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Abstract

The population in developed countries is aging. Literature has paid minimal attention to impact population aging may have on transport demand and sustainability. These types of impact may be more pronounced in urban areas. This paper presents a policy framework which can be used as a template for the development and evaluation of policies that directly or indirectly relate to the impact of population aging on transport in urban areas, thereby informing the planning process. A component of our proposed policy development framework is an urban transport simulation model that is used to simulate policy scenarios over time. IMPACT (Integrated Model for Population Aging Consequences on Transportation) is a conventional transport simulation model coupled with a powerful demographic model that has the potential to project the population of traffic analysis zones over time taking account of vital statistics (births, deaths) and migration rates. Within this paper two types of policies are investigated. The first is with respect to elderly driver license renewal and the second is related to new housing development policies. The results indicate that such a system has the capacity to produce results that can inform policy regarding elderly automobility.
1. INTRODUCTION

One of the central challenges for public policy today is dealing with the large and increasing number of older people as the population continues to age.  At the moment considerable attention is paid to the potential for escalating health care costs and the economic impacts of retirement. However, literature suggests that it is also important to consider concerns that affect daily living infrastructure and services, including communications, housing, community design and services, and transportation. These are deemed as essential elements of quality of life, active aging, better health and a satisfying retirement (Coughlin 2001; Massoti et al 2006). 

Designing public policy for such issues poses significant challenges. Making use of the proper tools may enhance our understanding of the future outcomes from the design and implementation of relevant policies, allowing for confidence in decision-making and reducing costs and risks. Recent work in transportation and in population aging has alluded on the impacts an aging population may have. However, there is no published work that demonstrates how these impacts can be measured and analyzed.  This paper hopes to contribute to addressing this policy research challenge by way of presenting a conceptual framework for analyzing transport policy in relation to demographic aging. The proposed framework is then used to derive scenarios of specific transport and transport-related policies (strategies and instruments) that relate to elderly mobility in a systematic way. These scenarios then are simulated for the Hamilton Census Metropolitan Area (CMA) with the help of the IMPACT (Integrated Model for Population Aging Consequences on Transportation) decision support system. This is a GIS-based simulation model, developed in the Centre for Spatial Analysis at McMaster University that evaluates the consequences of demographic processes on urban transportation and the environment in the study area. Two policy issues are considered for demonstration in the simulation activities: elderly driver license renewal and new housing development policies. The paper discusses how specific instruments under each of these policy areas are to be analyzed using IMPACT in terms of simulation conditions, outcomes and implications. 

2. BACKGROUND
Transportation policies as they relate to demographic aging have focused on the provision of transport services in view of the elderly physical disabilities. Bush (2005), stressing this particular mindset in the US, pointed out that the disabled, the elderly and the poor have been taken together as transportation disadvantaged and they are linked programmatically, even though in most cases the elderly are neither poor nor disabled.  In Canada also, this mindset is not absent. In its vision setting, Transport Canada (2003) mentioned the aging population in conjunction with disabled persons, thus reflecting a similar perception. While it is important that infrastructure providers accommodate the needs of the elderly and disabled, there are other relevant issues that are equally important. In the past decade, concerns were raised about the wide-ranging societal impact of population aging on transportation systems, on top of the expected rising demand for elderly or disabled friendly transport services. The premise is the increasing “automobility” of the elderly exemplified by more frequent and different type of trip making supported by the car. Recent international assessment has shown that more and more elderly persons in North America, Australia and some European countries are increasingly dependent on the automobile and rely less on public transportation (Rosenbloom 2001; OECD 2001). Alsnih and Hensher (2003) summarized the main factors that facilitate such automobility: increased driver license ownership, more active and healthier elderly population, greater disposable income and the reluctance to change modal behavior upon retirement. Anticipating that these factors will persist in the future, one should expect a significant increase in the absolute number of older drivers. The likely impacts of this new trend will affect several sustainability indicators in urban areas as they relate to traffic congestion, transport-related pollution, road safety and the provision of mobility services in the event of driving cessation.

