of each household annually.  Information on water usage for each 

household was not asked in the survey.  The influence of water use volume on pinhole 

leak occurrences was examined for a sample of respondents in a zip code with a high 

frequency of pinhole leaks.  Data on a rolling average daily water use over the previous 

12 months were obtained for 75 respondents with pinhole leaks and 72 respondents 

without pinhole leaks.  A t-statistic test of mean water use for the groups with and 
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without pinhole leaks indicated no statistically significant differences between the groups 

at a 5 percent significance level (t-statistic = 0.269).  As a result, no further analysis was 

done of impact of the volume of water usage on pinhole leak occurrences.  

 

2.3.3 Analysis of Costs Associated with Pinhole Leak Repair  

The cost estimation method is applied to assess the factors driving costs of 

pinhole leak repairs and associated damage. The total costs of pinhole leak repairs consist 

of direct costs, which are represented by financial costs, as well as indirect costs 

associated with the time spent to deal with this issue.  The indirect costs are translated 

into the forgone earnings, resulting from dealing with plumbing material failures. Total 

expenditures for plumbing material repairs are defined a function of the following 

variables: the number of leaks, type of pipe material, type of water conveyed in the pipe 

with the leak, place of leak in the dwelling, age of the dwelling, and source of water, as 

well as length of time in the current residency. A weighted ordinary least squares (OLS) 

regression is employed to estimate the total costs associated with pinhole leak repairs.  

The weights used in the regression are the sample weights for individual zip code areas 

described earlier.   

The ordinary least square regression assumes i) error term (ei) is independently 

and identically distributed in i with a standard normal distribution; ii) { xi: i…n}  is 

independent of ei; iii) error term (ei ) and unmeasured latent continuous random variable 

(δi) are independent within respondent i. δi is distributed normally and represents the 

unmeasured characteristics of respondents (Briggs, 2002). The weighted ordinary least 

squares regression is specified as follows: 

 

y = Xββββ + e   (7) 

e ~ (0, σ2I i)  (8) 

 

where y is the dependent variable weighted by observation, and X is a vector of 

independent variables weighted by observation (Briggs, 2004).     
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The dependent cost variable (y) includes the financial and time costs of pinhole 

leaks.  Financial costs included the total amount spent by the respondent, his/her landlord 

(if applicable), and/or the respondent’s insurance company to repair the plumbing system 

and any other damage from pinhole leaks.  Time spent by the respondent in dealing with 

pinhole leaks was translated into financial terms by multiplying the estimated time spent 

by the survey respondent by the estimated hourly wage rate for each zip code.  The 

estimated hourly wage rate was calculated based on the inflation adjusted annual average 

income for each zip code as reported by Census Bureau divided by the assumed number 

of hours worked in a year, 2,080 (52 weeks *  40 hour/week; Census Bureau, 2000).  The 

estimated total expenses (financial and time costs) ranged from $1,271 to $18,455.  Fifty-

six observations had missing values for either the time or money spent on pinhole leak 

repairs.  As a result, the total number of unweighted observations for total costs is 392.  

The 392 observations represent the survey respondents who experienced pinhole leaks 

and accrued expenses from repairing damage associated with plumbing material failure.   

Total expenses were regressed on number of pinhole leaks, type of pipe material 

(copper vs. others; iron vs. others), type of water conveyed in the pipe with the leak (hot 

vs. cold), place of leak in the dwelling, age of the dwelling, and source of water (Patuxent 

water treatment plant vs. other).  Additionally, the impact of length of residency on the 

total estimated expenses was tested; however, this variable was found not to be a 

statistically significant factor, and therefore not included in the final model estimation.  

Regardless of the age of the plumbing material, the mean total expense for residents 

living in the house for longer than 10 years was $3,720 while for those residing less than 

10 years mean expense was $3,496.  T-statistic test mean indicated no statistically 

significant differences between the two groups at a 5 percent significance level (t-statistic 

= - 0.510).  This finding is in agreement with the responses to the survey.  Most of the 

respondents had experienced pinhole leaks during the 1990s and 2000s.  As a result, there 

should not have been major differences in total expenses accrued by those residing for a 

longer time period compared to those residing a shorter period of time in their homes.  

No further analysis was performed for the impact of the length of residency on the total 

cost of the repairs associated with pinhole leak damage. 
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Unstandardized and standardized coefficients of each variable were reported for 

the weighted ordinary least squares regression.  Unstandardized coefficients represent the 

actual effect of the independent variable on the dependent variable and represent the 

dollar amount of increase/decrease in total costs due to change in the independent 

variables by one unit.  Standardized coefficients explain the impact of a one standard 

deviation increase in the independent variable on the dependent variable relative to other 

variables in the model.  As a result, factor standardization allows for observing the 

relative importance of explanatory factors, while keeping the variable of interest in its 

original form (Kim & Feree, 1981).   

 

2.3.4 Sample Selection Bias 

Information on the total repair costs associated with pinhole leaks might not be 

available for all the survey respondents and the distribution of respondents over 

categories of the independent variables may not be random.  As discussed below, some 

survey observations for pinhole leaks incidents were incorrectly classified (model 

predicted pinhole leaks for the respondent when none were observed or vice versa).  The 

discrepancy between observed and predicted values could be related to the differences in 

unmeasured and measured characteristics between people reporting pinhole leaks and 

those not reporting.   

There are several methods of correcting for the sample selection bias.  These 

methods include censored Tobit and Heckman models (for additional information please 

see Sweeney (2006)).  A Tobit model is used when the dependent variable is censored at 

point below which additional observations are not observable.  The model, however, has 

some limitations such as determination of the probability of the censored observation as 

well as the value of the dependent variable for the same set of variables.  The model also 

does not allow a full theoretical explanation of why the censored observations are 

censored.  The Heckman procedure is an improvement on the Tobit model as it utilizes a 

different set of variables to determine the probability of censoring and the value of the 

dependent variable given that it is observed.  It also allows for a greater theoretical 

development as it takes into account for selection and outcome being interrelated 
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(Sweeney, 2006). 

A Heckman two-stage procedure was utilized to correct for the selection bias in 

order to estimate the unbiased effects of independent variables on total pinhole corrosion 

repair expenses (Briggs, 2004).  In the first step of the Heckman procedure, the selection 

bias was computed.  In the second step, the weighted OLS regression for total repair 

expenses was performed.  The selection bias correction factor was added as an additional 

explanatory variable of pinhole leak repair costs.  Since the addition of the sample 

selection bias variable impacts the estimated standard errors, the standard errors had to be 

corrected by utilizing the generalized least square regression (GLS).   

The weighted binary logit model used to predict leak occurrences as described in 

equations (1) and (2) was employed to compare these dissimilarities between the two 

groups.  Because the Heckman model assumes a normally distributed error term and the 

logit regression does not, the logit model estimates were converted into probit model 

estimates.  Using the inverse cumulative distribution function of the normal distribution, 

logit individual probabilities (ranging from 0.17 to 0.81) were translated into the 

individual probit scores (� i) for each respondent.  The probit scores represent the 

residuals between the observed and predicted probabilities and range between -0.94 and 

0.86.  The residuals of the selection equation were then utilized to construct a selection 

bias correction, which is equivalent to the inverse Mill's ratio.  The following formulas 

were employed to calculate the sample selection bias correction factor: 

 

λi =  ((1/sqrt(2*3.142))* (exp(-� i *  � i *0.5)))/ Φi (� i),  for y = 1  (9) 

λi = - ((1/sqrt(2*3.142))* (exp(-� i *  � i *0.5)))/(1- Φi (� i)),  for y = 0  (10) 

 

 where � i are the individual probit scores and Φi is the cumulative probability function.  

The selection bias correction measures the effects of all unmeasured characteristics of 

respondents related to pinhole leak corrosion.  The bias correction variable is added as an 

explanatory variable.  As a result, the remaining variation in the dependent variable after 

the removal of the effect of the known variables is explained by the unknown factors 

(Smits, 2003).   

The inverse Mill's ratio for each respondent is as follows: 
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λi = φi(Z) / Φi(Z), for y = 1  (11) 

λi = -φi(Z) /(1- Φi(Z)), for  y = 0  (12) 

 

where Z is the vector of explanatory variables for the respondent, respectively; φi is the 

density probability function; and Φi is the cumulative probability function. If the 

predicted probability of pinhole leak occurrences is close (but not equal) to unity for 

respondents with pinhole leaks, this implies that Φi(Z) → 1 and that φi(Z) → 0.  As a 

result, the inverse Mills ratio term is close to zero for this respondent and the selection 

bias correction variable has no influence on the total cost of pinhole leak damage.  In case 

of respondents without pinhole leaks occurrences, the high-predicted probability of 

corrosion implies high selection bias in absolute value.  As a result, these respondents 

should have experienced pinhole leaks in their plumbing system.  On the other hand, if 

the predicted probability is small for respondents with pinhole leaks occurrences, the 

inverse Mills ratio is large (Φi(Z) → 0 and φi(Z) → 1) and the selection bias correction 

variable strongly influences the total expenses of corrosion damage.  For the respondents 

without pinhole leaks, the small-predicted probability implies the inverse Mill’s ratio to 

be small in absolute terms.  The low bias in absolute value means that respondents 

without pinhole leaks appropriately did not observe pinhole leaks in their plumbing 

(Briggs, 2004).  For this analysis, the selection bias variable was calculated for 879 

unweighted observations and ranged between -1.42 and 1.44.   

In the second step of the Heckman procedure (substantial analysis), the weighted 

ordinary least square regression for total repair expenses was performed.  The selection 

bias correction factor was added as an additional explanatory variable of pinhole leak 

repair costs.  The ordinary least square model specification with the Heckman selection 

bias correction is provided by the following: 

 

y = Xββββ + λθθθθ + e   (13) 

 

where X is the vector of explanatory variables for the respondent with pinhole leaks,  λ is 

the sample selection bias correction for respondents with pinhole leaks, and θ  is the 
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coefficient of the selection bias defined as θ =� * �  where �   is the correlation coefficient 

and �  is the standard deviation.   

The F-test was employed to examine the importance of correction for selection 

bias by comparing models with and without sample selection bias correction variable.  

The F-test statistic is defined as follows: 

 

F-test statistic = (SSEr – SSEu) / (SSEu /(n-k)) ~F (1, (n-k))  (14) 

 

where SSEr is the error sum of squares in the model without sample selection bias, SSEu 

is the error sum of squares in the model with sample selection bias, n is the number of 

observations in the model with selection bias, and k is the number of coefficients in the 

model with sample selection bias. The hypotheses are as follows: 

 

H0: y = Xββββ + e   (15) 

H1:  y = Xββββ +λθθθθ + e.  (16) 

 

If at a 5% significance level and (1, n-k) degrees of freedom, the critical F-value is less 

than the F-test statistic, then the H0 is rejected and the sample selection bias correction 

should be included in the model (Griffiths et al., 1993). 

Because the selection bias correction variable reflects all of the unmeasured 

characteristics related to pinhole leak occurrences, the remaining independent variables 

are free from this effect and unbiased.  On the other hand, the standard errors of the 

ordinary least square estimates are heteroskedastic:  

 

e ~ (0, σ2Vi))   (17). 

 

With heteroskedastic errors, the least square estimates are still unbiased, but not efficient.  

As a result, the variance varies with each respondent (the true variance is either 

overestimated or underestimated).  In order to correct for heteroskedasticity (obtain 

constant variance: e ~ (0, σ2I i)), a generalized least square regression (GLS) was 

employed (Smits, 2003).   
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In order to confirm the existence of selection bias in the total costs model 

specification, the correlation between the error terms of the selection and substantial 

equations should be estimated (Corr(e, δ) = ρ ). As presented in equation 9, the 

coefficient of selection bias estimated in the substantial analysis is defined in part by � .  

As a result, the correlation coefficient is calculated as follows: 

 

ρ =  sqrt(θ^2/ � ^2)  (18) 

 

where θ^ is the estimated coefficient of selection bias correction and � ^2 is the estimated 

variance from the substantial analysis (Smits, 2003). 

 

2.4 Results 

Survey results indicate that pinhole leaks in copper home plumbing systems are a 

frequently reported problem in the Maryland suburbs of Washington, D.C.  Four hundred 

and forty-eight respondents (40 percent of 1,120 respondents on an unweighted basis) 

reported incidents of pinhole leaks.  On a weighted basis, 32 percent of respondents 

reported leaks.  This number is higher compared to pinhole leak rates reported by other 

studies.  For example, the average leak rate in non-hotspot areas nationwide is 8% 

(Scardina et al., 2007), while three hotspot areas reported rates between 11% and 21% 

(Scardina et al., 2007).  Of those reporting leaks, most respondents (74% on a weighted 

basis) had one to four leaks; however, 8% reported seven or more leaks (Table 2.1).  

Forty-three percent of respondents (weighted basis) reported that the first leak occurred 

since 2000, 38 percent reported the first leak in the 1990s, 6 percent reported the first leak 

in the 1980s, and less than 1 percent reported the first leak before 1980 (Table 2.2).   

The age distribution of dwellings with leaks is roughly proportional to the overall 

age distribution of dwellings.  For example, on an unweighted basis (Table 2.3), 

dwellings built prior to 1970 account for 65% of the total observations and 63% of the 

leaks.  The largest discrepancy is in the 1960-1969 period.  Dwellings from that period 

account for 20% of the total observations but 31% of the leaks (unweighted basis).   
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Most leaks were located in the basement (61% on a weighted basis) followed by 

the first floor (37%) (Table 2.4).  Only 19% of respondents (weighted basis) reported 

leaks occurring on the second floor or higher.   

The total number of unweighted observations with complete information on all 

variables utilized in the estimation of pinhole leak occurrences was 879 (423 respondents 

with pinhole leaks and 456 respondents without pinhole leaks).  The total unweighted 

number of observations with missing values is 241.  Respondents without pinhole leaks 

were the control group in the logit regression analysis.  The logistic model is significant 

at a 5 percent level with Log Likelihood equal to 1,103 (Table 2.5, Base model results).  

The logistic regression results are presented in form of probability values (Table 2.5).   

The logit regression results are presented in form of odds ratio and probability 

values (Table 2.5).  The estimated odds ratios indicate relationships between the 

dependent and independent variables.  When the odds ratio is more than 1, there is a 

positive relationship between the dependent and independent variables and pinhole leaks 

are more likely to occur with a one unit increase in the value of the explanatory factor.  

An odds ratio less than 1 indicates a negative relationship between the causal factor and 

pinhole leaks.  For example, an odds ratio of 0.58 for water travel time (water age) 

indicates that pinhole leaks are about half as likely to occur with a one-day increase in 

travel time.  Finally, an odds ratio of 1 presents no relationships between leaks and its 

causes (UCLA Academic Technology Services, 2005).   

The estimated probability coefficients (Table 2.5) can be interpreted as the impact 

of one unit increase (decrease) in the independent variable on the chance of pinhole leak 

occurrences while controlling for other variables in the model (UCLA Academic 

Technology Services, 2005).  For example, one additional day of water age decreases the 

probability of pinhole leaks by 37%.  This finding is in agreement with Rushing and 

Edwards (2004) who found houses located closer to the treatment plant to be exposed to 

higher levels of chlorine and therefore, to experience higher levels of pipe corrosion.  

Furthermore, copper pipes installed in the dwelling raise the chance of pinhole leak 

incidents by 68%; and history of pipe failures increases the probability of pinhole leaks 

by 68%.  Having water from PWTP increases the probability of pinhole leaks by 85%. 

Age of plumbing material is not statistically significant.   
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A prediction accuracy analysis was performed to determine correct and incorrect 

estimates of the pinhole leak observations.  Correct estimates are defined as those 

responses for which a probability greater than 0.5 is assigned to a respondent with 

pinhole leaks or a probability less than 0.5 is assigned to a respondent with no reported 

pinhole leaks.  The analysis does not reveal, however, how close to 1.0 the correct 

predictions are nor how close to 0.0 are the errors (Garson, 2006).  Overall prediction was 

60% for the unweighted values with or without pinhole leaks, which implies an 

acceptable prediction level for the model (Table 2.6).  Furthermore, 202 observations 

classified as no pinhole leaks should have been classified as observations with pinhole 

leaks, while 310 observations with pinhole leaks were predicted appropriately.  As a 

result, the predicted number of pinhole leaks observations is 512 compared to the actual 

number of observations with pinhole leaks of 423.  Thus, the model overpredicted the 

occurrence of pinhole leaks by about 17%.  In a perfect model, all cases are on the 

diagonal and the percent of correctly predicted values is 100%.   

A model for predicting pinhole leak occurrences was estimated based on the 

binary logit regression analysis.  The proposed equation is adjusted by the 17% of 

overprediction resulting from the initial modeling.  Engineers and water utility managers 

could employ the following model for pinhole leak predictions in their service areas: 

 

pinhole leak probability = exp (PH) / (1+exp (PH)) (19)  

 

where  

 

PH = -0.170 + 0.677 *  copper pipe + 0.809 *  history of pipe failure - 0.532 *  water 

travel age (20) 

 

The -0.17 term corrects for 17% overprediction from the initial model.  The pinhole leak 

probability variable represents the probability of pinhole leak occurrences and takes 

values between 0 and 1. The copper pipe variable is binary taking a value of 1 when 

copper pipes are used and 0 otherwise.  History of pipe failure is also binary with a value 
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of 1 when pipes failed previously.  Finally, water travel age represents the number of 

days it takes to deliver drinking water to individual residential properties.  

  

2.4.1 Costs associated with Pinhole Leaks   

Households with pinhole leaks incur high financial, time, and emotional costs 

when dealing with pipe failures.  Thirty percent of respondents with leaks (weighted data) 

reported expenditures of at least $500 for repairing leaks and associated damage (Table 

2.7).  Seven respondents cited $12,000 in repair expenses and one person reported more 

than $25,000 in damage.  Many of the survey respondents pointed out that in addition to 

repairing or replacing water pipes, they also had to repair damage to ceilings, walls, and 

floors.  In addition, a few respondents moved out of their homes during the renovation 

periods, which added to their repair expenses.  Others mentioned the loss of priceless 

personal belongings such as family photos, clothes, and furniture damaged by pipe leaks. 

Twenty-six percent of respondents with pinhole leaks (Table 2.8, weighted 

results) spent at least 20 hours dealing with pinhole leaks and related damage.  Forty-

three percent of respondents spent less than 10 hours.  Fifty-six percent of respondents 

found the experience somewhat or very stressful.  Survey respondents felt “aggravated,”  

“helpless,”  and “worried”  about future leaks.  Lack of knowledge on the possible causes 

of pinhole leaks added to the overall anxiety felt by those with pinhole leaks.  

Furthermore, some respondents cited lack of third party involvement and responsibility 

for pinhole leak occurrences and related damage as additional stress.  The respondents 

felt they had inadequate information to make decisions on water plumbing issues and 

were frustrated with insufficient assistance from local water utilities, insurance 

companies, and contractors.  

 

2.4.2 Results with no Selection Bias Correction  

The weighted ordinary least squares estimation was performed on the 

observations that reported pinhole leaks.  The total unweighted number of observations 

utilized to estimate the effect of independent variables on the total costs is 392 after 

deleting 56 observations with missing data for total expenses of pinhole leak damage.  
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The number of leaks had a large positive impact on pinhole leak costs (Table 2.9).  

Copper plumbing and pipe failure on the second floor of a dwelling increased repair 

expenses.  The average increase in total costs due to plumbing material failure on second 

floor is $1,012 (unstandardized coefficients in Table 2.9).  Plumbing system malfunctions 

under the slab and in the basement were negatively related to the total repair expenses, 

resulting in an average $842 decrease in repair expenses, probably because these areas 

were easier to access for repair and/or because leaks in these areas represented less 

associated damage to the structure and furnishings of the dwelling.  According to a report 

by NAHB (1992), pinhole leak occurrences under slab and underground (16 unweighted 

observations) might be affected by abnormally aggressive soil with a high capacity of 

obtaining moisture.  Finally, the water treatment dummy is negatively related to the costs 

of repairs implying lower costs experienced by households obtaining water from PWTP.  

Iron pipes, cold water pipes, and plumbing material age were not related to pinhole leak 

damage costs.   

 

2.4.3 Results with Selection Bias Correction 

The effective unweighted sample size after employing the selection bias 

correction in the least squares regression is 367.  The sample selection bias correction 

values are missing for 25 observations, which had missing observations for one or more 

explanatory variables.  The selection bias correction coefficient is 0.52 and significant at 

the 0.05 significance level (Table 2.9).  The sample selection bias correction is needed in 

the total expenses of corrosion damage model specification. The correlation coefficient 

between the error terms in the first and second step of the Heckman procedure is 0.30 and 

statistically significant at the 5% significance level.  The F-test statistic, which tests the 

importance of selection bias correction in the model specification, is 7.86 (critical F(1, 356) 

value = 3.84). The above finding confirms the need for sample selection bias correction 

in the total expenses of corrosion damage model specification. 

Including the selection bias caused coefficients and significance levels of other 

variables to change.  Compared to the regression without selection bias correction, the 

magnitudes of the standardized coefficients increased in absolute value for copper pipes 
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(from 0.09 to 0.17).  The magnitudes of the standardized coefficients decreased in 

absolute value for number of leaks (from 0.33 to 0.16), leak under slab or in basement 

(from -0.69 to -0.48), and leak on the second floor (from 0.82 to 0.80).  

Similarly to the OLS model without selection bias correction, number of leaks, 

copper plumbing and leaks on the second floor of a dwelling increased repair expenses 

while leaks under the slab and in the basement are negatively related to total repair 

expenses.  Plumbing material age, cold water pipes, leaks on first floor, and iron pipes are 

still not significant in the corrected model.   

Additionally, source of water (water from the PWTP) is negatively related to the 

repair costs of pinhole leaks.  One possible explanation for finding the water from the 

Patuxent treatment plant being negatively related to the repair costs is differences in 

water treatment procedure between competing water treatment plants in the area (PWTP 

water might be less corrosive).  However, the factors impacting water chemistry for water 

treatment plants were not specifically measured in this study.  The treatment plant (and 

its associated impact on water chemistry) did not have a significant impact on the 

probability of pinhole leaks occurrences.  Thus, the effect of treatment plant on repair 

costs is not strongly established in this analysis.   

Water chemistry impacts water quality and therefore, the release of copper into 

water.  Imran et al. (2005) found that alkalinity, chlorides, sulfates, sodium, and dissolved 

oxygen have a significant effect on the release of copper into water (corrosion) especially 

for blended finished waters from surface, ground and saline sources.  Adverse effects on 

total copper release can be mitigated by controlling water quality of blended finished 

waters primarily by controlling alkalinity and pH (Xiao, 2004).  Additionally, 

temperature and hydraulic retention time are statistically significant physical and 

operational parameters impacting water corrosiveness (Imran et al., 2005). 

 

2.4.4 Sensitivity Analysis of Housing Age 

Potentially, results of the regression analyses might be influenced by the large 

number of dwellings (498) built in the 1950-1969 period.  An additional weighting was 

done to reduce the influence of the 1950-1969 period on regression results.  The period 
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from 1950-1969 was made the base period, and respondents living in homes built then 

received the weight based on their initial sampling weight.  Respondents living in homes 

from other periods were weighted in inverse proportion to the ratio of homes in their age 

category to the base number of homes.  For example, there were 26 respondents living in 

dwellings built since year 2000.  Therefore, the weight for respondents living in 

dwellings built since 2000 is 498/26 = 19.15.  This weight was multiplied by the initial 

sampling weight described above.  For example, a respondent living in a zip code 

receiving a weight of 1.5 and in a dwelling built after 2000 would receive a final weight 

of 19.15 times 1.5 = 28.7.  The unweighted sample size without selection bias correction 

is 392 (OLS regression) and with selection bias correction is 367 observations (GLS 

regression). 

The results of the logistic model for observations weighted by dwelling age 

category (Table 2.5) are different from the base model.  Probabilities associated with 

water age, history of pipe failure, source of water, and use of copper pipes do not differ 

much from the base model.  The probability of pinhole leak occurrences changes in 

absolute magnitude for the copper pipes variable (68% vs. 73%) and water age variable (-

37% vs. - 40%).  The plumbing material age variable remains insignificant in the house-

age weighted model.  Weighting for the number of dwellings built between 1950 and 

1969 has little impact on factors affecting leak occurrences.   

In the OLS regression of total expenses with no correction for sample selection 

bias (Table 2.9 and 2.10), the results are very similar between the base model and the 

model weighted by the age category of dwelling.  Similarly to the base model, number of 

leaks, copper plumbing and leaks on the second floor of a dwelling increased repair 

expenses while leaks under the slab and in the basement are negatively related to total 

repair expenses.  For example, plumbing system malfunctions under the slab and in the 

basement resulted in the same average financial decrease in the repair costs of $842.  The 

water source variable is negative and statistically significant at 10%.  Plumbing material 

age, cold water pipes, and iron pipes are still not significant.  Compared to the base 

model, the magnitude of the standardized coefficient increased slightly in absolute value 

for the number of leaks variable (from 0.33 to 0.34). 



 37

There are, however, differences between the OLS estimates without selection bias 

correction and the results accounting for the bias (Table 2.10).  Similarly to population 

weighted OLS with sample selection correction model, the selection bias correction 

coefficient is 0.53 and statistically significant while the correlation coefficient between 

the error terms of the two steps of sample selection bias correction is 0.29 and statistically 

significant at the 0.05 significance level.  The F-test statistic, which tests the importance 

of selection bias correction in the model specification, is 8.10.  The above finding 

confirms the importance of including the selection bias correction in the model 

specification.   

Similarly to the base model, water from the PWTP became statistically negatively 

related to the repair costs of pinhole leaks after accounting for the selection bias (Table 

2.10).  Compared to the regression without selection bias correction, the magnitudes of 

the standardized coefficients increased in absolute value for the source of water variable 

(-0.07 vs.-0.31).  The magnitude of the standardized coefficient decreased in absolute 

value for number of leaks variable (0.34 vs. 0.16), leaks on second floor variable (0.82 

vs. 0.81), and leaks under slab or in basement (from -0.69 to -0.48). 

 

2.5 Conclusions 

The objective of the study was to analyze factors influencing the occurrence and 

costs of pinhole leak corrosion in suburbs of Washington, D.C.  This study addresses a 

gap in literature on socioeconomic impacts of pitting corrosion on individual households.  

Data were based on a survey of households in the Maryland suburbs of the Washington, 

D.C. conducted in 2004.  Factors associated with frequency of pinhole leaks and repair 

costs of leaks were analyzed statistically.   

Results from the survey indicate that pinhole leaks in home plumbing systems are 

a frequently reported problem in the greater Washington, D.C. area.  This region was 

predicted to have unusually a high pinhole leak activity compared to the national average 

at the start of the project.  Most pinhole leaks occurred in the mid-1990s and the 2000s.  

Most respondents had 1 to 4 leaks; however, 8% (weighted basis) reported 7 or more 

leaks.   
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Based on the results of the statistical analysis, pinhole leak occurrences depend on 

the following factors: plumbing material, location of the house relative to the treatment 

plant, and history of plumbing failure.  Furthermore, the probability of pinhole leaks 

increases with use of copper pipes as the plumbing material.  Dwellings located closer to 

the treatment plant have higher incidents of pinhole leaks possibly due to exposure to 

higher chlorine concentration.  Leaks are also more likely to occur if a plumbing system 

has failed in the past.  Plumbing material age was not found statistically significant in 

pinhole leak occurrences. 

Pinhole leaks and the damage associated with their repairs can have high 

financial, emotional, and time costs.  The total estimated costs for repairs associated with 

the leak occurrences can reach $25,000.  Repair costs increase with the number of leaks, 

repairs of copper pipes, and location of leaks on the second floor of the dwelling.  The 

costs are lower when repairing damage under the slab or in the basement of the property.  

Costs are positively correlated with source of water.  

Policymakers and utility managers should emphasize faster responses to pinhole 

leak outbreaks in terms of determining likely causes of leaks and advising homeowners 

on the best ways of responding to leaks.  States or regions with pinhole leak hotspots may 

wish to convene special task forces to look into the issue as was done in Maryland.  

Policymakers may also wish to consider expanding state-funded property insurance to 

cover property damage from pinhole leaks outbreaks in cases where private insurance 

coverage is inadequate.   

In this study, the water chemistry was measured only indirectly based on 

differences in water treatment plant, which provided mixed results.  More specific study 

of differences in water chemistry and its impact on corrosion and pinhole leak incidence 

would be beneficial.  This extension refers also to houses with private wells.  Since only 

0.6% of the survey respondents indicated using water from private wells, the impact of 

well water on pinhole leak occurrences was not investigated.  Additionally, the types of 

soil on which houses are built should be considered as another factor associated with 

pinhole leak corrosion.  In this study, the basement/under slab locations of the house 

seem to be more prone for pinhole leak occurrences.  Possibly these locations may be 

more prone to leaks due to the characteristics of soils on which the house is built.   
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2.8 Appendix 

Appendix A 

 
Figure 2.1:�The Maryland Suburbs of Greater Washington, D.C. Area 
 

 
 
 
Note:  Figure 2.1 represents the Maryland suburbs of Washington D.C.  There are two water 

treatment plants governed by WSSC: Potomac and Patuxent. The red dots on the map represent 

the number of surveys send out to each zip code in the study area.  Zip codes 20817, 20707, and 

20815 had the highest number of surveys sent due to the highest frequency of pinhole leak 

occurrences. 
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Table 2.1:  Number of Pinhole Leaks Reported by Survey Respondents 
 
Number of 
leaks 

Respondents by 
leak category 
(unweighted) 

 
Percent 

(unweighted) 

Respondents by 
leak category 
(weighted) 

 
Percent 

(weighted) 

1-2  201 44.9 172.5 58.5 
3-4  97 21.7 45.9 15.6 
5-6  49 10.9 20.4 6.9 
7-10 37 8.3 17.5 5.9 
> 10 25 5.6 6.9 2.4 
Don’ t know 21 4.7 16.3 5.5 
Missing 18 4.0 15.2 5.2 
Total 448 100.0 294.7 100.0 
Note:  Number of pinhole leaks reported by mail survey respondents in the Maryland suburbs of 
Washington D.C.  A total of 448 respondents reported experiencing pinhole leaks or 40% of 
1,120 respondents on an unweighted basis.  Unweighted responses represent the simple 
frequencies of respondents in each category of leak counts.  Certain zip codes with higher leak 
reports were sampled more heavily; consequently, weighted responses represent a correction for 
oversampling.  Samples are weighted by the number of people over 18 represented by each 
survey sample in a given zip code.   



 47

 
Table 2.2: The Year Pinhole Leaks Were First Reported 

 
Year pinhole 
leaks were 
first reported 

Respondents 
by year leaks 
first reported 
(unweighted) 

 
 

Percent 
(unweighted) 

Respondents 
by year leaks 
first reported 
(weighted) 

 
 

Percent 
(weighted) 

Since 2000 204 45.5 126.4 42.9 
1995 to 1999 124 27.7 75.1 25.5 
1990 to 1994 50 11.2 37.3 12.6 
1980 to 1989 29 6.5 18.1 6.1 
1970 to 1979 7 1.6 1.5 0.5 
1960 to 1969 1 0.2 0.1 0.0 
Before 1960 1 0.2 0.5 0.2 
Don’ t know 14 3.1 19.7 6.7 
Missing 18 4.0 16.0 5.4 
Total 448 100.0 294.7 100.0 
Note:  Year pinhole leaks first occurred in residents’  homes as reported by 
mail survey respondents in the Maryland suburbs of Washington D.C.  
Unweighted responses represent the simple frequencies of respondents in each 
period.  Certain zip codes with higher leak reports were sampled more heavily; 
consequently, weighted responses represent a correction for oversampling.  
Samples are weighted by the number of people over 18 represented by each 
survey sample in a given zip code.   
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Table 2.3:  Age of the Dwelling in which Pinhole Leaks Occurred 

 
Year house 
or apartment 
building 
was built 

Total number 
of respondents 

by year 
residence built 
(unweighted) 

 
 
 

Percent 
(unweighted) 

Respondents 
with leaks by 
year residence 

built 
(unweighted) 

 
 
 

Percent 
(unweighted) 

Respondents 
with leaks by 
year residence 

built 
(weighted) 

 
 
 

Percent 
(weighted) 

Since 2000 26 2.3 1 0.2 0.1 0 
1990-1999 52 4.6 8 1.8 8.7 2.9 
1980-1989 136 12.1 52 11.6 52.1 17.7 
1970-1979 124 11.1 47 10.5 45.5 15.4 
1960-1969 225 20.1 82 31.3 59.9 20.3 
1950-1959 273 24.4 140 15.4 75.8 25.7 
1940-1949 135 12.1 69 8.3 34.3 11.6 
Before 1940 93 8.3 37 8.3 9.8 3.3 
Don’ t know 51 4.6 10 2.2 8.5 2.9 
Missing 5 0.4 2 0.4 .2 0.1 
Total 1120 100.0 448 100.0 294.7 100.0 
Note:  Year dwelling was constructed as reported by mail survey respondents in the Maryland suburbs of 
Washington D.C.  Year of construction is reported separately for all respondents and for respondents with 
pinhole leaks. Unweighted responses represent the simple frequencies of respondents in each period.  Certain 
zip codes with higher leak reports were sampled more heavily; consequently, weighted responses represent a 
correction for oversampling.  Samples are weighted by the number of people over 18 represented by each 
survey sample in a given zip code.   
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Table 2.4: Level of Dwelling on which Pinhole Leaks Occurred 
 
Level of leak in 
dwelling 

Respondents 
with leaks at 

indicated level 
(unweighted) 

 
Percent 

(unweighted) 

Respondents 
with leaks at 

indicated level 
(weighted) 

 
Percent 

(weighted) 

Under slab 
/underground 

16 3.6 18.3 6.2 

Basement 304 67.9 179.8 61.0 
First floor 173 38.6 109.3 37.1 
Second floor 95 21.2 3.9 18.3 
Third floor 8 1.8 0.8 0.3 
Fourth floor or 
higher 

7 1.6 1.4 0.5 

Don’ t know 17 3.8 29.3 9.9 
Missing 18 4.0 16.1 5.5 
Note:  Level of dwelling on which pinhole leaks occurred as reported by mail survey respondents 
in the Maryland suburbs of Washington D.C.  Percent of respondents with leaks on each dwelling 
level is calculated based on the number of respondents with a leak on each level divided by the 
total number of respondents with leaks (448 unweighted, 294.7 weighted).  Percents do not sum 
to 100 because some respondents indicated more than one level of dwelling had leaks.  
Unweighted responses represent the simple frequencies of respondents in each period.  Certain 
zip codes with higher leak reports were sampled more heavily; consequently, weighted responses 
represent a correction for oversampling.  Samples are weighted by the number of people over 18 
represented by each survey sample in a given zip code.   
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Table 2.5: Effects of Selected Variables on Probability of Pinhole Leak Occurrences 

   
Base model 

 
Observations weighted by 

Variables Percent 
probability 

Odds ratio P-value Percent 
probability  

Odds ratio P-value 

Water age -36.69 0.58 0.00 -40.39 0.68 0.00 

Copper pipes 68.17 2.14 0.00 72.79 2.68 0.00 

History of pipe 
failure 

68.03 2.13 0.00 68.64 2.19 0.00 

Plumbing material 
age 

-49.90 1.00 0.23 -49.98 0.99 0.82 

Water source 
(Patuxent plant) 

85.74 6.10 0.00 85.93 6.10 0.00 

Note:  In the base model, variables are weighted by sample weights, which correct for oversampling zip 
codes with higher leak reports.  Model log Likelihood = 1103; Pseudo R2 = 0.078; and n (unweighted) 
= 879.  In the second model, observations are weighted by sample weights multiplied times a weight for 
age of dwelling.  The 1950-1969 period was made the base period and respondents living in homes 
from other periods were weighted in inverse proportion to the ratio of homes in their age category to the 
base number of homes.  Log Likelihood = 1099; Pseudo R2 = 0.09; and n (unweighted) = 879.   
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Table 2.6: Classification Table of Pinhole Leak Prediction Accuracy 
Observed Predicted Percentage Correct 
  No pinhole leaks Pinhole leaks  
No pinhole leaks 254 202 55 
Pinhole leaks 113 310 73 
Overall Percentage   64 
Note:  Comparison of predicted and observed pinhole leak occurrences.  A leak 
is predicted (not predicted) if a probability of pinhole leaks greater than or equal 
to 0.5 (less than 0.5) is estimated for a respondent by the weighted logistic 
model.  Observation frequencies reported in the table are unweighted.      

 

 

 

 

 

 

 

Table 2.7: Costs of Repairing Pinhole Leaks and Associated Damage 
 
 

Amount of money 

Number of 
observations 
(unweighted) 

 
Percent 

(unweighted) 

Number of 
observations 
(weighted) 

 
Percent 

(weighted) 
Less than $100 58 12.9 55.1 18.7 
$100 to $500 112 25.0 89.2 30.3 
$501 to $1,000 71 15.8 33.7 11.4 
$1,001 to $3,000 66 14.7 32.6 11.1 
$3,001 to $5,000 45 10.0 22.5 7.6 
More than $5,000 43 9.6 14.6 4.9 
Don’ t know 34 7.6 29.7 10.1 
Missing  19 4.2 17.4 5.9 
Total 448 100.0 294.7 100.0 
Note:  Costs of repairing pinhole leaks and associated damage reported by mail survey 
respondents in the Maryland suburbs of Washington D.C.  Unweighted responses 
represent the simple frequencies of respondents in each cost category.  Certain zip codes 
with higher leak reports were sampled more heavily; consequently, weighted responses 
represent a correction for oversampling.  Samples are weighted by the number of people 
over 18 represented by each survey sample in a given zip code.   
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Table 2.8: Time Spent Dealing with Pinhole Leak Problems 
 

Number of 
hours 

Number of 
respondents 
(unweighted) 

 
Percent 

(unweighted) 

Number of 
respondents 
(weighted) 

 
Percent 

(weighted) 
Less than 10 173 38.6 125.4 42.6 
11-20 88 19.6 46.2 15.7 
21-40 60 13.4 31.0 10.5 
41-80 45 10.0 33.5 11.4 
More than 80 26 5.8 11.5 3.9 
Don’ t know 36 8.0 29.8 10.1 
Missing  20 4.5 17.2 5.8 
Total 448 100 294.7 100 
Note:  Time spent dealing with pinhole leaks problems reported by mail survey 
respondents in the Maryland suburbs of Washington D.C.  Unweighted responses 
represent the simple frequencies of respondents in each time category.  Certain zip 
codes with higher leak reports were sampled more heavily; consequently, weighted 
responses represent a correction for oversampling.  Samples are weighted by the number 
of people over 18 represented by each survey sample in a given zip code.   
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  Table 2.9.  Total Costs of Repairing Pinhole Leaks and Associated Damage (Least Squares Regression) 

  OLS regression without  
selection bias correction 

GLS regression with  
selection bias correction 

Variables Unstandardized 
coefficients 

Standardized 
coefficients 

P-value Unstandardized 
coefficients 

Standardized 
coefficients 

P-value 

Constant 293.83  0.02 784.85  0.88 

Number of leaks 665.45 0.33 0.00 304.85 0.16 0.00 

Copper pipes 340.46 0.09 0.02 625.38 0.17 0.00 
Iron pipes -25.45 -0.03 0.37 -9.95 -0.01 0.71 

Cold water pipes -154.89 -0.12 0.58 -279.33 -0.23 0.33 

Leak under slab and in 
basement 

-842.16 -0.69 0.00 -568.27 -0.48 0.01 

Leak on the first floor -109.51 -0.09 0.67 -185.46 -0.16 0.41 
Leak on the second 
floor 

1011.56 0.82 0.00 954.52 0.80 0.00 

Plumbing material age -0.99 -0.02 0.60 -1.96 -0.06 0.24 
Source of water -286.12 -0.06 0.07 -1296.14 -0.32 0.00 

Selection bias 
correction 

N/A N/A N/A 1390.32 0.52 0.0 

Note:  The correction for selection bias in the GLS model is based on an estimate of the effects of unobserved 
factors contributing to misclassification of observations with or without pinhole leaks.  The unstandardized 
coefficients are explained as the dollar value increase/decrease in total costs due to change in the independent 
variables.  Regression without selection bias correction: R2 = 0.344; F-stat = 10.98; and n (unweighted) = 
392.  Regression with selection bias correction: R2 = 0.294; F-stat = 27.21; and effective unweighted sample 
size after selection bias correction = 367. 
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Table 2.10.  Total Costs of Repairing Pinhole Leaks and Associated Damage in the Age-Weighted Model 
(Least Squares Regression) with Observations Weighted by Age Category of Dwelling 

 OLS regression without accounting for 
selection bias correction 

GLS regression with accounting for 
selection bias correction 

Variables Unstandardized 
coefficients 

Standardized 
coefficients 

P-value Unstandardized 
coefficients 

Standardized 
coefficients 

P-value 

Constant 293.83  0.02 677.47  0.00 

Number of leaks 665.45 0.34 0.00 312.20 0.16 0.00 
Copper pipes 340.47 0.09 0.02 724.67 0.20 0.00 

Iron pipes -25.46 -0.03 0.37 -10.12 -0.01 0.69 
Cold water pipes -154.90 -0.13 0.58 -268.98 -0.23 0.34 

Leak under slab and in 
basement 

-842.16 -0.69 0.00 -569.41 -0.48 0.01 

Leak on the first floor -109.52 -0.09 0.67 -195.94 -0.17 0.38 
Leak on the second floor 1011.57 0.82 0.00 963.93 0.81 0.00 
Plumbing material age -1.00 -0.03 0.60 -1.52 -0.05 0.36 
Source of water -286.12 -0.07 0.07 -1290.79 -0.31 0.00 

Selection bias correction N/A N/A N/A 1401.95 0.53 0.00 

Note:  Observations are weighted by sample weights multiplied times a weight for age of dwelling.  The 
unstandardized coefficients are explained as the dollar value increase/decrease in total costs due to change in 
the independent variables.  Age weighting is based on homes built between 1950-1969 period as the base 
period.  Respondents living in homes built in other periods were weighted in inverse proportion to the ratio of 
homes in their age category to the base number of homes.  Regression without selection bias correction: R2 = 
0.344; F-stat = 10.30; and n (unweighted) = 392.  Regression with selection bias correction: R2 = 0.295; F-
stat = 27.35; and effective unweighted sample size after selection bias correction = 367.   
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Appendix B 
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Appendix C 
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CHAPTER 3 
 

Conjoint Analysis Study of Households’  Preferences for  
Plumbing Mater ials  

 
    
Portions of this chapter were presented at the American Agricultural Economics 
Association Annual Meeting.  Orlando, FL.  July 2008.  
 
 

Abstract 
Consumers’  decisions on plumbing material selection are dictated by various factors, 
including state and federal regulations, service providers, and individual household 
preferences. In addition, insurance companies collect information on water damage and 
plumbing material failures and use this information in decisions regarding the insuring of 
residential properties.  As a result, homeowners have an important stake in finding 
plumbing systems appropriate for their households; therefore, homeowners should ensure 
that they are knowledgeable about plumbing material attributes such as price and health 
impact. In this article, the problem of household preferences for plumbing materials and 
the tradeoffs between risk of corrosion and the cost of preventive measures are studied. 
Two surveys of a Southeastern Community were conducted to obtain information on the 
prevalence of plumbing material failures, householders’  experiences with plumbing 
material failures, the cost of repairs and property damages due to the material failures, 
and household preferences for corrosion preventive measures and to obtain opinions 
about a set of hypothetical plumbing materials.  
 
The preferences for home plumbing materials and preventive measures were obtained by 
employing stated preference elicitation method of Conjoint Analysis (CA).  The survey 
data were analyzed by employing Multinomial and Ordered Logit models.  The several 
model specifications accounted for the socioeconomic characteristics of the households 
and differences in survey version presented to the respondents. The estimation results 
were employed in computation of hypothetical plumbing material preference ranking and 
probabilities of corrosion prevention option selection as well as the estimates of 
willingness to pay (WTP) and compensating variation.   
 
The study results revealed that the cost of corrosion prevention had an impact on 
prevention decisions while the risk of corrosion had no impact on household decisions. 
Majority of households preferred to stay with the current plumbing materials rather than 
install an upgrade to reduce corrosion risk or purchase insurance against corrosion 
damages. The risk of corrosion had a statistically insignificant impact on individuals’  
decisions as the provided risk values were not large enough to induce corrosion 
prevention consideration. In case of preferences for hypothetical plumbing materials, 
plumbing material described by ‘corrosion proof’  and ‘ installation takes about 4 days’  
attributes was the most preferred among three hypothetical materials. This information on 
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consumer preferences for drinking water infrastructure can be useful not only to 
individual households but also to policymakers and program and water utilities managers. 
The information gathered can be used to bridge the gap between public and water 
experts’  perceptions of the problem of corrosion and can be used in the design of 
effective public policy for corrosion prevention. 
 

Keywords: Conjoint Analysis, Plumbing Materials, Corrosion Prevention, Pinhole Leak 

Corrosion 

 

JEL Classification Codes: Q51 and M31 
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3.1 Introduction  

Consumers’  decisions on plumbing material selection are dictated by various 

factors, including state and federal regulations, service providers, and individual 

household preferences. The regulations and standards of the federal, state, and local 

governments have major impacts on the plumbing material chosen for installation in a 

private house.  For example, the use of plastic plumbing material, PEX, has been 

approved in all U.S. states except California and Massachusetts where the material 

installation requires jurisdiction acceptance. Similarly, in some parts of Florida, PEX is 

preferred due to the seriousness of pinhole leak problems (NSF, 2008). These regulations 

influence services provided by plumbers, material producers (e.g. pipe manufacturers, 

interior coating providers), and water utility companies.  For example, general contractors 

are the primary decision-makers of plumbing material installation in new houses while 

utility companies respond to corrosion threats by adding corrosion inhibitors into 

drinking water treatment. Consequently, all service providers influence consumer 

decisions regarding the best plumbing material for the private property.  

In addition, insurance companies collect and employ information on water 

damage and plumbing material failures in determining residential property insurance 

policy issuance and renewal. The information is stored in a Comprehensive Loss 

Underwriting Report (CLUE)) that represents a comprehensive database of personal 

property information relating to insurance claims on private property. It contains personal 

information on the insured, the claim number, the accident, as well as the amount paid 

out to the customer. Even an inquiry of home plumbing issues is recorded in the database. 

Consequently, homeowners may have difficulty in either purchasing or renewing home 

insurance in the year following any water damage related reports (Longcore, 2008). 

Since homeowners have an important stake in finding plumbing systems 

appropriate for their households, they should rely not only on expert advice but also 

acquire information on plumbing material attributes such as price, health impact, 

longevity, and corrosion resistance in order to make informed investment decisions about 

plumbing systems for their homes.  For example, health effects as well as taste, and odor 

have been found to be the most important factors in consumers’  evaluations of plumbing 

material for home use (Lee et al., forthcoming).  Additionally, households are willing to 
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pay up to $4,000 when guaranteed a leak-free plumbing system for 50 years (Kleczyk et 

al., 2006).  Information on consumer preferences for drinking water plumbing attributes 

can be useful not only to individual households but also to policymakers, program 

managers, water utilities, and firms with interests in drinking water infrastructure.   

The public perceptions of corrosion risk and cost of prevention play a 

fundamental role in consumers’  drinking water decisions. Homeowners’  perceptions of 

risk and cost of prevention may affect households’  decisions on plumbing material 

repairs and replacement as well as the type of material used. When informed about the 

attributes of each plumbing material alternative, consumers can decide on the most 

preferred plumbing system. Random utility models are usually adopted in preference 

elicitation and maximization. The decision of choosing an appropriate plumbing material 

is based on various plumbing material attributes, such as cost (material cost plus labor 

and installation cost), health effects, corrosion susceptibility, strength, property real estate 

values, and behavior in the case of a fire. On the other hand, the perception of risk for 

plumbing materials can be quantified through the assessment of willingness-to-pay 

(WTP) for a corrosion-free plumbing material or an improvement in the performance of 

existing plumbing material (Champ et al., 2003). 

There are two types of commonly used preference elicitation methods that could 

be utilized in evaluation of households’  preferences for drinking water infrastructure: 

revealed and stated preferences.  The stated preference methods rely on study participants 

to compare and rank multiple objects. Different types of surveys are employed to elicit 

people’s preferences for given objects. The survey questions are in the form of monetary 

amounts, choices, ratings, or other indications of preference. Based on respondents’  

preference valuations, the data is employed in empirical modeling to yield a measure of 

value for a given object (Champ et al., 2003).  

Revealed preference methods draw statistical inferences on values from actual 

choices made within markets (Champ et al., 2003). The main difference between these 

two methods is that stated preference approaches mainly rely on primary survey data 

while revealed preference approaches rely mostly on secondary data and draw their 

conclusions based on the actual decisions made by people (Champ et al., 2003). 

Furthermore, as mentioned, stated preference data allows estimation of behavior beyond 



 68

the range of historical experience while revealed preference data is limited to analyzing a 

range of behavior in response to a limited range of market changes.  Many researchers 

tend to combine revealed preference and stated preference data as this approach allows 

for an extension of the behavioral analysis beyond the limited range of historical 

experience (Whitehead et al., 2005).   

