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Abstract

An activity-based microsimulation model has been developed for the Jakarta Metropolitan Area, primarily adopting a tour-based structure.  This paper particularly focuses on the overall microsimulation process, model validation, and application to policy analysis.  For model validation, the microsimulation outcomes of the base year are validated both internally and externally.  This paper also presents the results of the application of microsimulation model to evaluate future transportation policy scenarios including several area pricing schemes.  Overall, it became clear that the activity-based microsimulation model presented in this study provides accurate travel estimates which are expected to serve as better inputs for evaluation of different transportation policy scenarios.  
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Introduction 

Activity-based modeling of travel demand treats travel as being derived from the demand for activity participation.  The goal of the study is to develop a comprehensive activity-based microsimulation modeling system of which structures and control factors may be significantly different in the context of developing countries, providing accurate estimates which are expected to serve as better inputs for evaluation of different transportation policy scenarios.  The study simulates the way individuals schedule their daily activities and travel in an urban region of the developing world.  This paper particularly focuses on the overall microsimulation process, model validation, and its applications to policy analysis.  
The case study is the Jakarta, Indonesia as one of the largest metropolitan areas in Asia with a population over 21.6 million people and 5.6 million households.  In a master plan study called “The Study on Integrated Transportation Master Plan (SITRAMP)” (National Development Planning Agency, 2004), detailed transportation surveys and analyses were undertaken to prepare a comprehensive long-term transportation plan for the Jakarta Metropolitan Area.  The survey program associated with SITRAMP was of considerable scope; a variety of transportation surveys were carried out in 2002 in order to obtain various data on socioeconomic indicators, person trip movements, freight patterns, transport operations, transport infrastructure, and public opinions.  Among others, the Household Travel Survey (HTS) provides the largest and most comprehensive travel data in the region.  The dataset covers as many as 166,000 households and provides daily travel patterns on a weekday and detailed information on household socio-demographic characteristics.  On the other hand, the activity diary survey (ADS) provides a detailed four-day diary covering around 4,000 individuals.  The large datasets obtained for this study provide a unique opportunity to conduct numerous other research works.  

The overall activity-based modeling structure adopted in this study is briefly explained first.  Then, the overall microsimulation process including the application of intra-household interaction rules and validation of the base year simulation results are discussed.  Finally, the paper presents and discusses the result of the microsimulation model applied for future transportation policy scenarios.
ACTIVITY-BASED MODELING STRUCTURE
Definitions
A “trip” is defined as a travel between two activities representing the trip purpose (home to work, home to school, etc.).  The term “purpose” in this study is used to present the activity performed at the trip end.  A “tour”, on the other hand, is defined as a chain of trips which start from a base and return to the same base.  One or more activities (i.e., purposes) are involved in the course of a tour.  In order to analyze daily activity-travel patterns (DAPs) in this study, a tour has been considered a home-based tour if it starts from home and ends at home.

Out-of-home activities are often grouped into the following three commonly categorized activity types (Vovsha et al., 2004):

· Mandatory activities (e.g., work, university, or school),

· Maintenance activities (e.g., shopping, banking, visiting doctor, etc.), and

· Discretionary activities (e.g., social and recreational activities, eating out, etc.).

For this study, mandatory activities are further divided into work and school purposes because all household members of age 5 or older are included for modeling and there is essentially a difference between work and school as to by whom and when such activities are carried out.  This is a unique feature of the model that specifically accounts for school trips and daily activity patterns of all children of age 5 and over are modeled.  Additionally, the model simulates daily activity pattern of homemakers.

DAPs except for home, which means staying at home all day, are defined by primary activity, primary tour type, and number and type of secondary tours.  Activities are prioritized based on the purpose of the activity and its duration, with work activities having the highest priority, followed by work-related, school, and all other purposes.  Within a particular purpose, activities with longer durations are assigned higher priorities.  Primary tour type is defined by presence and sequences of intermediate stops and presence of (work-based) sub-tours in a tour.  Meanwhile, secondary tour type is defined by activity purpose, and it is classified into maintenance and discretionary activities.  Both primary and secondary tours are treated as home-based.

As for times of day (TODs), a day is divided into five time periods, namely, early morning (3:00–6:29), a.m. peak (6:30–9:59), midday (10:00–15:59), p.m. peak (16:00–18:59), and nighttime (19:00–2:59).  These five time periods are used to create alternatives in the TOD choice based on the times to start the tour and to start of the returning segment of the tour (i.e., to leave the destination of the main activity).  

Tours are coded with eight most commonly used combinations of travel modes observed in the region: auto drive alone, auto shared ride, motorcycle, taxi, motorcycle taxi, transit with motorized access, transit with non-motorized access, and non-motorized transport.  As for destination, 11 representative destination zones are considered for modeling in order to reduce the computational burden.  These destination zones are sampled from the 336 traffic analysis zones (TAZs) using the stratified importance sampling method based on the distance and the magnitude of attraction in the destination (Bradley et al., 1998).  

Overall Modeling Framework 

The modeling system in this study is primarily developed by improving the frameworks proposed for Boston (Bowman and Ben-Akiva, 2000), and Portland (Bowman et al., 1998; Bradley et al., 1999) to provide an uncomplicated yet credible model which can replicate the patterns of activity and travel in developing world.  It has a tour-based structure in which the tour is used as the unit of modeling travel instead of the trip, preserving consistency in destination, mode, and time of day across trips.  The entire activity-based modeling structure is depicted in Figure 1(a).  All models are for home-based tours unless otherwise specified.  The modeling framework adopts a system of random utility based disaggregate logit and nested logit models assuming a hierarchy of model components, with three types of major models, namely, choices of DAPs, TODs, and mode and destination (of home-based tours) in the hierarchy.  Lower level choices depend on the decisions at the higher level, and higher level decisions are linked to the lower level choices through the logsum variables reflecting expected maximum composite utility of lower level choices.  Furthermore, two types of additional sub-models are added to this framework, namely, mode and destination choice for work-based sub-tours and location choice of intermediate stops, placed at the very bottom of the modeling system with two-way vertical linkage with the upper models.
The activity-based models are developed using the available ADS and HTS data from the Jakarta Metropolitan Area.  Although the basic modeling framework is applicable anywhere, detailed modeling structure as well as explanatory variables may also be different from the original US-based models in the context of a case study for a developing country.  For modeling results, refer to (Yagi and Mohammadian, 2006).
Overall Microsimulation System Design

The overall system for microsimulation and related tasks for policy analysis is depicted in Figure 1(b).  Policy scenarios may influence and modify not only input to the activity-based models but also components of other tasks such as transportation network assignment, emission model, and synthesized population, depending on the type of transportation measures.  

