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Abstract 

Stated choice experiments eliciting willingness-to-pay (WTP) for environmental 
goods and services provide the means to assign monetary estimates to the social 
and environmental costs of motor-vehicle use such as air pollution, noise and 
congestion. However, fixed parameter models indicating homogeneous WTP 
estimate dominates current applications. This paper investigates the need to 
account for heterogeneity in the WTP estimates of stated preference models 
involving an internet-based survey on the valuation of road and roadside 
environment in Metro Manila. Initially, factors affecting heterogeneity in WTP 
are investigated using contingent valuation (CV) data. Then, random parameter 
choice models are estimated to describe the effects of preference heterogeneity in 
attribute-based valuation data. Finally, the implications of value estimates on 
environmental policies for Metro Manila are presented.  
Keywords: environmental valuation, heterogeneity, random coefficient model. 

1 Introduction 

Mobility improvements still play a vital role in the economic growth of many 
developing nations. However, high motorization rates as a consequence of 
increased mobility is triggering unaccounted environmental costs, such as air 
pollution, noise, congestion, accidents, and urban decay. In developing countries, 
concentration of total suspended particulate, recently linked with respiratory and 
cardiac diseases, is found to be many times higher than the World Health 
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Organization (WHO) guideline of 90µg/m3 [1]. Transport related noise, which 
projected to grow proportionally with the rapid growth of number of motor 
vehicles, poses environmental concerns. Moreover, the WHO reported that 20 
million people are severely injured or killed each year in traffic related accidents, 
most of which are from developing countries [2]. This picture calls for valuation 
of the social and environmental costs of travel that are necessary to evaluate 
alternative transport policies, or basis of implementation mechanisms for pricing 
strategies, Pigovian taxes, and vehicle regulations.  
     In Metro Manila, the social and environmental costs of motorization are 
considerably extensive. Above 40% of all registered vehicles in the Philippines 
are in Metro Manila. These motor vehicles are making about 17.5 million trips a 
day [3].  This figure is still increasing and implying greater environmental stress 
to the network. Ambient air and noise standards, for instance, are exceeded in 
many areas in the city. In a 2001 preliminary assessment of outdoor air pollution 
and health in Metro Manila conducted by University of the Philippines, the 
average annual total suspended particulate (TSP) is 153µg/m3, more than two 
times the standard. Moreover, the noise standard of 80 decibels is exceeded even 
in some residential areas.  
     The need to incorporate full social costs of traffic in urban management 
policies has been considered by many researchers and policy-makers in recent 
years. In the United States and Europe, reports presenting methods and estimates 
of social costs of motor vehicle have been comprehensively done [4, 5].  In 
Metro Manila, a number of studies have been made to measure social costs of 
traffic in Metro Manila. In 2003, ADB sponsored a research on market-based 
instruments to evaluate air pollution control policy options [6].  Roth and 
Villoria [7] measured social cost of congestion and proposed a congestion charge 
in the range of 6 to 14 Philippine peso (PHP) per passenger car unit per km to 
increase travel speed by 44 to 101%. Premature deaths from PM10 was 
estimated to range from 0.5 to 14.3 billion PHP in 1992 [8]. Fabian and Vergel 
[9] estimated an average 1.24 PHP WTP to equip diesel exhaust of jeepneys with 
particulate trap. Most of these studies are based on market-based estimation 
methods.  
     Contingent valuation method (CVM) and stated choice (SC) tasks dominate 
the existing non-market valuation studies. Valuation of non-monetary social 
costs has become one of rather recent applications of the well-developed random 
utility choice models using stated preference (SP) data [10-13].  These are 
commonly estimated using the versatile multinomial logit model [14]. Recent 
advancement in computing have rendered the estimation of complex discrete 
choices with mixed distribution probabilistic assumptions possible though 
simulations [15]. 
     This paper aims to make three contributions. Firstly, to investigate factors 
influencing heterogeneity in WTP for environmental amenities to examine the 
need for random parameter models, secondly, to investigate diversions in 
estimate of fixed and the random parameter models and, lastly, to contribute to 
the limited literature on valuation of non-monetary motor-vehicle use in 
developing countries. The CV data used consist of the double-bounded 
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dichotomous format WTP for improvements in road and roadside environmental 
attributes for public and private work commuters. On the other hand, in the 
estimation of the random parameters model, we used the SC route choice data 
from private work trips. 