Economists utilize the stated preference methods, such as Conjoint Analysis (CA) 

and Contingent Valuation (CV), and the revealed preference methods, including Travel 

Cost (TC), Hedonic Prices (HP), and Defensive Behavior and Cost Damage models 

(DBCD), for non-market valuation analysis, including willingness-to-pay estimation. All 

of these methods are derived from the Random Utility Framework, which is based on the 

premises of preference ordering (desirability level of goods and services by individuals) 

(Champ et al., 2003). As a result, CA’s objective is to estimate economic values for a 

technically divisible set of attributes of studied goods or services while CV elicits 

economic values placed on goods or services by survey respondents (Champ et al., 2003).  

TC is typically used to estimate the use values for different tourist sites, HP is employed 

for market housing valuation, and DBCD assesses either the preventive actions taken 

against hazardous outcomes or the resources allocated to treat the negative impact of 

hazardous activities (Champ et al., 2003).  On the other hand, Analytic Hierarchy Process 

(AHP) is widely employed by the Engineering field for determination of the most optimal 

attributes for given products.   

Often, these different preference elicitation methods are compared to each other 

with regards to the estimated preferences as well as the economic value.  The differences 

in preferences elicited by different techniques are usually tested by validity measures 

such as construct and internal validity (Champ et al., 2003; Helm et al., 2004). These 

measures analyze and compare the predictive power of the employed models as well as 

the final results derived based on each studied method. Finally, the impact of the order of 

the different preference elicitation questions in a questionnaire on the respondents’  

preferences might be also investigated, as the survey responses and therefore preferences 

for corrosion prevention might be affected by the order of questions using different 

methods (Champ et al., 2003; and Boyle personal communication, 2007).  
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For the purpose of this drinking water infrastructure study, only the stated 

preferences framework, including CA, CV, and AHP methods, was adopted to examine 

issues related to the drinking water home delivery as well as to elicit information for 

home plumbing materials and the tradeoffs between risk of corrosion and financial 

spending for preventive options. Two surveys of residents residing in a Southeastern 

Community were conducted. The Southeastern Community was established in the 1980s 

and includes 3,300 homes with a total 6,600 residents. Most of the resident population is 

retired, so the community is a rather homogenous group. The community has experienced 

a high rate of pinhole leaks with the first incidents of plumbing failure being reported in 

2001. The first survey elicited information on the prevalence of pinhole leaks and other 

plumbing material failures, households’  experiences with plumbing material failures, the 

cost of repairs and property damages due to the material failures, and household 

preferences for corrosion preventive measures. 

The first Southeastern Community survey employed Conjoint Analysis and 

Contingent Valuation to elicit the tradeoffs between risk of corrosion and the dollar 

amount spent on preventive measures against corrosion. In case of the CA questions, 

respondents were asked to choose between upgrading plumbing material, purchasing an 

insurance policy against corrosion while staying with the current plumbing material, and 

staying with current plumbing material only based on the provided risk of corrosion 

values as well as the dollar amount needed to pay for each option.  In case of CV, the 

respondents were asked whether they would pay a certain amount of money to purchase 

an insurance policy against corrosion.  

The follow-up survey of the Southeastern Community, sent only to those residents 

who agreed to participate in future studies, related to the plumbing material issues and 

elicited information on households’  preferences for a set of hypothetical plumbing 

materials.  CA and AHP methods were employed to elicit preferences (Helm et al., 2004).  

In case of the CA method, the survey respondents presented their preferences for 

plumbing materials based on the description of each material while in the AHP case, they 

pair-wise compared the attributes of each plumbing material while holding other 

attributes constant.   
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As it is important to learn household perceptions and preferences for drinking 

water infrastructure, the study objective is to investigate homeowners’  preferences for 

plumbing materials as well as preventive techniques against corrosion (i.e. plumbing 

material upgrade, purchase of insurance against corrosion while staying with the current 

plumbing material, or staying with the current plumbing material with no action taken to 

reduce risk of corrosion damage) based on households’  experiences with plumbing 

material failures. Conjoint analysis is employed in the estimation of household 

preferences as well as the factors impacting the decisions. Eftila Tanellari and Juneseok 

Lee have been investigating the preferences for prevention options and plumbing 

materials by analyzing the responses to Contingent Valuation and Analytic Hierarchy 

Process questions.   The detailed AHP analysis and preference for plumbing materials’  

results are presented in Lee (2008).  

The objective of eliciting household preferences for plumbing materials and 

preventive measures against corrosion is fulfilled by employing several regression 

methods including Multinomial and Ordered Logit models.  Several model specifications 

are estimated, including equations with socioeconomic characteristics of the households 

as well as different survey versions presented to the households. Based on the regression 

results, willingness-to-pay and compensating variation measures are computed to assess 

the financial impact of corrosion on household preferences.  

The study of water infrastructure issues in the Southeastern Community will 

present results for the preferences for preventive measures against corrosion as well as 

the preferences for hypothetical plumbing materials. In addition, the WTP estimates will 

inform of the households’  willingness-to-pay for corrosion prevention when the risk of 

corrosion is known to households. Besides estimating the preferences for plumbing 

materials, the importance of pipe attributes will be also obtained to learn the most 

important factors in the decision-making process of plumbing material selection. The 

knowledge gained from the research presented in this study could be helpful in the design 

of public policy aimed at corrosion prevention.  The research will provide information to 

federal and state officials, plumbers, plumbing material manufacturers, and utility 

company managers on the financial burden individual households are willing to take on 

to avoid corrosion. In addition, the study results should help in bridging the gap between 



 71

the perceptions of the public and drinking water infrastructure experts regarding the 

problem of pinhole leaks and other corrosion related issues.  

 

3.2 L iterature Review 

The household decision-making process with regards to choosing a plumbing 

material for a private residency is complicated and involves several factors, such as 

federal, state, and local standards and regulations, drinking water infrastructure service 

providers, insurance companies, and household’s perception of corrosion risk and 

financial impact of corrosion prevention. The regulations and standards of the federal, 

state, and local governments have major impacts on the plumbing material chosen for 

installation in a private house.  For example, the use of plastic plumbing material, PEX, 

has been approved in all U.S. states except for California and Massachusetts where the 

material installation requires jurisdiction acceptance. These regulations influence the 

services provided by plumbers, home builders, material producers, and water utility 

companies.  General contractors are the primary decision-makers of plumbing material 

installation in new houses. On the other hand, utility companies respond to corrosion 

threats by adding corrosion inhibitors into drinking water treatment. Consequently, all 

service providers influence consumer decisions regarding the best plumbing material for 

residential use (Lee et al., forthcoming).  

In addition, insurance companies employ information on water damage and 

plumbing material failures in determining residential property insurance policy issuance 

and renewal. The information stored in a Comprehensive Loss Underwriting Report 

(CLUE)) represents a comprehensive database of personal property information relating 

to insurance claims on private property. It contains personal information on the insured, 

the claim number, the accident, the amount paid out to the customer, and inquiries of 

home plumbing issues. Due to the information recorded in CLUE, homeowners may have 

difficulty in either purchasing or renewing home insurance. On average 3 to 4 

reports/inquiries over a five-year span on water related issues may lead to non-renewal of 

the homeowner’s policy (Longcore, 2008).  

As discussed, all of the above drinking water infrastructure providers influence 

consumer decisions with regards to the plumbing system (Lee et al., forthcoming). To 
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make an informed decision, homeowners need information on the various risks involved 

in choosing plumbing systems.  When informed about the plumbing material 

characteristics, the consumers are able to decide on an alternative most preferable to them 

based on the preference trade-offs among plumbing materials’  attributes.  The Random 

Utility Theory is usually adopted to study the attribute trade-offs while maximizing the 

consumers’  preference level (Champ et al., 2003).  In addition, the perception of risk for 

plumbing materials can be quantified through the assessment of the willingness-to-pay 

for a corrosion-free plumbing material or improvement in the performance of the existing 

plumbing material.  The estimate of willingness-to-pay reflects the socioeconomic 

characteristic and previous experiences of individual households (Champ et al., 2003; 

Lee et al., forthcoming). 

Each household is forced to make a decision on a plumbing alternative when 

replacing an existing system or installing a plumbing system in a new house.  Each 

alternative has its own advantages and disadvantages that have an impact on health and 

the overall cost of installation and maintenance.  The problem becomes more complex as 

consumers think in terms of cost (material plus labor charges), taste and odor of the 

water, corrosion problem, longevity of the pipe system, fire retardance, convenience of 

installation or replacement, plumber or general contractor’s opinions or expertise, and 

proven record in the market. Householders weight each of these attributes in order to 

choose the most preferred option for their houses (Lee et al., forthcoming).   

For example, Lee et al. (2005), utilizing the AHP method, studied the preferences 

for plumbing materials of Virginia Tech potable water experts. Participants ranked the 

health effects, reliability, taste and odor, and longevity as the most important attributes 

when choosing a plumbing material.  Property value and fire resistance were listed at the 

bottom of the ranking.  These results showed that health as well as taste and odor, which 

are a surrogate for water purity, dominate preferences for plumbing materials.  Lack of 

reliability is related to mental stress resulting from repairing the damage associated with 

pipe corrosion and a constant worry about future leaks (Lee et al., 2005).  

There are several plumbing material types for a householder to choose from when 

deciding on a plumbing material to be installed in a house: copper, plastic (CPVC and 

PEX), and stainless steel. According to Marshutz’  survey (2000), copper is used in nearly 
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90% of homes in the U.S. followed by PEX (cross linked polyethylene) with a 7% 

installation rate, and CPVC (chlorinated polyvinyl chloride) with a 2% installation rate.  

Telephone surveys of plumbers show an increased use of plastic pipes due to easier 

handling in installation and lower material cost (Scardina et al., 2007). 

Copper is the most widely used material in residential plumbing and has several 

advantages, including affordability, fire resistance, few health hazards, and durability. 

Woodson (1999) studied the performance of different plumbing material alternatives: 

copper, CPVC, and PEX. He found copper pipes generally perform well except for cases 

involving major leak problems (Woodson, 1999). Due to increased pinhole leak incidents 

reported in hotspot areas of the U.S. (eg. Washington, D.C. suburbs and Sarasota, 

Florida), many consumers replaced copper with other options. Concerns with copper 

pipes include a metallic taste, especially with long stagnation periods and increased 

absorption of residual disinfectant by the pipe walls. High levels of copper can cause 

nausea, vomiting, and diarrhea (ATSDR, 2004). Elevated copper levels in drinking water 

may increase lead levels when lead solder joints, lead service lines, or brass fixtures are 

present in plumbing material. It is advised to test for lead when testing for copper levels 

in drinking water as lead and copper enter drinking water under similar conditions (Lee, 

2008).  

PEX (polyethylene cross linked) is another type of plumbing material often used 

in residential plumbing. This material is used to make flexible plastic pipes. A different 

plumbing design characterized by individual pipe lengths is required for every fixture. 

The main advantage of PEX is the lack of joints requiring soldering, which decreases the 

probability of pipe failures. On the other hand, PEX plumbing has raised some concerns 

regarding possible leaching of MTBE (methyl tertiary butyl ether), ETBE (Ethyl tert-

butyl ether), and benzene into drinking water.  Other concerns are the negative health 

impacts associated with PEX’s reaction with chlorine, increased water odors (Durand & 

Dietrich, 2007), the material’s ability to withstand fire, and its final disposal (PRNews 

Wire, 2004). In addition, PEX may become stiff in cold weather, which makes faulty pipe 

repairs more difficult.  PEX use has been approved in all U.S. states (Toolbase News, 

2008) and has met all health standards set by NSF/ANSI-61 for potable water supply 

(NSF, 2008).  
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CPVC plumbing material is also employed in residential plumbing but presents 

many concerns. For example, it can become brittle when exposed to sunlight for an 

extended period of time and presents possible negative health effects from microbial 

growth in the inner pipe. Other possible concerns are cracking in the event of an 

earthquake, plastic water taste, and melting in the event of fire. The solvents used to join 

fittings and pipe lengths may contain volatile organic compounds (VOCs) requiring 

proper ventilation during installation and causing unpleasant odor problems. However, 

CPVC by itself has a low odor potential (Heim & Dietrich, 2007). 

The last plumbing material type is stainless steel, which is often used in industrial 

applications. Stainless steel provides excellent resistance to corrosion due to the presence 

of 18% chromium and 8% nickel (Roberge, 2000). The stainless steel material is, 

however, expensive. Due to the cost, its use is limited to specialized industries for 

conveying chemicals or other similar applications (Lee, 2008). A concern with stainless 

steel pipes is the possibility of leaching chromium into drinking water; however, all U.S. 

states have approved stainless steel use (NSF, 2008; Roberge, 2000).  

The economically sustainable optimal replacement time for home plumbing 

systems is about 22 years after installation (Loganathan & Lee, 2005).  The estimate, 

however, is dependent on the source and type of the employed data (Loganathan and & 

Lee, 2005).  When it is time to replace the plumbing system, the homeowners have to 

decide on a plumbing system to be installed in their homes.  For example, several 

homeowners in a Southeastern Community replaced their copper pipes with PEX.  

According to them, PEX is less labor intensive in case of installation, resistant against 

corrosion, and less expensive compared to copper (Plumbing and Mechanical Magazine, 

2007).   

However, plumbing material replacement or repairs can be rather expensive.  

Farooqi and Lee (2005) conducted a survey of plumbers in the U.S. and found plumbers 

to charge their work on an hourly basis. The cost per hour varied form $45 to $75, and 

the total cost of plumbing material replacement ranged from $3,654 for PEX to $5,680 

for copper pipes (Farooqi & Lee, 2005). Furthermore, fixing dry wall, floor tiles, or 

ceilings affected by plumbing material replacement is not part of the services provided by 

the plumber, and homeowners have to hire a general contractor to fix the water related 
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damage. Kleczyk and Bosch (2008) have reported the additional costs associated with 

damage from pipe failures reaching as much as $25,000 and forcing household members 

to reside in temporary housing during the repair period.  

On the other hand, Scardina et al. (2007) (also discussed in Kleczyk et al. 2006) 

investigated the willingness-to-pay for a leak-free plumbing material in households 

located in different parts of the U.S., such as Florida and California.  They found 47% of 

all respondents willing to pay a positive amount to ensure that material would remain 

leak-free, 27% unwilling to pay any amount to ensure that material would remain leak-

free, and 25% unsure about how much they would be willing to pay.  About 6% of 

respondents were willing to pay at least $4,000 to ensure that material would remain leak 

free for 50 years.  This amount is 10 times the suggested base material cost for re-

plumbing a 2,000 square foot house.  The mean willingness-to-pay estimate was higher 

for respondents with leaks compared to respondents who had no leaks, constituting 

$1,130 and $1,007 respectively.  Finally, 45% of respondents with leaks and 41% of 

respondents without leaks were not willing to pay for leak-free plumbing materials 

(Dietrich et al., 2006; Kleczyk et al., 2006; Scardina et al. 2007). 

 

3.3 Consumer Theory of Utility Maximization 

To provide an understanding of the derivation of the preferences for plumbing 

materials as well as the preventive measures against corrosion, the consumer theory of 

utility maximization needs to be described.  This framework guides two out of three 

preference elicitation methods (Conjoint Analysis and Contingent Valuation) and impacts 

the results obtained for each method.  The basic problem of utility or preference 

maximization represents the set of all bundles (alternatives) satisfying the consumer’s 

budget constraint. The consumer is assumed to have preferences on each consumption 

bundles within a consumption set X. Consumer preferences are an ordered set of bundles 

such that a bundle x is at least as good as a bundle y (x �  y). Consequently, consumer 

preferences must satisfy the following properties (Varian, 1992: page 95): 

1. Preferences are complete - for all x and y in X, either x �  y or y �  x or both. 

The preferences completeness assumption implies any two bundles can be 

compared to each other. 
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2. Preferences are reflexive - for all x in X, x �  x. 

3. Preferences are transitive - for all x, y, and z in X, if x �  y and y �  z, then x �  z.  

The preferences transitivity assumption is necessary for preference 

maximization, as without it, sets of bundles might have no best alternatives.  

4. Preferences are continuous - for all y in X, sets{ x: x �  y}  and { x: x �  y}  are 

closed sets. It follows that { x: x >  y}  and { x: x <  y}  are open sets. For 

example, if (xi) is a sequence of consumption bundles at least as good as 

bundle y and converges to some bundle x* , then x*  is at least as good as y. 

5. Preferences are weakly monotonic - if x  y then x �  y, which implies that at 

least as much of everything is at least as good. 

6. Preferences are strongly monotonic - if x  y and x  y then x >  y, which 

implies that at least as much of every good, and strictly more of some good, is 

strictly better.  

7. Preferences are locally non-satiated - given any x in X and any �  > 0, then 

there is some bundle y in X with /x – y/ < �  such that y > x. The property of 

local non-satiation implies that improvement in selection of consumption 

bundle is attainable even if the change is restricted to only small changes in 

the consumption bundle.  

8. Preferences are convex - given x, y, and z in X such that x �  z and y �  z, then 

tx + (1 – t)y �  z for 0 �  t �  1. The property of convex preferences implies that 

average bundles are preferred to extreme bundles.  

9. Preferences are strictly convex - given x  y and z in X such that x �  z and y �  

z, then tx + (1 – t)y > z for 0 <  t < 1.  

As mentioned above, the basic problem of preference maximization represents the 

set of all bundles (alternatives) satisfying the consumer’s budget constraint. Each 

consumer is assumed to have preferences on each consumption bundle within a 

consumption set X. Consumer preferences are an ordered set of bundles such that a 

bundle x is at least as good as a bundle y (x �  y). A set of all consumption bundles 

defined as indifferent to each other is called an indifference curve. The preference 

maximization problem is defined as maximization of a utility function based on a 

specified budget constraint requirement (Varian, 1992: page 98): 
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Max u(x) (1) 

such that px �  m (2) 

x is in X. (3) 

 

where u(x) represents the utility function and px �  m represents the budget constraint with 

m being the fixed amount of money available to a consumer (B = { x in X: px �  m} ). The 

theoretical preference maximization can be stated by utilizing the Lagrangian function 

(Varian, 1992: page 100): 
�
 = u(x) – � (px – m) (4) 

 

where �  is the Lagrange multiplier. Differentiating the Lagrangian function with respect 

to xi gives the following first-order conditions (Varian, 1992: page 100): 

 
�
u(x)/

�
xi – � pi = 0, for i = 1,…, k. (4) 

 

When the i th first-order condition is divided by the j th first-order conditions the marginal 

rate of substitution between good i and j is obtained (Varian, 1992: page 100): 

 
�
u(x)/

�
xi/

�
u(x)/

�
xj  = pi/pj, for i,j = 1,…, k. (5) 

 

The fraction on the right represents the economic rate of substitution between i and j. The 

utility maximization exercise implies that the marginal rate of substitution is equal to the 

economic rate of substitution (Varian, 1992).  

 

3.4 Preference Elicitation Methods    

 In this section of the paper, three stated preference elicitation methods will be 

introduced: Conjoint Analysis (CA), Contingent Valuation (CV), and Analytic Hierarchy 

Process (AHP). Stated preference approaches are heavily dependent on the quality of 

questionnaire responses on the studied subject.  The survey questions answers include 

information on monetary amounts, choices, rankings, and ratings, as well as other 
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measures of people’s preferences.  These responses are transformed and utilized in 

different types of preference models including Multinomial and Binary Logit regressions 

to provide a measure of a financial value for the studied topic (Champ et al., 2003). 

 

3.4.1 Conjoint Analysis 

The Conjoint Analysis (CA) is a stated-preference study that uses an experimental 

design to elicit people’s preferences for goods and services.  Responses to survey 

questions regarding versions of good/service varying in attribute levels inform about the 

preferences for multiple states of the good/service.  The introduction of price as an 

attribute extends the application of the method into welfare analysis. Based on the 

preference function knowledge, simulation and optimization algorithms aid the process of 

determining the preference level for each product-attribute combination (Champ et al., 

2003; Rao, 2007).  

There are four major types of Conjoint Analysis: Rating-Based, Choice-Based, 

Self-Explicated, and Adaptive. In case of rating-based CA, preference ratings are 

collected from respondents using either full-attribute or partial-attribute profiles. In the 

choice-based methods, choice sets describing products/objects are used to collect 

preference data based on attributes and levels selected for each alternative. For example, 

a preferred timber harvesting practice is selected from among multiple alternatives 

described by set of forestry attributes and attribute levels (Champ et al., 2003). In the case 

of self-explicated methods respondents provide importance and desirability ratings for 

attributes. The preference levels are calculated using these importance/desirability values. 

For example, respondents indicate the importance of price, power steering, engine 

capacity etc. of an automobile on a five-point scale (Wedel & Kamakura, 2000).  

Different from decompositional CA studies (rating- and choice- based), this approach is 

compositional. Finally, the adaptive CA uses initial information on attribute level 

desirability and attribute’s importance to design questions to elicit preference/choice data. 

Partial profiles are used to collect preference data (Rao, 2007). For example, a pair of 

profiles differing on a limited number of attributes (two to five) is selected for each 

subject on the basis of the self-stated part-worths (otherwise known as marginal utility 
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functions). After the respondents provide preference intensity judgment of the pair, their 

part-worth estimates are updated, and the next pair is selected on the basis of the updated 

part-worths (Wedel & Kamakura, 2000).  

CA has been applied successfully to several marketing decisions, including 

designing of new products, targeting market selections, pricing of new products, and 

studying competitive reactions. One of the advantages of CA is its ability to answer 

various “what if”  questions when employed for analysis of hypothetical and/or real 

choice alternatives (Rao, 2008).  

A typical CA study consists of four main steps (Rao, 2008): 

1. development of stimuli based on a number of attributes  

2. presentation of stimuli to an appropriate sample of respondents 

3. estimation of marginal utility (part-worth) functions for the attributes as well 

as any heterogeneity among the respondents 

4. employment of the estimates in tackling any managerial problems (e.g. 

forecasting, pricing, or product design) 

The definitions of stimuli and part-worth functions are presented in the following 

paragraphs.   

 

3.4.1.1 Conjoint Analysis Terminology 

 Table 3.1 represents the terminology required to follow the CA description.  
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Table 3.1: Conjoint Analysis Terminology  

Conjoint Analysis Term Definition 

Item or Product a product or service 

Attributes aspects on which the item is described 

Levels different values an attribute takes in the study 

Profile a description of an item on various attributes with corresponding 
levels 

Choice Set a small set of items (profiles) for a respondent to choose among 

Stated Preference judgment of liking one of the items by a respondent   

Revealed Preference preference as revealed by a respondent’s behavioral choice 

Stated Choice stated judgment as to which item in the choice set is chosen by a 
respondent 

 

 

3.4.1.2 Theoretical Model 

The theoretical model guiding the CA preference elicitation methodology is the 

Random Utility Maximization (RUM).  RUM is based on consumers’  choices from a set 

of competing alternatives.  Each respondent chooses the most preferred alternative from a 

set of alternatives while at the same time making tradeoffs between attributes of each 

alternative.  Consequently, the utility model estimates represent utility differences across 

all alternatives contained in the choice set (Champ et al., 2003).   

It is assumed that an individual chooses among a set of J product alternatives, a 

choice set, described by r attributes.  Uj is assumed to be the random utility for the j-th 

alternative decomposed into systematic (v) and random (e) components and is expressed 

as follows (Champ et al., 2003): 

 

Uj = v(xj, pj; � )+ej  (6) 

 

where Uj is the indirect utility for profile j (unobservable in the real world), xj is a vector 

of attributes associated with profile j, pj is the cost of profile j, �  is a vector of preference 

parameters, and ej is a random error term. Although the individual choice is assumed 

deterministic, the researcher does not observe all information about each individual, and 
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therefore, the error term represents the uncertainty about the final choice (Champ et al., 

2003).  

The probability of a consumer choosing an alternative i from a choice set 

containing competing alternatives is defined as follows: 

 

P(i/C) = P(Ui > Uj) = P(vi+ei  > vj+ej), for all j ���   (7) 

 

where C contains all alternatives in the choice set. In RUM, choices are made based on 

utility differences across alternatives: 

 

P(i/C) = P(vi - vj > ej - ei), for all j ���   (8). 

 

As a result, any variables remaining the same across profiles, such as income and gender, 

are eliminated from the model (Champ et al., 2003).  

Several probabilistic choice models can be derived from RUM, depending on the 

specific assumptions made about the distribution of the random error term.  If error terms 

are distributed according to a bivariate normal distribution, a binary probit model is 

specified.  If errors are independently and identically distributed, preferences are 

homogenous, and errors have the same scale parameter, the multinomial logit model 

applies and choice probability is defined as follows: 

  

P(i/C) = exp(�  vi) / �  (j ���	� exp(�  vj)   (9) 

 

where �  is the scale parameter. The likelihood function for the multinomial logit model is 

defined as follows: 

 

L = 
 (n=1)
N 
 (i � C)Pn(i)

yin   (10). 
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where N represents the sample size. After logarithmically transforming the likelihood 

function, the multinomial logit model is estimated by solving for the � ’s values that 

maximize the following log-likelihood function (Champ et al., 2003): 

 

lnL = � (n=1)
N � (i � C)yin{ � (k=1…K)[ � kxik] +� ppi  - ln �  (j � �	� (� (k=1,,,K)[ � kxik] +� ppi)}, 

 (11) 

 

where � (n=1)
N represents the summation of responses over n individuals , � (i � C) represents 

the summation of responses over the alternatives in the choice set, and yin is the nth 

respondent’s selection from the presented choices.  

 

3.4.1.3 Conjoint Analysis Var iables Descr iption 

CA reveals the underlying product preference function in terms of its attributes. A 

general product profile defined on r attributes is presented as (xj1, xj2,…, xjr) where xjr is 

the level for the j-th profile on the k-th attribute for a product profile.  The CA model is 

usually based on an additive function. The preference score for the j-th profile, yj, for a 

respondent is defined as follows (Rao, 2007): 

 

yj = U1(xj1) + U2(xj2) +…+ Ur(xjr)  (12) 

 

where Uk(·) is the component utility function specific to the k-th attribute often called 

part-worth utility function. The specifications of the U-function for any attribute depend 

upon its type: categorical or quantitative (Rao, 2007). 

Categorical attributes are described by verbal descriptions such as high, medium, 

or low. The levels of a categorical attribute can be recoded into a set of dummy variables. 

In this case, the part-worth utility function is specified as a piecewise linear function of 

the dummy variables. The component-utility function for the kth categorical attribute is 

described as follows (Rao, 2007): 
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Uk(xjk) = Dk1Uk1 + Dk2Uk2 + …+ DkrUkrk (13) 

 

where rk is the number of discrete levels for the k-th attribute; Dkr is a dummy variable 

taking a value 1 if the value xik is equivalent to the k-th discrete level of xr and 0 

otherwise. Ukr describes the component of the part-worth utility function for the k-th 

discrete level of xr (Rao, 2007). 

 Quantitative attributes are measured by either an interval or ratio scale. They are 

either coded into categories or used directly in the specification of the part-worth utility 

function for the attribute.  In the latter case, the function is specified as a linear (vector) 

model (Rao, 2007):  

 

Uk (xjk) =   wk xjk (14) 

 

where wk is the weight (positive / negative). A linear function is appropriate for an 

attribute deemed to be desirable or undesirable. It is often called a vector model for which 

the utility increases / decreases linearly with the numerical value of the attribute (Rao, 

2007). When the quantitative attributes are coded as categories, the utility function is not 

assumed to be linear but rather nonlinear, which implies that the utility does not change 

(increase /decrease) linearly (constant change) with the numerical value of the attribute. 

As the attribute levels change, the utility impact might be larger or smaller depending on 

the coefficient on each category. When categorical variables are employed, the utility 

function is specified as a piecewise function with the dummy variables (Wierenga, 2008).  

  

3.4.1.4 Conjoint Analysis Descr iption 

Based on RUM theory and depending on the attribute types employed, a utility 

model for a profile j can be built. The model is built from an additively separable and 
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linear-in-parameters utility function1. The price attribute for each profile is represented 

separately to allow for welfare analysis.  The utility model for profile j is specified as 

follows (Champ et al., 2003): 

 

Uj = � (k=1)[ � kxjk] +� ppj+ej   (15) 

 

where � k represents the preference parameter associated with attribute k, xjk is attribute k 

in profile j, and � p is the parameter on profile cost (Champ et. al, 2003). The parameter 

estimates (� ’s) are defined as marginal utilities of attributes (� k = 
�
U/

�
xk) and marginal 

utility of money (� p) (Champ et al., 2003).   

 
The marginal rate of substitution (MRS) between any two attributes k and m is 

defined as the ratio of two parameter estimates (Champ et al., 2003 and Jahle and Reny, 

2000): 

 

MRS = � k/ � m.   (16) 

 

MRS is defined as the rate at which the consumer is willing to give up attribute k in 

exchange for attribute m such that they remain indifferent after the exchange (Jahle & 

Reny, 2000).  

As mentioned earlier, incorporating price as a separate attribute in each profile 

allows for welfare analysis performance. Compensating variation (CV) examines the 

financial impact of change in an attribute and therefore, represents the amount of money 

given or taken away from a person to make him or her as well as off after a change as 

before a change.  CV is computed from the estimated values of utilities for different 

alternatives.  CV is defined as follows: 

 

CV = (1/� y)[ ln(� (j=1 to J)exp(V1
j)) – ln(� (j=1 to J)exp(V0

j)]   (17) 

                                                 
1 Additive Separable Utility Function – the utility function can be partitioned into mutually exclusive and 
exhaustive subsets (Jahle and Reny, 2000).   



 85

where � y is the marginal utility of money, V0
j is the before change expected value of 

maximum utility, V1
j  is the after change expected value of maximum utility. CV is 

defined as the difference in the expected values of maximum utility divided by the 

marginal utility of money.  The marginal utility of money parameter is the coefficient on 

the price attribute variable multiplied by -1 to reflect the increasing utility of income 

(Champ et al., 2003). 

 

3.4.1.5 Exper imental Design 

Any conjoint analysis depends upon the design of stimuli, which describe either 

profiles or choice sets.  Employment of experimental design allows for manipulation of 

the independent variables (factors) associated with the attributes of goods or services over 

pre-specified factor levels.  A factorial design combining every level of each attribute 

with every level of all other attributes is called a full-factorial experimental design.  The 

set of profiles is in general very large and therefore, places burden on respondents. To 

limit the cognitive exhaustion of respondents, researchers utilize fractional (partial) 

factorial designs which only include a subset of all profiles (Champ et al., 2003; Rao, 

2007).   

In a study with n attributes and lk levels for the k-th attribute, the total number of 

profiles amounts to 
�

lk. This number can be very large as the number of attributes and 

their levels increases. The effective number of marginal utilities (part-worth) parameters 

to be estimated from conjoint data is m = � (lk – 1). To resolve the issue of a large 

number of estimated parameters, researchers generally construct factorial designs (Rao, 

2007).  Orthogonal arrays are usually employed for designing profiles for the ratings-

based CA and for designing choice sets for the choice-based CA. The orthogonal arrays 

are derived out of the complete factorial of every attribute combination.  Orthogonal 

arrays present the columns for the independent variables are “orthogonal”  to one another. 

These vectors exhibit independence from each other, linearity, and separablility (Rao, 

2008).  
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3.4.1.5.1 Designs for  Ratings-Based Methods 

Orthogonal arrays are categorized by their resolution. Resolution describes the 

degree to which estimated “main effects”  are confounded with estimated “higher-order 

level interactions”  (2, 3, 4 or more) among the attributes (Rao, 2007).  A “main”  effect is 

defined as the difference between the average responses to each attribute level.  In a 

multiple regression, main effects are represented by parameter estimates for the attribute 

levels.  An interaction effect arises when the level of one attribute affects the response to 

the level of other attributes.  Interaction effects are represented by the parameter 

estimates for the cross product of two or more variables and allow for analysis of the 

substitutability between attributes.  If the interaction effect carries a positive sign, then 

the attribute levels are substitutes.  On the other hand, a negative sign implies a 

complementary relationship (Champ et al., 2003). The resolution usually identifies which 

effects are confounded and which ones are estimable. For example, in a resolution-III 

design, some main effects are confounded with some 2-level interactions.  In a 

resolution-V design, all main effects and two-factor interactions are estimable free of 

each other. Higher resolution designs require larger number of profiles and therefore a 

larger number of full-profiles to be administered to respondents (Champ et al., 2003; Rao, 

2007).  

 Orthogonal arrays can be either balanced or unbalanced in terms of levels of 

attributes. The property of level balance implies that each level of an attribute occurs with 

the same frequency within each attribute in the design. An unbalanced design gives larger 

standard errors of the parameter estimates for those attributes that are less frequently 

administrated. An additional property of an orthogonal design is the proportional criterion 

which implies that the joint occurrence of any two levels of different attributes is 

proportional to the product of their marginal frequencies (Rao, 2007).     

Various design efficiency measures can be described following the linear model 

definition as discussed earlier (Kuhfeld, Tobia, & Garratt, 1994): 

 

Y = X�  + e  (18) 
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where �  is a px1 vector of parameters, X is an nxp design matrix, and e is the random 

error. The least squares estimate of �  is given by (X’X)-1X’Y. The variance-covariance 

matrix of the parameter estimates (or partworths) of the attributes is proportional to 

(X’X)-1. The efficiency of a design is based on the information matrix X’X. An efficient 

design has a smaller variance matrix and the Eigen-values of (X’X)-1 provide a measure of 

the size of the matrix. Three efficiency measures can be defined based on Eigen-values: 

1. A-efficiency: 1/(ntrace(((X’X)-1/p)) 

2. D-efficiency: 1/(n/( X’X)-1/1/p) 

3. G-efficiency: (p/n)0.5/� M, 

where p stands for the number of factor effects in the design, n is the number of requested 

runs, and � M is the minimum standard error possible. The minimum standard error is 

attained when a full-factorial design is used and a fractional design has efficiency less 

than 1.  These three measures are useful for making efficiency comparisons between 

considered designs. Orthogonal designs for linear models are generally considered to be 

efficient because their efficiency measure is close to 1 (Kuhfeld, 2005).   

  D-efficiency measures the level of orthogonality and balance within the 

experimental design and is interpreted as the relative number of runs (in percent) required 

by an orthogonal design to achieve the same value of the determinant |X'X|. It is often 

employed to reduce the number of paired comparisons to the smallest number necessary 

for efficient estimation of preference weights (Huber & Zwerina, 1996; Kuhfeld, Tobias, 

& Garratt, 1994). A-efficiency minimizes the expected posterior squared errors (Toubia 

& Hauser, 2006) and is interpreted as the relative number of runs (in percent) that are 

required by an orthogonal design to achieve the same value of the trace of (X'X)-1 (Huber 

& Zwerina, 1996; Kuhfeld, Tobias, & Garratt, 1994). Finally, G-efficiency is defined as a 

measure minimizing the maximum value of the standard error of the predicted response 

(StatSoft, Inc., 2008).  
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3.4.1.5.2 Design for  Choice-Based Conjoint Analysis 

The probability of choosing an alternative in a choice-based study is generally 

modeled as a logit function in terms of the attribute differences of the item with respect to 

a base alternative in the choice set. Thus, the underlying model for a choice-based 

conjoint experiment is nonlinear and the considerations of choosing a design for a choice-

based study are different than those for a ratings-based study. There are two additional 

properties considered when designing choice-based experiments: minimal level overlap 

and utility balance (Huber & Zwerina, 1996). 

Minimal level overlap means that the probability of an attribute level repeating 

itself in each choice set should be as small as possible due to the contrasts between the 

attribute levels in the calibration of the logit model. In situations when the same level is 

repeated multiple times within the choice set, the choices made in that choice set do not 

contribute any information on the value of that attribute (Huber & Zwerina, 1996).  

The property of utility balance implies that the utilities of the alternatives in a 

choice set are approximately equal. When a design is utility balanced, the variance of the 

probabilities of choice of alternatives within a choice set is reduced. Huber and Zwerina 

(1996) show that achieving such utility balance increases the efficiency of a design up to 

50%. The process of swapping and re-labeling attribute levels of alternatives in an initial 

choice set accomplishes this objective. The initial choice sets are developed by 

employing orthogonal arrays, availability designs, and D-efficient designs.  Kuhfeld 

(2005) developed a SAS OPTEX procedure for D-Efficient designs. 

Burgess and Street (2003; 2005) modified the choice experiment by constructing 

choice set designs for choice experiments (with choice option amongst the alternatives) 

for binary attributes based on the multinomial logit (MNL) model for choice. Their 

designs are useful for a choice experiment that tests main effects and tests both main and 

two-attribute interactions. The methods lead to optimal and near-optimal designs with 

small numbers of choice sets for 2K choice experiments (Burgess & Street, 2003; 2005).   
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3.4.1.6 Selected Data Collection Issues 

When respondents are presented with partial profiles with missing information on 

some attributes in a ratings-based conjoint experiment, they tend to impute values for 

missing attributes. The process of such imputation has an effect on the estimated part-

worth values. Bradlow et al. (2004) developed a mathematical model based on Bayesian 

learning and investigated the effects of such imputations. They found that learning in fact 

occurs and that the relative importance of attribute part-worths shifts when subjects 

evaluate partial profiles and the relative part-worth functions are sensitive to the order in 

which partial profiles are presented.  They also found that the imputation process is 

sensitive to the available prior information on the product category (Bradlow et al., 

2004).  

Another issue in the CA data collection is whether respondents experience strong 

incentives to expand their cognitive resources or to devote adequate time and effort in 

providing responses (ratings or choices) to hypothetical stimuli presented as profiles or 

choice sets. The literature on experimental economics suggests that data collected without 

such incentive-compatibility may be inconsistent, erratic, and possibly untrustworthy. 

Ding, Agrewal and Liechty (2005) find that CA data collected when incentive of 

respondents are aligned outperforms those without such alignment in terms of out-of-

sample predictive power. In fact, Wertenbroch and Skiera (2002) also show that 

willingness to buy estimates for products using conjoint analysis are lower when the 

incentive-compatibility constraint is not imposed. This finding has several implications 

for collecting conjoint data in practice. 

 

3.4.1.7 Survey Question Design 

In order to conduct the CA survey, the combinations of attribute levels are paired 

with ranking or rating questions in order to evaluate consumers’  preferences for each 

alternative (Champ et al., 2003).  Contingent ranking questions ask respondents to rank a 

set of profiles from most to least preferred.  The framework assumes the most preferred 

profile to be chosen first from the choice set followed by the second ranked alternative 

chosen from the remaining choice set, and so forth.  Theoretically, the additional 

information provided by the ranking exercise should result in lower standard errors of 
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regression estimates; however, in practice ranking is a demanding exercise for 

respondents.  The participants might get fatigued while proceeding through the sequence 

of choices.  As a result, parameter estimates lack stability and reliability due to increased 

‘noise’  in the data (Champ et al., 2003). 

Rating scale questions require individuals to make rulings about the magnitude of 

utility related to profiles presented in an attribute-based experiment.  Judgments directly 

transform utility to the rating scale, which then are regressed on the vector of responses to 

the attribute levels included in each profile.  An ordered probit or logit2 as well as an 

ordinary least square regression model can be used to estimate the utility model (Champ 

et al., 2003).  The rating scale questions appeal to many researchers due to simplicity of 

the econometric analysis and the ease with which respondents answer rating questions.  

There are, however, issues related to this approach.  For example, ratings must be 

adjusted to a common metric across all individuals.  Additionally, a status quo (current 

choice) must be evaluated using the rating to judge whether an individual would rate a 

new alternative higher than the current choice.  Finally, respondents might equally weight 

new alternatives, which would complicate econometric analysis (Champ et al., 2003). 

 

3.4.2 Contingent Valuation 

3.4.2.1. Contingent Valuation Descr iption 

The contingent valuation method is a survey-based method for eliciting consumer 

values on goods and services.  It provides a way to estimate values when markets do not 

exist and revealed preference methods cannot be used.  In a CV study, the first step is to 

identify the changes in quantity or quality of the good to be evaluated.  The change is 

assessed through a theoretical model, which is based on the difference of the level of 

utility in the current condition and the level of the utility with the new policy.  The 

Hicksian surplus for a particular policy is defined as: 

 

                                                 
2 Probit and Logit Models are both the probability-based models.  They differ by the specification of the 
error term.  Probit error terms are distributed according to a normal distribution, while logit errors are 
independently and identically distributed (Champ et al., 2003).  
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),,(),,( 1100 yQpvcyQpv =−   (19) 

 

where v(.) is indirect utility function, p is the price of the good or service, Q is the quality 

of the good or service, 0 denotes the initial level of the good, 1 denotes the quality of the 

good if the protection policy is not implemented, y is income and c is the Hicksian 

compensating variation or WTP (Champ et al., 2003). This represents the case when the 

purpose of the policy is to maintain the status quo, Q0 where Q0 >Q1.  Although it is 

difficult to establish the conditions Q0 and Q1, this information is generally included in 

the surveys via a description of the current conditions of the resource and how they 

change when the policy is implemented (Champ et al., 2003).   

 

3.4.2.2 Population Sample Descr iption 

The next step is to specify how the proposed policy will affect people and who 

will be affected.  This is important in establishing a representative sample when 

conducting the survey.  Each respondent in the sample should have the same probability 

of being selected from the given population.  Contingent valuation studies require large 

sample sizes due to the large variance of WTP responses (Mitchell & Carson, 1989).  

Boyle and Bouchard (2003) suggest that the larger the standard error of WTP, the larger 

should be the sample size to increase statistical efficiency.   

 

3.4.2.3 Survey Question Design 

Different formats are utilized in asking contingent valuation questions.  The most 

common methods used are open-ended questions, the payment card method, and 

dichotomous choice questions.  An open-ended question asks respondents to state the 

highest amount they are willing to pay for the policy that is being evaluated.  The 

payment card method the respondents with a particular number of bids and asks them to 

pick the largest amount they would be willing to pay for the proposed policy.  The 

dichotomous choice question asks respondents whether they are willing to pay $X for the 

change in resource.  The dichotomous choice question has a take-it-or-leave-it approach 

in which the respondent can only answer “yes”  or “no.”   The initial bid amount asked 

varies among respondents (Champ et al., 2003).   
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When valuing a single program, survey respondents are asked about their WTP 

when change from Q0 (the status quo) to some particular alternative Q1 is introduced. 

There are single-bounded and multiple-bounded question formats to obtain the 

information when employing the closed-ended questions. As mentioned above, the 

single-bounded approach involves asking the respondents about their willingness to pay a 

specific dollar cost for a good/service. With a public program for example, the question is 

framed to ask whether the respondents would vote for or against the program if it 

involved a specific increase in their taxes. Their responses provide qualitative 

information on a bound on their WTP for the item: a lower bound if they answer “yes”  

and an upper bound if they answer “no”  (Hanemann & Kanninen, 1998).  

The double-bounded format, proposed by Hanemann (1985), follows up on the 

initial WTP question with a second question, involving a specific dollar cost to which the 

survey participants can respond with either a “yes”  or “no”  answer. The amount 

presented in the second bid depends on their response to their first bid. If the participants 

answered “no”  to the first bid, then the second bid represents some lower amount. On the 

other hand, if they answered “yes” , the bid amount is increased. Consequently, if the 

participants answered “yes”  to one of the questions and “no”  to the other, this provides 

both upper and lower bounds on their WTP. Similarly, the triple-bounded format has 

additional follow-up question with a bid amount that depends on the responses to the first 

two questions. The additional bids can lead to sharper bounds on the estimate of WTP, 

although the additional improvement is rather small (Hanemann & Kanninen, 1998). 

Other formulations of CV questions can also elicit information on WTP. For 

example, survey participants can be shown a payment card with various dollar amounts 

and asked to circle the one closest to their own value (Mitchell & Carson, 1981). Their 

response is interpreted not as an exact statement of WTP but as an indication of WTP 

lying between the highest number below the amount circled and the smallest number 

above it (Cameron & James, 1987). Equivalently, the respondents can be shown a list of 

dollar amounts and asked to mark off the amounts they would be willing to pay and those 

they would not (Welsh & Bishop, 1993). Similarly, respondents can be presented with 

alternative dollar ranges and asked to identify the one closest to their own valuation. 
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These approaches yield upper and lower bounds on WTP for the change in Q (Hanemann 

& Kanninen, 1998).  

 

3.4.2.4 The Economic Foundations of a Statistical Model 

 Statistically, the CV responses are discrete dependent variables since they are 

measured on a nominal or ordinal scale. There is a variety of statistical models for 

analyzing such data. In the general case, the CV responses assume a finite number of 

values, which are indexed j = 1,.., M. For the ith observed response, the probability of 

taking a particular value is expressed as (Hanemann & Kanninen, 1998): 

 

Probability {responsei = j} = Hj(Ai; Zi ; � ) (20) 

 

where Ai is the commodity bid, Zi  represents other covariates describing the survey 

respondent and the valued item. Finally, �  is a vector of parameters to be estimated from 

the data. In order for the probabilities to be well-defined, the right hand side of the above 

question must return a value between zero and one, and sum over all possible outcomes j 

= 1,…, M.  Based on the specifications, the statistical response model is in the form of 

(Hanemann & Kanninen, 1998): 

 

‘yes’  if T(A; Z; � ) – �  �  0 (21) 

                        Response =          ‘no’  otherwise. 

 

where T(.) is some function of A (the commodity bid) and Z (other covariates), �  is some 

random variable with cumulative distribution function (cdf) of F(.), and �  represents both 

coefficients associated with T(.) and parameters of the cdf.  

 It is further assumed that an individual consumer has a utility defined over both 

market commodities, denoted X, and some non-market item to be valued, denoted Q. 

There are also other arguments that shift the respondents’  preferences for X and Q, such 

as characteristics of the individual or the market goods denoted as s. The corresponding 

indirect utility function depends on the prices of the market goods, p, the individual’s 
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income, y, socioeconomic characteristics, s, and the non-market item Q (Hanemann & 

Kanninen, 1998).  

The other component of the indirect utility function is a stochastic component 

representing the notion of random utility maximization (RUM). In a RUM model, it is 

assumed that while the individual knows his or her preferences with certainty, some 

components are unobservable to the researcher and are treated as random (Hanemann 

1984). These unobservables could be characteristics of the individual and/or attributes of 

the item.  They stand for both variation in preferences among members of a population 

and the measurement error. The stochastic component of preferences is denoted by � , so 

that the indirect utility function is v(p, Q, y, s, � ) (Hanemann & Kanninen, 1998). 

 The individual is faced with the decision of securing a change from Q0 to Q1  >  

Q0. The change is regarded as an improvement, so that v(p, Q1, y, s, � ) �  v(p, Q0, y, s, � ). 

The cost associated with the change is $A. The respondent is then asked whether he or 

she would be in favor of purchasing Q1 at the presented price. Per utility maximization 

problem, the “yes”  answer is posted only if v(p, Q1, y-A, s, � ) �  v(p, Q0, y, s, � ), and the 

“no”   answer otherwise. The above implies that (Hanemann & Kanninen, 1998): 

 

Probability{response is ‘yes’ } = Probability{ v(p, Q1, y - A, s, � ) �  v(p, Q0, y, s, � )}  

 (22). 

 

An equivalent way to express the outcome is to utilize the compensating variation 

measure, C, in the specification:  

 

v(p, Q1, y - C, s, � ) �  v(p, Q0, y, s, � )  (23). 

 

Thus, C = C(p, Q0, Q1, y, s, � ) is the maximum WTP for the change from Q0 to Q1. It 

follows that respondents answer “yes”  if the stated price is less than this WTP and ‘no’  

otherwise (Hanemann & Kanninen, 1998).   

In a RUM model, C = C(p, Q0, Q1, y, s, � ) itself is a random variable as the 

respondent’s WTP for the change in Q is not known by the researcher.  When GC(.) is 
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defined as the cumulative distribution function and gC(.) as the corresponding density 

function, the probability specification becomes (Hanemann & Kanninen, 1998): 

 

Probability{response is ‘yes’ }  = 1 – GC(A) (24). 

 

The cdf for the individual’s random WTP value can be further specified as follows. Let 

E{C} = �  (in a regression model one would have �  = X� ), let var{C} = � 2, and let G(.) be 

the cdf of the standardized variant:  z = (C – � )/� ; then (Hanemann & Kanninen, 1998): 

 

Probability{response is “ yes” } = 1 - GC(A) = 1 – G[(A – � )/ � ]  (25). 

 

For example, when G(x) = � (x), the standard normal cdf, a probit model is employed: 

 

Probability{response is “ yes” } = � [ (A – � )/ � ]  (26). 

 

On the other hand, G(x) = [1 + e-x] -1, the standard logistic cdf, yields a logit model of: 

 

Probability{response is “ yes” } = 1/(1 + e(A – � )/ � ) (27) 

 

where �  = � ( 3/
�

)0.5 (Hanemann & Kanninen, 1998). Probit model is employed when 

errors are distributed according to a normal distribution. On the other hand, when errors 

are independently and identically distributed, the logit model should be employed for 

estimation (Champ et al., 2003) 

 

3.4.2.5 WTP Estimation Process 

 The linear and logarithmic models have been widely used in the CV analysis due 

to their simplicity. They impose, however, very stringent restrictions on the shape of 

WTP function. For example, the linear model implies that the income elasticity of C is 

zero while the logarithmic model implies that it is unity.  When the linear model with 

G� (.) is a standard normal cdf, the specification becomes:  
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Probability {response is “ yes” } = � [ �  – � A] ,  (28) 

 

which represents a probit model. Similarly when G� (.) is the standard logistic cdf, the 

specification becomes: 

 

Probability{response is “ yes” } = 1/(1 + e -�  + � A), (29) 

 

which implies that logit model becomes identical to the model in equation (10) 

(Hanemann & Kanninen, 1998). 

