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Captivity to the travel mode is a phenomenon of urban transport in developing countries. Mode choice behavior in cities of the developing countries is constrained and dictated by such reality that many travelers are not always enjoying the freedom of selecting the desired mode of travel. The objective of the paper is to examine mode captivities and the underlying reasons with application on Grater Cairo, utilizing two surveys carried out as part of the latest transport study finalized in 2003; home interview and revealed preference surveys. The paper starts by grouping and discussing mode choice and mode captivity in developing countries cities as related to the different factors. Then, based on the surveys results, mode captive travelers are identified and their socio-economic and trip characteristics within the two samples are examined. The considered modes are formal transit common bus, informal shared taxi, metro and private car. Next, the reasons of "choice" and "non-choice" of modes are investigated in detail. Finally, a logit model is calibrated to examine mode choice elasticities/cross elasticities of captive travelers. This facilitates investigating the sensitivity of mode choice probabilities for captive travelers to changes in transport system variables, such as mainly travel time and travel cost. The paper ends with concluding remarks and suggestions for further work.
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1.  Introduction

Captivity to the travel mode is a phenomenon of urban transport in developing countries. People using a certain mode stick to it most of the time, particularly for the necessary daily trips; work and education. Though most of motorized trips are made by transit (76% Sao Paolo, 69% Santiago de Chili, 66% Manila and 68% Cairo), transit users are still captive to the transit mode they use, e.g., bus users stick to the bus, metro users do not shift to other mode, while shared taxi users only use it. Also, non-motorized travelers always prefer to walk or cycle with limited freedom to shift to motorized alternatives. Many reasons are behind captivity and the limited mode choice possibilities such as the wide gap between characteristics of different travelers and between travel modes' attributes. So, these reasons can be economic, social, geographical (location) and/or related to the capacity and level of service of the travel mode and systems on offer. Accordingly, calibration and use of aggregate modal split models and behavioral, probabilistic, disaggregate mode choice models in cities of the developing countries where mode captivity prevails, may not be appropriate. For instance, in MIT/Cairo University Cairo Urban Transport Project (MIT/CU, 1983) modal split modelling was eliminated because of mode captivity and again in CREATS (JICA, 2002) the study failed to calibrate a suitable disaggregate mode choice logit model for the same reason. In addition, it is emphasized that inclusion of mode captives in logit models data brings about serious effects on model calibration and products (Stopher, 1980).

Compared to other topics on urban transport, few research are published on "mode captivity" (Amer, 2006), maybe because it is not of main concern in cities of the developed world where undertaking transport research is much more and where the urban travelers have relatively more freedom of choice of the travel mode compared to those living in developing countries' cities.

The objective of the paper is to examine and to group mode captive travelers and to investigate reasons of mode choice/non-choice and the sensitivity of captive travelers to mode attributes via logit modelling. The application is on Greater Cairo (GC), utilizing surveys of CREATS, the latest transport study (JICA, 2002); the Home Interview Survey (HIS) and the Revealed Preference Survey (RPS) with samples of > 58000 households and > 2500 individuals, respectively, as explained in (DRTPC-TP, 2001). The paper discusses and groups mode captives as related to different factors and as they change by person and trip types, location of destination and the time of making the trip in view of the transport system features. Next, reasons of choice/non-choice of modes and their evolution in GC (1987/2001) are investigated. Finally, logit analysis for examining mode choice elasticity/cross elasticity of captive travelers to changes in system attributes is given.
2. Urban Mode Choice and Captivity in Developing Countries

Mode captivity of urban travelers in developing countries cities differs according to various elements. For instance, regardless of the lack of appropriate and safe pedestrian/cycling facilities and weather conditions in some cities, many of those who walk/cycle for long distances to work are mainly obliged to do so in order to economize; neither to exercise nor to enjoy. Transit users cannot afford buying/running cars neither afford riding taxies daily. Like many pedestrians/cyclists, they suffer from "economic" related mode captivity. Meanwhile, some of private car owners prefer taxis or Air-Conditioned bus, if suitably routed, to avoid driving on congested network or wasting time to park at destination, which is a kind of "traffic congestion" and/or "supply shortage" related captivity. However, most car users do not travel by transit. The low level of service of buses and the uncomfortable rides on informal shared taxis due to bad driving are main reasons; a "level of service" related mode captivity. Meanwhile, some travelers, including car users, do not use high level of service transit like metro/LRT because riding/alighting stations are far from trip origin/destination. This is what can be named "location" or "geographical" related mode captivity. Furthermore, in some societies for certain groups of traveler, e.g., middle/high ranking officials, it is socially unacceptable to ride a bicycle. Those are captives to motorized modes because of "social" related captivity. Similarly, age, gender or health dictates certain modes causing "individual traveler" related captivity. Accordingly, urban mode choice behavior in developing countries is constrained and dictated by prevailing realities which make many travelers not always enjoying the freedom of selecting the desired mode of travel. The factors that affect mode captivity are, therefore, similar to those which affect mode choice relating to the "trip maker", "trip type" and the "relative level of service" of the offered transport modes.
Classification of mode captivity of urban travelers into different types differs from urban area to another and within the same urban area as time grows. GC mode captive travelers are classified in a previous research (Huzayyin and El-Hawary, 1986) as follows,

Walk captives: those obliged to walk because they cannot afford bus fares, applying a "walk to save" principle.

Public bus captives: those who can afford bus fares though are not satisfied with its level of service and in the same time cannot afford better modes. They use buses "out of necessity not choice".

Shared taxi captives: those who cannot afford private car or taxi, but can afford fare bigger than bus fares for a mode that, mostly, offers better level of service and higher accessibility.

Taxi captives: Those willing to spend on transport needs but cannot afford the initial cost of purchasing/running a private car; hence, they choose the taxi, which offers higher level of service than buses and shared taxis. Second, those who afford a private car, or own one, but do not like driving due to congestion, parking shortage, health, age, etc.; hence, they use taxis which offer the nearest level of service to the car. Belonging to this group are members of single-car families, when the head of the household uses the car all the time.

Private car captives: those who cannot desert car because of transit deteriorated level service. Many of those would have preferred to use such modes if they offer high level of service. This was emphasized by most car owning families interviewed in the 1986 above paper (one year before opening Cairo metro) who indicted they would use the metro if it would offer better level of service than that of other transit.
Another research (NDT, SA, 1998), classified travelers in South Africa into six types:

Striders: those who "choose to walk" or cycle, having no problems with travel time seeking availability and enjoying low-cost access to destinations.

Strandeds: the "walk captives" with no affordable transit available.

Survivals: the "captives to the cheapest transit", who seek high speed transit at the least fare, though reluctantly accept dissatisfaction with service and the obligation to pay.

Sensitives: the "transit captives choosing best option", those cannot afford a car but have enough income to select between transit modes; choosing best option.

Selectives: the "transit choosers" who afford a car and willing to use transit only if it meets the requirements of higher speed and convenience.

Stubborns: the "car captives" who only use car, as cost is minor issue compared to convenience, speed and comfort. Besides, their car dependence is enabled by the good urban road network.