2 The choice experiment 

This paper uses data from internet-based stated-choice survey employing two 
methods, a CV and an SC experiment, to obtain estimates of WTP for road and 
roadside environmental improvements in noise, air quality, and road safety. The 
questionnaire has five parts: work trip characteristics; environmental quality 
perception in commonly used route; environmental attitudes; the experimental 
choice problems; the CV WTP elicitations and the socioeconomic characteristics 
of respondents. In the CV questions, the respondents were asked of their WTP 
for extreme improvements in road and roadside environments using referendum 
CV format with follow-up. The payment vehicle for the private trips is additional 
payments in fuel and registration taxes while for public trips, fare increase is 
offered.     
     In the SP route choice experiment, we looked into attributes corresponding to 
non-monetary environmental costs of transport such as noise and air pollution. 
Furthermore, variables travel time and risk reductions from traffic accidents are 
added in the choice dimensions. Travel time is generally classified as personal 
non-monetary costs. Risk value of a traffic fatality, on the other hand, is agued to 
encompass both external, as in lost and suffering incurred by victims, and 
internal costs, as traveller himself or herself makes the decision to travel or not to 
travel [16]. A screen shot of the SC route choice problem is shown in Figure 1.  
 

 
Figure 1: SP route choice experiment. 

     Attribute levels are randomly varied using html embedded scripts. The survey 
was conducted among employees in Metro Manila conducted from June 5 to July 
1, 2005.  
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3 Factors affecting heterogeneity of WTP 

This section discusses the factors that are likely to influence variance of the 
observed variable WTP and the actual mode choice, i.e. private or public, using 
path analysis. The details of the questions for the different measures investigated 
here are presented in Table 1. Attitude (ATT) is measured using three 
behavioural statements deemed to closely correspond to altruistic, responsible 
and moral behaviours of individuals. Bipolar rating (agree-disagree) on 
situational statements were elicited from respondents to indicate attitudes. 
Perception (PER) relates to how respondent perceive his or her most familiar 
route and his or her perception on how the government is doing their job on its 
maintenance. Five-item bipolar scales on perception of environmental conditions 
are used. Road and roadside environment perception measured are air pollution 
(poor-good), noise annoyance (extremely-slightly), greenery and streetscape 
(poor-good) and road safety (dangerous-safe). Revealed preference (RP) 
represents the actual mode used by the respondents which are encoded as 
dummy, 0 for private and 1 for public. WTP is the probability the respondent pay 
the mean of the computed WTP normal distribution using double-bounded 
referendum CV questions. Socioeconomic variables (SOC) uses for the purpose 
of this application are employment type, number of years in school, and monthly 
income.  Structural equation modelling using LISREL [17] model was done to 
estimate parameters of assumed path structure. Some 259 observations are used 
for the estimation. 

Table 1:  Structural equation variables. 

VARIABLES CODE QUESTIONNAIRE ITEM 
Socioeconomic Var. SOC  

Employment EMP 1 if permanently employed, 0 otherwise 
Education  EDUC 1 if 14 years of study or less, 0 otherwise 
Income INC1 1 if more than 15,000, 0 otherwise 

Attitude ATT  
Altruism EQUAL • We have equal rights to clean road and roadside 

environment. 
Responsibility RESP • I share the responsibility in maintaining the national goal 

of protecting environment and controlling pollution. 
Moral Values WARM • I am willing to partially subsidize tax share of the poor for 

clean road and roadside environment. 
Perception PER  

Air Quality AIRQUAL • How will you rate general air quality in this road? 
Noise Annoyance NOISE • How annoyed are you about the traffic noise you hear 

while travelling in this road? 
Greenery & Landscape AMENITY • Please assess the greenery and the landscape of the road.  
Road Safety SAFETY • How will you assess road safety when travelling in this 

road? 
Revealed Preference RP  

Mode choice Mode 0 if car, 1 if public 
Willingness to pay WTP  

Probability of a “yes” 
response 

P If the air quality is clean and safe enough to be breathe, 
Traffic noise does not cause stress or disturbance, The road is 
very safe, greenery and landscape are in place. Are you 
willing to pay (cost) for (payment vehicle)? 
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     The standardized estimate of the parameters of the structural equation model 
is shown in Figure 2. The statistical fit of the model is relatively acceptable at 
ML χ2 is 79.43 with df=44, p-level is 0.00085, and RMSEA 0.055. In the 
structure, three latent exogenous variables, attitude (ATT), perception (PER), 
socioeconomic characteristics (SOC), and an endogenous latent variable mode 
choice (MODE) are introduced to directly affect the observed WTP of the 
respondents. Error correlation structures among the latent exogenous variables 
are likewise assumed. Only the error correlation between PER and ATT with a 
negative parameter and a significance level of about 10% appears to be 
noteworthy.  This indicates that as perception of the environmental quality 
worsens, the attitude of the respondents towards the environment is likewise 
impaired. Among the four latent variables assumed to directly influence WTP, 
RP is found have the most notable positive effect at 1% level of significance 
followed by ATT with a positive effect of about 5% level of significance.  
 

