


3.0 Transportation Modeling/Projecting Future Demand

Modeling is one method of forecasting future demands on the transportation system, and is an important source of information used to analyze various transportation alternatives.  Typically the larger MPOs have the staff expertise and funding to conduct their own modeling.  Smaller MPOs and RTPAs typically use subcontractors or rely on a review of existing documents.  Current FHWA and FTA planning regulations require only that the MPO have an analytical process in place for evaluating projects and Transportation Conformity Regulations require that areas with significant air quality problems that exceed minimum population levels must meet specific modeling requirements.
Travel demand models are statistical and algorithmic attempts to model human travel behavior.  They endeavor to forecast potential outcomes of various transportation scenarios.  The models provide essential information about the regions transportation system operations, conditions and performance and they are used to predict future transportation needs.  Typical factors that are included in the models are a region's demographic profile, general plan designations, highway and transit networks, distribution of trips and existing travel patterns including morning and evening peak hour travel demand, trip generation, and modal split among automobile (SOV and HOV), transit, bicycle, and pedestrian trips.

The models are used to evaluate alternative travel patterns and their implications before a regional transportation plan is adopted.  California Code §65080(b)(1) gives MPOs with a population of over 200,000 the option to quantify various indicators of their regional transportation needs.  The models are also used to conduct special studies, such as corridor studies that would assess the potential impacts of a new freeway or transit line.

Periodically the federal government reviews the policies and practices of the regional agencies, including an assessment of the travel demand models used in the development of the regional transportation plans.

Assumptions play a key role in the assessment of all travel modeling efforts.  Three key assumptions are typical of transportation demand models: 
(1) Key characteristics of the system can be described in terms of quantifiable variables (e.g., number of automobiles per household, household size, etc.); 
(2) A relationship between the variables described and behavior exists (e.g., the more automobiles per household, the greater the number of automobile trips per household); and, 
(3) Relationships between the variables can be expressed in quantitative terms.  This relationship is assumed constant over time.  Discrete population groups are often identified to help better understand the relationship between demographic and economic characteristics, such as age, income, gender, and employment, and travel behavior.
Model results are only as good as the data that go into the model.  MPOs must use the most current household travel surveys, demographics, socio-economic and census data available, especially if the region is growing rapidly.  The most current household travel survey will provide key inputs on travel behavior such as the trip characteristics and trip rates to the four-step models and tour/activity-based models.  
Described below is the traditional four-step process for modeling transportation demand.  For the past 40 years, transportation professionals have used a four-step approach in modeling transportation demand. Most modeling approaches use some form of these steps today.  Once some understanding has been established as to what the land use, population, and employment levels are in a study area, the four modeling steps are:

Trip generation: Estimates the number of trips generated in a zone or at a particular location, and attracted to a zone or a particular location, based on the assumed relationship among socio-economic factors, land use characteristics, and the number of trips.  Trip generation then leads to:

Trip distribution Estimates the number of trips that originate in every zone in the study area, with destinations to every other zone.  The result is a trip table that is used in:

Mode split: Estimates, for the number of trips predicted between each origin and destination, the number of trips made via each type of mode that is available for that trip.  Thus, "x" percent are likely to drive alone, "y" percent are likely to take transit, "z" percent are likely to ride-share, etc.  Mode split leads to:

Network assignment: Estimates the number of trips via a particular mode that will take specific paths through a road or transit network.  The result, when all trips are assigned to a network, is an estimate of the total number of trips, by mode, that will use each link in the network.  When compared to the capacity of this link, planners can forecast future conditions, such as the level of congestion that will occur at that location on the highway system and ridership for specific transit lines.  This becomes the basis for assessing the performance of the transportation system.

Four-step models are commonly used to predict the demand for transportation services. More sophisticated 4-step models will include some form of feedback loop to provide traveler reaction to the state of the network and will redistribute trips based on the feedback outputs. Transportation planners and engineers also use other types of models to analyze and evaluate the performance of transportation systems and resulting impacts.  Impact models determine the likely effects that constructing and operating transportation facilities will have on the surrounding environment and community.  For example, planners often use air quality models, noise models, and community impact models in analyzing transportation alternatives.  Cost models estimate the likely costs of transportation facilities and services.  For example, cost models estimate the unit cost per component of a facility (e.g., dollars per linear foot of rail line), and multiply this by the estimated number of units needed.  Most recent cost-modeling approaches incorporate a life cycle costing perspective that requires the planner to estimate expected costs, both capital and operating, for a possible project over the expected life of that project.