The activity-based models developed in this study are probabilistic models in which microsimulation can be practically implemented at the individual level.  In microsimulation, a sequence of decisions and choices are realized through a stochastic Monte Carlo approach.  That is, a single outcome is predicted from each model based on random draws from the model probabilities, instead of enumerating all possible combinations of model outcomes and multiplying fractional probabilities in multi-dimensional arrays (Bradley et al., 1999).  In this sense, full scope of the tasks of applying the activity-based models and the intra-household interaction rules as well as part of the task of input preparation can be called microsimulation, and these microsimulation procedures are repeated for every household.  Individual outcomes from the microsimulation are summed up to produce summary statistics on activity patterns, tours, and trips for policy analysis as well as to produce input for transportation network assignment and emission model of which results are also used for policy analysis.  Each step in Figure 1(b) is explained as below.

Input Preparation

In order to synthesize the base year and future population the following input parameters should be specified for all analysis zones and three (i.e., low, middle, and high) household income classes:

· Total population (of age 5 or older),

· Number of workers, and

· Number of students.

For a future year population synthesis, socioeconomic indices for years 2010 and 2020 have been projected by SITRAMP.  In this study, the same socioeconomic indices have been assumed for actual microsimulation and analysis of policy scenarios.  

In this step, all the variables to be fed into the activity-based models are prepared based on the policy scenario and the synthesized population, except for variables obtained within the activity-based modeling system, namely, activity/tour related variables which are conditional on the upper models and logsum variables which are obtained from the lower models.  Among others, highway and transit network skims, which are the basis of all the trip related variables such as generalized travel time and travel distance, should be updated for each policy scenario with a different network configuration through the preliminary network assignment.  In addition, calculation methods of cost and time may need to be modified for certain mode(s) and/or TOD(s), depending on the policy scenario. 
Activity-Based Models

The activity-based modeling system that is presented in Figure 1(a) takes attributes of each household, individual, and zone as inputs.  Then utilities are computed in the lower models first and later in the upper models with logsums from the lower models.  The only purpose of this step is to obtain logsums to calculate utilities of upper models.  While logsums are stored in memory for microsimulation, utilities do not need to be stored.  Then, based on the computed probabilities and Monte Carlo random draws, the microsimulation first makes a choice in the uppermost DAP model for an individual.  If an out-of-home DAP is selected, for each tour involved in the DAP, probabilities of TOD alternatives are then computed and another random draw is taken to make a choice in the TOD model.  Basically, the same procedure is repeated for the (home-based tour) mode and destination choice, and also for work-based sub-tour mode and destination choice and intermediate stop location choice, if applicable.  

Intra-Household Interaction Rules

Intra-household interactions and decisions and their potential effect on DAPs should also be considered in the microsimulation.  Most of the U.S. regional activity-based models take a further step and assert that travel behavior is not independent at the individual level but that there are linkages between household members.  In this study, intra-household rules for joint tour/activity generation and household maintenance tour allocation are applied to the household members after all members of a household have been processed through the activity-based modeling system.  

Joint Tour/Activity Generation

For microsimulation, only fully joint activities/tours made by several members of a household are considered.  As such, based on the results obtained from an exploratory analysis of the ADS and HTS datasets, several important rules have been adopted to generate fully joint tours/activities.

First, as replicated in several metropolitan areas, if a child stays home (e.g., sick child), it decreases the probability that adult household members will conduct their ‘typical’ mandatory travel for that day (Yagi and Mohammadian, 2006).  As such, the following rule has been made.

· If at least one of the school children of pre-driving age has a home pattern, it is likely that at least one of the household adults has a home pattern to take care of the child.  Each non-worker, part-time worker, full-time worker, or university student in the household has a different chance of having a home pattern at a certain probability depending on the status.  

Analysis of the ADS dataset has revealed several important characteristics of joint tours that seem to be unique to Jakarta (Yagi and Mohammadian, 2005).  It was shown that contrary to what has been observed in the U.S. that travel for mandatory activities is assumed to have an individual character and usually joint mandatory activities are not included in activity scheduling models, mandatory activities in Jakarta have significantly higher joint tour ratio.  Hence, the following two rules of joint work and school tours should be applied.

· If more than one workers in the household have the same job category and their primary activity is work tour, it is likely that they work and travel together at a probability depending on the job category.  

· If more than one school children belong to the same type of school and have a primary school tour, it is likely that they go to school and return home together at a probability depending on the school type.  

It is worth noting that models developed for Atlanta and mid-Ohio explicitly model joint travel, which cannot be accounted for in conventional models (Scott and Kanaroglou, 2002).  Among others, the following two rules are adopted into the microsimulation.

· If at least one of the school children of pre-driving age has a non-mandatory (i.e., maintenance or discretionary) primary tour, it is often associated with visiting a doctor, family event, and so on.  In this case, each non-worker, part-time worker, full-time worker, or university student in the household has a chance of escorting the child and having the same primary non-mandatory tour at a certain probability depending on the status.  

· If a full-time worker or a university student in the household does not have a primary work or school tour (i.e., having a day off) and chooses a non-mandatory primary tour, it is often associated with major shopping, family event, vacation, and so on.  In this sense, it is likely that he or she is accompanied by at least one of the other adult household members.  Accompanying adults are likely to be non-workers, part-time workers, full-time workers, and university students, at a certain probability depending on the status.

In microsimulation, if one of the above rules is applicable to a household, a Monte Carlo random draw is picked for each individual to be investigated.  If the value falls within the probability derived from the statistics, the tour/activity is modified to form a fully joint tour/activity.  
Household Maintenance Tour Allocation

Another important feature of the intra-household interactions and decisions is maintenance tour allocation in the household.  In the context of activity-based modeling, household maintenance activities, such as grocery shopping and escorting children, should be properly modeled at the household, rather than the individual level and then those should be allocated among household members (Vovsha et al., 2004; Yagi and Mohammadian, 2006).  Though all activities are first generated at the individual level in the modeling system of this study, the following rule has been applied.

· Maximum number of maintenance tours per household for each household size is determined based on the 95th percentile values of the observed data.  If the number of simulated maintenance tours exceeds this maximum, maintenance tours are deleted from workers, students, homemakers, or whoever has exceeding number of maintenance tours.

When this step has been done for a household, DAPs, tours, and trips made by all the members of the household are recorded in output files and the microsimulation tasks are repeated for the next household.

Output Processing

Microsimulation output is processed to create numerous summary tables such as frequencies of primary activities, secondary tours, TODs for tour start/return, trip modes, and trip distances.  Some tables may be segmented by purpose or TOD, or some may focus on the tours/trips to and from a certain part of the region though focusing on a small area like a TAZ should be avoided due to the microsimulation variability concern.  These are used for policy analysis as well as for validation of the activity-based modeling system.  

