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Abstract: This paper exarnines the current levels of exposure inside public transportation
vehicles, particularly jeepneys, along major trunk roads in Metro Manila. Recent studies
show that levels of suspended parliculate matter (SPM) in Metro Manila often exceed the
limits prescribed by the local Clean Air Act of 1999. Jeepney passengers are prone to high
levels of SPM while in transit and along the roadside. The increasing number of diesel-fed
public transportation vehicles in the urban area exacerbates SPM levels, especially along the
carriageways. The stud1, employed in-transit surveys on the levels of SPM and the
passengers' perception on air pollution and policy while traveling along a selected route.
The average levels of exposure of passengers are estimated by correlating travel time and
delay to the observed concentration of SPM. Contingent valuation is employed in estimating
the passengers' willingness-to-pay for improved air quality conditions by the strict
maintenance ofjeepneys in exchange for health benefits. The value derived from the surveys
showed that the respondeuts were rvilling to pay for an increase in fare by as much as
PhPl.24.

Keywords: suspended particulate matter (SPM), in-trar.rsit exposure, contingent valuation
method, willingness-to-pa1,

I. INTRODUCTION

Air pollution has worsened iurmensely in urban al'eas over the last decade because of
emissions from industrial establisln.rents ancl nrotor vehicles. Air pollution along with the
solid waste problem arrd potable water scurcitv has led to the constant deterioration of the
quality of life in urban arcas. With approxinrately l0 million people, the over concentration
of population in Metro Manila. accompanied by increased motorization, as well as the
intensity of economic activities, led to road traffic congestion and consequently high levels
of air pollution especially along tlr.rnk roads and commercial districts. The 1992 study by the
Asian Development Bank on vehicular enrissions showed that jeepney, buses, and taxis
contribute to two-thirds olparticulate matter pollution in Metro Manila.

Recent air quality data b1, the Philippine Department of Environment and Natural Resources
(DENR) - Metro Manila Air Quality Mor.ritoring Section showed high concentrations of
Total Suspended Particulates (TSP) in several areas in the n'retropolis. The summary report
for the year 2000 shor.r,ccl that at the ConglessionalPlaza station, the highest record for 24-
hour sampling reached a rnaximunr of 921prgAllcm. It averaged 358.7-lpgA{cm. In 1999, the
highest record was at 6991rg/Ncr.n and averaged 226prglNcm in its Quezon Avenue station.
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Human exposure to motor vehicle emissions is greater in urban areas as compared to rural

areas, primarily because cities have more roadways, parking garages, and street canyons

where people may be exposed to high pollutant concentrations due to motor vehicle

emissions (Schwela and Zali, 1999). Variations in pollutant concentration are observed in
different microenvironments (inside buildings, inside homes, inside vehicles, along

roadways, etc.) in the urban area. Individuals in the roadside environment and in-transit are

both exposed to pollutants; they vary with the amount of concentration and the length of
exposure. Several studies have already confirmed the health effects of air pollutants on the

exposed public. Observed effects may be an aggravation of existing respiratory diseases,

dismption ofphysiological processes or physical inconveniences to the affected population.

The number ofpeople exposed to air pollutants from motor vehicles depends upon the extent

to which a country is motorized (Schwela andZali 1999). The number of registered motor

vehicles in Metro Manila as shown by the Land Transportation Office statistics is at an

increasing trend with a very high rate, the number of registered vehicles by fuel type shows

that diesel-run vehicles have increasedby 613% and gas-run vehicles by ll5% from 1980 tcr

1 999.

There have been few studies investigating in-transit levels of SPM and other pollutants. The

California Air Resources Board has posted a summary of the study "Measuring

Concentrations of Selected Air Pollutants inside Califomia Vehicles". This study was

conducted to characterize the concentration levels of selected pollutants inside commuting in

the Sacramento and Los Angeles areas in California. The results showed relatively higher

lerpls of all pollutants measured as cornpared to ambient concentrations as taken from the

mean of commutes in Sacramento and Los Angeles.