Before grouping GC mode captives, Background statistics are given, (JICA, 2002). The population of 2001 GC region (CREATS study area) is some 14.39 million, with average household size 4.27 person and household income LE 672/month. However, the latter is reported as 1400 LE/month in 2000 (CAPMAS, 2000), which is more logical of GC urban area with its three jurisdictions (Cairo and the urban parts of northern Giza and southern Qaliubiya Governorates). CREATS study area is much larger including many low income rural areas around GC. Overall car ownership is 0.26 cars/household, (64 cars/1000). Daily trips are nearly 21 million, 2001; 32% of which on foot. Among the 14.4 million motorized trips 68% are transit including ordinary taxi (25% shared taxi, 21% bus and minibus, 14% metro and 8% ordinary taxi) and 32% are private (21% car, 8% bus and 3% other). Thereinafter "bus" refers to both bus and minibus of Cairo Transport Authority (CTA).
Bearing in mind the above background and research works and the present transport modes, GC captive travelers are classified as follows (for details see Amer, 2006).
Walk captives: Those who cannot afford motorized modes and have to walk even for long distances, irrespective of hot weather, sidewalk/lighting conditions or vegetation availability. Of course some walk because the trip is short, e.g., to primary school, or to enjoy, the majority, however, are walk captives. To demonstrate, consider a 6-memebers family; the parents work and the children travel for education. With ≈0.40 LE common bus average fare, this family spends ≈LE 150/month on transport. With 1400 LE/month average family income; if members of this do not walk the family should spend ≈11% of their monthly earning on transport, almost double the recently measured 6.5% (CAPMAS, 2000)!
Public bus captives: those who are the captives to the least expensive transit, having no choice but the common bus in spite of its level of service. They can afford the fare and definitely cannot walk either because of distance, health, etc.
Shared taxi captives: those who afford higher fares than bus fares, but cannot afford ordinary taxi or buying and running a car. Though they can easily pay the fare of metro if easily accessible, they still like to stick to shared taxi. Reasons include: flexibility, higher accessibility and ready availability. Besides, shared taxis are highly demand responsive and also attractive to some of the young who are not always concerned with comfort, do not mind speeding or are not patient to wait for a bus or walk to the metro station.

Metro captives: those may belong to the shared taxi users' income group or to higher income groups including car owners and are captive to metro, if accessible to their trip ends, by walk or motorized modes (taxi, shared taxi or park & ride) because they seek safety, comfort and reliability. Car owners who are captives to the metro prefer also to be relieved from the stress of driving and parking shortage. Furthermore, some of the low income workers and students are captive to the metro because they enjoy the subsidized monthly pass.

Air-Conditioned bus captives: those who can pay higher fares than those of the shared taxi and the metro for comfort and convenience offered by this service; some come from single car families where the head of the household uses the car all the time.

Taxi captives: the majority of those are the travelers of income levels that are still not enough to allow purchase/running a car, but allows using the taxi all the time and those who can afford high taxi fares compared to the Air-Con bus for sake of direct accessibility (door to door). In addition to car owners who, as mentioned earlier, like to desert the car for the work trip and rather like to use it for leisure, shopping, etc. Other taxi captives are members of high income households with no access to the family car or do not have a driving license.

Private car captives, those who cannot choose but the private car regardless of any comparative advantage of possible alternatives (Air-Con bus, taxi or metro) due to a set of obvious motives and features of car use.
It appears from the above classification and related discussion that some travelers are captives to certain modes out of necessity, "captives by obligation" and others out of choice "captives by choice".
3. Reasons of choice/non-choice of modes and their evolution
Table 1 indicates reasons of choice/non-choice of the main transit modes; metro, shared taxi and bus, which are analyzed briefly below (Amer, 2006).
Reasons of choice of mode

· "Fast" is the most important reason of choosing the metro, 74%, followed by shared taxi, 56% and bus comes in third place, only 12%, confirming the above reasons of captivity to each.
· "Cheap" is the main, almost the only, reason for choosing bus, 75%, confirming the "economic" related captivity, whereas it is not of any importance in the cases of metro and shared taxi, 2% and 7%, respectively.

· Service "regularity" is not a choice criterion as travelers are captives to their own modes, for other reasons.
· "Close" appears also of low importance due to captivity. However, relatively it is 11% for shared taxi compared to 5% for metro and bus and can be related to their route flexibility, the small vehicle size allowing high access and the high response to demand dictated by changes in activities.

· "Comfort" shows relatively higher percentage for shared taxi as it has no standees and is extremely low for bus choice, 2%.

· "Directness" is not an important criterion for the interviewed sample because travelers are mode captives anyway and many are obliged to transfer if they seek certain poorly covered destinations.
· "Safety" does not appear as choice criterion for the three modes. Many people believe that if an accident is going to occur then it will occur regardless of the mode. However, "safety" is still a criterion for the non-choice of the shared taxi, 38%, as discussed below.

Table 1: Reasons (%) of choice/non-choice of metro, shared taxi and bus among interviewed users: (Amer, 2006).
	Choice reason and sample size
	% Choice of
	Non-choice reason* and sample size
	% Non-choice* of

	
	Metro
	ST+
	Bus++
	
	Metro
	ST+
	Bus++

	
	
	
	
	
	
	
	

	(Sample size)
	(306)
	(466)
	(426)
	(Sample size)
	(1158)
	(1191)
	(869)

	Fast
	74
	56
	12
	Slow
	0
	4
	15

	Cheap
	2
	7
	75
	Expensive
	2
	9
	1

	Regular
	8
	4
	2
	Irregular
	3
	6
	13

	Close
	5
	11
	5
	Far
	6
	2
	1

	Comfortable
	9
	13
	2
	Crowded
	77
	24
	56

	Direct
	1
	6
	3
	Indirect
	3
	2
	3

	Safe
	1
	0
	1
	Unsafe
	1
	38
	5

	Others
	0
	3
	0
	Others
	8
	15
	6


*
Weighted averages for the reasons of non-choice of mode calculated from the % of users of all other modes.

+
Shared Taxi
++    Cairo Transport Authority Bus & Minibus

Reasons of non-choice of mode

· "Slow" comes in the second place in the case of non-choice of bus, 15%, after "crowded", 56%. However, logically, "slow" has no importance in metro and shared taxi non-choice.

· "Expensive" seems to be with relative importance with shared taxi compared to bus, the cheapest mode, and metro, with its cheap seasonal ticket.

· Service "irregularity" as a non-choice reason appears relatively high for bus, but generally it is very low, confirming the "level of service" related captivity.
· "Far" comes second for metro non-choice reasons, 6%. It is not important for shared taxi and bus because of their better coverage.

· "Crowded" is the most important reason for non-choice with 77%, 56% and 24% for metro, bus and shared taxi, respectively, demonstrating the continued increase in transit demand.

· "Indirect" is logically not an important non-choice reason for the three modes confirming captivity to the most direct mode.
· "Safety" is found to be a non-choice criterion only in the case of non-choice of the shared taxi, 38%, due to bad driving.
The 1987/2001 evolution of the reasons of choice/non-choice of the above three modes in GC are analyzed below, based on Table 1 for 2001 and Table 2 for 1987. 
Note: during 1987, the survey year of (INRETS/DRTPC, 1990), only Phase I of Metro Line 1 was operated (27 km), whereas during 2001 RPS survey the two metro lines (80 km) were operating, since 1994.
Table 2: Reasons (%) of choice/non-choice (%) of metro, shared taxi and bus/minibus among interviewed users in 1987 (INRETS/DRTPC, 1990).
	Choice reason and sample size
	% Choice of
	Non-choice reason* and sample size
	% Non-choice* of

	
	Metro
	ST+
	Bus++
	
	Metro
	ST+
	Bus++

	
	
	
	
	
	
	
	

	(Sample size)
	(3950)
	(500)
	(900)
	(Sample size)
	(1400)
	(4850)
	(4450)

	Fast
	30
	37
	0
	Slow
	5
	0
	23

	Cheap
	3
	4
	48
	Expensive
	31
	27
	0

	Regular
	13
	0
	0
	Irregular
	0
	7
	11

	Close
	10
	22
	24
	Far
	33
	16
	10

	Comfortable
	25
	9
	4
	Crowded
	2
	15
	43

	Direct
	6
	13
	7
	Indirect
	13
	7
	5

	Safe
	2
	0
	0
	Unsafe
	0
	3
	0

	Others
	11
	15
	17
	Others
	16
	25
	8


*
Weighted averages for the reasons of non-choice of mode calculated from the % of users of all other modes from (Amer, 2006).

