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(3) Necessary Equipment and Materials 
 
Before and during the implementation of experiments, the equipment, materials and services 
(advertisement and survey) are necessary. 
 

Table A20.2.2  Preliminary Estimate of Necessary Equipment and Materials for Public Experiment 

Items Unit Qty.

1 Rental Bus Mini bus bus/day 22

Mini bus man/day 22

Mini bus man/day 22

Line 1 man/day 4

Line 2 man/day 2
5 Supervisor man/day 1
 

6 Walky Talky 22

7 Miscellaneous Conductor bag and Punch, etc. set 22

1 TV Spot 45 seconds days 7
Broadcasting from: May 25- May 31, 2001 times/day 4
Broadcasting Station: TVK, TV3, TV5  
Times: weekend: 6:55, 11:55, 18:55, 20:45
Times: weekday: 11:55, 12:45, 18:55, 20:45

2 Radio 45 seconds days 7
Broadcasting from: May 25- May 31, 2001 times/day 9
Broadcasting Station: FM103/FM99/FM95  
Times: 6:30, 7:30, 8:30, 11:30, 12:30,
          17:30. 18:30, 19:30, 22:30

3 Newspaper  - Raksmei Kampuchea (Khmer) A3 times 7
 - Cambodia Daily (English) 1/w/d  & 1/w/e

May 26, and May 30, 2001 1/w/d  & 1/w/e
(Size: 

1
/2 of A4 with Color)

4 Banners Type 1: Bus Operation Experiment
 - Line 1: 40 days 14 x 2 = 28
 - Line 2: 40days 10 x 2 = 20

6 Pamphlets School copy 20,000
Government Office 5,000
Hotel 5,000
Tourist Agencies 5,000
Others 65,000
Total 100,000

7 Poster copy 2,000

8 Tickets
 - Line 1: Blue Ticket copy 3,500 x 30 = 105,000
 - Line 2: Green Ticket 1,500 x 30 = 45,000
 - Transfer Ticket

Blue - Green 500 x 30 = 15,000
Green - Blue 500 x 30 = 15,000

9 Shirt/ T-Shirt Driver 100
Conductor 100
Surveyor / (T-Shirt) 2,000

Pedestrian
Crossing sq. m. 10 places

Traffic
Control man/day 30

1 Travel Speed Survey 3 days       MPeak x 2 x 2
(Bus)       MOff x 2 x 2 man*day 48

      AOff x 2 x 2
      APeak x 2 x 2

2 Traffic Volume   3 Routes x 2 sections x 3 days set 18

3 Bus Passenger Count 3 days       20 x 3 x 2 x 3 man*day 360

4 Bus Passenger Interview 3 days       200 samples x 3/10 man*day 60

5 Shop Owners, etc. 2 days       600/ 10 (Bus) man*day 60
Interview Survey     

Driver 

3 Conductor

4 Dispatcher

Advertising
Media

Survey

Bus
Operation

2























A20-22 

A20.4 BUS PASSENGER DEMAND ANALYSIS BY DISAGGREGATE MODEL 
 
A20.4.1 THE METHOD OF THE MODEL CONSTRUCTION 
 
A20.4.1-1 Specification of the Model 
Choice models based on the multinomial logit models are built in order to predict the share of the bus 
use. In other words, the probability that alternative bus is chosen is given by equation below.  
 
Pbus=exp(Vbus)/{exp(Vcar)+exp(Vmoto)+exp(Vdop)+exp(Vcyc)+exp(Vbus)} 
 
The function V is specified as 
Vi=α1Z1i＋α2Z2i＋α3Z3i＋…＋αkZki 
 
Thus, V is evaluated by multiplying each Variable by its coefficient and then summing the resulting 
products. 
 
A20.4.1-2 Method of Inference 
   The method of inference is used the maximum likelihood method. 
 
A20.4.2 DATA COLLECTION AND CHOICE SET DATA CONSTRUCTION 
 
Data required for the disaggregate model construction is collected based on two kinds of following 
survey.  
 
-Interview Survey for Bus Passengers of the Bus Operation Experiment  
-Interview Survey for Drivers and Passengers of the other Transportation 
 
A20.4.2-1 Interview Survey for Bus Passengers of the Bus Operation Experiment 
 
The interview survey for bus passengers was carried out during the Bus Operation Experiment period. 
The outline of survey is as follows. 
 
①Survey Item 
     -Bus usage data (Bus trip description) 
     -Evaluation of the experiment 
     -Intended future bus use 
     -personal attributes 
 
②Enforcement period 

June 13, 14 (Bus fare is 800riel) 
      June 28, 29 (Bus fare is 500riel) 
 
③Enforcement place and number of samples 
      10 bus stops /day 
      20～40samples /bus stop 
 
④Number of collected data 
      June 13, 14   855 samples 

June 28, 29   882 samples 
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⑤Survey Sheet 
 
Present time (    :     AM/PM) 
Interview Survey for Bus Passengers  
1. Bus usage data  
1.1 Purpose of the trip 

a. Commutation  b. School  c. Business  d. Shopping   e. Amusement   
f. Others (                                                          )  

 
1.2 The contents of trip before and after bus use.  
Origin         Method       Time required  Departure bus stop   Waiting time    
(    )   →  <         >  <        min >  →  (     )  →     <         min>- 
Travel time  Arrival bus stop   Method      Time required     Destination  
<     min>→ (        )  →  <        >  <       min >    →   (        ) 
Address   Origin                                                          
           Destination                                                     
1.3 When there is no bus service for the above-mentioned trip, what means of transportation do you use 
and how much time is required?  