Microsimulation output is also aggregated along several travel demand dimensions for transportation network assignment.  That is, OD trip matrices segmented at least by mode, TOD, and household income group should be created for this purpose.  

Transportation Network Assignment

For assignment, a highway and transit network assignment program called Integrated Traffic Assignment (Arikawa, 2006) was used in this study.  While it was run on a 24-hour basis in SITRAMP, this study ran the assignment separately for each TOD.  In addition, some modifications such as change in highway tolls and transit fares are also necessary, if a policy scenario involves a variable tariff depending on the time of day.  

Then, the trip matrices for the current and future years are assigned to the highway and transit network to estimate the travel time, volume, speed, and level of service for each link of the network in each TOD, based on a user-equilibrium, incremental assignment approach.  In the preliminary network assignment, the only outputs to be used are highway and transit network skims including generalized travel time and travel distance.  These preliminary network skims are fed into the microsimulation as inputs and these iterative processes of the microsimulation and the network assignment (i.e., from Task 2 through Task 6 in Figure 2) are repeated until the variability of aggregated results of each execution of the microsimulation and network assignment become stable and small enough.  Output from the network assignment is processed to obtain aggregated results such as total vehicle hours of travel (VHT), vehicle miles of travel (VMT), and length of congested roads.  Average travel time and speed can also be derived from these results.  

Emission Model

The VMT output from the transportation network assignment is used as an input to the emission model to generate emission estimates.  In this study, U.S. EPA’s MOBILE6 (U.S. Environmental Protection Agency, 2006) has been adopted.  MOBILE6 takes as inputs distributions of VMT by vehicle type, roadway type, hour, and predefined speed range, which can be obtained from the transportation network output.  Vehicles are classified into: gasoline-based passenger cars, motorcycles, and small buses; and diesel-based large trucks, small trucks, large buses (including express buses), and medium buses.  Transit vehicles should also be included for calculation of VMT.  MOBILE6 also needs an input of engine starts, that is, hourly trip distributions, which can be derived directly from the microsimulation output.  

Microsimulation Model Validation

This section takes the base case as of year 2002 and attempts to validate the modeling system by investigating how well it is working and how reasonable the model predictions are.  First of all, processes of the microsimulation and the network assignment are repeated, feeding the highway and transit network skims into the microsimulation as inputs for the next iteration.  Major aggregated results such as number of trips and average travel time are compared with those from the last iteration.  Changes of those indicators up to the tenth iteration are depicted in Figure 2.  Some indicators, especially, those from the highway network assignment fluctuate so much in the first several runs while others, especially, those from the transit assignment fluctuate relatively less.  In either case, the range of fluctuation becomes smaller and more stable after several runs, falling into the range of less than one percent for most of the indicators.  As is implied in the graph, eight iterations are necessary to obtain reasonable results that will enable an effective comparison between the policy scenarios.  

Moreover, it should be mentioned that the results will fluctuate even after enough number of iterations of the microsimulation and the network assignment processes, because use of Monte Carlo random draws introduces some random sampling error into the forecasts.  However, the error decreases as the number of simulated households increases (Bradley et al., 1999).  In fact, along major indicators, the obtained results, especially, those from the microsimulation are so stable that the final statistics by activity purpose, mode, and time of day, for example, show only small fluctuations across multiple simulation runs.  More focused analysis such as TAZ-level statistics would require a number of simulation runs and the results should be averaged.  However, as long as indicators with considerable frequencies are used for analysis, the results after eight iterations of feedback from the preliminary network assignment to the microsimulation are stable enough and variability is not a major problem.
Daily Activity Pattern

One of the unique features of this study is that the data used for modeling efforts was resulted from an application of data fusion in which both HTS and ADS datasets were used.  Availability of two datasets that are connected through a unique identifier provided the opportunity to better understand travel behavior in the region by utilizing the best of both datasets.  It became clear that the percentage of stay-home-all-day pattern in the HTS dataset was higher than expected as people tend to forget and do not report short or non-motorized trips.  On the other hand, it appears that in the ADS that has a smaller sample size, the percentage of work trips is higher than expected.  As a result, a decision was made to use ADS in developing the DAP module and the rest of the modules were developed based on the HTS dataset.  As proved by model external validation outcomes and comparison with the observed data, the application of data fusion resulted in model estimates that can better replicate true travel behavior in the region.  While due to data management and modeling software limitations issues only about 5 percent of over 600,000 individual records of the HTS data and 80 percent of the ADS data were actually used for model estimation, results of the microsimulation were compared with the activity/travel statistics from the entire and also expanded HTS and ADS datasets.  Simulated DAPs are compared with both ADS, on which the DAP choice model was based, and HTS, which has abundant number of samples.  As shown in Table 1, simulated DAPs show that the share of those staying at home all day (i.e., home pattern) is much lower than in the HTS and closer to that of the ADS; whereas, the simulated data contain more primary maintenance and discretionary tour patterns which are in line with the ADS data.  Such differences imply that, as compared to the HTS, the tour/trip rate per person has increased in the microsimulation and so does the total number of trips.  We will show later that since total number of trips in the HTS is underreported, these extra simulated trips are real trips that are not reported in the HTS.  They work in favor of the model and are the source of external validity of the model when compared to screen line counts.
Furthermore, DAPs are segmented by presence of secondary tours and compared between the observed datasets and the microsimulation.  The composition derived from the microsimulation seems very close to the ADS.  Compared to the HTS, the simulated data contain more secondary maintenance and discretionary tours at a much higher probability.  In particular, while DAPs with two or more secondary tours are rarely observed in the HTS, the simulated data have a certain share of such DAPs that is close to the ADS.  As secondary tours tend to be shorter in length, the increased tours in the microsimulation may have been generated more within the shorter-distance range.
Trip Distance

Frequencies of trips by distance range for three representative travel modes (i.e., auto, motorcycle, and transit) are compared between the HTS and the microsimulation (Figure 3).  As for auto trips, more secondary tours generated in the microsimulation may have added more shorter-distance trips.  Consequently, simulated longer-distance trips present relatively smaller shares.  Motorcycle trips have a similar tendency, except that shorter-distance trips account for a higher percentage in both observed and simulated results.  Meanwhile, the percentage curve of simulated transit trips well fits that of the HTS observation in all the distance.

Screen Line Comparison

Screen line and traffic count surveys were conducted in SITRAMP at a total of 64 cross sections on two major (north-south and east-west) screen lines to observe traffic volume and passenger occupancy by vehicle type that could be used for model validation.  Transportation assignment was run using the simulated OD trips by auto, motorcycle, and transit as inputs, and the total volume of assigned flows on the links crossing the two screen lines were compared with the roadside observations.  As shown in Table 2, the simulated traffic volumes accounted for 85–104 percent of the observed traffic counts.  Taking it into consideration that simple enumeration of the HTS samples brought only 71–85 percent of the roadside observations (National Development Planning Agency, 2004), the activity-based microsimulation has proved to provide more accurate estimates of vehicle and passenger traffic.  Specifically, the microsimulation can complement relatively short-distance trips and/or secondary tours that were actually made by respondents but not reported in the HTS.  

