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1. Introduction

One way of deriving value of non-marketed resource such as road and roadside environment is through stated choice
experiment. Attribute-base or conjoint stated choice experiments are generally analyzed using discrete choice models. Various
studies on the valuation of time®, non-use goods such as road safety? and cultural heritage resource, and corporate decisions have
been done utilizing flexibility of conjoint experiment based on willingness-to-pay (WTP) indicators from random utility models.
Recent development in analytical models accounting for random taste heterogeneity offers new powerful analytical method for
discrete choice models dominated before by multinomial logit and nested logit models. This development also opens possible
applications in environmental valuation.

Environmental amenity, just like any hypothetical alternative attribute in a stated choice question, is a complex concept that
varies according to individual. For example, a person with a flexible work schedule may seek a route with better environmental
quality than a person which is already running late for work. The difference in how individual perceive importance of alternative‘s
attributes like environmental quality causes parameters of discrete choice structural equations to follow certain distribution.
Moreover, complex representation of attributes of the environmental goods presents a challenge in the structural equations of
models. For example, valuation of water quality where attributes are disaggregated into toxicity and transparency of waters may
cause inherent correlation between the two attributes as some individual may perceive good water transparency to equate with low
toxicity. Typical logit models present limitations in addressing taste heterogeneity and attributes correlation in environmental
valuation problems.

A wide array of discrete choice analytical models taking into consideration taste heterogeneity, attitudes, and correlation
structure among attributes of alternatives have been developed. Among these models are probit, GEV, latent class and the current
pervasively used mixed logit models. Mixed logit can estimate any random utility problem®. It is more powerful over standard
logit is that it allows for random taste variation, unrestricted substitution patterns, and correlation in unobserved factors over time
and, unlike probit, it is not limited to normal distribution®. Features of mixed logit to describe a bounded parameter distributions
such as log-normal and capacity to induce flexible correlation pattern in model specifications make it very appropriate for valuation
problems.

To study the multi-attribute environmental valuation, a stated choice conjoint experiment is performed and estimated using
multinomial logit (MNL) model. To account for taste heterogeneity, various specifications of mixed multinomial logit (MMNL)
model are estimated. In so doing, this paper aim to answer the questions: (1) how inherent covariance structure of parameter of
environmental attributes vector affect marginal utilities, and (2) how willingness-to-pay estimates is affected by specification of
mixed logit model.

2. Empirical application

The data used in this experiment was derived from an online pre-test survey conducted of road and roadside environment in
Metro Manila (MM) January 20 to February 5, 2005. Respondents are workers from different business districts within MM.
Valuations are done on the framework of binary route choice experiment. Environment attributes investigated are: (1) air pollution,
(2) noise pollution, (3) landscape, and (4) road safety. At first, the respondent was asked to imagine that his/her regular working
trip takes about is 60 minutes and average transportation cost of 30 pesos. Then, he/she was asked to choose between two route
options offering environmental improvements. Each route choice problem contains two alternatives in which attribute levels are
drawn randomly from the following set. Questionnaire in HTML was embedded with script randomizing attribute levels. The
process was repeated three times.

Table 1: Attribute levels

Attributes Attribute levels set
Travel time: 30 minutes, 45 minutes, 60 minutes, 75minutes
Travel Cost: 30 PhP, 40 PhP, 50 PhP, 100 PhP
Air Quality Improvement: 20% improvement in air quality, 50% improvement in air quality
Reduction in Noise Pollution: 20% reduction in traffic noise, 50% reduction in traffic noise
Landscape: with improvement, without improvement
Accidents/year: 20 accidents per year, 50 accidents per year, 100 accidents per year
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A total of 65 filled questionnaires were received. After it was expanded according to stated route choices, a total of 176 data were
used in the analysis after further screening of responses. Majority of the respondents are employees in Makati and Ortigas CBDs.
Avround 61% of the respondents are male and the average age is 30 years old.

3. Fixed Coefficient Model

To determine robustness of models incorporating taste heterogeneity, we first estimated binary logit model with linear utility
function for each j alternative specified linearly as:
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where TT stands for travel time, TC stands for transportation cost and f (-) stands for the function describing environmental
attributes effects. For investigation purposes, a linear specification of the environmental attributes vector below is described in this
study.

f (Barr, ATT) = B,AIR + B,NOISE + LA+ BACC + & 01 @

In this function, AIR stands for air pollution level (1-% reduction), NOISE stands for noise pollution level (1-% reduction), LA is a
dummy representing improvement (with or without) and ACC is number of accidents.

Assuming effects of attributes are captured in deterministic part (i.e. ¢, . =0), willingness to pay (WTP) indicator in this choice
problem can be described by the subjective elasticity of attribute coefficient, say air pollution reduction (SVAIR), with respect to
cost computed for each observation i. In a simple linear specification of utility, the value of a unit of air pollution reduction
(VAIR) can then be computed from the ratioof  5.and 5, which are the air quality and cost coefficient respectively.
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For nonlinear specification, to compute for the value of a unit improvement in air quality, SVAIR should be obtained for each
individual and averaged over the number of observations i.