Rosenbloom (2001) has highlighted the implications of automobility of the older people to sustainability concerns, including traffic congestion and pollution. The environmental impact is not only due to the higher number of would be elderly drivers in the future but also tied to their unique travel patterns and behaviour. She argued that compared to the elderly in the past, the new elderly generations tend to be less reliant on public transit. This auto dependency will continue upon retirement as they switch from work to non-work travel and the length of these discretionary trips grows beyond walking distance. This has been much more evident in North America than in Europe because of the difference in land use patterns, although a convergence in experience between the two continents is expected in the future. Older drivers tend to take shorter and more frequent trips, increasing the number of cold engine starts. Thus, even with fewer vehicles-kilometers-traveled (VKT), overall emissions per kilometer by the elderly are expected to be high. 

There are also a number of social concerns, such as road safety issues surrounding older drivers, which are expected to become more important in view of the rising VKT by elderly. While age may not be a perfect indicator of driving performance, the older driver problem is seen in the light of the illness-related functional impairment affecting the driving ability (Hakamies-Blomqvist and Wahlstrom 1998). In other words, older drivers generally are found to be more prone to driving-related accidents, due to functional impairments and slower information processing owing to natural aging process and/or medications they take. Burkhardt and McGavock (1999) have raised serious concern about the rising number of road accidents and the increasing fatality rates associated with older drivers and called for urgent policy actions and countermeasures. However, in view of the lack of real alternatives to the car and the inability of the system to weed out unsafe drivers, policy makers have chosen the no- action stance (Coughlin 2001). More recently in the US, there are efforts to cast elderly driving as a public health concern with not only transport agencies but also physicians joining the effort in assessing and counseling older drivers at risk (Wang and Carr 2004). Caird (2000) summarized three general countermeasures that have been offered in the literature to benefit older drivers: 1) improvements to the older driver (e.g. implementing reliable, functional screening); 2) improvements to the vehicle (e.g. infrared vision enhancement systems, smart-cruise control, GIS and GPS); and 3) roadway (e.g. traffic signs, signals). In view of the fact that vehicle and roadway solutions are less contentious, most policymakers have chosen to take the latter two countermeasures than to improve older driver screening to determine whether a driver is safe enough to continue driving. 

Policy implications of automobility in relation to environmental, social and economic concerns require careful thought and analysis. As the use of cars in general provides support to modern lifestyles and demands, curtailing the use of cars through indirect measures such as imposition of sanctions (e.g. road pricing, license regulations), incentives (e.g. subsidies, promotion of alternative modes to the car), improved public transport services linked to better land use and settlement plans, among others, may have to be evaluated carefully so that they will achieve the desired goals associated with sustainable communities. At the same time, an accommodationist policy perspective that would promote the development and adjustments in making roads and cars cleaner and safer for both the elderly and the public, rather than adopting regulatory and restrictive policies, can be promising but would require greater time and resources as technological advances would be imperative.

3. POLICY SIMULATION FRAMEWORK


Figure 1 presents a general framework that essentially outlines the major processes involved in the formulation and evaluation of transport policies affecting the elderly population. The development of this framework embraces an integrated policy analysis approach (Dunn 1981), which combines two complementary analyses: prospective analysis (knowing what will happen and what to do) and retrospective analysis (knowing what happened and what difference it made). The result is an analytic cycle where there is a continuous monitoring and evaluation of policies in order to redefine the problem, to identify new problems and to find alternative solutions. 

The framework begins with the “Policy Intervention” phase, which is basically the identification of a general policy area that addresses a predefined policy problem. Here we distinguish between two types of policies: transport policy and transport-related policy. Transport policies are those that directly affect transportation systems both relating to human and infrastructure concerns (e.g. driver licensing, public transit improvement, road expansion, transit pass subsidy, etc.). Transport-related policies are other sector policies not primarily aimed at altering the transportation system but their application would have significant relevance to transportation dynamics (e.g. housing, retirement, fuel tax, etc.). This differentiation is important as it highlights the need to be comprehensive and to expand the menu of policies beyond what can be easily identified as a transport policy. 


The next phase in the framework is termed as “Policy Reference” which conceptually is a scanning of the policy options and the policy environment (or the context surrounding the policy issue) upon which these options are to be analyzed.  Expectedly, the starting point in this phase is to consider the existing policy by laying down the background of its adoption and implementation. If available information were accessible, it would be valuable to show the current effectiveness of the policy in achieving the desired objectives while also demonstrating its weakness to address the intended results and how the policy could be made better. On these bases, policy options are identified. The selection of policy options may either be based on past experience with the existing policy and the conditions that may have led to its current limitations or it could be derived from new information on new values and needs. The latter would require judgment and inferred knowledge founded on the analyst’s knowledge of the policy environment in the global, national and local levels and his/her interactions with various policy stakeholders.

