Chapter 4

ROUTE SELECTION

4.1 Introduction

The decision making process for route selection is under 4 constrains which are the
estimated demand of each route, size of investment, needs of passengers, and law and
requlation.

Size of the estimated demand for each route is the key decision factor in route
selection as demand is the key to survival of the project. When comparing the 4 constrains,
demand is the most important factor in route selection. The demand can be estimated through
many different processes. In this thesis, the classic four-step model or sequential is chosen as
the key model for demand estimation.

Size of investment is the second most important factor of the 4 constrains. If the
estimated demand was so high but at the same time the size of investment is huge, so huge that
it would be very difficult to get a return. Therefore when considering the size of estimated
demand of each route, at the same time, the size of investment should also be taken into
consideration. The factor that often affects the size of investment is the length of the route. .

The third constrain, the needs of passengers, must be included into decision process.
The needs of passengers must be considered if the bus operation would have successful future,
The more needs are supplied, the better chance the project would survive. The factor that have
the affect on this constrain, route selection wise, is the need to travel. The need to travel of
passengers includes the origin and destination of a trip. Therefore, land used is the key factor
when considering the need to travel of passengers.

The final constrain is the law and regulation. After all, if the law does not allow the
bus to operate on those roads the selected route passes through, the operation could not be
established. Therefore, law and regulation play an important in route selection. However, the
33 routes that the route selection process is selecting from is already considered the law and
requlation, therefore all the roads lies on those 33 routes are operational.
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After the 4 constrain is all considered, then the decision could be made to which route
would be the most suitable route for the bus operation.

The decision making process on route selection is presented in Figure 4.1 on the
following page.

The 33 routes to be
selected from.

Estimated
Demand

l

Size of
Investment

l

Needs of
Passengers

y

Law and
Regulations

The most suitable route(s)
for bus operation

Figure 4.1: Decision making process on route selection
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4.2 The routes

The research on public transportation system management in Chiang Mai municipal
area by Saowapol and Therarattanaket (2004) has set up 33 routes. The routes cover the entire
municipal area and parts of 3 other districts. The routes were originally design for the purpose
of running minibuses on fixed-route and fixed-schedule. Although the routes are designed for
the use of minibus, the method of route formation was the same as designing the routes for
other public transportation means.

These 33 routes were formed by Manual Approach where the experience and
knowledge of experts is the key in route design. While the judgment of these experts is based
on mainly their knowledge and experience, some quantitative indicators are also included
designing process. The mixed route network, radial-circumferential, is the pattern used for
these 33 routes since the road network in the study area is radial network but to increase the
coverage feeder routes (Soi or side road routes) are added.

The 33 routes can be divided into three categories according to the type of route. The
first type is the main routes, the second type is the sub-routes, and finally the third type is the
feeder routes (Soi or side-road routes), with total distance 0470 kilometers (two ways).

There are 13 different routes in the first category, the main routes, which cover
mainly the crowded city. They also provide connections of suburbs and the city with the
center at Waroros Market.

The Sub Routes has 7 different routes, provide the connection for the two sides of
Ping River. They also connect to three main transport stations which are the airport, the train
station and the inter-city bus station.

For die feeder routes, there are 13 different routes which provide connection for small
communities to the main and sub routes.

The four figures below show the maps for each type of route, as well as a map which
shows all three different types of route together.
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With the 33 routes are designed for minibuses, some adjustments are needed for them
to be suitable to be used as a bus route. The interview with Mr. Kongdech Therarattanaket, an
ITSC Chiang Mai University researcher and the member of public transportation system
management in Chiang Mai municipal area research team, suggested that the adjustment for
the routes to be suitable for the buses, the feeder routes must be eliminated. The main routes
and sub-routes are situated on 2 lane and 4 lane roads, while the feeder routes are mostly
situated on 1 lane roads. The buses, if used on a 1 lane road, can create traffic blockage which
would worsen the traffic congestion instead of improving. Therefore, from all 33 original
routes, only 20 routes, 13 main routes and 7 sub-routes, are suitable for the purpose of this

thesis.
43 Demand estimation

The bus route(s) that is suitable for co-Investment must have the suitable road width.
From the previous paragraph, the routes with unsuitable road width are eliminated. On the
following paragraphs, the demand ofeach of the 20 routes is estimated.