 

3.4.2.6 Welfare Evaluation 

As noted earlier per the RUM hypothesis, a person’s WTP for the change in Q is a 

random variable with a cdf given by GC(.). The survey responses permit the estimation of 

this WTP distribution. This is, however, a basic difference between the conventional 

regression models for continuous dependent variables (e.g. responses to open-ended CV 

questions) and the quantal response models. The conventional regression models estimate 

the conditional mean of the dependent variable given the regressors. The quantal 

response models for discrete dependent variables estimate the conditional distribution of 

the dependent variable given the regressors (Hanemann & Kanninen, 1998). 

 The economic literature has generally focused on two summary statistics. One is 

the mean of the estimated WTP distribution: 

 

C+ = E{C(q0, q1, y, � )} (30). 

 

The other method is the median of the estimated WTP distribution defined as follows: 

 

1 - GC(C*) = 0.5 (31). 

 

It follows that Probability {response is “ yes” } = 0.5 when A = C* , there is 50:50 chance 

that the individual would be willing to pay at least C*  (Hanemann & Kanninen, 1998). 
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3.4.2.7 Exper imental Design 

In a discrete response CV experiment, the researcher has the opportunity to 

influence the data by setting the appropriate bids. To do this optimally, the researcher 

must first make an assumption about the form of the underlying WTP distribution and the 

value of its parameters. Moreover, the researcher must decide which particular welfare 

values should be estimated and therefore, select a particular criterion for the precision of 

the estimate. Those decisions reflect the researcher’s interests and priorities. For example, 

there might be an interest in reducing the variance of the estimate of median WTP. This 

implies minimizing the asymptotic variance of the median (from the logit model) with 

respect to the bid values. In the experimental design literature, minimizing a function of 

parameter estimates is known as a C-optimal design criterion.  Alternatively, the 

researcher could choose a D-optimal design, based on maximizing the determinant of the 

Fisher matrix3. The optimization minimizes the variance of the parameter estimates for 

the model in question. In the case of the logit model, the variance reduction corresponds 

to jointly minimizing the confidence intervals around the parameters �  and � . This 

criterion would be of most use for a researcher who is interested in obtaining efficient 

parameter estimates for predictive purpose (Hanemann & Kanninen, 1998).   

 Since the distribution is unknown, the distribution estimates or guesses are 

employed in order to identify the bid points. This phenomenon represents the basic 

paradox of optimal experimental design in non-linear models. The optimal design 

depends on the true parameter values which should be known in order to obtain the best 

design for collecting the data. However, there would be no point in collecting the data if 

the true parameter values were known.  This paradox is resolved by relying on prior 

information. In addition, the issue highlights a second important role of optimal design 

which is interpreting the results after the data collection and analysis by understanding, ex 

post, which bid points were influential or contributed the most statistical information 

(Hanemann & Kanninen, 1998).   

                                                 
3 Fisher  Matr ix - The Fisher information measures the amount of information that an observable random 
variable X carries about an unknown parameter �  upon which the likelihood function of � , L(� ) = f(X;� ), 
depends. The likelihood function is the joint probability of the data (X) conditional on the value of � . Since 
the expectation of the score is zero, the variance is simply the second moment of the score, the derivative of 
the log of the likelihood function with respect to �  (Van Trees, 1968). 
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 One way to resolve the paradox of optimal experimental design is to conduct the 

CV survey in stages using data from the earlier stages to optimize the design in the later 

stages. Most CV researchers do this at least to some degree. For example, a common 

practice is to employ a two-stage procedure; first perform a pre-test to obtain preliminary 

information about the WTP distribution, and then survey the full sample. The pre-test 

results are used to design optimal bids for the full survey based on the parameter values 

estimated from the pre-test data. Typically, the pre-test survey effort generates only a 

modest amount of initial information (Hanemann & Kanninen, 1998). 

 To take better advantage of the optimal design results available, a sequential 

estimation procedure is employed, preferably with more than two stages (Kannienen, 

1993). After each iteration of the survey, the WTP distribution can be estimated using all 

available observations so that a new (optimal) bid design can be derived for use with the 

subsequent iteration of the survey. This approach asymptotically attains the efficiency of 

the theoretical optimal design results (Hanemann & Kanninen, 1998). With a sequential 

design, only two bid values are employed at each iteration, but the values change between 

iterations as information is accumulated. The number of bid values ultimately employed 

depends on the number of performed iterations. The difference in bid values of different 

iterations depends on the closeness of the initial parameter values to the true distribution 

(Hanemann & Kanninen, 1998).   

  

3.4.3 Analytical Hierarchy Process  

The AHP is a procedure for assessing preferences over a set of competing 

alternatives by using pair-wise preferences.  It is generally assumed that assessing pair-

wise preferences is easier as it enables the researcher to concentrate judgment on taking a 

pair of elements and comparing them on a single property without thinking about other 

properties or elements (Saaty, 1990).  There are four axioms in the AHP that need to be 

satisfied: 1) reciprocity, which is defined as the ability to state the decision-maker’s 

preferences; 2) homogeneity, which is the bounded scale representing the stated 

preferences; 3) independence, defined as the criteria weight being independent of the 
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considered alternatives; and 4) expectation, which implies a complete hierarchical 

structure (Saaty, 1990).  

Based on Saaty (1980), the following steps are adopted in performing the 

analytical hierarchy process.  First, the set of attributes for each alternative in 

consideration needs to be identified.  The set of attributes as well as attributes levels are 

then pair-wise compared on a 1-9 scale.  The AHP scale starts with a rating value of 1 - 

equally preferred and ends with 9 - extremely preferred.  In the second step, a matrix 

equation is computed based on the pair-wise preference matrix for all alternatives: 
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 = { w}  is the required global preference vector (of weights).  A reciprocal 

matrix is also computed and represents the off diagonal elements reciprocals of each 

other.  As a result, the numerical score for each pair-wise comparison is defined as 

follows:  

 

a(i,j) = 
wjjcriterionforweight

wiicriterionforweight

,,

,,
 = 1/a(j,i)  (33). 

 

The third step requires computing a rescaled preference matrix that is generated 

by dividing each attribute/attribute level pair-wise score in the matrix by that column’s 

sum.  This computation allows for ranking of each attribute/level relative to all 

attributes/levels in the selection set.  In the final step, the preferred alternative can be 

identified based on the ranking of all attributes and attribute levels (Saaty, 1980).  
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3.4.4 Stated Preference Methods Discussion and Compar ison 

 In this section, the three preference elicitation methods are compared to each 

other.  The Conjoint Analysis is the only method that can be used to compare results with 

Contingent Valuation and Analytic Hierarchy Process as it is an attribute-level 

methodology based on a utility maximization framework.  Furthermore, CA and AHP are 

both attribute-based preference elicitation methods, which are often employed for multi-

attribute optimization problems. On the other hand, CA and CV are both based on the 

utility maximization problem. Figure 3.1 presents the relationship between CA, CV, and 

AHP (Boyle, 2007). 

 

Figure 3.1: CA relationship to CV and AHP 

 

 

 

 

 

  

 

 

 

Although AHP is an entirely different method than CA, the AHP results are 

comparable with other methods of preference elicitation (Duke & Aull-Hyde, 2002).  

Zehedi (1987) proposed an underlying utility framework for AHP in which the process of 

selecting alternatives was consistent with maximizing a respondent’s multi-attribute 

utility function. This finding allowed for synthesizing AHP and utility theory to solve the 

decision-making problem (Duke & Aull-Hyde, 2002).  Both the CA and AHP methods 

are attribute-based preference elicitation techniques. Furthermore, CA is based on an 

additive part-worth (marginal) utility model while the AHP method employs a weighted 

additive utility model. The difference between the two methods is that CA is a 
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that the CA part-worth utilities are obtained from responses provided to stimuli at 
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different attribute levels while AHP starts with rating the levels of attributes and then 

aggregating the values into a final ranking of each attribute and then into a ranking of the 

goods in question. As a result, the total utility of an alternative is an additive value 

function summing up the weighted utilities of its attribute levels. The CA respondent’s 

input is often presented in the form of ordinal or interval scales, which are then employed 

in the marginal utility estimates computation (� ).  In case of AHP, the survey respondents 

provide their degree of preference for one attribute/attribute level over another (a ratio 

scale (wi/wj)). In order to compare the CA and AHP results, the Marginal Rate of 

Substitution (MRS = � i/� j) computed for the Conjoint Analysis is compared to the ratio 

scale of preferences for the AHP methodology (Duke et al., 2002).  The following Figure 

3.2 presents the MRS and ratio scale relationship, which represent the point of 

comparison for both methods.  

 

Figure 3.2: Comparison of CA and AHP. 
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bundles of attributes (Kuriyama et al., 1999). The experimental design aspect of CA is 

also an advantage as it creates bundles of attributes reflecting different states of the 

studied situation. As individuals are asked to choose their preferred alternative from a 

choice set, their choice reflects the trade-offs made between the good/service attributes. 

When a price or cost factor is included as an attribute, it is possible to estimate economic 

values associated with the other attributes. Including the price/cost attribute allows for 

willingness-to-pay and compensating variation computation, which present the financial 

impact of attribute levels changes. As noted earlier, CV also results in willingness-to-pay 

estimates as respondents directly present their willingness to pay for a described 

good/service based on the presented financial bids. In recent years many studies studied 

the differences and commonalities between the WTP estimates of both method types 

(Boxall et al., 1996).   

  Although attribute-based methods are very powerful tools, they currently present 

some unresolved problems. First, elicitation format of CA studies may not be incentive 

compatible, which results in respondents not reporting their true preferences. Second, the 

multinomial/conditional logit model, which is a statistical method used in modeling CA 

data, assumes the independence of irrelevant alternatives (IIA). If IIA holds, then the 

choice between alternatives is independent of alternatives that are not in the subset. When 

this assumption holds true, it simplifies the analysis of choice sets with a large number of 

alternatives.  For example, when the choice set has more than 10 alternatives, only 10 

alternatives can be selected for the estimation of sample decisions. When the IIA property 

is violated, more flexible and complex statistical methods are required.  CV, on the other 

hand, does not require the assumption of IIA to hold, but it is limited to the estimation of 

the value of a good/service (Adamowicz et al., 1998).   

 

3.5 Survey Design 
  

To assess the preferences for plumbing materials and preventive measure choices 

for individual households, two surveys types were sent to a Southeastern Community.  

This community was established in 1980s and spans over 4,700 acres. There are about 

3,300 homes, including condos and apartments, with 6,600 residents in total. Most of the 

resident population is retired, so the community is rather a homogenous group. There are 
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two water utility suppliers (utility company 1 and utility company 2) in the area. The first 

incidents of pinhole leaks were reported in 2001.  In 2006, most of the residents were 

switched to utility company 2, which resulted in an increased number of pinhole leaks. 

One of the reasons for the spike in the number of leaks was the difference in water 

chemistry between the two utility companies.  The water quality differs in the chlorine 

level, hardness, and pH. For more details on the difference in water chemistry between 

the two utility companies please refer to Scardina and Edwards (2007).  To resolve the 

problem, experts from Virginia Tech suggested adding corrosion inhibitor (phosphate) to 

the water treatment process, which resulted in drop of newly reported pinhole leak 

incidents (Lee, 2008).  

The first survey acquires information on the incidents of pinhole leaks in the 

residential area, the adoption rate of preventive measures against corrosion and the 

homeowners’  preferences for corrosion risk, and the costs associated with a leak free 

environment.  To learn the tradeoffs between risk of corrosion and financial burden, CA 

and CV questions were included.   The second survey elicits preferences for three 

hypothetical plumbing materials with different attribute levels.  AHP and CA are 

conducted to gather plumbing preference information.  To avoid an exposure bias4, the 

plumbing materials are hypothetical.  The sample of respondents is based on the first 

Southeastern Community survey respondents who were willing to participate in the 

follow-up questionnaire. 

 

3.5.1 Southeastern Community Survey: Conjoint Analysis and Contingent 

Valuation 

3.5.1.1 Survey Distr ibution 

In August 2007, a questionnaire was sent to 1600 households in the Southeastern 

Community.  The community’s Property Owners’  Association provided a list of the 

residents’  names and addresses and the sample was randomly selected from this list.  

Members of the board reviewed the survey questions.  The Association encouraged 

                                                 
4 Exposure Bias - prior information/experience with the studied issues, which might influence the study 
outcome. 
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participation of community residents in the Virginia Tech survey.  The survey was 

distributed following the Dillman technique of mail surveying, which included mailing a 

questionnaire with postage-paid return envelope, sending a reminder card, and mailing a 

second copy of the survey to nonresponders (Dillman, 1978).   

 

3.5.1.2 Survey Pretest 

The preference elicitation survey questions were pre-tested by surveying Virginia 

Tech graduate and undergraduate engineering students.  Two preliminary surveys were 

conducted in July and November 2006 to test the survey clarity, length, and content.  To 

motivate students to participate in the surveys, a 20-minute presentation regarding 

drinking water infrastructure problems from both engineering and economics viewpoints 

was given. The names of the materials were not disclosed in the surveys to prevent the 

results from being affected by previous experiences with a home plumbing system.  The 

researchers were aware that students are not real decision makers in their households, so 

the results would not reflect the true decisions of homeowners even though participants 

were provided with information and motivation for completing the survey (Lee et al., 

forthcoming).  

Preliminary data analysis for Conjoint Analysis, Contingent Valuation, and AHP 

questions was performed.  In case of CA and CV, health effects as well as taste and odor 

were found to be the driving factors for plumbing materials.  In case of AHP, students 

ranked health effects as the most important plumbing material attribute, followed by taste 

and odor, corrosion resistance, longevity, and price.  Resale value and fire resistance 

were ranked the lowest on the list. The Contingent Valuation results show that the 

majority of the plumbing material attributes have a significant effect on the willingness-

to-pay of respondents.  Some of the graduate and undergraduate students complained 

about the length of the survey while others did not understand and comprehend the 

questions. The AHP survey design was found the most challenging by the students and 

took the longest to complete.  Based on the respondents’  inputs and results of the 

preliminary analysis, the Southeastern Community survey was designed (Lee et al., 

forthcoming).  
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3.5.1.3 Conjoint Analysis and Contingent Valuation Questions 

In order to learn the preferences for preventive measures against corrosion, the 

CA and CV questions were designed to collect data on the tradeoffs between the cost of 

plumbing system replacement and the risk of corrosion.  The CV question employs a 

dichotomous choice question, which asks respondents whether they are willing to pay $X 

for an insurance policy, which guarantees to pay for any future costs associated with the 

failure of the home plumbing system.  The respondents are allowed only to answer “yes”  

or “no”  to the question.  The insurance bid amount varies among respondents.  The CA 

question employs the choice-based format.  The respondent chooses the most preferred 

option from the three following alternatives:  1) upgrading plumbing material, 2) keeping 

current plumbing material but buying insurance, and 3) keeping current plumbing 

material and not purchasing insurance.  A question example for each of the two methods 

is presented in the Appendix B (questions 28 and 29).   

The experimental design methodology was utilized to design the order of the CA 

and CV questions in the questionnaire as well as the cost and pinhole leak probability 

values.  The partial factorial experimental design was generated using a SAS Program. 

SAS code is provided in Appendix D. The design is orthogonal (based on Kuhfled (2005) 

OPTEX program), which guarantees factor impact estimation to be independent from any 

other factor influences.  The number of independent factors in the design is five.  Three 

factors have 5 levels, one factor has 2 levels, and one factor has 3 levels.  Table 3.2 

summarizes the factors used in the experimental design.   

The factors A, B, C, D, and E are generated independently.  As a result, the total 

possible number of combinations is: 21*53*31 = 750.  The design was set to produce only 

50 treatments.  The experimental design randomly chose 50 treatments that had the 

highest efficiency of design and were representative of the design space.  The D-

efficiency for this design is 99.46%. The highest D-efficiency is the objective of the 

experimental design (Engineering Statistics Handbook, 2007).  The efficiency of the 

standard fractional factorial is 100%.  The efficiency values are a function of the number 

of points in the design, the number of independent variables in the model, and the 

maximum standard error for prediction over the design points.  .   
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Table 3.2: Factor and Levels for Conjoint Analysis and Contingent 
Valuation Experiential Design 
Factor Description Level Values 
A Payment for insurance in 

CV question 
1000, 5000, 7500, 

10000,14000 
B  Payment for insurance in 

CA question 
1000, 5000, 7500, 

10000, 14000 
C Payment for plumbing 

upgrade 
400, 2000, 3000, 

4000, 6000 
D  Levels of corrosion risk 

with plumbing upgrade in 
CA question 

0%, 3%, 6% 

E Order of CA and CV 
questions in survey 

1 for CV and 2 for 
CA 

 

3.5.2 Follow-up Southeastern Community Survey: Conjoint Analysis and AHP 

3.5.2.1 Survey Distr ibution 

A follow-up survey was administered in October 2007 that utilized the CA and 

AHP preference elicitation methodology to learn household preferences for home 

plumbing materials. The follow-up survey was sent to three hundred sixty three 

Southeastern Community householders who responded to the first survey and who agreed 

to participate in future surveys.  The respondents were exposed to attributes of three 

hypothetical plumbing system materials, which were left unnamed to avoid a survey 

exposure bias. Materials were left unnamed, because most homeowners are familiar with 

at least one material type (copper, plastic, or epoxy coating) and positive or negative 

experiences with these materials could influence responses. The last survey question 

elicited the respondents plumbing material rankings. These rankings provide the basis for 

CA and AHP comparisons. Examples of CA and AHP questions are presented in the 

Appendix C.  
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3.5.2.2 Conjoint Analysis and AHP Questions 

The follow-up survey of Southeastern Community includes the CA, AHP, and 

baseline5 methods’  questions.  The CA questions include two stimuli, which are 

compared simultaneously. Each respondent rates each of the two alternatives on a scale 

from 1 to 9. The scale value of 1 indicates the plumbing material is not preferred while 9 

indicate an extremely preferred plumbing system. The AHP questions require a pair-wise 

comparison of plumbing material attributes or attributes levels on 1-9 rating scale.  The 

scale value of 1 indicates that the plumbing material or their attributes are equally 

preferred while value of 9 implies one of the plumbing material and their attributes being 

extremely preferred.  The CA and AHP questions appeared in different orders to allow 

for a question order testing for the two methods. Changes in the order of questions in the 

survey might affect the preferences for the hypothetical plumbing materials. 

In order to perform a comparative analysis between the two methods, a baseline 

method is also included in this survey.  The baseline method asks each respondent to 

choose the most preferred material for home installation based on each material attribute 

provided in the question. This question appears last in all surveys.  The material attributes 

are listed in Table 3.3. 

The experimental design methodology was used to identify the most D-efficient 

attribute combination exposure. There are 9 independent factors with 4 factors having 3 

levels and 5 remaining factors having 2 levels. The following are the independent factors 

describing the characteristics of the three plumbing materials:  A, B, C, D, E, F, and G. 

The plumbing material attributes are presented in Table 3.3 while Table 3.4 summarizes 

all factors employed in the experimental design. The number of attribute levels in each 

stimulus is restricted to 7 while the number of CA questions is restricted to 3.  As a result, 

the total possible number of combinations in the experimental design is: 25*34 = 10,363.  

The design was set to produce only 2 treatments represented by two survey versions for 

each treatment. For example, one survey version has CA questions in first order followed 

by AHP questions while the second survey version has AHP question appearing in first 

position followed by CA questions.   Within each treatment, the question order is 

                                                 
5 Baseline Method is employed to aid the comparative analysis of CA and AHP results. It represents the 
true preferences of households for home plumbing materials. 
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randomized to avoid an exposure bias. Furthermore, the last question refers to the 

baseline methodology that directly compares materials A, B, and C (the names of 

materials are not disclosed to avoid an exposure bias).  The D-efficiency for this design is 

98.9%, which implies that the number of paired comparisons was reduced to the smallest 

number necessary for efficient estimation of preference weights (Huber & Zwerina, 1996; 

Kuhfeld, Tobias, & Garratt, 1994).  

 

Table 3.3:  Descriptions of Plumbing Materials Used to Describe Plumbing Materials for CA and Baseline 
Questions and Plumbing Material Attributes for AHP Questions 
Attributes Material A Material B Material C 
Corrosion 
Resistance 

Corrosion proof Same as material 
A 

Some risk of corrosion 

 
Taste / Odor 
 

Compounds released from this 
material in drinking water 

plumbing may give a chemical or 
solvent taste or odor to the water. 

Same as material 
A 

Compounds released from this 
material in drinking water 

plumbing may give a bitter or 
metallic taste or odor to the water. 

Health Effects 

Material meets EPA Standards.  
There is a very small chance that 
compounds from this plumbing 
material that are released into 

drinking water may lead to 
microbial growth in water.  

Microbial growth may cause 
severe illness. 

Same as material 
A 

Material meets EPA Standards.  
There is a very small chance that 
compounds from this plumbing 
material that are released into 

drinking water may cause 
vomiting, diarrhea, stomach 

cramps, and nausea. 

Convenience 
of Installation 

No need to tear into the wall 
and/or floor.  Installation takes 

around 4 days. 

Need to tear into 
some sections of 

wall for 
installation.  

Installation takes 
5-6 days. 

Need to tear into the wall and/or 
floor to replace the existing 

system.  7-9 days required for 
installation. 

Proven 
performance 
in market 

Less than 10 years in the market 
Less than 20 years 

in the market 
More than 50 years in the market 

 Cost 
(labor + 
material) 

$9,000 ~ 14,000 depending on 
the size of house 

$6,500 ~ 13,000 
depending on the 

size of house 

$9,000 ~ 16,000 depending on the 
size of house 

Warranty 
Warranty is 15 years for the 

material. 

Warranty is 10 
years for the 

material. 

 A 50 year manufacturer’s 
warranty applies.  Some 

exceptions apply (e.g. warranty 
reduces to one year if compounds 

in water corrode pipes). 
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Table 3.4: Factor and Levels for Conjoint Analysis and AHP Experiential Design 
Factor Description 

 
Level Values 

A Corrosion resistance 
 

1. Corrosion proof 
2. Some risk of corrosion 

B  Taste/odor 
 

1.  Compounds released from this material into 
drinking water plumbing may give a chemical or 
solvent taste or odor to the water` 
2. Compounds released  from this material in 
drinking water plumbing may give a bitter or 
metallic taste or odor to the water 

C Health effects 
 

1. Material meets EPA standards. A very small 
chance exists that compounds from this plumbing 
material that are released into drinking water may 
lead to microbial growth in water. Microbial 
growth may cause severe illness 
2. Material meets EPS Standards. A very small 
chance exists that compounds from this plumbing 
material that are released into drinking water may 
cause vomiting, diarrhea, stomach cramps, and 
nausea   

D  Convenience of 
installation 

 

1. No need to tear into the wall and/or floor. 
Installation takes about 4 days 
2. Need to tear into some sections of wall for 
installation. Installation takes 5-6 days.   
3. Need to tear into the wall and/or floor to replace 
the existing system. Installation takes 7 to 9 days. 

E Proven performance in 
market 

 

1. Less than 10 years in the market 
2. Less than 20 years in the market 
3. More than 50 years in the market 

F Cost (labor + material) 
 

1. $9,000 ~ $14,000 depending on the size of house 
2. $6,500 ~$13,000 depending on the size of house 
3. $9,000 ~ $16,000 depending on the size of house 

G Warranty  1. Warranty is 15 years for the material 
2. Warranty is 10 years for the material 
3. A 50 year manufacturers’  warranty applies. 
Some exceptions apply (e.g. warranty reduces to 
one year if compounds in water corrode pipes).  

H Order of CA and AHP 
survey 

 

1 for CA and 2 for AHP 

I 
 

Number of stimuli in 
each scenario 

1 for Option A and 2 for Option B 

J 
 

Number of questions 
for question set 

1, 2, 3 
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3.6 Empir ical Analysis  
 
 The empirical analysis includes several econometric techniques.  The analysis 

concentrates on estimating the household preferences for corrosion prevention as well as 

plumbing materials based on the CA questionnaire questions presented in first and 

follow-up surveys of Southeastern Community. The data estimation process employs the 

Multinomial Logit and Ordered Logit regressions based on which the household 

preferences for corrosion preventive measures and plumbing materials are derived. As 

mentioned earlier the analysis of the CV as well as AHP data have been performed by 

Eftila Tanellari and Juneseok Lee and are not reported in this chapter.   

 

3.6.1 Homeowners’  Preferences for  Preventive Measures Against Corrosion and 

Plumbing Mater ials  

3.6.1.1 Household Preferences for  Preventive Measures Against Corrosion: Conjoint 

Analysis Methodology for  the Southeastern Community Survey 

In order to analyze the households’  preferences for corrosion prevention, the CA 

methodology is employed to analyze the first Southeastern Community survey data. The 

example of the question is presented in the Appendix B (question 29).  In the CA 

question, each person chooses the most preferred alternative i out of a set of three choices 

1) upgrade plumbing material, 2) keep current plumbing material but buy insurance, 3) 

keep current plumbing material and not purchase insurance. A Multinomial Logit model 

(MNL) is employed in the estimation of the preferences for preventive measures against 

corrosion.  

The Multinomial Logit model is based on the premises of utility-maximizing 

behavior6. A household faces a choice among three corrosion prevention alternatives 

listed above. The utility obtained from choosing a preventive measure, i, by the nth 

household is Uni. The decision maker chooses the option yielding the highest level of 

utility, which implies the following behavioral model: Uni > Unj where i � j. The level of 

utility is not observed by the researcher, but the attributes of the alternatives (xni) in the 

                                                 
6 Utility Maximizing Problem is discussed in section 3.3. 
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choice set are observed as well as the socioeconomic characteristics of the decision 

maker (zn). Based on the known variables, a representative utility function can be 

specified as: Vni = V (xni, zn) for all alternatives (Train, 2003).  

Since not all aspects of the decision making process are observable, the utility 

function has to be decomposed into observable and random components: Uni =  Vni + eni, 

where Vni is the observable component and eni represents the unobservable component. 

Due to the discussed utility function structure, the probability of choosing a preventive 

measure, i, is: 

 

Pni = Probability(Uni > Unj) = Probability (Vni + eni > Vnj + enj) = Probability(enj - eni < 

Vni - Vnj),  

for all i � j. (34) 

 

Equation 47 can be re-written to represent a cumulative probability distribution form: 

 

Pni = Probability(Uni > Unj) = Probability (Vni + eni > Vnj + enj) = � eI(enj - eni < Vni - 

Vnj)f(en)den , 

for all i � j (35) 

 

where I(.) is the indicator function equal to 1 when the expression is parenthesis is true 

and 0 otherwise and f(en) is the joint density of the random vector en =( en1 … enI). In 

order to employ the MNL model in the estimation of the household preferences for 

corrosion preventive options, the joint density of the random vector is assumed to be 

independently and identically distributed (IID). The critical part of the IID assumption is 

the unobserved factors being uncorrelated over the alternatives, as well as having the 

same variance for all alternatives (Train, 2003).  

The household representative utility function for estimating the preferences for 

preventive options is linear in parameters Vni = � ’  xni and follows the logit choice 

probability specification: 

 

Pni =(exp(� ’  xni)/(� iexp(� ’  xni),. (36) 
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where Pni represents the probability of selecting the i th preventive option. The probability 

is bounded between 0 and 1 with the choice probabilities of each alternative summing to 

one as well. McFadden (1974) showed that the log-likelihood function is globally 

concave for these choice probabilities in estimation parameters, � ’s. With the above 

assumptions holding, the Multinomial Logit model is estimated by finding the values of 

the � ’s that maximize the log-likelihood function: 

 

lnL = � (n=1)
N � (i � C)yin{( � (r=1 to 3)� rkr jkn+ � ppjn+ � zzn) - ln � (j � �	� (� (r=1 to 3)� rkr ikn+ 

� ppin + � zzn)}   (37) 

 

where � rk is the preference parameter associated with risk of corrosion (r), rkn is risk of 

corrosion attribute k for individual n, � pk is the parameter on profile cost, pkn is the cost 

attribute k,  � z is the socioeconomic variable parameter, and zn represents the 

socioeconomic variable of Southeastern  Community residents (Champ et al., 2003). This 

variable is constant over the CA set of choices for each household. As each household 

chooses the preferred alternative from a set of alternatives, inclusion of the 

socioeconomic variables helps explain the differences in utility of different prevention 

alternatives and therefore, the households’  decision-making process (Train, 2003).  

Finally, yin represents the sample size and takes a value of 1 if respondent n chooses 

profile i and 0 otherwise (Champ et al., 2003). 

The IID assumption for error terms results in assumption of the independence of 

irrelevant alternatives (IIA) put on the MNL. This assumption implies that the error term 

of one alternative provides no information about the error term of another alternative 

(Train, 2003). This assumption further implies that, all else being equal, a household’s 

choice between two preventive alternatives is unaffected by the available choices.  A test 

developed by Hausman and McFadden (1984) is used to test the assumption of the 

independence of irrelevant alternatives.  Hausman and McFadden test (better known as a 

Hausman test) compares the estimates of the full model with all corrosion prevention 

alternatives, � f̂, which are consistent and efficient to the consistent but inefficient 

estimates of the restricted model version, � r̂.  The null hypothesis of this assumption 

states that both estimates are equal to each other. The Hausman test is defined as follows:  



 113

 

W = (� r̂ − � f̂)’ � ^-1(� r̂ − � f̂), W ~ � 2 (y)  (38) 

where y is the number of estimated coefficients and  � ^-1 is the difference between the 

estimated covariance matrices from the two estimators.  If IIA holds, W is asymptotically 

distributed Chi-square with degrees of freedom equal to the rows in � f̂. Significant 

values of W indicate that the IIA assumption is violated.  When W is negative, then (� r̂ − 

� f̂)’ � ^-1(� r̂ − � f̂) is not positive semi-definite and there is evidence that IIA holds 

(Hausman & McFadden, 1984).  

The violation of Hausman test implies that the estimated parameters from logit 

equation possess the properties of unbiasedness and consistency but not the property of 

efficiency. Although coefficient estimates are correct, standard errors will be inefficient if 

IIA does not hold (Fry & Harris, 1998). In the case of IIA violation, several adjustments 

can be made including specifying different models, allowing for correlated errors, re-

specifying the utility function to capture explicitly the error term correlation and allowing 

for remaining error to be independent, and finally specifying the current utility function 

while considering the model only as approximation of the problem at hand.  The violation 

of the IIA assumption does not result in a severe disablement of the CA analysis when 

only average preferences are estimated. The IIA assumption violation impacts the 

forecasting predictions derived based on the MNL results (Train, 2003). 

If the IIA assumption holds true for the Multinomial Logit, the following 

empirical regression is estimated based on the MNL likelihood function: 

 

C = � (n=1)
N � (i � C)(� (r=1 to 3)� kxjkn +� ppjkn + � zzn)+ e  (39) 

 

where C represents the plumbing material choice C �  {i = 1,2,3}, where � k  is the 

preference parameter associated with risk of corrosion (r), xjkn is risk of corrosion 

attribute (r) in profile j for individual n, � p is the parameter on profile cost, pjkn is the cost 

attribute for profile j, � z is the parameter on socioeconomic characteristics, zn represents 

the socioeconomic variable of Southeastern  Community residents, and e is the error 

term.   
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  Although attributes of the alternatives vary over alternatives; the characteristics 

of each household do not differ over the corrosion preventive alternatives. As a result, 

socioeconomic variables can enter the model estimation to leverage and explain the 

differences in utility between corrosion preventive options in two ways:  either by 

dividing the cost of corrosion prevention by the household income or by interacting the 

attributes of each corrosion prevention alternative with each of the socioeconomic 

variables. These methods of accounting for individual characteristics allow for affecting 

the differences in utility through their interaction with the attributes of the corrosion 

prevention alternatives (Train, 2003). 

 When estimating the MNL model, a scale parameter, � , is often employed to scale 

the MNL regression coefficients to reflect the variance of the unobserved portion of 

utility.  For a Vni linear in parameters with coefficient, � *, the choice probability is 

represented as follows: 

 

Pni = (exp((� */ � )’  xni)/(� iexp((� */ � )’  xni)) (40) 

 
 The MNL coefficients (�  =� */ � ) provided by most of statistical software are already 

scaled by the appropriate value of � . Due to the scale parameter, the result interpretation 

is affected. The MNL coefficient estimates indicate the effect of each observed variable 

relative to the variance of the unobserved factors as a larger variance leads to smaller 

coefficients. The scale parameter, however, does not affect the ratio of any two 

coefficients as it drops out from the computation. Furthermore, the welfare measures 

computed based on these coefficients are not affected by the adjustment (Train, 2003).  

Based on the parameters estimated in the MNL model, the willingness-to-pay 

values are computed by dividing the preference weight for the attribute risk of corrosion 

by the marginal utility of money (-1 times the preference weight for cost): 

 

WTP = � rk/ -� p  (41). 
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The compensating variation (CV) is also computed by comparing the before and after 

change in the attribute measuring expected values of maximized utility.  The following 

presents the CV computation: 

 

CV = (1/-� p)[ (v
0) – (v1)]   (42) 

where v0 and v1 are the expressions of utility for the base (staying with current plumbing 

material and purchasing no insurance) and altered cases (Champ et al., 2003).  

As mentioned earlier, the CA question was viewed by half of respondents in the 

first position with the CV question in the second position and the order was reversed for 

the other half.  To test the impact of order of question on CA preference changes, a 

dummy variable is inputted into the proposed Multinomial Logit regression model for 

CA.  The dummy variable takes a value of 1 when the CA question is presented first and 

0 if the question is presented in second position in the survey.  If the parameter 

coefficient on the dummy variable is statistically significant, then the order of CA 

question in the survey impacts the CA results and therefore, impacts the preferences, 

WTP and compensating variation for plumbing materials. 

 

3.6.1.2 Household Preferences for  Plumbing Mater ials: Conjoint Analysis 

Methodology for  the Follow-up Survey 

The second Southeastern Community survey data analysis also employs the CA 

methodology to analyze the preferences for plumbing materials. A different procedure 

than that used in the first survey was employed; each respondent pair-wise rated the 

preferred plumbing material option. The rating scale ranges from 1 to 9 with 1 indicating 

a not preferred plumbing material option and 9 indicating the most preferred option. 

Similarly to household decision-making process of choosing a preventive measure 

against corrosion, the plumbing material rating exercise is based on the utility-

maximizing behaviour as higher plumbing material rating results in increased level of 

utility and therefore, a higher preference level for a given alternative. The rating scale 

questions require individuals to make judgements about the magnitude of utility 

associated with plumbing material profiles. These plumbing material evaluations directly 
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transform utility levels into a rating scale. As a result, an employment of rating models in 

which the rating value for each profile is regressed on a vector of attribute levels is 

justified. Error structure in rating models is assumed as additive nuisance parameters 

rather than structural as in RUM models (Champ et al., 2003). 

To analyze the CA data, an Ordered Logit regression is employed. The Ordered 

Logit is based upon the idea of the cumulative logit, which relies on the cumulative 

probability.  The cumulative probability CPnl is the probability that the nth individual is 

in the lth or higher plumbing material valuation category:  

 

CPnl= probability (Rl �  l) = � (l=1 to L)probability(Rl =L) (43). 

The cumulative probability is transformed into the cumulative logit:  

logit CPnl = log(CPnl(1- CPnl))  (44). 

The ordered logit simply models the cumulative logit as a linear function of independent 

variables:  

logit CPnl = � l – � xn  (45). 

There is a different intercept for each level of the cumulative logit, but �  remains constant 

across rating categories.  In addition, the product of �  and the independent variable, xn, is 

subtracted rather than added in the model.  As a result, each � l indicates the logit of the 

odds of being equal to or less than category l for the baseline group (when all 

independent variables are zero).  The �  represents the increase in the log-odds of being 

higher than category l as the independent variable increases by one-unit (Edner, 2005).   

The empirical Ordered Logit model is represented by the following regression: 

R = � l - � (n=1…N)� (i � R)[ � (k=1 to K)� kxjkn+� ppjkn]  + e   (46) 

 

where R represents the ordered rating scale (1-9), where � k  is the preference parameter 

associated with the plumbing material attributes , xjkn are the plumbing material attributes 



 117

in profile j for individual n, � p is the parameter on profile cost, pjkn is the cost attribute for 

profile j and e is the error term (Champ et al., 2003).7  

Although attributes of the plumbing materials vary over alternatives; the 

characteristics of each household do not differ over the alternatives. As a result, the 

socioeconomic variables need to enter the model estimation to leverage and explain the 

differences in utility levels between corrosion preventive options. These characteristics 

can enter the model through interaction with the plumbing material attributes (Train, 

2003).  

As mentioned earlier, the CA question was viewed by half of the respondents in 

the first position and by the other half in the second position.  To test the impact of order 

of CA question presentation on preference changes, a dummy variable is inputted into the 

proposed ordered logit for CA.  The dummy variable takes a value of 1 when the CA 

question is presented first and 0 if the question is presented second in the survey.  If the 

parameter coefficient on the dummy variable is statistically significant, then the order of 

CA question in the survey impacts the households’  preferences for plumbing materials. 

 

 

3.7 Southeastern Community Survey Results: Descr iptive Statistics  

3.7.1 Pinhole Leak Awareness and Incidents  

A total of 1,047 responses were received, which represents a 65% response rate.  

Seventy-six percent of respondents reported being very aware of pinhole leaks in their 

community, 21% said they were somewhat aware of the problem, and 2% said they were 

unaware of the problem.  Nineteen percent reported learning about pinhole leak problems 

through their own experience, 65% through a neighbor or friend, 48% through the media 

(Channel 3 or The Village Connection), and 42% through the Copper Pinhole Leak 

Committee.   

Two hundred twelve respondents (20%) reported incidents of pinhole leaks in 

drinking water pipes in their current homes; 780 respondents (74%) reported no incidents 

of pinhole leaks; and 32 respondents (3%) were not sure of any incidents.  One hundred 

                                                 
7 If the cost parameter is found statistically significant, the willingness-to-pay values will be computed by 
dividing the preference weight for the attribute levels by the marginal utility of money (-1 times the 
preference weight for cost). 
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twenty eight respondents (60% percent of the respondents with leaks) had 1 or 2 leaks; 47 

respondents (22%) had 3 or 4 leaks; 17 (8%) had 5 or 6 leaks; 15 (7%) had 7 or more 

incidents.  Most respondents with leaks reported the first leak occurred since 2004 (Table 

3.5).   

The rate of pinhole leaks in Southeastern Community is higher compared to the 

average-leak rate in non-hotspot areas nationwide. The nationwide rate for non-hotspot 

corrosion areas is 8% per year. On the other hand, the incidence rate is on par with 

nationwide hotspot pinhole leak rate ranging from 11% to 21% per year (Scardina et al., 

2007). The pinhole leak rate for hotspots and non-hotspots was derived based on a 

telephone survey of homeowners across the country including regions known to be 

‘hotspots’  of pinhole leaks (Scardina et al., 2007). The Southeastern Community pinhole 

leak rate is also lower compared to the rate observed in the suburban area of Washington, 

D.C.  Forty percent of households surveyed by mail in 2004 reported incidents of pinhole 

leaks (Kleczyk & Bosch, 2008).   

  
Table 3.5: The Year Pinhole Leaks Were First Reported by Southeastern 
Community Survey Respondents.  
Year  Respondents  Percent 
Since 2004 151 71 
2000 to 2003 44 21 
1995 to 1999 6 3 
1990 to 1994 1 0 
Before 1990 0 0 
Don’ t know 3 1 
Missing/not reported 7 4 
Total 212 100 
 

Respondents with pinhole leaks had somewhat older homes compared to 

respondents without leaks (Table 3.6).  Fifty-three percent of respondents without leaks 

lived in homes built since 2000 compared to 4% of respondents with leaks.  Five percent 

of respondents without leaks lived in homes built before 1990 compared to 23% of 

respondents with leaks.   
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Table 3.6:  Year House Was Built  
 Respondents without leaks Respondents with leaks 

Year house  
Was built 

 
Number 

 
Percenta  

 
Number 

 
Percentb 

Since 2000 441 53 9 4 
1995 to 1999 240 29 76 36 
1990 to 1994 102 12 75 36 
Before 1990 39 5 49 23 
Do not know 1 0 2 1 
Missing/not reported  12 1 1 0 
Total 835 100 212 100 
aPercent = number divided by total number of respondents without leaks (835). 
bPercent = number divided by total number of respondents with leaks (212). 

 
Most respondents with leaks had leaks in horizontal pipes while fewer had leaks 

in vertical pipes or pipe bends (Table 3.7).  Most leaks were in the finished or unfinished 

basement followed by the crawl space and first floor respectively (Table 3.8).   

 
Table 3.7:  Pinhole Leaks by Type of Pipe 

Type of pipe Number of observations Percenta 

Horizontal pipe  183 86 
Vertical pipes  25 12 
Pipe bend 6 3 
Do not know 9 4 
Total 223 105 
aMultiple choices per respondent were accepted.  Percent = number reported divided by the total 
number of respondents with leaks (212). 
 
 
Table 3.8:  Location of Leaks in House 

Location Number of observations Percenta 

Under slab or underground 9 4 
Crawl space 56 26 
Unfinished basement 43 20 
Finished or walkout basement 97 46 
First floor 29 14 
Second floor or higher 9 4 
Do not know 1 0 
Total 244 114 
aMultiple choices per respondent were accepted.  Percent = number reported divided by the total 
number of respondents with leaks (212). 

 
Pinhole leaks occurred in cold water pipes in 138 cases, in both cold and hot 

water pipes in 14 of the cases, and in hot water pipes only in 33 cases (Table 3.9).  

Twenty respondents were not aware of the type of water pipes where leaks occurred. 
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Table 3.9:  Pinhole Leaks Occurring in Cold or Hot Water Pipes 
Type of pipe Number of observations Percent 

Cold water pipes 138 65 
Hot water pipes 33 16 
Both 14 7 
Do not know 20 9 
Missing/not reported 7 3 
Total 212 100 
 

 

3.7.2 Pinhole Leak Repairs and Repair  Costs  

Seventy-seven respondents repaired the leak using a clamp (Table 3.10).  In some 

cases, a clamp was used initially and the leaking section was replaced later as the leaks 

continued.  One hundred thirty-three respondents repaired leaks by replacing the leaking 

pipe section.  Copper plumbing material was most often used for repairing leaking 

plumbing material sections.  Fifty respondents repaired the leak by re-plumbing the entire 

house.  PEX was most often used for house re-plumbing activities.  Nine respondents 

applied epoxy coating to their existing plumbing systems. 

   

Table 3.10:  Method of Leak Repair 
Repair method Number of observations Percenta 

Clamp over leak 77 7 
Replaced leaking pipe section 
with copper  

75 35 

Replaced leaking pipe section 
with CPVC 

5 2 

Replaced leaking pipe section 
with PEX 

7 3 

Replaced leaking pipe section-
material not specified 

46 22 

Applied epoxy coating to all 
plumbing  

9 4 

Re-plumbed with copper 5 2 
Re-plumbed with CPV 4 2 
Re-plumbed with PEX 32 15 
Re-plumbed-material not 
specified 

9 4 

Other 7 1 
Don’ t know 3 1 
Total 279 129 
aMultiple choices per respondent were accepted.  Percent = number reported divided by the total 
number of respondents with leaks (212). 
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Forty-two percent of respondents with leaks spent less than 10 hours dealing with 

pinhole leaks; 21% spent between 11 and 20 hours; and 32% spent 21 or more hours 

(Table 3.11).  Twenty percent spent more than 40 hours dealing with pinhole leaks.    

 
Table 3.11: Time Spent Dealing with Pinhole Leak Problems by Survey Respondents 

Number of hours Number of respondents Percenta 

Less than 10 89 42 
11-20 44 21 
21-40 25 12 
41-80 26 12 
More than 80 18 8 
Do not know 7 3 
Missing/not reported 3 1 
Total 212 99 
aNumbers do not sum to 100 due to rounding. Percent = number reported divided by the total 
number of respondents with leaks (212). 
 
 

Twenty-nine percent of respondents with leaks reported that the expense of 

repairing pinhole leaks was less than $100 while 30% reported expenses between $100 

and $500, and 37% reported more than $500 in expenses for pinhole leak repairs (Table 

3.12).  Seven respondents reported more than $10,000 in costs of repairs. 

 

Table 3.12:  Costs of Repairing Pinhole Leaks  
Amount  Number of observations Percent 

Less than $100 61 29 
$100 to $500 64 30 
$501 to $1,000 14 7 
$1,001 to $3,000 11 5 
$3,001 to $5,000 20 9 
$5,001 to $10,000 28 13 
$10,001 to $20,000 6 3 
More than $20,000 1 0 
Do not know 3 1 
Missing/not reported 4 2 
Total 212 99 
aNumbers do not sum to 100 due to rounding. Percent = number reported divided by the total 
number of respondents with leaks (212). 

 
 
In addition to the expense of repairing leaks, 92% of respondents with leaks 

reported having to repair property damage caused by leaks.  Forty percent of respondents 
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with damage reported less than $100 of damage (Table 3.13) while 49% had over $100 in 

damage.  Twelve respondents had over $5,000 in property damage.   

 
Table 3.13:  Costs of Repairing Property Damage from Pinhole Leaks  

Amount  Number of observations Percenta 

Less than $100 85 40 
$100 to $500 47 22 
$501 to $1,000 16 8 
$1,001 to $3,000 18 8 
$3,001 to $5,000 10 5 
$5,001 to $10,000 12 6 
More than $10,000 0 0 
Do not know 8 4 
No property damage 16 8 
Total 212 101 
aTotals do not sum to 100 due to rounding. Percent = number reported divided by the total 
number of respondents with leaks (212). 

 
 
Thirty-six percent of respondents reporting leaks found the experience of pinhole 

leaks very stressful while 46% found it somewhat stressful (Table 3.14).  Thirteen 

percent experienced little or no stress. 

 

Table 3.14: Stress from Dealing with Pinhole Leaks  
Stress level reported by 
respondents with leaks  

 
Number of observations 

 
Percenta 

Very stressful 77 36 
Somewhat stressful 98 46 
A little stressful 21 10 
Not stressful 7 3 
Do not know 4 2 
Missing/not reported 5 2 
Total 212 99 
aTotals do not sum to 100 due to rounding. Percent = number reported divided by the total 
number of respondents with leaks (212). 
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3.7.3 Pinhole Prevention and Water  Treatment Devices  

Thirty-five percent of respondents with leaks and 20% of respondents without 

leaks use some type of pinhole leak prevention strategy (Table 3.15).  The most common 

strategy among those with leaks is preventive re-plumbing, which was used by 13% of 

those with leaks.  Water softener/conditioner was the most common strategy used by 

those without leaks and constituted 9% of those respondents.   

 
Table 3.15:  Use of Pinhole Leak Prevention Devices 
 Respondents with pinhole 

leaksa 
Respondents without 

pinhole leaksb 

 Number Percent Number Percent 
Preventive re-plumbing 28 13 16 2 
Preventive epoxy injection 8 4 4 0 
Phosphate injection 12 6 26 3 
Water softener/water conditioner 11 5 79 9 
Copper Knight 5 2 12 1 
Other 19 9 64 8 
None used 134 63 644 77 
Missing/not reported 4 2 29 3 
Total 295 139 874 105 
aMultiple choices per respondent were accepted.  Percent = number reported divided by the total  
number of respondents with leaks (212). 
b Percent = number reported divided by the total number of respondents without leaks (835). 
 

The cost of purchasing and installing the preventive measure varies between less 

than a $100 to more than $10,000 for respondents with pinhole leaks (Table 3.16). The 

highest number of respondents chose a cost category of $100-$499 (14 respondents with 

pinhole leaks). Twenty-three percent of respondents with pinhole leaks spent between 

$500 and $7,499 while 6 respondents spent between $10,000 and $15,000.  
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Table 3.16: Cost of Purchasing or Installing Preventive Corrosion Measure  

Respondents with pinhole leaks 
Respondents without pinhole 

leaks 
  Number Percenta Number Percentb 

$1 - $99 3 1 7 1 
$100 - $499 14 7 21 3 
$500 - $999 10 5 33 4 
$1,000 - $2,499 12 6 17 2 
$2,500 - $4,999 10 5 25 3 
$5,000 - $7,499 14 7 19 2 
$7,500 – $9,999 1 0 0 0 
$10,000 -14,999 6 3 2 0 
$15,000 - $19,999 0 0 0 0 
20,000 or more 1 0 0 0 
Do not know 9 4 16 2 
Missing/not reported 132 62 640 82 
Total 212 100 780 100 
aPercent = number reported divided by the total number of respondents with leaks (212). 
bPercent = number reported divided by the total number of respondents without leaks (835). 

 

Sixty-seven percent of respondents use some type of water treatment for purposes 

other than pinhole leak prevention (Table 3.17).  The most common treatment was a 

refrigerator filter, used by 63%.  Thirty-two percent of respondents reported that they 

purchase drinking water.  The most common reasons given for using water treatment 

devices are to improve taste or smell of drinking water (mentioned by 45% of 

respondents) and to improve safety of drinking water (mentioned by 33% of 

respondents).   