+
Shared Taxi
++    Cairo Transport Authority Bus & Minibus
Evolution of the reasons of choice of mode

· For the metro, although the ranking of the main reasons of choice are the same in the two years, corresponding percentages are extremely different. The percentage of the first reason, "fast", increased 250% from 30% in 1987 to 74% in 2001. This explains how GC travelers came to realize the most important feature of the metro which runs at a commercial speed of 33 km/hr compared to observed road transport peak hour speed of 10-12 km/hr (JICA, 2002). In the early days of metro operation people did not discover how fast it is; with time they came to realize this distinguishing feature. "Comfort" is the second metro choice reason decreased to 9% in 2001 compared to 25% in 1987. This is related to the growth of metro demand rising 10 folds from 220000 in 1987 to 2200000 pax/day.
· For shared taxi choice, "fast" is the first reason in both years but with increase in its percentage form 37% in 1987 to 56% in 2001. In 1987, the second and the third reasons were "close" and "direct", with 22% and 13%, respectively. While in 2001, "comfortable" comes in the second place, 13%, followed by "close" with 11%. Being "direct" is not anymore main reason of choosing shared taxi because of the development of its routes as a main feeder to metro, rather than a line haul service, which resulted in many transfers.

· "Cheap" is always the main reason for choosing bus with 150% increase from 48% in 1987 to 75% in 2001. "Close" is second in 1987 with high percentage of 24% and comes down to the third place in 2001 with only 5% after "fast" in the second place with 12%. The third place in 1987 is "direct", 7%. Although between 1987 and 2001, bus fleet increased 135% and urbanized area increased 110% (Huzayyin, 2004), bus supply expansion seems not coping with urban travel increase.

Evolution of the reasons of non-choice of mode

· In 1987 the shared taxi and bus users indicate they did not choose the metro because it is "far", 33%, "expensive", 31%, followed by "indirect", 13%. This may be explained as metro ridership was , as given above, very limited in 1987 compared to 2001 when users of other modes agree on "crowded" as the main and only reason for non-choice of the metro with 77%.

· The main reasons for shared taxi non-choice in 1987 are "expensive", 27%, "far", 16% and "crowded", 15%. Whereas, in 2001 the main reason of shared taxi non-choice is "unsafe" with 38% followed by "crowded" with 24% and "expensive", 9%. "Safety" seems to be much more important for shared taxi in 2001 than 1987 due to the difficulty of enforcement on driver behavior after the huge increase in shared taxis over this period from 133 lines in 1985 to 470 lines in 2001 with 350% increase (Huzayyin, 2004).

· For bus non-choice, the situation seems unchanged between the two years. Both metro and shared taxi users selected "crowded" as the main reason for non-choice of the bus, followed by "slow" and "irregular".

4. Elasticity of captive travelers' mode choice 
A multinomial logit model was calibrated based on data extracted form RPS (DRTPC-TP, 2001) sample. The model was reached after many trials of different specifications using different socio-economic variables/system attributes for the utility function, examining variables logicality and signs and performing prediction tests. Table 3 gives the selected utility function of the logit model (Amer, 2006). It is clear that all the variables are logical and have the expected signs, irrespective of the low values of t-statistics which is not a matter of concern (Ben-Akiva and Lerman, 1985). In addition, the results of the different prediction tests; outliers and market segment prediction, indicated that the model is satisfactory. The outlier analysis test showed that only 6 out of 799 observations have a predicted probability of the chosen mode <0.05. The market segment test showed the model ability to predict the share of market segments, sex (male/female) and occupation (worker/student/other) successfully except in limited cases (Amer, 2006). The errors in those cases are attributed to the small sample size.
In order to use the calibrated logit model to determine direct and cross elasticity as indicators of the sensitivity of captive travelers to changes in system attributes; travel time and cost, it was necessary to identify travelers who are captives to the chosen modes. The used sample of 799 travelers contains users of four modes (bus, shared taxi, metro and car). To identify the travelers captive to each mode, it is assumed that the higher the choice probability of the chosen mode, the more captive the traveler is likely to be. Accordingly, frequency distributions are plotted for the individual choice probability of the chosen mode for the travelers of each of the four modes in the sample as shown in Figure 1, where it is clear that almost all car users are assumed to be perfectly captives with highest frequency of choice probability between 0.9 and 1.0. Whereas, the most frequent choice probability for transit users are observed in ranges lower than that of car users. Highest frequency of bus choice probability occurs between 0.5 and 0.6 while that for metro is between 0.6 and 0.7. This is quite logical, as many metro users are satisfied by metro coverage of desired origins/destinations. In addition and as mentioned earlier, bus users choose the bus "out of obligation", i.e. the utility of choosing bus is not very high. Shared taxi users have their highest frequency of choice probability between 0.4 and 0.5. This is attributed to captivity "out of choice" not "out of obligation", as discussed earlier.

Table 3: Utility function of the calibrated logit model

	Variables
	Applied to mode
	Coeff. Estimate
	Standard Error
	t

	Bus Constant
	Bus
	-0.84798
	0.59805
	-1.41790

	Shared Taxi Constant
	Shared taxi
	-0.91625
	0.57482
	-1.59399

	Car Constant
	Car
	1.69305
	0.78738
	2.15024

	Male (dummy)
	Car
	0.90522
	0.70374
	1.28630

	Age 20 to 40 (dummy)
	Shared taxi
	0.23682
	0.20510
	1.15470

	Student (dummy)
	Metro
	0.09231
	0.49470
	0.18660

	Worker (dummy)
	Bus
	0.51250
	0.48144
	1.06453

	Worker (dummy)
	Shared taxi
	0.30433
	0.47992
	0.63412

	Total Travel Time
	All
	-0.00111
	0.00308
	-0.35924

	Total Travel Cost
	All
	-0.00030
	0.00067
	-0.45626

	Access+Egress Time
	Bus
	-0.00404
	0.01269
	-0.31799

	Access+Egress Time
	Shared taxi
	-0.02175
	0.01466
	-1.48344

	Access+Egress Time
	Metro
	-0.01441
	0.01519
	-0.94835

	Number of Transfers
	All
	-0.34211
	0.12991
	-2.63352

	Waiting Time
	Bus
	-0.00471
	0.00740
	-0.63624


Variables = 15, observations = 799, L 0 = -571.26, L* = = -426.807, –2 [L*– L 0 ] = 288.904,
= 0 252866 & adjusted = 0.226608.
Finally, in order to identify the travelers who can be considered captive to each of the four modes, it is assumed that those with "choice probability" ≥ "the most frequent range of probabilities" are the captives. Accordingly, Table 4 represents, for each mode, the number of users in the sample, the choice probability range with highest frequency and the number and % of captive travelers with choice probability ≥ the highest frequency range.
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Figure 1: Simple and cumulative frequency distributions of choice probability of the chosen mode
Table 4: Distribution of mode captive travelers among the sample
	Chosen mode
	No. of travelers
	Most Frequent choice probability*
	No. of captive
travelers
	% of captive
travelers

	Bus
	237
	0.5 - 0.6
	171
	72.2%

	Shared Taxi
	185
	0.4 - 0.5
	121
	65.4%

	Metro
	146
	0.6 - 0.7
	89
	61.0%

	Car
	231
	0.9 - 1.0
	217
	93.9%

	Total
	799
	—
	598
	74.8%

	* based on Figure 1


Consequently, for the captive group of each mode, direct elasticity re change in the chosen mode attributes and cross elasticity re change of the non-chosen modes attributes were determined. Table 5 gives the considered system attributes, average travel speed and cost, by mode. It is clear that metro speed is higher than that of road based modes and car travel cost is > costs by transit modes.