The third phase in the framework is depicting the scenario results on the basis of the policy alternatives set up for analysis. Here, one must employ the appropriate scenario-building approaches and techniques relative to the policy issue being tackled. Dunn (1981) classified the numerous techniques for policy forecasting into three major approaches. These are: extrapolative forecasting (projections of future changes based on current and historical data), theoretical forecasting (predictions made on the basis of models or theoretical assumptions about causes and effects using current and historical data) and intuitive forecasting (conjectures made based on synthesis of subjective judgments supplemented by extrapolative and theoretical forecasting). Results of the scenario analysis will be based on the outcome variables of the policy in question. Discussion would be towards comparing the outcomes of the alternative scenarios with the present level and/or with the scenario that projects past rates into the future.   

The fourth phase of the framework is reflecting on the policy implications of the painted scenarios. For our purposes, there are two evaluative aspects worthy of consideration: sustainable transportation concerns and the feasibility and effectiveness of the proposed alternatives. With respect to the former, Figure 2 shows the three-pronged elements of sustainable transportation, as they relate to elderly transport mobility. There has been an increasing recognition of the profound impacts of population aging on the transportation sector not only in terms of meeting elderly mobility needs but also in achieving sustainability objectives. Thus, a sound transport policy must strike the balance such that, on one hand, it ensures the sustainability of elderly transport services to maintain their highest possible quality of life (i.e. guaranteeing personal independence, safety, self-sufficiency, social inclusion, etc.), while meeting economic and environmental objectives. Social, environmental and economic objectives may conflict but could also be complementary. The other evaluative yardstick is how feasible and effective are the policy alternatives. This will require the analyst to make informed judgment based on current information including the possible behavior and position of the various stakeholders. 

Policy adoption, implementation, monitoring and evaluation collectively constitute the last phase of the framework which is basically the choice and the execution of the adopted policy. While this could be considered a post-simulation phase of the framework, it plays an important role in providing the feedback mechanism to redefine the problem at hand and enable the simulation process to be employed in creating new policies that are appropriate for the changing times and needs.
4. FRAMEWORK APPLICATION USING IMPACT

4.1 Brief Description of IMPACT Simulation Model


The simulation activities that will be undertaken as part of the framework described in the preceding section utilizes the IMPACT decision support tool, a GIS-based system that was developed and maintained by the Centre for Spatial Analysis at McMaster University. IMPACT can be used to analyze the dynamic interaction of transportation, environment and demographic processes. With respect to the latter the model includes a full fledged demographic projection model, thus allowing differentiating the impact of age groups on the transport system and the environment. As such, IMPACT to draw comparisons between the different age groups with respect to key variables of interest. 

IMPACT consists of three interrelated modules: a) demographic; b) transportation and c) environment (Figure 3). The demographic module comprises two sub-modules. The first, the Rogers’ Multiregional Demographic Model (Rogers, 1995) projects the population of the eight municipalities that comprise the Hamilton CMA on the basis of fertility, mortality and migration assumptions. The eight municipalities of Hamilton are complemented with three additional zones that account for migrations with the outside world. These are: the Greater Toronto Area (GTA), excluding Hamilton, the rest of Ontario (excluding the GTA), and the rest of Canada (excluding Ontario). The second sub-module, the Spatial Aggregate Multinomial Logit Model (SAMNL) is mathematically linked with the Multiregional Demographic Model and allocates the projected municipal population to the census tracts in the Hamilton CMA, taking into account the migrant and the census tract attributes. 
The transportation module is a conventional four-stage model that makes use of disaggregate data, whenever possible, for the calibration of its components. For the trip generation component, for example, an ordered probit model was estimated using the Transportation Tomorrow Survey data, a 5% sample collected by the Joint Program in Transportation, University of Toronto (Paez et. al., 2007). Trip distribution uses the production constraint gravity models that predict work and non-work origin-destination trip matrices for the modeled population cohorts for four periods in a typical day (i.e morning peak, day, afternoon peak and night). Modal split is based on multinomial logit model. Traffic assignment makes use of a stochastic user equilibrium algorithm to assign trips on a detailed transport network, comprising of approximately 1500 links and 1100 nodes. Iterations between the trip distribution, modal split and traffic assignment sub-modules are then carried out resulting after convergence in equilibrium link flows. Furthermore, a feedback loop passes the altered zonal characteristics between the transportation module and the demographic modules, resulting in a redistribution of the resulting population.