MPO's have considered for years how best to reflect the interactions between transportation investment decisions and land development patterns.  Various forms of land use models are now part of the modeling process for analysis of growth, growth allocation, and study of land use impacts resulting from land use policy decisions.  Integrating land use and transportation is expected to become a major part of advancement in transportation modeling.  Improvements focus on the need to improve current MPO/RTPA travel modeling capabilities, particularly the land use-transportation connection, broaden mode choice, and enhance transportation alternative assessment.

Additional research, development, and attention is being given to tour/activity-based modeling, an approach which is a significant advance over the traditional trip-based modeling approach.  Tour/activity-based models better recognize the complex interactions between activity and travel behavior.  These models require more information on travel activity, particularly travel time, focusing on the chains and sequences of activity, plus more detailed data on person and household travel characteristics.  The models also require significant time investments in data assembly and model development and resources, which are major challenges typically best addressed by the largest MPOs.  Because of these formidable challenges, only a handful of major MPOs across the country are in the relatively early stage of development and/or application.  The main stream and the state-of-the-practice in travel demand modeling still remains the traditional 4-step trip-based models. However, there are significant add-ons and enhancements to this approach that are improving our land use/transportation assessment capabilities.  

For now, it is recommended that development of "tour/activity- based” transportation models" be required of only the largest MPO's in serious and above non-attainment areas, rather than applying this tool small-medium size MPO's and RTPA's.  Such action would not mandate that all MPOs immediately jump to tour/activity based models that are still under development and application. This will allow a smoother transition of activity-based models to more MPO's as the state of the practice develops, hopefully in the near future.
In tour/activity-based models, travel choices for trips within a trip chain, or tour, are not treated as independent of one another. A tour-based model is agent-based; that is, both households and individuals are modeled, interpersonal household constraints on vehicle usage are modeled, and the auto passenger mode is modeled as a joint decision between the driver and passenger(s) to ride-share. Each person is assumed to choose the “best” combination of modes available to execute each tour, subject to auto availability constraints that are determined at the household level. The household’s allocation of resources (i.e., cars to drivers and drivers to ride-sharing passengers) is based on maximizing overall household utility, subject to current household resource levels. Therefore, tour-based models provide both trip chaining (tour) and multi-modal trip level analysis. 

Compared to Four-Step models, Tour/Activity-based models:

· Provide improved representation of demographic, spatial, and time variations in the population.

· Get rid of “Non-Home Based Trips.” Because the Non-Home Based trips are almost always part of a chain of trips that starts or ends at the trip maker's place of residence or work they will become a part of those trip chains.
· Improve accountability of causes and impacts of travel and transportation investments.

Tour-based models assume that a list of activities leads to travel; Activity-based models assume that a list of activities mostly leads to travel, and:

· More personal time & activity is simulated

· Telecommuting and internet shopping can be considered

· More data on intra-household interactions and time schedules are required

The goal of applying transportation models and analytical techniques, as part of the RTP process, is to enhance the quality of information and analysis presented to educate public decision makers and the public at large regarding the implications of various policy options, while recognizing that the final decisions on policy choices are their responsibility.

For preparation of the RTP required under Sections 65080 et seq. of the Government Code, by July 1, 2008, each MPO or RTPA over 200,000 in population is urged to establish transportation modeling and analytical techniques that facilitate its evaluation of one or more alternative planning scenarios under the provisions of California Code §65080.3.

2. As part of the four-year RTP process each MPO or RTPA should strive to enhance its modeling and analytical techniques in order to improve its assessment of the likely implications of key policy options.  Such improvements should educate decision-makers and the public regarding how such options would potentially affect trip making, choice of travel modes, VMT, major land use development decisions, and quality of life issues. 

   
3. 
To evaluate the effectiveness of policies to reduce GHG, the California Air Resources Board (ARB) and others need to compare modeling outputs across all regions in the State.  To be able to compare travel projections across regions in California, some basic recommended modeling protocols are set forth below.  They are specific to groups of regions, according to policy problems encountered. 