The health of passengers and pedestrians can be adversely affected as a result of their

constant 
"*porr." 

to high levels of air pollutants. Majority of the population in Metro

Manila rely heavily on public transportation and spends a considerable amount of time

traveling uiong 
"ong"tted 

roadways. The purpose of this study is to evaluate the levels of
.*por*i to SFIrrt of commuters in major trunk roads in Metro Manila. The study also aims

to investigate the factors influencing in-trar.rsit levels of SPM. Specifically, the research aims

to:

. measrue the amount of typical SPM concentration inside public vehicles during peak

hours along key trunk roads in Metro Manila
o estimate the length of time a commLlter is exposed to varying concentration of SPM

. compElre in-transit concentration to ambier.rt concentration of SPM

o investigate the feasibility of a policy aimirrg to reduce vehicle-generated emissions

Figure I shows the relationship of factors affecting air pollution in the transportation

eniironment. This study is focusld on air pollution, particularly SPM, from motor vehicles.

The jeepney is selectei as the representative public transportation mode, since according to

the Meiro Manila Urban Transportation Integration Study (MMUTIS, 1996), 62Yo of the

respondents use the jeepney to reach their destination, making the jeepney a major mode 
-of

publi" t*rportation in thi urban area. The jeepney is a paratransit vehicle sitting 18-20

passengers, with a second-hand truck diesel engine.

Air pollutants from motor vehicles are greatly dependent on meteorological conditions such

as wind velocity, temperature, and hunridity and also the way these pollutants interact with

the elements. This study focuses on in-transit levels of SPM concentration. The behavior of
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these pollutants inside vehicles is dependent on the vehicles' ventilation characteristics as

affected by the ambient concentration but does not follow the dispersion of ambient air
pollutants. The health effects of air pollution on passengers may be deduced from the
investigation of their travel behavior, socio-economic status and the observed levels of
exposure.

I

Health Effects

Figure l. Conceptual Framework of the Study

The succeeding parts of this paper include the analysis of jeepney passengers' daily
exposure to suspended particulate matter, followed by the multivariate analysis of the
passengers' willingness-to-pay for air quality improvement. Furthermore, the proposed
strategy to improve air quality in the road environment would be discussed as per the results
of the willingness-to-pay analysis.

2. ANALYSIS OF INDIVIDUAL EXPOSURE TO SPM

2.1 Route Selection

Based from MMUTIS (MMUTIS, 1996) data, one of the route that have a high volume of
.passengers per day was identified as coming frorn the northern part of Quezon City, along
Commonwealth Avenue, Quezon Avenue, Espaiia Avenue towards the southwest to Taft
Avenue in the heart of Manila. The jeepney route selected started from Philcoa bus and
jeepney stop, passing the stretch of Quezon Avenue and Espafla Avenue, over Quezon

Exposure length
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Bridge and finally to Taft Avenue ending in T.M. Kalaw Avenue. The route from Philcoa to
T.M. Kalaw Avenue was measured to be I l.6l km, while the retum trip measured I1.85 km.

Thp high volume ofjeepneys along this route was also indicative of the high levels of SPM

emltted by diesel engines. The "Air Pollution Survey Using Filter Badge in Metro Manila"
(1998) obtained data on traffic volume along Quezon Avenue and Espafla Avenue. The
jeepney traffrc volume along Quezon Avenue had an average of 153 jeepneys/hr, while
Espafra Avenue had 400 jeepneys/hr for both directions.

Ambient monitoring stations for SPM may not be found in all parts of the route, however,

the DENR-NCR Air Quality Monitoring Section has one station along Quezon Avenue as

released from their surllmary report for 1999. The summary shows that it had an annual

ave.fage of 226pgAlcm lbr 24-hour sampling of 'lotal Suspended Particles, nearing the limit
of 230pgA.lcm for 24-hour sampling.

