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The problem of transportation in Phnom Penh city has gotten worse recently as there are more cars and
especially motorbike due to increasing of population; therefore, the importance of improvement transpor-
tation system is to reduce the number of private vehicles by installing public transit. However, it is diffi-
cult for decision makers such as government to deal with all criterias at once for success since the budget
and capacity building are limited. Although it is impossible to satisfy all stakeholders and people con-
cerning public transportation usage, it is preferable to have alternatives and its criteria in order to clarify
the priority and beneficial to the present and future generations. This paper adopts the Analytic Hierarchy
Process (AHP) to deal with both understanding the perspective and priority of criteria and alternatives
from demand side in the suburbs and CBD area. AHP is a Multi-Criteria Decision Making (MCDM)
method for solving social, governmental and corporate decision problems. For there is only publication
focus only on expert judgement by using AHP with complex proposal, this paper attempts to use new
method by using simply AHP structure with the demand side, residential, to find out their preferences.
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1. INTRODUCTION

Developing countries are facing big challenges in
economic growth, education, health, and the envi-
ronment (UITP, 2003)". However, urban transport,
particularly public transport remains unaddressed.

Cambodia is one of the developing country in
which Phnom Penh city is the main city where peo-
ple want to live and work to support their living
condition. As population increases day by day, the
number of vehicles as well increase rapidly every
year. The increasing of private vehicles makes con-
gestion, accident and especially environmental im-
pact (CO2 emission) such as air pollution (JICA
2001)?. The current transportations are private cars,
private motorcycles, motor taxies, Tuk Tuk (some
kind of public transport which has 3 tire wheel),
Cyclos, minibuses for some schools. Due to popula-
tion census in 2008 every household there are aver-
age 5 members and most of them have their own
vehicles (NIS, 2010)®. Additionally, old car which
imported in to Cambodia never exported to another

country (General Department of Taxation, 2010)* |
those old cars will be bought by some low income
people who can afford.

JICA (2001)? for Urban Master Plan of Phnom
Penh City for 2020 mentioned that land use, narrow
road as well as parking area are the problems of
making congestion. There are many road sections
where there is only 5-7 meters weight, therefore
some people who are in a bad mood they will push
to go first and make grid lock. Moreover, around
805 parking area has to be installed because of all
kinds of vehicles running on the same road (Em-
bassy of France in Cambodia 2002-2005).

About transportation issue that related to logistic
or business, some people sell or run their business
on the pavement or sidewalk that can ban the walk-
able place to people.

The existing study of JICA (2001)? installed pub-
lic transit, Bus Rapid Transit, inside the city, but
they fail. In terms of bus service attributes it was
found that bus fare, and comfort were found to be
the most important and significant aspects for pas-
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sengers in Phnom Penh (Kasem CHOOCHARU-
KUL and, Meng Hong UNG 2011)°. As the budget
for developing public transit is low, ranking and
understanding of the priority of the criteria for peo-
ple, Analytic Hierarchy Process ( AHP) is employed
in this paper in order to give a clear opinion to deci-
sion makers to choose the most priority to develop
for attracting riders for public transport.

2. METHODOLOGY

(1) Data collection

Phnom Penh is a capital city of Cambodia in
which has 678.46 km2 (0.37% of Cambodia), with
Population 1.327,615 million in present time with a
density of 4,571.1 p/Km2 (NIS, July 2010)®. There
are eight districts (Khans) in the city, in which there
are four main districts in the central. Fig.1 is the
map of all districts in Phnom Penh city and the red
circles are the survey area selected.

Each commune in the four outsider district was
selected based on randomly selecting. As the four
central districts are the CBD (Central Business Dis-
trict), researcher, he chose 12 Km from CBD for
five locations and 6 Km from CBD for four loca-
tions as in the Fig.1.