 
Table 3.17: Use of Water for Purpose Other than Corrosion Prevention 
 Number Percent a 

Filter for entire home 133 16 
Refrigerator filter 523 63 
Water softener/water conditioner 66 8 
Pitcher or bottle to filter water  136 16 
Purchased drinking water 265 32 
Filter on faucet or under kitchen sink 117 14 
Ultra violet (UV) system 2 0 
Other 25 3 
None used 249 30 
Missing/not reported 19 2 
Total 1,535 184 
aMultiple choices per respondent were accepted.  Percent = number reported divided by the total 
number of respondents (1,047). 
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3.7.4 Concerns about Water  Safety and Quality 

Eighty-two percent of respondents were somewhat or very satisfied with home 

drinking water quality (Table 3.18).  Only 5% of respondents were not at all satisfied 

with water quality.  Problems with water quality most frequently mentioned were related 

to taste, in particular to a chlorine taste.   

 
Table 3.18:  Satisfaction with Home Drinking Water Quality  
 Number Percent a 

Very satisfied 471 45 
Somewhat satisfied 390 37 
Somewhat dissatisfied 119 11 
Not at all satisfied 54 5 
Missing/not reported 13 1 
Total 1,047 99 
aTotals do not sum to 100 due to rounding.   
 

Survey respondents varied in concern about future pinhole leaks.  Forty percent 

were somewhat or very concerned while 55% were not very or not at all concerned 

(Table 3.19).   

 
Table 3.19:  Concern with Future Pinhole Leaks  
 Number Percent  

Very concerned 65 6 
Somewhat concerned 359 34 
Not very concerned 400 38 
Not at all concerned 173 17 
Do not know 29 3 
Missing/not reported 21 2 
Total 1047 100 
 
 In summary, pinhole leaks in copper home plumbing systems were a frequently 

reported problem in Southeastern Community.  Twenty percent of respondents had 

experienced at least one pinhole leak in their current homes.  Almost all pinhole leaks 

occurred since 2000.  Most respondents had 1 or 2 leaks; however, 15 respondents 

reported 7 or more leaks.  Most leaks occurred in cold water plumbing and in horizontal 

pipes.  Most leaks occurred in the basement (finished or unfinished).   
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Pinhole leaks can have high financial, emotional, and time costs. Over one-third 

of respondents with leaks reported expenditures of at least $500 for repairing leaks and 

over one-fourth reported additional expenses of at least $500 to repair property damage 

caused by leaks.  Almost one-third of those reporting leaks spent at least 20 hours dealing 

with pinhole leaks and related damage, and over three-fourths found the experience 

somewhat or very stressful.  Almost one-third of respondents with leaks used some form 

of pinhole leak protection, including preventive re-plumbing.  Twenty percent of 

respondents without leaks used some form of pinhole leak protection.  Two-thirds of 

respondents use some type of water treatment device or purchase drinking water.  

Respondents mentioned improving water safety and water taste and smell as reasons for 

using such devices or purchasing bottled water.  Over 80% of respondents were 

somewhat or very satisfied with drinking water quality in their homes.   

 

3.7.5 Socioeconomic Character istics of Southeastern Community Respondents 

Almost all of the Southeastern Community respondents live in a single family 

home that they own (98%) (Table 3.20).  Fifty-six percent of all respondents, 95% of 

respondents with pinhole leaks, and 55% of respondents without pinhole leaks live in 

homes built before the year 2000.  In comparison, only 4% of respondents with pinhole 

leak experience and 55% of respondents without the experience live in houses built after 

the year 2000 (Table 3.21). 

 

Table 3.20: Type of Residence for Southeastern  Community Mail Survey Respondents 

                                            All Respondents 
Respondents with 

pinhole leaks 
Respondents without 

pinhole leaks 
  Number Percent Number Percent Number Percent 
Single family home 
which I own 1023 98 208 98 766 98 
Single family home 
which I rent 8 1 4 2 3 0 
Missing/not reported 16 2 0 0 11 1 
Total 1047 100 212 100 780 100 
Note: Respondents who did not know whether they had pinhole leaks were not included in the 
comparisons of the respondents with and without pinhole leaks analysis. 
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Table 3.21: Year House Was Built for Southeastern  Community Mail Survey Respondents 

All Respondent 
Respondents with pinhole 

leaks 
Respondents without 

pinhole leaks 
  Number Percent Number Percent Number Percent 
Since 2000 450 43 9 4 429 55 
1995 to 1999 316 30 76 36 218 28 
1990 to 1994 177 17 75 35 92 12 
Before 1990 88 8 49 23 32 4 
Don’ t know 3 0 2 1 1 0 
Missing/not reported 13 1 1 0 8 1 
Total 1047 100 212 100 780 100 
Note: Respondents who did not know whether they had pinhole leaks were not included in the 
comparisons of the respondents with and without pinhole leaks analysis. 

 

In Southeastern Community, the property values vary between less than $200,000 

and more than $750,000.  For example, 3% of respondents live in houses valued below 

$200,000 while 29% live in houses valued above $400,000.  There are no drastic 

differences between the respondents with pinhole leaks and without, but percentage wise 

there are more respondents with pinhole leaks living in houses below $300,000 (31% vs. 

24%) and above $500,000 (33% vs. 28%) (Table 3.22).  

 

Table 3.22: The House Value for Southeastern  Community Mail Survey Respondents 

All Respondents 
Respondents with 

pinhole leaks 

Respondents 
without pinhole 

leaks 
  Number Percent Number Percent Number Percent 
Less than $200,000 28 3 9 4 16 2 
$200,001 - $250,000 97 9 24 11 66 8 
$250,001 - $300,000 151 14 33 16 111 14 
$300,001 - $350,000 109 10 19 9 88 11 
$350,001 - $400,000 122 12 23 11 95 12 
$400,001 - $500,000 144 14 16 8 122 16 
$500,001 - $750,000 161 15 39 18 112 14 
Over $750,001 146 14 31 15 106 14 
Don’ t know 27 3 6 3 17 2 
Missing/not reported 62 6 12 6 47 6 
Total 1047 100 212 100 780 100 

 

As presented in Table 3.23, fifty four percent of all respondents moved into their 

houses since 2000 while only 3% moved in before 1990. 
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Table 3.23: The Move-In Year for Southeastern Community Mail 
Survey Respondents 
 Number Percent 
Before 1990 30 3 
1990-1994 99 9 
1995-1999 250 23 
2000 – 2005 395 30 
2005 -  2007 254 24 
Missing/not reported 19 2 
Total 1047 100 

 

 A vast majority of the households consists of two household members, although 

the highest number reported by survey respondents is nine. Seventy-nine percent of the 

survey respondents are reported to be males and 88% to be white. They tend to be older 

with 69% being born between 1930 and 1949 (Table 3.24). Seventy-one percent of the 

Southeastern Community residents have either a 4-year college degree or graduate/post-

graduate degree (Table 3.25). Fifty-seven percent of survey respondents have income 

higher than $55,000 (Table 3.26).  

 

Table 3.24: Southeastern  Community Respondents’  Year of 
Birth 
  Number Percent 
1916-1919 7 1 
1920-1929 71 7 
1930-1939 335 32 
1940-1949 383 37 
1950-1959 68 6 
1960-1969 9 1 
1970-1981 11 1 
Missing/not reported 163 16 
Total 1047 100 
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Table 3.25: Household Education Level for Southeastern  Community Mail 
Survey Respondents 
  Number Percent 
Grade School 2 0 
Some High School 8 1 
High School Graduate (or GED) 45 4 
Trade/Voc. School after High School 25 2 
Some College 141 13 
Completed Community College 40 4 
Four-year College/University Graduate 406 39 
Graduate School/Professional School 340 32 
Missing/not reported 40 4 
Total 1047 100 

 

Table 3.26: Household Income for Southeastern Community 
Mail Survey Respondents 
  Number Percent 
Less than $35,000 36 3 
$35,001 - $55,000 125 12 
$55,001 - $75,000 180 17 
$75,001 - $100,000 188 18 
$100,001 - $ 150,000 150 14 
$151,000 - $200,000 46 4 
Over $200,000 45 4 
Do not know 44 4 
Missing/not reported 233 22 
Total 1047 100 

 
 

3.8 Homeowners Preferences for  Prevention Measures Against Corrosion and 

Plumbing Mater ials 

3.8.1 Preferences for  Preventive Measures Against Corrosion: Conjoint Analysis 

Results for  the Southeastern Community Survey 

The first Southeastern Community survey employed CA and CV questions to 

elicit preferences for the trade-offs between the risk of corrosion and the cost of 

prevention. The CA questions consisted of three-profile presentation that varied on the 

possible solutions to protect their households from corrosion. Each solution traded-off the 

risk of corrosion with a prevention cost. The following options were presented to each 

respondent to elicit the corrosion-cost trade-offs (the question text is presented in 

Appendix B):  

1. Upgrading plumbing material 
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2. Keeping current plumbing material but purchasing insurance 

3. Keeping current plumbing material only 

The probabilities of corrosion risk presented to respondents varied between 0 and 0.10 

while cost associated with the chosen corrosion prevention (i.e house re-plumbing and 

purchasing an insurance policy) varied between $0 and $14,000.  

 The empirical analysis of the first Southeastern Community survey includes 

several econometric techniques.  First, the Multinomial Logit Model is used to derive 

willingness-to-pay estimates. The model specification involves either including only the 

risk of corrosion levels as well as the dollar costs of re-plumbing or purchasing an 

insurance policy or in addition including the socioeconomic variables. The purpose of 

two model specifications is to learn the impact of socioeconomic characteristics of the 

respondents on the decision either to purchase an insurance policy or to upgrade the 

plumbing material.  

 

3.8.1.1 Conjoint Analysis Regression Estimation 

Based on the three profiles of possible solutions to protect their households from 

corrosion, 69% of respondents who responded to the CA question chose to keep current 

plumbing material and not purchase any insurance to protect their household from 

pinhole leaks and failure of the plumbing material.  With regards to the residents who had 

experienced pinhole leaks, 23% would upgrade the plumbing material while 9% would 

purchase an insurance policy. In comparison, 12% of those who had not experienced 

pinhole leaks would upgrade a plumbing material and 12% would purchase an insurance 

policy. The percent of respondents who would stay with the current plumbing material is 

higher for people without pinhole leak experience than for those with pinhole leak 

experience (Table 3.27).  
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Table 3.27: Conjoint Analysis Frequency Alternatives 

 All Respondents 
Respondent with Pinhole 

Leaks 
Respondents without 

Pinhole Leaks 
Option Number Percent Number Percent Number Percent 
Upgrading 
Plumbing Material 

147 14 49 23 92 12 

Keeping Current 
Plumbing Material 
but  Purchasing 
Insurance 

124 12 20 9 93 12 

Keeping Current 
Plumbing Material 
and Not Purchasing 
Insurance 

715 69 124 59 559 72 

Missing/not 
reported 

61 6 19 9 36 5 

Total Number of 
Observations 

986 100 212 100 780 100 

 
In this study, the Conjoint Analysis (CA) evaluates the trade-offs between the risk 

of corrosion and the cost associated with the chosen prevention method of either re-

plumbing the entire house or purchasing insurance against corrosion by estimation of a 

Multinomial Logit Model (MNL). The model specification includes/excludes the 

socioeconomic characteristics of the respondents. The first model specification omits the 

socioeconomic variables’  impact on the household decision and only accounts for the 

corrosion risk and cost associated with several prevention options. In the model 

specification, the independent variables (corrosion risk and the dollar amount spent on 

corrosion prevention) were entered as continuous covariates. Estimating the impact of 

continuous variables implies linear impact of each unit of the variable on the household 

decision8.   

The final explanatory variable included in the model specification is a dummy 

variable representing the order of the CA question in the survey (value of 1 when in first 

position and value of 0 if in the second position). This factor was entered as a covariate 

variable. The dummy variable was tested for the appropriate form of entering the 

                                                 
8 The independent variables could be also specified as categorical factors.  When a categorical independent 
variable is employed, each level of the factor is assumed to have a nonlinear impact on the dependent 
variable.  For the purpose of this study, the independent variables are assumed to have a constant impact 
per unit change on the chosen prevention option.  
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regression model.  The variable was treated either as the intercept shifter in the equation 

or as an intercept shifter combined with an interaction effect with the independent 

variables (risk of corrosion as well as the cost of plumbing material upgrade and 

insurance purchase). Wald test9 performed to compare the two model specifications 

revealed that the CA survey version dummy variable should enter the MNL model only 

as an intercept shifter. Wald test is often employed to test whether the restrictions put on 

some coefficients in the unrestricted model are appropriate or not. The test compares the 

coefficients of the restricted and unrestricted models and tests for differences between the 

two specifications (Baum, 2006). The Chi-square statistics derived based on the two 

model comparisons was 1.789 (p-value of 0.770) and was less than the critical Chi-square 

statistic of 9.490 with 4 degrees of freedom.  

In order to employ the MNL estimation, the CA question responses need to be 

appropriately transformed to fit the data estimation requirement.  As each respondent saw 

three prevention options with specific attributes, each respondent’s data was stacked in a 

format resulting in each prevention option being a separate observation.  As 985 

respondents provided answers to the CA question, there are 2,955 rows of data employed 

in the MNL estimation process.  The cost variable for the chosen preventive option was 

also stacked to form only one variable cost of corrosion prevention.  The cost values 

varied between $0 and $14,000. Value of zero refers to staying with the current plumbing 

material as no financial investment is needed for this option.  

 This MNL model specification employs the continuous format of the explanatory 

variables while assuming that the impact of a one unit change in the independent variable 

has a linear impact on the household decision for corrosion preventive option. The first 

                                                 

9 Wald Test - employed to test whether an effect of an independent variables on the dependent variables 
exists or not. Under this test the maximum likelihood estimate of the parameter(s) of interest, � , is 
compared with the proposed value � 0. The square of the difference is compared to a Chi-square distribution. 
The Wald statistic is defines as: 

(� ^ - � ^
0 )’  � -1(� ^ - � ^

0 ), W ~ X2
k   

where � -1 variance-covariance matrix  associated with both coefficient estimates. The obtained statistic is 
compared against a Chi-square distribution for derive statistical significance of the tested coefficient 
estimates. (Baum, 2006) 
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MNL model specification includes continuous independent variables. In order to evaluate 

the household decisions, the model significance should be assessed first.  The null 

hypothesis for the model is that no statistically significant differences exist between the 

model without independent variables and the model with independent variables: 

 

H0: C = e (80) 

H1: C = � (n=1)
N � (i � C) � (r=1 to 3)[ � kxjkn] +� ppjkn + e (81) 

 

where C represents the plumbing material choice C �  {i = 1,2,3}, � k  is the preference 

parameter associated with risk of corrosion (r), xjkn is risk of corrosion attribute (r) in 

profile j for individual n, � p is the parameter on profile cost, pjkn is the cost attribute for 

profile j, and e is the error term.   

 The presence of a relationship between the dependent variable and the 

combination of independent variables is assessed based on the Chi-square and log-

likelihood statistics of the final model.  Based on the analysis, the Chi-square statistic is 

45.344 with a p-value of 0.000 and a log-likelihood value of 590.60610.  The existence of 

a relationship between the independent variables and the dependent variable is supported 

by the results (Garson, 1998).   

The next step in the CA analysis is to assess fit of the MNL model (Garson, 

1998).  A Pseudo R-square statistic, such as Nagelkerke’s R-square11, is computed to 

represent the improvement of the model’s fit from inclusion of the independent variables. 

The measure ranges from zero (when the estimated parameters are not better at predicting 

choices than zero parameters) to one (when the estimated parameters perfectly predict the 

choices of the sampled households) (Train, 2003).  The goodness-of-fit test statistic is 

0.019 for this model specification and represents the percentage increase in the log-

                                                 

10 A Likelihood-Ratio test is a test relying on a test statistic computed by taking the ratio of the maximum 
value of the likelihood function under the constraint of the null hypothesis to the maximum with that 
constraint relaxed. If the null hypothesis is true, then -2 log �  is asymptotically � 2 distributed with degrees 
of freedom equal to the difference in dimensionality of �  and � 0. The likelihood ratio is �  = sup{ L(� |x): �  � � 0} / sup{ L(� |x): �  

� � }  (Griffiths et al., 1993). 

11 Pseudo R-square is defined as �  = 1 – (LL(� ^)/LL(0)), where LL(� ^) is the value of the log-likelihood at 
the estimated parameters and LL(0) is the value when all parameters are zero (Train, 2003).  
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likelihood function above the value taken at zero parameters. As a result, there is a 2% 

increase in the log-likelihood function above the function at zero and the estimated 

parameters do improve the model’s fit. Pseudo R-square does not have exactly the same 

meaning as R-square in the linear regression. As a result, the Nagelkerke’s R-square of 

0.019 should not be interpreted as 2% of variation in the dependent variable is explained 

by the variation in the independent variables (Train, 2003).  

Another measure of assessing the performance of a MNL regression is the 

classification of accuracy, which compares the predicted group membership (based on the 

logit model predictions) to the actual known group membership (the value for the 

dependent variable).  The useful benchmark employed to characterize a regression model 

is a 25% improvement over the rate of accuracy achievable by chance alone.  Even if the 

independent variables were not related to the groups defined by the dependent variable, 

correct predictions of the group membership for some percentage of the observations 

would be still expected (Garson, 1998).   

The estimate of by chance accuracy is proportional to the by chance accuracy rate 

computed by summing the squared percentage of cases in each group (please refer to 

Table 3.28) (Garson, 1998).  The proportional by chance accuracy rate for this model is 

56.4%.  To characterize the model as useful, the overall percentage accuracy rate 

produced by SPSS software at the last step of estimation is compared to 25% more than 

the proportional by chance accuracy, that is, equal to 70.5%.  The model’s classification 

accuracy rate is 72.5% (Table 3.29), which is greater than the proportional by chance 

accuracy criteria of 70.5%.  As a result, the criterion for classification accuracy is 

satisfied.  

 

Table 3.28: Case Processing Summary for MNL Model without Socioeconomic Characteristics  
Group Membership Number of Observations Marginal Percentage 

Upgrading Plumbing Material 147 14.9 
Keeping Current Plumbing Material but 
Buying Insurance 

124 12.6 

Keeping Current Plumbing Material and 
Not Purchasing Insurance 

715 72.5 

Note: Chance Accuracy = 0.149 2 + 0.1262 + 0.7252 = 0.564 
25% Improvement over the Chance Accuracy = 0.564*0.25 = 0.141 
Chance Accuracy Criteria = 0.564 + 0.141 = 0.705 
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Table 3.29: Classification Table for MNL Model without Socioeconomic Characteristics  
Predicted  

 
 
 

 
Observed 

 
 
Upgrading 
Plumbing 
Material 

 
Keeping Current 

Plumbing 
Material but 

Buying Insurance 

Keeping Current 
Plumbing 

Material and Not 
Purchasing 
Insurance 

 
 

 
Percent 
Correct 

Upgrading Plumbing Material  
0 

 
0 

 
147 

 
0.0 

Keeping Current Plumbing 
Material but Buying Insurance 

 
0 

 
0 

 
124 

 
0 

Keeping Current Plumbing 
Material and Not Purchasing 
Insurance 

 
0 

 
0 

 
715 

 
100 

Overall Percentage 0 0% 100% 72.5% 
Note 1:  Percent correct is defined as the proportion of predicted observations in a category 
compared to the observed number of observations in that group. 
Note 2: Overall percentage is proportion of predicted observations in a group compared to the 
total number of observations. 

 

In order to evaluate the importance of independent variables in households’  

decisions with regards to (1) upgrading plumbing material, (2) keeping current plumbing 

material but buying insurance, and (3) keeping current plumbing material and not 

purchasing insurance, two types of tests are performed (Garson, 1998): 

1. The likelihood ratio test evaluating the overall relationship between an 

independent variable and the dependent variable; 

2. The Wald tests evaluating whether or not the independent variable is statistically 

significant in differentiating between the two groups (base and comparison 

group). For example, the test measures whether an effect of an independent 

variables on the dependent variables exists or not (is statistically different from 

zero). 

If an independent variable has an overall relationship with the dependent variable, 

it might or might not be statistically significant in differentiating between pairs of groups 

defined by the dependent variable.  The interpretation for an independent variable centers 

on its ability to distinguish between pairs of groups and the independent variable’s 

contribution to changing the odds of being in one dependent variable group rather than 

the other.  To make significance statements about an independent variable, both the 

correlation and the parameter estimate should be significant. There are several reasons 
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why correlations and logit coefficient may differ in significance: (1) logit coefficients are 

partial coefficients; (2) logit coefficients reflect linear and nonlinear relationships; and (3) 

a significant parameter estimate means there is a relation of the independent variable to 

the dependent variable for the selected control groups only. This finding further implies 

that while the logit coefficient is statistically significant, the correlation between the 

independent variable and the dependent is not (Garson, 1998).  

In this analysis, two comparisons between the dependent variable groups are 

made: 

1. The upgrade to new plumbing material group (coded as group 1) is compared to 

keeping current plumbing material and not purchasing insurance (coded as group 

3) 

2. Keeping current plumbing material but purchasing insurance (coded as group 2) is 

compared to keeping current plumbing material and not purchasing insurance 

(coded as group 3). 

The reference category (group 3) is the category against which all other categories are 

compared.  

For an MNL model specification that employs the independent variables as 

covariates and tests the overall significance of the relationship between the independent 

variables and the dependent variable, the results show that the order of the CA question in 

the survey and the cost of plumbing material upgrade or insurance policy purchase have 

an overall relationship with the households’  decision.  On the other hand, there is a 

statistically insignificant relationship between the dependent variable and the level of 

corrosion risk (Table 3.30).  

 

 

Table 3.30: Likelihood Ratio Tests for MNL Model without Socioeconomic Characteristics  
Model Fitting Criteria Likelihood Ratio Test  

 
Effect 

-2 Log Likelihood of 
Reduced Model 

Chi-Square Significance 

CA Question Order 618.827 28.258 0.000 
Corrosion Risk Level 594.131 3.525 0.172 
Cost of Plumbing Upgrade or 
Insurance Purchase 

 
602.864 

 
12.258 

 
0.002 
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Before performing the MNL model estimation, the assumption of independence 

of irrelevant alternatives is tested to find if employment of the MNL model is appropriate 

for this analysis.  In order to test for the assumption, a Hausman test is performed to 

compare coefficient estimates obtained before and after the removal of one of the 

corrosion prevention choices. For example, � ^
r indicates a parameter estimate 

representing the restricted data set of those respondents who chose 1) to re-plumb the 

house or stay with the current material; 2) to purchase an insurance policy against 

corrosion or stay with the current plumbing material; and 3) to re-plumb or purchase an 

insurance policy against corrosion.  � ^
f  represents the more efficient estimates derived 

based on the full data set while � -1 represents the difference between the corresponding 

variance-covariance matrices. Some parameters estimated in the full model may not be 

identified in the restricted model, in which case, � ^
f  refers to estimates under the 

restricted model that are identified in both setups (Train, 2003). 

Based on the above specification, the Hausman test statistic (W) is defined as: 

 

(� ^
f - � ^

r )’  � -1(� ^
f - � ^

r ), W ~ X2
k  (47) 

 

where k represents the number of elements in the restricted �  vector. The null hypothesis 

of this Hausman test is that both estimators are consistent while under the alternative 

hypothesis, one of the alternatives is inconsistent.  The difference between the two 

estimators is Chi-square statistic, X2. If the difference is large, then the second estimate is 

likely to be inconsistent and the alternative hypothesis is correct. If the difference is 

small, then the null hypothesis of IIA assumption holding is likely to be satisfied (Beck, 

2004; Train, 2003).  

The results of Hausman test presented in Table 3.31 demonstrate no differences 

between the estimates from the restricted and fully specified models. The critical Chi-

square test statistic is equal to 9.487 for 4 degrees of freedom. The critical Chi-square test 

statistic is greater than the Chi-square statistics derived in the Hausman test. In the case 

of the option to purchase an insurance policy against corrosion and the option to stay with 

the current plumbing material, the Chi-square statistic is negative, which implies not a 

semi-positive Hessian matrix for both models. The not semi-positive value of the Hessian 
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matrix results in the IIA assumption being satisfied.   Based on the reviewed results, the 

null hypothesis of IIA assumption holding true cannot be rejected and the employment of 

the MNL model specification is justified for this model estimation. 

 

Table 3.31: Hausman Specification Test for Independence of Irrelevant Alternatives Assumption 

To Re-plumb the House Option 
Excluded 

To Purchase an Insurance 
Policy Against Corrosion 

Excluded 

To Stay with the Current 
Plumbing Material Option 

Excluded 

Chi-Square Statistics P-value 
Chi-Square 
Statistics 

P-value 
Chi-Square 
Statistics 

P-value 
� 2(4) =  0.000 1.000 

� 2(4) =  -0.006 1.000 
� 2(4) = -3.171 1.000 

 

An evaluation of the impact of the independent variables on choosing to re-plumb 

the house, stay with current material and purchase an insurance policy, or stay only with 

the current plumbing material is performed.  As displayed in Table 3.32, the risk 

corrosion variable is not statistically significant for either upgrading plumbing material or 

purchasing an insurance policy option. The explanatory variable has a standard error 

above 2.0. Beta coefficients with standard errors greater than 2.0 should not be 

interpreted when describing the model results. The coefficient value as well as the overall 

model prediction, however, are not affected by the large standard errors (Garson, 1998)12.   

As displayed in Table 3.32, the independent variable representing the cost of 

corrosion prevention (i.e. re-plumb the house) is not statistically significant at 95% in 

distinguishing group upgrading plumbing material from group staying with the current 

plumbing material.  With regards to the decision of purchasing insurance against 

corrosion, the independent variable representing the cost of an insurance policy is the 

only statistically significant variable at 95% in distinguishing households choosing to 

purchase an insurance policy against corrosion from households choosing to stay with the 

current plumbing material.  The additional dollar amount spent on an insurance policy is 

equal to 1.0 times the odds of purchasing the insurance policy vs. staying with the current 

plumbing material. This implies that the odds of choosing either option are not affected 

                                                 
12 Correlation between each of the independent variables was investigated.  Neither of the independent 
variables have correlation coefficients above 0.8 (value above or equal to 0.8 implies a high degree of 
collinearity).  The correlation coefficient for pairs of independent variables varies is absolute value from 
0.013 to 0.077.  This finding confirms the orthogonality of the experimental design, which states that each 
independent variable is not correlated with any of the factors in the design. 
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by increasing cost of the insurance. This result is driven by the close to zero value of the 

coefficient parameter on the cost of plumbing upgrade or insurance purchase variable. In 

addition, at the mean value of the cost of re-plumbing or insurance purchase of $3,483, 

the probability of purchasing an insurance policy against corrosion is 11%.  The mean 

cost values for corrosion prevention (for either plumbing material upgrade or insurance 

purchase) are derived based on the cost values presented to the survey respondents. The 

corrosion prevention cost values varied between $0 and $14,000.  The probability 

estimate is computed as follows:  

 

Probability of event = exp(z)/(1 + exp(z)) (48) 

 

where z represents the equation intercept plus the sum of cross-products of the beta 

coefficients times the values of their respective independent variables (Garson, 1998).  

The impact of the order to the CA question appearing in the questionnaire is also 

evaluated. The independent variable is statistically significant at 95% for both levels of 

MNL model.  For example, based on the Odds Ratio (Table 3.32), the CA question 

appearing in the first position increases by 1.3 times the odds of home re-plumbing and 

by 1.8 times the odds of purchasing an insurance policy against corrosion. 
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Table 3.32: Multinomial Logit Model Estimates for MNL Model without Socioeconomic 
Characteristics (Dependent Variable Represents the Corrosion Prevention Choice and the 
Independent Variables Represent the Risk of Corrosion and the Cost of Plumbing Material Upgrade 
and Insurance Purchase ) 

Variable Named 
Beta 

Coefficienta 

Exp(B) 
Odds 
Ratiob 

Probability 
Estimatec 

Wald 
Statse Std. Errore P-Valued 

Upgrading Plumbing Material 
Intercept -1.715   146.284 0.105 0.000 
CA Question Order 0.245 1.278 0.187 5.147 0.169 0.002 
Risk of Corrosion 2.888 17.995 0.165 1.692 2.221 0.193 
Cost of Plumbing 
Upgrade or 
Insurance Purchase 

 
-0.000001 1.000 0.153 0.001 2.42E-8 0.980 

Keeping Current Plumbing Material and Purchasing Insurance 
Intercept -1.914   145.136 0.159 0.000 
CA Question Order 0.588 1.801 0.209 4.344 0.185 0.001 
Risk of Corrosion 2.734 15.396 0.139 1.272 2.424 0.259 
Cost of Plumbing 
Upgrade or 
Insurance Purchase -0.000051 1.000 0.109 10.156 2.77E-11 0.037 
a Beta coefficients represent the parameter estimates from the MNL model estimation. 
b Odd ratio (Exp(B)) represents the impact of increase in the independent variable on the likelihood of 
choosing a given option (insurance or plumbing upgrade).  For example, an odds ratio of 1 means a 
one unit increase in independent variable implies an equal likelihood of choosing or not choosing the 
prevention option.  
c Probability estimate for continuous variables is computed at the mean value of the independent 
variable (e.g. the cost of insurance or plumbing upgrade) presented to all respondents.  Probability 
estimate for a dummy variable is the increase in probability of choosing the prevention option for 
respondents in the ‘1’  category.  For example, respondents who saw CA question first were 0.187 
times more likely to choose plumbing upgrade compared to those who saw it second.   
d Wald statistics and p-value represent the significance level. 
e  Standard error represents the variation of the coefficient estimate. 
f Model Statistics: Log-likelihood value is 590.606; Nagelkerke’s R-square is 0.019. Independent 
variables take form of continuous and dummy variables with value of one zero otherwise.  To avoid a 
dummy variable trap, one of the attribute levels was excluded from the analysis. The number of 
respondents included in the model is 985.  

  

  The coefficient estimates for upgrading plumbing material and purchasing 

insurance policy against corrosion are tested for equality. If there are no statistically 

significant differences between the coefficients, then the response of households with 

regards to the prevention option is the same regardless which option is chosen.  In order 

to test for the differences between coefficients of the independent variables, the Wald test 

is employed for each pair of coefficient estimates. The Wald test is described as follows: 
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(� ^
p - � ^

i )’  � -1(� ^
p - � ^

i ), W ~ X2
k  (49) 

 

where � ^
p is the coefficient estimate for the upgrade material option while � ^

I is the 

coefficient estimate for the insurance purchase option. The variance matrix associated 

with each coefficient estimate is denoted by � -1. The value computed from equation 49 is 

X2, which represents the Chi-square statistic. If the estimate difference is small, then the 

null hypothesis, implying no statistically significant differences between pair of 

coefficients estimates, is likely to be true (Brill, 2004). 

The results of Wald test presented in Table 3.33 demonstrate no differences 

between the coefficient estimates for upgrading plumbing material and purchasing an 

insurance policy. The critical Chi-square test statistic is equal to 3.940 for 1 degree of 

freedom. The critical Chi-square test statistic is greater than the Chi-square statistics 

derived in the Wald test. Based on the reviewed results, the null hypothesis that 

coefficient estimates are equal cannot be rejected for this MNL model. This finding 

implies that the response functions represented by the independent variables coefficients 

are the same cross the two logit equations. 

 

Table 3.33: Wald Test for Testing Equality of Coefficients Estimated From 
Multinomial Logit Model 

Variable Name Chi-Square Statistics P-value 

Intercept 1.091 0.300 

CA Question Order 1.874 0.170 

Risk of Corrosion 0.002 0.960 

Cost of Plumbing Upgrade 
of Insurance Purchase 0.103 0.750 

 

Based on the results presented in Table 3.32, the marginal utility of money is also 

computed.  In the linear MNL model, the cost (price) coefficient reflects the change in 

utility for a change in price of the good or service, capturing the marginal utility of 

money.  However, the negative cost coefficient implies a higher price, resulting in lower 

utility values.  In order to change the coefficient into the marginal utility of income rather 

than the disutility of price, the coefficient is multiplied by -1 to obtain a positive value of 
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the coefficient (Louvier et al., 2000). The estimates are only computed for the 

independent variables that are statistically significant at a 95% confidence interval 

(Champ et al, 2003).   Based on the MNL regression results presented in Table 3.32, the 

marginal utility of money can be computed only for the insurance policy purchase group 

as the cost of insurance coefficient is statistically significant at a 95% confidence interval.  

As a result, the marginal utility of dollar amount spent on corrosion prevention is 

0.000051 and carries the expected positive signs.  The estimate cannot be computed for 

the home re-plumbing group as the coefficient on plumbing upgrade cost is not 

statistically significant.   

The marginal willingness-to-pay (WTP) values for a marginal change in attribute 

were planned for estimation. The values are usually computed by dividing the beta 

coefficients of the risk level values by the marginal utility of money (-1 times the 

preference weights for the cost of plumbing upgrade or insurance purchase): 

 

WTP = � rk/ -� p  (50). 

 

However, due to the statistically insignificant impact of corrosion risk on household 

decisions, the marginal WTP estimates were not computed for this analysis. 

The WTP probability at the mean cost value of prevention options (insurance or 

plumbing upgrade) and the compensating valuation were evaluated for two survey 

versions (CA question first and CA question second) (Table 3.34 and Table 3.35). Since 

the risk of corrosion variable was not statistically significant in the MNL regression, 

coefficient of zero was applied.  Overall, only the independent variable coefficients 

significant at 95% confidence interval were employed in these computations of trade-

offs. Based on the parameter coefficients, the decision making probabilities are 

computed.  The compensating variation (CV) is also computed by comparing the before 

and after change in expected values of maximized utility.  The following equation 

presents the CV computation: 

 

CV = (1/-� p)[ (v
1) – (v0)]   (51) 



 143

 

where v0 and v1 are the expressions of utility for the base (staying with current plumbing 

material and purchasing no insurance) and altered cases. The utility values for each 

alternative were derived based on the statistically significant parameter coefficients at 5% 

and 10% significance level (the cost of insurance purchase, the CA order in the 

questionnaire, and the intercepts) and the mean values of their associated independent 

variables (Champ et al., 2003).    

Based on the CA regression analysis and the marginal utility of money 

computation, the associated probability of household choices and the compensating 

variation are provided.  Only independent variable coefficients significant at a 95% 

confidence interval were employed in these statistical computations. The mean cost 

values of corrosion prevention (either home re-plumbing or corrosion insurance 

purchase) presented to the respondents as well as the mid-point cost of home re-plumbing 

and purchasing an insurance policy against corrosion obtained from experts are employed 

in the computation of probability estimates. The expert estimates of cost values for home 

re-plumbing and corrosion insurance purchase were obtained from interviewing corrosion 

experts (i.e. plumber, builders, and insurance sales executives) by Virginia Tech graduate 

students: Juneseok Lee, Owais Farooqi, and Ewa Kleczyk.  The cost for home re-

plumbing ranged from $3,000 to $4,500 while the range for insurance against corrosion 

purchase varied from $5,000 to $10,000. The mid-point of these corrosion prevention 

cost ranges was employed for the probability estimation. The reason for employing the 

mid-point values for cost prevention provided by corrosion experts was to learn the true 

likelihood of alternatives being chosen to prevent corrosion based on market costs of 

prevention or insurance options13. 

The probability associated with the mean cost values for upgrading the plumbing 

material and purchasing an insurance policy is presented in Table 3.34. At the mean cost 

                                                 
13 The market value costs of home re-plumbing are based on online search of several plumbing service 
websites and the service quotes displayed on their websites (theplumber.com and Mister Renovator 
available online at: www.misterrenovator.com) as well as information provided by plumbers contacted by 
two Virginia Tech researchers: Juneseok Lee and Owais Farooqi. The range of values for cost of insurance 
against corrosion is provided based on conversations with an executive working in the insurance and 
banking industry.  Per his request, his identity is not disclosed in this article. Additional source of 
information were obtained from articles found on Ezine website (http://ezinearticles.com) and insurance 
quotes available on the following website www.compu-quote.com. 
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of insurance or plumbing upgrade presented to all respondents ($3,483), the probabilities 

of plumbing material upgrade and purchasing an insurance policy against corrosion are 

16% and 15%, respectively ,when the CA question is asked in the first position.  On the 

other hand, when the CA question follows the CV question, the probabilities of plumbing 

upgrade and insurance purchase are 14% and 9%, respectively. The probability for 

choosing an insurance policy by a homeowner is lower when the CA question follows the 

CV question in the questionnaire.  

At the mid-point of the range of the cost values of prevention provided by the 

corrosion experts, the probability of plumbing material upgrade is 16% while the 

probability of purchasing an insurance policy is 13% in the case of the CA question being 

asked in the first position.  On the other hand, when the CA question follows the CV 

question, the alternative occurrences’  probabilities are 14% and 8%, respectively.  

As a result, the probability of either re-plumbing the house or purchasing an 

insurance policy is sensitive to the changes in cost values employed for probability 

estimates. Higher cost of insurance policy against corrosion decreases the probability of 

insurance being chosen as the preferred prevention option. Furthermore, the CA order 

question in the questionnaire impacts the results by varying the probability estimates of 

each prevention option being chosen by a household. The CA order question regression 

coefficients are statistically significant in both logit models (home plumbing material 

upgrade and purchasing an insurance policy).  
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Table 3.34: Probability Estimates of Household Decisions for MNL Model without Socioeconomic 
Characteristics (Dependent Variable Represents the Corrosion Prevention Choice and the Independent 
Variables Represent the Risk of Corrosion and the Cost of Material Upgrade and Insurance Purchase) 

Survey 
Version 

Cost of Plumbing 
Upgrade of 

Insurance Purchase 

Probability 
Estimates for 
Upgrading 

Plumbing Material 

Probability Estimates 
for Keeping Current 

Plumbing Material and 
Purchase Insurance 

Probability 
Estimates Keeping 
Current Plumbing 

Material 
The Mean Cost 
Value: $3,483a 

 
15.84% 15.31% 68.85% 

CA Question 
First 

Corrosion Experts’  
Estimates:  

$3,750 for Home Re-
plumbing; 

 $7,500 for Insurance 
Costb 

16.29% 12.83% 70.86% 

The Mean Cost 
Value: $3,483a 

 
13.81% 9.47% 76.72% 

CA Question 
Second 

Corrosion Experts’  
Estimates:  

$3,750 for Home Re-
plumbing; 

 $7,500 for Insurance 
Costb 

14.05% 7.86% 78.09% 

aMean cost of either home re-plumbing or insurance purchase represents the weighted average value of the 
prevention option (insurance or plumbing  upgrade) presented to all respondents.   
b Mid-point of cost of corrosion prevention represents the cost range for plumbing material upgrade and 
insurance policy purchase provided by corrosion experts. 

 

The compensating variation was computed at the derived probability levels for 

each option presented in Table 3.35. At the probability derived based on the weighted 

average values of cost for upgrading the plumbing system and purchasing an insurance 

policy presented to the homeowners, the compensating variation for the survey version 

with the CA question in the first position is ($10,500) for the cost of insurance; for the 

second survey version, the compensating variation is ($13,185). At the probability values 

derived based on the mid-point cost costs of prevention provided by the corrosion 

experts, the compensating variation for the survey version with the CA in the first 

position is ($11,378) and for the second survey version is ($13,771). When the expert 

cost values are employed as the independent variable value, the absolute increase in the 

compensating variation ($11,378 vs. $13,771) is lower compared to the increase for the 

weighted average cost of prevention seen by respondents ($10,500 vs. $13,185). This 



 146

finding implies that as the cost of insurance purchase increases, the CA question order 

seems to have less impact on the overall compensating variation estimate. 

The compensating variation derived based on mid-point corrosion cost probability 

is larger in absolute value as the cost values provided by corrosion experts were larger 

compared to the weighted average cost values seen by the survey respondents.  In both 

situations, the negative values of compensating variation imply that the households view 

the alternative attributes as a utility reducer compared to the base option attributes, and 

therefore, they should be refunded additional money to switch to the new options (Champ 

et al., 2003). The lower (more negative) values for the CA question second category were 

seen after the CV question. This finding might imply that survey respondents were 

‘burned out’  when evaluating the CA question with regards to the corrosion prevention 

options and the associated costs after having seen the CV question first. As a result, they 

were more prone for staying with the current plumbing material even at the lower levels 

of cost. The compensating variation was not computed for the home re-plumbing option 

vs. staying with the current material, as the coefficient on the cost of corrosion for this 

option was not statistically significant at significance level of 5%. 
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Table 3.35: Compensating Variation Estimates for MNL Model without Socioeconomic 
Characteristics (Dependent Variable Represents the Corrosion Prevention Choice and the Independent 
Variables Represent the Risk of Corrosion and the Cost of Material Upgrade and Insurance Purchase) 

Survey 
Version 

The Dollar 
Amount Spent on 
Cost of Plumbing 

Upgrade or 
Insurance 

Probability 
Estimates for 
Upgrading 
Plumbing 
Material 

Probability Estimates 
for Keeping Current 
Plumbing Material 

and Purchase 
Insurance 

Probability 
Estimates for 

Keeping Current 
Plumbing Material 

The Mean Cost Value: $3,483a 
 

($10,500) 
 

15.84% 15.31% 68.85% 

Corrosion Experts’  Estimates: $3,750 for Home Re-plumbing; $7,500 for Insurance Costb 
CA Question 

First 
 

($11,378) 
 

16.29% 12.83% 70.86% 

The Mean Cost Value: $3,483a 
 

($13,185) 
 

13.81% 9.47% 76.72% 

Corrosion Experts’  Estimates: $3,750 for Home Re-plumbing; $7,500 for Insurance Costb 
CA Question 

Second 
 

($13,771) 
 

14.05% 7.86% 78.09% 

a Mean cost of prevention (either home re-plumbing or insurance purchase) represents the weighted 
average value of the prevention option (insurance or plumbing  upgrade) presented to all respondents.   
b Mid-point of cost of corrosion prevention represents the cost range for plumbing material upgrade 
and insurance policy purchase provided by corrosion experts. 

 

The second Multinomial Logit model specification includes the risk of corrosion 

and cost of plumbing upgrade or insurance purchase, and the socioeconomic 

characteristics.  Socioeconomic characteristics include the following: house value; age of 

the house; experience with pinhole leaks; respondent’s previous cost of plumbing repairs 

and/or replacement due to leaks incurred by the household, landlord, or insurance 

company14 and type of plumbing material installed at the house (copper vs. other)15. All 

independent variables were entered as covariates into the regression model. The 

socioeconomic variables are in the form of either dummy variables (experience with 

pinhole leaks) or continuous variables (house value and the respondent’s previous cost of 

                                                 
14 Respondents previous cost of repairing plumbing material was obtained with the following question: 
‘What was the approximate cost to you, your landlord, and/or your insurance company to repair the leaks 
(plumbing repair expenses only)?’  at the median values of each category answer. The last three categories 
were joined, and a value of $7,500 was assigned to designate the group.  
15 Variables such race, education level, gender were not included in the model, as little variation in these 
characteristics was observed for the sample of respondents. 
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plumbing repairs and/or replacement, and house age). As the socioeconomic variables 

could not be entered into the MNL model directly (they do not differ between prevention 

alternatives for each respondent), they were interacted with the corrosion risk and cost of 

plumbing material upgrade or insurance purchase. The interaction allows for measuring 

the impact of demographics on households’  decisions as these variables affect the 

differences in utility through their interaction with the attributes of each alternative 

(Champ et al., 2003; Train, 2003).16  

Estimating the MNL model specification with socioeconomic variables interacted 

with the corrosion risk and cost of plumbing upgrade or insurance purchase results in a 

nearly singular Hessian matrix. This indicates that some predictors should be excluded 

from the model estimation as the number of observations employed in the analysis is only 

942 and is not sufficient to include a large number of socioeconomic variables in one 

equation.  Multiple model specifications were evaluated and showed that estimated 

coefficients for the risk of corrosion variable as well as some of the interactions of the 

socioeconomic variables with the corrosion risk and the cost of plumbing upgrade or 

insurance purchase variables presented standard errors greater than 2.0. The nearly 

singular Hessian matrix in the estimation can be avoided by eliminating some of these 

variables from the final model estimation. As a result, only selected variables, interacted 

with either the cost or risk of corrosion, are included in the estimation of the final MNL 

model. 

In order to evaluate which independent variables should be entered into the final 

MNL model, the socioeconomic characteristics were interacted with either the risk of 

corrosion or the cost of upgrading plumbing material or purchasing an insurance policy 

and regressed one by one on the corrosion prevention options. The analysis described in 

Table 3.36 shows that a statistically significant relationship is observed at 5% and 10% 

significance level between the corrosion prevention options and the following 

independent variables: home value interacted with both the risk of corrosion as well as 

                                                 
16 Another way of incorporating socioeconomic variables is by dividing the cost of corrosion prevention by 
the household income. Since the cost coefficient decreases in income, the model represents cost becoming 
less important in households’  decision-making process when controlled for other factors (Train, 2003). The 
model specification did not yield statistically significant results when estimated, so it was not reported in 
detail in this section. This model specification is briefly discussed in Appendix A.  
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the cost of plumbing upgrade or insurance purchase, house age interacted with the cost of 

plumbing upgrade or insurance purchase, pinhole leak occurrences interacted with both 

the risk of corrosion and the cost of plumbing upgrade or insurance purchase, and the 

respondent’s previous cost of plumbing repairs and/or replacement interacted with risk of 

corrosion17. The statistically significant variables are included in the MNL estimation of 

the choice of corrosion prevention. 

For the purpose of this study, it is hypothesized that a higher home value should 

increase the probability of choosing to either re-plumb the house or purchase an 

insurance policy against corrosion as a residential property is viewed as a form of 

investment. Age of the house should also increase the likelihood for corrosion prevention, 

as older houses tend to experience more plumbing material problems due to the age of the 

drinking water infrastructure (Kleczyk & Bosch, 2008).  Furthermore, having an 

experience with pinhole leaks in the past should also increase the likelihood for corrosion 

prevention to avoid future problems as such experience may increase the respondent’s 

subjective probability of future leaks (Kleczyk & Bosch, 2008). On the other hand, 

respondent’s previous cost of plumbing repairs and/or replacement should negatively 

impact the probability of choosing plumbing material upgrade or insurance purchase as 

previous costs on plumbing material repairs or replacement can be viewed as reducing 

the probability of future leaks. 

 

 

 

 

 

 

 

 

 

 

                                                 
17 Respondent’s previous cost of plumbing repairs and/or replacement was not interacted with the cost of 
plumbing upgrade or insurance purchase as preliminary results of the pairing resulted in a negative 
marginal utility of income. As a result, this variable was only interacted with the corrosion risk variable.  
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Table 3.36: Likelihood Ratio Tests for MNL Model with Socioeconomic Characteristics  
(Dependent Variable Represents the Corrosion Prevention Choice (Insurance or Plumbing Upgrade) and the 
Independent Variables Represent the Risk of Corrosion, the Cost of Plumbing Upgrade or Insurance, and 
Socioeconomic Characteristics Inserted One at the Time into Regression) 

Corrosion Prevention Variable  Interaction Variabled 

Socioeconomic 
Variable Name 

Corrosion 
Prevention 
Variable 
Namea 

 
-2 Log 

Likelihood of 
Reduced 
Modelb 

Chi-
Squareb 

p-
Valueb 

-2 Log 
Likelihood 
of Reduced 

Modelc 

Chi-
Squarec p-Valuec 

Risk of 
Corrosion 

596.251 3.980 0.137 592.725 0.453 0.797 

Copper 
Plumbing 

Cost of 
Plumbing 

Upgrade or 
Insurance 
Purchase 

604.172 11.901 0.003 593.079 0.808 0.668 

Risk of 
Corrosion 

1.370e3 2.982 0.225 1.377e3 9.925 0.007 

Home Value 
Cost of 

Plumbing 
Upgrade or 
Insurance 
Purchase 

1.376e3 8.763 0.013 1.374e3 7.001 0.030 

Risk of 
Corrosion 

918.017 4.598 0.100 916.639 3.220 0.200 

House Age 
Cost of 

Plumbing 
Upgrade or 
Insurance 
Purchase 

917.417 3.998 0.135 918.714 5.295 0.071 

Risk of 
Corrosion 

628.775 7.237 0.027 626.557 5.019 0.081 

Pinhole Leak 
Occurrences 

Cost of 
Plumbing 

Upgrade or 
Insurance 
Purchase 

635.436 13.899 0.001 633.725 12.187 0.002 

Risk of 
Corrosion 

818.376 5.088 0.079 823.230 9.942 0.007 
Respondent’s 
Previous Cost 
of Plumbing 
Repairs and/or 
Replacement 

Cost of 
Plumbing 

Upgrade or 
Insurance 
Purchase 

826.201 12.913 0.002 N/A17 N/A17 N/A17 

a Each MNL model employing a socioeconomic variable one at a time includes the corrosion prevention variable 
(either risk of corrosion or cost of plumbing upgrade or insurance purchase) as well as the interaction of the 
socioeconomic variable with the corrosion prevention variables. 
b Overall corrosion prevention variable significance test (Likelihood Ratio, Chi-Square, and p-value test).   
c Overall interaction variable significance test (Likelihood Ratio, Chi-Square, and p-value test).   
d Interaction variable between socioeconomic variable and corrosion prevention variable 
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Based on the estimated final MNL model specification, the presence of a 

relationship between the dependent variable, corrosion prevention choice (insurance or 

plumbing upgrade), and the combination of independent variables, risk of corrosion, the 

cost of plumbing material upgrade or insurance purchase, and socioeconomic 

characteristics, is assessed based on the Chi-square and log-likelihood statistics of the 

final model.  The Chi-square statistic is 76.804 with the significance level of p-value of 

0.000 and a log-likelihood value of 2.232e3.  The existence of a relationship between the 

independent variables and the dependent variable is supported by the results.  