Policy Analysis

The activity-based microsimulation system developed in this study can be used to evaluate impacts of not only transportation network improvements but also various transportation control measures (TCMs).  Policy analysis is done by comparing the simulated activity patterns, tours, and trips among the base case and the proposed scenario cases in which improvements have been implemented.

Transportation Policies to Be Tested

In the Jakarta Metropolitan Area, a variety of urban transportation management policies are currently being examined, discussed, or implemented.  For example, the “3-in-1” regulation, in which only high-occupancy vehicles (HOVs) are allowed to use the central arterial roads during peak periods, has recently been more widely and strictly enforced along with the introduction of a new bus rapid transit (BRT) using the centermost lane of the arterial roads as a dedicated “busway.”  The government of Jakarta has been trying to develop and complete eight BRT corridors proposed in SITRAMP by 2010.  Although projects have been proposed for both highway and transit network, the master plan essentially includes more transit-intensive improvements including the eight BRT corridors.  Meanwhile, the government is currently considering the replacement of the existing HOV-based 3-in-1 regulation with an area pricing scheme in the CBD from 2007, as proposed in SITRAMP.  However, the area pricing scheme is still under review because it is such a drastic, controversial policy.  Besides, the area pricing can take a variety of forms of implementation regarding operation hours and tariff structure.  In this study, 2010 has been set as the target year for policy analysis, and the policy scenarios that are worth testing have been set as follows:

· Case 02-0: year 2002, existing network;

· Case 10-0: year 2010, existing network;

· Case 10-1: year 2010, improved network;

· Case 10-2a: year 2010, improved, CBD area pricing (6:30 – 19:00);

· Case 10-2b: year 2010, improved, CBD area pricing with HOV3+ exempted; and

· Case 10-2c: year 2010, improved, CBD area pricing with a 50% toll discount for midday off-peak hours (10:00 – 16:00).

Case 02-0 replicates the current condition with existing highway and transit network as of 2002, in which most of the surveys were conducted in SITRAMP including the ADS and HTS.  Case 10-0 uses the same 2002 network while taking as an input the population synthesized for 2010; therefore, it is considered as a base case to be compared with other cases in 2010.  Case 10-1 involves all the highway and transit network improvements that have been proposed in the SITRAMP master plan for 2010 except for area pricing in the CBD.  Case 10-2a is a case in which, in addition to all the conditions of Case10-1, area pricing is applied to the CBD and implemented continuously from the a.m. peak through the p.m. peak.  Meanwhile, Cases 10-2b and 10-2c provide some flexibility to the area pricing scheme.  That is, Case 10-2b encourages ridesharing by exempting HOVs with 3 or more occupants (HOV3+) from the area pricing toll, while Case 10-2c encourages shifting commuting hours to the midday off-peak by giving a 50-percent discount for midday use.

Microsimulation Results

From the microsimulation output, total auto, motorcycle, and transit trips aggregated for all day and each TOD are summarized in Table 3.  In addition, some results regarding auto trips to and from the CBD are included in the table, as these trips will be directly affected by the area pricing scheme.  

Comparison of Cases 02-0 and 10-0 indicates that total auto trips and transit trips remarkably increase from 2002 to 2010 due to the population growth.  The trend is that the average household income level will generally increase, and this brings about more auto trips rather than motorcycle trips.  Meanwhile, Case 10-1, in which the master plan network is adopted, is expected to generate more transit trips and less auto and motorcycle trips than the base case (i.e., Case 10-0).  Although the improved transportation network will induce more trips in total, improvements in the transit network including the new BRT lines are expected to surpass the highway network improvements in terms of total trips because the master plan is more transit-intensive.

If the area pricing scheme is applied to the CBD (i.e., Case 10-2a), total auto trips, especially, those to and from the CBD decrease; whereas, both motorcycle and transit trips increase.  It seems that many auto users will shift to either motorcycle or transit due to area pricing.  Compared to the ‘full’ area pricing (i.e., Case 10-2a), Cases 10-2b and 10-2c can be regarded as cases with some eased restrictions of area pricing, inducing more auto trips.  The case with HOV3+ exempted from area pricing (i.e., Case 10-2b) has more auto trips to and from the CBD throughout the daytime (i.e., a.m. peak, midday, and p.m. peak), compared to Case 10-2a.  Meanwhile, the case with a 50-percent discount for midday (i.e., Case 10-2c) has more auto trips to and from the CBD in the midday hours while it has fewer auto trips in the a.m. and p.m. peak hours, compared to Case 10-2a, implying that many auto users will take advantage of the midday discount.

Since there are significant changes in auto trips to and from the CBD among the policy scenarios with area pricing, these auto trips by TOD are examined in further detail in terms of the purpose and the occupancy type (i.e., drive alone or shared ride).  Number of auto trips to and from the CBD and the shares of work purpose and shared ride are summarized for all day, a.m. peak, midday, and p.m. peak in Table 3. 

In 2010, as indicated by the base case (i.e., Case 10-0), the relative share of work trips to all auto daily trips to and from the CBD decreases from 2002 because of more rapid growth in non-mandatory (i.e., maintenance and discretionary) trips.  In Case 10-1, there is a slight increase in the relative share of work trips probably because of the reduction of commuting time brought by the master plan network.  On the other hand, implementation of area pricing in Case 10-2a greatly reduces the relative share of work trips, and it seems that work trips are more sensitive to the area pricing than other purpose trips.  Moreover, the share of auto shared ride trips is larger in Case 10-2a, and such a tendency can be clearly observed during the daytime while area pricing is in effect.  This is because the travel cost of auto trips to and from the CBD has increased due to the area pricing and more ridesharing has occurred to reduce the cost per person.
In light of shares for each TOD, the area pricing with HOV3+ exempt in Case 10-2b reduces the relative share of work auto trips to and from the CBD in the a.m. and p.m. peaks, while it increases the share of non-mandatory trips, as compared to Case 10-2a.  It implies that ridesharing is more difficult for work trips during the peak hours though the share of auto shared ride trips generally increase, and it is probably due to stricter time constraint for commuting in the peak hours.  