Fig.1 Survey administrative areas in Phnom Penh city

(2) Sampling

The author randomly selected participants in each
suburb location along the highway and about three
hundred meters from the access road. On the other
hand, all participants in four central districts were
selected along Main Street. Moreover, in central
district the author purposely selected only public
worker, as well as students from one of the famous
private University called Build Bright University
because there are a lot of students use their private
car access to the University.

The author used total sampling of 500 partici-
pants. It means that he chose 40 participants in each
thirteen location, nine locations from suburban and
four from the central district. In one condition one
location was selected only twenty respondents due
to their knowledge and the number of people in that
area were small as well as the author took the other
20 samples as the Pilot survey. Table 1 shows about
participants selected and district with the number of
participants, and location code and type.

Table 1 Distribution of questionnaire to each zone code

Zone District Location Location | Peo
Code Name Name Type -ple
1203 7 Mak- City 40
hara center
1201 Chamkar City 40
Morn center
1202 | Donpenh City 40
center
Tuol City
1204 Kork center 40
120509 Samraong | gt | 40
Kroam
120505 Chaom Chao Suburb 40
Dangkor Plomg
120504 Chhesrotch Suburb 20
120501 Dangkor Suburb 40
Chak Angrae
120607 Mean Kraom Suburb 40
120608 | Y Nirouth Suburb | 40
120803 Sensok Khmuonh Suburb 40
120704 | Ryessei Kilometre 6 Suburb 40
120708 Koe Prek lieb Suburb | 40
TOTAL 500

(3) Research instrument

AHP was found by Thomas Saaty” in the late
1980s. Of course there were two parts of the instru-
ment for this survey, one was about So-
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cial-economic characteristic asking about the re-
spondents’ locations, age, gender .Etc, as shown in
Appendix A-1. The other part was AHP question-
naire survey in Appendix A-2.

In order to develop the questionnaire AHP struc-
ture was produced using step 1 of the 4 steps
( Johnson 1980)". In Fig.2 shown the setting up the
decision hierarchy by breaking down the dilemmas
of the decision into three levels of interrelated deci-
sion elements (Satty 1977a, 1977b, 1977¢c, 1977d,
1978b, 1980)”. Level one was the Goal, level two
were the Criteria and the last one was the Alterna-
tives of transportation choice.

Travel
| cost ]
Light
rail
- || Waiting
o time
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.2 Travel
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i time
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Fig.2 AHP structure decision model for transportation choice.

At level two there were five criteria selected,
Cost, inside environment, Waiting time, Travel time
and Safety. Selecting this criteria base on Kasem
CHOOCHARUKUL and Meng Hong UNG® in
2011, they have conducted survey system using
State Preference by using this criteria, Fare, Waiting
time, Heading time and Bus comfort in Phnom Penh
city. Moreover, J.W. Guiver'® (2007) used Modal
talk, discourse analysis, of how people talk about
bus and car travel; found that most of people cared
about Cost, Timing (Waiting time and travel time),
Comfort and information. In addition, J. Hine and J.
Scott'"” (2000) in Scotland, by suing in-depth inter-
view of public transport to non-users, car users and
taxi found that the interchange and the public trans-
port could become more attractive to all users de-
pended on Accurate information, Walking distance,
Waiting time, Cost of public transport and Safety.

Needless to say, there is no intra-city bus in Phnom
Penh city therefore Information criteria was not re-
liable to the participant for an answer. According to
the literature of interviewing transportation users as
well as the existing study in 2011 by Kasem
CHOOCHARUKUL and Meng Hong ®, the author
had selected the criteria, Cost, Inside environment,
Waiting time, Time travel and Safety for level 2. On
the other hand existing transportations Car and Mo-
torbike were selected as the two alternatives in
Level 3. In the reason of this, most people in Phnom
Penh city are using private cars and motorbike as
the priority for travel. Base on MPWT'? (2010), the
registered of motor bike increased to 236, 614 and
cars 24, 355. What is more, the author carefully had
chosen two predictions of public transport, BUS and
Light Rail. The public transport which appropriate
for using in Phnom Penh city bus on distance, pric-
ing, road width, infrastructure and speed, both Bus
and Light Rail was introduced to be the next public
transport in Phnom Penh city (SYSTRA) '),