2.? SPM Count, Travel Time and Delay Survey

A surveyor was tasked to record tl.re readir.rgs of SPM count cumulatively per minute starting

from the time the jeepney was boarded on Philcoa bus/jeepney stop. The Sibata@ Digital
Dust Indicator LD-3 was used as the measuring device. Simultaneously, another surveyor

records travel time and delay starting when the jeepney was boarded. Both measurements

stop when T.M. Kalaw Avenue r.vas reached, this was considered as one nm with starting

time of approximately 7:00 arn. 
-l'he 

secorrd mn started from T.M. Kalaw Avenue and ended

in Philcoa, which is the return trip of the jeepney. Another set of runs started in the

aftemoon, approximately starting at 4:00 prn from Philcoa. The dates for the survey nrns

were all weekdays, February 8, 9 and 12.2001 respectively, so as to capture the bulk of
passenger trips. The actual time of observations during the moming and aftemoon runs are

presented in Table l.
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Table 1 . Start and End Time of the Runs to and from Philcoa to Kalaw

Philcoa - Kalaw

AM PM

Kalaw - Philcoa

AM PM
218/2001 7:12:8:17
219/2001 6:51 -7:53

2/12/2001 7:05 - 8:09

tt:29 - 9:14 5:33 - 6:50

7:59 - 8:55 5:27 - 6:34

8:17 - 9:07 5:21 - 6:42

4:13 - 5:12

4:18 - 5:21

4:03 -5:20

2.3 SPM Exposure and Travel Time Analysis

The level of exposure of individuals in the road environment is greatly dependent on the
amount of time they spend on the road environment, along the roadside and in-transit. The
total daily exposure ofan individual to air pollution is the surn ofthe separate contacts to air
pollution experienced by the individual as he pass through a series of environments (also
called microenvironments) during the course of the day (e.g-.at home, while commuting, in
the streets, etc.). Exposure in each ofthese environments can be estimated as the product of
the pollutant concentration and tl.re time spent in specific microenvironments (WHO, 2000).
This paper uses this concept in estimating the total exposure ofthe affected population using
public transportation. The general form of the equation used to calculate time-weighted
integrated exposure is:

.t

&= L Cj tii (l)

where Ei is the time-weighted integrated 
/exposure 

for person i over the specified time
period; C7 is the pollutant concentration in uricro-environmentT; and J is the total number of
microenvironments that person i moves thlough the specitied time period (Sexton and Ryan,
1988). A microenvironment is detlned as a three-dimensional space where the pollutant
level at some specified time is uniform or has corrstant statistical properties. Outdoors in a
specific community, inside a motor vehiclc, and inside a particular residence are examples
of locations that can be defined, urrder appropriate conditions, microenvironments (Sexton
and Ryan, 1988).

The results of the observed values of SPM concentrations are presented in the following
figures. The graphical representations of the runs show similarities with the trends of SPM
concentrations by time. Figures 3 and 4 show the observed SPM concentrations inside the
jeepney from Philcoa to T.M. Kalaw. Figures 5 and 6 show the observed SPM
concentrations inside the jeepney f-rom T.M. Kalaw to Philcoa. The concentrations are
presented with respect to the travel time per rninute.
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Figure 3. Observed SPM Concentration from Philcoa to T.M. Kalaw Avenue
during the Morning Peak Runs
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Figure 4. Observed SPM Concentration from Philcoa to T.M. Kalaw Avenue
during the Afternoon Peak Runs

900.
800.
700-
600-
500 -

400 -

300 .

200
100 .

0

s

Eoz
olJ

+8-F.b
+9-F.b
+ 1 2-F.b

+ 8-F6b
+ g-Fab

+12.Fab

+ 8-F.b
+ 9.F.b
+ I 2-F.b

Eoz
ED

s 5 6 era\(,rb1).r!4.&.p,fcqP&P.}+

travel time in minutes

Figure 5. Observed SPM Concentration from T.M. Kalaw Avenue to Philcoa
during the Morning Peak Runs
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Figure 6. Observed SPM Concentration from T.M. Kalaw Avenue to Philcoa

during the Aliernoon Peak Runs

The average travel time was computed from the morning and aftemoon runs to and from

Philcoa to T.M. Kalaw Avenue. The variations of travel speed from Philcoa to T.M. Kalaw

Avenue in the morning and in the afternoon can be seen in Figures 7 and 8 showing the

mean travel speed and mean running speed of the runs in the morning and in the aftemoon
with respect to the distance covered.