The area pricing with a 50-percent discount for midday off-peak hours in Case 10-2c increases the share of work auto trips to and from the CBD in midday, as compared to Case 10-2a.  It seems again that work trips are more sensitive to the area pricing than other purpose trips.  As for ridesharing, the share of auto shared ride trips decrease in Case 10-2c, especially in midday due to the reduced toll, contributing to the increase in total auto trips.
Network Assignment Results
Major outcomes from the network assignment aggregated for all day are summarized in Table 4, including some indices for the CBD.  In 2010, with the existing transportation network (i.e., Case 10-0), all the evaluation indicators shown in the table become much worse than in 2002 (i.e., Case 02-0) for both highway and transit, due to the rapid growth in travel demand.  When the master plan transportation network is adopted (i.e., Case 10-1), the situation can be greatly improved.  Although it is not as ‘good’ as the current highway situation, improvements in the highway network lead to remarkable results including reductions in average travel time and total oversaturated roads, and an increase in average speed.  In the transit network, since there are systematic improvements such as operation of the BRT and restructuring of the conventional bus routes, average travel time by transit is greatly reduced and is even better than the current level in spite of more transit trips induced by the transit network improvement.

Implementation of area pricing in the CBD (i.e., Case 10-2a) mainly improves the indicators of the highway network related to the CBD because of the dramatic decrease in auto trips to and from the CBD.  Among others, there is a remarkable reduction in total oversaturated roads compared to Case 10-1, and it is even much better than the current level (i.e., Case 02-0).  Meanwhile, it should be noted that, while studying secondary or emerging effects of these policies, VMT (shown as vehicle-kilometers) and VHT actually increase from Case 10-1, because some people will travel a longer distance, making a detour to avoid passing through the CBD under area pricing.  Some people may also reselect destinations outside the CBD.  However, this impact is relatively small, and the overall indicators such as travel time and speed stay nearly the same as in Case 10-1.  As for transit, though total transit trips to and from the CBD increase due to the shift from autos under area pricing, there is no negative impact on the evaluation indicators such as average travel time.

In cases with more flexible implementation of area pricing in the CBD (i.e., Cases 10-2b and 10-2c), there is a slight increase in total VHT (and VMT) for the CBD.  The increase is greater in the case with HOV3+ exempted (i.e., Case 10-2b) than in the case with a 50-percent discount for midday (i.e., Case 10-2c), and this comply with the increased auto trips.  However, there is no major impact on the evaluation indicators.

Emission Estimates
The VMT output from the transportation network assignment was processed to create an input to the MOBILE6 emission model for emission estimates.  Virtually no emission control measures have been adopted in Jakarta yet as of 2002.  Since the plan to apply EURO2 (European Commission, 2006) emission standard is also indefinite, this study assumes no further emission control for 2010.  Anyway, that will not affect the relative comparison among the 2010 policy scenarios.  Emission of particulate matter (up to 10 microns in diameter) (PM10), volatile organic compounds (VOC), carbon monoxide (CO), nitrogen oxides (NOX), and carbon dioxide (CO2) aggregated for all day are also summarized in Table 4.  

As a trend from 2002 (Case 02-0) to 2010 (Case 10-0), emissions of PM10, VOC, and CO decrease while those of NOX and CO2 increase.  In general, the reduction in emissions of the former three pollutants is a result of the case in which the fleet performance improvements surpass both VMT growth and average speed decrease; whereas, the increase in emissions of the latter two pollutants is a result of the reverse case.  For cases in 2010, the emission estimates more or less follow the trend of the VMT of each case.  Since a great reduction in VMT has been achieved through the master plan network in Case 10-1, there is a remarkable reduction in emissions of all the pollutants as compared to the base case.  On the contrary, as a clear emerging effect in Case 10-2a, all the emissions are predicted to slightly increase in accordance with an increase of total VMT caused by the longer travel distance to avoid the CBD area pricing toll.  Thus, it implies that simple implementation of area pricing may not reduce but increase the emissions.  Furthermore, by relaxing implementation of the area pricing scheme in Cases 10-2b and 10-2c, the situation slightly reverts toward the case without area pricing.  

Conclusion
Following the development of an activity-based modeling system for the Jakarta Metropolitan Area, this paper presents the overall microsimulation processes, model validation, and application to policy analysis, and discusses the results and secondary or emerging effects caused by the policy scenarios.  
Several activity scheduling decision rules are applied to adjust the simulated daily activity patterns.  Intra-household interaction rules have been applied including joint tour/activity generation and household maintenance tour allocation.  For model validation, the microsimulation outcomes of the base year are validated both internally and externally.  The internal validation involves comparison with the expanded survey data including the activity diary survey and household travel survey data and comparison of trip length frequencies.  The external validation involves comparison with the observed traffic counts surveyed on two major screen lines in the region.   

This paper also presents the results of the application of microsimulation model to evaluate future transportation policy scenarios including several area pricing schemes.  Direct and secondary results of the policy analyses simulations are discussed including emission estimates as well as emerging effects caused by each policy scenario.  
Like many other metropolitan regions, Jakarta is searching for lower-cost but environment-friendly urban transportation management rather than conventional infrastructure construction.  Overall, it became clear that the activity-based microsimulation model presented in this study provides accurate travel estimates which are expected to serve as better inputs for evaluation of different transportation policy scenarios.  This provides a powerful and practical decision-making tool that can be used for policy applications not only in Jakarta but also in other metropolitan regions.
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TABLE 1 Composition of Observed and Simulated Daily Activity Patterns

	
	Composition
	HTS data 
	ADS data
	Microsimulation

	Primary activities/tours
	
	

	
	home
	22.5%
	5.9%
	8.7%

	
	work
	32.2%
	39.0%
	33.3%

	
	school
	27.7%
	25.9%
	27.7%

	
	maintenance
	13.2%
	20.1%
	19.4%

	
	discretionary
	4.3%
	9.2%
	10.8%

	
	Total
	100.0%
	100.0%
	100.0%

	Secondary tours
	
	
	

	
	None
	89.5%
	66.6%
	72.8%

	
	1+ maintenance
	3.8%
	7.1%
	5.9%

	
	1 discretionary
	6.2%
	19.9%
	15.5%

	
	2+ discretionary
	0.3%
	4.0%
	3.7%

	
	1+ maintenance, 1+ discretionary
	0.2%
	2.4%
	2.2%

	
	Total
	100.0%
	100.0%
	100.0%


TABLE 2 Comparison of Total Trips Crossing the Screen Lines

	Screen line
	Data
	Passenger car
	Motorcycle
	Bus

	
	
	(pcu)
	(pcu)
	(pax)

	North-South
	Observed trips
	666,492
	152,419
	1,790,193

	
	Simulated trips
	587,547
	158,375
	1,615,519

	
	(Simulated/Observed)
	88.2%
	103.9%
	90.2%

	East-West
	Observed
	958,619
	244,125
	2,433,915

	
	Simulated
	810,481
	217,937
	2,425,413

	
	(Simulated/Observed)
	84.5%
	89.3%
	99.7%


TABLE 3 Evaluation of Policy Scenarios: Microsimulation Results

	
	Item
	Case 02-0
	Case 10-0
	Case 10-1
	Case 10-2a
	Case 10-2b
	Case 10-2c

	All day
	
	
	