Table 5: Average speed and cost by mode (JICA, 2002)
	Mode
	Bus
	Shared

Taxi
	Metro
	Car

	Speed (km/hr)
	10
	15
	33
	19

	Travel cost (LE)*
	0.40
	0.58
	0.55
	0.57


*: Fare for transit and operating cost/km for car

Table 6 gives the calculated elasticity for the four groups of mode captive travelers. It can be interpreted that, in general, mode choice probabilities for GC captive travelers are highly inelastic concerning system variables (elasticity always << 1). This emphasizes the captivity nature of those travelers re mode choice, created by the gaps in the offered level of service between "transit" and "car" in general and between "bus and shared taxi" and metro within transit modes.

Table 6: Mode choice elasticity for mode captive travelers by system attributes
	System attribute
	Elasticity of captive travelers of

	
	Bus
	Shared taxi
	Metro
	Car

	Total Travel
Time of
	Bus
	-0.0265
	0.0271
	0.0060
	0.0003

	
	Shared Taxi
	0.0228
	-0.0264
	0.0162
	0.0012

	
	Metro
	0.0021
	0.0041
	-0.0181
	0.0006

	
	Car
	0.0000
	0.0000
	0.0000
	-0.0016

	Total Travel
Cost of
	Bus
	-0.0087
	0.0084
	0.0012
	0.0001

	
	Shared Taxi
	0.0116
	-0.0148
	0.0103
	0.0007

	
	Metro
	0.0014
	0.0019
	-0.0105
	0.0007

	
	Car
	0.0000
	0.0000
	0.0000
	-0.0102


Captive travelers of all transit have cross elasticity = 0, re changes in the attributes of the car (travel time or cost). This is because transit captives do not have "car" as an alternative in their choice set. Travel time and cost are not the only barriers for using the car, many other reasons exist, e.g., high cost of purchase and maintenance. Nevertheless, relative sensitivities of transit mode captives still can be analyzed.
Elasticity with respect to "total travel time"

Direct elasticity of transit is > car (–0.0265, for bus and shared taxi, –0.0181 for metro and –0.0016 for car captives). This indicates firm disagreement of car users to shift to transit even if car travel time increases.

The change in bus travel time has the largest impact on the choice probability of shared taxi captives followed by metro captives. The small elasticity with metro captives reflects how bus travel time is unacceptably high compared to metro. Car captives' choice probability is highly inelastic to change in bus travel time. This means that reducing bus travel time will not make it acceptable for car captives as it is not the only disadvantage of bus services. Others include: low regularity, discomfort, inconvenience, etc., which confirms car captivity. This is also confirmed from the small elasticity of car choice of shared taxi; an indicator of restricted captivity of car users to shift to other transit than the bus even it would is fast. In order to free car users from such captivity a totally new concept and image of bus service should be in place (e.g., GEF/UNDP, 2006).
Contrary to bus and shared taxi, the change in metro travel time has very small impact on the choice probability of bus, shared taxi and car. People perhaps understand that metro is the fastest transit and it cannot go faster than the currently international norm 33 km/hr, so reducing its travel time will not attract more travelers. More readership can be attracted if more lines are built (currently Line 3 under construction) and better feeders and park & ride facilities are in place.

Elasticity with respect to "total travel cost"
Direct elasticity of bus captives is < for other modes, where the highest direct elasticity occurs with shared taxi captives, followed metro and car captives. This low bus elasticity re cost confirms the captivity of low income bus travelers as they use it "out of obligation" not "out of choice" as mentioned earlier. Therefore, even if bus fares marginally increase they will still use it as the cheapest option. Besides, shared taxi captives seem the most sensitive to change in cost and time, due to acceptance of risky driving behavior for sake of reaching destinations on time with a reasonable fare. They are considered "captives by choice". It also appears that car captives are sensitive to travel cost more than time. This may be because of the high car initial and operation costs and other intangible features, not included in the calibrated model but are more important than travel time as mentioned earlier.
Impact of change in bus travel cost is << change in bus travel time, where the largest impact on the choice probability happens with shared taxi captives, followed by metro. Both values are low and maybe attributed to the dissatisfaction of transit users with travel time being relatively higher than that with cost, as transit fares are highly subsidized (CTA received ≈ $50 million in FY05). Car choice probability is highly inelastic re bus travel cost and time. Again, for shred taxi sensitivity of transit captives to change in travel cost is < that with time. In addition, car choice elasticity very low, which conforms the restricted captivity of car users to shift to transit concluded earlier. The impact of change in metro travel cost does not differ from that of change in metro travel time, compared to the differences observed between these two attributes for bus and shared taxi. Nevertheless, change in metro travel cost still has very small impact on the choice probability of other modes; 0.0014 for bus, 0.0019 for shared taxi and 0.0007 for car. This maybe because the metro has limited coverage and the majority of travelers whose trip ends not covered by metro will not shift regardless of any fare reduction.
5. Concluding remarks

Captivity to travel mode is a phenomenon of urban travel in developing countries. Travelers can be classified under various groups according to their mode captivity, by attributes as economic, location or geographic, level of service of the transport mode or its capacity, by the mode they are obliged to use "captives by obligation" or the mode they regularly select "captives by choice". Seven groups of mode captive travelers are identified for GC. Analysis of the reason of urban "choice" and "non-choice" of travel mode is important for understanding mode captivity. However, this necessitates detailed surveys that were not available for the current work and are warranted. Thorough analysis made using the available data of GC. The answers of the interviewed sample to questions related to their opinion on features of different transit modes revealed logical conclusions. The most important tangible features affecting choice/non-choice are speed, fare, regularity and accessibility (the latter two were not quantitatively available) and the most important intangibles are comfort and safety.

The main conclusions on GC 1987/2001 evolution of the reasons of mode choice is that speed became more important in 2001, especially with choice of metro which is logical. Accessibility and comfort became less important for choosing transit due to the spread of supply and increased demand that make all the offered modes accessible and crowded, respectively. For the reasons of non-choice of other modes, "accessibility" lost many of its importance and "crowded" became the most important reason of non-choice, demonstrating the huge increase in demand between the two time points with the increase in supply not coping. Taking bus service as an example, number of bus trips decreased from 3 to 2.7 million trips (10% decrease), while bus fleet increased from 2383 to 3218 between 1987 and 2000 (35% increase), (Huzayyin, 2004). "Safety" followed, which almost had no importance in 1987 while in 2001 it is one of the important reasons of non-choice of other modes, particularly shared taxi. This demonstrates the aggravated problem of the ever increasing and difficult to control informal mode.

Mode choice probability of GC captive travelers is always very inelastic re changes in system attributes, irrespective of the mode. This can be due to the wide gap in the offered level of service by travel modes. It seams difficult to free transit captives from captivity as they all have zero elasticity re changes in the car attributes. The direct elasticity of choosing car re travel time is << those of transit, whereas for the change in cost, direct elasticity of choosing the bus is the lowest. This means that car captives do not accept the offered transit travel time or any related reduction, where bus captives feel the same with travel cost on other modes. For all transit modes, direct and cross elasticity re travel time are always > with cost. This seems to be illogical where it is believed that transit users are more sensitive to travel cost. However, a reason maybe the high transit subsidy diminishing the impact of change in the travel cost.

Cross elasticity is always lower than direct elasticity, expect for cross elasticity of shared taxi re change in bus travel time and that of bus re change in shared taxi travel cost. This implies the likely interaction and possibility to shift between bus and shared taxi captives is more than between other modes. This could be due to the combined captivity of those travelers including their economic captivity to transit accompanied with their geographical captivity that hinders using the metro.

It can be concluded, furthermore, that in general GC captive travelers are not sensitive to changes in travel time and cost unless the change is major. In addition, government policies should be directed to major changes in the transport system if it needs to boost transit use and reduce car use for sake of environmental and economic sustainability. These include, for example, new privately owned/operated bus systems that attract car users to shift; high fares can be directed to improve other common lines. Expansion of the metro network as currently in progress and improving shared taxi operation are other examples.

