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Abstract

Mobility preferences are important for designing and evaluating sustainable public transit alternatives. This article presents the results of a web-based stated choice survey mode choice of public transit work commuters in Metro Manila. The hypothetical scenario offered respondents three alternative modes proposing environmental improvements along with their usual mode. Choice attributes include time and cost, and subjective attributes such as air pollution, noise, and safety describe each route alternative. Preferences for the alternative modes, and the relevant variables and market segments significant to forecasting their demand are presented. 
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Introduction
Understanding mobility preferences is critical to the formulation of economically, socially and environmentally sustainable transport policies. They provide indices of the kind and degree of transport investments, and policy incentives or disincentives that will induce behavioral change. Mobility preferences for more efficient alternative modes can be captured through stated preference (SP) surveys. For instance, the promotion of public transit and non-motorized public transport, which are among the key themes discussed in sustainable urban transport agenda, (e.g. SUPT, 2007), can be evaluated using context-based travel attributes improvements. Often, these transit quality improvements are not only measured through explicit time and cost but also subjective attributes like convenience and reliability (Litman, 2007).

This paper aims to empirically investigate the use of stated choice survey to measure demand and preferences to sustainable transit options considering, in addition to cost and time, subjective transit quality attributes of direct and indirect impacts to the passengers.  Data from a web based stated choice mode choice survey among employees in Metro Manila is used for this purpose.
The high volume of road-based transit vehicles in Metro Manila implies persistent social and environmental costs in the region. Ambient air and noise standards, for instance, are exceeded in many areas in the metropolitan. A number of sustainable mobility strategies have been explored for Metro Manila. One of these is the improvement of the current public transport fleet through system planning, vehicle regulation, and upgrading. Some of the efforts that　fall in this category are the organized bus route, introduction natural gas buses, and various vehicle regulations aiming to cut on emissions. The establishment of BRT, a rail-based like transport system that is easy to operate and adapt into the existing system, is also being eyed to improve Metro Manila transport system and environment. Its main and immediate aim is to increase travel speed, improve safety, and lessen air pollution. Non-motorized transport (NMT) is another option but is not very popular in Metro Manila. The use of NMT in Metro Manila may be limited to public transport like the pedicab, a bicycle with sidecar extension for passenger.

Above 40 percent of all registered vehicles in the Philippines are in Metro Manila. These vehicles are making about 17.5 million trips a day, 78 percent of which are public (JICA, 1998). The trend is still increasing and implying greater social and environmental cost in the region. Ambient air and noise standards, for instance, are exceeded in many areas. In the 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 which is about 70 percent more than the national standard which is 90μg/m3. Concentrations of particulate matter with a diameter not less than 10 microns (PM10) are found to go above standards in major traffic arteries. Moreover, the noise standard of 80 decibels is exceeded even in some residential areas in the metropolitan. 

The current public transport system consists of rail (MRT 3, LRT 1, LRT 2, and PNR), bus, jeepney, para-transit (e.g. ‘FX’), tricycle, and pedicabs. The limitations in the area coverage by the rail-based mode leave about 95 percent of the public trips to motorized vehicles. The jeepney, an open-air assembled or converted jeep which can accommodate around 12 to 20 passengers, is the oldest formal transport mode in the Metro Manila. It is a popular transport mode for the locals, because of its cheap fare, and for the foreigners, due to its colorful made. However, due to worsening air quality in the city, the share of air-conditioned motorized transit modes such as bus and para-transit increased. The para-transit ‘FX’, for example, becomes a very popular mode in Metro Manila in the recent 10 years. It is named after the Tamaraw FX released in 1993 by Toyota Motors. The regulation of this transport mode, considering its unique characteristics, is however still an issue for planning (Diaz and Cal, 2005) Short distance, intra-zone work trips are covered mostly by the pedicabs and tricycle. A pedicab is a bicycle with a sidecar extension able to carry one to two passengers, while the tricycle is the motorized version of this three-wheeled mode. These two modes have very similar operating characteristics. Increasing sustainability challenges in the current transport system in Metro Manila are commonly blamed on the public transport fleet. In regard of this, the government and international financing institutions have been open to various strategies to work a sustainable public transport system to complement or update this system.