Demand estimation method called Sequential Model or the Four-Step model is
applied to each routes. The four steps are Trip Generation, Trip Distribution, Modal Split, and
Trip Assignment. The outcome of the Sequential Model is the estimated user demand for each
route. The route(s) with the highest estimated demand is likely to be selected as the route for
co-investment. However, there are other factors involve in the selection process such as size
of investment, needs of passengers, and law and regulation

4.3.1 Trip generation

Trip generation is the process that estimates trip production and trip attraction of each
area. Trip is generated solely from the need to travel not the benefits of the trip itself.
Therefore the purpose of each trip is commonly used to categorize trip generation. However,
trip can be categorized by other ways, for example, by person type, and by time of day.

Time of day was used to categorize trip generation in each area in the research of
Saowapol and Therarattanaket (2004). The area of trip generation is classified by the name of
the street. The study collected the primary data from 22 spots which covered the mam and sub
routes entirely. The time of collection was from 6 am to 6 pm, on weekdays. The average trip
per day of each road is shown in Table 4.1 below:
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mount of Traffic

Stregt VeI per d%y}
Suthep 45,632
Huaykeaw 44,665
Chotana 53,533
Rattanakosin 35,718
Wang Singh Kam 21,508
aham 23873
Keawnawarat 34,655
Charernmaung 44,894
Chiang Mai-Lamphun 43,423
Charernﬁrates 15,539
Changklan 35,285
Tapnae 53,639
~ Changmoi 24,786
Chiang Mal-Lampang 71,779
Mahidol 70,326
700th Stadium 21,731
Bunreungrit 59,246
Ara 25,644
Manlnogarat 53,580
Mulmaung 61,775
Sriphum 35,839
Changloh 46,501
Prapokloa 24,294

Rachadamnern -~ 15529
Table 4.1: Average Amount of Traffic ~ Chiang Mai Municipal Area

SOUIeC: Public Transportation Planning, Saowapol and Therarattanakct (2003), ITSC Chiang Mai University

The following 4 graphs shows the average trip generation by hour ofthe 4 roads that
representthe inner ring roads, the inner city roads, the city roads, and the city moat roadks.
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Figure 4.6: Amount of Traffic of Each Hour on Tapae Road
SOUIeC: Public Trausportatioa Planning. Saowapoi and Therarattaaalcet (Z(IB), I'rSC Chiang Mai University
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Figure 4.7: Amount of Traffic of Each Hour on Mahidol Road
SOUIeC: Public Transportation Planning, Saowapoi and Therarattanaket (2003), ITSC Chiang Mai University
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Figure 4.8: Amount of Traffic of Each Hour on Rachadamnern Road

SOUIec: Publc Transportation Planning, Saowapol and Therarattanaket (Z(IB), I'TSC Chiang Mai University
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Figure 4.9: Amount of Traffic of Each Hour on Maninoparat Road

SOUIec: Public Transportation Planning, Saowapol and Therarattanaket (Z(IB), I'rSC Chiang Mai University
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43.2 Trip distribution

In this second step of the demand estimation, trip distrbution is to pair the trip-
production to trip-attraction to generate the total number oftrip among each ofthe stucly area.

The study of Saowapdl and Therarattanaket (2004), shows that, at present, public
ransportation passengers are those who have no other chaice of transportation. These people
rely on minious as the main mean of public ransportation. Also, it shows the needs of current
minious users for fixed-route and fixed-schedule public transportation system. Therefore to be
precise on demand estimation, the data used in trip distribution can be the data from those
trips generated by minious since the minlbus users are the people who are most likely to ke
the bus passengers in the future,

Based on the research of Saowapol and Theraratianaket (2004), the area of study is
dvided into 17 zones &s in Figure 4.10. The studly concluded that most trips are generated
and attracted by zonel, the inner city area, with average of 36,840 trips per day which
equivalentto 156% ofall trip generated in area o study. The second highest zone wes zone 2,
Waroros Market area, with average 0f 22,924 trips per day which equivalent to 9.7%. Zone 7,
Chiang Mai University and Suanclok Hospital area, wes the third highest zone, with average
19,834 trips per day which equivalent to 84%. The primary data ofaverage trip generation of
each zone IS presented in Table 4.2 below.