Finally, it is of great importance to carry out detailed analysis on the issue of mode captivity related to non-motorized modes including tangible measures that allow logit analysis of elasticity of choice. Carrying out special surveys to investigate in more detail the captive travelers in GC and in other big cities of the developing countries are needed. Similar logit analysis for elasticity of captive travelers to system attributes changes through stratifying the model by trip purpose which can reveal further conclusions. Finally, it is interesting to try system attributes in elasticity analysis such as number of transfers, access/egress time and measured accessibility and to include the effect of socio-economic variables on the sensitivity of the captive travelers.
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		0.6 ≤ x < 0.7		0.7		0.6		49		106		33.6		72.6		61.0				0.2		0.0

		0.7 ≤ x < 0.8		0.8		0.7		37		143		25.3		97.9		27.4				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		3		146		2.1		100.0		2.1				0.2		0
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		0		0		0.0		0.0		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		0		0		0.0		0.0		100.0				0.0		0.0

		0.2 ≤ x < 0.3		0.3		0.2		0		0		0.0		0.0		100.0				0.1		0.0

		0.3 ≤ x < 0.4		0.4		0.3		0		0		0.0		0.0		100.0				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		0		0		0.0		0.0		100.0				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		0		0		0.0		0.0		100.0				0.1		0.0

		0.6 ≤ x < 0.7		0.7		0.6		0		0		0.0		0.0		100.0				0.2		0.0

		0.7 ≤ x < 0.8		0.8		0.7		1		1		0.4		0.4		100.0				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		13		14		5.6		6.1		99.6				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		217		231		93.9		100.0		93.9				0.2		0.0
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		Chosen Mode		No. of
Travelers		Most Frequent
Choice Probability		No. of Captive
Travelers		% of Captive
Travelers

		Bus		237		0.5 - 0.6		171		72.2%

		Shared Taxi		185		0.4 - 0.5		121		65.4%

		Metro		146		0.6 - 0.7		89		61.0%

		Car		231		0.9 - 1.0		217		93.9%

		Total		799				598		74.8%
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All Freq

								Pbus										Psht										Pmetro										Pcar

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)		f		F(less than)		%f		%F(Less than)		%F(More than)		f		F(less than)		%f		%F(Less than)		%F(More than)		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0		0		0		0.0		0.0		100.0		0		0		0.0		0.0		100.0		0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		4		4		1.7		1.7		100.0		7		7		3.8		3.8		100.0		1		1		0.7		0.7		100.0		0		0		0.0		0.0		100.0

		0.1 ≤ x < 0.2		0.2		0.1		2		6		0.8		2.5		98.3		4		11		2.2		5.9		96.2		0		1		0.0		0.7		99.3		0		0		0.0		0.0		100.0

		0.2 ≤ x < 0.3		0.3		0.2		8		14		3.4		5.9		97.5		9		20		4.9		10.8		94.1		1		2		0.7		1.4		99.3		0		0		0.0		0.0		100.0

		0.3 ≤ x < 0.4		0.4		0.3		16		30		6.8		12.7		94.1		44		64		23.8		34.6		89.2		4		6		2.7		4.1		98.6		0		0		0.0		0.0		100.0

		0.4 ≤ x < 0.5		0.5		0.4		36		66		15.2		27.8		87.3		101		165		54.6		89.2		65.4		13		19		8.9		13.0		95.9		0		0		0.0		0.0		100.0

		0.5 ≤ x < 0.6		0.6		0.5		98		164		41.4		69.2		72.2		20		185		10.8		100.0		10.8		38		57		26.0		39.0		87.0		0		0		0.0		0.0		100.0

		0.6 ≤ x < 0.7		0.7		0.6		61		225		25.7		94.9		30.8		0		185		0.0		100.0		0.0		49		106		33.6		72.6		61.0		0		0		0.0		0.0		100.0

		0.7 ≤ x < 0.8		0.8		0.7		12		237		5.1		100.0		5.1		0		185		0.0		100.0		0.0		37		143		25.3		97.9		27.4		1		1		0.4		0.4		100.0

		0.8 ≤ x < 0.9		0.9		0.8		0		237		0.0		100.0		0.0		0		185		0.0		100.0		0.0		3		146		2.1		100.0		2.1		13		14		5.6		6.1		99.6

		0.9 ≤ x < 1.0		1.0		0.9		0		237		0.0		100.0		0.0		0		185		0.0		100.0		0.0		0		146		0.0		100.0		0.0		217		231		93.9		100.0		93.9

						1.0		0		237		0.0		100.0		0.0		0		185		0.0		100.0		0.0		0		146		0.0		100.0		0.0		0		231		0.0		100.0		0.0
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No. of Captives

								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		4		4		1.7		1.7		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		2		6		0.8		2.5		98.3				0.0		1.7

		0.2 ≤ x < 0.3		0.3		0.2		8		14		3.4		5.9		97.5				0.1		1.7

		0.3 ≤ x < 0.4		0.4		0.3		16		30		6.8		12.7		94.1				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		36		66		15.2		27.8		87.3				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		98		164		41.4		69.2		72.2				0.1		0.8

		0.6 ≤ x < 0.7		0.7		0.6		61		225		25.7		94.9		30.8				0.2		0.8

		0.7 ≤ x < 0.8		0.8		0.7		12		237		5.1		100.0		5.1				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		0		237		0.0		100.0		0.0				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		0		237		0.0		100.0		0.0				0.2		3.4
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		7		7		3.8		3.8		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		4		11		2.2		5.9		96.2				0.0		3.8

		0.2 ≤ x < 0.3		0.3		0.2		9		20		4.9		10.8		94.1				0.1		3.8

		0.3 ≤ x < 0.4		0.4		0.3		44		64		23.8		34.6		89.2				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		101		165		54.6		89.2		65.4				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		20		185		10.8		100.0		10.8				0.1		2.2

		0.6 ≤ x < 0.7		0.7		0.6		0		185		0.0		100.0		0.0				0.2		2.2

		0.7 ≤ x < 0.8		0.8		0.7		0		185		0.0		100.0		0.0				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		0		185		0.0		100.0		0.0				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		0		185		0.0		100.0		0.0				0.2		4.9
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0.0 ≤ x < 0.1

0.1 ≤ x < 0.2

0.2 ≤ x < 0.3

0.3 ≤ x < 0.4

0.4 ≤ x < 0.5

0.5 ≤ x < 0.6

0.6 ≤ x < 0.7

0.7 ≤ x < 0.8

0.8 ≤ x < 0.9

0.9 ≤ x < 1.0

Shared Taxi Choice Probability
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		1		1		0.7		0.7		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		0		1		0.0		0.7		99.3				0.0		0.7

		0.2 ≤ x < 0.3		0.3		0.2		1		2		0.7		1.4		99.3				0.1		0.7

		0.3 ≤ x < 0.4		0.4		0.3		4		6		2.7		4.1		98.6				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		13		19		8.9		13.0		95.9				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		38		57		26.0		39.0		87.0				0.1		0.0

		0.6 ≤ x < 0.7		0.7		0.6		49		106		33.6		72.6		61.0				0.2		0.0

		0.7 ≤ x < 0.8		0.8		0.7		37		143		25.3		97.9		27.4				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		3		146		2.1		100.0		2.1				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		0		146		0.0		100.0		0.0				0.2		0.7