	
	
	

	
	Auto trips (thousand veh)
	3,678
	4,759
	4,588
	4,454
	4,542
	4,532

	
	Motorcycle trips (thousand veh)
	6,790
	6,811
	6,419
	6,542
	6,352
	6,443

	
	Transit trips (thousand pax)
	18,999
	22,473
	25,460
	25,504
	25,440
	25,594

	
	Auto trips to/from CBD (thousand veh)
	408
	444
	422
	262
	281
	264

	
	 % of work purpose autos to/from CBD
	71%
	68%
	70%
	63%
	62%
	64%

	
	 % of shared-ride autos to/from CBD
	40%
	45%
	45%
	58%
	63%
	54%

	Early morning (3:00 - 6:30)
	
	
	
	
	
	

	
	Auto trips (thousand veh)
	236
	287
	287
	269
	283
	275

	
	Motorcycle trips (thousand veh)
	505
	537
	500
	501
	487
	514

	
	Transit trips (thousand pax)
	1,923
	2,231
	2,433
	2,438
	2,432
	2,453

	
	Auto trips to/from CBD (thousand veh)
	29
	28
	28
	18
	20
	20

	
	 % of work purpose autos to/from CBD
	80%
	80%
	81%
	76%
	75%
	74%

	
	 % of shared-ride autos to/from CBD
	38%
	42%
	42%
	50%
	59%
	47%

	A.M. peak (6:30 - 10:00)
	
	
	
	
	
	

	
	Auto trips (thousand veh)
	965
	1,256
	1,175
	1,173
	1,161
	1,176

	
	Motorcycle trips (thousand veh)
	1,940
	1,946
	1,814
	1,855
	1,804
	1,806

	
	Transit trips (thousand pax)
	5,601
	6,660
	7,516
	7,550
	7,524
	7,578

	
	Auto trips to/from CBD (thousand veh)
	113
	124
	112
	62
	73
	61

	
	 % of work purpose autos to/from CBD
	75%
	75%
	74%
	72%
	68%
	71%

	
	 % of shared-ride autos to/from CBD
	37%
	41%
	43%
	55%
	63%
	52%

	Midday (10:00 - 16:00)
	
	
	
	
	
	

	
	Auto trips (thousand veh)
	1,224
	1,602
	1,545
	1,502
	1,505
	1,524

	
	Motorcycle trips (thousand veh)
	2,061
	1,918
	1,772
	1,835
	1,770
	1,793

	
	Transit trips (thousand pax)
	6,892
	8,117
	9,232
	9,245
	9,205
	9,241

	
	Auto trips to/from CBD (thousand veh)
	136
	145
	142
	89
	95
	93

	
	 % of work purpose autos to/from CBD
	72%
	67%
	71%
	65%
	65%
	69%

	
	 % of shared-ride autos to/from CBD
	43%
	53%
	50%
	63%
	65%
	57%

	P.M. peak (16:00 - 19:00)
	
	
	
	
	
	

	
	Auto trips (thousand veh)
	693
	870
	851
	811
	862
	830

	
	Motorcycle trips (thousand veh)
	1,341
	1,387
	1,318
	1,342
	1,291
	1,315

	
	Transit trips (thousand pax)
	3,250
	3,847
	4,373
	4,364
	4,400
	4,430

	
	Auto trips to/from CBD (thousand veh)
	82
	90
	88
	48
	51
	43

	
	 % of work purpose autos to/from CBD
	77%
	77%
	74%
	69%
	64%
	72%

	
	 % of shared-ride autos to/from CBD
	34%
	38%
	39%
	55%
	63%
	49%

	Nighttime (19:00 - 3:00)
	
	
	
	
	
	

	
	Auto trips (thousand veh)
	562
	743
	730
	700
	731
	727

	
	Motorcycle trips (thousand veh)
	944
	1,023
	1,015
	1,009
	1,000
	1,014

	
	Transit trips (thousand pax)
	1,334
	1,619
	1,907
	1,908
	1,879
	1,892

	
	Auto trips to/from CBD (thousand veh)
	49
	57
	51
	45
	42
	46

	
	 % of work purpose autos to/from CBD
	42%
	39%
	43%
	32%
	37%
	34%

	
	 % of shared-ride autos to/from CBD
	49%
	48%
	51%
	56%
	59%
	56%


TABLE 4 Evaluation of Policy Scenarios: Network Assignment and Emission Model Results

	
	Item
	Case 02-0
	Case 10-0
	Case 10-1
	Case 10-2a
	Case 10-2b
	Case 10-2c

	Highway network assignment
	
	
	
	
	
	

	
	Total vehicle-hours (thousand pcu-h)
	1,662
	2,585
	2,129
	2,154
	2,170
	2,139

	
	Total vehicle-km (thousand pcu-km)
	50,788
	69,544
	64,015
	65,343
	65,860
	64,998

	
	Average travel time (min)
	29
	37
	32
	33
	33
	32

	
	Average speed (kph)
	31 
	27 
	30 
	30 
	30 
	30 

	
	 (Year 2010 Case 0 = 100)
	-
	100 
	112 
	113 
	113 
	113 

	
	Length of roads with V/C>1 (km)
	628
	1,183
	892
	872
	879
	885

	
	 (Year 2010 Case 0 = 100)
	-
	100 
	75 
	74 
	74 
	75 

	 [CBD only]
	
	
	
	
	
	

	
	Auto/motorcycle trips to/from CBD (thousand pcu)
	451
	493
	467
	321
	346
	329

	
	Total vehicle-hours to/from CBD (thousand pcu-h)
	200
	277
	218
	149
	164
	151

	
	Average speed in CBD (kph)
	41 
	39 
	39 
	41 
	41 
	41 

	
	 (Year 2010 Case 0 = 100)
	-
	100 
	100 
	106 
	105 
	105 

	
	Length of roads with V/C>1 in CBD (km)
	25
	40
	30
	8
	8
	7

	
	 (Year 2010 Case 0 = 100)
	-
	100 
	75 
	19 
	20 
	18 

	Transit network assignment
	
	
	
	
	
	

	
	Total passenger-hours (thousand pax-h)
	9,755
	12,742
	11,903
	11,905
	11,929
	12,003

	
	Total passenger-km (thousand pax-km)
	153,620
	201,278
	212,717
	212,519
	212,398
	213,913

	
	Average travel time (min)
	53
	57
	50
	50
	50
	50

	 [CBD only]
	
	
	
	
	
	