When equilibrium is achieved between the environmental and demographic modules, the environmental module takes control and estimates pollutant emissions at the transportation link level, taking account of the traffic volumes generated by the transportation module. This estimation is carried out with the help of MOBILE5C, a US Environmental Protection Agency (USEPA) model that provides emission factors for different levels of vehicle speeds in the network. The module estimates three major pollutants namely, carbon monoxide (CO), hydrocarbon (HC) and nitrogen oxides (NOx), as well as fuel consumption. The reader may want to refer to a recent paper by Maoh et. al. (2005) that describes in more detail the IMPACT system.

As mentioned earlier, the system is capable of differentiating the impact of the all age groups, with respect to key variables, such as the contribution of each age group to congestion and emissions. For the purposes of analysis in this paper the procedure is carried out for all the population and for the adult drivers alone (excluding the elderly). The difference in link flows between the two groups is attributed to the contribution of the elderly drivers to the total network flow.
4.2 Transport Policy Simulation Demonstration using IMPACT


Two policies are analyzed that demonstrate the use of the framework and the simulation tool discussed above. These are the elderly driver license renewal policy and new settlement development policy. These two policies for investigation represent examples of the transport policy and transport-related policy, respectively.

4.2.1 Driver License Renewal Policy

Policy Reference 

Driver-licensing policy in Canada, like in the US, is decentralized at the sub-national level. It is formulated and implemented by the provincial governments. While the details of the policy differ from one province to another, the minimum age to apply for a license is the same (i.e 16 years old). Also graduated licensing is implemented, albeit in various forms and procedures. The general idea is to gradually allow driving privileges, instead of giving complete privileges all at once, to ensure adequate driving competency.  In the province of Ontario, a person meeting the age requirement for a license application must pass a vision test and road and traffic knowledge test. As of 1994, with the graduated licensing system (GSL) in place, the two-step licensing process takes at least 20 months to complete. Upon getting a full (G) license, renewal is required every five years.  Starting at age 80, under the Senior Driver Renewal Program, drivers are required to renew their license every two years and have to pass a vision test, knowledge test and participate in a 90-minute group education session. The group session provides information on driving tips and age-related changes affecting driving and adaptation skills. In certain instances, based upon the assessment of the group session counsellor, senior drivers are required to take a road test as conducted by a “DriveTest Centre”, which then recommends renewal of a driver’s license to the Driver and Vehicle License Issuing Office. 
Driving license policy is rooted in road safety goals. Ontario prides itself as having the safest roads in North America, based on the number of fatalities per 10,000 licensed drivers (Ontario MOT, 2005).  However, with population aging, there are already concerns about the rising number of collisions involving elderly drivers. The Ontario Ministry of Transportation reported that the number of drivers aged 65 and over killed and injured has increased between 1990 and 2003 by 20% (Ontario MOT 2005). Currently, the senior drivers program was implemented on drivers when they reach the age of 80. The program targets the 80+ group of drivers as this is documented to be high risk as well as the fastest growing segment of drivers in Ontario (Tasca, 2005). 
The choice of age 80, however, may be lowered to an earlier age because of the increase in driving accidents associated with the increasing number of elderly along with the increasing use of the private car by this age group. Our historical analysis of the Ontario MOT road safety statistics reveals that the share of total accidents by elderly in the 65+ age group has grown from 6.3% in 1993 to 6.7% in 2003, representing 24,022 to 30,216 cases, respectively. We surmise that the number will continue to grow as the number of elderly drivers increases. What will be the likely impact of implementing the program on drivers as early as, say, the age of 70? This is not far-fetched as countries including the Netherlands have started to apply driving evaluation (including compulsory road test) at this relatively early age (Kray et al 2000).
Table 1 outlines a set of policy packages that could be considered as alternative policies for license renewal for elderly drivers. The introduction of new instruments in the menu of policies was based on the policy discussions in the US, both in the academic literature as well as by various policy advocacy groups.  
Policy Scenarios. 