Means of transportation (    )     Time required (      min )  
 
2. About this experiment.  
2.1 How did you know about this experiment?  

a. Television  b. Radio  c. Newspaper  d. Poster  e. Burner    
f. Word-of-mouth  g. Notice bus operation   h. Notice traffic restriction  
i. Others (                              )  

 
2.2 Please circle  the appropriate comment for the bus use 

Comment 
(1) The time required (speed of the bus)     Good    Fair  Poor  
(2) Frequency of the operation                  Good    Fair  Poor 
(3) Bus operation hours                                    Good    Fair  Poor 
(4) Comfort of the bus                                      Good    Fair  Poor 
(5) Bus air conditioning                                        Good    Fair  Poor 
(6) Capacity condition                                     Good  Fair Poor 
(7) Appearance and cleanliness                            Good  Fair Poor 

 
3. Intended future bus use 
3.1 If the same bus as this experiment runs in the future, would you use it?  

(Using today’s destination for example.)  
a. Yes, if it is the same service level as the experiment operation.  
b. Yes, even if the service level is lower than the experiment operation. →3.2 
c. Yes, if the service level is higher than the experiment operation. →3.3 
d. Yes, when individual conditions are suitable.   →3.4 
e. No, I will not use in any condition.  

 
3.2 If you answer b on question 3.1, under which condition would you use the bus?   

(1) Fare      a. Present condition level   b. Maximum fare paid :        riel  
(2) Frequency a. Present condition level   b. Maximum waiting time:     min 
(3) Time required a. Present condition level b. Maximum travel time :     min 

3.3 If you answer c on question 3.1, under which condition would you use the bus? 
(1) Fare      a. Present condition level    b. Decreased to :       riel 
(2) Frequency a. Present condition level    b. Reduce waiting time to:     min 
(3) Time required a. Present condition level b. Shorten time required to :  

     min 
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3.4 If you answer d on question 3.1, under which condition would you use the bus?  
a. When it is raining  
b. When going to social event 
c. When tired  
d. When drinking alcohol 
e. When you want to change daily routine  
f. When you want to air conditioned travel 
g. Others (in detail                                                       )  

4. About yourself  
(1) Gender   a. Male     b. Female         (2) Age (       ) age  
(3) Occupation  a. Freelance/Self Employee   b. Clerk    c. Taxi Driver 

d. Motodop Driver   e. Cyclo Driver    f. Driver of Others   g. Housewife   
h. Student   i. Company Executive    
j. Company Employee    k. Public Servant    
l. Others (                                           ) 

(4) Home address :                                                                
(5) Do you have a means of transportation you use 

a. Yes →  If yes, which one  a. Car  b. Bicycle  c. Motorbike 
b. No 

 
 
 
A20.4.2-2 Interview Survey for Drivers and Passengers of the Other Transportation 
 
The interview survey for drivers and passengers of the other transportation was carried out during the 
Bus Operation Experiment period. The outline of survey is as follows. 
 
①Survey Item 
     -Evaluation of the experiment 
     -Intended future bus use 
     - Description of today’s trip 
     -personal attributes 
 
②Enforcement Period 
  June 13 (Bus fare is 800riel) 
      June 25 (Bus fare is 500riel) 
 
③Enforcement place and number of samples 
      Central Market     200 samples /day 
      Olympic Market    200 samples /day 
 
④Number of collected data 
      June 13  219 samples for Central Market, 200 samples for Olympic Market  

June 25   230 samples for Central Market, 233 samples for Olympic Market 
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⑤Survey Sheet 
 
Interview Survey for Drivers and Passengers of the other Transportation (After) 
1. About this experiment. 
1.1 What do you know about this experiment? 

a. Both bus operation and two-wheeled vehicle road usage regulation. 
b. Only bus operation.  
c. Only two-wheeled vehicle road usage regulation.  
d. Neither bus operation nor two-wheeled vehicle road usage regulation. 
 

1.2 How did you know about this experiment?  
a. Television  b. Radio  c. Newspaper  d. Poster  e. Burner    
f. Word-of-mouth  g. Notice bus operation   h. Notice traffic restriction  
i. Others (                                                            ) 
 

1.3 The bus operation experiment is been conducted on two routes of the city central area. Should the 
bus operation continue after the experiment runs from June 1st to 30th?  

a. Yes, the bus service should continue and be expanded.  
b. Yes, it should be limited to the city central area.  
c. The bus service should be expanded or limited whichever is sufficient.  
d. It doesn’t matter.  
e. It is unnecessary.  
f. Don't understand.  

1.4 The two-wheeled vehicle road usage regulation is been conducted on Monyvong Blvd. Should 
the regulation continue after the experiment runs from June 1st to 30th? 

a. Yes, the regulation should continue and be expanded.  
b. Yes, it should be limited to the main street.  
c. The regulation should be expanded or limited whichever is sufficient.  
d. It doesn’t matter.  
e. It is unnecessary.  
f. Don't understand.  

 
2. Intended future bus use 
2.1 Ｗill you use the bus, if you go to the Central Market from here?  

a. Yes  
b. Yes, if the bus service improves.    →2.2 
c. Yes, when individual conditions are suitable.    →2.3 
d. No, use other means of transportation.   →2.4 
e. Don't understand.  