The AHP pairwise comparison of each criteria
and alternative, was complicated and misunder-
standing easily, so the author spent one day to finish
for one location. Due to this reason, before con-
ducting a survey the researcher had gathered all as-
sistants for explanation about all parts of the survey
content till they understand well. According to Satty
(1995)'¥, making group discussion is better to rely
on the single decision maker or respondents as
brainstorming and idea sharing to improve the ac-
curacy of the final result and reduce bias. Though he
gathered people in a group in suburb, in urban and
CBD were difficult to do so. Consequently, the
author interviewed the respondents one by one in
order not to misfiling the questionnaire.

In AHP questionnaire comparisons, the author
and assistances asked participants to compare be-
tween each criterion by giving a score from 1 to 9 in
Table 2, as well as the alternative.

The judgement from individual participants are
then synthesized into a single judgement through
geometric means in order to get an overall result of
the priorities for each criterion in every level of hi-
erarchy. The geometric mean for synthesizing indi-

vidual judgments is shown in equation 1 and 2.
1/n

(al,aza-n,a”)s(ﬁm) (1a)

G(a,,a,,..a,)=(a, xa,..xa,)"" (lb)

Thus,

Where G = Geometric mean, a = Pairwise com-
parison scale given by an expert, » = Number of
respondents
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Table 2 9-point scale for pairwise comparisons in AHP

Intensity
of Impor- Definition Explanation
tance
Two criteria/
| Equal im- sub-criteria contrib-
portance ute equally to the
level above
Judgment slightly
3 Moderate favors on criterion/
importance | sub-criterion over
another
. d t st \
Essential or Judgment s rongly
) favors on criterion/
5 strong im- o
sub-criterion over
portance
another
A factor is strongly
7 Very strong | favored and its
importance | dominance demon-
strated in practice
The evidence of
Extreme .
. favoring one factor
9 importance .
over another is of
the highest
possible order of
affirmation
Immediate Absolute judgment
2,568 values be- cannot be given and
nT tween above | a compromise is
scale values | required

Source: Saaty1980
3. RESULT OF PRIORITY WEIGHTS

(1) Current scenario

Expert choice ' was applied in order to synthe-
size AHP comparison of each level in both local and
global. As stated above, this scenario represents
what we believe will be the result of people’s pref-
erence at the time of conducting the survey and
study. Table 5 identifies each of the criteria or the
factor of the AHP tree in rows and the transportation
alternatives in columns in Overall of the total sam-
pling. In addition in row C.R. (Consistency Ratio)
shows the value of consistency of pairwise matrix
score and it has to be less than 0.70 (C.R.<0.10) as
well as A, is the maximum eigen value and 4,,,
>n (n is the number of eigenvalue). The alternative
with the highest score is considered ‘‘best.”’ In this
case, the first alternative is Car (40.3%), followed
by Light Rail Transit (21.1%), and closely followed
by Motorcycle (20.1%) and Bus Rapid Transit
(18.5%) is the least preferred option. Before engag-
ing in a discussion of these results, it is instructive
to review Table 5 more closely. Each criteria cate-
gory in the table has an associated percentage next

to it. This represents the contribution of category to
the overall goal. The local eigen values are also
shown as in Table 3 Matrix 1 and Table 4 Matrix 2
till 6 for alternative pairwise respect to each crite-
rian. The Safety attributes leads all others, with
Travel Time, Comfort and Waiting Time attribute
next. Noticeable, Cost factor lags further behind.
This ranking, which emerged from our pairwise
comparison analysis, seems reasonable given ob-
servations on the current situation in Phnom Penh
city as traffic accidents occurred everyday as well as
traffic congestion.