IMPACT was utilized to undertake extrapolative forecasting. Demographic projections were produced for the scenario years upon which the assumption on the change in the rates of licensed drivers and collisions rates are to be applied. Three policy scenarios are established using this scenario-building approach: status quo (preventive), alternative 1 (restrictive) and alternative 2 (stringent). For the status quo scenario there was no modification to the policy instruments. Rate of license ownership and collision rates applied over time are based on the average rate from the recent past (1999-2003). The alternative scenarios show the application of new policy packages with an assumed rate of reduction in licensed elderly. Alternatives 1 and 2 assume a 5% and 10% reduction on license ownership, assumptions which are based on international experience. Outcome variables for assessment include the number of collisions and consequently the number of prevented accidents involving elderly drivers, as well as differing shares in trip modality. The results generally showed the magnitude of reductions in accidents as one adopts a more restrictive policy package (Table 2), an increase in the number of lives saved (Table 3), as well as the reduction in the use of car as a driver (Table 4). 
Policy Implications


Given the simulation outcomes, what will be the implication on sustainable transportation indicators? There are competing policy values with respect to social indicators in relation to safety and mobility security. Based on the results, there is potential promise in preventing the increase in the number of accidents involving the elderly. In fact, the numbers are only for the elderly that would be prevented from the accidents and do not include others that they will involve. However, there is also potential loss in the freedom of mobility, if car driving permit is curtailed, especially if public transit or other alternative mobility means are not available. However, the shift from car driving to another, less polluting mode, could be beneficial in reducing congestion and environmental emission. 
The feasibility of making license renewal stricter than it is now is clouded by conflicting claims about age as a marker for driver safety and whether stricter requirement really does weed out unsafe drivers or just discourages renewal. Tasca et al (2000; 2005) argues that there is still lack of evidence showing specific age marking significant transition in driving performance that will push for restrictive or stringent requirements.  Moreover, driver examiners are also averse at failing older drivers because they feel for their (elderly) mental anguish and hardship if their license is revoked.  Yet again, recent studies indicate that there are promising safety results in terms of crash rates with shorter renewal cycle length and stringent testing (Sharp and Johnson 2005). More studies and demonstrative projects might be needed especially in the Canadian context to draw stronger policy claims and support. Most of what has been demonstrated and argued about the effect of stricter driver licensing has been from international sources, making it difficult to provide solid arguments as there are varying people and road systems involved rendering comparison difficult and questionable.  
4.2.2 New Housing Development Policy

Policy Reference.


According to Social Development Canada (2005), among the 21 OECD countries, Canada will experience the third highest increase in public and private spending towards seniors, not only on health and long-term care but also on investment in housing and public transport. The strategy to address this challenge will vary, given the vision laid out by the various regions. In Ontario, there has been a serious move to prevent spread-out, car-dependent communities, as this condition results in negative environmental impacts and health costs. Thus, a growth plan has been prepared to serve as framework for managing growth and making decisions in transportation, infrastructure planning, land use, urban form, as well as housing in the Greater Golden Horseshoe (GGH) area. The basic premise of this plan is that policy planning should be towards directing growth in the built-up areas, promoting transit-supportive densities, preserving employment lands and building an integrated transportation network that will allow easy travel within and between urban centers. 

Given the above perspective, development scenarios can be painted comparing the effects of the increase of new dwellings that is consistent with the growth plan and those that tend to veer away from this growth strategy. In this paper as a way to demonstrate the use of IMPACT we present three scenarios which represent the spatial distribution of the growth of new dwellings in the study area : urban concentration (existing urban growth area), guided expansion (existing urban growth areas and immediate peripheries) and uncontrolled expansion (in the whole study area). In all the policy alternatives for simulation, the growth in new dwelling was assumed to follow the growth in the formation of new households. In the context of elderly housing, the urban concentration scenario represents the growth in condominium development as a result of the decline in the demand for single housing and that which follows more closely the growth plan. The guided expansion scenario represents the development of retirement communities within the areas close to the urban growth centres. Finally the uncontrolled expansion represents the “laissez-faire” scenario of unguided development, letting new dwellings grow without spatial restrictions. The three scenario results are compared with regards to the system wide outcome variables produced by IMPACT: vehicle kilometers traveled (VKT), vehicle minutes traveled (VMT)), emissions (i.e. carbon monoxide, hydrocarbon, nitrogen oxide), and energy consumption (i.e. fuel consumed).  
Policy  Scenarios. 