2.2 If you answer b on question 2.1, under which condition would you use the bus? 
(1) Fare        Will use decreased to :       riel 
(2) Frequency   Will use reduced waiting time to :       min 
(3) Time required  Will use shortend time required to :        min 

 
2.3 If you answer c on question 2.1, under which condition would you use the bus?  

a. When it is raining  
b. When going to social event 
c. When tired  
d. When drinking alcohol 
e. When you want to change daily routine  
f. When you want to air conditioned travel 
g. Others (in detail                                                       )  
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2.4 If you answer d on question 2.1, What is the reason for not using a bus?  
a. There are means of transportation, which can be used immediately, such as privately owned car and 
my motorbike.  

b. Other means of transportation are quicker.  
d. Fare is too high.  
e. The method of Use is not known well.  
f. Lack of direct travel.  
g. Others (in detail                                                       )  

 
2.5 If you answer b, c or d on question 2.1,which do you usually use to go to the Central Market from 
here? 

a. Car   b. Taxi   c. Motorbike   d. Motodop   e. Cyclo   f. On Foot  
g. Bicycle   h. others (                                )  

 
3. Today's trip  
3.1 Where did your trip begin to the Central Market? 

a. from your house     b. From the office    c. from another place 
Please fill in the address of a place.  
(                                                                            )   

3.2 Which did you use to come here?  
a. Car   b. Taxi   c. Motorbike   d. Motodop   e. Cyclo   f. On Foot  
g. Bicycle   h. others (                                )  

 
3.3 What is the reason for having not used a bus?  

a. The bus service is not known. 
b. The bus service is not running to the destination.  
c. It is necessary to use another means of transportation to go to the bus stop  

d. There are means of transportation, which can be used immediately, such as privately owned car 
and my motorbike. 

e. Fare is too high. 
f. Other means of transportation are quicker. 
g. Arrival time is inaccurate. 
h. Lack of direct travel. 
i. The method of use is not known well. 
j. Others (in detail                                                       )  

 
4. About yourself.  

(1) Gender   a. Male     b. Female         (2) Age (       ) age  
(3) Occupation  a. Freelance/Self Employee   b. Clerk    c. Taxi Driver 

d. Motodop Driver   e. Cyclo Driver    f. Driver of Others   g. Housewife   
h. Student   i. Company Executive    
j. Company Employee    k. Public Servant    
l. Others (                                           ) 

(4) Home address :                                                                
(5) Do you have a means of transportation you use 

a. Yes →  If yes, which one  a. Car  b. Bicycle  c. Motorbike 
b. No 

 
A20.4.2-3 LOS Data Construction 
Following LOS data, such as distance, time, is created about each OD between 80 zones. 
(LOS means level of service) 

-Road distance between 80 zones 
  -Cost by mode between 80 zones  
  - Bus stop, access igress time for each OD pair 
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LOS data was created in the following form. 