SVAIR, =

4. Random Coefficient Model

(1) Definition and estimation

Since tastes and perception varies per individual, it is not likely for the estimated coefficients to be fixed or common across
observations. To consider this, we estimated an MMNL model® where not only stochastic part of the indirect utility, but also
alternative attribute coefficients, varies randomly. Assuming for instance that £ follows a continuous normal distribution the

choice probability is specified as:
e
P=
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where (4 |b,Q) isanormal density with mean b and covariance 2 . This can be estimated by maximum simulated likelihood
where P is estimated by drawing values of £ from assumed density, then calculating average to compute the simulated

probability P, as follows:
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where @ is the choice dummy. Mixed logit allows for flexible specification as it permits heterogeneity, correlation and taste
variations in data.

(2) Issues in valuation
In attribute base discrete choice analysis with linear specifications, the willingness to pay indicator for changes in attribute is

equal to the coefficient of the attribute over the coefficient of the cost vector. This mean that estimates are based on point estimates
or average value in sample. Several issues on the computation of willingness to pay may arise in the use of mixed logit. One is the
possibility of positive attribute or price coefficient particularly when distribution is unbounded (e.g. normal distribution). There
are two ways of looking at this issue. Lack of explanatory power of positive coefficients may lead it to be categorized as
misspecification. On the other hand, share of positive value coefficients derived from unbounded distributions can be explained by
data impurities or observations not following counter intuitive behavior. Unbounded distributions (i.e. lognormal distribution) offer
better alternative to normal distribution as it can restrict sign of parameter. While some studies have found that lognormal
distribution performed well than unbounded distribution, other find difficulty in making it converge 2. The possible reason for this
is the long tail on the unbounded side. Better bounded distributions are found to be easier to use than the log normal (e.g. triangular
distribution).

Another issue related to multi-attribute valuation is the attribute correlation. The capability of mixed logit to incorporate
covariance structure among alternatives addresses this issue.



(3) Model specification

Based on the issues discussed above, the following mixed logit specifications are used in this paper. Standard mixed logit with
normally distributed parameter of price, time, and environmental attributes vectors (MMNL) is first estimated. Then, to investigate
costs effects, mixed logit with fixed parameter for cost vector and normally distributed time and environmental attributes vector
(MMNLFC) is ran. To account for the inherent covariance structure of the environmental attributes, mixed logit with normally
distributed parameter of price and time vectors, and environmental attributes with variance-covariance structure for environmental
attributes vector (MMNLCOQV) is estimated. Finally, mixed logit with log-normally distributed time and environmental attributes
vector to describe effect of bounded distribution like lognormal are implemented. The models are evaluated based on the
robustness of models and estimates (-LN).

5. Results and Discussion

Models MNL, MMNL, MMNLFC, MMNLCOV and MMNLFC-LN were estimated using a non-commercial estimation
package BIOGEME 1.2. Pseudo random numbers were used to simulate normal distribution of the coefficients. Table 2 below
shows parameter estimates of the different models, t-statistics are shown in the parentheses. In all the models, 100 draws to
approximate probability are done. Model MMNL-LN was likewise implemented but is not presented because of poor estimates.

Table 2: Parameter estimates of MNL, MMNL, MMNLFC, MMNLCOV, MMNLFC-LN

MINL MMNL MMNLFC MMNLCOV MMNLFC-LN
B~N(uo) pB~N(wo) p~Nuwo) B~LN(uo)
a, 0302 (-147) 2590  (-085) 1935 (0.79) 11108 (-2.15) 1358  (044)
3, (Travel time) 0048 (5.35) 0514 (-1.05) 1052 (-L13) 1879 (-264) 3690  (037)
o, 0149 (0.95) 0808 (-113) 0270 (-150) 1542 -(100)
3, (Travel cost) 0023  (-389) 0297 (-097) 0393 (-113) 0912 (-237) 4079 (032)
o, 0365  (-1.00) 0399 (217)
3, (Air pollution) 0032 (302 0343 (095) 0525  (-L.08) 0759 (-200) 14527 (0.00)
o, 0451  (L01) 023 (-L03) 0319 (-134) 20085 (1.00)
/3, (Noise pollution) 0009 (-093) 0075 (-0.74) 0277 (-107) 0590  (-260) 5353 (0.00)
o, 0512 (0.95) 0198  (-108) 0541 (237) 12988 (0.00)
P (Landscape) 0345 (117) 4127 (099) 0344 (012 4846 (1.00) 2892 (211
o, 1570 (057) 0444 016 5127 (092 -35585  (14.65)
3, (Road safety) 0027 (5.18) 0246 (-0.99) 0919 -113 2504 (-2.45) 5370 (0.77)
o, 0027 (058) 1044 (-113) 0041 (047) 0520 (094)
QB,. 55) 1352 (251)
Q(Bs, B3) 0000  (0.00)
Q(fs, B,) 1782 <038)
Q(Bs. B3) 0564 (223)
Q(Bs, Bs) 3307 (249)
Q(Bs. Bs) 0260 -(1693)
Parameters 7 13 12 19 12
N 176 176 176 176 176
LR 83375 10048 106.255 109.73 95.8682
Adjusted p° 0.284 0305 0337 0.294 0491