	
	Transit trips to/from CBD (thousand pax)
	1,268
	1,362
	1,491
	1,510
	1,484
	1,502

	
	Total passenger-hours to/from CBD (thousand pax-h)
	1,414
	1,721
	1,425
	1,447
	1,427
	1,429

	
	Average travel time to/from CBD (min)
	67
	76
	57
	58
	58
	57

	
	 (Year 2010 Case 0 = 100)
	-
	100
	76
	76
	76
	75

	Emission estimate
	
	
	
	
	
	

	
	PM 10 (kg/day)
	4,851
	4,322
	3,544
	3,704
	3,686
	3,665

	
	 (Year 2010 Case 0 = 100)
	-
	100 
	82 
	86 
	85 
	85 

	
	VOC (t/day)
	430
	402
	367
	377
	368
	370

	
	 (Year 2010 Case 0 = 100)
	-
	100 
	91 
	94 
	92 
	92 

	
	CO (t/day)
	1,796
	1,645
	1,521
	1,560
	1,531
	1,533

	
	 (Year 2010 Case 0 = 100)
	-
	100 
	92 
	95 
	93 
	93 

	
	NOx (t/day)
	131
	141
	123
	127
	127
	126

	
	 (Year 2010 Case 0 = 100)
	-
	100 
	87 
	90 
	90 
	89 

	
	CO2 (t/day)
	16,721
	22,968
	20,715
	21,243
	21,340
	21,142

	
	 (Year 2010 Case 0 = 100)
	-
	100 
	90 
	92 
	93 
	92 


Figure 1 Activity-based models and overall system for microsimulation.

(a) Activity-based models
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(b) Overall system for microsimulation
[image: image2.wmf]1) Population synthesis

2) Input preparation

3) Activity-based models

4) Intra-household

interaction rules

5) Output processing

6) Transportation network

assignment

7) Emission model

Policy analysis

Policy scenario

Microsimulation

(repeated for

every household)


FIGURE 2 Change of iterative microsimulation and network assignment runs: 2002 base case.
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FIGURE 3 Comparison of frequencies by trip distance.

(a) Auto
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(c) Transit
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Graph

				Indicator		2		3		4		5		6		7		8		9		10

		Private modes		Total vehicle trips (pcu)		-11.2%		8.4%		-5.4%		3.2%		-1.3%		0.7%		0.3%		-1.1%		0.8%

		(All area)		Total vehicle-hours (pcu-h)		-26.8%		22.5%		-13.6%		10.2%		-5.3%		3.5%		-1.6%		0.9%		-1.0%

				Total vehicle-km (pcu-km)		-20.7%		16.5%		-10.4%		8.1%		-4.2%		2.9%		-1.3%		0.6%		-0.8%

				Average vehicle travel time		-17.5%		13.0%		-8.6%		6.8%		-4.0%		2.7%		-1.9%		2.1%		-1.8%

				Average speed (kph)		8.4%		-4.9%		3.7%		-2.0%		1.1%		-0.6%		0.3%		-0.3%		0.2%

				Road length of more than V/C=1 (km)		-43.3%		50.0%		-26.9%		24.5%		-7.2%		4.8%		-2.5%		0.6%		-3.0%

		Private modes		Total vehicle trips to/from CBD (pcu)		-7.7%		7.7%		-4.0%		3.2%		-2.8%		2.0%		-2.3%		2.7%		1.3%

		(CBD only)		Total vehicle-hours to/from CBD (pcu-h)		-23.1%		22.1%		-11.9%		9.9%		-6.6%		3.7%		-2.2%		4.3%		-0.2%

				Average vehicle travel time to/from CBD		-16.7%		13.4%		-8.3%		6.5%		-3.9%		1.7%		0.1%		1.5%		-1.5%

				Average speed (kph) - excl. toll road		3.7%		-3.1%		2.4%		-1.2%		0.7%		-0.3%		0.2%		-0.3%		-0.1%

				Road length of more than V/C=1 (km)		-34.6%		33.3%		-19.1%		17.3%		-8.9%		5.0%		2.7%		-0.1%		2.6%

		Transit		Total transit trips (pax)		1.4%		-0.8%		0.7%		-0.1%		-0.3%		-0.1%		0.2%		0.2%		-0.3%

		(All area)		Total passenger-hours (pax-h)		-1.6%		0.8%		-0.3%		0.4%		-0.1%		-0.4%		0.2%		0.2%		-0.0%

				Total passenger-Km (pax-km)		-1.3%		0.2%		0.0%		0.5%		-0.1%		-0.5%		0.2%		0.1%		0.3%

				Average transit travel time		-2.9%		1.6%		-1.0%		0.5%		0.2%		-0.4%		0.0%		-0.0%		0.3%

		Transit		Transit trips to/from CBD (pax)		-1.9%		-0.9%		1.5%		-1.6%		3.7%		-3.9%		1.5%		-0.6%		1.4%

		(CBD only)		Average transit travel time to/from CBD		-1.8%		1.1%		-0.9%		1.8%		-1.5%		0.9%		-0.1%		-0.6%		0.5%

				Total passenger-hours to/from CBD (pax-h)		-3.6%		0.2%		0.7%		0.1%		2.2%		-3.1%		1.4%		-1.2%		1.9%
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Summary

		Evaluation of Policy Scenarios				All Day

				Indicator		Run #1		Run #2		Run #3		Run #4		Run #5		Run #6		Run #7		Run #8		Run #9		Run #10

		Private modes		Total vehicle trips (pcu)		3,700,064		3,284,035		3,560,962		3,367,289		3,475,882		3,429,499		3,454,876		3,466,820		3,427,049		3,455,277

		(All area)		Total vehicle-hours (pcu-h)		1,779,081		1,302,290		1,595,820		1,379,126		1,520,199		1,440,048		1,490,479		1,466,779		1,480,200		1,466,106

				Total vehicle-km (pcu-km)		57,921,127		45,948,575		53,525,647		47,962,967		51,826,218		49,632,070		51,049,443		50,386,443		50,702,192		50,300,685

				Average travel time (min)		28.8		23.8		26.9		24.6		26.2		25.2		25.9		25.4		25.9		25.5

				Average speed (kph)		32.6		35.3		33.5		34.8		34.1		34.5		34.3		34.4		34.3		34.3

				Average speed (kph) - excl. toll road		27.9		30.7		28.9		30.2		29.4		29.8		29.5		29.7		29.6		29.7

				Road length of more than 20kph (km)		2,771		2,861		2,814		2,851		2,837		2,844		2,830		2,844		2,833		2,850

				Road length of more than V/C=1 (km)		770		437		655		479		596		553		579		565		568		551

		Private modes		Auto/motorcycle trips to/from CBD (pcu)		466,881		430,936		464,015		445,593		459,840		447,128		456,129		445,627		457,640		463,622