The average travel time was computed from all the mns separately per direction and time of
day. Summary of the average travel tin-re is presented in Table 2. It was observed that runs

during the aftemoon took a relatively longer tinre than the morning runs. All runs were done

during peak hours but it is evident that travel time was longer during the aftemoon peak

hours.
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Figure 7. Travel Speed-Distance Diagram for AM and PM Runs from
Philcoa to T.M. Kalaw Avenue
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Figure 8. Travel Speed-Distance Diagram for AM and PM Runs from
T.M. Kalaw Avenue to Philcoa

Table 2. Summary of Travel Time to and from Philcoa to T.M. Kalaw Avenue in Minutes

Philcoa - Kalaw Kalaw - Philcoa

AM PM AM PM
2t8/2001 65

2t9/2001 62

2lt2t200t 64

59 45 77

63 56 67

77 50 8l
Average 64 66 50 75

The authors used different sections along the route with the observed delays to compute the
average travel speed and running speed for each section. The sections identified were mostly
between signalized intersections along the route.

Figures 9 lo 12 show the variation in the measured SPM conceutration with respect to the
different sections along the route. Thele is high variation in the observed section
concentrations. A probable reason is that the different sections chosen along the route are
not equidistant from each other. however, as shown in the graphs, there are still sections that
have very high disparities among the observed levels for the different runs. This signifies
that the distances between the specitied sections do not directly affect SPM concentrations.
The sensitivity of the measuring irlstrument to SPM frorn direct emissions ofjeepneys along
the route is the reason for these erratic coircentrations of SPM inside the jeepney while in
transit. Smoke-belching vehicles near the ricldenjeepney or the smoke emitted by the ridden
jeepney itself increasei thc rc'a,lings taken liorn ihe-measuring instrument. Nonitheless, the
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observed concentrations of SPM are very high compared to ambient concentrations.

Ambient concentrations are measured on a short-term and long-term basis with short-term

monitoring equal to a 24-hour sampling period and long-temr monitoring equal to an annual

sampling period. The observed concentrations of SPM inside the jeepney and while in
transit, only stands for the amount of time an individual is in transit.
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Figure 9. Average SPM Concentration by Section from Philcoa to T.M. Kalaw Avenue

during the Morning Peak Runs
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Figure 10. Average SPM Concentration by Section tiom Philcoa to T.M. Kalaw Avenue

during the Afternoon Peak Runs
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Figure I l. Average SPM Concentration by Section from T.M. Kalaw Avenue to Philcoa

during the Morning Peak Runs
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Figure 12. Average SPN4 Concentration by Section from T.M. Kalaw Avenue to Philcoa
during the Aliernoon Peak Runs

The havel time data and the observed values of SPM concentrations while in transit were
used in estimating the levels of exposure of individuals while in transit. The 24-hour time-
fraction of the time spent in each section throughout the route was used to get the levels of
exposure of individuals u'lrile inside the jeepney and in transit.

Using equation (l), the levels of exposure of individuals inside jeepneys were computed.
The average values are shown in Table 4.

Table 3. Estimated Levels of llxposule of Passengers inside Jeepneys (pgA{cm)

Philcoa - Kalaw Kalaw - Philcoa

AM PM AM PM

8-Feb

9-Feb

I 2-Feb

55.94 7.12

18.08 12.11

26.53 10.59

19.47 13.01

14.24 14.16

I 8.07 l 8.81

Avcrage 33.52 10.15 17.26 15.33

Studies regarding time-activity pattenls of individuals help in the over-all estimation of an

integrated exposure assesslnent to air pollution fbr a 24-hour period. In a study by Szalai
(1992) and Chapin (1974). they presented a 24-hour activity pattern for an individual. Both
studies found that on most days people are inside tl.reir residences for an average of 65 to 70
percent of the time, and indoors at home, work, or elsewhere tbr more than 90 percent of the
time. Although these valucs vary with age, gender. occupation. socio-economic status, and