Figure 4.10: The Zone
SOUrCe: Public Transportation Planning, Saowapol A Theraratianaket (Z(XB), I'rSC Cbiang Mai University
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Table 4.2: Trip Assignment for Each Zone
SOUIrCE: Public Transportation Planning, Saowapol and Therarattanaket (2003), ITSC Chiang Mai University
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433 Modal split

The purpose of modal split is to determine the percentage of trips using each of the
ransportation mocks avaliable. Siaied in previous part that, from the  dy, transit riders can
be considlered as captive riders who have no other option of ransportation. According to
Meyer and Miller (2001), this is the case that happens to most of the developing countries
where the peaple who can afford an automobile would get one and cease to Use tramit, By
this assumption, the suttable model to be used in modal split is Trip-End model. The data
needkd for calibration or prediction are Suich s auto ownership, income, distance from central
business district (CBD), household size, and etc.

[TSC Chiang Mai University hes conducted as interview on 352 travelers with 59.9%
were female and 40.1% were male. The result from the interview shows that the average
number of people per household was 4.2 where 24 people were in working age ard 13
people were  dents. The average number of car per household was 1.2 and average number
ofmotorcycle per household wes 1.7, Table 43 below shows the number oftravelers ir each
modks of ransportation accoraling to the purpose ofthe trip.

Mean of Transportation

Purpose of a Trip Personal Public Total
Transport Transport
Home Base Work (HBW) 1 46 123
Home Base School (HBS) 80 50 130
Non-Home Base (NHB) 10 29 99
Total 221 125 352

Table 43: Selected Mean of Transport
SOUIEC: Public Transportation Planning, Saowapol and Therarattanakct (2003), ITSC Chiang Mai University

Conclusion drawn from Table 43 are:

Selected Mode of Transportation; 64.5% chose to travel by personal vehicle where
another 35.5% traveled by means of public transport Further investigation found personal
vehicle can be grouped into motorcycle with 643%, car 21.6%, and 14.1% for pick-up truck.
For public transit, 73.6% of travelers used minibus, 14.4% used school bus, and 12% for
others.
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Time and Bxpenses: For personal vehicle the average time spend for one trip a 21.7
minutes and it cost, on average, 25.3 Baht per trip. For public transt, passengers spend on

average 25.8 Baht pertrip and it takes 162 minutes per trip on average. The average expense
pertrip for bath travelers is suspected to be much higher due to the oil price crisis in the year
2005,

434 Trip assignment

The final step for demand estimation, Trip Assignment, is the assignment of predicted
flow ofeach mode to actuial routes through given mode’'s network.

The study of Saowapal and Theraratianaket (2004), has estimated the demands for
each of the 33 original routes with the aid of computer program. The steps for demand
prediction of the computer program is very much similar to the four-step modl where first
the transtt network must be created, then inpuit the trip matnx, and finally the program would
assigned the flow to the transit network created. The demand estimation for each road on the
20 selected routes ofthe 2 researchers is presented in Table 4.4 below



Estimated Demand

Street (person per day)

Suthep 244%
Huaykeaw 1033
Chotana 9859
Rattanakosin 9074
Wang Singh Kam 13508
Faham 17301
Keawnawarat 9135
Charernmaung 3457
Chiang Mai-Lampoon 6,855
Charernprates 1778
Changklan 2208
Taphae 2249
Changmoi 1664

Chiang Mai-Lampang 139
Mahidol 1258

700th Stadium 421
Bunreungrit 9685
Arag 5125
Maninoparat 8975
Mulmaung 17102
Sriphum 8106
Changloh 84%
Prapokioa 543
Rachadamnern 3.365
Chiang Mai-Mae Rim 7,108
Chiang Mai-Mae Jo 1983
Chiang Mai- Doi Saked 6,021
Chiang Mai-Samkampang 3969
Chiang Mai-Oonluay 2465