 
In simulating the impact of the various policy alternatives considered, the theoretical forecasting capability of IMPACT was utilized. Tables 5 and 6 show the summary results of the key variables for all population and elderly population, respectively, under the three scenarios for the years 2016 and 2031 and classified into the four peak periods. Compared with the present level in 2001, all the three scenarios exhibited higher figures. It is interesting to note that the biggest increase is in the day period. This could be attributed to the increasing share of the elderly in the outcome variables most especially for this period in a day(see Table 7). However, between the three scenarios the outcome variables showed very small discrepancy in all key variables for both scenario years (2016 and 2031) and in all the four periods. This result may imply that the spatial distribution of new dwellings by itself in the next 30 years would not significantly affect the variation in travel and emission indicators. A land use policy of concentration has to be complemented with the implementation of other policies, such as the provision of comfortable public transit with frequent service.
Policy Implications

The increasing share of the elderly in congestion and emission over time has great implications on both economic and environmental aspects of sustainable transportation. The elderly would contribute more to congestion and especially in day and afternoon peak periods by 2016 and even more than double their share of 2001 by 2031. As to social concerns, the increasing share of the elderly in VKT during night peak period may also have implication to safety issues. All of these confirm the importance of elderly in the short and long-term in the efficiency of road systems and their potential impact to urban air pollution due to their automobility. Altering the elderly’s travel behavior would be a great challenge but results point out that new settlement policy in terms of spatial differentiation or guiding the development of new dwellings would not have contrasting results unless it is complemented with policies that will improve the public transit service.  
5. SUMMARY AND NEXT STEPS

This paper provided a conceptual framework for evaluating transport policy alternatives relating to elderly mobility issues.  Among others, the framework emphasized the need to include both direct and indirect policies that have transportation implications when dealing with these issues. It also underlined the need to circumscribe the implications of policies with sustainable transportation concerns and its feasibility for adoption and implementation. The framework recommends an analytic cycle that re-evaluates policies upon adoption and implementation in order for policies to be effective and relevant. 
Part of the proposed framework is the evaluation of policies within an integrated demographic/transport simulation model called IMPACT. This is a decision support system, developed in the Centre for Spatial Analysis (CSpA). 
Within this paper two types of policies are investigated. The first is with respect to elderly driver license renewal and the second is related to new housing development policies. The system is still undergoing improvements and evaluation. Thus, the results obtained are indicative and not final and thus have to be interpreted with caution. Nonetheless, this paper has shown how IMPACT can be a valuable tool in quantifying the impact of the elderly population on urban issues including travel, environmental and energy efficiency. We consider this effort a step beyond the descriptive analytical discussions in the existing literature about the potential impact of the growing elderly population in urban areas. 
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Figure 1. A Conceptual Model for Simulating Transport Policy Impacts
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Figure 2. Sustainable Transportation Concerns In Relation to Elderly Transport Mobility
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Alternative Renewal Policy Packages for Senior Drivers

Instruments

POLICY PACKAGES

Status Quo

Policy Alternative 1

Policy Alternative 2

Preventive

Restrictive

Stringent

In-person application

Mandatory

Mandatory

Mandatory

Age coverage

Starting 80

Starting 75

Starting 70

Frequency

Every two years

Every two years

Every two years 70-80

Every year at age 80+

Vision Test

Mandatory

Mandatory

Mandatory

Knowledge Test

Mandatory

Mandatory

Mandatory

Group education session

Mandatory

Mandatory

Mandatory

Road Test

Recommendatory

Mandatory

Mandatory

Simulation and Sensory Perception Test

None

None

Mandatory (in place of road test)

Period driving restriction

None

None

Daytime only

Medical/Mental Competency

None 

Recommendatory

Mandatory

Driver Safety Course

None

Optional

Mandatory contingent

  (insurance incentives)

  on driving tests


[image: image2.wmf]Table 2

Number of Accidents Involving Elderly Drivers Under Policy Scenarios

Scenario

POLICY PACKAGES

Year

Status Quo

Restrictive

Stringent

2006

1888

1732

1577

2011

2563

2352

2141

2016

2955

2711

2468

2021

3424

3142

2860

2026

3842

3525

3209

2031

4000

3670

3341
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Comparative Number of Elderly Driver Accidents Prevented Under Policy Scenarios