day of the week. it has bccome clear that indoor microenvironments must be taken into
account for a realistic assessmerlt of exposure to many air pollutants (Sexton and Ryan,
1988). Correspondingly. the corlceutration of rcspirable suspcnded particles was used to
compute exposure levels. Tl.re study emphasizcd t[.re irnporlance of evaluating in-transit
exposure since the results show that in-trar.rsit exposure contributes to l5oh of the exposure
for a 24-hour integrated periocl. Also, in-transit lcvels of lespirable suspended particle
concentrations were otrscrved to be higher than other microenvironments. Respirable
suspended particles, also synonvmous with suspended particulate matter are those particles
that can be inhaled by hunrans.

The level of exposure olthe individnal on each section of the trip was computed from the

observed concentratiorl of SPM ancl the time spent as shown in Figure 13. This was done in
order to investigate the anrt.lr.ut of exposure an individual takcs along the trip.
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sections

Figure 13. Levels of Exposule by Section along the Philcoa to Kalaw Route (AM Runs)

The results of the surveys show tl.rat the average travel time to and from Philcoa to T.M.
Kalaw Avenue is approximately I hour. For the nun.rber of people who frequently use the

Philcoa to T.M. Kalaw Avenue route, the tiure fraction they spend in transit is equal to 0.08

or 2 hours. The observed SPM concentrations and the time spent showed that average levels

of exposure for one trip reached a maximum of 33.52pgAJcm and.a low of l0.l5pgNcm
(Table 3). This value is only representative of the individual's exposure to SPM while in-
transit.

The daily limit set by the local Clean Air Act of 1999 is pegged at 23OpgA.icm for short-

term monitoring of suspended particulate matter. Considering the results of the observed

values of SPM concentrations while in transit, the possible levels of exposure yield a high

amount. The average travel time for the Philcoa to T.M. Kalaw Avenue route was observed

to be 2 hoirrs for a ronnd trip and the average level of SPM, regardless of time and direction

is l9.07pgA.,lcm. The exposure level is equal to 17.48pgA.Jcrn. This is just equivalent to the 2

hours the individual has speut while traveling.

The relationship of SPM and exposure with regard to the travel time and delay study were

analyzed by regressing the SPM concentration and tl.re con.rputed exposure of the individual

while in transit on variables such as running speed, running time, travel speed, and travel

time. The regression result showed a better model by using the exposure data as the

dependent variable as compared to using the observed SPM concentrations.

The variable with the most televant relationship was found to be the travel time for each

section indicated by SECT flME. Other variables such as running speed, distance, tavel
speed, umd delay showed very little significance in the regression. Results of the regression

are shown below:

Table 4. I{eglession Restrlts for Exposure and Travel Time

I)arameter Inlercept SECTTIME

Estin.rates

St. Error
t-statistic

p-level

0.r861349r 0.003528114

0.04709825 0.000287613

3.95205562 12.2668888

9.3653E-05 4.813788-29

Despite the low R2 of 0.30, this rnodel yielded the highest measure of significance as

compared with and in combination to the otl-rer variables such as, running speed, running

time, delay and travel speed. The positive sign of the SECTTIME variable indicates that as

the travel time for a section incrcases, the exposure of tlie individual also increases. The
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relevance of this regressiorl analysis is that the authors were able to look into the possible
factors influencing SPM concentration while in transit. The regression result way able to
conclude that the concentration of SPM is not affected by the running speed and delay ofthe
jeepney.

3. WILLINGNESS-TO-PAY FOR THE TMPROVEMENT OF AIR QUALITY

Establishing the fact that passengers are exposed to higher levels of SPM as previously
conceived by ambient monitoring, the authors ernployed a face-to-face interview on the
jeepney passengers in transit and while waiting for a ride in order to know their perception
and willingness-to-pay for improved air quality.