Based on goodness of fit indicator adjusted p?, except for the MMNLFC-LN, random coefficient models provide more robust

than the fixed parameter model. - MMNL model shows that cost parameter /3, did not significantly vary across sample which

is also reflected in better MMNLFC model where it is held fixed. The explanatory power of the landscape and noise parameters
appears to be marginal across all models.  On the other hand air pollution and accident parameters provide more robust estimators.
The covariance value estimates in the MMNLCOV provide robust models. The model supports strong covariance among the
attributes AIR, NOISE and ACC. Relationship between air and noise betas, for instance show very significant relationship. In
practical terms, this is very realistic as air and noise are environmental attributes which may be hard to differentiate from each
other. The lognormal mixed logit models is the most difficult to converge among the models. Moreover, it sometimes fails to
provide reliable estimators as can be seen in MMNLFC-LN above.

Figure 2 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. TC, AIR, NOISE) to have positive values in some part of the distribution can be seen. The
wide variance of the coefficient of variable LA can be also observed indicating perception difficulty for the variable.



Estimates of WTP for the different road environment

T // attributes based on equation 3 and its standard error in
e parentheses are shown in Table 3. The approximation was
B3 AIR J done by computing variance of two estimators and using

B4 NOISE Taylor series where se_zcond order equation was ign_o_red.
B LA From the values below, it can be seen that random coefficient
e B ACC /l merIs present better_e_stlmates. MNL, on the other hand,
unlike random coefficient models present no room for

negative values. The goodness of estimated value within the
mixed logit models depends greatly on how the models are
specified. From the models with normally distributed
random coefficient, MMNLCOV shows the most reliable
pome estimate, though it failed to give positive value estimate for
6 5 4 3 2 -1 0 1| landscape. Moreover, MMNLFC provide slightly better
Figure 2: CDF of MMNL Coefficient Estimates estimates than MMNL. This could probably be attributed to
the noise in estimates distribution of the cost coefficient is
giving in MMNL. Though the values derived from the MMNLFC-LN are significantly different from all the values, the estimates
reliability can be superior to the others. The difference in the mean WTP estimate of the normal and lognormal distributed random
parameters may be explained by the tendency of the log normal distribution to misrepresent true mean because of the distribution
shape.

Table 3: Estimated WTP for time and environmental attributes for different models and its standard deviation in ().

MNL MMNL MMNLFC MMNLCOV MMNLFC-LN
B, 1 B, (PhPiminute) 2.09 (0.581) 1.73 (0.347) 2.68 (0.371) 2.06 (0.216) 0.90 (0.109)
B, | B, (PhPI%improvement in air) 139 (0.513) 116 (0.356) 1.34 (0.267) 0.83 (0.168) 356 (0.282)
B, / /3, (PhP/1%improvement in noise) 0.39 (0427) 0.25 (0.336) 0.70 (0.212) 0.65 (0.136) 131 (0.104)
B, | B, (PhPllandscape improvement) 1500 (13.153) 1391 (7.866) 0.88 (7.241) 531 (5.088) 0.71 (0507)
B, | B, (PhPlaccident) 117 (0.330) 083 (0.145) 234 (0.273) 284 (0.214) 132 (0.217)

6. Conclusion

Results of estimation of pre-test data done in this study shows that random coefficient models and estimate provided more
robust estimate than fixed model. It should be noted however that run time of random coefficient model is significantly longer than
that of fixed parameter. In terms of multi-attribute analysis of environmental change, better interpretation of the model can be done
using random coefficient model on the context of: (1) variation of attribute parameter across individuals, (2) inherent correlation
structure depicting how respondent perceived multi-attribute choice. Random coefficient models are therefore better estimated in
project evaluation involving multi-attribute environmental change

It should also be understood that reliability of estimates of random parameter models greatly depends on the specification of the
models. Estimate from the different models shows that WTP values from random parameter model have tighter confidence
interval than that of the fixed parameter models. In terms of the parameter of the cost vector, estimates can be tighter if cost
parameter is held fix. With regards to the correlation structure of the environmental attributes vectors, including covariance
structure in the attributes improve both model and estimates.

Based on the investigation of mixed logit in multi-attribute valuation done in this study, the authors recommend: (1) use of
mixed logit with covariance structure for the attribute set to better explain goods in question; and (2) use of fixed cost coefficient
for more centered estimate.

From the richness of mixed logit model and the robustness of the different WTP values estimated, various environmental
policies can be made and evaluated. Extension of the models to include socio-economic variables, attitude data and environmental
level perception is recommended to be done in future studies.
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