Chiang Mai-Lampoon

(Middle ring sectri)on) 108

Chiang Mai-Lampang 58
Chiang Mai- Hang Dong 8,123

Table 4.4: Estimated Demand for Each Road
SOUIeC: Public Transportation Planning, Saowapol and Therarattanaket (2003), 1TSC Chiang Mai University
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The outcome from the study of Saowaol and Theraratianaket (2004) freserted above
is actually the demand estimation for the miniuses on the 20 selected routes since all input
data were besed on the minibus primary data. However, it is perfectly substiutable for
predicting the demand of bus transtt. In depth discussion on this topic is presented in the
conclusion.

44 Size of investment

Demand is the key factor in route selection for the bus to operate. If one route had
significantly higher demend than athers, then that route would be chosen without considering
other factors. However, as stated earlier there are other factors in determining the sutable
route for co-nvestment. Those factors are size of investment, passenger’s needs, and laws and
regulations.

Size of Investment is the second most important decision factor in route selection. It should ke
considered when there is no significant high demand present. The size of investment is
directly related to the length ofthe route. The longer the route meansthe higher the number of
the s needed since the time to complete the trip s longer, hence the higher number of
dnvers and hostesses. The length of the route also has many other significant impacts on
several factors that directly related to the Size of investment such &s the fuel cost, the
maintenance cost, and the road condlion improvement cost. It can ke concluded that the
longer the route the bigger the size of investment. In this case route 9 is selected considering
the size of investment comparing to the route that has same level of demand. The result from
the  dy of Saowapol and THeraratianaket (2004) shows that route 9 and route 8 are the two
routes with the first and the second highest demand potential. However, the demand potential
of these routes would be meaningless if their lengths are so long. Therefore the length ofthe
route and its demend potential should be considered together. The following Table 45 shows
the amount of potental demand per kiometer ofeach ofthe 20 routes.

The result from Table 4.5 shows that route 9 hesthe highest number of passengers per
kiometer. Therefore when considering the demand potential and the size of investment, rotte
91s still the most attractive chaice.
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Route Estimated  Length Number of passenger per

Main Route  Demand  (Km) Kilometer
1 30679 26 1180
2 13726 14 980
3 9135 13 703
4 4196 13 323
5 13090 21 623
6 56448 20 2822
7 427 38 1
8 64364 13 4951
9 78001 14 5572
10 8852 21 427
1 26436 26 1017
T 1% 20 210
13 47393 35 1354

Sub Route
1 22573 12 1881
2 53562 14 3826
3 22951 15 1530
4 17301 14 1236
5 3457 26 133
; 5665 14 105
7 B33 19 3

Table 4.5: Number of passenger per kilometer

4.5 The needs of passengers

Another factor to e considered in route selection is the: passenger’s needs. The needs
of passengers such as the waiting time interval, the type oftransportation they prefer, and the
acoeptable fare for the passenger should all ke included when setting up a public
transportation. However, the needs of passenger that related to the route Selection [process are
the needs to travel. The needs to travel are the origin they are fraveling from and the
destination they wanted to be. The active points Such as business district, malls, markets,
schools, universties, and hospitals are the piaces that people would travel to and from. Route
9 pesses through Chiang Mai's 2 important business districts, Waroros Market and Suthep
Road. Waroros Market provides the connection for the people from the inner city to the
suburb. Along Suthep road, there are several key active points suich as Suandok Hospital, the
provincial hospital, and Chiang Mai University. As stated earlier, the key passengers who are
likely to use publc transportare  dents and working dlass people. Chiang Mai University is
the biggest educational center  the city, and also along Suthep road there are numbers of
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offices located. Therefore Route 9 would be able to satisfy the needs of most transit
passengers in the cit.