3.1 Data Collection

Simultaneous with the SPM and travel time and delay suryey, another surveyor was tasked
to conduct a face-to-face interview survey of passengers inside the jeepney while traveling
the route. The passenger's travel behavior, socio-economic status, perception on health
effects of SPM, perception on air quality inside jeepneys and on the roadside environment,
and willingness-to-pay was gathered. Another face-to-face interview survey on jeepney
passengers was done on Jttne 13,2001 at the Philcoa bus/jeepney stoti. This time the target
respondents were the people waiting for a jeepney ride.

3.2 Contingent Valuation Qucstionnaire

The discrete-response contingent valuation question introduces the relationship'of motor
vehicle emissions to l.tuman health, particularly suspended particulate matter. The
interviewer clearly explained to the respondent that SPM emissions by jeepneys and other
diesel-fed engines cotild affect their health. A strategy by the government by mandating
jeepney drivers/operators to regularly cornply with a monthly check-up of their vehicles with
the proper authorities u'as also introduced to the respondent. Then the interviewer explains
that the drivers/operators uray not be able to comply with this policy due to their financial
inadequacy.

The interviewer then ask.-d the question on their willingness-to-pay for an additional
increase in fare. For the I'irst survey, the initial bid was fixed at PhPl.00. If the reply was
'yes' then interviewer follows it up with PhP2.00 bid and if the reply was 'no', the
interviewer offers a lowcr cost, PhP0.50. The second survey employed the draw card
technique in order to elin.rinate the initial bid bias. The first bid was randomly chosen by the
respondent from a set of cards, after which, their reply was elicited. A higher bid was again
offered by the interviewer. if the reply is 'yes' and a lower bid, if otherwise. The second bid
was still drawn from the plepaled set of cards.

3.3 Multivariate Analysis

Information regarding the individual's travel behavior, socio-economic status, air quality
perception, perceived et}'ect on human health, and willingness-to-pay in order to help
regulate SPM emissions by jeepneys, were analyzed through a logit regression model. Table
5 shows the profile of the respondents from the interview-survey. Consequently, these also
serve as the variables usecl in the regression model so as to investigate the possible effect of
these variables in the individuals' decision to pay for irnproved air quality.
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Table 5. Profile ofResPondents

Variables Lrescrtptlon

INITBID Initial bid: P0.5. Pl. l'1 50. P2' P2 50' P3. P3 50

GEN Oender; l=Male.0=Fcmrle

STAT Status; l=Singlc. 0=Married

AGE Age; continuous data

CAROWN Car ownership; l=rvith car. 0=\\'ithout car

EDUCEduc.Attainment:l=Elcnr.'2=Scc.,3=Vocational.4=College'S=PostCollege
HINC Houschold 16some; l=<t)3000.2=l'3001-6000' 3=P6001-10000.4=10001-15000"'

FREQHLTH Freqr.rency of being atiticted with resp' diseise: l=always' 0--otherwise

JEEffiME Time spent inside the.ieepney: continuous data

INSIDE Perception on air quclity irrside.ieepner l=v. good, ]=good' 3=fhir,4=bad' S=v.bad

Mean St. Dev.

RDSIDE Perceprion on air qtlality on tlrc roadside; l =r,. goo<1, 2=good. 3=fair. 4=bad, s=v.bad

0.375 0.4E5

1.610 0.663
0.510 0.50t
0.s50 0.49
28.425 10.696

0.15E 0.366
2.900 0.962
3.995 2.0t4
0.620 0.4E7

56.830 43.2t2
3.360 0.E33

3.385 0.933

The dependent variable, CFIOICE, was the respondents' answer to the first bid question,

since if is here that the respondent is first asked to provide an answer to the introduced

strategy in order to inprove air quality. A set of independent variables was used in order to

attem;i to explain the respondents' choice to pay for improved air quality. The initial bid

6NITbID) was the starting bid question given to the respondents. The results of the

multivariate analysis yielded low t-statistics for all independent variables except INITBID.
The initial bid has a negative sign in the regression, implying an indirect interaction with the

dependent variable. Following logic and economic theory that as the initial bid increases,

wiilingness-to-pay decreases. or in this case, the respondent will most likely reject the bid

offered.