Data Form Sample (Road distance, Unit: Km) 
Zone 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0.00 0.60 2.13 1.61 2.84 2.52 3.30 3.23 2.02 1.51 0.53 0.95 2.72
2 0.60 0.00 0.73 0.53 1.33 1.47 2.09 3.03 2.27 1.76 1.27 2.09 2.20
3 2.13 0.73 0.00 0.59 0.45 1.12 1.70 2.12 2.12 1.61 1.27 2.60 1.85
4 1.61 0.53 0.59 0.00 1.04 0.79 1.50 2.29 1.53 1.02 0.68 2.08 2.51
5 2.84 1.33 0.45 1.04 0.00 0.45 0.88 1.44 1.67 1.76 1.87 2.75 2.08
6 2.52 1.47 1.12 0.79 0.45 0.00 0.43 0.80 0.97 1.44 1.55 2.26 2.59
7 3.30 2.53 1.70 1.50 0.88 0.43 0.00 0.96 2.02 2.22 2.33 3.21 2.44
8 3.23 3.03 2.12 2.29 1.44 0.80 0.96 0.00 1.38 2.15 2.26 2.39 3.45
9 2.02 2.27 2.12 1.53 1.67 0.97 2.02 1.38 0.00 0.51 1.01 1.50 3.75
10 1.51 1.76 1.61 1.02 1.76 1.44 2.22 2.15 0.51 0.00 0.50 1.59 3.74
11 0.53 1.27 1.27 0.68 1.87 1.55 2.33 2.26 1.01 0.50 0.00 0.72 3.25
12 0.95 2.09 2.60 2.08 2.75 2.26 3.21 2.39 1.50 1.59 0.72 0.00 4.07
13 2.56 2.20 1.82 2.51 2.03 2.54 2.36 3.43 3.70 3.74 3.25 4.07 0.00
14 2.38 2.52 2.20 2.89 2.41 2.92 2.74 3.81 4.08 4.12 3.63 4.45 0.16
15 1.71 1.85 1.76 2.45 2.16 2.67 2.80 3.46 3.83 3.68 3.19 4.01 0.43
16 1.22 1.03 1.16 1.85 1.56 2.07 2.30 2.86 3.23 3.08 2.59 3.41 0.83
17 2.21 2.26 2.63 3.32 3.03 3.54 3.53 4.60 4.70 4.69 4.20 5.02 0.95
18 1.42 1.46 2.06 2.75 2.30 2.81 3.04 3.60 3.97 3.89 3.40 4.22 1.24
19 1.12 0.93 1.10 1.79 1.65 2.16 2.39 2.95 3.32 3.02 2.53 3.35 1.60
20 2.08 2.22 2.57 3.26 2.95 3.46 3.28 4.35 4.62 4.49 4.00 4.82 0.70
21 2.51 2.65 2.86 3.55 3.07 3.58 3.40 4.47 4.74 4.78 4.29 5.11 0.80
22 2.95 3.01 2.63 3.32 2.84 3.35 3.17 4.24 4.51 4.55 4.06 4.88 0.57
23 3.59 3.73 3.58 4.27 3.79 4.30 4.12 5.19 5.46 5.50 5.01 5.83 1.52
24 3.04 1.64 1.26 1.95 1.14 1.65 1.81 2.44 2.81 2.90 2.69 3.51 0.45
25 3.67 2.27 1.53 2.29 1.25 1.76 1.58 2.65 2.92 3.01 3.12 4.00 0.78
26 3.54 2.14 1.76 2.45 1.67 2.18 2.00 3.07 3.34 3.43 3.19 4.01 0.36
27 3.32 1.92 1.54 2.23 1.68 2.19 2.22 3.29 3.35 3.46 2.97 3.79 0.46
28 2.92 2.40 2.02 2.71 2.01 2.52 2.34 3.41 3.68 3.77 3.45 4.27 0.14
29 4.39 2.99 2.25 3.01 1.97 2.36 1.93 3.00 3.64 3.73 3.84 4.72 1.09
30 2.05 1.58 0.75 1.34 0.65 1.16 1.47 1.95 2.32 2.41 2.52 3.40 1.31
31 2.59 1.19 0.54 1.13 1.01 1.52 1.75 2.31 2.68 2.73 2.24 3.06 1.02
32 4.56 3.16 2.42 2.89 2.14 1.62 1.19 2.42 3.48 3.61 3.72 4.77 1.88
33 5.02 3.62 2.88 3.35 2.60 2.09 1.66 2.69 3.75 4.22 4.33 5.04 1.97
34 5.32 3.92 3.18 3.65 2.90 2.72 2.29 2.99 4.05 4.52 4.63 5.34 1.88
35 5.61 4.61 3.87 4.12 3.59 3.18 2.62 3.00 4.06 4.53 4.64 5.35 2.66
36 5.24 4.25 3.51 3.75 3.23 2.81 2.25 2.63 3.69 4.16 4.27 4.98 2.97
37 5.17 4.57 3.83 3.68 2.76 2.74 2.18 2.56 3.62 4.09 4.20 4.91 3.29
38 6.97 5.97 5.23 5.48 4.95 4.54 3.98 4.36 5.42 5.89 6.00 6.71 3.63
39 6.60 5.60 4.86 5.11 4.58 4.17 3.61 3.99 5.05 5.52 5.63 6.34 3.26
40 3.33 2.86 2.03 2.10 1.21 1.09 0.66 1.73 2.79 2.82 2.93 3.81 2.17
41 4.30 3.83 3.00 2.81 2.18 1.87 1.31 1.69 2.75 3.22 3.33 3.87 3.37