The next step in CA analysis is to assess fit of the model.  A Pseudo R-square 

statistic, such as Nagelkerke’s R-square, is computed to represent the improvement of the 

model’s fit from inclusion of the independent variables (Train, 2003). The goodness-of-

fit value is 0.036, which implies that there is a 4% increase in the log-likelihood function 

above the function at zero parameter values and the estimated parameters do improve the 

model’s fit (Train, 2003).  

The estimate of by chance accuracy is proportional to the by chance accuracy rate 

computed by summing the squared percentage of cases in each group (Table 3.37) 

(Garson, 1998).  The proportional by chance accuracy rate for this model is 56.4%.  To 

characterize the model as useful, the overall percentage accuracy rate produced by SPSS 

software at the last step of estimation is compared to 25% more than the proportional by 

chance accuracy that is equal to 70.5%.  The model’s classification accuracy rate is 

72.5% (Table 3.38), which satisfies the criterion for classification accuracy.  

 

Table 3.37: Case Processing Summary for MNL Model Socioeconomic Characteristics (Dependent 
Variable Represents the Corrosion Prevention Choice and the Independent Variables Represent 
the Risk of Corrosion, the Cost of Plumbing Upgrade or Insurance, and Socioeconomic 
Characteristics) 

Group Membership Number of Observations Marginal Percentage 
Upgrading Plumbing Material 147 14.9 
Keeping Current Plumbing Material but 
Buy Insurance 

124 12.6 

Keeping Current Plumbing Material and 
Not Purchasing Insurance 715 72.5 

Note: Chance Accuracy = 0.149 2 + 0.1262 + 0.7252 = 0.564 
25% Improvement over the Chance Accuracy = 0.564*0.25 = 0.141 
Chance Accuracy Criteria = 0.564 + 0.141 = 0.705 
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Table 3.38: Classification Table for MNL Model with Socioeconomic Characteristics (Dependent 
Variable Represents the Corrosion Prevention Choice and the Independent Variables Represent 
the Risk of Corrosion, the Cost of Plumbing Upgrade or Insurance, and Socioeconomic 
Characteristics) 

Predicted  
 
 

 
Observed 

 
 
Upgrading 
Plumbing 
Material 

 
Keeping Current 

Plumbing 
Material but 

Buying Insurance 

Keeping Current 
Plumbing 

Material and Not 
Purchasing 
Insurance 

 
 

 
Percent 
Correct 

Upgrading Plumbing Material  
0 

 
0 

 
147 

 
0.0 

Keeping Current Plumbing 
Material but Buying Insurance 

 
0 

 
0 

 
124 

 
0 

Keeping Current Plumbing 
Material and Not Purchasing 
Insurance 

 
0 

 
0 

 
715 

 
100 

Overall Percentage 0 0% 100% 72.5% 
Note 1:  Percent correct is defined as the proportion of predicted observations in a category 
compared to the observed number of observations in that group. 
Note 2: Overall percentage is proportion of predicted observations in a group compared to the 
total number of observations. 

 

The overall relationship between the dependent variable and the independent 

variables is also evaluated for the final MNL model specification. As shown in Table 

3.39, for model specification including only those socioeconomic variables statistically 

significant when regressed alone on corrosion prevention choices, the overall relationship 

between the independent variables and the dependent variable is observed at the 95% and 

90% confidence interval for the following independent variables: the cost of plumbing 

material upgrade, home value interacted with both the corrosion risk as well as the cost of 

plumbing upgrade and insurance purchase, pinhole leak occurrences interacted with the 

cost of plumbing material upgrade and insurance purchase, and respondent’s previous 

dollar amount spent on plumbing material repairs and replacement interacted with risk of 

corrosion. The remaining explanatory variables have overall statistically insignificant 

relationship with choice of corrosion prevention options.  
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Table 3.39: Likelihood Ratio Tests for MNL Model with Selected Socioeconomic Characteristics  
(Dependent Variable Represents the Corrosion Prevention Choice (Insurance or Plumbing 
Upgrade) and the Independent Variables Represent the Risk of Corrosion, the Cost of Material 
Upgrade and Insurance Purchase, and Selected Socioeconomic Characteristics ) 

Model Fitting Criteria Likelihood Ratio Test 
Variable Name -2 Log Likelihood of 

Reduced Model 
Chi-Square p-Value 

Risk of Corrosion 2.232e3 0.492 0.782 
Cost of Plumbing 
Upgrade or Insurance 
Purchase 

2.239e3 6.876 0.032 

Home Value*  Cost of 
Plumbing Upgrade or 
Insurance Purchase 

2.239e3 7.840 0.020 

House Age*Cost of 
Plumbing Upgrade or 
Insurance Purchase 

2.235e3 3.284 0.194 

Pinhole Leak 
Occurrences*  Cost of 
Plumbing Upgrade or 
Insurance Purchase 

2.238e3 6.538 0.038 

Respondent’s 
Previous Cost of 
Plumbing Repairs 
and/or Replacement 
*Corrosion Risk 

2.237e3 5.538 0.063 

Home Value 
*Corrosion Risk 

2.239e3 7.648 0.022 

Pinhole Leak 
Occurrences*  
Corrosion Risk  

2.236e3 3.944 0.139 

 

In this part of the MNL model discussions, the effects of selected variables on 

choices of plumbing upgrade or insurance purchase are assessed. For example, the risk 

level of corrosion was found to have no statistically significant impact in differentiating 

between households that are willing to either upgrade their plumbing material (coded as 

group 1) or keep current plumbing material and purchase insurance policy (coded as 

group 2) and those that stay with the current system (coded as group 3). The variable also 

presented standard errors greater than 2.0. In such a situation, it is recommended not to 

interpret the estimation results for that variable. Please note that the coefficient values as 

well as the overall model prediction does not change in response to dropping the 

corrosion variable; only the standard errors and associated statistics are impacted.  
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As presented by Table 3.40, there is, however, a statistically significant impact at 

5% and 10% of the cost of plumbing upgrade or insurance purchase and its interaction 

effects (home value, home age, and past experience with pinhole leaks) in distinguishing 

those households choosing to upgrade plumbing material from those staying with the 

current plumbing material.  The odds ratios (Exp(B)) represents the factor by which 

odds(event) is multiplied for a unit increase in the independent variable; however, the 

effect of the independent variable is not properly gauged if the covariate is involved in 

interaction effects. Before exponentiating, the coefficient must be adjusted to include the 

interaction coefficient terms. Exp(B*) is the estimate of the odds ratio including the main 

and interaction effect of the independent variable, which varies according to the 

interaction variable (Garson, 1998).  

Based on the updated Exp(B*) definition, the dollar cost of insurance or plumbing 

upgrade by itself has the same odds impact on choosing to upgrade the plumbing material 

vs. staying with the current material. The associated probability derived based on the 

mean value of cost of upgrading plumbing material and purchasing an insurance policy 

presented to the survey respondents ($3,483) is 12%.  When the odds ratio computation 

includes the home value, house age, or pinhole leak, then the odds are still equal to 1, 

implying the same odds of choosing to upgrade the plumbing material vs. staying with 

the current material. The associated probabilities (‘probability estimate‘ , Table 3.40) 

derived based on the mean of cost of prevention presented to households is 15% when 

accounting for the interaction with the home value and house age18, and 13% when 

accounting for pinhole leak occurrences.  

Although these interaction effects are statistically significant in the regression at 

5% and 10% significance level, none of these joint coefficients19 is statistically different 

from 0.20 This finding should not be surprising, as these socioeconomic interaction 

                                                 
18 The interaction variable between the cost of material upgrade and insurance purchase with the house age 
is not statistically significant when evaluating the overall relationship between the independent variable and 
the prevention options. This result should be taken lightly in result interpretation.  
19 A Joint Coefficient Parameter  is defined as the coefficient of cost of upgrading plumbing material and 
purchasing insurance and its interaction variable multiplied by the value of the socioeconomic variable. 
20 House Value interacted with Cost of Upgrading Plumbing Material and Purchasing Insurance: joint 
coefficient is -2.327e-5, Walt statistic is 0.159 with p-value of 0.690. 
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variables have positive coefficients and in combination with the cost of plumbing 

material upgrade bring the joint coefficient values closer to zero. The closer the joint 

coefficient to zero, the lower is the impact of the cost of plumbing material upgrade on 

household prevention decisions.  

In addition, the respondent’s previous cost of plumbing repairs and/or 

replacement interacted with the risk of corrosion is also statistically significant at 10% 

confidence interval. The odds ratio of choosing to upgrade plumbing material vs. to stay 

with current plumbing material is 0.999, which implies a slightly lower likelihood of the 

prevention option being chosen compared to staying with the current plumbing material 

when the expenditures increase by one unit. The probability of choosing to upgrade 

plumbing system is 18% when accounting for the interaction variable. Although the 

interaction effect by itself has a statistically significant impact on the corrosion 

prevention decision, the joint coefficient derived based on the coefficients of both the risk 

of corrosion and respondent’s previous cost of plumbing repairs and/or replacement is 

statistically insignificant at 95% confidence interval, as the risk of corrosion variable is 

not statistically significant at 5% significance level21.  

The findings discussed above imply that households residing in more valuable 

homes are more likely to upgrade drinking water infrastructure in order to protect their 

investment from losing its financial value (assuming that owning a house is considered as 

an investment). Households residing in older houses are also more likely to choose the 

option of upgrading their plumbing materials, as the age of the house approximates the 

age of the plumbing material. The older the house is, the older the plumbing material is 

and, therefore, older houses are more prone for future corrosion issues (Kleczyk & 

Bosch, 2008). Pinhole leaks occurrences also increase the probability of home plumbing, 

as past pipe failure implies faulted pipes and therefore, future problems with home 

drinking water infrastructure (Kleczyk & Bosch, 2008). Finally, households that have 

                                                                                                                                                 
House age interacted with Cost of Upgrading Plumbing Material and Purchasing Insurance: joint 
coefficient is -2.642e-5, Walt statistic is 0.337 with p-value of 0.560. 
Pinhole Leaks Occurrences with Cost of Upgrading Plumbing Material and Purchasing Insurance: joint 
coefficient -0.00003, Walt statistic is 0.262 with p-value of 0.610. 
21 Respondent’s Previous Cost of Plumbing Repairs and/or Replacement interacted with Risk of Corrosion 
is 2.234; Wald statistic for is 0.196 with p-value of 0.660. 
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repaired their plumbing materials in the past and accrued financial costs are less likely to 

choose to re-plumb their house, as they have already made financial investments into 

corrosion prevention of the currently installed plumbing material in their homes.  

With regards to the decision to stay with the current plumbing material and 

purchase an insurance policy against corrosion (Table 3.41), two independent variables 

are statistically significant at either 5% or 10% significance level: home value and the 

respondent’s previous cost of plumbing repairs and/or replacement interacted with risk of 

corrosion. When the odds ratio computation includes the home value, then the odds ratio 

is equal to 1, implying the same odds of choosing to purchase an insurance against 

corrosion vs. staying with the current material with an increase in the house value. On the 

other hand, when odds ratio includes the respondent’s previous cost of plumbing repairs 

and/or replacement, the odds ratio is slightly less than 1 (0.999) implying a slightly lower 

likelihood of the prevention option being chosen.  The probability associated with the 

house value interacted with the risk of corrosion as well as for the respondent’s previous 

cost of plumbing repairs and/or replacement is 15% for both interaction variables. 

Although the interaction effects by themselves have a statistically significant impact on 

the corrosion prevention decision, the joint coefficient derived based on the coefficients 

of both the risk of corrosion and either the home value or respondent’s previous cost of 

plumbing repairs and/or replacement is statistically insignificant at 95% confidence 

interval as the risk of corrosion variable is not statistically significant at 5% significance 

level22. 

The above findings imply that having a more valuable house increases the 

probability of purchasing an insurance policy as households are protecting their 

investment from declining in value. On the other hand, accruing financial costs associated 

with plumbing material repairs decreases the likelihood of purchasing an insurance policy 

as by fixing the faulty pipes, the households are protecting themselves from future pipe 

failures and the associated financial burden in the future. 

                                                 
22Home Value interacted with Risk of Corrosion: joint coefficient is 2.205; Wald statistic for is 1.115 with 
p-value of 0.290. 
Respondent’s Previous Cost of Plumbing Repairs and/or Replacement interacted with Risk of Corrosion is 
1.883; Wald statistic for is 0.813 with p-value of 0.370. 
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Table 3.40: Multinomial Logit Model Estimates for MNL Model with Socioeconomic Characteristics 
(Dependent Variable Represents the Corrosion Prevention Choice (Insurance or Plumbing Upgrade) and the 
Independent Variables Represent the Risk of Corrosion, the Cost of Material Upgrade and Insurance 
Purchase, and Socioeconomic Characteristics) – Upgrading Plumbing Material 

Variable Named 
Beta 

Coefficienta 

Exp(B) 
Odds 
Ratiob 

Probability 
Estimatec 

Wald 
Statse Std. Errore P-Valued 

Upgrading Plumbing Material 
Intercept -1.621   178.007 .121 .000 
Risk of Corrosion 2.498 12.159 0.177 .245 5.050 .621 
Cost of Plumbing 
Upgrade or Insurance 
Purchase 

-0.0001 1.000 0.122 6.527 0.00005 .011 

Home Value*  Cost of 
Plumbing Upgrade or 
Insurance Purchase 

1.76E-10 1.000 0.154 7.502 6.42E-11 .006 

House Age* Cost of 
Plumbing Upgrade or 
Insurance Purchase 

5.74E-06 1.000 0.148 3.060 0.00000 .080 

Pinhole Leak 
Occurrences*Cost of 
Plumbing Upgrade or 
Insurance Purchase 

0.00007 1.000 0.128 6.588 0.00003 .010 

Home Value 
*Corrosion Risk 

6.93E-06 1.000 0.177 .571 0.00001 .450 

Pinhole Leak 
Occurrences*  
Corrosion Risk  

4.146 63.188 0.181 1.212 3.766 .271 

Previous Cost of 
Plumbing Repair 
Material Fixing or 
Replacement*  
Corrosion Risk 

-0.001 .999 0.175 3.126 .001 .077 

a Beta coefficients represent the parameter estimates from the MNL model estimation. 
b Odd ratio (Exp(B)) represents the impact of increase in the independent variable on the likelihood of 
choosing a given option (insurance or plumbing upgrade).  For example, an odds ratio of 1 means a one unit 
increase in independent variable implies an equal likelihood of choosing or not choosing the prevention 
option.  
c Probability estimate for continuous variables is computed at the mean value of the independent variable 
(e.g. the cost insurance or plumbing upgrade) presented to all respondents.  Probability estimate for a 
dummy variable is the increase in probability of choosing the prevention option for respondents in the ‘1’  
category.  
 d Wald statistics and p-value represent the significance level. 
e  Standard error represents the variation of the coefficient estimate. 
f Model Statistics: Log-likelihood value is 2.232e3; Nagelkerke’s R-square is 0.036. Independent variables 
take form of continuous and dummy variables with value of one zero otherwise.  To avoid a dummy 
variable trap, one of the attribute levels was excluded from the analysis. The number of respondents 
included in the model is 942. 
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Table 3.41: Multinomial Logit Model Estimates for MNL Model with Socioeconomic Characteristics 
(Dependent Variable Represents the Corrosion Prevention Choice and the Independent Variables Represent 
the Risk of Corrosion, the Cost of Material Upgrade and Insurance Purchase, and Socioeconomic 
Characteristics) - Keeping Current Plumbing Material and Purchasing Insurance  

Variable Named 

Beta 
Coefficient

a 

Exp(B) 
Odds 
Ratiob 

Probability 
Estimatec 

Wald 
Statse Std. Errore P-Valued 

Keeping Current Plumbing Material and Purchasing Insurance 
Intercept -1.827   188.773 .133 .000 
Risk of Corrosion 2.205 9.070 0.147 .169 5.358 .681 
Cost of Plumbing 
Upgrade or Insurance 
Purchase 

-0.00005 1.000 0.121 .452 0.0001 .501 

Home Value*  Cost of 
Plumbing Upgrade or 
Insurance Purchase 

7.80E-11 1.000 0.134 .942 8.03E-11 .332 

House Age* Cost of 
Plumbing Upgrade or 
Insurance Purchase 

-0.000001 1.000 0.116 .085 0.000005 .771 

Pinhole Leak 
Occurrences*Cost of 
Plumbing Upgrade or 
Insurance Purchase 

0.00002 1.000 0.122 .216 0.00004 .642 

Home Value 
*Corrosion Risk 

0.00002 1.000 0.147 6.262 0.00001 .012 

Pinhole Leak 
Occurrences*  
Corrosion Risk  

6.349 28.47 0.153 2.016 4.471 .156 

Previous Cost of 
Plumbing Repair 
Material Fixing or 
Replacement**  
Corrosion Risk 

-0.001 .999 0.146 3.176 .001 .075 

a Beta coefficients represent the parameter estimates from the MNL model estimation. 
b Odd ratio (Exp(B)) represents the impact of increase in the independent variable on the likelihood of 
choosing a given option (insurance or plumbing upgrade).  For example, an odds ratio of 1 means a one unit 
increase in independent variable implies an equal likelihood of choosing or not choosing the prevention 
option.  
c Probability estimate for continuous variables is computed at the mean value of the independent variable 
(e.g. the cost insurance or plumbing upgrade) presented to all respondents.  Probability estimate for a 
dummy variable is the increase in probability of choosing the prevention option for respondents in the ‘1’  
category.  
 d Wald statistics and p-value represent the significance level. 
e  Standard error represents the variation of the coefficient estimate. 
f Model Statistics: Log-likelihood value is 2.232e3; Nagelkerke’s R-square is 0.036. Independent variables 
take form of continuous and dummy variables with value of one zero otherwise.  To avoid a dummy 
variable trap, one of the attribute levels was excluded from the analysis. The number of respondents 
included in the model is 942.  
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   The coefficient estimates for the independent variables for equations representing 

either upgrading the plumbing material vs. staying with the current system or purchasing 

an insurance policy vs. staying with the current plumbing material, are tested for equality. 

If there are no statistically significant differences between the coefficients, then the effect 

of each variable on the response of households with regards to the prevention options is 

the same regardless which option is chosen. The Wald test is employed to test each pair 

of coefficient estimates pair. The results of Wald test presented in Table 3.42 demonstrate 

no differences between the coefficient estimates for upgrading plumbing material and 

purchasing an insurance policy for all of the independent variables. The critical Chi-

square test statistic at 5% significance level is equal to 3.940 for 1 degree of freedom and 

is greater than the Chi-square statistics derived in the Wald test for most of the 

independent variables. Based on the reviewed results, the null hypothesis that coefficient 

estimates are equal cannot be rejected for this MNL model. This finding implies that the 

response functions represented by the independent variables coefficients are the same 

across the two Logit equations. 

Based on the results presented in Tables 3.40 and 3.41 the marginal utility of 

money is computed. In the linear MNL model, the cost coefficient reflects the change in 

utility for a change in price of the good or service.  However, as the negative cost 

coefficient implies that a higher price results in lower utility values, the coefficient has to 

be multiplied by -1 to reflect the marginal utility of money instead of the marginal 

disutility of price (Louvier et al., 2000).  The marginal utility of money to upgrade the 

plumbing material is positive in the case of upgrading plumbing material (0.0001), which 

is in accordance with economic theory. In the case of keeping the current material and 

purchasing an insurance policy, the marginal utility of money for purchasing the 

insurance policy was not computed, as the coefficient parameter was not statistically 

significant at the 95% confidence interval. 
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Table 3.42: Wald Test for Testing Equality of Coefficients Estimated From 
Multinomial Logit Model in Predicting Responses to Purchasing Insurance 
or Plumbing Upgrade to Prevent Loss from Corrosion Damage 

Variable Name Chi-Square Statistics P-value 

Intercept 1.560 0.210 

Risk of Corrosion 0.002 0.960 

Dollar Amount Spent on 
Corrosion Prevention 

0.261 0.610 

Home Value*Dollar 
Amount Spent on 
Corrosion Prevention 

1.059 0.300 

House Age*Dollar 
Amount Spent on 
Corrosion Prevention 

2.379 0.120 

Pinhole Leak 
Occurrences*  Dollar 
Amount Spent on 
Corrosion Prevention 

1.195 0.270 

Home Value *Corrosion 
Risk 

1.383 0.240 

Pinhole Leak 
Occurrences*  Corrosion 
Risk  

0.170 0.683 

Cost of Plumbing 
Material Fixing or 
Replacement*  
Corrosion Risk 

0.026 0.870 

 

The marginal willingness-to-pay (WTP) values for a marginal change in corrosion 

risk cannot be computed due to the statistically insignificant impact of corrosion risk on 

household decisions.  However, the WTP probability at the mean value of prevention 

options (either insurance or plumbing upgrade) for cost values seen by respondents as 

well as the compensating variation was evaluated (Table 3.43). Overall, only the 

independent variable coefficients significant at 95% confidence interval were employed 

in these computations of trade-offs. Based on the resulting estimates, the decision making 

probabilities are computed.  The compensating variation (CV) is also computed by 

comparing the before and after change in expected values of maximized utility (Champ et 

al., 2003).  

Based on the CA regression analysis and the marginal utility of money 

computation, the associated probability of household choices and the compensating 
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variation are provided.  Only independent variable coefficients significant at 95% 

confidence interval were employed in these statistical computations. The weighted 

average values of plumbing upgrade or insurance purchase cost presented to the 

respondents as well as the mid-point cost of estimated by corrosion experts are employed 

in the probability estimates computation.  

The probability associated with the mean cost values for upgrading the plumbing 

material and purchasing an insurance policy is presented in Table 3.43. The mean cost 

values for corrosion prevention represent the weighted average of cost values for home 

plumbing upgrade and insurance purchase seen by survey participants. The mid-point 

values of cost provided by the corrosion experts are derived based on the cost for home 

re-plumbing ranging from $3,000 to $4,500 and the insurance against corrosion purchase 

varying from $5,000 to $10,000.   

At their mean cost values, the probabilities of plumbing material upgrade and 

purchasing an insurance policy against corrosion are 17% and 11%. At the midpoint cost 

values of prevention provided by corrosion experts, the probability of plumbing material 

upgrade is also 17% while the probability for purchasing an insurance policy is 11%.  At 

the mean cost value of corrosion prevention presented to all respondents as well as the 

midpoint of the cost range of either insurance or plumbing upgrade costs provided by the 

experts, the probability of household choosing either plumbing upgrade or insurance are 

nearly the same (17.01% vs. 16.63% for plumbing upgrade and 11.39 vs. 11.45% for 

insurance).   The small differences in probabilities result from two factors:  1) the small 

value of the estimated coefficient for cost of plumbing material upgrade; and 2) the small 

differences between the mean cost values of plumbing material upgrade presented to 

survey respondents and the mid-point values of plumbing material upgrade provided by 

the corrosion experts.  
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Table 3.43: Probability Estimates of Household Decisions for MNL Model with 
Socioeconomic Characteristics (Dependent Variable Represents the Corrosion Prevention 
Choice and the Independent Variables Represent the Risk of Corrosion, the Cost of Material 
Upgrade and Insurance Purchase, and Socioeconomic Characteristics) 

Cost of Plumbing 
Upgrade or 

Insurance Purchase 

Probability 
Estimates for 
Upgrading 

Plumbing Material 

Probability Estimates 
for Keeping Current 

Plumbing Material and 
Purchasing Insurance 

Probability 
Estimates for 

Keeping Current 
Plumbing Material 

The Mean Cost 
Value: $3,483a 17.01% 11.39% 71.60% 

Corrosion Experts’  
Estimates:  
$3,750 for Home Re-
plumbing; 
 $7,500 for Insurance 
Costb 

16.63% 11.45% 71.92% 

a Mean cost of prevention (either home re-plumbing or insurance purchase) represents the 
weighted average value of the prevention option (insurance or plumbing  upgrade) presented 
to all respondents.   
b Mid-point of cost of corrosion prevention represents the cost range for plumbing material 
upgrade and insurance policy purchase provided by corrosion experts. 

 

The compensating variation was also computed at the derived probability levels 

for each corrosion prevention option presented in Table 3.43. At the probability estimates 

derived based on the weighted average values of cost for upgrading the plumbing system 

and purchasing an insurance policy presented to the homeowners, the compensating 

variation is ($5,460) for the cost of corrosion prevention when choosing to upgrade 

plumbing material; at the probability values derived based on the mid-point cost values of 

prevention provided by the corrosion experts, the compensating variation is ($5,529).  

In both situations, the negative values of compensating variation imply that the 

households view the alternative attributes as reducing the utility level when compared to 

the base option attributes. The households should be compensated for the decrease in 

utility due to the change in alternatives in order to be switched to the new prevention 

option (Champ et al., 2003). The difference in the compensating variation is also not very 

large as the probabilities of choosing to re-plumb the plumbing system were similar 

between the different cost values. The compensating variation was not computed for 

purchasing an insurance policy against corrosion vs. staying with the current material as 

the coefficient on the cost of corrosion prevention for this option was not statistically 

significant at a significance level of 5%. 
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 When comparing the MNL model specifications with/without socioeconomic 

independent variables, the models provide statistically significant results in 

discriminating between options to upgrade the plumbing material, stay with the current 

plumbing material but purchase an insurance policy, or stay with the current material and 

choose no preventive measures. For both MNL models specifications, the corrosion risk 

variable was not a statistically significant factor in the decision-making process; however 

the corrosion risk impact was accounted for indirectly when the socioeconomic variables 

were interacted with the risk of corrosion.   

Several of the socioeconomic variables were found statistically significant: the 

house value, house age, past pinhole leak occurrences, and the respondent’s previous cost 

incurred for plumbing repairs and/or replacement.  These socioeconomic variables 

interacted with either the risk of corrosion or the cost of plumbing material upgrade or 

insurance purchase had a statistically significant impact in differentiating between the 

households who chose to either re-plumb their house or purchase insurance vs. those who 

chose to stay with the current plumbing material. Adding the socioeconomic variables 

made the impact of the cost of plumbing upgrade on household decisions statistically 

significant when deciding to upgrade plumbing material. When cost is the only 

independent variable, the cost factor differentiates between the households that prefer to 

purchase an insurance policy against corrosion vs. those that choose to stay with the 

current plumbing system, but it is not significant for plumbing material upgrade. As a 

result, the socioeconomic characteristics impact the model results when included in the 

specification. 

The probabilities derived based on either the mean cost value of plumbing 

upgrade or insurance provided to respondents or the cost values provided by the 

corrosion experts are similar in value across the different model specifications.  For the 

model without the socioeconomic variables, the probability of choosing to upgrade the 

plumbing material is between 14% and 16% while for the model with the socioeconomic 

variable the probability increases to 17%.  In the case of purchasing an insurance policy, 

the probability varied between 9% and 15% for the MNL model specification without the 

socioeconomic variables and 11% with these factors taken into account. The 

compensating variation estimates are negative for both model specifications and varied 
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between ($5,460) and ($5,529) in the case of switching household to home re-plumbing 

and between ($10,500) and ($13,771) in the case of purchasing an insurance policy. The 

negative values of the compensating variation imply that in order for the households to 

switch between the current plumbing material and a prevention option, they would have 

to be reimbursed the specified amounts to keep them at the same level of utility.  

 

3.8.2 Household Preferences for  Plumbing Mater ial: Conjoint Analysis for  the 

Follow-up Southeastern Community Survey  

3.8.2.1 Summary of Descr iptive Results 

 Every respondent to the first Southeastern Community survey was asked to 

participate in the follow-up survey. Three hundred sixty three respondents agreed to 

participate and 245 responded to the follow-up survey.  Each respondent evaluated three 

Conjoint Analysis scenarios describing a set of two plumbing materials and answered 

questions comparing material attributes (AHP method23).  Each plumbing material was 

described by the following attributes: corrosion resistance, taste and odor, health effects, 

convenience of installation, proven performance on the market, plumbing material cost, 

and warranty length. To avoid a respondent exposure bias, the plumbing materials were 

not named but instead referred to by their vector of characteristics as shown in Table 

3.44.    

 

 

 

 

 

 

 

 

 

                                                 
23 Juneseok Lee from the Civil and Environmental Engineering Department at Virginia Tech performed the 
AHP analysis. For more information see Lee (2008). 
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Table 3.44:  Descriptions of Plumbing Materials 

Attributes Material A Material B Material C 
Corrosion 
Resistance 

Corrosion proof Same as material 
A 

Some risk of corrosion 

 
Taste / Odor 
 

Compounds released from this 
material in drinking water 

plumbing may give a chemical or 
solvent taste or odor to the water. 

Same as material 
A 

Compounds released from this 
material in drinking water 

plumbing may give a bitter or 
metallic taste or odor to the water. 

Health Effects 

The material meets EPA 
Standards.  There is a very small 
chance that compounds from this 

plumbing material that are 
released into drinking water may 
lead to microbial growth in water.  

Microbial growth may cause 
severe illness. 

Same as material 
A 

The material meets EPA 
Standards.  There is a very small 
chance that compounds from this 

plumbing material that are 
released into drinking water may 
cause vomiting, diarrhea, stomach 

cramps, and nausea. 

Convenience 
of Installation 

No need to tear into the wall 
and/or floor.  Installation takes 

around 4 days. 

Need to tear into 
some sections of 

wall for 
installation.  

Installation takes 
5-6 days. 

Need to tear into the wall and/or 
floor to replace the existing 

system.  7-9 days required for 
installation. 

Proven 
performance 
in market 

Less than 10 years in the market. 
Less than 20 years 

in the market. 
More than 50 years in the market. 

 Cost 
(labor + 
material) 

$9,000 ~ 14,000 depending on 
the size of house 

$6,500 ~ 13,000 
depending on the 

size of house 

$9,000 ~ 16,000 depending on the 
size of house 

Warranty 
Warranty is 15 years for the 

material. 

Warranty is 10 
years for the 

material. 

A 50 years manufacturer’s 
warranty applies. Some 

exceptions apply (e.g. warranty 
reduces to one year if compounds 

in water corrode pipes). 
   

Each respondent was asked to compare a pair of plumbing materials and evaluate 

each plumbing material based on a 1-9 preference scale. For example, Material A might 

be rated as 6 while Material B might be rated as 1.  The 1-9 preference scale had a verbal 

preference assigned to each categorical value. Preference values of 1, 3, 5, 7, and 9 were 

assigned to ‘Not Preferred’ , ‘Moderately Preferred’ , ‘Strongly Preferred’ , ‘Very Strongly 

Preferred’ , and ‘Extremely Preferred’ , respectively.  Two hundred thirty respondents 

fully answered all CA questions, and each viewed three pairs of two plumbing materials 

resulting in 1,380 preference responses.  
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As each presented plumbing material had all attributes listed and there was no 

randomization of attributes level across the plumbing materials, the preference score was 

easily identified with the preferred plumbing material by comparing the attributes levels 

with the plumbing material descriptions.  All preference responses to each plumbing 

material were then summed, and the plumbing material with the highest number of 

‘Extremely Preferred’  responses and with lowest number of ‘Not Preferred’  responses 

was selected as the most preferred plumbing material. Table 3.45 presents the descriptive 

statistical summary of preference valuation break down of the 1,380 responses for 

plumbing materials.  Material C is the least preferred type of plumbing material (211 not 

preferred responses) while Material A is the most preferred material among homeowners, 

(39 extremely preferred responses).  

 

Table 3.45:  Preference Valuation of Plumbing Materials 
Preference Response Value 

Plumbing 
Material 

Not Preferred Moderately 
Preferred 

Strongly 
Preferred 

Very Strongly 
Preferred 

Extremely 
Preferred 

Material A 103 134 99 85 39 
Material B 148 151 85 56 20 
Material C 211 156 56 31 8 

Total 460 441 240 172 67 
 
 

In addition to evaluating three sets of two plumbing material scenarios, each 

respondent selected the most preferred plumbing material across all three materials 

displayed at the same time. Table 3.46 presents that Material A is chosen as the preferred 

plumbing material by more than 50% of respondents. Material C is the least often chosen 

as the preferred plumbing material (17.8%). These two separate measures yield the same 

result of Material A being the most preferred plumbing material across the three 

alternatives. 

 
Table 3.46: Baseline Plumbing Material Chosen as Most Preferred 
Plumbing Material Frequency Percent 
Material A 116 50.4 
Material B 48 20.8 
Material C 41 17.8 
Neither 4 1.7 
Missing 22 9.7 
Total 230 100 
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3.8.2.2 Conjoint Analysis Results 

As mentioned earlier, there are two estimation methods that could be employed in 

plumbing material preference valuation exercise: Ordinary Least Squares as well as 

Ordered Logit regressions.  For this analysis, only the Ordered Logit regression is utilized 

in the plumbing material estimation of preferences as the differences between the 

preference valuation categories24 are assumed not constant. The Ordered Logit model is 

estimated at the aggregate response level. The aggregate level analysis implies that 

average value coefficients are estimated for the participating sample of respondents.  The 

individual level analysis, which implies estimating separate regressions for each of the 

respondents, was also attempted; however, the individual-level part-worth estimates are 

not reliable due to the partial factorial design, leaving few degrees of freedom for 

estimation at the individual level (Wedel & Kamakura, 2000).  Due to the low degree of 

freedom count and lack of stable and statistically significant results for each respondent’s 

regression, the individual-level analysis was not reported. Each respondent evaluated 

three pairs of plumbing materials, which provided 6 observations for an individual 

regression analysis. As the number of independent variables was greater than the number 

of observations for each respondent, inadequacy in the number of degrees of freedom and 

parameter instability was observed. 

This CA analysis provides information on the preferences of homeowners for 

plumbing materials and the attributes that drive their decision when making purchasing 

decision with regards to the type of home plumbing system. Each respondent evaluated a 

set of two plumbing material portfolios at one time for a total of six portfolios using the 

valuation metrics 1-9 described earlier.  Each of the plumbing materials has a set of 

attributes described in Table 3.44.  Each of the material attribute level is employed as the 

independent variable in the material preference analysis.  They are coded as dummy 

variables taking a value of 1 when the plumbing material characteristics are a part of the 

product portfolio and zero otherwise.  There are six different survey versions, which 

differ by the placement of the CA questions within the questionnaire as well as the order 

of the plumbing material pairs’  occurrences.  To test for the CA order in the survey as 

                                                 
24 Preference Valuation Category – plumbing material preference measure with scale from 1 to 9 where 1 
implies ‘Not Preferred’  category and 9 implies ‘Extremely Preferred’  category. 
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well as the order of the CA questions, dummy variables representing each survey version 

are created.  Finally, the socioeconomic characteristics (reported in the first survey) are 

also included in the Ordered Logit model. These characteristics represent household 

home value (continuous variables), age of the house (continuous variable), plumbing 

material type (dummy variable), pinhole leak occurrences in the past (dummy variable), 

and respondent’s previous cost of plumbing material repairs and replacement (continuous 

variable).25 

In this section, the estimation results of the aggregate level Ordered Logit model 

are presented. As stated in the earlier section, each respondent evaluated three scenarios 

describing a set of two plumbing materials.  Each plumbing material was described by 

the following attributes: corrosion resistance, taste and odor, health effects, convenience 

of installation, proven performance on the market, plumbing material cost, and warranty 

length. Each respondent was asked to compare a pair of plumbing materials and evaluate 

each plumbing material based on a 1-9 preference scale. The independent variable that 

includes the attribute-levels of each plumbing material and the survey versions are coded 

as dummy variables. In order to avoid the dummy variable trap26, one attribute level of 

plumbing material and sixth survey version are omitted from the regression. In order to 

test whether the survey version has an impact on the placement of each valuation 

category, the survey version dummy variable is inputted into the equation.  On the other 

hand, to test the impact of survey versions on the actual responses to the plumbing 

material attributes, the dummy variables are interacted with levels of each attribute. The 

attribute levels related to Material C represent the omitted attribute levels in the estimated 

regression. As a result, all Material A and Material B attribute levels are compared to the 

Material C’s attribute levels in the regression. The findings’  discussion includes case 

processing summary, model fitting information, goodness-of-fit measure, and parameter 

estimates results summary.  

                                                 
25 Variables such race, education level, gender were not included in the model, as little variation in these 
characteristics was observed for the sample of respondents. 
26 Dummy Var iable Trap – the regression intercept as well as a number of dummies equal to the number 
of characteristics cannot be included in the equation because it results in exact collinearity and unique 
estimates cannot be estimated. To avoid it employ one less dummy variable than the number of categories 
that exist for each characteristic (Griffith et al., 1993). 
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The estimated Ordered Logit model involves the attribute levels of plumbing 

materials, survey version dummies, as well as survey version interaction variables with 

the attribute levels.  As the total number of respondents is rather small (only 230), there 

are not enough degrees of freedom to include all interaction variables between the 

attribute levels and the survey versions.  As a result, the Ordered Logit models with 

survey dummy variables entering one at a time are estimated to measure the impact of 

survey version characteristics on the plumbing material preferences. The statistically 

significant attribute levels, dummy variables, and the interaction variables are identified 

and entered into the final model estimation.  

Based on the model specifications with survey versions entering one at a time, 

two survey versions were found statistically significant as intercept shifters as well as 

interaction variables. Survey version 3 and 5 as well as interaction variable between 

‘corrosion proof’  and survey version 3 and 5 were statistically significant and were 

inputted into the final Ordered Logit model estimation with all plumbing material 

attributes levels. As both survey versions 3 and 5 are inputted into the Ordered Logit 

model, the remaining survey versions, 1, 2, 4, and 6, are treated as the survey base 

employed to compare the impact of survey version 3 and 5. 

The first part of the model evaluation involves the case processing description 

(Table 3.47).  As presented, 33% of responses fall into the ‘Not Preferred’  preference 

valuation while only 5% fall within the ‘Extremely Preferred’  category.  

 

Table 3.47: Frequency Distribution of Responses for Valuations of Plumbing Material Scenarios 
Based on the Ordered Logit Model  

Category Observations Marginal Percentage 
Not Preferred 461 33.4% 
Moderately Preferred 442 32.0% 
Strongly Preferred 239 17.3% 
Very Strongly Preferred 173 12.5% 
Extremely Preferred 67 4.8% 

 

Model fitting information for the Ordered Logit model indicates the parameters 

for which the model-fit is calculated. Comparison of two model versions is conducted: 

model with only intercept (null hypothesis model) and model with independent variables 

(final model). The intercept only version of the model describes a model without any 
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predictors in the regression. The final model includes the specified independent variables 

arrived at through an iterative process maximizing the log-likelihood of the outcomes 

(Aaron, 2005). The final model should improve upon the intercept only model. This test 

is conducted by analyzing the differences in the -2(log likelihood) values associated with 

the models. The -2 log likelihood is the product of -2 and the log likelihoods of the null 

model (fitted final model). The likelihood of the model is used to test whether all 

predictors’  regression coefficients in the model are simultaneously zero and in tests of 

nested models (Aaron, 2005).  

The model fitting information presents that the Chi-square statistic is 114.136 

with a p-value of 0.000 and a log-likelihood value of 182.641 (Table 3.48).  As a result, 

the existence of a relationship between the independent variables and the dependent 

variable is supported and the final model can be estimated.  The goodness-of-fit measure 

is employed as well in the overall model evaluation.  The Nagelkerke’s R-square is 

0.084, which implies that 8% of variation in the dependent variable is explained by the 

variation in the independent variables. Finally, the correlations between the predicted 

response values and the actual response values are compared. A Pearson correlation 

statistic is employed to evaluate how closely related the predicted and actual responses 

are to each other (Griffiths et al., 1993).  The correlation results suggest that the predicted 

and actual responses are not very highly correlated with each other.  The Pearson 

correlation statistics is only 0.245 with significance level of 0.000. 

 

Table 3.48: Model Fitting Information for Ordered Logit Regression with Categorical Answers 
(Dependent Variable Represents the Plumbing Material Valuation and the Independent 
Variables Represent the Plumbing Material Attributes) 
Model -2 Log Likelihood Chi-Square Significance 
Intercept Only 269.778   
Final 182.641 114.136 0.000 

 

In evaluating the Ordered Logit model, threshold represents the response variable 

in the regression.  A different intercept is provided for the different levels of the 

cumulative logit model. The beta coefficient of the independent variables does not 

change and the value of each is subtracted from the intercept. Each threshold level 

indicates the logit of the odds of being equal to or less than the baseline category when all 
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independent variables are zero (Aaron, 2005). The baseline group is set to ‘Extremely 

Preferred’ . The beta estimate represents that a one unit increase in the independent 

variable increases/decreases the log-odds of being higher than a specific preferred 

valuation category. Because the beta coefficient is not indexed by each category, a one 

unit increase affects the log-odds the same regardless of which threshold value is 

considered (Aaron, 2005).  

As represented in Table 3.49, the regression estimates reveal that when compared 

to the baseline category (‘Extremely Preferred’ ), the categories ‘Moderately Preferred’ , 

‘Strongly Preferred’ , and ‘Very Strongly Preferred’  have higher threshold estimates.  A 

category ‘Not Preferred’  has a statistically insignificant negative coefficient estimate. 

Since the estimate is not statistically significant at the 95% confidence interval, it is not 

included in comparison analysis between the categories.   

The threshold values are evaluated. These values inform the expected cumulative 

distribution of categorical preference values for individuals with the independent 

variables set to zero (Aaron, 2005). This threshold represents a natural tendency for all 

the responses to all the scenarios presented to respondents when the independent 

variables are suppressed.  Scenarios are shown in the survey presented in Appendix C.  

When these coefficients are exponentiated, the cumulative odds for each category are 

obtained (Table 3.49). By employing the following equation, (odds/(1+odds)), the 

cumulative probabilities are computed (Aaron, 2005). Table 3.49 represents the odds 

ratios and cumulative probabilities (columns 3 and 4 in Table 3.49).  For example, the 

‘Moderately Preferred”  category is 3.7 times more likely to be selected by the respondent 

compared to the ‘Extremely Preferred’  category when all independent variables are set to 

zero. On the other hand, the ‘Not Preferred’  category is 0.91 times as likely to occur 

compared to the baseline category when no independent variables are considered. 
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Table 3.49: Threshold Estimates from Ordered Logit Regression with Categorical Answers (Dependent 
Variable Represents the Plumbing Material Valuation and the Independent Variables Represent the 
Plumbing Material Attributes) 
Variable 
Name 

Coefficient 
Estimates 

Significance  Odds Ratio 
Estimates 

Cumulative 
Probability 
Estimates 

Distribution 
Estimates 

Not Preferred -0.096 0.374 0.908 0.476 0.476 
Moderately 
Preferred 

1.315 0.000 3.725 0.788 0.312 

Strongly 
Preferred 

2.289 0.000 9.865 0.908 0.120 

Very Strongly 
Preferred 

3.742 0.000 42.182 0.977 0.069 

Extremely 
Preferred 

   1.000 0.023 

 

The independent variable coefficient estimates are statistically significant only for 

two attribute levels: risk of corrosion variable represented by ‘corrosion proof’  attribute 

level and convenience of installation represented by ‘no need to tear into the wall and/or 

floor. Installation takes around 4 days’  (Table 3.50). Other independent variables were 

considered redundant in the model estimation. The independent variable coefficients 

represent how the log-odds of these thresholds increase/decrease with one unit of the 

independent variable. The positive value indicates that one unit of independent variable 

increases the odds of being in a higher category (Aaron, 2005).  For example, the 

‘corrosion proof’  attribute level increases the odds of choosing a higher preference 

category by 0.654 compared to the independent variable represented by the some risk of 

corrosion attribute level. Installation of plumbing material taking about 4 days increases 

the odds of choosing a higher preference category by 0.559 compared to the installation 

taking between 7 and 9 days.  

The impact of the survey version of respondents’  preference valuation was also 

tested. Survey versions 3 and 5 have a statistically significant impact at either 5% or 10% 

significant level on the categorical preference answers and therefore the odds of being in 

the higher category. Survey version 3 is described by CA questions being presented at the 

beginning of the questionnaire with Materials B and C being compared in the first round 

followed by comparison of Materials A and B, and finally followed by comparison of 

Materials A and C. Survey version 5 is described by AHP questions appearing first in the 
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questionnaire. The CA plumbing material comparisons follow the following order:  1) 

Materials A and C, 2) Material B and C, and 3) Material A and B. 

Results in Table 3.50 present that survey version 5 decreases the odds of choosing 

a higher preference category by 0.470 while survey version 3 increases the odds ratios by 

0.521. The interaction variables between the survey versions are also statistically 

significant at 5% significance level. The joint coefficient for corrosion proof attribute 

level and survey version 3 is 0.017, which implies that the odds ratio of choosing a higher 

preference category is increased by 0.02 for respondents who answered CA questions to 

survey version 327. This joint coefficient is, however, not statistically significant different 

from zero and confirms the small magnitude observed on the joint coefficient estimate. 

On the other hand, the joint coefficient between the attribute level of ‘corrosion proof’  

and survey version 5 is 1.45228, which implies seeing survey version 5 increases the odds 

of choosing a higher category of preference by 1.452. As a result, the survey versions 

seen by the respondents do impact the preference valuation for plumbing materials.  

Besides evaluating the directional impact of the independent variables on the 

preference level of the households, the impact of the statistically significant independent 

variables on the preference category is evaluated for all three plumbing materials.  The 

statistically significant attribute levels were computed together with the thresholds levels 

by plumbing material into odds ratios and then into the probability values for survey 

version 3 and 5 and all other remaining survey versions.  As the attribute levels 

describing each of the three hypothetical materials are known, the regression results can 

be organized by plumbing materials. For example, for base survey version (including 

survey versions 1, 2, 4, and 6), Material A is described by attribute level called ‘corrosion 

proof’  as well as ‘ installation takes around 4 days’ . The coefficient estimates for the 

statistically significant attribute levels are employed to compute preference valuation 

categories for each material type.  In case of the Material A computation of the 

preference valuation category called ‘Moderately Preferred’ , the following represents the 

estimate computation: 1.315 - 0.654 - 0.559= 0.102, where 1.315 is the moderately 

preferred coefficient, 0.654 is the corrosion proof coefficient, and 0.559 is the 

                                                 
27 Survey Version 3 * Corrosion Proof: Wald statistic = 0.002 and p-value = 0.900. 
28 Survey Version 5 * Corrosion Proof: Wald statistic = 20.537 and p-value = 0.000. 
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convenience of installation coefficient; and the odds ratio computation: exp(0.102) = 

1.107. 

 

Table 3.50: Ordered Logit Regression Estimates with Categorical Answers (Dependent Variable 
Represents the Plumbing Material Valuation and the Independent Variables Represent the 
Plumbing Material Attributes (Without Socioeconomic Variables))a 
Variable Name Coefficient 

Estimateb 
Standard Errorc Wald-Statsd P-Valued 

Threshold Values (For All Independent Variables Set to Zero) 
Not Preferred -0.096 0.108 0.790 0.374 
Moderately Preferred 1.315 0.115 131.554 0.000 
Strongly Preferred 2.289 0.125 333.413 0.000 
Very Strongly Preferred 3.742 0.164 521.510 0.000 

Independent Variables (Variables that Improve Overall Model Significance)e 
Corrosion proof 0.654 0.143 20.943 0.000 
Need to tear into some 
sections of wall for 
installation.  Installation 
takes around 4 days. 

0.559 0.119 22.016 0.000 

Survey Version 3 0.521 0.220 5.592 0.018 
Survey Version 5 -0.470 0.263 3.187 0.074 
Corrosion proof *Survey 
Version 3 

-0.637 0.269 5.620 0.018 

Corrosion proof *Survey 
Version 5 

0.798 0.314 6.447 0.011 

a The number of observations included in the model is 1086.  Independent variables take form of 
dummy variables with value of one when the characteristic was present in the plumbing material 
profile and zero otherwise.  To avoid a dummy variable trap, one of the attribute levels was 
excluded from the analysis. 
b Coefficient estimates show how much increase in the likelihood of being in a higher category 
results from a one unit increase in the independent variable. 
c  Standard error represents the variation of the estimate. 
d  Wald statistics and p-value represent the significance level. 
e Model Statistics: Log-likelihood value is 182.641 with chi-square of 114.136 and p-value of 
0.000; Nagelkerke’s R-square is 0.084. The Pearson correlation statistic comparing the actual 
and estimated values is only 0.245 with a p-value of 0.000. 

 

As presented in Tables 3.51, 3.52, and 3.53, for all survey versions, Material A 

has the lowest values of the coefficient estimates for all preference categories compared 

to Materials B and C. Material C has the highest values of preference valuation. For 

example, for survey version 3, the coefficient for “Not Preferred”  for Material A is -1.193 

compared to 0.020 for Material C indicating that Material A is less likely to be evaluated 

as “Not Preferred”  compared to Material C.  When compared across the survey versions, 

Materials A, B, and C have the smallest coefficient values for survey version 5, while 
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these materials have the highest coefficient values for survey version 3.  This finding 

implies that respondents who saw survey version 5 had a higher level of preferences for 

all three materials compared to the remaining survey versions.  

On the other hand, Material C has the highest values of odds ratios for each 

preference category while Material A has the lowest for all survey versions.  The odds 

ratios that present the likelihood of a preference category being selected are compared to 

the base category. For example, for survey version 3, the category ‘Very Strongly 

Preferred’  is 47.4 times as likely to be selected compared to the base category for 

Material C while for Material A, it is only 14.1 times as likely compared to the 

‘Extremely Preferred Category’ . A lower likelihood for each preference category is more 

preferred as it implies that the ‘Extremely Preferred’  category has a higher chance of 

being chosen. When compared across all survey versions, survey version 5 presents the 

lowest odds ratios for Materials A, B and C while survey version 3 presents the highest 

values for these three plumbing materials. This finding implies that there is a lower 

chance of being in the lowest category for survey version 5 compared to survey version 3. 