A number of sustainable mobility strategies have been explored for Metro Manila. One of the relatively passive ones is the improvement of the current public transport fleet through system planning, vehicle regulation, and upgrading. Some of the efforts that may fall in this category are the organized bus route, introduction natural gas buses, and various vehicle regulations aiming to cut on emissions. The establishment of BRT, a rail-based like transport system that is easy to operate and adapt into the existing system, is also being eyed to improve Metro Manila transport system and environment (CAI Asia, 2005). Its main and immediate aim is to fasten travel speed, improve safety, and lessen air pollution. The implementation of BRT System in the metropolitan is now on the negotiation table. Non-motorized transport (NMT) is another option but is not very popular in Metro Manila. The use of NMT in Metro Manila may be limited to public transport like the pedicab. A study relates that the increase in low-priced public NMT may be correlated with the increase in poverty (Bell and Kuranami, 1995). One of the biggest efforts to integrate NMT in the transport system in Metro Manila is a component of the Metro Manila Urban Transport Improvement Project by the World Bank. The pilot project of this program is the development of Marikina Bikeway network. Other than that, not much public projects and programs are poured into NMT planning and development.
To examine demand and preferences for mentioned sustainable transit strategies, we designed an interactive SP internet questionnaire that captures the operating and characteristics of the sustainable transit options mentioned. Along with usual mode, three modes presenting hypothetical environmental attribute enhancements, namely (1) improved existing mode; (2) development of bus rapid transit (BRT); and (3) bicycle, are offered as alternatives to the respondents.

Empirical Method

Stated preferences data are important in predicting market share of goods or services that are not introduced in the market yet (Louviere et al., 2000). Discrete choice models which are founded on microeconomic theory are commonly used to analyzed these data. These are generally driven by the multinomial logit models (McFadden, 1974). To predict market share and preferences for the non-existent ‘green’ transit options, we experimented on a mode choice problem where, apart from the current mode taken, three alternative modes with varying environmental improvements in air and noise quality, greenery and streetscape, safety are presented to the respondents. Attributes were assigned to vary randomly. This stated choice problem is repeated six times with varying attribute dimension. In this study, we use only the three of these repetitions with equal attribute dimensions. 

Deterministic mode choice model relies heavily on travel time and travel cost as factor of preference. This framework is constantly challenged as subjective attributes such as environmental quality, time reliability, and road safety are found to be some of the attributes equally significant. In this study, we focused on subjective variables corresponding to environmental qualities we wanted to investigate (i.e. air pollution, noise, accident risk).

As air quality is a complex concept to grasp when done in pollutant-specific manner, we present it in percentages of improvement. This readily translate into unit reductions or scaling of regional air quality index which is an aggregate scale describing concentrations of major pollutants such as carbon monoxide (CO), sulphur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3) and fine particular matter in policy context. Noise is likewise offered in percentages of reduction. Greenery and streetscape are with or without scenario. However, in this paper, analysis excludes greenery and landscape as they have insignificant effect in early model runs. A possible explanation is that due to limited information processing, the respondent apply simplifying strategies that eliminates this variable from utility evaluation (Swait and Adamowicz, 2001). Road safety was given in figures of annual road fatalities. In the current mode, the number of fatalities a year is pegged at 150. The respondents were asked to choose two times, with and without his current transit preference along with offered improved alternatives. To serve the purpose of this study, only the choice considering actual preference is used in the analysis. A screen shot of the hypothetical situation of a respondent who uses bus as main transit mode and has inputted 30 minutes travel time and 20 PHP travel cost is presented in Figure 1.

Table 1 shows how the attributes are determined for the hypothetical mode alternatives. Random noise is added to actual inputted travel time TT and actual travel cost TC. The noise is deemed as a random draw from normal distribution with standard deviation that is one-third the value of TT for first two alternatives and a multiplicative factor for the bicycle alternative. On the other hand, noise for TC entails addition of the absolute value of a random draw from normal distribution with standard deviation that is one-third the value of TC in the first two alternatives and a multiplicative discount factor for the bicycle option. In the other attributes, embedded scripts performed random drawing of the attributes levels. 

Data set and explanatory variables

Decreasing prices of computers due to stiff market competition is making Internet very popular and accessible in many developing countries in Asia. In 2004, a survey shows that Philippines has about 11.8 million internet users. It is projected to increase to 20 million in 2007. The disadvantages of online survey like low response rate and presence of noisy responses are compensated by some of its inherent advantages which include fast response rate, less interviewer effects, and more intelligent questionnaire. Internet survey can be designed to be more realistic as web pages can be embedded with script that increase interactivity such as recalling prior inputs, performing mathematical calculations, and calling random variables. Unique IDs can identify respondents for easy response verification. Conversely, consideration in questionnaire length, keeping respondents’ interest, and presentation are some of necessary consideration. 