42 8.29 9.43 8.06 8.13 7.24 6.64 6.37 5.88 7.18 7.64 8.34 6.68 8.43
43 16.41 16.67 15.93 16.17 15.65 15.23 14.67 15.05 16.11 16.58 16.69 14.80 14.84
44 20.01 19.91 20.15 20.39 19.87 19.45 18.89 19.27 20.33 20.80 20.91 22.74 17.47
45 16.01 17.37 16.63 15.85 16.35 14.36 15.37 13.60 14.90 15.36 16.06 14.40 15.54
46 12.70 11.09 10.28 10.35 9.46 8.86 8.59 8.10 9.40 9.86 9.98 11.09 12.54
47 11.89 10.90 10.16 10.40 9.88 9.46 8.90 9.28 10.34 10.81 10.92 11.63 9.07
48 21.66 23.02 22.28 21.50 22.00 20.01 21.02 19.25 20.55 21.01 21.71 20.05 21.19
49 16.16 17.30 15.93 16.00 15.11 14.51 14.24 13.75 15.05 15.51 16.21 14.55 16.30
50 16.37 15.38 14.64 14.88 14.36 13.94 13.38 13.76 14.82 15.29 15.40 17.23 13.55
51 10.49 11.63 10.26 10.33 9.44 8.84 8.57 8.08 9.38 9.84 10.54 8.88 10.63
52 14.24 13.25 12.51 12.75 12.23 11.81 11.25 11.63 12.69 13.16 13.27 13.98 11.42
53 23.07 24.43 23.69 22.91 23.41 21.42 22.43 20.66 21.96 22.42 23.12 21.46 22.60
54 21.21 22.57 21.83 21.05 21.55 19.56 20.57 18.80 20.10 20.56 21.26 19.60 20.74
55 22.30 23.22 24.70 24.18 20.85 20.25 19.98 19.49 20.79 23.78 23.10 22.14 22.04
56 11.29 12.43 11.06 11.13 10.24 9.64 9.37 8.88 10.18 10.64 11.34 9.68 11.43
57 7.01 5.79 4.98 5.05 4.16 3.56 3.29 2.80 4.10 4.56 4.68 5.40 5.35
58 3.41 4.55 5.06 4.54 5.20 4.51 5.56 4.64 3.77 4.04 3.46 1.80 6.53
59 4.49 5.41 6.89 6.37 7.60 7.28 8.06 7.17 6.30 5.97 5.29 4.33 8.36
60 1.77 2.69 3.90 3.38 4.61 4.29 5.07 4.49 3.62 2.99 2.31 1.65 5.37
61 2.34 3.26 4.47 3.95 5.18 4.86 5.64 5.06 4.19 3.56 2.88 2.22 5.94
62 2.21 3.08 3.86 3.34 4.57 4.25 5.03 4.14 3.27 2.94 2.26 1.30 5.33
63 4.51 5.38 6.16 5.64 6.87 6.55 7.33 6.44 5.57 5.24 4.56 3.60 7.63
64 2.77 3.69 4.90 4.38 5.61 5.29 6.07 5.49 4.62 3.99 3.31 2.65 6.37
65 13.60 13.50 12.66 13.13 12.38 12.44 11.88 12.26 13.32 13.79 13.90 14.61 11.06
66 6.25 6.41 6.03 6.72 6.24 6.75 6.57 7.64 7.91 7.95 7.46 8.28 3.97
67 13.55 13.71 13.36 14.02 13.54 13.64 13.08 13.46 14.52 14.99 14.76 15.58 11.27
68 9.50 9.66 9.31 9.97 9.49 10.00 9.82 10.89 11.16 11.20 10.71 11.53 7.22
69 9.30 9.20 8.36 8.83 8.08 8.14 7.58 7.96 9.02 9.49 9.60 10.31 6.76
70 7.76 7.92 7.54 8.23 7.75 8.26 8.08 9.15 9.42 9.46 8.97 9.79 5.48
71 8.16 7.17 6.43 6.67 6.15 5.73 5.17 5.55 6.61 7.08 7.19 7.90 5.34
72 12.82 12.72 12.37 13.03 12.55 13.06 12.88 13.95 14.22 14.26 13.77 14.59 10.28
73 10.37 10.27 9.92 10.58 10.10 10.61 10.43 11.50 11.77 11.81 11.32 12.14 7.83
74 6.31 6.21 5.83 6.52 6.04 6.55 6.37 7.44 7.71 7.75 7.26 8.08 3.77
75 12.25 12.41 12.06 12.72 12.24 12.34 11.78 12.16 13.22 13.69 13.46 14.28 9.97
76 10.47 10.63 10.28 10.94 10.46 10.97 10.79 11.86 12.13 12.17 11.68 12.50 8.19
77 16.39 17.31 18.79 18.27 14.94 14.34 14.07 13.58 14.88 17.87 17.19 16.23 16.13
78 10.22 11.14 12.35 11.83 13.06 12.74 13.52 12.19 11.32 11.44 10.76 9.35 13.82
79 7.46 8.38 9.86 9.34 10.57 10.25 11.03 10.14 9.27 8.94 8.26 7.30 11.33
80 12.26 11.27 10.53 10.77 10.25 9.83 9.27 9.65 10.71 11.18 11.29 10.75 9.44  