						1.0		0		146		0.0		100.0		0.0				0.3		0.7

																				0.3		0

																				0.3		0

																				0.3		2.7

																				0.4		2.7

																				0.4		0

																				0.4		0

																				0.4		8.9

																				0.5		8.9

																				0.5		0

																				0.5		0

																				0.5		26.0

																				0.6		26.0

																				0.6		0

																				0.6		0

																				0.6		33.6

																				0.7		33.6

																				0.7		0

																				0.7		0

																				0.7		25.3
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More Than

0.0 ≤ x < 0.1

0.1 ≤ x < 0.2

0.2 ≤ x < 0.3

0.3 ≤ x < 0.4

0.4 ≤ x < 0.5

0.5 ≤ x < 0.6

0.6 ≤ x < 0.7

0.7 ≤ x < 0.8

0.8 ≤ x < 0.9

0.9 ≤ x < 1.0

Metro Choice Probability
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		0		0		0.0		0.0		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		0		0		0.0		0.0		100.0				0.0		0.0

		0.2 ≤ x < 0.3		0.3		0.2		0		0		0.0		0.0		100.0				0.1		0.0

		0.3 ≤ x < 0.4		0.4		0.3		0		0		0.0		0.0		100.0				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		0		0		0.0		0.0		100.0				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		0		0		0.0		0.0		100.0				0.1		0.0

		0.6 ≤ x < 0.7		0.7		0.6		0		0		0.0		0.0		100.0				0.2		0.0

		0.7 ≤ x < 0.8		0.8		0.7		1		1		0.4		0.4		100.0				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		13		14		5.6		6.1		99.6				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		217		231		93.9		100.0		93.9				0.2		0.0

						1.0		0		231		0.0		100.0		0.0				0.3		0.0

																				0.3		0

																				0.3		0

																				0.3		0.0

																				0.4		0.0

																				0.4		0

																				0.4		0

																				0.4		0.0

																				0.5		0.0

																				0.5		0

																				0.5		0

																				0.5		0.0

																				0.6		0.0

																				0.6		0

																				0.6		0

																				0.6		0.0

																				0.7		0.0

																				0.7		0

																				0.7		0

																				0.7		0.4

																				0.8		0.4

																				0.8		0

																				0.8		0

																				0.8		5.6

																				0.9		5.6

																				0.9		0

																				0.9		0

																				0.9		93.9

																				1.0		93.9

																				1.0		0
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		0		0		0		0		0		0		0		0		0		0		0
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More Than

0.0 ≤ x < 0.1

0.1 ≤ x < 0.2

0.2 ≤ x < 0.3

0.3 ≤ x < 0.4

0.4 ≤ x < 0.5

0.5 ≤ x < 0.6

0.6 ≤ x < 0.7

0.7 ≤ x < 0.8

0.8 ≤ x < 0.9

0.9 ≤ x < 1.0

Car Choice Probability
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		Chosen Mode		No. of
Travelers		Most Frequent
Choice Probability		No. of Captive
Travelers		% of Captive
Travelers

		Bus		237		0.5 - 0.6		171		72.2%

		Shared Taxi		185		0.4 - 0.5		121		65.4%

		Metro		146		0.6 - 0.7		89		61.0%

		Car		231		0.9 - 1.0		217		93.9%

		Total		799				598		74.8%
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All Freq

								Pbus										Psht										Pmetro										Pcar

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)		f		F(less than)		%f		%F(Less than)		%F(More than)		f		F(less than)		%f		%F(Less than)		%F(More than)		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0		0		0		0.0		0.0		100.0		0		0		0.0		0.0		100.0		0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		4		4		1.7		1.7		100.0		7		7		3.8		3.8		100.0		1		1		0.7		0.7		100.0		0		0		0.0		0.0		100.0

		0.1 ≤ x < 0.2		0.2		0.1		2		6		0.8		2.5		98.3		4		11		2.2		5.9		96.2		0		1		0.0		0.7		99.3		0		0		0.0		0.0		100.0

		0.2 ≤ x < 0.3		0.3		0.2		8		14		3.4		5.9		97.5		9		20		4.9		10.8		94.1		1		2		0.7		1.4		99.3		0		0		0.0		0.0		100.0

		0.3 ≤ x < 0.4		0.4		0.3		16		30		6.8		12.7		94.1		44		64		23.8		34.6		89.2		4		6		2.7		4.1		98.6		0		0		0.0		0.0		100.0

		0.4 ≤ x < 0.5		0.5		0.4		36		66		15.2		27.8		87.3		101		165		54.6		89.2		65.4		13		19		8.9		13.0		95.9		0		0		0.0		0.0		100.0

		0.5 ≤ x < 0.6		0.6		0.5		98		164		41.4		69.2		72.2		20		185		10.8		100.0		10.8		38		57		26.0		39.0		87.0		0		0		0.0		0.0		100.0

		0.6 ≤ x < 0.7		0.7		0.6		61		225		25.7		94.9		30.8		0		185		0.0		100.0		0.0		49		106		33.6		72.6		61.0		0		0		0.0		0.0		100.0

		0.7 ≤ x < 0.8		0.8		0.7		12		237		5.1		100.0		5.1		0		185		0.0		100.0		0.0		37		143		25.3		97.9		27.4		1		1		0.4		0.4		100.0

		0.8 ≤ x < 0.9		0.9		0.8		0		237		0.0		100.0		0.0		0		185		0.0		100.0		0.0		3		146		2.1		100.0		2.1		13		14		5.6		6.1		99.6

		0.9 ≤ x < 1.0		1.0		0.9		0		237		0.0		100.0		0.0		0		185		0.0		100.0		0.0		0		146		0.0		100.0		0.0		217		231		93.9		100.0		93.9

						1.0		0		237		0.0		100.0		0.0		0		185		0.0		100.0		0.0		0		146		0.0		100.0		0.0		0		231		0.0		100.0		0.0
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No. of Captives

								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		4		4		1.7		1.7		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		2		6		0.8		2.5		98.3				0.0		1.7

		0.2 ≤ x < 0.3		0.3		0.2		8		14		3.4		5.9		97.5				0.1		1.7

		0.3 ≤ x < 0.4		0.4		0.3		16		30		6.8		12.7		94.1				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		36		66		15.2		27.8		87.3				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		98		164		41.4		69.2		72.2				0.1		0.8

		0.6 ≤ x < 0.7		0.7		0.6		61		225		25.7		94.9		30.8				0.2		0.8

		0.7 ≤ x < 0.8		0.8		0.7		12		237		5.1		100.0		5.1				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		0		237		0.0		100.0		0.0				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		0		237		0.0		100.0		0.0				0.2		3.4

						1.0		0		237		0.0		100.0		0.0				0.3		3.4

																				0.3		0

																				0.3		0

																				0.3		6.8

																				0.4		6.8

																				0.4		0

																				0.4		0

																				0.4		15.2
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		7		7		3.8		3.8		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		4		11		2.2		5.9		96.2				0.0		3.8

		0.2 ≤ x < 0.3		0.3		0.2		9		20		4.9		10.8		94.1				0.1		3.8

		0.3 ≤ x < 0.4		0.4		0.3		44		64		23.8		34.6		89.2				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		101		165		54.6		89.2		65.4				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		20		185		10.8		100.0		10.8				0.1		2.2

		0.6 ≤ x < 0.7		0.7		0.6		0		185		0.0		100.0		0.0				0.2		2.2

		0.7 ≤ x < 0.8		0.8		0.7		0		185		0.0		100.0		0.0				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		0		185		0.0		100.0		0.0				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		0		185		0.0		100.0		0.0				0.2		4.9

						1.0		0		185		0.0		100.0		0.0				0.3		4.9

																				0.3		0

																				0.3		0

																				0.3		23.8

																				0.4		23.8

																				0.4		0

																				0.4		0

																				0.4		54.6

																				0.5		54.6

																				0.5		0

																				0.5		0

																				0.5		10.8

																				0.6		10.8

																				0.6		0

																				0.6		0

																				0.6		0.0

																				0.7		0.0

																				0.7		0

																				0.7		0

																				0.7		0.0

																				0.8		0.0

																				0.8		0

																				0.8		0

																				0.8		0.0

																				0.9		0.0

																				0.9		0

																				0.9		0

																				0.9		0.0

																				1.0		0.0

																				1.0		0





		0		0		0		0		0		0		0		0		0		0		0
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		1		1		0.7		0.7		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		0		1		0.0		0.7		99.3				0.0		0.7