The web survey of public work trips in Metro Manila was conducted for about three weeks, from June 5 to July 1, 2005. Samples were drawn by emailing human resource department heads of different private offices, government offices, non-government offices, and institutions listed in various online directories. They were informed of the purpose and timeframe of the study and were asked to forward the website to the personnel of their offices. One follow-up e-mail was done for each mail-out. 

The questionnaire has five parts: work trip characteristics; environmental quality perception in commonly used mode; environmental attitudes; the experimental choice problems; and the socioeconomic characteristics of respondents. Characteristics of the work trip asked include home and work location, mode use characteristics, travel time and cost to work. Socioeconomic characteristics collected include age, sex, marital status, highest education, and personal income.

We received 220 filled questionnaires. These translate to 517 samples usable SP data. Table 2 summarizes the characteristics of the sample. Average travel time and travel cost are about 52.3 minutes and 35.25 PHP, respectively. The mean age of the respondents is 31. At the average, the sample uses their usual trip to work mode 88 percent of the time. About 57 percent of the sample is female. The average monthly income is about 18,830 PHP. This is about 18% higher than the average monthly income in Metro Manila which is 15,396 PHP. While the general income level is represented by the income distribution, the sample distribution is marginally skewed to high income employees. 
Empirical method

The decision of mode to go to work usually depends mainly on variable such as cost and time – waiting time, haul time, access time, and others (Ben-Akiva and Lerman, 1985). However, past studies in that subjective attributes such as reliability and comfort also have significant effect in decisions (Bates et al., 2001). We define the utility as a function of alternative attributes m, both systematic and subjective, and socioeconomic explanatory variables s as:
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where for each alternative j, xm are variables relating to attributes, including deterministic and subjective, and xs are explanatory variables, ( and ( are the parameters associated with attributes and explanatory variables, respectively, and (j is the random 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 additive relationship. 

Equation 2 shows the indirect utility associated with the current mode (CM), the improved mode (IM), the BRT and the bicycle (CYL). The xs are assigned attributes while the variables time, cost, and the other explanatory variables are actual attributes. The specification of CM and IM depends on the respondent’s existing mode used k which is rail, bus, jeepney, FX or tricycle/ pedicabs. The specification assume that the frequency of the using the actual mode affect utility for the current mode. The income is assumed to explain utility over IM and BRT, while the variable age is assumed to explain preference over BRT and CYL. In addition, the sex of the person　is deemed to affect preference to bicycle due to physical constraint. 
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These are used to compute the logit probability in the form:
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The log likelihood for unbalanced choice sets given by:
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where yjn is the choice dummy and ( is the dummy associated with the individual’s usual mode. 

Preferences for sustainable transport mode

Table 3 shows the result of estimations of two multinomial logit models - with only attributes effect (MNL) and with explanatory variables (MNL-EV). With the alternative specific constant (ASC) for BRT held fixed, a total of 11 ASCs are estimated. The parameter for air pollution is represented by two parameters (3 for the commonly open air modes, and (3’  for the air-conditioned modes.

Goodness of fit indices shows that the MNL-EV has quite better fit than the MNL model. This means that main effects variables do not explained fully, or more accurately than the other model, the variance in the choices. In the MNL-EV, both important mode choice variables, travel time and travel costs, are significant. The ratio of the marginal utilities of time and cost is equal to 1.8 PHP per minute. In terms of the environmental attributes, almost all the sign of coefficients follow the tendency of choosing an alternative that has better environmental attributes except for the air quality specific to train and FX. It can be deduced that passengers, who are usually not exposed to air pollution, due to air-conditioned modes, are willing to trade off air pollution attribute for other attributes. In terms of coefficient significance, risk values to avoid a traffic fatality, time, and cost seems to be more significant for preferences of public commuters than the subjective environmental attributes. Based on ratio of parameters, the indicated value of complete eradication of pollution and noise, and value of avoiding one traffic fatality in a year are 13 PHP, 90 PHP and 0.90 PHP respectively.