 
A20.4.2-4 Choice Set Data Construction 
The intended bus use data with which bus users are assumed based on the following conditions is built. 
     Bus Fare > 500riel 
     Bus Frequency > 5min 
     Bus Operation Speed < 12.5km/h  
         ↓ 
    Mode Choice 

Bus Use  847  
Motodop   287 
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       Motorbike 861 
       Cyclo   12 
       Car    87 
 
A20.4.3 DATA SET FOR THE MODEL 
 
The data set for the models are shown in below. 
 
Mode Choice: Bus, Motodop, Motorbike, Cyclo, Car 
Travel cost: Fare for bus, Motodop and cyclo    Running cost for Car and Motorbike 
Travel time: Total travel time from origin to destination 
Out of vehicle time: Access time (e.g. time spent walking to the bus stop), Waiting time for transpor-
tation, Change time and Igress time (e.g. time from the bus stop to the destination) 
Vehicle ownership: Car, Motorbike  
Purpose of the trip: Commuting, Attending school, Business, Shopping and Amusement 
Individual variables: Occupation, gender and age 
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bus dop moto cyclo car bus_T dop_T moto_T cyc_T car_T bus_F dop_F moto_F cyc_F car_F
4 1 0 0 0 0 29.57 21.85 20.98 40.34 17.48 500 2010 1442 3015 4763
5 0 0 1 0 0 50.58 13.85 13.30 25.57 11.08 500 1274 914 1911 3019
5 0 0 1 0 0 50.58 13.85 13.30 25.57 11.08 500 1274 914 1911 3019
5 1 0 0 0 0 29.80 24.10 23.14 44.49 19.28 500 2217 1591 3326 5254
5 1 0 0 0 0 30.87 27.90 26.78 51.51 22.32 500 2567 1841 3850 6082
1 1 0 0 0 0 34.96 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
5 1 0 0 0 0 25.75 13.85 13.30 25.57 11.08 500 1274 914 1911 3019
5 1 0 0 0 0 40.42 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
6 0 0 1 0 0 52.65 23.80 22.85 43.94 19.04 500 2190 1571 3284 5188
5 1 0 0 0 0 26.57 26.90 25.82 49.66 21.52 500 2475 1775 3712 5864
5 0 0 1 0 0 54.66 53.35 51.22 98.49 42.68 500 4908 3521 7362 11630
5 0 0 1 0 0 46.66 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
5 0 0 1 0 0 42.07 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
2 1 0 0 0 0 30.29 16.95 16.27 31.29 13.56 500 1559 1119 2339 3695
4 1 0 0 0 0 31.80 21.30 20.45 39.32 17.04 500 1960 1406 2939 4643
2 0 0 1 0 0 46.07 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
4 0 0 1 0 0 40.07 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
4 0 0 1 0 0 41.07 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
1 1 0 0 0 0 39.07 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
1 1 0 0 0 0 31.76 26.90 25.82 49.66 21.52 500 2475 1775 3712 5864
2 1 0 0 0 0 43.96 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
1 0 0 1 0 0 40.07 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
2 1 0 0 0 0 22.70 2.25 2.16 4.15 1.80 500 207 149 311 491
6 0 1 0 0 0 41.92 33.20 31.87 61.29 26.56 600 3054 2191 4582 7238
5 0 0 1 0 0 34.81 30.85 29.62 56.95 24.68 500 2838 2036 4257 6725
2 1 0 0 0 0 27.60 11.55 11.09 21.32 9.24 500 1063 762 1594 2518
1 0 0 1 0 0 37.29 46.95 45.07 86.68 37.56 500 4319 3099 6479 10235
2 0 0 1 0 0 44.96 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
4 1 0 0 0 0 19.60 13.85 13.30 25.57 11.08 500 1274 914 1911 3019
1 1 0 0 0 0 31.80 21.85 20.98 40.34 17.48 500 2010 1442 3015 4763
5 0 0 1 0 0 60.16 27.90 26.78 51.51 22.32 500 2567 1841 3850 6082
1 1 0 0 0 0 37.97 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
5 1 0 0 0 0 34.96 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
1 1 0 0 0 0 28.75 13.85 13.30 25.57 11.08 500 1274 914 1911 3019
3 1 0 0 0 0 32.80 21.85 20.98 40.34 17.48 500 2010 1442 3015 4763
1 0 1 0 0 0 43.16 31.70 30.43 58.52 25.36 500 2916 2092 4375 6911
6 1 0 0 0 0 48.80 23.75 22.80 43.85 19.00 500 2185 1568 3278 5178
2 1 0 0 0 0 38.70 21.80 20.93 40.25 17.44 500 2006 1439 3008 4752
2 1 0 0 0 0 29.00 19.00 18.24 35.08 15.20 500 1748 1254 2622 4142
2 1 0 0 0 0 22.75 13.85 13.30 25.57 11.08 500 1274 914 1911 3019
2 1 0 0 0 0 36.96 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
2 1 0 0 0 0 24.75 13.85 13.30 25.57 11.08 500 1274 914 1911 3019
1 1 0 0 0 0 21.52 8.25 7.92 15.23 6.60 500 759 545 1139 1799
2 0 0 1 0 0 33.70 21.80 20.93 40.25 17.44 500 2006 1439 3008 4752
2 1 0 0 0 0 22.29 13.85 13.30 25.57 11.08 500 1274 914 1911 3019
2 1 0 0 0 0 23.75 23.10 22.18 42.65 18.48 500 2125 1525 3188 5036
2 1 0 0 0 0 38.97 29.90 28.70 55.20 23.92 500 2751 1973 4126 6518
2 0 0 1 0 0 39.69 2.05 1.97 3.78 1.64 500 189 135 283 447
2 1 0 0 0 0 26.29 16.95 16.27 31.29 13.56 500 1559 1119 2339 3695
2 1 0 0 0 0 24.60 16.95 16.27 31.29 13.56 500 1559 1119 2339 3695
2 1 0 0 0 0 35.42 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
1 1 0 0 0 0 25.57 21.30 20.45 39.32 17.04 500 1960 1406 2939 4643
2 1 0 0 0 0 29.80 24.10 23.14 44.49 19.28 500 2217 1591 3326 5254
2 1 0 0 0 0 29.85 21.30 20.45 39.32 17.04 500 1960 1406 2939 4643
2 0 0 1 0 0 40.97 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
1 1 0 0 0 0 32.80 26.90 25.82 49.66 21.52 500 2475 1775 3712 5864
2 1 0 0 0 0 29.80 21.30 20.45 39.32 17.04 500 1960 1406 2939 4643
2 0 1 0 0 0 31.97 29.90 28.70 55.20 23.92 500 2751 1973 4126 6518
2 1 0 0 0 0 33.75 16.95 16.27 31.29 13.56 500 1559 1119 2339 3695
2 1 0 0 0 0 27.80 21.30 20.45 39.32 17.04 500 1960 1406 2939 4643
2 0 0 1 0 0 38.97 29.90 28.70 55.20 23.92 500 2751 1973 4126 6518
1 0 0 0 0 0 36.97 26.90 25.82 49.66 21.52 500 2475 1775 3712 5864
0 1 0 0 0 0 42.92 45.05 43.25 83.17 36.04 500 4145 2973 6217 9821
5 1 0 0 0 0 44.77 19.80 19.01 36.55 15.84 500 1822 1307 2732 4316
4 0 1 0 0 0 34.97 33.15 31.82 61.20 26.52 500 3050 2188 4575 7227
5 1 0 0 0 0 69.92 45.05 43.25 83.17 36.04 500 4145 2973 6217 9821
6 1 0 0 0 0 49.92 46.95 45.07 86.68 37.56 500 4319 3099 6479 10235
2 0 0 1 0 0 34.59 46.70 44.83 86.22 37.36 500 4296 3082 6445 10181
3 1 0 0 0 0 37.19 19.10 18.34 35.26 15.28 500 1757 1261 2636 4164
4 1 0 0 0 0 21.55 7.60 7.30 14.03 6.08 500 699 502 1049 1657
6 0 0 1 0 0 31.19 19.10 18.34 35.26 15.28 500 1757 1261 2636 4164
2 0 0 1 0 0 49.05 21.40 20.54 39.51 17.12 600 1969 1412 2953 4665
4 1 0 0 0 0 25.45 13.90 13.34 25.66 11.12 500 1279 917 1918 3030

Purpose
of the trip

Choice set Time Cost
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Igress
time cost w_time time Gender Age Occupation CarOwn BikeOwn

5 750 3 2 2 30 1 0 1
8 0 0 2 2 15 5 1 1
8 0 0 2 2 15 5 0 1
5 0 0 0 1 17 5 1 1
4 0 0 0 1 22 5 1 1
1 0 0 3 1 23 2 1 1
5 0 0 0 1 36 1 0 1
4 0 0 4 2 50 1 0 0
5 0 0 10 2 37 1 0 1
4 0 0 0 2 50 1 0 1
8 0 0 10 2 17 5 0 1

10 0 0 0 2 14 5 1 1
8 0 0 0 2 38 1 0 1
3 0 0 10 1 17 5 1 1
4 0 0 4 2 45 1 0 0
2 0 0 10 1 19 5 0 1
4 0 0 2 2 31 1 0 1
4 0 0 3 2 32 1 0 1
3 0 0 2 1 30 1 0 1
2 0 0 2 1 30 2 0 1
3 0 0 10 1 16 5 0 1
3 0 0 3 1 32 2 0 1
5 0 0 10 1 17 5 0 1
2 0 0 5 1 51 1 0 0
3 0 0 0 1 50 2 1 1
2 0 0 10 2 16 5 0 1
3 0 0 3 2 30 2 0 0
4 0 0 10 2 17 5 0 1
2 0 0 2 2 41 1 0 0
4 0 0 4 1 41 2 0 1