Scenario

POLICY PACKAGES

Year

Restrictive

Stringent

2006

156

311

2011

211

422

2016

243

487

2021

282

564

2026

317

633

2031

330

659


[image: image4.wmf]Table 4

Trip Modality Under Policy Scenarios

Scenario

Status Quo

Restrictive

Stringent

Year

Auto-Driver

Non-Auto

Auto-Driver

Non-Auto

Auto-Driver

Non-Auto

2006

52.28

47.72

49.67

50.33

47.05

52.95

2011

52.63

47.37

50.00

50.00

47.37

52.63

2016

54.13

45.87

51.42

48.58

48.71

51.29

2021

54.40

45.60

51.68

48.32

48.96

51.04

2026

55.08

44.92

52.33

47.67

49.57

50.43

2031

55.25

44.75

52.49

47.51

49.73

50.27


[image: image5.wmf]Table 5

Key Variables By Peak Period and Scenarios

Period/

Vehicle

Vehicle 

Average

Emissions of 

Emissions of 

Emissions of 

Fuel 

Scenario

Kilometers

Minutes

Congested 

Carbon

Hydrocarbon

Nitrogen

Consumed

Travelled

Traveled

Speed

Monoxide

Oxide

2001 Level

km

min.

km/hr

kg

kg

kg

liters

   Morning

642608

577201

66.23

46845

2778

4541

51489

   Day

418253

367896

67.19

30805

1814

2981

33509

   Afternoon

789655

707822

66.56

58704

3449

5630

63270

   Night

254417

221652

67.93

18957

1110

1826

20382

2016

Morning

   Urban Concentration

667778

609721

65.26

48017

2870

4678

53510

   Guided Expansion

667824

609764

65.26

48020

2870

4610

53514

   Uncontrolled Exp.

667855

571332

65.26

48023

2870

4679

53516

Day

   Urban Concentration

523474

470899

65.75

37751

2249

3681

41943

   Guided Expansion

523500

470927

65.75

37751

2249

3755

41945

   Uncontrolled Exp.

523621

512272

65.75

37760

2250

3682

41995

Afternoon

   Urban Concentration

878793

840414

66.56

63529

3816

6115

70437

   Guided Expansion

878781

840357

63.40

63528

3816

5979

70436

   Uncontrolled Exp.

879094

828558

63.40

63555

3817

6118

70461

Night

   Urban Concentration

253471

253471

66.41

20677

1227

2017

22852

   Guided Expansion

285238

253474

66.41

20679

1227

1965

22853

   Uncontrolled Exp.

285275

247025

66.41

20682

1227

2018

22856

2031

Morning

   Urban Concentration

624488

571302

65.01

44638

2676

4361

50042

   Guided Expansion

624526

571332

65.01

44641

2676

4270

50045

   Uncontrolled Exp.

624674

571377

65.02

44669

2754

4363

50056

Day

   Urban Concentration

556572

512244

64.43

39369

2373

3864

44601

   Guided Expansion

556605

512272

64.43

39372

2373

3841

44604

   Uncontrolled Exp.

556723

512375

64.43

39381

2344

3865

44613

Afternoon

   Urban Concentration

833327

829621

62.48

59229

3612

5712

66808

   Guided Expansion

833603

828558

61.68

59185

3612

5638

66830

   Uncontrolled Exp.

833595

828528

61.69

59185

3672

5715

66829

Night

   Urban Concentration

273297

247039

65.19

19325

1161

1908

21899

   Guided Expansion

273284

247025

65.19

19325

1161

1889

21897

   Uncontrolled Exp.

273417

247147

65.19

19334

1176

1909

21908


[image: image6.wmf]Table 6

Key Variables By Peak Period and Scenarios, Elderly Population

Period/

Vehicle

Vehicle 

Average

Emissions of 

Emissions of 

Emissions of 

Fuel 

Scenario

Kilometers

Minutes

Congested 

Carbon

Hydrocarbon

Nitrogen

Consumed

Travelled

Traveled

Speed

Monoxide

Oxide

2001 Level

km

min.

km/hr

kg

kg

kg

liters

   Morning

11088

9652

68.43

786

47

77

889

   Day

93605

81876

67.38

6857

405

664

7500

   Afternoon

61508

52104

70.1

4426

266

426

4931

   Night

18139

15520

68.85

1379

80

131

1453

2016

Morning

   Urban Concentration

22700

19785

67.62

1618

98

156

1820

   Guided Expansion

22722

19816

67.59

1617

98

156

1822

   Uncontrolled Exp.

22733

19810

67.64

1620

98

156

1822

Day

   Urban Concentration

166613

146614

66.99

12108

720

1169

13351

   Guided Expansion

166598

146606

66.99

12105

720

1169

13349

   Uncontrolled Exp.