Several important observations can be made re-
garding the results of people’s preference scenario.
These are the following:

1. In case of Travel Cost (7.0%), Motorcycle is
the dominant alternative affecting approximately
51% of the score followed by BRT (23.7%), LRT
(16.8%) and the last is Car (8.8%), see Table 4,
Matrix 2. This implies that there will be less use of
Car, but not Motorcycle if the Travel Cost is high.

2. Moreover, Motorcycle gets the highest score of
36.8 % and this time Car is preferred almost the
same as the Motorcycle of 34.7% higher than Public
Transportation BRT (13.4%) and LRT (15.2%) in
Waiting Time criteria, shown in Table 4, Matix 3,
since Public Transport contains waiting time for 10
minutes . What is more in Table 4, Matrix 5 of
Travel Time (15.9%), private vehicles Motorcycle
(35.2%) and Car (32.3%) has led the two public
transports BRT (20.8%) and LRT (11.7%). Consid-
ering about the flexibility of travel mode private
vehicles still dominant to public transportation, but
LRT is preferred due to Travel Time with segregat-
ed way for the tramway.

3. However, Motorcycle is less preferred in
Safety and Comfort criteria and the most safety pre-
ferred is alternative Car followed by LRT and BRT,
see Table 4, Matrix 4 and 6. Therefore, to overcome
the Safety and Comfort is to increase rider-ship of
Public Transportation as reducing Motorcycle.

Table 3 Comparisons of five criteria, effect to transport choice.
Matrix 1: Criteria with respect to the goal

TC WT Com TT Saf | EV
TC 1 1/145 1/1.59 1/2.33 1/6.65 | 0.07
WT 1 1/1.24 1/2.26 1/5.65 | 0.08
Com 1 1/1.61 1/5.63 | 0.10
TT 1 1/5.03 | 0.15
Saf 1 0.57
Consistency Ratio | 0.01

Note: TC = Travel Time; WT = Waiting Time;
Com = Comfort; TT = Trave Time; Saf = Safety; EV Ei-
genvector
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Table 4 Comparisons of alternatives respect to each criteria
Matrix 2: Alternative with respect to Criteria TC

Car Mot BRT LRT EV
Car 1 1/4.56  1/3.29 1/2.03 0.088
Mot 1 2.69 3.01 0.508
BRT 1 1.44 0.237
LRT 1 0.168
Consistency Ratio 0.01

Note: Mot = Motor Bike; BRT = Bus Rapid Transit; LRT =
Light Rail Transit

Matrix 3: Alternative with respect to Criteria WT

(1) Cost scenario

In this scenario, we adjusted the Travel Cost
first-level attribute to be the dominant attribute
(comprising approximately 77% of the total weight
of the decision). Other first-level attributes were
reduced proportionately by Expert Choice'> 11.
Although the weight placed on cost under this sce-
nario may seem extreme at first, it allows us to test
the robustness of the final results. One could just as
easily craft a scenario in which Travel Cost was
weighted less importantly. Fig.3 shows the overall
results.

Car Mot BRT LRT EV 71.5% Travel cost
Car | 1 1/1.07 263 239 0.347 Zl%Waltmg'l'lme_
Mot 1 2.63 2.51 0.368
BRT 1 1/1.17 0.134 2.5% Comfort
LRT 1 0.152
Consistency Ratio 0.00 38%Travel Time
. . . L 14.0% Safety
Matrix 4: Alternative with respect to Criteria Com .
Car Mot BRT LRT EV
Car 1 292 1.67 2.14 0.418
Mot 1 1/1.43 1/1.25 0.154
BRT 1 1.18 0.233
LRT 1 0.195 L
Consistency Ratio 0.00 0 1 2 3 4 5 6 7 8 9

Matrix 5: Alternative with respect to Criteria TT

Car Mot BRT LRT EV
Car 1 1.01 2.22 1.76 0.323
Mot 1 3.11 1.85 0.352
BRT 1 2.20 0.117
LRT 1 0.208
Consistency Ratio 0.01