		(CBD only)		Total vehicle-hours to/from CBD (pcu-h)		192,279		147,911		180,569		159,015		174,824		163,300		169,396		165,640		172,690		172,401

				Average travel time to/from CBD (min)		24.7		20.6		23.3		21.4		22.8		21.9		22.3		22.3		22.6		22.3

				Trips to/from CBD of more than 60 minutes (%)		5.8%		2.6%		4.2%		3.3%		3.9%		3.4%		3.7%		3.6%		3.7%		3.9%

				Average speed (kph) - excl. toll road		40.6		42.1		40.8		41.8		41.3		41.5		41.4		41.5		41.4		41.3

				Road length of more than 20kph (km)		96		96		96		95		95		95		95		96		96		95

				Road length of more than V/C=1 (km)		32		21		28		23		27		24		25		26		26		27

		Transit		Total transit trips (pax)		8,045,740		8,157,242		8,093,338		8,150,095		8,141,031		8,120,094		8,115,026		8,132,774		8,152,876		8,124,810

		(All area)		Total passenger-hours (pax-h)		6,492,731		6,391,145		6,439,741		6,422,415		6,446,433		6,441,624		6,414,060		6,428,603		6,441,710		6,439,093

				Total passenger-Km (pax-km)		102,362,939		101,052,792		101,283,982		101,290,774		101,746,697		101,628,339		101,151,410		101,396,994		101,456,206		101,766,223

				Average travel time (min)		48.4		47.0		47.7		47.3		47.5		47.6		47.4		47.4		47.4		47.6

		Transit		Transit trips to/from CBD (pax)		971,167		953,036		944,578		959,130		943,685		978,589		940,309		954,518		948,836		961,919

		(CBD only)		Average travel time to/from CBD (min)		61.3		60.2		60.8		60.3		61.4		60.5		61.0		60.9		60.6		60.9

				Trips to/from CBD of more than 60 minutes (%)		40.6%		39.0%		39.4%		38.9%		40.0%		39.7%		40.2%		39.8%		38.8%		39.8%

				Total passenger-hours to/from CBD (pax-h)		991,525		955,883		957,561		963,793		965,079		986,114		955,868		969,363		958,055		976,463

				Mode share of transit trips to/from CBD (%)		35.5%		36.5%		35.7%		36.3%		35.5%		36.5%		35.4%		35.8%		35.6%		35.7%

		% Change

				Indicator		Run #1		Run #2		Run #3		Run #4		Run #5		Run #6		Run #7		Run #8		Run #9		Run #10

		Private modes		Total vehicle trips (pcu)		-		-11.2%		8.4%		-5.4%		3.2%		-1.3%		0.7%		0.3%		-1.1%		0.8%

		(All area)		Total vehicle-hours (pcu-h)		-		-26.8%		22.5%		-13.6%		10.2%		-5.3%		3.5%		-1.6%		0.9%		-1.0%

				Total vehicle-km (pcu-km)		-		-20.7%		16.5%		-10.4%		8.1%		-4.2%		2.9%		-1.3%		0.6%		-0.8%

				Average travel time (min)		-		-17.5%		13.0%		-8.6%		6.8%		-4.0%		2.7%		-1.9%		2.1%		-1.8%

				Average speed (kph)		-		8.4%		-4.9%		3.7%		-2.0%		1.1%		-0.6%		0.3%		-0.3%		0.2%

				Average speed (kph) - excl. toll road		-		9.7%		-5.7%		4.4%		-2.6%		1.4%		-0.9%		0.4%		-0.3%		0.3%

				Road length of more than 20kph (km)		-		3.3%		-1.6%		1.3%		-0.5%		0.2%		-0.5%		0.5%		-0.4%		0.6%

				Road length of more than V/C=1 (km)		-		-43.3%		50.0%		-26.9%		24.5%		-7.2%		4.8%		-2.5%		0.6%		-3.0%

		Private modes		Auto/motorcycle trips to/from CBD (pcu)		-		-7.7%		7.7%		-4.0%		3.2%		-2.8%		2.0%		-2.3%		2.7%		1.3%

		(CBD only)		Total vehicle-hours to/from CBD (pcu-h)		-		-23.1%		22.1%		-11.9%		9.9%		-6.6%		3.7%		-2.2%		4.3%		-0.2%

				Average travel time to/from CBD (min)		-		-16.7%		13.4%		-8.3%		6.5%		-3.9%		1.7%		0.1%		1.5%		-1.5%

				Trips to/from CBD of more than 60 minutes (%)		-		-55.5%		63.7%		-22.0%		16.8%		-11.0%		8.1%		-4.5%		4.6%		4.3%

				Average speed (kph) - excl. toll road		-		3.7%		-3.1%		2.4%		-1.2%		0.7%		-0.3%		0.2%		-0.3%		-0.1%

				Road length of more than 20kph (km)		-		0.1%		-0.3%		-0.2%		0.1%		-0.3%		-0.1%		0.6%		0.3%		-0.5%

				Road length of more than V/C=1 (km)		-		-34.6%		33.3%		-19.1%		17.3%		-8.9%		5.0%		2.7%		-0.1%		2.6%

		Transit		Total transit trips (pax)		-		1.4%		-0.8%		0.7%		-0.1%		-0.3%		-0.1%		0.2%		0.2%		-0.3%

		(All area)		Total passenger-hours (pax-h)		-		-1.6%		0.8%		-0.3%		0.4%		-0.1%		-0.4%		0.2%		0.2%		-0.0%

				Total passenger-Km (pax-km)		-		-1.3%		0.2%		0.0%		0.5%		-0.1%		-0.5%		0.2%		0.1%		0.3%

				Average travel time (min)		-		-2.9%		1.6%		-1.0%		0.5%		0.2%		-0.4%		0.0%		-0.0%		0.3%

		Transit		Transit trips to/from CBD (pax)		-		-1.9%		-0.9%		1.5%		-1.6%		3.7%		-3.9%		1.5%		-0.6%		1.4%

		(CBD only)		Average travel time to/from CBD (min)		-		-1.8%		1.1%		-0.9%		1.8%		-1.5%		0.9%		-0.1%		-0.6%		0.5%

				Trips to/from CBD of more than 60 minutes (%)		-		-3.9%		1.0%		-1.2%		2.8%		-0.7%		1.3%		-0.9%		-2.5%		2.6%

				Total passenger-hours to/from CBD (pax-h)		-		-3.6%		0.2%		0.7%		0.1%		2.2%		-3.1%		1.4%		-1.2%		1.9%

				Mode share of transit trips to/from CBD (%)		-		2.9%		-2.3%		1.6%		-2.2%		2.9%		-3.1%		1.1%		-0.4%		0.2%