4.6 Law and regulation

The final factor to be considered in route Selection is the law and regulation. The most
important factor to be consdered is whether the selected road for the operation would be
suitable or not. The road for the bus to be operated on should be at least two lanes road,
otherwise the operation would create traffic blockage and worsen the traffic condltion instead
of improving. Considering Route 9, all the roads along the route are two lane roads. The bus
operation on route 9 would not worsen the current traffic conclion.
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4.7 Conclusion

Demand is the key decision factor in route(s) determination for co-nvestment,
however, apart from demend there are other decision factors in case of atie such as land use

and route lengh.

Demand can be estimated through many demand estimation and analysis models, one
commonly used modk! is the classic four-step model. The inputs of the four-step models are
transportation and traffic information ofthe  dly area, behavior of travelers, and available
modks of transportation. The outcome ofthe modkl is the prediction of demand for the  died
mock of ransportation.

In this chapter, the predicion from the model is actually the estimated demend for
minbuses along the selected 20 routes. However, it is perfectly substiutable for demand
estimation of bustransit. The five reasonsthat support this claim are represented below:

1 The research of ITSC by Saowapol and Theraratianaket (2004) shows
that the users of public transportation have no acoess other means of
transportation. They depend solely on public transportation. Meyer and
Miller (2001) states that in most developing countries, vast majority of
transtt ndlers cannot afford an automoble. One that can afford to own an
automobile coes so and then ceases the use of public transport. This is
actualy the case that happen in Chiang Mai s the level of public
ransportation Services are low.

2. The ITSC recommendss further that  the future buses shoud beused asa
repiacement of minluses due to the greater rate ofefficiency.

3. The resutt from senies of interviews from transtt users hes strengthened
the claim. Approximately 80% of transit users are regular minlus
passengers. On further investigation on the needs of these passengers
shows that 38% of them demand for a fixed-route type of public transit
and anather 33% demand for microbus. Furthermore, 46% of the transit
passenger also felt that the suitable price shouldl be between 10-15 Baht
pertrip which keadsto the next reason.
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4. The price for the bus under co-nvestment manner in this thesis is a fixed
rate at 15 Baht per trip. Further detail on price determination is discussed
in chapter 5.

b. Finally, the deta on Chiang Mai traffic, traveler characteristics and
behaviors, and mocke Selection are condluct on the sample that represents
the whole population in the study area. Therefore this data is already
qualfied to ke used in bus transtt demand estimation.

The result from the study of Saowapal and Therarattanaket (2004) shows estimated
demend by the name ofthe street as in Table 4.4. The estimated demands are then rearranged
to give the total demand ofeach route as shown in Table 4.6 below:
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Estimated
Route Demand

Main Route

30679
13726
9135
4196
13090
56448
427
64364

78001
8852
26436
4196
47393

225713
53562
22951
17301
3457
5665
13731

S woooo—uaooi>wro

— —
(o) ]

Sub Route

~NOoOO U1 =IO —

Table 4.6: Estimated Demand of The 20 Routes

The estimated demand shows that Main Route 9 and Main Route 8 have the highest
and the second highest estimated demand accordingly. The estimated demands of these routes
do not show significant different. Therefore, to decide which of the two to be selected for co-
investment the other three constrains must be carefully considered. For the size of investment,
the length of the routes is almost equal with about 15 kilometers. However, after considering
the size of investment by looking at the figure of passenger per kilometer, route 9 has over
600 passengers more than route 8. Considering the next constrain, needs of passengers where
the main factor is the use of land. The routes are sharing part of their route where only
different in the routes is Route 8 uses Huaykeaw Road to reach Chiang Mai University while
Route 9 uses Suthep. The land use shows that Route 9 passes through 2 more active points
that Route 8 which are Suandok Hospital and Tonpayom Market. Along Suthep road there are
numbers of government departments and also Suthep road passes through business area. For
the final factor, the 20 base routes that the coQinvestment route is selected from are all pass
the law and regulation qualification.
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From all the factors of estimated demand, length of the route, and the land use, Route
9 shows significant potential. Therefore, the Main Route 9 is selected as the route for co-
investment.
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