Based on the marginal distribution of the probability estimates, across all survey 

versions, Material A has a larger probability estimate for ‘Strongly Preferred’  to 

‘Extremely Preferred’  category preference.  On the other hand, Material C has a higher 

probability estimates for categories ‘Not Preferred’  and ‘Moderately Preferred’ .  When 

compared across survey versions, Materials A, B, and C have the highest frequency of 

estimates falling into ‘Strongly Preferred’  to ‘Extremely Preferred’  categories for survey 

version 5. All three materials have the highest frequency of estimates falling into ‘Not 

Preferred’  and ‘Moderately Preferred’  categories across all survey versions.  Based on the 

overall results, Material A is the most preferred material followed by Material B. 

Material C is the least preferred plumbing material.  

As presented above, the plumbing material valuation results vary by a survey 

version, which implies that seeing certain question order might influence households’  

plumbing material assessment. For example, survey version 5 presented the lowest odds 

ratios and highest frequency distribution of the ‘Extremely Preferred’  answer category.  

This outcome might have been a result of the survey version 5 being described by CA 

questions appearing after the AHP pair-wise attribute comparisons. The pair-wise 
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comparisons of plumbing material attributes might have provided a learning opportunity 

for establishing the relative importance of each attribute level. In his CA study, Bradlow 

et al. (2004) found that in fact, learning of attributes occurs and the relative weights of 

each attribute level change during the portfolio evaluation process. As a result, the 

established importance of each attribute level based on the AHP exercise could have 

aided the plumbing material assessment in the CA section of the questionnaire, resulting 

in in-depth differentiation of the alternatives.  

Bradlow et al. (2004) also found that the relative importance of each attribute 

level and therefore the portfolio assessment depends on the order in which the product 

profiles appear in the survey. Consequently, as Materials A and B have some of the same 

attribute levels ( e.g. ‘corrosion proof’ ), comparing each of these materials first against 

Material C (which does not share the same attribute levels) might have allowed for clear 

differentiation between the attribute levels of each material and therefore, a higher degree 

of differentiation within the household preference valuation. 

On the other hand, survey version 3 presented the lowest preference valuation for 

plumbing materials compared to the other survey versions. Having presented the CA 

questions at the beginning of the questionnaire could have complicated the comparison of 

plumbing types by removing the learning opportunity that was provided by the AHP 

comparison and, therefore, resulting in lower preference valuation of each material.  

According to Saaty (1980), it is more difficult to assess the preference level of a portfolio 

of attributes compared to a pair of attributes evaluated at a time. Furthermore, Materials 

A and B (which share some of the same attribute levels) were presented as second in the 

CA section and the similarity of the attribute levels across the products might have 

negatively impacted respondents’  ability to clearly discriminate between the plumbing 

materials. The impaired valuation of each portfolio of attributes might have resulted in 

overall lower preference valuation of plumbing materials.   
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Table 3.51: Ordered Logit Regression Results’  Analysis by Plumbing Material Type (Dependent 
Variable Represents the Plumbing Material Valuation and the Independent Variables Represent 
the Plumbing Material Attributes (No Socioeconomic Variables)) – Survey Versions 1, 2 4, and 
6. 
 Material A Material B Material C 

Coefficient Estimatesa 

Not Preferred -1.309 -0.750 -0.096 
Moderately Preferred 0.102 0.661 1.315 
Strongly Preferred 1.076 1.635 2.289 
Very Strongly 
Preferred 2.529 3.088 3.742 
Extremely Preferred    

Odds Ratio Estimates 
Not Preferred 0.270 0.472 0.908 
Moderately Preferred 1.107 1.937 3.725 
Strongly Preferred 2.933 5.129 9.865 
Very Strongly 
Preferred 12.541 21.933 42.182 
Extremely Preferred    

Cumulative Probability Estimates 
Not Preferred 0.213 0.321 0.476 
Moderately Preferred 0.525 0.659 0.788 
Strongly Preferred 0.746 0.837 0.908 
Very Strongly 
Preferred 0.926 0.956 0.977 
Extremely Preferred 1.000 1.000 1.000 

Marginal Probability Estimates Distribution 
Not Preferred 0.213 0.321 0.476 
Moderately Preferred 0.313 0.339 0.312 
Strongly Preferred 0.220 0.177 0.120 
Very Strongly 
Preferred 0.180 0.120 0.069 
Extremely Preferred 0.074 0.044 0.023 
aCoefficient estimates are built up from the statistically significant estimates for the attribute 
levels and threshold values.  Coefficients are compared to the base “Extremely Preferred”  level.   
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Table 3.52: Ordered Logit Regression Results’  Analysis by Plumbing Material Type (Dependent 
Variable Represents the Plumbing Material Valuation and the Independent Variables Represent 
the Plumbing Material Attributes (No Socioeconomic Variables)) – Survey Version 3. 
 Material A Material B Material C 

Coefficient Estimatesa 

Not Preferred -1.193 -0.634 0.020 
Moderately Preferred 0.218 0.777 1.431 
Strongly Preferred 1.192 1.751 2.405 
Very Strongly 
Preferred 2.645 3.204 3.858 
Extremely Preferred    

Odds Ratio Estimates 
Not Preferred 0.303 0.530 1.020 
Moderately Preferred 1.244 2.175 4.183 
Strongly Preferred 3.294 5.760 11.078 
Very Strongly 
Preferred 14.083 24.631 47.371 
Extremely Preferred    

Cumulative Probability Estimates 
Not Preferred 0.233 0.347 0.505 
Moderately Preferred 0.554 0.685 0.807 
Strongly Preferred 0.767 0.852 0.917 
Very Strongly 
Preferred 0.934 0.961 0.979 
Extremely Preferred 1.000 1.000 1.000 

Marginal Probability Estimates Distribution 
Not Preferred 0.233 0.347 0.505 
Moderately Preferred 0.322 0.338 0.302 
Strongly Preferred 0.213 0.167 0.110 
Very Strongly 
Preferred 0.167 0.109 0.062 
Extremely Preferred 0.066 0.039 0.021 
aCoefficient estimates are built up from the statistically significant estimates for the attribute 
levels and threshold values.  Coefficients are compared to the base “Extremely Preferred”  level.   
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Table 3.53: Ordered Logit Regression Results’  Analysis by Plumbing Material Type (Dependent 
Variable Represents the Plumbing Material Valuation and the Independent Variables Represent 
the Plumbing Material Attributes (No Socioeconomic Variables)) – Survey Version 5. 
 Material A Material B Material C 

Coefficient Estimatesa 

Not Preferred -1.637 -1.078 -0.424 
Moderately Preferred -0.226 0.333 0.987 
Strongly Preferred 0.748 1.307 1.961 
Very Strongly 
Preferred 2.201 2.760 3.414 
Extremely Preferred    

Odds Ratio Estimates 
Not Preferred 0.195 0.340 0.654 
Moderately Preferred 0.798 1.395 2.683 
Strongly Preferred 2.113 3.695 7.106 
Very Strongly 
Preferred 9.034 15.800 30.387 
Extremely Preferred    

Cumulative Probability Estimates 
Not Preferred 0.163 0.254 0.396 
Moderately Preferred 0.444 0.582 0.728 
Strongly Preferred 0.679 0.787 0.877 
Very Strongly 
Preferred 0.900 0.940 0.968 
Extremely Preferred 1.000 1.000 1.000 

Marginal Probability Estimates Distribution 
Not Preferred 0.163 0.254 0.396 
Moderately Preferred 0.281 0.329 0.333 
Strongly Preferred 0.235 0.205 0.148 
Very Strongly 
Preferred 0.222 0.153 0.091 
Extremely Preferred 0.100 0.060 0.032 
aCoefficient estimates are built up from the statistically significant estimates for the attribute 
levels and threshold values.  Coefficients are compared to the base “Extremely Preferred”  level.   

 

 The second specification of the Ordered Logit model includes the socioeconomic 

variables alongside of the attributes for plumbing material.  As the socioeconomic 

characteristics do not vary by a respondent, they are interacted with the attributes levels 

of each attribute. As the total number of respondents is rather small (230), there are not 

enough degrees of freedom to include all interaction variables between the attribute levels 

and the household characteristics.  As a result, the Ordered Logit model was first 

estimated with socioeconomic variables entering one at a time to measure the impact of 

household characteristics on the plumbing material preferences. The statistically 

significant interaction variables were then included in the final model estimation.  
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When the socioeconomic variables were entered in the Ordered Logit model one 

at a time, ‘corrosion proof’  as well as ‘ installation takes about 4 days’  were the two 

attribute levels appearing statistically significant in many of the model specifications. The 

coefficient value for corrosion attribute varied from 0.651 to 1.450 and the convenience 

of installation coefficient varied from 0.554 to 0.754. The only statistically significant 

interaction effect was observed between attribute level of ‘corrosion proof’  and 

respondent’s previous cost of plumbing materials repairs or replacement (coefficient 

estimate = 0.00001; standard error = 0.00000; Wald-statistic = 15.773; p-value = 0.000).  

This interaction effect was entered into the final model estimation alongside of other 

plumbing material attributes.  

The overall model evaluation is presented for the model including all observations 

and differences for regression with a socioeconomic factor included one at a time. As 

before, the first part of the model evaluation involves the case processing summary based 

on the total number of observations included in the model estimation. The results are 

presented in Table 3.5429.  As presented 33% of responses fall into the ‘Not Preferred’  

preference valuation while only 5% fall within the ‘Extremely Preferred’  category.  

 

Table 3.54: Case Processing Summary for Ordered Logit Regression with Categorical Answers 
(Socioeconomic Variables Included) 

Category Observations Marginal Percentage 
Not Preferred 358 33.4% 
Moderately Preferred 335 31.2% 
Strongly Preferred 195 18.2% 
Very Strongly Preferred 133 12.4 % 
Extremely Preferred 51 4.8% 
 

In evaluating the Ordered Logit model, thresholds represent the response variable 

in the regression.  A different intercept value presents a different level of the cumulative 

logit model. Each threshold level indicates the logit of the odds of being equal to or less 

than the baseline category when all independent variables are zero (Aaron, 2005). The 

baseline group is set to ‘Extremely Preferred’ .  The beta coefficient, however, does not 

change and it is subtracted from the intercept. As represented in Table 3.55, the estimates 

                                                 
29 The total number of observations is 1072 as not all respondents provided information on their 
socioeconomic characteristics. 
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reveal that when compared to the baseline category (‘Extremely Preferred’ ), categories: 

‘Moderately Preferred’ , ‘Strongly Preferred’ , and ‘Very Strongly Preferred’  have higher 

frequencies.  A category ‘Not Preferred’  has a statistically significant coefficient estimate 

at significance level of 10%. The threshold coefficients are the same for the overall 

model and the model with each socioeconomic characteristic entered one at a time.  

The threshold values, which inform the expected cumulative distribution of 

categorical preference values for individuals with the independent variables set to zero, 

are evaluated (Aaron, 2005). Table 3.55 represents the odds and probabilities.  For 

example, the ‘Moderately Preferred”  category is 3.67 times more likely to be selected by 

the respondent than the ‘Extremely Preferred’  category when all independent variables 

are set to zero. On the other hand, the ‘Not Preferred’  category is only 0.86 times as 

likely to occur compared to the baseline category when no independent variables are 

considered. 

 

Table 3.55: Threshold Estimates from Ordered Logit Regression with Categorical Answers (Dependent 
Variable Represents the Plumbing Material Valuation and the Independent Variables Represent the 
Plumbing Material Attributes and the Socioeconomic Characteristics) 
Variable 
Name 

Coefficient 
Estimates 

Significance  Odds Ratio 
Estimates 

Cumulative 
Probability 
Estimates 

Distribution 
Estimates 

Not Preferred -0.147 0.100 0.863 0.463 0.463 
Moderately 
Preferred 

1.300 0.000 3.669 0.786 0.323 

Strongly 
Preferred 

2.317 0.000 10.145 0.910 0.588 

Very Strongly 
Preferred 

3.790 0.000 44.256 0.978 0.390 

Extremely 
Preferred 

   1.000 0.025 

 

Based on Table 3.56, the independent variable coefficient estimates are 

statistically significant only for two attribute levels: corrosion proof and installation takes 

about 4 days. For example, the ‘corrosion proof’  variable increases the odds by 1.145 of 

choosing a higher preference category compared to the variable set at ‘some risk of 

corrosion’ . Installation of plumbing material taking about 4 days increases the odds of 

choosing a higher preference category by 0.575 compared to the installation taking 

between 7 and 9 days.  The only socioeconomic variable entered into the regression is the 
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respondent’s previous cost of plumbing repairs and/or material fixing or replacement and 

is statistically significant when interacted with corrosion proof attribute level.  The joint 

coefficient is 1.197 (1.145+0.0001*$52230) and is statistically significant at 5% 

significance level31. This coefficient value further implies that the interaction variable 

increases the odds by 1.197 of choosing a higher preference category compared to the 

variable set at ‘some risk of corrosion’ . This finding can be explained as households, who 

have accrued cost of plumbing material repairs in the past, value the ‘corrosion proof’  

attribute level more compared to the ‘some risk of corrosion’  attribute level.  Plumbing 

material with low corrosion risk would imply decrease in the future costs of plumbing 

material repairs. 

As in the previous version of the Ordered Logit model, effects of statistically 

significant independent variables on the preference category for all three plumbing 

materials are evaluated.  The statistically significant attribute levels were computed 

together with the thresholds levels by plumbing material into odds ratios and probability 

values.  As attribute levels describing each of the three hypothetical materials are known, 

the regression results can be organized by plumbing materials. For example, Material A 

is described by attribute level called ‘corrosion proof’  and ‘ installation takes about 4 

days’ . The coefficient estimates for the statistically significant attribute levels are 

employed in the material based preference category computation.  In case of Material A, 

the computation for preference valuation category of ‘Moderately Preferred’ , the 

following represents the estimate computation: 1.300- 1.145- 0.575 -0.0001*$522 = -

0.472; and the odds ratio computation: exp(-0.472) = 0.624 (Table 3.57). 

 

 

 

 

 

 

 

                                                 
30 $522 is the mean cost value of the previous cost spent on plumbing material repairs and replacement. 
31 Cost of Plumbing Material Fixing or Replacement * Corrosion Proof: Wald statistic = 5.684 and p-value 
= 0.020. 
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Table 3.56: Ordered Logit Regression Estimates with Categorical Answers (Dependent Variable 
Represents the Plumbing Material Valuation and the Independent Variables Represent the 
Plumbing Material Attributes and Socioeconomic Variables Interacted with Attribute Levels) d 
Variable Name Coefficient 

Estimateb 
Standard Errorc Wald-Statsd P-Valued 

Threshold Values (For All Independent Variables Set to Zero) 
Not Preferred -0.147 0.089 2.705 0.100 
Moderately Preferred 1.300 0.098 176.801 0.000 
Strongly Preferred 2.317 0.114 415.544 0.000 
Very Strongly Preferred 3.790 0.164 532.389 0.000 

Independent Variables for Model Specification with Socioeconomic Variable Interactionse and f 

Corrosion Proof 1.145 0.502 5.190 0.023 
Need to tear into some 
sections of wall for 
installation.  Installation 
takes around 4 days. 

0.575 0.134 18.331 0.000 

Respondent’s previous 
cost of plumbing repairs 
and/or replacement *  
Corrosion Proof 

0.0001 0.00006 4.644 0.031 

a The number of observations included in the model is 1086.  Independent variables take form of 
dummy variables with value of one when the characteristic was present in the plumbing material 
profile and zero otherwise.  To avoid a dummy variable trap, one of the attribute levels was 
excluded from the analysis. 
b Coefficient estimates show how much increase in the likelihood of being in a higher category 
results from a one unit increase in the independent variable. 
c  Standard error represents the variation of the estimate. 
d  Wald statistics and p-value represent the significance level. 
e Only those independent variables are included which are statistically significant at either 5% or 
10%. None of the model specifications with socioeconomic variables entering one at a time had 
statically significant coefficients when interacted with the attribute levels of plumbing materials.   
f The number of observations included in the model is 1072.  Independent variables take form of 
dummy variables with value of one when the characteristic was present in the plumbing material 
profile and zero otherwise.  To avoid a dummy variable trap, one of the attribute levels was 
excluded from the analysis. Model Statistics: Log-likelihood value is 1565.522 with chi-square of 
119.384 and p-value of 0.000; Nagelkerke’s R-square is 0.101. Pearson correlation statistics 
comparing the actual and estimated values is only 0.330 with a p-value of 0.000. 

 

As presented in Table 3.57, Material A has the lowest values of estimates for all 

preference categories, compared to Materials B and C. Material C has the highest values 

of preference valuation. Threshold values with smaller absolute values imply smaller 

differences between preference valuation categories and the base category in the 

likelihood of that preference category being selected.  For example, Material B has a 

smaller absolute threshold value compared to Material A for the “Not Preferred”  
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category, implying a smaller difference between ‘Not Preferred’  and ‘Extremely 

Preferred’  for Material B (-1.344) compared to Material A (-1.919).  

Material C has the highest values of odds ratios for each preference category 

while Material A has the lowest.  The odds ratios that present the likelihood of a 

preference category being selected are compared to the base category. For example, the 

category ‘Strongly Preferred’  is 10.145 times as likely to be selected as the base category 

for Material C while for Material A it is only 1.724 times as likely. A lower odds ratio for 

each preference category is more preferred as it implies that the ‘Extremely Preferred’  

category has a higher chance of being chosen relative to other categories.  

Based on the marginal distribution probability estimates, Material A has a larger 

probability estimate for ‘Strongly Preferred’  to ‘Extremely Preferred’  category 

preference.  On the other hand, Material C has higher probability estimates for category 

‘Not Preferred’ .  Based on these results, Material A is again the most preferred material 

followed by Material B. Material C as previously found is the least preferred plumbing 

material.  
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Table 3.57: Ordered Logit Regression Results’  Analysis by Plumbing Material Type (Dependent 
Variable Represents the Plumbing Material Valuation and the Independent Variables Represent 
the Plumbing Material Attributes and the Socioeconomic Characteristics)  
 Material A Material B Material C 

Coefficient Estimatesa 
Not Preferred -1.919 -1.344 -0.147 
Moderately 
Preferred -0.472 0.103 1.300 
Strongly Preferred 0.545 1.120 2.317 
Very Strongly 
Preferred 2.018 2.593 3.790 
Extremely Preferred    

Odds Ratio Estimates 
Not Preferred 0.147 0.261 0.863 
Moderately 
Preferred 0.624 1.108 3.669 
Strongly Preferred 1.724 3.064 10.145 
Very Strongly 
Preferred 7.522 13.367 44.256 
Extremely Preferred    

Cumulative Probability Estimates 
Not Preferred 0.128 0.207 0.463 
Moderately 
Preferred 0.384 0.526 0.786 
Strongly Preferred 0.633 0.754 0.910 
Very Strongly 
Preferred 0.883 0.930 0.978 
Extremely Preferred 1.000 1.000 1.000 

Distribution Estimates 
Not Preferred 0.128 0.207 0.463 
Moderately 
Preferred 0.256 0.319 0.323 
Strongly Preferred 0.249 0.228 0.124 
Very Strongly 
Preferred 0.250 0.176 0.068 
Extremely Preferred 0.117 0.070 0.022 
aCoefficient estimates are built up from the statistically significant estimates for the attribute 
levels and threshold values.  Coefficients are compared to the base “Extremely Preferred”  level.   

 

As in the previous model specifications, Material A is the most preferred 

plumbing material when the CA data is estimated, employing an Ordered Logit Model 

with and without socioeconomic characteristics. Material C is the least preferred 

plumbing material. Two plumbing material attributes are important in making the 

decision on type of pipes to be installed in a house: plumbing material installation time 

and corrosion risk. The regression coefficients as well as the computed odds ratios and 
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probability estimates differ between the model specification with and without the 

socioeconomic variables.  

For example, for Material A, the odds ratios are lower for all preference 

categories in the case of model specification with socioeconomic variables (e.g. 

category”  ‘Very Strongly Preferred’  has odds ratios ranging from 9.034 to 14.083 for 

model without socioeconomic variables and 7.522 for model including socioeconomic 

variables). This finding implies that the socioeconomic variables impact the 

discrimination level between the plumbing material preference valuations. For example, 

if a household has experienced previous cost of plumbing repairs and/or replacement, 

their preference valuation level is lower for a more corrosion prone plumbing material 

compared to material with an attribute level of ‘corrosion proof’ . 

The marginal distribution of probability estimates has higher values for lower 

preference categories for Material C in the case of model specification without 

socioeconomic variables. For example, for Material C, ‘Not Preferred’  has probability 

distribution estimate ranging between 0.396 and 0.505 depending on survey version 

(without) compared to 0.463 (with socioeconomic variables). The marginal distribution 

estimates for higher preference valuation categories are lower for Material A and B for 

model without socioeconomic variables. For example, for Material A, ‘Extremely 

Preferred’  has a probability distribution estimate ranging from 0.068 to 0.100 (without 

socioeconomic) compared to 0.117 (with socioeconomic variables). As a result, the 

inclusion of socioeconomic variables raises the level of preference for Materials A and B, 

while it decreases the level of preference for Material C.   

In conclusion, although the inclusion of socioeconomic variables does not change 

the final preference ranking of the plumbing materials, it increases the estimated level of 

preference for Material A and B by increasing the marginal probability distribution of 

estimates for the higher preference categories (i.e. ‘Strongly Preferred’ ).  The increase is 

the most pronounced in the case of Material A (model with socioeconomic variables) for 

which the ‘Extremely Preferred’  category has a probability distribution estimate almost 

twice as large compared to the model specification without socioeconomic variables in 

case of survey version 3 (0.117 vs. 0.068).  The respondent’s previous cost of plumbing 

material repairs and replacement impacts positively the preference level for plumbing 



 187

materials described by ‘corrosion proof’  attribute level. This finding implies that 

Materials A and B are more highly preferred when socioeconomic factors are taken into 

consideration. Households experiencing high costs of fixing corrosion related damage in 

the past are more likely to prefer and choose materials with lower corrosion levels. The 

decreased corrosion level implies lower future plumbing material failures and therefore, 

lower costs associated with repairs of water-related damage.  

 

3.11 Conclusions and Discussion 

Due to the fact that homeowners have an important stake in finding plumbing 

systems appropriate for their households, they should not only rely on expert advice but 

also acquire information on plumbing material attributes such as price, health impact, 

longevity, and corrosion resistance in order to make informed investment decisions about 

plumbing systems for their homes.  Information on consumer preferences for drinking 

water plumbing attributes can be useful not only to individual households but also to 

policymakers, program managers, water utilities, and firms with interests in drinking 

water infrastructure.   

This study addressed the issues of household plumbing material decisions as well 

as preferences for choosing corrosion prevention options manifested in the form of either 

house re-plumbing or purchasing of insurance against corrosion. The information was 

elicited by two surveys of residents residing in a Southeastern Community by employing 

stated preference methods (CA, CV, and AHP). Economists often utilize the stated 

preference methods (CA and CV) for non-market valuation analysis including 

willingness-to-pay estimation (Champ et al., 2003).  On the other hand, AHP is widely 

used by the Engineering field for determination of the most optimal attributes (Helm et 

al., 2004).  Results of the CA analysis are reported in this study.   

In order to address the issues related to the household preferences for plumbing 

materials, the study objective was to investigate homeowners’  preferences for plumbing 

materials as well as preventive techniques against corrosion (plumbing material upgrade, 

purchase of an insurance policy against corrosion while staying with the current 

plumbing material, or staying with the current plumbing material) based on households’  

experiences with plumbing material failures. 
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Two surveys of residents residing in a Southeastern Community were conducted. 

The first survey elicited information on the prevalence of pinhole leaks and other 

plumbing material failures, households’  experiences with plumbing material failures, the 

cost of repairs and property damages due to the material failures, and household 

preferences for corrosion preventive measures. The follow-up survey, sent only to those 

residents who agreed to participate in future studies related to the plumbing material 

issues, elicited information on households’  preferences for a set of hypothetical plumbing 

materials.   

The objective of eliciting household preferences for plumbing materials and 

preventive measures against corrosion employed CA questions, which were analyzed 

using Multinomial Logit and Ordered Logit regression models.  The data analysis 

employing MNL model specification was tested for violation of independence of 

irrelevant alternatives assumption. The several estimated model specifications included 

equations accounting for the socioeconomic characteristics of the households as well as 

differences in survey versions presented to the households (differences in the order of CA 

question occurrence in the survey layout).  

Overall, the Southeastern Community survey revealed high level of awareness of 

pinhole leak problem among residents of the community. Twenty percent of the 

households reported actual pinhole leak incidents. The percent of pinhole leak reports 

was on par with other hot-spot corrosion places in the U.S., but above the rate of pinhole 

leak occurrences in non-hot spots (Scardina et al., 2007). The pinhole leak problem was 

more prevalent in houses built before the 1990s with copper pipes installed as the 

plumbing system. This finding is in an agreement with the Maryland Pinhole Leak 

Survey conducted by Kleczyk and Bosch (2008).   

The total repair expenses due to the pinhole leaks varied between $100 and 

$5,000 with several reports of more than $5,000 in repairs. Similar results were found by 

Kleczyk et al. (2006) of selected communities in the East, Southeast, Midwest, and West 

regions. Over 50% of surveyed respondents spent more than $100 on repairs with 

estimates as high as $12,000. In comparison, in their Maryland Pinhole Leak Survey, 

Kleczyk and Bosch (2008) found costs from the plumbing material failure repairs to 

reach even $25,000.  Unlike the present survey, however, the study by Kleczyk and 
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Bosch (2008) did not separate the costs associated with pipe failure and property damage. 

This Southeastern Community survey accounted for this factor, which might have 

resulted in the differences between the two studies. Furthermore, many households in the 

Southeastern Community cited using a preventive measure against corrosion including 

whole house re-plumbing and installation of water softeners. Over 80% of residents of 

the Southeastern Community were satisfied with the water quality in their homes.     

The Conjoint Analysis of the first Southeastern Community survey data revealed 

that the corrosion risk level did not have a statistically significant impact on the decision 

to re-plumb the whole house, purchase an insurance policy while staying with the current 

plumbing system, or stay with the current plumbing material. The decision was impacted 

by either the cost of house re-plumbing or the cost of insurance policy against corrosion.  

When the socioeconomic variables were included in the analysis, a couple of factors 

including the house value, house age, and the respondent’s previous cost associated with 

fixing or replacing plumbing material impacted the household decisions.  Overall, based 

on the corrosion risk values and the cost of the preventive measures, most households 

(69%) preferred to stay with the current plumbing material.   

Four socioeconomic variables impacted the decisions for plumbing upgrade or 

insurance purchase: the house value, house age, pinhole leak occurrences in the past, and 

the respondent’s previous cost of plumbing repairs and/or replacement. These 

socioeconomic characteristics had an impact on the decision with regards to choosing to 

either re-plumb the house or purchase an insurance policy.  For example, higher home 

value was found to increase the probability that respondents would choose a prevention 

option (plumbing upgrade or insurance) against costs of corrosion damage in order to 

avoid loss on their property investment. On the other hand, if households have accrued 

plumbing material repairs or replacement costs in the past, they might be less prone to 

either re-plumb their houses or purchase an insurance policy against corrosion, as they 

have already invested in corrosion prevention by either repairing or replacing their 

drinking water infrastructure. House age positively impacted the decision to upgrade 

plumbing material as the house age approximates the age of the plumbing material. For 

example, Lee et al. (forthcoming) found that plumbing material should be replaced 22 

years after pipe installation. Furthermore, Kleczyk and Bosch (2008) found that the house 
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age as well as the past experiences with pinhole leaks are the drivers of either pinhole 

leak corrosion and/or costs related to pinhole leak damage. This finding implies that at 

some point households should preventively re-plumb their houses to prevent future leaks 

and future financial burden (Kleczyk & Bosch, 2008).    

The probability of choosing a plumbing upgrade or insurance purchase was rather 

consistent between different model specifications.  The compensated variation analysis 

revealed that households would have to be financially compensated in order to switch 

from the current plumbing material to either upgrade the plumbing system or purchase an 

insurance policy. For example, to induce a household to switch from the current 

plumbing material to home re-plumbing, the homeowners would have to be compensated 

between $5,460 and $5,529.  The compensation is even higher when switching from the 

current plumbing material to purchasing an insurance policy against corrosion. The 

compensation varies from $10,500 to $13,771. The negative compensating variation 

values imply that the attributes of the alternatives were viewed as utility reducers, 

requiring compensation to keep the household on the same level of utility. 

The test for the independence of irrelevant alternatives assumption revealed 

justification for employment of the MNL model specification.  Finding the confirmation 

for this assumption implies that inclusion of new alternatives into the choice set of 

prevention has no effect on the relative probabilities of the choices. As a result, 

households’  preferences for prevention against corrosion are transitive and allow for 

finding the most preferred (optimal) approach of corrosion prevention (utility-

maximizing behavior). When taking into account that the population residing in the 

Southeastern Community is a very homogenous group in terms of their geographic, 

demographic and socioeconomic characteristics and that these residents share similar 

experiences with corrosion and pinhole leak problems, this result is not surprising.  

The equality of coefficients estimates between the equation for upgrading the 

plumbing material vs. staying with the current material and the equation of purchasing an 

insurance policy against corrosion vs. staying with the current plumbing material was 

also tested.  The test results revealed statistically equal coefficients for risk of corrosion 

as well as cost of corrosion prevention option (either upgrading plumbing material or 

purchasing an insurance policy) between the two equations. The equality implies the 
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same response function for independent variables between the models regardless of the 

chosen prevention option.  The homogeneity of the Southeastern Community residents is 

manifested in the form of preferences for corrosion prevention as well as the 

responsiveness to the external factors impacting the corrosion prevention decisions.   

The CA of the follow-up survey data of residents in the Southeastern Community 

revealed that among three hypothetical plumbing materials (A, B, and C), the households 

preferred Material A followed by Material B.  Material C was the least preferred material 

in the set.  This result was derived based on each of the respondents’  preference 

evaluation of the different plumbing material groupings. The preference ranking of the 

materials was the same across both Ordered Logit model specifications. Furthermore, the 

CA results were in agreement with the survey baseline method, which ranked Material A 

as the most preferred and Material C as the least preferred. The baseline ranking of 

plumbing materials was obtained from households’  comparisons of all three plumbing 

materials at the same time.  

The plumbing material attributes that were important in the decision-making 

process included: corrosion risk and time length of plumbing material installation.  In 

both cases the attribute level rankings were in agreement with the transitivity assumption 

of preferences and the lower corrosion risk attribute level as well as shorter amount of 

time required for plumbing material installation was more preferred to the more corrosion 

risk prone and longer installation period attribute levels.  

Only one socioeconomic variable had a statistically significant impact on the 

chosen plumbing material: cost of plumbing material repairs and replacement incurred by 

the respondent. This variable was statistically influential when interacted with corrosion 

attribute levels.  Although it did not change the preferences for plumbing materials, the 

variable skewed the preference valuations favorably towards plumbing materials 

described by ‘corrosion proof’  attribute level.  This finding implies that the more each 

household had previously spent on repairs associated with plumbing material failures, the 

more they preferred a plumbing material with lower corrosion level to avoid future 

expenditures on drinking water system repairs.  

There are several implications for further research that would improve the 

analysis and impact the precision of the final results for the CA of households’  preference 
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for corrosion prevention as well as plumbing materials. Future CA studies eliciting 

preferences for preventive measures should include higher risk values of corrosion to test 

the responsiveness of households to higher corrosion levels in considering corrosion 

preventive options as protection for their homes. For example, the risks of corrosion 

values presented in the first Southeastern Community survey were too small to induce a 

choice of corrosion prevention option by the survey respondents as they varied from no 

corrosion risk to only 6% chance of corrosion. With such low levels of corrosion, 69% of 

respondents did not choose a prevention option, although the pinhole leak occurrence rate 

for the Southeastern Community was 25%.  

In the case of the CA for preferred hypothetical plumbing materials, there are 

several improvements proposed to the survey design.  The information set of plumbing 

material attributes might have not been the most complete and objective description of 

the pipe characteristics. Households with copper plumbing materials installed in their 

houses were more likely to identify Material C as copper and therefore might have 

evaluated it based on their experiences and not based on the comparison with other 

plumbing materials. This finding, however, is not unexpected, as part of the research 

question was to examine the impact of previous experiences with plumbing material 

failures on household decisions for corrosion prevention and plumbing material choices. 

Furthermore, in his AHP study, Lee (2008) noticed that some of the householders 

provided a high degree of preference for a specific plumbing material in the survey, but 

in reality installed other types in their homes (Lee, 2008). As a result, there is a mismatch 

between the stated preferences derived based on the homeowners’  survey and the actual 

behavior exhibited by the households.  

As some of the survey respondents (15) had difficulty following and 

understanding the survey questions, the format of CA questions should also be rethought 

and simplified.  Working with either an educator or health official would allow gearing 

the reading level of the survey to match the capabilities of the respondents.  Finally, as 

many of Southeastern Community residents were older than the national age average (72 

years old vs. 36 years old (U.S. Census Bureau, 2008)) and had problems with following 

and understanding the survey, surveying a more nationwide representative sample of 

households could eliminate the issues resulted from misinterpretation and 
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misunderstanding of the questionnaire questions. These improvements would result in 

increased precision of the outcomes and therefore more appropriate policy implications 

concerning the drinking water infrastructure.  

The above survey results inform policy makers, utility managers, and home 

plumbing systems producers on the homeowners’  preferences for plumbing materials and 

the trade-offs between the risk of corrosion and cost of a leak-free environment based on 

their experiences with pipe failures in the past.  The cost of alternative preventive 

measures, corrosion risk, and convenience of plumbing material installation drive the 

decisions of homeowners regarding their plumbing system.  As a result, policy makers 

should take into consideration the implications of new federal and state regulations on the 

interactions between drinking water and drinking water plumbing.  Furthermore, their 

regulations and standards should accurately test the different types of plumbing materials 

used in the drinking water infrastructure as well as their chemical and physical 

interactions with chemicals used to treat drinking water.   

For example, Edwards et al. (2004) suggested that removal of natural organic 

matter mandated by tighter EPA drinking water standards contributed to the pinhole leak 

problem in combination with other factors, including faulty installation, since natural 

organic matter is an inhibitor to the corrosion-inducing chemical reactions. To deal with 

this problem, Bosch et al. (2006) found that almost 60% of water utilities added corrosion 

inhibitors such as phosphate to water treatment. The inhibitors were added to protect 

water service lines, to comply with the lead and copper rule proposed by EPA, and to 

give protection to residential customers. Similarly, after adding phosphate to the water 

treatment process by utility companies who distribute water to the Southeastern 

Community as suggested by Virginia Tech researchers, Dr. Edwards and Dr. Scardina, 

the Southeastern Community reported a decrease in the number of pinhole leak reports 

(Scardina & Edwards, 2007). 

Furthermore, the cost associated with employment of different prevention options 

as well as the convenience of installation has an impact on households’  decisions 

concerning choosing a plumbing material for their houses. As a result, service providers 

(i.e. plumbers and material manufactures) should be sensitive to households’  financial 

constraints and convenience of plumbing installation for homeowners. For example, 33% 



 194

of Southern Community respondents with pinhole leaks spent at least $500 repairing 

damaged plumbing material while more than 75% of survey participants with pinhole 

leaks experience at least moderate level of stress. In their Maryland study of pinhole leak 

corrosion, Kleczyk and Bosch (2008) estimated the total cost32 of fixing damage related 

to pinhole leaks to range from roughly $1,300 to more than $18,000. As a result, when 

plumbing services are expensive, the service providers should concentrate on installing 

plumbing materials that are convenient to install and present a low failure rate to 

minimize future financial spent on plumbing material repairs.    

Finally, water professionals and policy makers should work on public policy that 

would address public preferences for drinking water infrastructure. Results of this 

Southeastern Community analysis results can provide information to policy experts and 

water utility managers who are dealing with extensive corrosion problems in their areas.  

Information will fill the gaps of knowledge about corrosion occurrences, the financial 

impact of plumbing material repairs on households, and households’  preferences for 

drinking water infrastructure as well as the ability of householders to pay for different 

corrosion prevention options.   
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3.12 Appendix 

Appendix A: Additional Analysis  

Conjoint Analysis with Cost of Corrosion Prevention Divided by Household 

Income 

This MNL model specification includes socioeconomic variables represented by 

the cost of corrosion prevention divided by the household income. As mentioned earlier, 

socioeconomic variables are constant over the alternatives for each household, so the 

difference between utilities from choosing different prevention options is equal to zero.  

There are two ways in which the socioeconomic variables can enter the MNL model and 

influence choice of prevention options: (1) through interaction with alternative attributes 

and (2) through dividing the cost variable by income (Train, 2003).  The interaction of 

socioeconomic variables with other explanatory variables was discussed in section 

3.8.1.1.  

In order to evaluate the results of MNL model accounting for socioeconomic 

variables, the model significance should be assessed first.  The presence of a relationship 

between the dependent variable and the combination of independent variables is assessed 

based on the chi-square and log-likelihood statistics of the final model.  Based on the 

analysis, the chi-square statistic is 3.867 with the significance level of p-value of 0.144 

and a log-likelihood value of 913.788.  The existence of a relationship between the 

independent variables and the dependent variable is not supported by the results.  Pseudo 

R-square is 0.002, which implies that there is a 0.2% increase in the log-likelihood 

function above the function at zero and the estimated parameters improve the model’s fit 

only slightly.  In addition, there is no overall significant relationship between the 

independent variable: risk of corrosion and the cost associated with plumbing material 

upgrade and insurance purchase/household income and the dependent variable of 

corrosion prevention options (Table 3. A1).  
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As presented in Table 3.A2, there are no statistically significant results for any of 

the preventive options. As a result, the analysis of marginal utility of income and 

compensating variation of the MNL model specification is not performed. Based purely 

on the statistically significant intercepts, the probability of upgrading plumbing material 

is 14%, the probability of purchasing an insurance policy is 14% and the probability of 

staying with the current plumbing material system without purchasing insurance is 72% 

(Table 3.A2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.A1: Likelihood Ratio Tests for MNL Model without Socioeconomic Characteristics 
(Cost/Income in a Continuous Variable Format) 

Model Fitting Criteria Likelihood Ratio Test  
 

Effect 
-2 Log Likelihood of 

Reduced Model 
Chi-Square Significance 

Risk of Corrosion 916.282 2.494 0.287 
Cost of Home Re-plumbing 
and Insurance Purchase 
/Household Income 

917.752 3.964 0.138 
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Table 3.A2: Regression Estimates for MNL Model without Socioeconomic Characteristics (Cost/Income in a 
Continuous Variable Format) 

Variable Name 
Beta 

Coefficient a Exp(B)b 
Probability 
Estimate c Wald Stat d Std. Error e P-Value d 

Upgrading Plumbing Material f 

Intercept -1.644  0.140 551.015 0.070 0.000 
Risk of Corrosion 2.372 10.718 0.172 0.942 2.443 0.332 
Cost of Home 
Re-plumbing and 
Insurance 
Purchase 
/Household 
Income 

9.843E-11 1.000 0.137 0.596 0.000 0.441 

Keeping Current Plumbing Material and Purchasing Insurancef 
Intercept -1.668  0.140 526.388   
Risk of Corrosion 2.796 16.384 0.174 1.158 2.598 0.282 
Cost of Home 
Re-plumbing and 
Insurance 
Purchase 
/Household 
Income 

-2.493E-10 1.000 0.136 2.640 0.000 0.114 

a Beta coefficients represent the parameter estimates from the MNL model estimation. 
b Odd ratio (Exp(B)) represents the impact of increase in the independent variable on the likelihood of choosing 
a given option (insurance or plumbing upgrade).  For example, an odds ratio of 1 means a one unit increase in 
independent variable implies an equal likelihood of choosing or not choosing the prevention option.  
c Probability estimate for continuous variables is computed at the mean value of the independent variable (e.g. 
the cost of insurance or plumbing upgrade) presented to all respondents.  Probability estimate for a dummy 
variable is the increase in probability of choosing the prevention option for respondents in the ‘1’  category.  
d Wald statistics and p-value represent the significance level. 
e  Standard error represents the variation of the coefficient estimate. 
f Independent variables take the form of continuous variables. Risk of corrosion represents the risk of corrosion 
occurrence when using this corrosion prevention method and the ratio of cost of plumbing material upgrade and 
insurance purchase over the household income represents the cost of corrosion prevention adjusted for the 
annual income to measure the relative impact of cost on corrosion prevention.  The number of observations 
included in the model is 986. Model Statistics: Log-likelihood value is 913.788; Nagelkerke’s R-square is 0.002 
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Appendix B: Southeastern Community First Survey  
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Appendix C: Southeastern Community Follow-up Survey  
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Appendix D: Statistical Software Programs 

Experimental Design for Southeastern Community Survey 
 

options errors =3 nocenter pagesize = 60; 
 
libname out "C:\Documents and Settings\ekleczyk"; 
 
title1 "Test Conjoint Design"; 
 
proc factex; 
factors x1-x5  /nlev=5;/ 
model res = 5; 
size design = min; 
output out=out.Design1; 
 x1 nvals=(1 2 3 3 3)  
 x3 nvals=(1000 5000 7500 10000 14000) 
 x4 nvals=(400 2000 3000 4000 6000) 
 x5 nvals=(0 0.03 0.06 0.06 0.06); 
run; 
 
proc optex data = out.design1 seed=26547; 
class x1-x5; 
model x1-x5; 
generate n=1600 method=m_fedorov iter=40; 
output  out=out.design2; 
run; 
 
proc print data = out.design2; 
run; 
  
proc corr data=out.design2; 
var x1-x5; 
run; 
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Appendix E: Southeastern Community Survey IRB Exempt Approval 
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CHAPTER 4 

The Determinants of Corporate Debt Matur ity 

Structure 
 

 
 
An earlier version of this article was published in the Fall 2007 edition of the 
International Journal of Business & Economics, Volume 6, Issue 1, pages 80-88.  The 
published article does not discuss the economic theory guiding the econometric models, 
including the efficient market and principal-agent theories. The theoretical framework is 
not necessary to understand the empirical results and conclusions of the analysis.  
 
An earlier version of this article was presented at the 6th Global Conference on Business 
and Economics at Harvard University, Boston, MA.  October 2006. The text is available 
online at 
www.trintrin.com/gebc/The%20Excess%20Bond%20Returns%20and%20Debt%20Maturity.doc. 
 

Abstract 
Debt financing decisions are made simultaneously by lenders and borrowers.  Since 
lenders are unable to observe directly the firms’  investment decisions, the banks offer 
contracts based up on firms’  observable characteristics such as wealth and size. The 
contracts offered to each firm differ on the cost of capital borrowing as well as the debt 
maturity.  When deciding on the financing decisions, firms also take into account the 
changes in macroeconomic variables in order to lower the cost of borrowing. As a result, 
the goal for this article is to examine empirically the hypothesis of the effect of the debt 
determinant as well as the macroeconomic variables on the debt maturity structure. A 
reduced form of the simultaneous financing decisions model is estimated by employing 
several OLS estimation methods.  The empirical findings offer strong support for firms 
with few growth options, large, and of low quality having more long-term debt in their 
capital structure.  Macroeconomic variables such as excess bond returns, term spread, and 
inflation also affect the debt maturity decisions, which imply that managers time the debt 
market.  On the other hand, there is no evidence in support of the impact of short-term 
interest rates on the debt maturity, confirming the hypothesis of the firms’  inability to 
profit from market timing. Furthermore, there is little evidence in support of regulatory 
impact on the debt structure. 
 

Keywords: Debt Maturity, Capital Structure, Panel Data Analysis 

JEL Classification Codes: G32, G39 
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4.1. Introduction 

According to Stiglitz (1974) and Modigliani and Miller (1958), in efficient and 

integrated markets, the financial management policy cannot decrease the costs of capital 

due to the interrelation between the different types of capital costs.  Consequently, there 

is no gain from substituting debt for equity.  However, evidence has been found against 

this claim, demonstrating that equity financing is related to the predictability of stock 

returns.  For example, firms issue equity when the equity premium is low in order to time 

an inefficient market and reduce the cost of capital borrowing and/or to optimize capital 

structure together with expected returns (Baker et al., 2003).  On the other hand, there is 

substantially less literature on debt financing.  For example, according to Bosworth 

(1971), debt maturity is related to market conditions, such as the interest and inflation 

rates.  Furthermore, Barclay and Smith (1995) find firms with higher information 

asymmetries to issue short-term debt.  They determine a positive relationship between 

debt-maturity and dividend yield as well as a negative relationship between the maturity 

of debt and the term-spread (Barclay & Smith, 1995).  Although the above papers provide 

support for the association between debt and returns, none offers information on the cost 

of capital borrowing at different times of debt maturity due to lack of analysis of returns 

data.  

The relationship between debt maturity and cost of capital borrowing is examined 

by Baker et al. (2003). In their paper, they analyze the variation in the maturity of debt 

due to debt market conditions (inflation and interest rates) as well as the excess bond 

returns. Excess bond returns are an index of investment-grade corporate bonds over 

commercial papers (Baker et al., 2003).  In their article, the authors utilize aggregate 

annual time-series data and find a close relation between debt maturity and predictable 

variation in the excess bond returns. According to their findings, firms issue long-term 

debt when bond returns are low and short-term debt when returns are high.  They explain 

the above evidence as managers timing an inefficient capital market using public 

information to guide their debt maturity decisions.  They are, however, unable to 

conclude whether firms actually reduce the overall cost of capital borrowing from timing 

the market as a result of difficulties in interpreting the predictions of the regression 

results (Baker et al., 2003). 
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This paper extends the empirical analysis performed by Baker et al. (2003) to the 

pooled time- and cross-sectional data in order to examine the relationship between the 

excess bond returns and the corporate debt maturity structure.  In addition, the analysis 

extends previous studies such as that conducted by Barclay and Smith (1995) by 

incorporating the bond returns information in the corporate debt maturity structure 

research. As a result, the study accounts for the relationship between debt maturity and 

the cost of borrowing at different maturities.  

The goal of this paper is to examine the hypothesis of the effect of the 

macroeconomics variables, excess bond returns, as well as the corporate debt 

determinants on the debt maturity structure at the individual firm level data.  The 

Principal – Agent Theory and the Efficient Market Hypothesis provide the theoretical 

framework for the analysis.  The Principal - Agent Theorem describes the relationship 

between the lenders (banks) and borrowers (firms) in the credit market as well as the 

process of loan issuance.  As firms’  investment decisions are not directly observable by 

the banks, the terms of the loan (interest rate, loan size, and length) are usually based on 

the firms’  observable characteristics such as wealth and size. The Efficient Market 

Hypothesis states that it is impossible in an efficient market to profit from market timing 

in the long-run. Market timing is defined as the opportunity to obtain higher return on 

investment by simply observing and responding to the changes in macroeconomic 

variables (Baker et al., 2003).The Efficient Market Hypothesis widely recognized by 

economists has been questioned by financial analysts.  Several empirical studies 

including studies by Baker et al. (2003), Bosworth (1971) and Malkiel (2004), however, 

have found support for profiting from market timing in the short-run.   

Based on these theorems, it is predicted that small and unregulated firms with 

more investment growth options have less long-term debt.  When the bond market cannot 

distinguish between high - and low – quality firms, defined by the firm’s abnormal 

earnings, the high-quality firms will signal their wealth through issuance of less 

underpriced short-term debt. Both investors and low - quality firms realize the high – 

quality firm’s behavior, forcing the high - quality firms to issue more short-term debt 

(Kale & Noe, 1990). Similarly, firms with large potential information asymmetries are 

likely to issue short-term debt due to their larger information costs associated with long-
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term debt (Flannery, 1986).  On the other hand, when the high – quality firms are faced 

with low risk of debt refinancing, they are more likely to issue short-term debt while less 

creditworthy firms will issue longer-term debt. The very poor firms cannot issue long-

term debt as they face a higher likelihood of reporting low profits and facing higher 

borrowing costs (Berlin, 2006).  

Additionally, according to Baker et al. (2003) debt maturity is also related to debt 

market conditions, such as interest and inflation rates as well as a term spread.  It is 

expected that the macroeconomic variables are negatively related to the maturity of debt. 

Following Baker et al. (2003), it is predicted that firms issue long-term debt when bond 

returns are low.  Finding support for the impact of macroeconomics variables including 

excess bond returns on debt maturity decisions implies that in the short-run period firms 

lower the cost of capital borrowing from timing the market. In the long-term, however, 

this hypothesis should not be supported by the model’s results as suggested by the 

Efficient Market Hypothesis.   

The research objective is achieved by investigating the relationship between the 

excess bond returns, macroeconomics variables, as well as the determinants of the firm’s 

debt and the corporate debt maturity structure.  In order to perform the analysis, the 

pooled time- and cross-sectional (panel) data for year 1991- 2000 from COMPUSTAT as 

well as the Federal Reserve are utilized.  The variables used in the econometric analysis 

are: the dependent variable: share of long-term debt, and the explanatory variables: 

excess bond returns, market-to-book ratio, regulatory dummy variable, log of market 

value of firm, abnormal earnings, term spread, inflation, and short-term interest rates.  