		0.2 ≤ x < 0.3		0.3		0.2		1		2		0.7		1.4		99.3				0.1		0.7

		0.3 ≤ x < 0.4		0.4		0.3		4		6		2.7		4.1		98.6				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		13		19		8.9		13.0		95.9				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		38		57		26.0		39.0		87.0				0.1		0.0

		0.6 ≤ x < 0.7		0.7		0.6		49		106		33.6		72.6		61.0				0.2		0.0

		0.7 ≤ x < 0.8		0.8		0.7		37		143		25.3		97.9		27.4				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		3		146		2.1		100.0		2.1				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		0		146		0.0		100.0		0.0				0.2		0.7

						1.0		0		146		0.0		100.0		0.0				0.3		0.7
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																				0.3		0

																				0.3		2.7

																				0.4		2.7
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																				0.4		0

																				0.4		8.9

																				0.5		8.9

																				0.5		0

																				0.5		0

																				0.5		26.0

																				0.6		26.0

																				0.6		0

																				0.6		0

																				0.6		33.6

																				0.7		33.6
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																				0.7		0

																				0.7		25.3

																				0.8		25.3
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																				1.0		0
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0.3 ≤ x < 0.4
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0.9 ≤ x < 1.0

Metro Choice Probability
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		0		0		0.0		0.0		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		0		0		0.0		0.0		100.0				0.0		0.0

		0.2 ≤ x < 0.3		0.3		0.2		0		0		0.0		0.0		100.0				0.1		0.0

		0.3 ≤ x < 0.4		0.4		0.3		0		0		0.0		0.0		100.0				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		0		0		0.0		0.0		100.0				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		0		0		0.0		0.0		100.0				0.1		0.0

		0.6 ≤ x < 0.7		0.7		0.6		0		0		0.0		0.0		100.0				0.2		0.0

		0.7 ≤ x < 0.8		0.8		0.7		1		1		0.4		0.4		100.0				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		13		14		5.6		6.1		99.6				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		217		231		93.9		100.0		93.9				0.2		0.0

						1.0		0		231		0.0		100.0		0.0				0.3		0.0

																				0.3		0

																				0.3		0

																				0.3		0.0

																				0.4		0.0

																				0.4		0

																				0.4		0

																				0.4		0.0

																				0.5		0.0

																				0.5		0

																				0.5		0

																				0.5		0.0

																				0.6		0.0

																				0.6		0

																				0.6		0

																				0.6		0.0

																				0.7		0.0

																				0.7		0

																				0.7		0

																				0.7		0.4

																				0.8		0.4

																				0.8		0

																				0.8		0

																				0.8		5.6

																				0.9		5.6

																				0.9		0

																				0.9		0

																				0.9		93.9

																				1.0		93.9

																				1.0		0
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More Than

0.0 ≤ x < 0.1

0.1 ≤ x < 0.2

0.2 ≤ x < 0.3

0.3 ≤ x < 0.4

0.4 ≤ x < 0.5

0.5 ≤ x < 0.6

0.6 ≤ x < 0.7

0.7 ≤ x < 0.8

0.8 ≤ x < 0.9

0.9 ≤ x < 1.0

Car Choice Probability
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		Chosen Mode		No. of
Travelers		Most Frequent
Choice Probability		No. of Captive
Travelers		% of Captive
Travelers

		Bus		237		0.5 - 0.6		171		72.2%

		Shared Taxi		185		0.4 - 0.5		121		65.4%

		Metro		146		0.6 - 0.7		89		61.0%

		Car		231		0.9 - 1.0		217		93.9%

		Total		799				598		74.8%
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All Freq

								Pbus										Psht										Pmetro										Pcar

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)		f		F(less than)		%f		%F(Less than)		%F(More than)		f		F(less than)		%f		%F(Less than)		%F(More than)		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0		0		0		0.0		0.0		100.0		0		0		0.0		0.0		100.0		0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		4		4		1.7		1.7		100.0		7		7		3.8		3.8		100.0		1		1		0.7		0.7		100.0		0		0		0.0		0.0		100.0

		0.1 ≤ x < 0.2		0.2		0.1		2		6		0.8		2.5		98.3		4		11		2.2		5.9		96.2		0		1		0.0		0.7		99.3		0		0		0.0		0.0		100.0

		0.2 ≤ x < 0.3		0.3		0.2		8		14		3.4		5.9		97.5		9		20		4.9		10.8		94.1		1		2		0.7		1.4		99.3		0		0		0.0		0.0		100.0

		0.3 ≤ x < 0.4		0.4		0.3		16		30		6.8		12.7		94.1		44		64		23.8		34.6		89.2		4		6		2.7		4.1		98.6		0		0		0.0		0.0		100.0

		0.4 ≤ x < 0.5		0.5		0.4		36		66		15.2		27.8		87.3		101		165		54.6		89.2		65.4		13		19		8.9		13.0		95.9		0		0		0.0		0.0		100.0

		0.5 ≤ x < 0.6		0.6		0.5		98		164		41.4		69.2		72.2		20		185		10.8		100.0		10.8		38		57		26.0		39.0		87.0		0		0		0.0		0.0		100.0

		0.6 ≤ x < 0.7		0.7		0.6		61		225		25.7		94.9		30.8		0		185		0.0		100.0		0.0		49		106		33.6		72.6		61.0		0		0		0.0		0.0		100.0

		0.7 ≤ x < 0.8		0.8		0.7		12		237		5.1		100.0		5.1		0		185		0.0		100.0		0.0		37		143		25.3		97.9		27.4		1		1		0.4		0.4		100.0

		0.8 ≤ x < 0.9		0.9		0.8		0		237		0.0		100.0		0.0		0		185		0.0		100.0		0.0		3		146		2.1		100.0		2.1		13		14		5.6		6.1		99.6

		0.9 ≤ x < 1.0		1.0		0.9		0		237		0.0		100.0		0.0		0		185		0.0		100.0		0.0		0		146		0.0		100.0		0.0		217		231		93.9		100.0		93.9

						1.0		0		237		0.0		100.0		0.0		0		185		0.0		100.0		0.0		0		146		0.0		100.0		0.0		0		231		0.0		100.0		0.0





All Freq

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Less Than

More Than

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Bus Freq

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Less Than

More Than

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



ShT Freq

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Less Than

More Than

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Metro Freq

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Less Than

More Than

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Car Freq

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Bus

Shared Taxi

Metro

Car

Mode Choice Probability, Pn(i )

More Than Freq., %

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



No. of Captives

								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		4		4		1.7		1.7		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		2		6		0.8		2.5		98.3				0.0		1.7

		0.2 ≤ x < 0.3		0.3		0.2		8		14		3.4		5.9		97.5				0.1		1.7

		0.3 ≤ x < 0.4		0.4		0.3		16		30		6.8		12.7		94.1				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		36		66		15.2		27.8		87.3				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		98		164		41.4		69.2		72.2				0.1		0.8

		0.6 ≤ x < 0.7		0.7		0.6		61		225		25.7		94.9		30.8				0.2		0.8

		0.7 ≤ x < 0.8		0.8		0.7		12		237		5.1		100.0		5.1				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		0		237		0.0		100.0		0.0				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		0		237		0.0		100.0		0.0				0.2		3.4