166749

146733

66.99

12117

721

1170

13362

Afternoon

   Urban Concentration

104362

90758

67.76

7586

467

706

8373

   Guided Expansion

104344

90740

67.76

7587

467

706

8372

   Uncontrolled Exp.

104786

91100

67.78

7624

470

710

8407

Night

   Urban Concentration

33229

29040

67.47

2453

145

237

2662

   Guided Expansion

33270

29061

67.51

2458

145

237

2665

   Uncontrolled Exp.

33271

29064

67.49

2458

145

237

2666

2031

Morning

   Urban Concentration

31488

27909

67.22

2197

136

214

2524

   Guided Expansion

31877

28252

67.22

2225

136

217

2555

   Uncontrolled Exp.

31978

28275

67.38

2249

125

219

2564

Day

   Urban Concentration

239366

212992

66.26

17130

1030

1660

19183

   Guided Expansion

239313

212948

66.26

17126

1030

1659

19179

   Uncontrolled Exp.

239514

213120

66.26

17142

953

1661

19195

Afternoon

   Urban Concentration

144743

127510

66.77

10664

661

975

11617

   Guided Expansion

145046

127010

67.12

10623

661

978

11641

   Uncontrolled Exp.

145062

127016

67.13

10625

611

978

11642

Night

   Urban Concentration

45622

40422

66.31

3303

196

321

3655

   Guided Expansion

45612

40403

66.33

3303

196

321

3654

   Uncontrolled Exp.

45693

40474

66.34

3309

181

322

3661


[image: image7.wmf]Table 7

Percent Share of Elderly in Key Variables By Peak Period and Scenarios

Period /

Vehicle

Vehicle 

Emissions of 

Emissions of 

Emissions of 

Fuel 

Scenarios

Kilometers

Minutes

Carbon

Hydrocarbon

Nitrogen

Consumed

Travelled

Traveled

Monoxide

Oxide

2001 Share

   Morning

1.73

1.67

1.68

1.69

1.70

1.73

   Day

22.38

22.26

22.26

22.33

22.27

22.38

   Afternoon

7.79

7.36

7.54

7.71

7.57

7.79

   Night

7.13

7.00

7.27

7.21

7.17

7.13

2016

Morning

   Urban Concentration

3.40

3.24

3.37

3.41

3.33

3.40

   Guided Expansion

3.40

3.25

3.37

3.41

3.38

3.40

   Uncontrolled Exp.

3.40

3.25

3.37

3.41

3.33

3.40

Day

   Urban Concentration

31.83

31.13

32.07

32.01

31.76

31.83

   Guided Expansion

31.82

31.13

32.07

32.01

31.13

31.83

   Uncontrolled Exp.

31.85

31.15

32.09

32.04

31.78

31.82

Afternoon

   Urban Concentration

11.88

10.80

11.94

12.24

11.55

11.89

   Guided Expansion

11.87

10.80

11.94

12.24

11.81

11.89

   Uncontrolled Exp.

11.92

10.84

12.00

12.31

11.61

11.93

Night

   Urban Concentration

13.11

11.46

11.86

11.82

11.75

11.65

   Guided Expansion

11.66

11.47

11.89

11.82

12.06

11.66

   Uncontrolled Exp.

11.66

11.46

11.88

11.82

11.74

11.66

2031

Morning

   Urban Concentration

5.04

4.89

4.92

5.08

4.91

5.04

   Guided Expansion

5.10

4.94

4.98

5.08

5.08

5.11

   Uncontrolled Exp.

5.12

4.95

5.03

4.54

5.02

5.12

Day

   Urban Concentration

43.01

41.58

43.51

43.40

42.96

43.01

   Guided Expansion

43.00

41.6

43.50

43.40

43.19

43.00

   Uncontrolled Exp.

43.02

41.59

43.53

40.66

42.98

43.03

Afternoon

   Urban Concentration

17.37

15.37

18.00

18.30

17.07

17.39

   Guided Expansion

17.40

15.33

17.95

18.30

17.35

17.42

   Uncontrolled Exp.

17.40

15.33

17.95

16.64

17.11

17.42

Night

   Urban Concentration

16.69

16.36

17.09

16.88

16.82

16.69

   Guided Expansion

16.69

16.36

17.09

16.88

16.99

16.69

   Uncontrolled Exp.

16.71

16.38

17.11

15.39

16.87

16.71
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