It is interesting to note that older people prefer bicycles and younger people prefer BRT. Male are also more open to the bicycle option. The model also suggests that habits, as indicated by the frequency of use for the usual mode, contribute to the tendency of the person to use her usual mode and reject the new alternatives. 

Demand forecast and market share

We simulated the MNL-EV model to determine the demand of the alternatives and predict market shares over segments of market such as currently used mode, travel time to work, and monthly income. Table 4 shows the simulated probabilities.

Surprisingly, the bicycle is the most preferred option among the four alternatives. It accounts for almost one-half of those who are willing to make better environmentally inclined mobility choices. BRT ranks second, followed by the improved mode. This result is clearly counterintuitive in the context of Metro Manila and can be explained by two inherent characteristics of the SP survey. These are the potential positive valuation of subjective environmental attributes which are quite superior in the bicycle mode (see Table 1), and the capture of intention and not necessarily action in the survey.
In terms of mode segments, it can be seen that FX users are the most open to alternative modes while a big portion of the transit users do not want to change mode. As the travel time to work increases, the more the market will be willing to transfer to new mode, predominantly bicycle. For short time travel, 30 minutes and less, people are more inclined to just their her usual mode (46.7%), or transfer to BRT (26%). BRT and improved mode are favored in short distance travel, while bicycle is favored by long distance or congested travel. From the income segments, it is apparent that as income gets higher bicycle becomes less favored. The tendency is the same for improved mode. The BRT exhibits an opposite inclination of being favored as income increases. 

Conclusions and recommendations

In this paper, we investigated the mode choice for public trip to work in Metro Manila. Specifically, we focused on predicting preferences and demand for the introduction of more sustainable transport modes, which are upgrading of currently used mode, BRT, and bicycle. As expected, variables like time and cost influence commuters choices. We also find that subjective, non-use environmental attributes present not very significant estimate compared to risks involving traffic death. We also find that age contributes to mode choices and familiarity with certain mode may cause habitual choosing of that particular mode. The model we presented here can be adopted to evaluate various policies involving the planning of sustainable modes assuming changes in environmental attributes. 

With respect to the development of the BRT system and the promotion of NMT in Metro Manila, we present the following recommendations: BRT appears to be a good alternate to motorized mode segments such as bus, jeepney and FX. It also captures high-income market and short distance trips (less than 1 hour).

The intention to use bicycle is apparent for work trips in Metro Manila even for long trips. However, issues such as absence of infrastructure or convenience issues particularly for women may hamper these intentions. In addition, to develop the policies to encourage the use of bicycle in Metro Manila, infrastructure development should be coupled with strategies to attract high-income groups.
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Figure 1:  Sample screen of the SP mode choice

Table 1: Attributes levels

	Attributes
	Current
	Alternative modes

	
	
	Improved Current
	BRT
	Bicycle

	Travel time:
	TT
	TT + R ~N(0,TT/3)
	TT + R ~N(0,TT/3)
	TT*R~(1.5, 2, 2.5, 3,4)

	Travel cost:
	TC
	TC + | R ~N(0,TC/3) |
	TC + | R ~N(0,TC/3) |
	TC*R~ (0.1, 0.2, 0.3) 

	Air Quality Improvement
	Base
	20%, 30%, 80%
	20%, 30%, 80%
	70%, 80%, 90%

	Reduction in Noise
	Base
	20%, 30%, 80%
	20%, 30%, 80%
	70%, 80%, 90%

	Greenery and streetscape
	Base
	greenery and streetscape improvements, greenery improvement, streetscape improvement, and no improvements

	Road fatalities/year
	150
	20, 50, 75 and 100


Table 2: Descriptive characteristics of sample

	Variables
	Mean
	Min.
	Max.
	Std.Dev.