Matrix 6: Alternative with respect to Criteria Saf

Car Mot  BRT LRT EV
Car 1 388 243 2.29 0.469
Mot 1 1/1.83 1/2.48 0.105
BRT 1 1/1.09 0.197
LRT 1 0.229
Consistency Ratio 0.00

Table 5 Overal result of alternatives respect to the Goal

Goal: Transportation Choice, Unit %

Car Mot BRT LRT

Overall EV 40.3 20.1 18.5 21.1

TC 7.0 8.8 50.8 23.7 16.8
WT 8.8 34.7 36.8 13.4 15.2
Com 10.5 41.8 15.4 233 19.5
TT 15.9 323 352 11.7 20.8
Saf 57.8 46.9 10.5 19.7 22.9

16.4% Car
L]
43.4% Motor bike

22.4% Bus Rapid Transit

17.8% Llght Rail Transit
|

0 2 3 ! 5 6

Fig.3 Interaction of alternatives while increase TC to 77.5%

Transportation alternatives that are penalized by a
higher weighting of Travel Cost factors include Car
bike and Light Rail Transit. What is important is
alternative Motorbike is the highest before Bus
Rapid Transit. This is primarily due to the higher
costs for travel to the CBD or other destination in-
cluding, fuel cost, maintenance, parking. Motorbike
is ahead of 43.4% and BRT two dominant alterna-
tives under Travel Cost-driven scenario.
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(2) Time scenario

In the third scenario, we increased the relative
weights given to the Time first-level attributes in-
clude Waiting Time and Travel Time. As shown in
Fig.4, Waiting Time and Travel time attribute now
compose 33% each of the decision weighting under
this scenario. Here, again LRT and BRT are penal-
ized due to waiting and headed time problems as we
compare the first scenario above. Indeed, from Time
value point of view, BRT and LRT would offer little
improvement over the Waiting Time and Travel
time we see today. Instead, private vehicles would
define the future transportation landscape.

3.1% Travel cost
33.5% Waiting Time
4.6% Comfort

H

33.3% Travel Time

25.5% Safety
I

0 1 2 3 4 5 6 7 8 39
36.5% Car

29.0% Motor bike
15.2% Bus Rapid Transit

19.3% Llght Rail Transit
|

(R 2 3 4 5 6

Fig.4 Interaction of alternatives while increase WT and TT to
around 33%

4. CONCLUSION

This paper revealed the importance of under-
standing users' attitude related to factors or criteria
and accounting for their bearing on transportation
choice both private and public transportation. The
finding that related to this objective is that, there is
no way to change people’s perception in using pri-

vate vehicles. Though the overall result of the
evaluation in a previous section revealed that LRT
was selected in the second raking car and motorcy-
cle are still most wanted for commuting because of
the time factor.

Safety is the criterion that is the most significant
for people when they travel. However, this criterion
is negative significance of choosing public trans-
port. It means that if safety is secured in the city,
people will change their attitude to use motor bike
more than other alternatives. The reason is that peo-
ple chose public transport because of safety travel,
mostly based on accident and robbery. In contrast, if
the safety is low for public transport people will
choose a motorbike instead. Moreover, Travel cost
is the lowest consideration in the AHP evaluation.
However, in Fig.3 shown that if the travel cost is
moving up, of course, Motorbike is number one, but
the car is the last choice due to fuel consumption
and maintenance.

The other finding due to overall result is level of
service, Time and Comfort is very important to
promote public transport. In addition to the cost or
fear of public transport is fair if the level of service
was reliable (J. Hine, J. Scott, 2000)'".

In conclusion of AHP evaluation, level of service
is more important than travel cost as in this case
level of service including, safety, travel time, wait-
ing time and comfort. Therefore, it is important to
stable the safety of traveling follow by decrease
travel time, comfort (air conditioning, good condi-
tion chair and noiseless) and last but not least wait-
ing time must be accurate.
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