10 0 0 20 1 44 2 0 1
4 0 0 5 1 40 2 0 1
4 0 0 0 2 17 5 0 1
5 0 0 5 2 30 2 0 1
4 0 0 5 2 31 1 0 1

10 0 0 3 1 25 2 0 0
10 1500 3 15 2 41 1 0 1
3 0 0 6 2 13 5 0 1
5 0 0 0 2 16 5 0 1
2 0 0 0 1 20 5 0 1
6 0 0 0 1 17 5 1 1
4 0 0 0 1 16 5 1 1
5 0 0 5 1 32 2 0 1
4 0 0 0 2 13 5 1 1
5 0 0 0 2 18 0 1 1
5 0 0 0 2 19 5 0 1
3 0 0 7 2 20 5 1 1
3 0 0 4 2 16 0 1 1
5 0 0 4 2 17 5 0 0
5 0 0 4 2 17 5 0 0
3 0 0 0 2 17 5 0 1
3 0 0 0 1 32 2 0 1
5 0 0 0 1 19 5 0 0
3 0 0 0 1 16 5 1 1
5 0 0 7 1 17 5 0 1
3 0 0 5 1 32 2 0 1
5 0 0 0 1 16 5 0 1
3 0 0 0 1 15 5 1 1
5 0 0 10 2 30 2 0 1
3 0 0 0 2 19 5 0 0

10 0 0 0 2 15 5 1 1
5 0 0 3 2 14 5 0 1
3 0 0 5 2 36 4 0 1
3 0 0 22 1 20 5 0 1
3 0 0 3 2 32 1 0 1
3 0 0 32 2 18 5 0 1
3 0 0 12 2 27 4 0 1
3 0 0 3 2 17 5 0 0
3 0 0 5 1 37 2 0 0
3 0 0 5 2 27 4 0 0
2 0 0 0 1 34 1 0 1

10 0 0 3 2 21 5 0 1
2 0 0 7 2 32 4 0 1

Access Personal
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A20.4.4 ESTIMATION RESULTS 
 
Tables show the estimated values of the coefficients of the models. The coefficients were estimated by 
the maximum likelihood method using the data described in the previous section. 
  

Parameter Commuting School Business/Shopping 
Total travel time -0.202261 -0.0392 -0.16539 
Travel cost -0.002046 -0.000846 -0.0012265 
Access time(bus) -0.54236 -0.11039 -0.12677 
D_bus 0.0935 0.0722 0.0529 
D_motodop 0.0012 0.8712 0.5712 
D_motorbike 0.0003 0.9288 1.1624 
D_car 2.3082 0.0322 1.0295 
Likelihood ratio 0.3814 0.3989 0.3194 
Number of samples 247 604 343 
Hitting ratio 0.5492 0.5673 0.4736 

 
A20.4.4-1 Evaluation of the  Models 
 
(1) Commuting Model 
 
The result which predicted the bus share using the model built above is as follows.  
The commuting model shows that the bus share is greatly increased from shortening of access time and 
total travel time. 
Therefore, the increase in a bus user is expectable with an improvement of access.  
 

ZoneOD BusSotpOD   
23→60 36→02 (Refer to Bus Stop Map) 
6.63km     

  Time Cost Access T 
Modal 
Share 

Bus 40.70 500 5 25.3% 
Motodop 33.15 3,050   8.7% 
Motorbike 31.82 2,188   66.0% 
Cyclo 61.20 4,575   0.0% 
Car 26.52 7,227   0.1% 

                 Time : Total travel time  Cost : Travel cost  AccessT : Access time (bus) 
 

ZoneOD BusSotpOD   
02→13 17→25 (Refer to Bus Stop Map) 
2.2km     

  Time Cost Access T 
Modal 
Share 

Bus 17.22 500 5 1.5% 
Motodop 11.00 1,012   25.0% 
Motorbike 10.56 726   49.1% 
Cyclo 20.31 1,518   1.4% 
Car 8.80 2,398   23.0% 
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ZoneOD BusSotpOD   
18→32 44→53 (Refer to Bus Stop Map) 
2.67Km     

  Time Cost Access T 
Modal 
Share 

Bus 28.93 500 5 0.4% 
Motodop 13.35 1,228   25.9% 
Motorbike 12.81 881   58.7% 
Cyclo 24.65 1,842   0.7% 
Car 10.68 2,910   14.3% 

 
The modal share changing the access time of a bus from 5 minutes to 15 minutes is as follows. 
 

Modal share by access time change 
  

Time Cost 
5min 7min 10min 15min 

Bus 40.70 500 25.25% 10.25% 2.19% 0.15% 
Motodop 33.15 3,050 8.66% 10.39% 11.33% 11.56% 
Motorbike 31.82 2,188 66.02% 79.28% 86.39% 88.20% 
Cyclo 61.20 4,575 0.00% 0.00% 0.00% 0.00% 
Car 26.52 7,227 0.06% 0.08% 0.08% 0.09% 

           
 
The modal share changing a bus fare is as follows. 
 

Modal share by bus fare change 
  400riel 500riel 800riel 1000riel 
Bus 33.72% 25.25% 15.46% 10.83% 
Motodop 7.68% 8.66% 9.79% 10.33% 
Motorbike 58.55% 66.02% 74.67% 78.76% 
Cyclo 0.00% 0.00% 0.00% 0.00% 
Car 0.06% 0.06% 0.07% 0.08% 

 
The modal share changing the increase rate of total travel time of the bus is as follows. 
 