						1.0		0		237		0.0		100.0		0.0				0.3		3.4

																				0.3		0

																				0.3		0

																				0.3		6.8

																				0.4		6.8

																				0.4		0

																				0.4		0

																				0.4		15.2

																				0.5		15.2

																				0.5		0

																				0.5		0

																				0.5		41.4

																				0.6		41.4

																				0.6		0

																				0.6		0

																				0.6		25.7

																				0.7		25.7

																				0.7		0

																				0.7		0

																				0.7		5.1

																				0.8		5.1

																				0.8		0

																				0.8		0

																				0.8		0.0

																				0.9		0.0

																				0.9		0

																				0.9		0

																				0.9		0.0

																				1.0		0.0

																				1.0		0





No. of Captives

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0

		0

		0

		0

		0

		0

		0



More Than

0.0 ≤ x < 0.1

0.1 ≤ x < 0.2

0.2 ≤ x < 0.3

0.3 ≤ x < 0.4

0.4 ≤ x < 0.5

0.5 ≤ x < 0.6

0.6 ≤ x < 0.7

0.7 ≤ x < 0.8

0.8 ≤ x < 0.9

0.9 ≤ x < 1.0

Bus Choice Probability

Frequency (%)
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		7		7		3.8		3.8		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		4		11		2.2		5.9		96.2				0.0		3.8

		0.2 ≤ x < 0.3		0.3		0.2		9		20		4.9		10.8		94.1				0.1		3.8

		0.3 ≤ x < 0.4		0.4		0.3		44		64		23.8		34.6		89.2				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		101		165		54.6		89.2		65.4				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		20		185		10.8		100.0		10.8				0.1		2.2

		0.6 ≤ x < 0.7		0.7		0.6		0		185		0.0		100.0		0.0				0.2		2.2

		0.7 ≤ x < 0.8		0.8		0.7		0		185		0.0		100.0		0.0				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		0		185		0.0		100.0		0.0				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		0		185		0.0		100.0		0.0				0.2		4.9

						1.0		0		185		0.0		100.0		0.0				0.3		4.9

																				0.3		0

																				0.3		0

																				0.3		23.8

																				0.4		23.8

																				0.4		0

																				0.4		0

																				0.4		54.6

																				0.5		54.6

																				0.5		0

																				0.5		0

																				0.5		10.8

																				0.6		10.8

																				0.6		0

																				0.6		0

																				0.6		0.0

																				0.7		0.0

																				0.7		0

																				0.7		0

																				0.7		0.0

																				0.8		0.0

																				0.8		0

																				0.8		0

																				0.8		0.0

																				0.9		0.0

																				0.9		0

																				0.9		0

																				0.9		0.0

																				1.0		0.0

																				1.0		0





		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0

		0

		0

		0

		0

		0

		0



More Than

0.0 ≤ x < 0.1

0.1 ≤ x < 0.2

0.2 ≤ x < 0.3

0.3 ≤ x < 0.4

0.4 ≤ x < 0.5

0.5 ≤ x < 0.6

0.6 ≤ x < 0.7

0.7 ≤ x < 0.8

0.8 ≤ x < 0.9

0.9 ≤ x < 1.0

Shared Taxi Choice Probability

Frequency (%)
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		1		1		0.7		0.7		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		0		1		0.0		0.7		99.3				0.0		0.7

		0.2 ≤ x < 0.3		0.3		0.2		1		2		0.7		1.4		99.3				0.1		0.7

		0.3 ≤ x < 0.4		0.4		0.3		4		6		2.7		4.1		98.6				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		13		19		8.9		13.0		95.9				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		38		57		26.0		39.0		87.0				0.1		0.0

		0.6 ≤ x < 0.7		0.7		0.6		49		106		33.6		72.6		61.0				0.2		0.0

		0.7 ≤ x < 0.8		0.8		0.7		37		143		25.3		97.9		27.4				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		3		146		2.1		100.0		2.1				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		0		146		0.0		100.0		0.0				0.2		0.7

						1.0		0		146		0.0		100.0		0.0				0.3		0.7

																				0.3		0

																				0.3		0

																				0.3		2.7

																				0.4		2.7

																				0.4		0

																				0.4		0

																				0.4		8.9

																				0.5		8.9

																				0.5		0

																				0.5		0

																				0.5		26.0

																				0.6		26.0

																				0.6		0

																				0.6		0

																				0.6		33.6

																				0.7		33.6

																				0.7		0

																				0.7		0

																				0.7		25.3

																				0.8		25.3

																				0.8		0

																				0.8		0

																				0.8		2.1

																				0.9		2.1

																				0.9		0

																				0.9		0

																				0.9		0.0

																				1.0		0.0

																				1.0		0





		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0
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More Than

0.0 ≤ x < 0.1

0.1 ≤ x < 0.2

0.2 ≤ x < 0.3

0.3 ≤ x < 0.4

0.4 ≤ x < 0.5

0.5 ≤ x < 0.6

0.6 ≤ x < 0.7

0.7 ≤ x < 0.8

0.8 ≤ x < 0.9

0.9 ≤ x < 1.0

Metro Choice Probability

Frequency (%)
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								Pbus

		Classes		≤		>		f		F(less than)		%f		%F(Less than)		%F(More than)

				0.0				0		0		0.0		0.0		100.0

		0.0 ≤ x < 0.1		0.1		0.0		0		0		0.0		0.0		100.0				0.0		0

		0.1 ≤ x < 0.2		0.2		0.1		0		0		0.0		0.0		100.0				0.0		0.0

		0.2 ≤ x < 0.3		0.3		0.2		0		0		0.0		0.0		100.0				0.1		0.0

		0.3 ≤ x < 0.4		0.4		0.3		0		0		0.0		0.0		100.0				0.1		0

		0.4 ≤ x < 0.5		0.5		0.4		0		0		0.0		0.0		100.0				0.1		0

		0.5 ≤ x < 0.6		0.6		0.5		0		0		0.0		0.0		100.0				0.1		0.0

		0.6 ≤ x < 0.7		0.7		0.6		0		0		0.0		0.0		100.0				0.2		0.0

		0.7 ≤ x < 0.8		0.8		0.7		1		1		0.4		0.4		100.0				0.2		0

		0.8 ≤ x < 0.9		0.9		0.8		13		14		5.6		6.1		99.6				0.2		0

		0.9 ≤ x < 1.0		1.0		0.9		217		231		93.9		100.0		93.9				0.2		0.0

						1.0		0		231		0.0		100.0		0.0				0.3		0.0

																				0.3		0

																				0.3		0

																				0.3		0.0

																				0.4		0.0

																				0.4		0

																				0.4		0

																				0.4		0.0

																				0.5		0.0

																				0.5		0

																				0.5		0

																				0.5		0.0

																				0.6		0.0

																				0.6		0

																				0.6		0

																				0.6		0.0

																				0.7		0.0

																				0.7		0

																				0.7		0

																				0.7		0.4

																				0.8		0.4

																				0.8		0

																				0.8		0

																				0.8		5.6

																				0.9		5.6

																				0.9		0

																				0.9		0

																				0.9		93.9

																				1.0		93.9

																				1.0		0





		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0

		0

		0

		0

		0

		0

		0



More Than

0.0 ≤ x < 0.1

0.1 ≤ x < 0.2

0.2 ≤ x < 0.3

0.3 ≤ x < 0.4

0.4 ≤ x < 0.5

0.5 ≤ x < 0.6

0.6 ≤ x < 0.7

0.7 ≤ x < 0.8

0.8 ≤ x < 0.9

0.9 ≤ x < 1.0

Car Choice Probability

Frequency (%)
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		Chosen Mode		No. of
Travelers		Most Frequent
Choice Probability		No. of Captive
Travelers		% of Captive
Travelers

		Bus		237		0.5 - 0.6		171		72.2%

		Shared Taxi		185		0.4 - 0.5		121		65.4%

		Metro		146		0.6 - 0.7		89		61.0%

		Car		231		0.9 - 1.0		217		93.9%

		Total		799				598		74.8%