3.4 Quantiffing Willingness-to-Pay of thc Respondents

The contingent valuation provicles an answer to whetirer the respondents'were willing to pay

for an additional increase in f'are. thereby helping the drivers/operators in maintaining the

good condition of their vehicles. By doing so, the vehicle-generated emissions ofjeepneys

would be lessened.

The double-bounded discrete response contingent valuation follows up on the initial
question/bid, with a seconcl questioll again involving a specific amount to which the

respondent can respond with a yes or no (Baternan and Willis, 1999). There are four possible

combinations of inswers tionr the respondents, yes-yes, yes-no, no-yes' no'no. The

probability for the discrere resporlse follows the general formula for logit regression.

(2)

For this equation, )' is incorne, which may also represeut other variables that may be

included inthe analysis and C is the cost introduced to the individual. The probability of
getting a "yes" answer and a "no" answer is 0.5. The estimation approach used for the

double-bounded model was maximutn likelihood expressed in the formula below.

nr,ux'. h'r L't' : I (d1,, h'r l' i, + 6,,,1n P],, + a,'r, ln P,l, + 6 i,, ln Pi,,,)

xz,a\dz,to 
(3)

otherwise (lJanneman. I 999).

Joumal of the Eastern Asia Society tbr Transportation Studies, Vol.4. No.5. October. 2001



Analysis of Air Pollution Exposgre of lndividuals in the Road Environmenr 
67

xz = represents the different combinations yy, yn, ny, a\d nn,
SP = stated preference/ answer ofthe respondents

The median willingness-to-pay rnay be computed from changing v(1, y-c)-v(0,y) inthe
logit formula (2) to AV(C), in order to reflect the variations in cost. Equation 2 may be
transformed to the forrnula below in deriving the median willingness-to-pay.

C* : exp (o I p) (4)
where C* = median cost of the responses

o and B 
: paraR.reter estinlates

The median was used as the measure of central tendency representing the data because the
bids were already preset. nleaning it is not affected by extreme values in the response
distribution. The mean is the conventional measure in benefit-cost analysis and from a
statistical point of vierv, nrore sensitive than the rnedian, however, the median may be more
realistic in a world where decisions are based on voting and there is a concem for the
distribution of benefits and costs (Hanneman, 1999). The results of the maximum likelihood
estimation are shown below.

Table 6. Summary of Regression

Sulvey I Survey 2 HHoldlncl ffi

Standard Error
t-statistic

0.21

t.25
0.18

6.64

C{ = 1.24 0.69 0.99

HHoldlncl = household incornc [^-krrr, 10.0(X) pesoynx)nrh

HHoldlnc2 = household incornc 10.(X)l-20.000 pcsos/uonth

HHoldlnc3 = household inconrc grcrter than 20,000 pcsos/nronth

Survey I was done sinrultaneously rvith the SPM and travel time survey. The respondents
were inside the jeepnev rvhile in-transit. Survey 2, on the other hand, was conducted on
passengers waiting fbr a.leepney along Philcoa. HHoldlncl. HHoldlnc2 and HHoldlnc3
stands for the aggregated respondents from survey I and 2, segmented according to the
household income of tlre respondents.

The log of likelihood of the model is indicative of its significance and a higher probability of
the dependent variable to occrlr in the sample. The log of likelihood is also dependent on the
robustness of the data; the higher the value means the larger the sample size. The low t-
statistics ofo indicates that it is not that relevant at the 95% significance level.