Modeling Performance Measures

MPOs currently use macro level trip-based or activity-based travel demand models to estimate and forecast vehicle miles of travel (VMT) or VMT stratified by speed as inputs to air pollution and greenhouse gas (GHG) emissions models.  As macro level models, traffic flow efficiency and its effect on fuel consumption, and therefore GHG emissions, is not fully captured by these models or performance measures.  Further, many of these models don’t contain feedback processes to trip generation or land use forecasts, which could under- or over-state VMT related forecasts due to induced or suppressed travel effects.   These limitations are inherent in RTP and SB 375 related analysis until such time that the models are improved.  Each MPO should be working to improve model sensitivity and accuracy related to measuring GHG emissions associated with both land use or transportation network decisions.  

Requirements (Shalls)

Federal: None
State: None

Recommendations (Shoulds)

Federal: None

State: California Code §65080(b)(1) gives MPOs with a population of over 200,000 the option to quantify various indicators of their regional transportation needs.

3.1
RTP Modeling Requirements and Recommendations
Highlighted text was moved from Section 3.0 above.

As part of the four-year RTP process each MPO or RTPA should strive to enhance its modeling and analytical techniques in order to improve its assessment of the likely implications of key policy options.  Such improvements should educate decision-makers and the public regarding how such options would potentially affect trip making, choice of travel modes, VMT, major land use development decisions, equity and quality of life issues.

To evaluate the effectiveness of policies to reduce GHG, the California Air Resources Board (ARB) and others need to compare modeling outputs across all regions in the State. To be able to compare travel projections across regions in California, some basic recommended modeling protocols are set forth below.  They are specific to groups of regions, according to policy problems encountered.
Modeling Performance Measures for Scenario Comparison

The term Performance Measures is used to cover a variety of quantitative measures. Modeling performance measures are those developed to analyze future year scenarios using a transportation, land use, sketch or other future modeling tool. Other performance measures track progress toward a goal. These tracking performance indicators monitor VMT or emissions using data derived from tools such as traffic counters and monitoring stations.

3.1.1
RTP Modeling Requirements and Recommendations Grouped by Modeling Needs
MPOs, RTPAs and CMAs may be grouped according to modeling needs.  For each group, we define:  Model features and data, possible applications of the model, and policy analysis capabilities.  
California MPO and RTPA Travel Model Requirement Groupings 
	County
	2008 Population
	Type
	Grouping
	Rationale

	Alpine
	1,222
	RTPA
	A
	

	Colusa
	21,910
	RTPA
	A
	

	Del Norte
	29,419
	RTPA
	A
	

	Glenn
	29,195
	RTPA
	A
	

	Lassen
	35,757
	RTPA
	A
	

	Modoc
	9,702
	RTPA
	A
	

	Mono
	13,759
	RTPA
	A
	

	Plumas
	20,917
	RTPA
	A
	

	Sierra
	3,400
	RTPA
	A
	

	Siskiyou
	45,695
	RTPA
	A
	

	Trinity
	13,966
	RTPA
	A
	 

	Inyo
	18,152
	RTPA
	B
	Rural non-attainment area

	Amador
	37,943
	RTPA
	C
	Non-attainment

	AMBAG
	751,516
	MPO
	C
	

	Calaveras
	46,127
	RTPA
	C
	Non-attainment

	Humboldt
	132,821
	RTPA
	C
	

	Kings
	154,434
	MPO
	C
	< 200,000 population

	Lake 
	64,059
	RTPA
	C
	

	Madera 
	150,887
	MPO
	C
	< 200,000 population

	Mariposa
	18,406
	RTPA
	C
	Non-attainment

	Mendocino
	90,163
	RTPA
	C
	

	Nevada 
	99,186
	RTPA
	C
	

	San Luis Obispo 
	267,154
	MPO
	C
	

	Santa Barbara 
	425,710
	MPO
	C
	

	Shasta
	181,380
	MPO
	C
	

	TRPA*
	-- 
	MPO
	C
	

	Tehama
	62,419
	RTPA
	C
	

	Tuolumne 
	56,799
	RTPA
	C
	Non-attainment

	BCAG
	220,407
	MPO
	D
	

	Fresno 
	931,098
	MPO
	D
	

	Kern
	817,517
	MPO
	D
	

	Merced 
	255,250
	MPO
	D
	

	San Joaquin 
	680,183
	MPO
	D
	

	Stanislaus
	525,903
	MPO
	D
	

	Tulare 
	435,254
	MPO
	D
	 

	MTC
	7,276,378
	MPO
	E
	

	SACOG*
	2,304,411
	MPO
	E
	

	SANDAG
	3,146,274
	MPO
	E
	

	SCAG
	18,636,934
	MPO
	E
	 

	Source: CA Department of Finance; http://www.counties.org/default.asp?id=399

	MPOs are shown in bold; RTPAs shown by county name only.