 

Figure 2: Estimate of variables affecting WTP. 

     The results of the estimation of assumed path structure show that, while it is a 
common knowledge that socioeconomic characteristics are the main cause of 
heterogeneity in stated WTP, its effect are only indirect. Revealed preference, 
which may be a function of socioeconomic characteristics, is more likely to 
influence stated WTP based on the empirical data presented here.  It is also 
noteworthy that the attitude latent variable poses relatively significant influence 
on WTP.  Various researches have shown similar effect of preferences and 
attitudinal variables in WTP [18, 19].  

4 Random coefficient model and WTP 

This section presents the estimation of discrete random parameter models to 
account for heterogeneity in the WTP estimates of road and roadside 
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environmental improvement as an effect of the actual preferences and attitudes 
as presented in the previous section.  

4.1 Model specifications  

Route choice utility depends on the route characteristics or attributes, a function 
of the explanatory variables and the stochastic or random part of utility. Route 
attributes can be classified into the objective attributes, travel time and travel 
cost, and subjective attributes such as like environmental quality, safety, and 
view. In the analysis here, we define the utility as: 
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                             (1) 
                                                      
where xMj stands for the different route alternative j attributes, xpi is the cost, xsj 
are other explanatory variables, β are the associated utility parameter and εj is the 
random unmeasured utility components. In this utility specification, attributes are 
assume to be independent of each other, meaning preference over one attribute 
do not affect other attributes preference, and, thus, follow simple additive 
relationship.  
     Assuming effects of attributes are captured in deterministic part, WTP 
indicator in this choice problem can be described by ratio of the marginal utilities 
with respect to environmental attribute and price.  In a simple linear specification 
of utility, the value of a unit of air pollution reduction can then be computed 
from the ratio of and attribute coefficient βM which is the particular attribute 
parameter and cost coefficient βp, respectively. 
     However, environmental amenities, just like any subjective attribute in the 
stated choice question, are complex concepts that vary according to individual. 
The difference in how an individual realize degree of alternative‘s attributes 
weight like congestion or presence of pollution causes parameters of discrete 
choice structural equations to follow certain distribution. We have shown 
previously that attitudes and revealed preferences have an effect on stated WTP 
to these amenities. To determine effect of heterogeneity in choice models 
incorporating taste heterogeneity, we investigated only main effects parameters 
in the choice experiment in Figure 1. 
 

jppaccnoiseairtimejj xxxxxV εβββββα ++++++= 4321
                 (2) 

 
     Since heterogeneity in WTP is established to be influenced by preferences 
and attitudes in the empirical data used in this study, is not likely for the 
estimated coefficients to be fixed or common across observations. To consider 
this, we estimate a mixed logit model where not only stochastic part of the 
indirect utility, but also alternative attribute coefficients, varies randomly. We 
assume that β  follows a continuous normal distribution the choice probability is 
defined as: 
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where φ(β | b, σ2) is a normal density with mean b and variance σ2. This can be 
estimated by maximum simulated likelihood discussed in Train [15]. 

4.2 Estimation results 

Table 2 shows estimate of the fixed parameter model (MNL) and the normally 
distributed random parameter models with all parameters distributed (MMNL) 
and in an alternate model where the cost parameter is held fix (MMNLFC). The 
models were estimated using a non-commercial estimation package BIOGEME 
[20]. In the random parameter models, 1000 pseudo random draws to 
approximate probability are employed.   

Table 2:  Parameter and WTP estimates. 

Parameter MNL MMNL MMNL-FC 
α2 2.204 (4.49) 4.351 (1.49) 2.944 (2.33) 
α3 2.020 (4.04) 4.225 (1.36) 2.802 (2.17) 
βp (Travel cost) -0.009 (-3.60) -0.019 (-1.19) -0.014 (-1.88) 
σp  0.003 (0.28)   
β1 (Travel time) -0.041 (-4.79) -0.100 (-1.68) -0.079 (-2.18) 
σ1  0.103 (1.88) 0.078 (1.44) 
β2 (Air pollution) -0.499 (-1.21) -1.883 (-1.37) -0.869 (-1.24) 
σ2  1.372 (1.04) 1.448 (0.51) 
β3 (Noise) -0.550 (-1.42) -1.414 (-1.21) -0.892 (-1.31) 
σ3  1.861 (0.29) 1.653 (0.83) 
β4 (Traffic fatalities per year) -0.010 (-4.21) -0.019 (-1.69) -0.016 (-2.11) 
σ4  0.024 (0.89) 0.013 (0.83) 
Goodness of fit index   