Using the parameter cstinrates cielived from the maxinrurn likelihood estimation, the
probability that the lcsponderlts will pay for the increase in fare was computed. Figure 13
shows a comparisor.r ot'thc two surveys, with the first survey having a slightly higher
probability curve than the seconcl survey. Although the disparity between the two is not big,
it can be infened that tlre rcsponclents of the first survey. done inside the jeepney and in
transit, obtained a higher median value for their willingness-to-pay and probability curve.
Their direct exposure to highcr SPM levels during the interview could affect the results.

t.15 6.45

0.r6 0.16

l.2t 9.28

0.33 0.32

-1.43 3.9 r -0. l0 7.05
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Figure 13. Probability of Respondents Paying for hnproved Air Quality at the Indicated Fee

To be able to investigate the willingness-to-pay with lespect to the economic status of the
respondents with their willingness-to-pay, the probability curves for different income groups
were also graphed as sl.towrt in Figure 14.

.:->.- -----=---

05 1 15 2 2.5 3 3.5 1

Fare lncrease (pesos/trip)

: : il::: : iilli,ll;lilJilli Jil^1.

-HH 
income greater than 20.000 pesos/month

Figure 14. Probability of Households Paying for Improved Air Qual.ity at the Indicated Fee

The income grcups were aggregated into tluee categories, as shown in the graph. As
expected, the lowest income group obtained the lowest probability curve and median
willingness-to-pay. Also. the highest incoure group had the highest median value and posted
a high probability even at higher bids of fare increase. Surprisingly though, the household
ihcome group of 10.001-20,000 pesos/month surpassed the household income group of
greater than 20,000 pesos/month when it came to the lowest bid, which is PhP0.25.

4. CONCLUSIONS AND RECOMMENDATIONS

The study's analysis on in-transit levels of suspended particulate matter showed higher
levels of SPM while in transit along a nrajor trunk road, compared to the regular ambient
concentrations in Metro Manila. Also, the levels of exposurdof an individual were presented
while in transit. The tin.rc-'"veighted 24-hour integrated expolrrre showed that the exposure
levels are high considering the tirne fraction that an individual spends in transit for a day.
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Given the crurent levels of SPM concentrations as reported by ambient monitoring stations
of the Department of Environment and Natural Resources, roadside and area concentrations
ofSPM may also be very high, hence, further increasing the exposure ofindividuals to SPM
for a 24-hour period, exceeding the limits prescribed.

The results of the contingent vahlation on the respondents' willingness to pay have shown
that the respondents were willing to pay for as much as a PhPl.24 pesos increase in fare for
the improvement of air.quality. A possible application of the policy would mean that the
current minimum fare, rvhich is PhP4.00, could be increased to a high of PhP5.24 as per the
result of the survey. The results showed that the passengers in-transit have given a relatively
higher cost than the respondents along the roadside waiting for a ride. This was probably due
to the fact they were exposed to higher SPM levels during the interview-survey itself. The
probability curve for the household income showed that the lower income group was more
hesitant to pay for inrprovcd air quality than the higher incorne groups, following the
economic theory.

Strategy is important fbr the success of any policies tl.rat the government may implement.
Without proper education of the public regarding the health hazards posed by air pollution,
the policy may not be as effective as expected. The values generated are considered as the
value an individual is rvilling to pay per trip, in exchange for cleaner air, hence, better
health. Aggregating this value for a one-day trip to and from work in a public transportation
mode, it can be derived that an individual regularly riding a jeepney everyday may actually
shell out an increase of approxirnately PhP2.50 per day or PhP50.00 per month for improved
air quality. Moreover. in.rplemeutation techniques should also be explored. A gradual
increase in fare may be nrore favorable than an abrupt one.

Further studies should ainr to investigate traffic volurne and temperafure as a factor in the
observed levels of exposure to SPM in-tlansit. Also, health effects of SPM towards public
transport passengers and other carriageway users should be further investigated in Meto
Manila in order to corrclate the observed levels of exposure with the inciderfces of
respiratory diseases. aggravations of diseases, and n.rortality and morbidity rates in the
metropolis. Further studics legarding levels of concentration of SPM and other pollutants in
different microenvironmerlts would be vital in the assessment of the total exposure of an
individual per day. Possible health effects may then be more accurately anticipated and
remedied. In terms of the publics willingness-to-pay. other fee collection techniques may
also be looked at. aside ti'om increasing tl.re transportation fare.
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