There are several Ordinary Least Squares (OLS) estimation methods employed to 

estimate the relationship between debt maturity and its determinants.  First, the pooled 

OLS estimation is utilized; however, there is a problem of unobserved error term 

dependence, which results in biased and inconsistent findings (Wooldridge, 2002).  In 

order to correct for this issue, a cross-sectional OLS regression method is utilized in 

combination with the time-series mean of each variable for an individual firm.  However, 

this method only accounts for the variation across firms without analyzing the time-

variation (Barclay & Smith, 1995).  
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In order to investigate the time-series dispersion, fixed and random effects 

regression models are employed.  In the fixed effects regression, the cross-sectional 

variation is arbitrarily correlated with the explanatory variables.  In the random effects 

regression model, it is assumed, on the other hand, that the cross-sectional variation is 

random, and it is a part of the unobserved variation included in the error term.  The 

Hausman specification test is used to test for the sufficiency of random effects estimation.  

Finally, in order to correct for the existing heteroskedasticity and serial correlation across 

panels, the generalized least squares estimation is used to obtain efficient estimators 

(Wooldridge, 2002).   

The results obtained from the OLS estimation provide evidence in support of a 

negative relationship between the debt maturity and the excess bond returns.  

Furthermore, the market-to-book ratio, abnormal earnings, as well as term spread and 

inflation are negatively related to the share of long-term debt.  However, no statistically 

significant relationships were found for regulatory dummy and short-term interest rate 

although the coefficients of these variables had the predicted signs.  

The results confirm the hypothesis of debt determinants and their impacts on the 

structure of corporate debt. The findings imply that firms with few investment growth 

opportunities, large in size, and of high quality have a large share of long-term debt in 

their financing structure. There is, however, an ambiguous result with regard to 

hypothesis of market timing lowering the cost of capital borrowing. On one side, 

managers time the debt market and incorporate the debt market conditions as well as the 

excess bonds returns in their debt financing decisions. On the other hand, the short-term 

interest rate does not have a statistically significant impact on a firm’s financing decision 

as suggested by the Efficient Market Hypothesis. The research results add to the 

undeveloped literature of debt financing by extending the analysis of the impact of debt 

determinants on debt maturity and by analyzing returns data and providing evidence for 

relationship between debt maturity and cost of borrowing at different maturities.  
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4.2. Theoretical Framework 

The theoretical framework guiding this article is the Principal – Agent Problem 

Model as well as the Efficient Market Hypothesis. These hypotheses include the Agency 

Cost Theorem, Signalling Theorem, and Market Timing Hypothesis.  

 

4.2.1 Pr incipal-Agent Theory 

In the Principal – Agent problem, the principal wants to induce a person, the 

agent, to take some actions. In most cases, the principal is unable to observe directly the 

agent’s action, but instead observes some output determined by the agents’  actions. The 

principal’s problem is to design an incentive payment to induce the agent to take the best 

action for the principal. The simplest example of the Principal-Agent Problem is a 

manager (principal) and a worker (agent). In the area of finance, the Board of Investors 

(principal) and the chief financial officer (CFO) of a company (agent) as well as credit 

institutions (principals) and corporate institutions (agents) are the examples.  In the 

manager and worker case, the manager wants the worker to exert as much effort as 

possible in order to produce as much output as possible, while the worker rationally 

wants to make a choice that maximises his/her own utility given the effort and incentive 

payment scheme (Varian, 1992).  

The Principal - Agent problem version follows Stiglitz and Weiss (1992) who 

provides the basic insights into the role of informational asymmetries33 in credit markets. 

In their model, they take into account adverse selection, which includes signalling34 and 

screening35, as well as incentive problems that induce the agent to behave according to 

the principal’s plan. In the model, the lenders vary simultaneously loan collateral 

requirements and interest rates in order to affect both the mix of applicants and encourage 

successful loan applicants to apply for loans.  The loan collateral represents the 

approximation of the loan quality, as not all firms are able to afford high collateral 

                                                 
33 Information Asymmetry - a study of decisions in transactions where one party has more or better 
information than the other (Stiglitz and Weiss, 1992). 
34 Signalling - in a situation with information asymmetry, some agents signal their types, thus believably 
transferring information to the principal and resolving the information asymmetry (Spence, 1973). 
35 Screening - the underinformed principals can induce the agents to reveal their information. They can 
provide a menu of choices in such a way that the choice depends on the private information of the agent 
(Stiglitz and Weiss, 1992) 
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requirements. The authors establish several equilibriums: pooling equilibriums in which 

high risk and low risk firms borrow at the same loan terms as well as separating 

equilibriums with low- risk firms obtaining loans on terms different from the high-risk 

firms.  Additionally, Stiglitz and Weiss (1992) introduce rationing concept in which the 

lender might reject investors based on their perceived risk level due to the possible losses 

from loan contracts (Stiglitz & Weiss, 1992).   

 

4.2.1.1 Borrowers 

In the Finance area, the basic Principal - Agent Model describes the behaviour of 

lenders and firms with regard to loan offers in the credit market. A borrower represented 

by a CFO invests funds lent by a bank in either a successful or an unsuccessful project 

with different probabilities of occurrences (please refer to Table 4.1 for term/notation 

definitions). The investment is made by utilizing either safe or risky investment 

techniques, which yield some level of return. An unsuccessful project is assumed to yield 

always a zero return. Lenders represented in the article as banks are unable to observe 

directly the chosen investment technique, which represents the asymmetric information 

faced by the banks with regard to the firm’s characteristics (Stiglitz & Weiss, 1992). 

 

  Table 4.1: Principal – Agent Theory Terminology  
Variables Definitions 

Project Return 
 
 
 

1. Safe investment technique: Rs 

2. Risky investment technique: Rr 
3. Assumption: Rs < Rr 

Project Success Probability 
 
 

1. Safe investment technique: ps 

2. Risky investment technique: pr 
3. Assumption: ps > pr 

Wealth  1. Initial wealth of W0 
a. collateralizable wealth: C0 
b. non-collateralizable wealth: H0 

2. Not invested wealth return: W = W0(1 + i* ) 
3. Firms differ on the amount of wealth: 

a. Rich firms: Wr   
b. Poor firms: Wp   
c. Assumption: Wr > Wp    

 
 



 244

In this Principal - Agent Problem, all project costs are normalized at unity to 

simplify the analysis and each borrower undertakes at most one project. The borrower has 

an initial wealth of W0 with collateralizable wealth, C0. It is assumed that all borrowers 

have the same utility functions36. As a result, differences in wealth induce dissimilarity in 

the indifference curve slopes between the required interest payments on a loan and the 

required collateral. In order to receive a loan contract to finance an investment project, 

the bank requires the borrower to provide collateral of C-hat and pay a loan interest rate 

of r. Based on the above assumptions, the borrower’s end-of-period wealth (it is the end 

of the project) is defined as follows: 

 

Y = max {W + R - (1+r), W – C}, (1) 

 

where R is the project return, W represents firms wealth, W = W0(1 + i* ), C represents 

the bank's collateral, C = C-hat(1 + i* ), Y1 = W + R - (1+r) is the wealth of a successful 

project, and Y0 = W – C is the wealth following an unsuccessful project (Stiglitz and 

Weiss, 1992)37.  

The borrower’s objective is to maximize his/her expected utility subject to the 

end-of-period wealth (Y1 or Y0) and the project success probabilities: 

 

Max E{U} = U1(Y1)p + U0(Y0)(1-p) (2) 

Subject to Y = max {W + R - (1 +r), W – C}  (3) 

 

Following Stiglitz and Weiss (1992), the borrower is assumed risk averse38 with 

decreasing absolute risk aversion39. The assumption of decreasing absolute risk aversion 

                                                 
36 The utility theory is explained in Appendix A. 
37 The analysis for firms profits based on the investment decisions are discussed in section on the Efficient 
Market Hypothesis. 
38 Risk Aversion - a concept related to the behavior of investors under uncertainty. It is the reluctance of a 
person to accept a bargain with an uncertain payoff rather than another bargain with a more certain, but 
possibly lower, expected payoff (Rubinstein, 1976). 
39 Absolute Risk Aversion - the Arrow-Pratt measure of the curvature of the utility function. Denote a 
utility function by u(c), the Arrow-Pratt measure of absolute risk aversion is defined by:  

RA = -u''(c)/u'(c). 
This measure is invariant to affine transformation of the utility function, which implies that the 
transformation does not affect the preferences expressed by u(). If RA() is decreasing in c, then u() displays 
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implies wealthier (W0) borrowers choose riskier techniques. The slope of the indifference 

curve is obtained from differentiating the expected utility, E{U}, with respect to r and C: 

 

E{U} = U1(W + R - (1+r))p + U0(W – C))(1-p)/dr,  dC (4) 

dE{U}= -U1
’pdr – U0

’(1 – p)dC = 0 (5) 

-U1
’pdr  = U0

’(1 – p)dC (6) 

-dr/dC = U1
’(1 - p)/U0

’p  (7) 

where  

Ub
’ = U’(Yb) = dU(Yb)/dYb, b = 0, 1. (8) 

 

U’(Yb) represents the marginal utility of wealth based on the stated outcome of project 

success denoted as b (Stiglitz and Weiss, 1992). 

Per the utility maximization problem, the borrower always chooses the technique 

yielding the highest expected utility. The borrower is, however, indifferent between the 

two techniques along the locus of {C, r}. The expected utility of risky investment is equal 

to the expected utility of the safe investment: 

 

EUr = EUs (9) 

 

Substituting the definition of the expected utility for risky and safe projects results in the 

following equation: 

 

U(Yr
1)p

r + U(Y0)(1 - pr) = U(Ys
1)p

s + U(Y0)(1 - ps) (10) 

 

where Yr
1 denotes the end-of-period wealth of a borrower who uses the risky technique 

that is successful and Ys
1 denotes the end-of-period wealth of a borrower who uses the 

safe technique that is successful. The locus of {C, r} is the switch line represented by 

combinations of interest rate and collateral at which the borrower is indifferent between 

                                                                                                                                                 
decreasing absolute risk aversion. If RA() is increasing in c, then u() displays increasing absolute risk 
aversion. If RA() is constant with respect to changes in c, then u() displays constant absolute risk aversion 
(Rubinstein, 1976). 
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undertaking safe and risky projects (see Figure 4.1). The switch line is positively sloped 

which can be shown by differentiating equation (10) with respect to r and C: 

 

U’(Yr
1) p

rdr + U’(Y0)(1 - pr)dC = U’(Ys
1) p

sdr + U’(Y0)(1 – ps)dC (11) 

(-U’(Yr
1) p

r + U’(Ys
1) p

s)dr = (-U’(Y0)(1 – ps) + U’(Y0)(1 - pr))dC (12) 

dr/dC = U’(Y0)(p
s – pr)/(U’(Ys

1)p
s – U’(Yr

1)p
r) > 0. (13) 

 

The borrower uses a risky technique when the investment yields return above the switch 

line. The safe technique is utilized below the switch line where interests rates are low and 

collateral requirements are high. By specifying the levels of r and C, the bank indirectly 

controls the technique chosen by the investing firm (Stiglitz & Weiss, 1992). 

 

Figure 4.1: Decision to Undertake the Safe vs. Risky Project 

 

  

 

 

 

 

 

 

 

 

 

Note1: X-axis represents the amount of collateral required by the banks; Y-axis represents the level of 
interest rate. 

Note 2: Figure 4.1 is based on Stiglitz and Weiss (1992) graphical representation. 
 

Amongst other characteristics such as firm’s size, the bank is able to observe the 

firm’s wealth. There are two types of firms identified based on their amount of wealth: 

rich firms (Wr) and poor firms (Wp). The wealth differential amongst the firms impacts 
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the amount of collateral that is offered for a loan. The collateral differential implies that 

the more wealthy firms are able to provide more collateral compared to the poor firms: 

 

Wp < Wr  => Cp < Cr. (14) 

 

The wealth differential and the assumption of decreasing absolute risk aversion imply the 

switch line for the rich firm to lie below the poor firm switch line. Based on the 

placement of the rich and poor switch lines, there are three regions identified that 

examine the possible loan contracts issued by the bank (Figure 4.2). In region X, the rich 

and poor firms use only risky techniques; in region Z, both firm types use only the safe 

technique; and in region Y, the poor firms use the safe technique and the rich firms 

employ the risky technique. The indifference curve of the rich firms through any point in 

regions X and Z is always flatter than that of the poor. The flatter indifference curve 

implies that the rich firms need lower interest rate reduction to compensate them for any 

increase in the amount of required collateral. In region Y, however, where the rich use the 

riskier technique and the poor the safer one, the indifference curve of the rich is steeper 

than that of the poor (Stiglitz & Weiss, 1992).  
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Figure 4.2: Loan Contract Regions: X, Y, and Z 

 

 

 

 

 

 

 

 

 

 

 

Note1: Collateral is fixed at Cp (the minimum amount of collateral for poor firms); x represents a fraction 

of those borrowing at Cp; at r’  the rich firms switch to risky projects; at r*  the poor firms switch to 

risky projects; and above rmax no firms borrow; P(Cp) represents the probability of reaching the 

minimum collateral level required by banks.. 

Note2: Figure 4.2 is based on Stiglitz and Weiss (1992) graphical representation. 

 

4.2.1.2 Lenders  

In the Principal - Agent Problem, lenders often represented by banks are assumed 

to be risk neutral. If a firm employs an investment technique m to execute on its project, 

the expected return to the bank (often referred to as profits) represented by v is: 

 

v = pm(1 + r) + (1 – pm)C (15) 

 

where pm represents the success probability of chosen investment technique. For a given 

project, the bank’s iso-return curve (otherwise known as the iso-profit curve) is a straight 

line. Regardless of whether the individual firm uses the safe or the risky technique, the 

borrower’s indifference curve is always steeper than the bank’s iso-return locus. The 

reason for the disparity in slopes is the borrower’s risk aversion: 

 

dr/dC = -(1 – pm)/pm (16) 

rmax
r*r’

slope = ps slope = xps + (1-x)pr slope = pr

Z Y X

P(Cp)

rmax
r*r’

slope = ps slope = xps + (1-x)pr slope = pr

Z Y X

P(Cp)
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which is always less than the slope of the indifference curve given by 

 

-dr/dC = U0
’(1 - pm)/U1

’ pm (17) 

 

since Y1 > Y0 and U’ ’  < 0 (Stiglitz and Weiss, 1992). 

 

4.2.1.3 The Pr incipal-Agent Problem Equilibr ium  

Banks know that the credit market consists of poor and rich borrowers, but due to 

asymmetric information on their side, they cannot ascertain each firm type. On the other 

hand, they know that the firm type can be revealed by choice of credit contracts the 

borrowers apply for. This concept represents the market’s signaling and screening 

solution to the problem of incomplete information. For example, an applicant trying to 

obtain a contract with collateral requirements in excess of Cp (amount of collateral 

greater than the minimum requirement of collateral for poor firms) must be a rich firm 

(Stiglitz and Weiss, 1992).   

In a competitive equilibrium, explained in detail in Appendix A, it is assumed that 

each bank earns zero profits. This implies that banks cannot increase profits by offering a 

different mix of contracts and/or changing the number of loans issued. If any bank made 

positive profits, some other bank would offer a slightly more attractive set of contracts 

and therefore attract all of the borrowers previously getting loans elsewhere without 

changing their choices. As a result in a competitive equilibrium, the rate of interest paid 

depositors must be equal to the expected return on a loan contract (Stiglitz & Weiss, 

1992).  

 

4.2.1.3.1 Equilibr ium Conditions 

In the Principal – Agent Problem equilibrium, each lender supplies certain types 

of loans and firms demand certain types of loans to complete their projects. Table 4.2 

describes the supply and demand for loan contracts in the market equilibrium. 
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Table 4.2: Equilibrium Conditions 
Supply of Loans (L(vz{K}) 

Poor Firm Loan Contract {F} Rich Firm Contract {G} 
Collateral: C = Cp  
the minimum amount of collateral required for 
poor firms  
 

Collateral: C = Cr  
the minimum amount of collateral required for 
rich firms  

Interest rate:  r =  rs
p  

the highest interest rate consistent with the poor 
using the safe technique  
 

Interest rate:  r =  rs
r  

the highest interest rate consistent with the rich 
using the safe technique 

Demand for Loans  
(N = Np + Nr) 

Np denotes the poor firms’  demand in the credit 
market. 

Nr denotes the rich firms’  demand in the credit 
market. 

 

The credit market equilibrium is defined as the maximum return obtained on the 

loan by a lender subject to the expected utility level of the borrowers.  For example, if 

vz{K} defined by either a contract {F} or a contract {G} is the expected return to the bank 

on a contract {K} obtained by proportion of poor and rich borrowers presented by z = 

Np/N, the bank’s optimization problem is defined as follows: 

 

Max vz{K} = Np[  p
s(1 + rs

p) + (1 – ps)C]  + Nr[  p
s(1 + rs

r) + (1 – ps)C]   (19) 

Subject to EUl{K} = U1(W + R - (1+ r l))p + U0(W – C))(1-p). (20) 

 

Two types of loan contracts are offered by lenders and differ in terms of the 

interest rates as well as collateral amount. The collateral requirement is always higher at 

{G} than at {F}, so this type of contract is attainable only by the wealthy firms. A 

contract {G} therefore, increases the bank’s expected loan return due to the higher 

collateral requirement. On the other hand, the interest rate may be lower due to the rich 

borrower’s switch lines lying just below that of the poor line (Figure 4.3). Consequently, 

increases in rich firms’  collateralizable wealth have two effects: the switch line is shifted 

down decreasing the bank’s profits while higher amount of collateral directly increases 

the bank’s profits. The net effect on the bank expected return is ambiguous and depends 

on the extent to which the borrower’s (absolute) risk aversion decreases with wealth. The 

return also depends on the relative differences between acquired wealth of the rich and 

poor (Stiglitz & Weiss, 1992).  
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As noted earlier in this section, each bank can issue only one loan contract, which 

allows for equilibriums with and without rationing. Either result may be characterized by 

complete pooling where all rich and poor borrowers receive the same contract or by 

partial separating where some rich borrowers receive loans at different contract terms 

from those received by the poor (Stiglitz & Weiss, 1992). 

 

Figure 4.3: Credit Market Equilibrium Conditions  

 

 

 

 

 

 

 

 

 

 

 

 

Note 1: {F} is the optimal contract to the poor firms; {G} is the optimal contract to the rich firms.  

Note 2: X-axis represents the amount of collateral required by the banks; Y-axis represents the level of 

interest rate. 

Note 3: Figure 4.3 is based on Stiglitz and Weiss (1992) graphical representation. 

 

4.2.1.1.2 Inter ior  Pooling Equilibr ium   

Suppose that at contract {F}, the contract preferred by the poor firms, the supply 

of loan contracts exceeds the firms’  demand for loanable funds. In this case, the lenders 

compete for firms willing to borrow. As a result, the banks reduce the collateral 

requirements as well as the interest rate level such that they continue to provide 

incentives to the poor firms by offering a loan contract southwest of the contract {F} and 

along the poor firm switch line in Figure 4.3 (Stiglitz & Weiss, 1992).  
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Assume that {H} denotes a contract located along the poor switch line at which 

the demand for loans (N) equals the credit supply (L(vz{H})):  

 

L(vz{H}) = N. (21) 

 

If at a contract {H} the loan return is higher than at a contract {G}, and if the indifference 

curve of the poor firms through {H} is steeper than the indifference curve of the rich 

firms, then all firms receive loans at the contract {H}.  In order to meet the equilibrium 

criteria, the poor firms’  indifference curve through {H} is located below the switch line in 

the region Y. The equilibrium described above represents a pooling equilibrium where all 

rich and poor firms obtained the same type of loan. Table 4.4 displays the conditions 

necessary for the interior pooling equilibrium existence (Stiglitz & Weiss, 1992).  

 

Table 4.3: Interior Pooling Equilibrium Conditions  
Loan Supply and Demand Excess Supply: 

L(vz{F}) > N  
and  

L(vz{H}) = N 
 

Utility Comparison: 
Up{r, C} > Up{H} 

 
Infeasibility of profitable separation: 

Even though at {H} C < Cp , 
Ur{r, C} > Ur{H} 

 

For all interest rate and collateral 
combinations: {r, C} 
 

Profitability:  
v{H} > v{G} 

 
 

Under the predetermined conditions concerning the slopes of the indifference 

curves whenever a contract {F}, in the bank’s expected return, is preferred to {H} by the 

poor firm, due to its position below the poor’s indifference curve through {H}, it is also 

preferred by the rich firms as it lies below their indifference curve through {H} (Figure 

4.4). Because of decreasing absolute risk aversion, the indifference curves of the rich are 

flatter than those of the poor in region Y, even though the rich are choosing the riskier 

technique (Stiglitz & Weiss, 1992).   
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With full-information, the lender knows exactly the firm type applying for a loan, 

and for any borrower, the interest rate charged is an increasing function of the amount 

borrowed. The firm borrows more and therefore, increases the likelihood of the interest 

rate increase. This phenomenon occurs if the interest rate and loan size combination serve 

as the self-selection device for firms applying for a credit line (Stiglitz & Weiss, 1992).   

 

Figure 4.4: Interior Pooling Equilibrium 

 

 

 

 

 

 

 

 

 

 

 

 

Note 1: X-axis represents the amount of collateral required by the banks; Y-axis represents the level of 

interest rate.  

Note 2: Figure 4.4 is based on Stiglitz and Weiss (1992) graphical representation. 
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amount of collateral required for poor firms) and offers the highest interest rate at which 

the poor borrowers invest in the safe project. At the equilibrium contract {F}, the supply 

of loan contract is lower than the demand and therefore, the excess demand for contract 

{F} is observed: 
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L(vz{F}) < N .   (22)  

 

At a contract {F}, the bank’s profits accounted for by a fraction of the poor population 

equal to or greater then z are higher compared to any other contract employing a risky 

investment technique (Stiglitz & Weiss, 1992): 

 

v(1 - z){F} = pr(1 + Rr) + (1 -  pr)C < pp(1 + Rp) + (1 -  pp)C = vz{F}. (21) 

 

  
Table 4.4 represents the necessary conditions to obtain the pooling equilibrium with 

rationing. 

 

Table 4.4: Pooling Equilibrium with Rationing Conditions  
Loan Supply and Demand Excess Demand: 

L(vz{F}) < N  
 

For all interest rate and collateral 
combinations: {r, C} 

Profitability:  
vp(F) > vr(G) 

 
 

Based on the market equilibrium conditions presented in Table 4.4 pooling of rich 

and poor firms at a contract {F} is an equilibrium and the supply of funds is L(vz{F}).  

Hence, rationing at contract {F} occurs if, and only if, there is excess demand at a 

contract {F} (Stiglitz & Weiss, 1992). 

 

4.2.1.1.4 Pooling - Separating Equilibr ium with Rationing 

The rationing equilibriums include those types in which some of the rich and poor 

firms borrow at the same terms while remaining rich borrowers accept contracts not 

chosen by any poor borrowers. Suppose the conditions represented in Table 4.5:  
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Table 4.5: Pooling - Separating Equilibrium with Rationing Conditions  
Loan Supply and Demand Excess Demand : 

L(v{G}) < N 
 

Utility Comparison: 
EUr{G} > EUr{F} 

 

For all interest rate and collateral 
combinations: {r, C} 

Profitability:  
vz{F} < vr{G} < vp{F} 

 
 

Based on the assumption, including the excess demand at a contract {G}, there is 

a rationing equilibrium in which some banks offer contract {F} and others offer contract 

{G}. All of the rich borrowers apply for loans at every bank that offers either a contract 

{G} or {F}. A rich borrower only accepts a contract {F} offer when not offered a {G} 

loan. In equilibrium, the number of rich borrowers receiving {G} loans, NG, is such that 

the proportion of poor borrowers, x, among those accepting {F} loans satisfies the 

following equality: 

 

vx{F} =vp{G}. (23) 

 

Equation (23) implies that both contract types offered are equally profitable (Stiglitz & 

Weiss, 1992).  By continuity assumption and the observed excess demand for a contract 

{G}, there always exists a value of x satisfying equation (23). When the number of {F} 

loans offers made is NF, the total supply of loans is equal to the total loan demand: 

 

L(v{G}) = NG + NF. (24) 

 

Following further analysis, if L(v{G}) > NG, NF > 0, then both {G} and {F} loans are 

offered and rationed (Stiglitz & Weiss, 1992).  

There is also the possibility of establishing the true separating equilibrium with 

rationing only at a contract {G}. In this equilibrium, most but not all of the wealthy firms 

are offered this type of loan. The separating equilibrium with rationing exists at a contract 

{G}, if L(v{G}) < NG (the demand for a contract {G} exceeds the supply of that contract) 

and therefore only a contract {G} is offered.  While both rich and poor borrowers are 
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rationed at contract {G}, the rich borrowers have a higher chance to obtain loans than are 

the poor borrowers as they are more likely to meet the loan criteria required by the 

lenders (Stiglitz & Weiss, 1992).  

 

4.2.1.1.5 Other  Types of Separating Equilibr ium with Rationing 

There may also exist equilibrium types with rationing at one contract but not at 

another.  Suppose there exists a contract {H}, lying along the rich firms' switch line. The 

collateral requirement falls in between the minimum collateral required for receiving a 

rich firm loan and the poor firm loans: Cr > C{H} > Cp. This implies that the lender’s 

expected return on a contract {H} is equal to the expected return on a contract {F}. At the 

same time, the borrowers prefer a contract {F}. Finally, there is excess supply for contract 

{F} (see Table 4.6) (Stiglitz & Weiss, 1992). 

 

Table 4.6: Other Types of Separating Equilibriums with Rationing Conditions  
Loan Supply and Demand Excess Demand : 

L(vz{F}) > Nr 
 

Utility Comparison: 
EUr{G} <  EUr{F} 

 

For all interest rate and collateral 
combinations: {r, C} 

Profitability:  
v{H} = vz{F} 

 
 

Based on the equilibrium conditions listed in Table 4.6, there exists an 

equilibrium in which all borrowers apply for loans at {F} and the rejected rich borrowers 

borrow at {H}. Accordingly, there is rationing at {F} but there is no rationing at {H} as 

any rich borrower that gets a loan at {F} takes it (Stiglitz and Weiss, 1992).   

4.2.2 Efficient Market Hypothesis 

The second theorem guiding this article is the Efficient Market Hypothesis. It 

demonstrates that it is impossible to "beat the market" because market efficiency causes 

existing investment prices to always incorporate and reflect all relevant information with 

regard to the market conditions. Any investing is always performed at the fair market 
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value. It is impossible to outperform the overall market through market timing, and the 

only way an investor can obtain higher returns is by purchasing riskier investments 

(Fama, 1970).  

Although the Efficient Market Theory has been widely employed in economics, in 

finance, several empirical studies including those conducted by Baker et al. (2003), 

Bosworth (1971), and Malkiel (2004) have found support for profiting from market 

timing, at least in the short-run.  For example, according to the findings of Baker et al. 

(2003), firms issue long-term debt when bond returns are low and short-term debt when 

returns are high. On the other hand, debt maturity is related to market conditions such as 

the interest and inflation rates as found in Bosworth (1971).   The authors explain the 

above evidence of lowering capital costs as managers timing an inefficient capital market 

using public information to guide their debt maturity decisions (Baker et al.; 2003; 

Bosworth, 1971).  

In this section, the Efficient Market Hypothesis is introduced in which marginal 

investment return over cost is equal to the prevailing market interest rate.  This finding is 

in an agreement with the General Market Equilibrium Framework described in detail in 

Appendix A. On the other hand, the Market Timing Hypothesis is addressed as a result of 

the differential in the optimal investment solutions between the profit-maximizing and 

utility-maximizing results. The solution discrepancy might be a result of a manager’s 

individual preference system affecting the optimal investment and financing solution. 

The manager’s views might not necessarily reflect the optimal production opportunities 

faced by the firm for example, resulting in different optimal investment decisions. Often 

the disparity in solutions is observed in the short-run models and if any positive profits 

are made, they are minimized to zero in the long-run (Rubinstein, 2002).   

 

4.2.2.1 The Short-Run Efficient Market Hypothesis 

4.2.2.1.1 Profit Maximization 

Let’s consider an example in which a firm makes investment decisions that 

maximize their expected profits over several time periods or probability states. For 

simplicity, there are only two time periods, t = 0 and 1, and the investment decision is 
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inter-temporal. Suppose a firm has an initial endowment (earlier referred to as wealth) of 

inter-temporal output W, with output in period 0 being positive (W0 > 0) and output in 

period 1 being equal to zero (W1 = 0). As a result, there is only an endowment in period 

0. The amount of investment involves allocating some amount of period 0 endowment to 

production for period 1. The excess output in period 0 represents the period 0 

consumption (Y1* ) and is the amount of initial wealth that investment has not 

appropriated (Schwert, 2001):  

 

Y0*  = W0 – I0* . (25) 

 

The optimal investment decision (I0* ) is obtained by maximizing the firm’s 

profits. The profit maximization concept is introduced in Appendix A. In a world with 

only two time periods, t = 0 and 1, the firm's profit-maximization problem is defined as 

follows: 

 

Max 
�

 = R – TC = ƒ(I0) - (1+rm
l) I0 (26) 

 

where investment (I0) in period 0 yields output (Y1) in period 1: 

 

Y1 = f (N, I0) (27). 

 

In the above maximization problem, 
�

 are the profits, R is the firm’s investment return 

on the project derived by pY1 (p is the output price normalized to one, p = 1), I0 is period 

0 investment (collateral), Y1 is period 1 output (in this it also represents an investment 

frontier), rm
l is the interest rate, N is the amount of labor. Holding N constant implies a 

concave investment frontier defined as Y1 = f (N, I0) with increasing marginal product 

that increases at decreasing rate, ƒ‘> 0 and ƒ“ < 0. With the rate of interest, rm
l, the firm’s 

total costs (TC)40 of investing an amount I0, is equal to (1+ rm
l) I0 (Schwert, 2001). 

                                                 
40 In the earlier section, total costs were normalized to one. For the description of the Efficient Market 
Hypothesis, the total costs are not set to one.  
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The investment decision is optimal where the investment frontier is tangent to the 

interest rate line represented by - (1 + rm
l). The first order conditions for the optimal 

investment decision are derived by taking the first derivative of the maximization 

problem with respect to the I0 (see Figure 4.5):  

 

ƒ′( I0) = (1+ rm
l) (28). 

 

Based on the optimal investment decision (I0* ) found by equation (28), the inter-temporal 

allocation of output is defined as (Schwert, 2001):  

 

Y0*  = W0 – I*0  (29) 

Y1*  = ƒ(I*0)  (30) 

 

The first order condition referenced by equation (28) implies that 

 

ƒ′( I0) - 1 = rm
l  (31) 

 

where ƒ′( I0) - 1 is defined as the marginal rate of return over cost, which is also known 

as marginal efficiency of investment (MEI). Thus, the optimum condition for the firm's 

investment decision is (Schwert, 2001):  

 

MEI = rm
l (32) 

 

implying the MEI is equal to the rate of interest. As the rate of interest rises, the 

investment declines and therefore implies a negative relationship between investment and 

the interest rate (Schwert, 2001): 

 

I = I(rm
l) where Ir = dI/d rm

l < 0. (33) 

This finding represents that the investment return should be always equal to its cost 

(Schwert, 2001).  
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Figure 4.5: Firm’s Profit Maximization Subject to Investment Frontier 

 

 

 

 

 

 

 

 

 

 

 

4.2.2.1.2 Utility Maximization 

Now, suppose that the firm is governed by a firm manager who is endowed with a 

utility function of U(Y0, Y1). The investment frontier is defined as Y1 = f (I0) and the 

manager maximizes his utility with respect to the inter-temporal investment frontier. The 

manager is making trade-offs between consumption in period 0 and period 1 that yield 

the highest utility level. The utility maximization defined in Appendix A is as follows:  

 

Max U(Y0, Y1) = U0(Y0) + U1(Y1) /(1 + � ) (34) 

 Subject to Y1 = f (I0) (35)  

 

where �  is the individual subjective rate of time preference and consumption is defined as 

Y0 = W0 – I0.  The first order conditions are derived based on differentiating the utility 

function with respect to I0: 

 

-U’0 + U’1 f ‘ (I0)/ (1+ � ) = 0     (36) 

U’0 (1 + � ) / U’1= f ‘ (I0).  (37) 
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Based on the first-order conditions defined in equation (37), the optimal solution is 

represented by a point G* = (G*0, G*1) in Figure 4.6. At this point the ratio of marginal 

inter-temporal utilities is equal to the marginal product of investment.  In other words, the 

Marginal Rate of Substitution of consumption in period 0 and period 1 is equal to the 

Marginal Rate of Transformation of investment in period 0 and period 141 (Rubinstein, 

2001).  

When the utility maximization solution at point G*  is compared to the profit 

maximization solution of point Y* , it is obvious that these two solutions are different. In 

this case, the optimal investment decision of the firm is affected by the manager’s time 

preferences for period 1 investment as manager’s utility maximization does not yield the 

same result as the firm’s profit maximization problem (Rubinstein, 2002). 

 

Figure 4.6: Utility Maximization Subject to Investment Frontier 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the final scenario, each firm employs a two-stage budgeting process involving 

first maximizing the firm’s present value of profits, which results in optimal solution at 

                                                 
41 The definitions of Marginal Rate of Substitution and Marginal Rate of Transformation are provided in 
Appendix A. 
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point Y* , and then either borrowing or lending by the firm to obtain the manager's 

optimal solution presented at point either C*  or F*   displayed in Figure 4.7. The 

following manager’s utility maximization is performed subject to the period 1 budget 

line: 

 

Max U(Y0,  Y1) = U0(Y0)+U1(Y1)/(1 + � ) (38) 

Subject to Y0 = W0 – I0 and Y1 = (1+ rm
l)I0 (39) 

 

The first-order conditions of the utility maximization problem are derived with respect to 

I0: 

 

-U’0 + U’1(1+ rm
l)/(1 + � ) = 0 (40) 

 

The optimal investment decision I0 is derived as follows: 

 

U’0 (1 + � )/U’1 = (1+ rm
l) (41)  

 

As a result, equation (41) implies that: 

 

U’0(1 + � ) /U’1 - 1= rm
l (42) 

 

The solution in equation (42) implies that the optimal marginal return to investment is 

equal to the interest rate. The location of the optimal solution depends on the preferences 

of the manager denoted by the individual subjective rate of time preference (being more 

or less patient). This implies that the optimal investment decision at point G*  (derived in 

equation (37)) is not optimal. Furthermore, the optimal investment decision differs when 

only the "productive opportunities" (point Y* ) are taken into account compared to the 

investment decision that incorporates the "market opportunities"  denoted by the market 

interest rate that leads to optimal solutions at points either C*  or F*  depending on 

manager’s preferences (Rubinstein, 2002).  



 263

As mentioned earlier, the above model is not a General Equilibrium Model (long-

run model), but a short-run model. Furthermore, the optimal marginal return to 

investment is equal to or higher than the market determined interest rate. The manager 

determines the optimal investment by investing in projects with a higher return than the 

market interest rate. The decision is partly driven by the manager’s individual preferences 

that yield the highest utility. This implies that the project cost of capital must be equal to 

the market rate. So, if the cost of capital is less than the return of capital, firms will earn 

excess profits. This is not sustainable in the long-run. In a long-run equilibrium model, 

the cost of capital has to be equal to the return of capital (Mathiesen, 2008). 

 

Figure 4.7:  Utility Maximization Subject to Budget Line in Period 1 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

4.2.2.2 The Long-Run Efficient Market Hypothesis 

In the Long-Run Efficient Market Hypothesis, both the manager’s utility and 

firm’s profitability is taken into consideration at the same time. This model demonstrates 

that utility maximizing and perfectly rational mangers pursue the profit-maximizing 

strategy for firm. Both of the inter-temporal maximizations are taken into account. Based 
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on the firm’s maximization problem stated in equations (26) and (27), the firm’s inter-

temporal profit maximization first-order condition is: 

 

ƒ′( I0) - 1 = rm
l  (43) 

 

where the marginal rate of return over cost is equal to the market interest rate. Based on 

the manager’s utility maximization problem stated in equations (38) and (39), the 

manager’s inter-temporal utility maximization first-order condition is: 

 

U’0(1 + � ) /U’1 -1= rm
l (44) 

 

where the marginal utility of efficient investment is equal to the market interest rate. This 

implies that in a competitive equilibrium42, both the firm’s profit maximization and the 

manager’s utility maximization result in the same optimal investment decisions, which 

depend on the market interest rate: 

 

ƒ′( I0) = U’0(1 + � ) /U’1= rm
l  (45) 

 

Based on the above assumption, the optimal investment decision is at point Y*  where the 

investment frontier, the period 1 budget line, and the manager’s indifference curve are 

tangent to each other. Thus, in the Efficient Market Equilibrium the market interest rate 

equals the marginal rate of substitution as well as equals the marginal rate of capital. As a 

result, it is impossible to time the market and make profits as the investment returns are 

equal to the costs (Rubinstein, 2002). 

 This model also demonstrates an example of the Principal-Agent Problem where 

the firm’s owners force the manager of the firms they own to pursue the profit-

maximizing strategy instead of his own strategy that maximizes his profits. Again the 

solution of this problem is the equality between the marginal product of investment, 

marginal inter-temporal utility, and the prevailing market interest rate (Mathiesen, 2008).  

 

                                                 
42 The general equilibrium definition is provided in Appendix A. 
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Figure 4.8: The Efficient Market Hypothesis Equilibrium 

 

 

 

 

 

 

 

 

 

 

4.3. L iterature Review 

The notion of the corporate debt maturity structure is explained by the 

determinants of debt structure and market conditions.  All of the hypotheses tested here 

are derived based on the Principal-Agent Theory and the Efficient Market Hypothesis. 

The hypotheses employed in this article include: Signaling and Agency Costs Hypotheses 

(all based on the Principal-Agent Theory), as well as Market Timing Theory (based on 

the Efficient Market Hypothesis). The following empirical analysis review represents the 

empirical evidence either for or against the implications resulting from employment of 

the proposed theoretical framework when analyzing the financial decisions of corporate 

companies.  

Several terms should be defined before in depth discussion of the empirical issues 

related to the cost of capital borrowing and corporate debt maturity structure.  Table 4.7 

defines finance terminology needed for the article understanding. 
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Table 4.7: Glossary of Finance Terminology   
Terminology Description 

 
Share of Long-Term 

Debt to Total Debt 

The percentage of the firm’s total debt that has a maturity of more than 

three years 

Excess Bond Returns An index of investment-grade corporate bonds over commercial paper 

Abnormal Earnings 
The difference between next year’s and this year’s earnings per share 

scaled down by this year’s share price 

Market-to-Book Ratio The estimated market value of assets divided by the book value assets 

Real Short-Term Rate The annualized Treasury bill return minus inflation 

Term Spread 

 

The difference between the Treasury bond yield and the annualized 

Treasury bill return 

Inflation The annual percentage change in the Consumer Price Index 

Debt Market Timing Responsiveness to the changes in macroeconomic variables 

 

According to Barclay and Smith (1995), debt determinants are part of the agency 

cost and signaling hypotheses derived from the Principal – Agent Theorem.  As discussed 

earlier, lenders are not able to observe directly firms’  behavior. As a result, specific loan 

contract terms help banks to differentiate between different types of borrowers while 

observing firms’  observable characteristics such as size and wealth. Based on the findings 

of the Principal – Agent Theory, the Agency Cost Hypothesis states that risky debt 

financing may enlarge the suboptimal investment incentives when a firm’s investment 

opportunity set includes growth options.  Managers undertake underinvestment43 

decisions controlled by issuing a short-term debt maturing before the firm’s growth 

opportunity is exercised (Myers, 1977).  Consequently, the agency cost hypothesis states 

that firms with larger growth options in their investment opportunity set issue more short-

term debt. 

Studies by Antoniou et al. (2002), Jun and Jen (2003), and Chen et al. (1999) find 

firms with larger growth options issuing more short-term debt.  Antoniou et al. (2002) 

argue that the cost of financial distress of high growth firms is relatively high and 

therefore mangers are reluctant to raise debt capital (Antoniou et al., 2002).  Furthermore, 

                                                 
43 Under investment –unwillingness of shareholders to take a positive net present value project when the 
profits will accrue mainly to the creditors (Foo and Yo, 2005) 
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according to Jun and Jen (2003), firms with greater financial flexibility and financial 

strength are more likely to issue more short-term debt.  On the other hand, Harvey et al. 

(2001) also find that closely monitored debt creates shareholder value, because it reduces 

the agency costs associated with overinvestment.  The lower costs of debt financing are a 

result of a long-term relationship established between the firms and the creditors 

(Antoniou et al., 2002). 

According to Barclay and Smith (1995), firms with relatively large numbers of 

investment opportunities tend to be smaller and take on short-term debt to avoid the 

underinvestment decisions and paying higher issuance costs associated with long-term 

debt.  Issuing short-term debt avoids the above problem as the price at which the firm 

repurchases its debt is fixed. Issuing a short term debt allows the stockholders to capture 

most of the returns from the new investments (Myers, 1977). Additionally, banks have a 

comparative advantage in monitoring and maintaining a stronger bargaining position 

when loaning short-term. Banks’  monitoring is especially important for firms with large 

informational asymmetries as these firms use more bank loans with short-term maturity 

(James, 1987).  

In accordance with the above hypothesis, larger firms issue debt with maturities 

on average longer by about 6 years (FEMA, 2006).  However, Dennis and Sharpe (2005) 

find that as the borrower size increases, negotiating power with the lender and 

information transparency increase.  The lender is able to spread the fixed costs of loan 

production across a larger dollar value of the loan and as a result, issue debt to larger 

firms (Dennis & Sharpe, 2005).   

Finally, regulated firms issue longer debt maturity than unregulated firms.  This 

follows from the fact that managers of regulated firms have less discretion over future 

investment. Lower level of managers’  judgment over future investments lowers the 

adverse impact of the long-term debt.  Consequently, a longer maturity period is 

preferred by the regulated companies (Barclay & Smith, 1995). In summary, it is 

predicted that small and unregulated firms with more growth options have less long-term 

debt. 
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In the Signaling Hypothesis, the pricing of long-term debt is more sensitive to 

changes in firm value compared to the short-term debt.  For example, high-quality firms 

defined as firms with positive abnormal earnings44 tend to issue more short-term debt 

compared to low-quality firms defined as firms with negative abnormal earnings due to 

lower refinancing and mispricing45 costs (Barclay & Smith, 1995).  Richardson and Sloan 

(2003) as well as Antonenko et al. (2006) find empirical evidence for low-quality firms 

obtaining overpriced long-term debt (higher interest rate than usual put on long-term 

debt).  Richardson and Sloan (2003) further find that long-term debt follows a decreasing 

stock return period.  On the other hand, Ozkan (2002) and Antoniou et al. (2002) find no 

empirical support for the signaling hypothesis.  The volatility of earnings is found not to 

have a significant impact on the capital structure among the studied firms.  Although not 

confirmed by all empirical studies, it is expected that high-quality firms (firms with 

positive abnormal earnings) issue short-term debt.  Consequently, there is a negative 

relationship between the corporate debt maturity and the quality level of the firm 

(Barclay & Smith, 1995).  

According to Baker et al. (2003) debt maturity is also related to macroeconomic 

variables such as inflation, interest rates, term spread, and excess bond returns, although 

the impact of macroeconomic variables on debt maturity has not been examined 

thoroughly in the literature. As predicted by other finance articles, the macroeconomics 

variables should be negatively related to the maturity of debt. For example, firms issue 

long-term debt when the excess bond returns are low (Baker et al., 2003).  Furthermore, 

Stohs and Mauer (1996) find debt maturity to be negatively related to the term spread.  

Baker et al. (2006) additionally uncover that the term spread is positively related to future 

excess bond returns, which further implies that short-term debt is preferred when short-

term rates are lower compared to long-term.  Marsh (1982) as well as Graham and 

Harvey (2001), who also studied the impact of macroeconomics variables on debt 

maturity, find the amount of debt to vary with interest rates.  The long-term debt is issued 

when interest rates are particularly low (Graham & Harvey, 2001).   

                                                 
44 Abnormal Earnings - measured as the difference between next year’s and this year’s earnings per share 
scaled down by this year’s share price (Barclay and Smith, 1995). 
45 Misspr icing – investor’s overestimation of the persistence of accruals and underestimation of the 
persistence of cash flow (Barclay and Smith, 1995). 
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The fact that debt maturity is responsive to the changes in macroeconomic 

variables is called the debt market-timing. Market timing implies the opportunity to 

obtain higher return on investment by simply observing and responding to the changes in 

macroeconomic variables. Baker et al. (2003), Baker et al. (2003), and Baker et al. (2006) 

find evidence for managers timing the debt market by utilizing publicly available 

information on market conditions as a guide to their debt maturity decisions.  For 

example, a large fraction of chief financial officers admit to following general debt 

market conditions while deciding on debt issuance decisions (Baker et. al, 2006).   

The phenomenon of market timing is, however, viewed as a short-run model. As 

presented in the Efficient Market Hypothesis section, in the long-run, it is not possible to 

profit from market timing as all investments are traded at their fair market value (Fema, 

1970). In accordance with the hypothesis, Berlin (2006) believes that managers cannot 

time the market, because they do not have any information on future interest rate 

movements and therefore are not able to forecast the interest rates accurately. As a result, 

if the managers do not have accurate forecasts, the short- and long-term borrowing should 

lead to exactly the same borrowing costs (Berlin, 2006).  

 

4.4. Methodology 

4.4.1. Empir ical Model Descr iption 

The debt-maturity decision is modeled based on the Principal – Agent Theory and 

the Efficient Market Hypothesis.  The lender maximizes its expected returns from 

providing the investment loans to the borrowers subject to the borrowers’  expected utility 

based on the chosen loan offer. The borrowers maximize their own expected level of 

utility provided by the chosen risk-level of the investment, the end-of-period wealth level, 

as well as the associated loan requirements set by the lender: interest rates and loan 

collateral. Consequently, the theoretical model guiding this empirical analysis is as 

follows:  

 

 Lender:    Max v =  [pm(1 + rm
l) + (1 – pm)Cl]   (46)   

 Borrower:      Subject to �  EUl= U1(W + R - (1+ rm
l)) p

m + U0(W – Cl))(1- pm)      (47) 
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where v represent lender’s expected returns from providing a loan offer, pm is the of the 

borrower’s probability of project success based on the chosen investment technique 

(risky or safe), rm
l represents the loan interest rate variable based on the firms wealth and 

risk level,  Cl is the loan collateral variable based on firms initial wealth, U represents the 

borrower’s utility level, W is the firm’s wealth level, R is the firm’s investment return on 

the project.  

The optimal condition for deciding on the amount and maturity of debt depends 

on the probability of project success as well as the borrower’s expected utility obtained 

from the project success:   

 

pm/(1 - pm) = [U0 
‘(1- pm)]  /[U1 

‘pm]  46 (48) 

 

 Based on the Efficient Market Hypothesis, the borrower decides on the optimal 

investment decisions based on the results of the profit and utility maximization. The firm 

profit maximization is defined as: 

 

Max 
�

 = R – TC = ƒ( I0) - (1+ rm
l) I0  (49) 

 

where R is the firm’s investment return on the project, I0 is the investment level, TC is the 

total cost of investing in the project, and rm
l represents the loan interest rate.   The 

manager’s utility maximization problem is defined as: 

 

Max U(Y0, Y1) = U0(W0 – I0) + U1((1+ rm
l)I0) /(1 + � ) (50)  

 

where W0 is the initial wealth and �  is the subjective rate of time preference. The first 

order condition derived by taking the first derivative of both the profit and utility 

maximization problems with respect to I0 results in the following condition: 
                                                 
46 The first order conditions with respect to interest rate and collateral are:  

dl/d rm
l = pm  - � [U1 

‘pm]  = 0 
dl/d C = 1- pm + � [U0 

‘(1- pm)]  = 0 
pm/[U1 

‘pm]  = 1- pm/[U0 
‘(1- pm)]  
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ƒ′( I0) = U’0(1 + � ) /U’1= rm
l  (51) 

 

Thus, in the Efficient Market Equilibrium the market interest rate offered for the loan 

(rm
l) is equal to the marginal inter-temporal utility as well as it equals the marginal rate of 

return on investment.  

Based on the maximization problems description, the debt-maturity decision is 

defined as a series of simultaneous decisions made by the firm and the lender. Equations 

(46) and (47) present that probability of investment success as well as the prevailing 

interest rate impact on the investment decision of the firms.  As it is difficult to directly 

predict the firm’s probability of project success, the lenders approximate the success 

probability by observing the firm specific characteristics and based on the information 

issue a loan contract geared towards the firms’  needs. The loan conditions include cost of 

capital borrowing and debt maturity period.  On the other hand, the firms might actively 

take into account changes in macroeconomics variables such as the interest and inflation 

rates when making their financing decisions.   

As presented above, only a system of simultaneous equations can represent these 

joint decisions as banks offer a number of loans from which the borrowers choose their 

desired contract features based on the loans’  characteristics as well as their own ability to 

pay off the debt in the future (Dennis et al., 2000).  Financial theory does not provide the 

appropriate restrictions allowing for such analysis although several studies have 

attempted to estimate this simultaneous equation framework (Dennis et al., 2000).  As a 

result, the debt-maturity model is a reduced-form regression based on the simultaneous 

equations system (Baker et al., 2003; Barclay & Smith, 1995).  