Modal share by bus travel time change 
  90% 100% 110% 150% 
Bus 43.49% 25.25% 12.92% 0.55% 
Motodop 6.54% 8.66% 10.08% 11.52% 
Motorbike 49.92% 66.02% 76.92% 87.85% 
Cyclo 0.00% 0.00% 0.00% 0.00% 
Car 0.05% 0.06% 0.08% 0.09% 
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Bus Stop Map 
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(2) School Model 
 
The result which predicted the bus share using the model built above is as follows.  
The school model shows that the bus share is increased from shortening of cost. 
Therefore, the increase in a bus user is expectable with cost polic ies such as introduction of a school 
pass and a coupon ticket.  

 
 
 

ZoneOD BusSotpOD   
23→60 36→02    
6.63km     
  Time Cost Access T Modal Share 
Bus 40.70 500 5 33% 
Motodop 33.15 3,050  20% 
Motorbike 31.82 2,188  46% 
Cyclo 61.20 4,575  1% 
Car 26.52 7,227  0% 

 
 
 

ZoneOD BusSotpOD   
02→13 17→25    
2.2km     

  Time Expense Access T 
Modal 
Share 

Bus 17.22 500 5 10.4% 
Motodop 11.00 1,012  33.1% 
Motorbike 10.56 726  45.4% 
Cyclo 20.31 1,518  6.3% 
Car 8.80 2,398  4.8% 

 
 
 
 

ZoneOD BusSotpOD   
18→32 44→53    
2.67km     
  Time Expense Access T Modal Share 
Bus 28.93 500 5 8.7% 
Motodop 13.35 1,228  33.5% 
Motorbike 12.81 881  48.6% 
Cyclo 24.65 1,842  5.4% 
Car 10.68 2,910  3.9% 
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Modal share by access time change 

  
Time Cost 

5min 7min 10min 15min 
Bus 40.70 500 33.09% 28.40% 22.16% 14.09% 
Motodop 33.15 3,050 19.86% 21.26% 23.11% 25.50% 
Motorbike 31.82 2,188 45.96% 49.19% 53.47% 59.01% 
Cyclo 61.20 4,575 0.76% 0.82% 0.89% 0.98% 
Car 26.52 7,227 0.32% 0.35% 0.38% 0.42% 

 
 

Modal share by bus fare change 
  400 500 800 1000 
Bus 36.71% 33.09% 27.73% 24.47% 
Motodop 18.79% 19.86% 21.45% 22.42% 
Motorbike 43.47% 45.96% 49.64% 51.88% 
Cyclo 0.72% 0.76% 0.82% 0.86% 
Car 0.31% 0.32% 0.35% 0.37% 

 
Modal share by time change 

  90% 100% 110% 150% 
Bus 43.49% 33.09% 29.66% 18.21% 
Motodop 6.54% 19.86% 20.88% 24.28% 
Motorbike 49.92% 45.96% 48.32% 56.18% 
Cyclo 0.00% 0.76% 0.80% 0.93% 
Car 0.05% 0.32% 0.34% 0.40% 

 
(3) Business/Shopping Model 
The result which predicted the bus share using the model built above is as follows. 
 

ZoneOD BusSotpOD   
23→60 36→02    
6.63km     
  Time Expense Access T Modal Share 
Bus 40.70 500 5 9.2% 
Motodop 33.15 3,050  12.1% 
Motorbike 31.82 2,188  78.4% 
Cyclo 61.20 4,575  0.0% 
Car 26.52 7,227  0.3% 

 
 

ZoneOD BusSotpOD   
02→13 17→25    
2.2 1.56    
  Time Expense Access T Modal Share 
Bus 17.22 500 5 1.8% 
Motodop 11.00 1,012  23.2% 
Motorbike 10.56 726  63.9% 
Cyclo 20.31 1,518  1.5% 
Car 8.80 2,398  9.6% 
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ZoneOD BusSotpOD   
18→32 44→53    
2.67km     
  Time Expense Access T Modal Share 
Bus 28.93 500 5 0.5% 
Motodop 13.35 1,228  22.7% 
Motorbike 12.81 881  68.7% 
Cyclo 24.65 1,842  0.9% 
Car 10.68 2,910  7.1% 

 
 

Modal share by access time change 
  

Time Cost 
5min 7min 10min 15min 

Bus 40.70 500 9.20% 5.01% 1.94% 0.38% 
Motodop 33.15 3,050 12.09% 12.65% 13.06% 13.27% 
Motorbike 31.82 2,188 78.35% 81.97% 84.62% 85.96% 
Cyclo 61.20 4,575 0.01% 0.01% 0.01% 0.01% 
Car 26.52 7,227 0.34% 0.36% 0.37% 0.37% 

 
 

Modal share by bus fare change 
  400 500 800 1000 
Bus 10.28% 9.20% 6.56% 5.20% 
Motodop 11.95% 12.09% 12.45% 12.63% 
Motorbike 77.42% 78.35% 80.64% 81.80% 
Cyclo 0.01% 0.01% 0.01% 0.01% 
Car 0.34% 0.34% 0.35% 0.36% 

 
 

Modal share by time change 
  90% 100% 110% 150% 
Bus 16.58% 9.20% 4.92% 0.35% 
Motodop 11.11% 12.09% 12.67% 13.27% 
Motorbike 71.99% 78.35% 82.05% 85.99% 
Cyclo 0.01% 0.01% 0.01% 0.01% 
Car 0.31% 0.34% 0.36% 0.37% 
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A20.4.4-2 Prediction Result 
 
The prediction result by the route of a bus experiment is as follows. 

 
Prediction Result (Total Trip) 

 
  Trip % 
Car 214,055 6.61% 
Motorbike 2,068,020 63.82% 
Motodop 847,215 26.14% 
Cyclo 108,084 3.34% 
Bus 3,219 0.10% 
total 3,240,593 100.00% 
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