	Travel time (minutes)
	52.30 
	3.00 
	150.00 
	31.67 

	Travel cost (PhP)
	35.25 
	4.50 
	120.00 
	22.67 

	Age
	30.92 
	19.00 
	65.00 
	8.01 

	Frequency current mode is used (%)
	0.88 
	0.20 
	1.00 
	0.18 

	Monthly income (‘000 PhP)
	18.83 
	0.00 
	55.00 
	12.27 

	Sex (1 male, 0 female)
	0.43 
	0.00 
	1.00 
	0.50 


Table 3: Multinomial logit model of SP mode choice

	Parameter
	Variable
	MNL
	MNL-EV

	
	
	Est.
	t-stat
	
	Est.
	t-stat
	

	(CM,rail
	ASC for current rail 
	0.412 
	0.994 
	
	-1.514 
	-1.147 
	

	(CM,bus
	ASC for current bus
	-0.475 
	-1.111 
	
	-2.402 
	-1.932 
	*

	(CM,jeep
	ASC for current jeepney
	-0.096 
	-0.275 
	
	-1.985 
	-1.582 
	***

	(CM,fx
	ASC for current FX
	-0.293 
	-0.662 
	
	-2.323 
	-1.751 
	*

	(CM,pc
	ASC for current tricycle/pedicab
	0.319 
	0.460 
	
	-1.848 
	-1.229 
	

	(CM,rail
	ASC for current rail
	0.957 
	2.225 
	**
	0.854 
	1.465 
	

	(CM,bus
	ASC for improved bus
	0.827 
	4.014 
	***
	0.642 
	1.516 
	

	(CM,jeep
	ASC for improved jeepney
	0.507 
	2.747 
	***
	0.333 
	0.754 
	

	(CM,fx
	ASC for improved FX
	1.009 
	2.396 
	**
	0.837 
	1.406 
	

	(CM,pc
	ASC for improved tricycle/pedicab
	0.275 
	0.459 
	
	0.052 
	0.068 
	

	(CYL
	ASC for Bicycle
	-0.752 
	-2.485 
	**
	-2.355 
	-2.861 
	***

	(1
	Travel time
	-0.008 
	-3.171 
	***
	-0.009 
	-3.254 
	***

	(2
	Travel cost
	-0.003 
	-0.917 
	
	-0.005 
	-1.357 
	

	(3
	Air quality (excluding Rail and FX)
	-0.144 
	-0.489 
	
	-0.113 
	-0.377 
	

	(3’
	Air quality (specific to Rail and FX)
	0.453 
	0.868 
	
	0.477 
	0.911 
	

	(4
	Noise
	-0.439 
	-1.919 
	*
	-0.453 
	-1.942 
	**

	(7
	Traffic fatalities per year
	-0.007 
	-5.085 
	***
	-0.008 
	-5.212 
	***

	(1
	Age (specific to bicycle)
	
	
	
	0.032 
	1.468 
	

	(2
	Sex (specific to bicycle)
	
	
	
	1.858 
	4.384 
	***

	(3
	Age (specific to BRT)
	
	
	
	-0.013 
	-1.024 
	

	(4
	Income (specific to BRT)
	
	
	
	0.053 
	4.033 
	***

	(5
	Income (specific to IM)
	
	
	
	0.041 
	3.045 
	***

	(6
	Frequency of mode usage (specific to CM)
	
	
	
	2.683 
	2.215 
	**

	N
	
	517
	
	
	517
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	0.190 
	
	
	0.216 
	
	


Alternative specific constant

*Significant at 10%

**Significant at 5%

***Significant at 1%

Table 4: Probability simulation by market segments

	　
	No. of obs.
	Current Mode
	Improved Mode
	BRT
	Bicycle

	General
	
	
	
	
	

	
	517
	24.5%
	13.5%
	22.0%
	33.1%

	Current mode
	
	
	
	
	

	LRT/MRT
	95
	30.5%
	16.4%
	17.6%
	35.4%

	Bus
	120
	30.0%
	11.6%
	25.4%
	32.9%

	Jeepney
	170
	38.8%
	13.3%
	22.5%
	25.4%

	FX
	114
	20.6%
	13.8%
	21.3%
	44.3%

	Tricycle
	18
	45.9%
	11.1%
	20.7%
	22.2%

	Travel time to work
	
	
	
	
	

	30 mins. and less
	185
	46.7%
	14.6%
	26.8%
	12.0%

	31mins　. To 1 hour
	188
	29.1%
	13.0%
	21.8%
	36.1%

	more than 1 hour
	147
	15.1%
	12.8%
	16.0%
	56.1%

	Monthly income
	
	
	
	
	

	less than 10,000
	119
	29.0%
	16.0%
	12.1%
	35.5%

	10,000 to 39,000
	232
	28.5%
	14.7%
	21.6%
	34.9%

	40,000 and above
	166
	37.5%
	10.2%
	29.6%
	28.7%
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