No. of observation 221 221  221 
χ2 statistic (p-level) 80.07  (0.0000) 83.09 (0.0000) 85.15 (0.0000) 
Adjusted ρ2 0.136 0.122  0.130 

WTP point estimates for:     
Time (in minutes) 4.41 (3.13) 5.13 (2.40) 5.54 (2.78) 
100% air pollution reduction 53.93 (1.19) 96.60 (2.45) 61.03 (1.43) 
100% noise reduction 59.45 (1.39) 72.54 (2.07) 62.69 (1.59) 
Avoiding a traffic death in a year 1.10 (1.74) 0.97 (2.18) 1.10 (2.67) 

 
     The goodness of fit indices of the three models is almost equally acceptable.  
The statistical significance of the WTP estimates presented here are computed 
using mean estimators’ variances. The point estimates of WTP may increase or 
decrease based on specifications of the marginal utilities.  
     Figure 3 shows the cumulative distribution function (CDF) of the coefficient 
estimate of the MMNL model. From the figure, the tendency of some of the 
parameters (i.e. travel time, air quality, noise) to have positive values in some 
part of the distribution can be seen.  The wide variance of the coefficient of air 
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quality and noise can also be observed indicating significant perception 
heterogeneity for the variable. This indicates that some respondents are 
indifferent to air and noise quality improvements.  As expected, respondents 
have more certain preferences for variables of personal character than that of the 
subjective, environmental nature.  If we relate this with the previous SE models, 
it can be roughly deduced that attitudinal factors affect subjective variables such 
as non-use environmental resources more than use or personal resources. 
 

0

0.2

0.4

0.6

0.8

1

-4 -3 -2 -1 0 1 2 3 4
Taste parameter

Pr
ob

ab
ili

tyACCIDENTS

NOISE

AIR

TIME

COST

 

Figure 3: CDF of parameter estimates from MMNL. 

4.3 Policy implications for Metro Manila 

The finding that the attitudinal character of individuals, correlated to his or her 
perceptions of environmental quality, has significant influence to WTP is a 
matter that must be considered in planning.  The practice of improving peoples’ 
perception through impact projects to perk up approval ratings of politicians has 
been a common practice in developing countries. This system, while 
unsustainable in some infrastructure project, may be a considerable option for 
environmental improvement projects. In terms of transport policies, though 
subjectivity and heterogeneity of environmental attributes such as noise and air 
pollution is very strong among road users, one might actually control it by 
controlling or altering latent variables such as attitudes and perceptions.  This 
can be done by policies such as marketing strategies, information campaign, 
training and counselling.  
     The value of estimates from MMNLFC is used here for simpler model 
interpretations.  We first adjusted the estimated mean WTP based on the actual 
income structure in Metro Manila. The income adjusted value for WTP are 10.22 
PHP for 100% air improvement, 10.50 PHP for 100% improvement in noise, 
0.18 PHP to avoid risk of 1 in 100 traffic fatalities in a year, and 0.93 PHP value 
of travel time savings per minute. These values can be used in evaluating non-
monetary external cost to road users in evaluation of alternative policy schemes. 
For instance, the WTP for fine particulate traps fitted in diesel vehicles’ exhaust 
which are found to cut PM10 emission to about 20%, can be estimated to amount 
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to 2 PHP. Based on the WTP estimate to avoid traffic fatality, on the other hand, 
value of statistical life (VSL) for reducing 1 in 100 fatal accident in a year 
considering mean estimate is 4.8 M PHP can be used for transport policy 
evaluation.  The previous estimates above are based on the point estimates, if we 
consider the spread of the coefficient estimates, values, particularly for air and 
noise improvement, may even have negative values in some segments of the 
population.   

5 Summary and conclusions 

In this paper, we have shown the need to consider heterogeneity in 
environmental valuation model to better estimate WTP for road and roadside 
environmental attributes in an empirical application in Metro Manila.  We have 
shown based on structural equation model that preferences, as a function of 
socioeconomic variables, and attitudes influences heterogeneity in values for 
environmental amenities.  We likewise present that, random parameter choice 
models can account for this heterogeneity. Based on the empirical application 
done, we found that non-use goods or attributes like noise and air quality is more 
prone to heterogeneity than other direct or indirect use goods or attributes like 
time and risks from accidents.  It can be deduced from here that preferences and 
attitudes have more influence on stated WTP for non-use resources. This finding 
necessitates the use of models accounting for heterogeneity in environmental 
valuation studies. The WTP estimates in random parameter models are useful for 
various transport and environmental policy in Metro Manila. 
     In the estimations, random parameter model may account for the 
heterogeneity but interpretation of the models in terms of latent variables such as 
attitudes and perception is limited.  As an alternative, other models such as latent 
variable discrete choice models may be used and investigated. 
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