The corporate debt-maturity model utilized in this article follows the model 

described by Barclay and Smith (1995) and Baker et al. (2003).  As a result, the 

theoretical debt-maturity model is presented as follows: 

 

LTDit = f (MBit, LMVit, AEit, EBRit, TSit, INFit, STRit,RDi) (52) 
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where LTDit is the share of long-term debt to total debt, MBit denotes the market-to-book 

ratio, LMVit is the natural logarithm of market value of the firm, AEit is the abnormal 

earnings, EBRit is the excess bond returns, TSit is the term spread, INFit denotes the 

inflation, and STRit is the short-term interest rate. The subscript i denotes the ith firm (i = 

1,…, 652), and the subscript t represents the tth year (t = 1991,…, 2000). RDi is the firm 

regulation dummy variable, which does not vary over time. 

 

4.4.2. Empir ical Data Tests 

Following the model specifications used by Barclay and Smith (1995) as well as 

Baker et. al (2003), the debt-maturity model estimated in this analysis is as follows: 

 

LTDit = � i + � 1MBit + � 2RDi + � 3LMVit + � 4AFEit + � 5EBRit +� 6TSit + � 7INFit + � 8STRit  

+ D’ � i + vit   (53) 

 

where D’  is a row vector of dummy variables created for each firm’s month when the 

fiscal year ends, excluding the month of December and � i is a column vector of 

associated weights. The variable was added to control for the possibility of seasonal time 

heterogeneity in the model.  Furthermore, it is assumed that the disturbance term in 

equation (2) is specified as a one-way error component model: 

 

uit = � i + vit  (54) 

 

where vit ~ NIID (0,  δv
2); i = 1,..., 652; t = 1991,..., 2000; i denotes a firm-specific 

effect, and vit is the idiosyncratic error term (Hsiao, 2002).   

In order to adequately specify the equation to be estimated, the debt-maturity 

model is tested for violation of assumptions such as: normality, heteroskedasticity, 

autocorrelation, and multicollinearity.  The software utilized in this analysis is Stata 8.  In 

order to test the normality assumption, the Bera and Jarque’s LM skewness-kurtosis test 

for normality is used.  The test is, however, sensitive to outliers and rejection of the null 

hypothesis provides no information about the alternative distribution to be used 



 273

(Wooldridge, 2002).  The problem of heteroskedasticity is examined utilizing the 

Breusch-Pagan test with the null hypothesis being that the uit  are serially uncorrelated.  

The null hypothesis is rejected for negative values of δ�
2
 (Wooldridge, 2002).  Finally, 

testing the idiosyncratic errors vit for serial correlation identifies autocorrelation.  Testing 

autocorrelation in panel data uses the time-series errors (vit
..), which are found to be 

negatively correlated when the vit‘s are uncorrelated. The null hypothesis for this test is 

that the time-demeaned47 errors are serially correlated.  If serial correlation is found, the 

asymptotic variance matrix estimator and test statistics can be adjusted (Wooldridge, 

2002).   

 

4.4.3 Model Specifications 

4.4.3.1 Ordinary Least Square Estimation 

There are several ways of estimating the debt maturity model. The Ordinary Least 

Square (OLS) regression is usually employed as it utilizes the actual values of the 

dependent variable. In order to allow for panel data estimation, OLS is often employed 

with either fixed or random-effects models (Berger et al., 2004; Hackethal & Jansen, 

2006). The fixed- and random-effects models are discussed in the upcoming sections. On 

the other hand, other articles employ Tobit regression to estimate the debt maturity. As 

often the debt variable ranges between values of 0 and 1 (some firms might not have any 

long term debt), the data is truncated at the 0 point and exclude observations below this 

threshold from the analysis. Truncation might also occur when the observations are 

missing from the sample due to other sensitivity limits put on the variable of interest in 

the data set (Antoniou et al. 2002; Magri, 2006).  

Although the Tobit model might seem like an appropriate method to estimate debt 

maturity data, several studies including Margi (2006) have criticized the utilization of 

Tobit model for panel data estimation. When Tobit model is employed in combination 

with random-effects, it may suffer from inconsistent estimates. The estimate 

inconsistency results from the absence of correlation between regressors and unobserved 

                                                 
47 Time-demeaned Data - panel data where, for each cross-sectional unit, the average over time is 
subtracted from the data in each time period (Wooldridge, 2002). 
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individual effects being not satisfied. Although several fixed-effects methods have been 

proposed to resolve this problem, the estimation process still yields inconsistent results or 

introduces complicated estimation processes not easily handled by current statistical 

software (Magri, 2006). Due to the several estimation limitations of different model 

specifications, different panel data forms of the OLS regression are employed in this 

article (Antoniou et al. 2002; Magri, 2006).    

 

4.4.3.2 Panel OLS Regression Types 

According to Dennis et al. (2000), the employment of the reduced form of debt-

maturity model estimated using OLS estimation yields unbiased results. There are several 

OLS estimation methods employed to estimate the relationship between debt maturity 

and its determinants. First, the pooled OLS estimation is utilized; however, there is a 

problem of unobserved error term dependence, which results in biased and inconsistent 

findings (Wooldridge, 2002).  In order to correct for this issue, a cross-sectional OLS 

regression method is utilized in combination with the time-series mean of each variable 

for an individual firm.  However, this method only accounts for the variation across firms 

without analyzing the time-variation (Barclay & Smith, 1995).  

In order to investigate the time-series dispersion, both fixed and random effects 

regression models are employed.  In the fixed effects regression, the cross-sectional 

variation is arbitrarily correlated with the explanatory variables.  In the random effects 

regression model, it is assumed, on the other hand, that the cross-sectional variation is 

random and it is a part of the unobserved variation included in the error term.  The 

Hausman specification test is used to test for the sufficiency of random effects estimation.  

Finally, in order to correct for the existing heteroskedasticity and serial correlation across 

panels, the generalized least squares estimation is used to obtain efficient estimators 

(Wooldridge, 2002).   

 

4.4.3.2.1 Ordinary Least Square Regression 

The basic technique for estimating the debt-maturity model is pooled OLS 

estimation.  To perform this procedure, the model is rewritten as follows: 
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 LTDit = � 0+ � 1MBit + � 2RDi + � 3LMVit + � 4AFEit + � 5EBRit + � 6TSit + � 7INFit + � 8STRit  

+ D’ � i + uit  (55) 

 

where uit = i + vit; vit ~ NIID (0, δv
2); i = 1,..., 652;  t = 1991,..., 2000. The underlying 

assumptions of this model are: 1) the explanatory variables (xit) in each time period are 

uncorrelated with the idiosyncratic error in each time period: E(xit’vit) = 0, i = 1,..., 652,  t 

= 1991,…, 2000; and 2) the explanatory variables are uncorrelated with the unobserved 

effect in each time period: E(xit’ � i) = 0, i = 1,..., 652,  t = 1991,…, 2000. The regression 

estimation provides consistent estimators as long as the underlying assumptions are 

satisfied (Barclay & Smith, 1995; Wooldridge, 2002).  

4.4.3.2.2 Cross-Sectional Regression with Time-Ser ies Mean 

Since the OLS assumption of serially uncorrelated composite errors is not 

satisfied in the pooled OLS specifications, the t-statistics are overstated.  To account for 

the potential error-dependence problem, a single cross-sectional regression with the time-

series mean of each variable by firm is used to perform the regression analysis.  Running 

the OLS cross-sectional equations eliminates the problem of serially correlated composite 

errors.  The estimated model is re-specified as follows: 

 

LTDi = � i + � 1MBi + � 2RDi + � 3LMVi + � 4AFEi + � 5EBRi + � 6TSi + � 7INFi + � 8STRi + 

D’ � i + vi (56) 

 

where vi ~ NIID (0, δv
2); i = 1,..., 652; t = 1991,..., 2000 (Barclay and Smith, 1995; 

Wooldridge, 2002). 

4.4.3.2.3 Fixed and Random Effects Models 

Estimating the model by the cross-sectional regressions preserves the dispersion 

across firms; however, it does not exploit the time-series variation in the observations 

(Barclay and Smith, 1995).  To correct for the serially correlated errors, a random or 

fixed effects regression model can be utilized.  In a random effects model, the i is 

included in the error term, and the model takes the following specification: 
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LTDit = � 0 + � 1MBit + � 2RDi + � 3LMVit + � 4AFEit + � 5EBRit + � 6TSit + � 7INFit + � 8STRit 

+ D’ � i + uit (57) 

 

where uit = � i + vit; i ~NIID (0, δ�
2); vit ~ NIID (0, δv

2); i = 1,..., 652; t = 1991,..., 2000. In 

the random effects approach, i is incorporated in the composite error term under the 

assumption that it is orthogonal to the explanatory variables, (xit), E(xit’ � i) = 0, i = 1,..., 

652, t = 1991,..., 2000. Furthermore, the method accounts for the implied serial 

correlation in the composite error, uit = � i + vit, identical to the generalized least squares 

(GLS) estimation (Wooldridge, 2002).  

In the fixed effects model, the model specification is as follows: 

 

LTDit = � i + � 1MBit + � 2RDi + � 3LMVit + � 4AFEit + � 5EBRit + � 6TSit + � 7INFit + � 8STRit 

+ D’ � i + vit (58) 

 

where vit ~ NIID (0, δv
2); i = 1,..., 652; t = 1991,..., 2000. In the fixed effects analysis, i 

is arbitrarily correlated with xit, E(xit’ � i) �  0, i = 1,..., 652, t = 1991,..., 2000 (Wooldridge, 

2002).  

In order to identify whether fixed or a random effects estimation technique is 

appropriate for the analysis, the Hausman test is performed to examine the 

appropriateness of the random effects estimator.  A Hausman test compares two 

estimators.  Under the null hypothesis, the fixed and random effects estimators are 

consistent, but one is more efficient; under the alternative hypothesis, the more efficient 

of the two becomes inconsistent but the less efficient remains consistent.  Thus, if the null 

is not rejected, the two estimators should be similar; divergence indicates rejection of the 

null.  Rejection of the null further implies the effects are correlated with the individual 

variances, and the fixed effects should be used for estimation.  The Hausman test statistic 

is as follows: 

 

W = ( � ^F − � ^R)’ �  -1( � ^F − � ^R),  W ~ � 2 (k)  (59) 
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where k is the number of estimated coefficients and  � -1 is the difference of the estimated 

covariance matrices from the two estimators.  Based on the test results, one of the 

methods is chosen to perform the econometric analysis (Wooldridge, 2002). 

As noted earlier, the problem of heteroskedasticity and autocorrelation is a 

common issue associated with panel data; GLS estimation can correct for violations of 

the underlying assumptions.  On the other hand, the random effects model accounts for 

the serial correlation in the composite error term and, therefore, corrects for the serial 

correlation of errors (Wooldridge, 2002).  

 

4.4.3.4 GLS Model Corrected for  Panel Heteroskedasticity and AR(1) 

Finally, the last problem associated with panel data is the problem of 

heteroskesdasticity and serial correlation across panels.  The fixed and random effects 

models overlook these correlations and, therefore, yield inefficient estimators.  The 

heteroskedasticity test compares the maximum likelihood of the model with panel-level 

heteroskedasticity to the model with homoskedasticity across panels.  The autocorrelation 

across panels is tested based on the assumption that the idiosyncratic errors, vit, are 

serially uncorrelated in the random and fixed effects model specifications (Stata 8 

Manual, 2005; Wooldridge, 2002).  By correcting for heteroskedasticity and 

autocorrelation across panels, the estimation procedure yields an error variance-

covariance estimator, which is robust to the common problems associated with panel data 

(Stata 8 Manual, 2005). 

 

4.5 Data 

In order to investigate the relationship between debt maturity and its determinants, 

a large sample is constructed, following Barclay and Smith’s (1995) and Baker and 

colleague’s (2003) sampling method. The time- and cross-sectional data set merges the 

COMPUSTAT industrial annual file of debt determinants and the Federal Reserve’s file 

of macroeconomic variables.  The sample is restricted to firms with Standard 

Classification codes from 2000 to 5999 to focus on the industrial corporate sector.  

Furthermore, firms utilized in the study are present in the sample over the specified time 

period and have complete data for the explanatory variables. Consequently, the total 
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number of firms included in the empirical analysis is 652.  The data span is 1991 through 

2000.   

The construction method of the sample might cause a survivorship bias, which 

represents a tendency for some companies to be excluded from performance studies due 

to the fact that they no longer exist (Investorwords.com, 2005).  In the present 

investigation, only firms with complete data for 1991-2000 are included in the analysis.  

The bias affects the results towards finding the predicted relationship between the debt 

maturity and debt determinants, because most of the surviving firms are larger and older 

with less investment opportunities and, therefore, issue more long-term debt.  On the 

other hand, the bias prevents the analysis from finding the results predicted for the 

macroeconomic variables due to their high volatility over the time period of the study. 

The time- and cross-sectional data series are debt determinants: 1) total assets, 

common shares outstanding, debt due in one, two, three, four and five years, earnings per 

share, total equity, and stock price; and 2) macroeconomic variables: twenty-year 

government bond and commercial paper return, six-month treasury bill yield, inflation, 

and term spread.  

COMPUSTAT reports the amount of long-term debt payable in years one through 

five from the firm’s fiscal year end.  Following Barclay and Smith (1995), the maturity 

structure of a firm’s debt is defined as the percentage of the firm’s total debt that has a 

maturity of more than three years.  Several firms have less than zero percent or more than 

100 percent of their total debt maturing in more than three years.  Since these 

observations reflect data-coding errors, they are deleted. 

Excess bond returns are measured by an index of investment-grade corporate 

bonds over commercial paper.  The corporate bond indices track portfolios that are 

continually redefined to a constant 20-year maturity.  Excess government and corporate 

bond returns are the difference between the long-term corporate bond and commercial 

paper returns, respectively (Baker et al., 2003).   

There are four debt determinant variables used in this study: market-to-book ratio, 

a regulatory dummy variable, firm size, and abnormal earnings.  Consistent with the 

Agency Cost Hypothesis, the market-to-book ratio is a proxy for the firm’s investment 

opportunity set.  The market value of the firm’s assets is estimated as the book value of 
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assets minus the book value of equity plus the market value of equity (the price of shares 

multiplied by the total number of shares outstanding).  The market-to-book ratio is the 

estimated market value of assets divided by the book value of assets (Barclay & Smith, 

1995).  In accordance with Baker et al. (2006), the variable is hypothesized to carry a 

negative sign.  

To estimate the effect of regulation on debt maturity, a dummy variable is 

constructed.  It takes a value of one for regulated firms, and zero otherwise.  Regulated 

industries include airlines, telecommunications, as well as gas and electric utilities.  The 

firm size is the estimated natural logarithm of the market value of the firm (Barclay & 

Smith, 1995).  As found in the studies by Chen et al. (1999) and Antonenko et al. (2006), 

the log of firm value is expected to be positively related to the share of long-term debt as 

a proportion of total debt.  

Signaling models assume that managers have better information about the firm’s 

value (or quality) than investors.  To estimate the firm’s quality empirically, the firm’s 

abnormal earnings are defined as a proxy.  The variable is measured as the difference 

between next year’s and this year’s earnings per share divided by this year’s share price.  

It is assumed that high-quality firms have positive abnormal earnings, and low-quality 

firms have negative abnormal earnings (Barclay and Smith, 1995).  Following Barclay 

and Smith (1995), observations with the absolute value of abnormal earnings greater than 

five were disregarded.  The exclusion of the extreme values might affect the coefficient 

for the abnormal earnings, but should not influence the other variables in the analysis. 

Debt market conditions are represented by three variables: inflation, the real 

short-term rate, and the term spread.  Inflation is the annual percentage change in the 

Consumer Price Index.  The real short-term rate is estimated as the annualized Treasury 

bill return minus inflation.  The term spread is the difference between the Treasury bond 

yield and the annualized Treasury bill return.  In order to account for the cross-sectional 

variation of the debt determinants data, the market variables ending dates are matched 

with the firm’s fiscal year end (Baker et al., 2003).  The descriptive statistics for each 

variable used in the analysis are presented in Table 4.8. 
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Table 4.8: Data Descriptive Statistics Employed in Corporate Debt Estimation Process 

Variable  Mean 
Standard 
Deviation Min Value Max Value 

Overall 0.587608 0.2489763 0 1 

Betweena  0.1307427 0.085569 0.938587 Share of Long-Term 
Debt to Total Debt Withinb  0.2119414 -0.23633 1.29564 

Overall 1.549547 0.9116479 0.360198 22.81232 

Betweena  0.707687 0.639052 7.222132 

Market-to-Book Ratio Withinb  0.575302 -1.81968 21.19958 

Overall 0.21319 0.4095923 0 1 

Betweena  0.4098753 0 1 Regulatory Dummy 
Variablec Withinb  0 0.21319 0.21319 

Overall 2.698775 0.9371075 0.152839 5.435521 

Betweena  0.9146363 0.550687 5.332079 

Log of Market Value Withinb  0.2067988 0.473086 4.102186 

Overall 0.030876 0.4310666 -5 5 

Betweena  0.1028505 -0.35749 0.820588 

Abnormal Earnings Withinb  0.4186344 -5.67963 4.901274 

Overall 0.010944 0.022473 -0.052 0.079 

Betweena  0.004737 -0.00534 0.01641 

Excess Bond Returns Withinb  0.021968 -0.03572 0.080104 

Overall 0.012496 0.0120939 -0.0068 0.0351 

Betweena  0.0017139 0.01113 0.01565 

Term Spread Withinb  0.011972 -0.00967 0.034366 

Overall 0.027276 0.0068753 0.0137 0.0565 

Betweena  0.0009295 0.02662 0.029 

Inflation Withinb  0.0068123 0.011976 0.055196 

Overall 0.021536 0.0127056 -0.0549 0.0501 

Betweena  0.0066697 -0.01892 0.02339 

Short-Term Rate Withinb  0.0108171 -0.01444 0.090556 

Overall 0.062883 0.2427718 0 1 

Betweena  0.2429396 0 1 

January Dummy Withinb  0 0.062883 0.062883 

Overall 0.019939 0.1398002 0 1 

Betweena  0.1398968 0 1 

February Dummy Withinb  0 0.019939 0.019939 

Overall 0.055215 0.2284164 0 1 

Betweena  0.2285743 0 1 

March Dummy Withinb  0 0.055215 0.055215 
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Table 4.8: Data Descriptive Statistics, Continued 

Variable  Mean 
Standard 
Deviation Min Value Max Value 

Overall 0.015337 0.1229004 0 1 

Betweena  0.1229853 0 1 
April Dummy Withinb  0 0.015337 0.015337 

Overall 0.026074 0.1593665 0 1 

Betweena  0.1594766 0 1 

May Dummy Withinb  0 0.026074 0.026074 

Overall 0.07362 0.2611709 0 1 

Betweena  0.2613514 0 1 

June Dummy Withinb  0 0.07362 0.07362 

Overall 0.016871 0.1287986 0 1 

Betweena  0.1288876 0 1 

July Dummy Withinb  0 0.016871 0.016871 

Overall 0.019939 0.1398002 0 1 

Betweena  0.1398968 0 1 

August Dummy Withinb  0 0.019939 0.019939 

Overall 0.075153 0.2636589 0 1 

Betweena  0.2638411 0 1 

September Dummy Withinb  0 0.075153 0.075153 

Overall 0.049233 0.216371 0 1 

Betweena  0.216201 0 1 

October Dummy Withinb  0.0117498 -0.05077 0.949233 

Overall 0.016871 0.1287986 0 1 

Betweena  0.1288876 0 1 

November Dummy Withinb  0 0.016871 0.016871 
a Between Group Estimates – variation between mean groups. 
b Within Group Estimates - deviations from a group mean. 
c Mean derived based on a dummy variable (i.e. Regulatory Dummy Variable) present the percent of 
the data falling into the ‘1’  category. 

 

 

4.6 Discussion of the Results 

4.6.1 Compar ison of Alternative OLS Models 

Results of tests of the debt-maturity model for violation of assumptions of 

normality, heteroskedasticity, and autocorrelation are presented in Table 4.9.  These 

results revealed significant heteroskedasticity and serial correlation issues.  In order to 
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account for misspecification problems, different model specifications were estimated 

including pooled and cross-sectional OLS, as well as GLS regressions.  The precision and 

efficiency of the parameter coefficients were found to be sensitive to the chosen form.  

Finally, the Hausman specification test was utilized to examine the appropriateness of 

random effects estimation.  As presented in Table 4.9, fixed effects estimation appears to 

be the appropriate model choice as the null hypothesis representing the difference in 

coefficients not being systematic is rejected (� 2(8) =  22.24). For the purpose of proving 

the debt theory, however, both random and fixed effects are presented for comparison 

purposes. 

 

Table 4.9: Specification Test of the Corporate Debt Maturity Model Specifications 

Test Null Hypothesis Test Statistic 
Probability > Test 

Statistic 

Ordinary Least Square Regression  
Bera and Jarque’s 

LM Skewness-
Kurtosis Test for 

Normality 
No Skewness and 

Kurtosis 
�

2(2) = 1.76 0.414 
Breusch-Pagan Test 

for Heteroskedasticity Constant Variance 
�

2(1) = 91.47 0 

Test of Residuals Serial Correlation t = 20.45 0.006 

Fixed and Random Effects Regression 
Breusch and Pagan 
Lagrange Multiplier 

Test for Random 
Effects Constant Variance 

�
2(1) =   844.55 0 

Hausman 
Specification Test 

Difference in Coefficients 
Not Systematic 

�
2(8) =  22.24 0.0045 

GLS Model Corrected for Panel Heteroskedasticity and AR(1) 
Likelihood-Ratio Test 
for Heteroskedasticity 

Across Panels 
No Panel 

Heteroskedasticity 
�

2(651)=   2024.73 0 
Wooldridge Test For 

Autocorrelation 
Across Panels 

No First-Order 
Autocorrelation F(1, 651) = 78.425 0 

 

Overall, the test-statistic and log likelihood values of each model specification 

indicate that each regression in Table 4.10 is significant at conventional levels.  

Comparing the models’  R-square values suggests that variation in debt maturity structure 

across firms provides some of the explanatory power in these regressions.  The R-square 
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value for the different specifications ranges from 0.0101 to 0.1218, which implies that 

from 1 percent to 12 percent of the variation in the debt maturity variable, is explained by 

the explanatory variables in the model specifications.  

 

4.6.2 Report of Empir ical Results for  Different Model Specifications 

4.6.2.1 Ordinary Least Square Regression 

Results presented in Table 4.10 suggest that debt maturity decisions are related to 

excess bond returns, debt determinants, and macroeconomic variables.  The pooled OLS 

model specification indicates that excess bond returns are negatively related to debt 

maturity (b6 = -0.23884) at the 10% significance level.  Furthermore, market-to-book 

ratio and abnormal earnings are inversely associated with the debt maturity variable at the 

1% and 5% levels, respectively.  Log market value is positively correlated to the 

dependent variable at a 1% level of significance.  There is no regulatory effect found on 

the debt maturity decisions, although the coefficient on the dummy variable is positive, as 

predicted.  Furthermore, none of the macroeconomic variables is statistically significant, 

yet all of them are negatively related to the dependent variable, which is in agreement 

with theoretical predictions.  Finally, there is a statistically significant difference for the 

firms with fiscal year ending in March and November and the amount of long-term debt 

issued compared to the firms with fiscal year ending in December.  For example, firms 

with fiscal year end in March tend to issue more short-term debt.  

 

4.6.2.2 Cross-Sectional Regression with Time-Ser ies Mean 

To account for the error-dependence problem in pooled OLS estimation, a single 

cross-sectional regression with the time-series mean of each variable by firm was used to 

estimate the model.  The excess bond returns are statistically significant at the 5% level 

of significance and have a coefficient of b6 = -0.12034.  The debt determinants: the 

market-to-book ratio and abnormal earnings negatively relate to the long-term debt 

decisions and have higher magnitudes compared to those obtained in the pooled OLS 

estimation (b1 = -0.01305 vs. b1 = -0.00613; b4 = -0.08694 vs. b4 = -0.01413).  Log 

market value is positively associated with debt decisions and is higher compared to the 
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pooled OLS estimate.  Again, no market variables are statistically significant and term 

spread carries a positive sign.  Finally, there is no statistical difference for long-term debt 

in capital structure for firms with fiscal year end in December and other months. 

 

4.6.2.3 Fixed and Random Effects Models 

The cross-sectional regressions preserve dispersion across firms, but do not 

exploit time-series variation in the observations (Barclay & Smith, 1995).  The fixed 

effects regression model was estimated to correct for this problem.  Both fixed and 

random effects results are reported and discussed.  For the random and fixed effects 

regressions, there is a difference between the parameter coefficients and their efficiency 

levels.  In the fixed effects estimation, the excess bond returns are negatively related to 

debt maturity (b6 = -0.23886).  The coefficient is smaller in absolute value than the 

random effects coefficient by 0.02, yet it is less efficient (the t-statistic associated with 

the independent variable in fixed effects model is lower compared to the t-statistic in the 

random effects model specification).  Furthermore, the log of firm market value is 

positively associated with the debt maturity (b3 = 0.11800), and it is the only debt 

determinant statistically significant in the model.  The coefficient is larger than the 

random effect estimate coefficient (b3 = 0.05250) and has a larger standard error.  

Parameter estimates for market-to-book ratio and abnormal earnings diverge under the 

two models; in the random effects equation both variables are statistically significant and 

inversely correlated with the dependent variable, while in fixed effects equation both 

variables are statistically insignificant.  In the fixed effects model, only term spread is 

statistically significant among the macroeconomic variables; the positive coefficient 

contradicts theoretical predictions.  Finally, in the case of random effects regression, 

there is a statistically significant difference between the firms with fiscal year ending in 

March and November in the level of long-term debt issued compared to the firms with 

fiscal year end in December.  Due to multicolinearity observed in the case of fixed 

effects, most of the seasonal dummy variables were dropped from the estimation by Stata 

8. 
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4.6.2.4 GLS Model Corrected for  Panel Heteroskedasticity and AR(1)  

Heteroskedasticity and autocorrelation across panels are corrected by generalized 

least square estimation applying the correction for heteroskedasticity and first-order 

autocorrelation across panels with autocorrelation coefficient of  = 0.4070.  The 

modification improved the precision and efficiency of the parameter coefficients in the 

regression compared to the previous specifications.  The excess bond returns are 

statistically significant at the 1% level, and negatively correlated to debt maturity 

decision (b6 = -0.06003).  The parameter coefficient is the lowest among all 

specifications.  As before, market-to-book ratio and abnormal earnings are negatively 

related to the debt maturity decision.  Log firm market value is positively related to debt 

maturity (b3 = 0.01366) at the 1% significance level.  In the case of macroeconomic 

variables, term spread and inflation are negatively associated with debt maturity at the 

10% and 5% levels, respectively.  These coefficients have the largest magnitudes among 

all the regression specifications.  Finally, there is a statistically significant difference in 

the debt-maturity decisions for firms with fiscal year ending in January, March, May, 

June, and November compared to those with fiscal year-ending in December.  For 

example, firms with fiscal year end in January, May, June, and November have a higher 

share of long-term debt compared to those in December.  

 

4.6.3 Results Summary 

The fixed effects model as well as model corrected for heteroskedasticity and 

autocorrelation across panels are the specifications that should be given more weight 

when interpreting the regression results.  The pooled OLS and cross-sectional model with 

time-series mean display issues with the estimation of panel data. The pooled OLS model 

does not account for the error-dependence problem while a single cross-sectional 

regression with the time-series mean of each variable by firm does not employ the time-

series variation within each panel.  To correct for these estimation issues the fixed effects 

model is utilized. The model specification corrected for heteroskedasticity and 

autocorrelation across panels also should carry a higher weight in results comparisons as 
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it improves the precision and efficiency of the parameter coefficients when compared to 

the other specifications.   

 

Table 4.10: Estimation Results for the Corporate Debt Maturity Model 

Variables Pooled OLS 
Cross-Sectional 

OLS 

 
 
 

Fixed 
Effects 

Random 
Effects 

GLS Model 
Corrected for Panel 
Heteroskedasticity 

and AR(1) 
Dependent 
Variable Share of Long-Term Debt to Total Debt 

0.43717***  0.08306 0.27612***  0.47550***  0.59842***  Intercept 
(b1) (17.22) (0.08) (5.06) (15.93) (39.03) 

-0.00951***  -0.13057* 
 

-0.00474 -0.00796**  -0.00674**  
Market-to-
Book Ratio 

(b2) ( -2.79) (1.80) (-0.99) (-1.99) (-2.16) 

0.01040 0.01082 

 
 

Dropped 0.00809 0.00656 

Regulatory 
Dummy 
Variable 

(b3) (1.29) (0.83)  (0.63) (0.99) 

0.04724***  0.04365***  
 

0.11800***  0.05250***  0.01366***  
Log of Market 

Value  
(b4) (13.42) (7.40) (7.37) (9.71) (4.48) 

-0.01543**  -0.08694* 
 

-0.00955 -0.01269* -0.01212**  
Abnormal 
Earnings 

(b5) (-2.19) (-1.79) (-1.44) (-1.94) (-2.18) 
 

-0.23884* 
 

-0.12034***  
 

-0.23886* -0.25854**  -0.06003***  
Excess Bond 

Returns 
(b6) (-1.87) (-2.34) (-1.70) (-2.03) (-2.42) 

-0.02786 0.02743 0.70750* 0.029691 -0.29725* Term Spread 
(b7) (-0.08) (0.34) (1.89) (0.09) (-1.67) 

-0.34899 -0.46010 -0.26200 -0.34895 -0.57826**  Inflation 
(b8) (-0.54) (-0.04) (-0.44) (-0.59) (-2.16) 

-0.27210 -0.19125 
 

-0.09694 -0.25854 -0.11847 
Short-Term 

Rate 
(b9) (-0.72) (-0.98) (-0.28) (-0.75) (-0.85) 

0.01737 -0.04619 
 

Dropped 0.01713 0.03400***  
January 
Dummy 

(b10) (1.29) (-0.34)  (0.8) (2.54) 

-0.00884 0.11801 
 

Dropped -0.00758 0.00954 
February 
Dummy 

(b11) (-0.40) (0.22)  (-0.21) (0.04) 

-0.0646***  0.04413 
 

Dropped -0.06550***  -0.05803***  March Dummy  
(b12) (-4.55) (0.09)  (-2.96) (-5.91) 
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Table 4.10: Estimation Results for the Corporate Debt Maturity Model, Continued 

Variables Pooled OLS 
Cross-Sectional 

OLS 

 
 
 

Fixed 
Effects 

Random 
Effects 

GLS Model 
Corrected for Panel 
Heteroskedasticity 

and AR(1) 
Dependent 
Variable Share of Long-Term Debt to Total Debt 

-0.00073 0.00564 Dropped 0.00377 -0.02318 April Dummy 
(b13) (-0.03) (0.03)  (0.01) (-1.06) 

0.00897 -0.04860 Dropped 0.00953 0.44310* May Dummy 
(b14) (0.37) (-0.36)  (0.28) (1.65) 

0.00786 -0.09589 Dropped 0.01010 0.07890***  June Dummy 
(b15) (0.64) (-0.38)  (0.52) (9.54) 

0.00369 -0.12577 Dropped 0.00524 0.02657 July Dummy 
(b16) (0.15) (-0.38)  (0.36) (1.01) 

0.00967 0.00738 
 

Dropped 0.01286 -0.00612 August Dummy 
(b17) (0.44) (0.08)  (0.14) (-0.33) 

-0.00963 -0.06278 
 

Dropped -0.00701 0.01354 
September 
Dummy 

(b18) (-0.12) (-0.52)  (-0.37) (1.16) 

-0.00170 -0.00627 
 

0.07469 0.00102 0.00293 
October 
Dummy 

(b19) (-0.81) (-0.14) (0.32) (0.04) (0.24) 

0.06158***  -0.00320 
 

Dropped 0.06315* 0.11411***  
November 
Dummy 

(b20) (2.6) (-0.02)  (1.66) (16.49) 
Note: The coefficient estimates are represented as the first number for each independent variable. 
Numbers is parenthesis represents the standard error of each parameter coefficient. An *  (** ) (*** ) 
indicates significance at 10% level (5% level and 1% level). Pooled OLS regression: R-Square = 
0.0388; F-stat = F (19, 6500) = 13.79. Cross-sectional OLS regression: R-Square = 0.1218; F-stat = 
F(19, 632) = 5.17. Fixed effects regression: R-Square = 0.0122; Wald 

� 2(19) = 137.54. Random effects 
regression: R-Square = 0.0101; Wald 

� 2(19) = 596.82. GLS Regression Corrected for Panel 
Heteroskedasticity and AR(1): Log Likelihood = 1601.881; Wald 

� 2(19) = 596.82. 
 

Based on the results presented in Table 4.10, there is a negative relationship 

between debt maturity and excess bond returns in all specifications.  Furthermore, 

market-to-book ratio, abnormal earnings, as well as term spread and inflation are 

negatively related to the share of long-term debt.  The firm size is positively related to 

debt maturity.  Finally, there is a difference in long-term debt issues for firms with fiscal 

year ending in January, March, May, June, and November.  However, no statistically 
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significant relationships were found for the regulatory dummy and short-term interest 

rate, although the signs for these coefficients are consistent with theoretical predictions.  

Results here indicate the precision and efficiency of the model were sensitive to the 

model specification; corrections for violations of underlying assumptions are responsible 

for the magnitudes of these differences.   

 

4.7 Discussion and Conclusions 

The debt financing decisions are a set of simultaneous decisions made by lenders 

and borrowers.  Since lenders are unable to observe directly the firms’  investment 

decisions, the banks offer contracts based upon the observable firm characteristics such 

as wealth and size. The contracts offered to each firm differ with respect to the cost of 

capital borrowing as well as its maturity.  When deciding on the financing decisions, 

firms might also take into account the changes in macroeconomics variables in order to 

lower the cost of borrowing. As a result, the goal for this article was to examine the 

hypothesis of the effect of the debt determinant as well as the macroeconomics variables 

on the debt maturity structure at the individual firm level data. The research objective 

was achieved by investigating the relationship between these variables and the corporate 

debt maturity structure. A reduced form of the simultaneous debt decision model was 

estimated by employing several OLS estimation methods to analyze the relationship 

between debt maturity and its determinants.   

The examination of the excess bond returns as well as the debt and market 

determinants of corporate debt maturity supports the hypothesis that excess bond returns 

are negatively associated with debt maturity.  For example, firms tend to issue long-term 

debt when excess bond returns are low.  Furthermore, results here are consistent with 

Barclay and Smith’s (1995) and Antoniou et al. (2002) findings that firms with more 

growth options in their investment opportunity set issue more short-term debt.  As a 

result, reducing debt maturity helps control the underinvestment problems as presented 

by Myers (1977).  For example, underinvestment occurs when the debt maturity is not 

appropriately timed and debt refinancing occurs after investment options expire so the 

gains from new investments accrue to the debt holder (Johnson, 2003).   
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As discussed by FEMA (2005), there is also evidence for a strong positive 

association between firm size and debt maturity in which large firms issue a significantly 

higher share of long-term debt.  Finally, there is support for the hypothesis that firms use 

the maturity of debt to signal information to the market.  In accordance with Barclay and 

Smith’s (1995) and Richardson and Sloan’s (2003) findings, high-quality firms issue 

short-term debt, while low-quality firms issue long-term debt.  There is no statistically 

significant evidence found supporting the impact of firms’  regulatory status on debt 

maturity, although the variable does carry the predicted sign, implying that regulated 

firms issue more long-term debt.  

The results obtained for the market variables are consistent with the hypothesis of 

macroeconomic variables impacting the debt maturity.  The evidence is supported by the 

inverse relationship between the corporate debt maturity and the macroeconomic 

variables: inflation and term spread.  Firms borrow long term when debt market 

conditions suggest that the relative cost of long-term debt is low.  Although there is no 

evidence found in support of impact of short-term interest rates on debt maturity, the 

variable carries the predicted negative sign.  

The sign and the magnitude of impact of the term spread changes depending on 

the model specification.  These differences can be explained by linking the variable to the 

impact of taxes on the debt maturity decisions.  Due to a firm’s default on debt payments, 

the expected value of the firm’s tax liabilities depends on the debt maturity structure as 

long as it is not flat.  For example, if the term structure is upward sloping, issuing long-

term debt reduces the firm’s expected tax liability and, therefore, increases the firm’s 

market value.  As a result, there is a positive relationship between long-term debt and a 

slope of the term structure (Brick & Ravid, 1985).  

The limited impact of the term spread is explained by Lewis (1990) and Terra 

(2005) as taxes having no effect on the optimal debt maturity when the optimal debt-asset 

ratios and debt maturity structure are chosen simultaneously. Terra (2005), however, 

finds that taxes do have a negative relationship with debt maturity in the case of Latin 

American firms.  As many researchers, he struggles to explain why taxes have no impact 

on debt maturity although the average effective tax rate for the U.S. companies is greater 
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than those of other countries so the negative impact of the term spread should be 

statistically influential (Terra, 2005).  

The finding of the negative relationship between the macroeconomic variables 

and debt maturity confirms the fact of the chief financial officers timing the market by 

issuing short-term debt when short-term rates are low or when long-term rates are 

expected to decline.  The finding is especially significant in the case of large firms, which 

have easy access to financial markets (Berlin, 2006).  The findings confirm also the belief 

that managers watch the debt and therefore lower the borrowing cost.  For example, 

Faulkendler (2005) finds that managers believing in market timing purchase a swap, 

amplifying the firm’s exposure to rising interest rates while undertaking new borrowings 

instead of hedging against the increase in interest rate risk.  This implies that managers 

are likely to swap fixed interest rate payments for floating interest rates payments at the 

same time of the debt offering when the term premium is high (Faulkendler, 2005).  

On the other hand, not finding the short-term interest rate statistically significant 

is in agreement with the view shared by Berlin (2006) which states that chief financial 

officers cannot time the market due to limited information on interest rate movements 

(Berlin, 2006).  As a result, managers might simply be wrong in their beliefs that market 

timing helps to decrease the cost of borrowing.  Even if the cost of borrowing is lowered, 

it might not be a result of market-timing.  Although Baker et al. (2003) find managers to 

exploit inefficiencies in debt markets and therefore, find lower borrowing cost, Butler et 

al. (2004) criticizes their econometric techniques and remains unconvinced of the market-

timing phenomenon. His opinion as well as Berlin’s (2006) opinion is in agreement with 

the Efficient Market Hypothesis, which states that it is impossible to "beat the market" 

because market efficiency causes existing investment prices to always incorporate and 

reflect all relevant information with regard to the market conditions (Fama, 1970). 

The analysis here has some potential limitations.  First, results obtained in this 

study are affected by a survivorship bias due to the sample generating process, which 

only included firms with complete data for the entire 10 years of study.  As a result, the 

firms that are included in the sample as a result are more likely to be larger and older with 

less investment opportunities.  These firm characteristics bias the sample towards finding 

issuance of long-term debt.  On the other hand, the bias works against finding the inverse 
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relationship between debt maturity and excess bond returns as well as macroeconomic 

variables.  High volatility of the explanatory variables over the time of the analysis makes 

it harder to obtain the predicted results due to lack of persisting trend in the variables.  

Consequently, based on the bias possibility, the results for firm characteristics have to be 

taken lightly. 

Second, as discussed by Barclay and Smith (1995), the debt-maturity analysis 

could be better executed if more disaggregated data were used in the study.  For example, 

firms with more growth options in their investment opportunity set issue more short-term 

debt; however, it is questionable whether the total variation might result in variation 

among instruments with different maturities such as short-term bank debt or long-term 

public debt.  A more detailed examination of the mix of debt instruments issued by 

different companies would add to the depth and understanding of firms obtaining the 

observed debt structure (Barclay & Smith, 1995).  

Further research on the debt maturity structure should not only include the mix of 

debt instruments, but also one, two, and three-year cumulative excess bond returns.  By 

including the cumulative returns in the model, debt maturity sensitivity to the impact of 

long- and short-term returns could be estimated.  Such analysis would provide further 

information on the cost of debt borrowing at different maturities.  Additionally, the 

sample used in the analysis should include information for as many firms and years as are 

available, in order to increase the precision and efficiency of the results.  Furthermore, a 

large number of firms included in the sample will decrease the possibility of a 

survivorship bias and offer a more representative sample of firms, so obtained results 

could be extrapolated and interpreted for all firms in general. In order to investigate in 

more detail the relevance of the Market Timing Hypothesis in capital borrowing process, 

the weekly/monthly data points instead of yearly values should be employed in the 

model.  As mentioned earlier, the market-timing phenomenon is a short-run process, so 

with more frequent data points finding support for the hypothesis is more likely to be 

achieved.  

Finally, several changes should be made to the functional form of debt maturity 

and the empirical estimation framework. Since the functional form of the debt maturity 

function has not been defined by the finance literature at this point, the estimation process 
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of the OLS models should include the specification tests for higher orders and interaction 

effects between the independent variables. Finding the right functional form of the debt 

maturity will improve the precision and efficiency of the model estimates and identify the 

debt maturity drivers.  In addition, the empirical analysis framework should be extended 

to a mixing (averaging) estimator model to improve the efficiency of the estimation 

process. The idea behind the mixing estimator model is to average the estimators 

obtained from different OLS models to attain more efficient results compared to those 

derived from estimating each model individually while controlling for the omitted 

variable bias. The employment of the mixing estimator model results in fitted estimates 

that are asymptotically efficient with a minimum value of squared error in the class of 

discrete model average estimators (Hansen, 2006).   

In conclusion, the analysis found evidence in support of impact of debt 

determinants and macroeconomic variables on the structure of debt maturity.  

Furthermore, as suggested by Backer et al. (2003), empirical studies of debt maturity 

need to incorporate the market conditions and the excess bond returns in order to 

adequately explain patterns in debt maturity data. 
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4.10 Appendix A 

4.10.1 Profit Maximization 

The basic assumption of firm behaviour is the goal of maximising firm’s profits. 

There are several fundamental implications resulting from profit maximization.  For 

example, the firm chooses the optimal level of output at which the production of an 

additional output unit produces marginal revenue equal to marginal cost.  Another 

decision determines the level of each factor in output production (eg. labour). The final 

implication resulting from profit maximization is the equality of long-run profits. If two 

firms have identical revenue and cost functions, in the long-run, the two firms must have 

equal profits due to each firm’s imitation of the other’s actions (Varian, 1992).  

In order to apply implications resulting from profit maximization (optimal output 

level, optimal input level, and equality of long-run profits), the revenue and cost 

functions must be broken into more basic parts.  For example, revenue is composed of a 

number of outputs a firm sells and the price of each output. Costs are also composed of a 

number of inputs a firm employs and the price of each input. The firm’s profit 

maximization problem reduces to determining the optimal output and input price levels as 

well as production and utilization levels of outputs and inputs. The following equation 

describes the profit maximization problem faced by a firm (Varian, 1992: page 26): 

 
�

(p, w) = max pf(x) - wx(w, y) (60) 

 

where 
�

(p, w) is the firm’s profit, pf(x) is the revenue, wx(w, y) is the cost of production, 

f(x) is the output level, p is the price output, w is the vector of factor prices, and the inputs 

are measured by the nonnegative vector x = (x1, …, xn). The cost function (c(w, y) = 

wx(w, y)) measures the minimum cost of producing a given level of output for some fixed 

factor prices. As such, it summarizes information about the technological choices 

available to firms.  

Firm’s profit-maximizing behaviour can be characterized by the following first 

order condition (Varian, 1992: page 26): 
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p(
�
f(x* )/

�
xi) = wi (61) 

 

This condition states that the value of the marginal product of each factor must be equal 

to its price and therefore the marginal revenue must be equal to the marginal cost.  The 

second order condition for profit maximization is represented by the second derivative of 

the production function with respect to the input. The result of the second order 

derivative must be nonnegative (Varian, 1992: page 27): 

 
� 2f(x* )/

�
xi

2 �  0. (62) 

 

Several properties describe the profit function. These properties include: (Varian, 

1992: page 41): 

1. The profit function is non-decreasing in output prices and non-increasing in input 

prices. If p’
i  pi for all outputs and p’

j  pj for all inputs, then 
�

(p’)  
�

(p). 

2. The profit function is homogenous of degree 1 in p.  
�

(tp) = t 
�

(p) for all t �  0. 

3. The profit function is convex in p. Let p”  = tp + (1- t)p’  for 0 �  t �  1, then 
�

(p” ) 

�  t 
�

(p) + (1- t) 
�

(p’). 

4. The profit function is continuous in p at least when 
�

(p) is well-defined and pi > 

0 for i =1, …, n. 

4.10.2 Utility Maximization 

The second theory guiding the managerial decisions is the utility maximization 

theory.  The basic problem of utility or otherwise known as preference maximization 

problem represents the set of all bundles (alternatives) satisfying the consumer’s budget 

constraint. Each consumer is assumed to have preferences on each consumption bundles 

within a consumption set X. Consumer preferences are an ordered set of bundles where a 

bundle x is at least as good as a bundle y (x �  y). A set of all consumption bundles 

defined as indifferent to each other is called an indifference curve. The preference 

maximization problem is defined as maximization of utility function that meets a budget 

constraint requirement (Varian, 1992: page 98): 
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Max u(x) (63) 

such that px �  m (64) 

x is in X. (65) 

 

where u(x) represents the utility function and px �  m represents the budget constraint with 

m being the fixed amount of money available to a consumer (B = { x in X: px �  m} ). The 

theoretical preference maximization can be stated by utilizing the Lagrangian function 

(Varian, 1992: page 100): 

 
�
 = u(x) – � (px – m) (66) 

 

where �  is the Lagrange multiplier. Differentiating the Lagrangian function with respect 

to xi gives the following first-order conditions (Varian, 1992: page 100): 

 
�
u(x)/

�
xi – � pi = 0, for i = 1,…, k. (67) 

 

When the i th first-order condition is divided by the j th first-order conditions the marginal 

rate of substitution between good i and j is obtained (Varian, 1992: page 100): 

 
�
u(x)/

�
xi/

�
u(x)/

�
xi  = pi/pj, for i,j = 1,…, k. (68) 

 

The fraction on the right represents the economic rate of substitution between i and j. The 

utility maximization exercise implies that the marginal rate of substitution is equal to the 

economic rate of substitution (Varian, 1992). 

  

4.10.3 General Equilibr ium 

 The economic theory of general equilibrium provides the basis for the efficient 

market hypothesis.  The general equilibrium framework combines the firm’s profit 

maximization problem with the problem faced by the consumer (utility maximization).  

In this framework, each consumer owns some initial endowment � i of commodities for 
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which he/she receives an income of p� i. For any vector of prices of goods and labor, the 

consumer considers selling off his/her endowment and then buying the desired bundle of 

goods including leisure. Given an endowment vector �  and a price p, the consumer 

solves the following problem (Varian, 1992: page 342): 

 

Max u(x) (69) 

such that px = p� . (70) 

 

The utility maximization problem involves constraint that includes the total amount of 

leisure consumed by the consumer being less than 24 hours a day (Varian, 1992).  

To complicate the optimization problem, consumers own firms and receive a 

share of firm’s profits (Tij). For any firm j, share profits sum to one, � j=1
nTij = 1, such that 

the firm completely owned by individual consumers. At a price vector p each firm j 

chooses a production plan that yields a profit 
�

(p) = pyj(p), where yj(p) is a net supply 

function. The total profit income received by a consumer i is the sum of the profits he/she 

receives from each of the firms: � j=1
mTij pyj(p). As a result, the consumer’s budget 

constraint is defined as follows (Varian, 1992: page 342):  

 

pxi = p� i + � j=1
mTij pyj(p). (71) 

 

The consumer chooses a utility-maximizing bundle that satisfies this newly defined 

budget constraint. As a result, consumer i’s demand function is written as a function of 

the price vector p (Varian, 1992).  

 For each consumer, an allocation (x, y) is feasible if aggregate holdings are 

compatible with the aggregate supply (Varian, 1992: page 345): 

 

�  i=1
n xi- �  i=1

n yj - � i=1
n � i = 0. (72) 

 

A feasible allocation (x, y) is Pareto efficient if there is no other feasible allocation (x’ , 

y’ ). Based on the Pareto efficiency definition, the First Theorem of Welfare Economics 

states that if (x, y, p) is Walrasian equilibrium, then (x, y) is Pareto efficient (Varian, 
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1992: page 345).  The Second Theorem of Welfare Economics states that when (x* , y* ) 

is a Pareto efficient allocation with each consumer holding strictly positive amounts of 

each good and presenting convex, continuous, and strongly monotonic preferences. 

Suppose firm’s production possibility sets, Yj for j = 1,…, m are convex, then there exists 

a price vector p �  0 such that (Varian, 1992: page 346) : 

 

1. if x* i > i  x* i then px’ i >  px* i for i = 1,…,n. 

2. if y* i > i  y* i is in Yj then py’ i >  py* i for i = 1,…,m. 

 

As a result, the Pareto efficient allocation is achieved by re-appropriation of “wealth” . 

The second way of defining the Second Theorem of Welfare Economics is to assume that 

(x* , y* ) is a Pareto efficient allocation and that preferences are locally non-satiated. 

When a competitive equilibrium exists from the initial endowments � i = x* i with profit 

share Tij = 0 for all i and j, and is given by (p’ , x’ , y’ ), then (p’ , x* , y* ) is a competitive 

equilibrium (Varian, 1992: page 348). 

 
 
 
 