	*SACOG population includes that of SACOG + TRPA


These recommendations are cumulative, with each set of model guidelines including the earlier ones on the list.  

A.  Counties with very slow growth in population and jobs, little or no congestion, and no significant new road or transit construction plans (i.e., Modoc, Inyo, Siskiyou, which have 1990-2000 population growth rates below 3%) 
These counties do not need to run a network travel model.  Road congestion is not increasing rapidly.  Emission changes from higher-MPG vehicles can be factored or derived from the ARB inventory.

B.  Regions with attainment Air Quality (AQ), slow growth, or virtually no transit, plus the rural, isolated non-attainment areas.

Recommendations:

1. The use of 3-step models can continue for the next few years.  The models should be run to a reasonable convergence towards equilibrium.  
2. The models should account for the effects of land use characteristics on travel, either by incorporating effects into the model process or by post-processing (See Section 3.3, Post-Processing for additional guidance).
3. The models should address changes in regional demographic patterns.
4. Geographic Information Systems (GIS) capabilities should be developed in these counties, leading to simple land use models in a few years.  
5. All natural resources data should be entered into the GIS.  
6. Parcel data should be developed within a few years and an existing land use data layer created.
Policy analysis capabilities:

1. Agencies can define and evaluate trend forecast, combined general plans, and preferred RTP.    
2. These models can be used to evaluate increased density and mix, urban growth limits, and improved neighborhood walkability and bikeability.  

C.  Regions with moderate to rapid growth, nonattainment AQ, or the potential for significant transit use. 

Recommendations:

1. All the recommendations of Group B, above.

2. These regions should develop 4-step travel models as soon as is possible.  In the near-term, post-processing should be used.  
3. The travel model set should be run to a reasonable convergence towards equilibrium across all model steps.  
4. Simple land use models should be used, such as GIS rule-based ones, in the short term.  
5. Economic, market-based land use models should be developed within a few years.  
6. Parcel data and an existing urban layer should be developed as soon as is possible.  
7. A digital general plan layer should be developed in the short-term.
8. A simple freight model should be used.
9. A simple vehicle choice model should be used.

10. Several employment types should be used, along with several trip purposes.
11. The models should have sufficient temporal resolution to adequately model peak and off-peak periods.
12. All road capacities and speeds should be validated with surveys.  
13. The urban development footprint in GIS should be used to calculate environmental impacts on terrestrial and aquatic ecosystems and/or inform the model of areas to be avoided in order to help drive the alternative development.  
Policy analysis capabilities:

1. More policy scenarios can be run.  The same policies as in Group B could be run, plus one or more transit improvement proposals, as well as demand management, and pricing strategies, and housing affordability.  
2. In addition to the policies and performance measures in Group B, these agencies can evaluate policies for their effects on lower-income households, as required by Federal and State law.  This can be done by evaluating traveler welfare measures based on the mode choice log sums for each household income class, or based on travel costs for them.  In addition, these agencies can evaluate simple road pricing, parking charges, and higher fuel taxes or carbon taxes in the plan or in the alternative planning scenario as outlined in California Code §65080.3 alternative. 
D.  Regions with serious and above ozone or CO non-attainment with a metropolitan planning area containing a population over 200,000.
Requirements:

1. These regions shall achieve the requirements of the Transportation Conformity Regulations of 40 CFR §93, meaning four-step models with full feedback across travel model steps and some sort of land use modeling.

2. Network-based travel models must be validated against observed counts (peak- and off-peak, if possible) for a base year that is not more than 10 years prior to the date of the conformity determination. Model forecasts must be analyzed for reasonableness and compared to historical trends and other factors, and the results must be documented. (40 CFR §93.122 (b)(1)(i))

3. Land use, population, employment, and other network-based travel model assumptions must be documented and based on the best available information. (40 CFR §93.122 (b)(1)(ii)) (See Section 4.41 for additional guidance)
4. Scenarios of land development and use must be consistent with the future transportation system alternatives for which emissions are being estimated. The distribution of employment and residences for different transportation options must be reasonable. (40 CFR §93.122 (b)(1)(iii))

5. A capacity-sensitive assignment methodology must be used, and emissions estimates must be based on a methodology which differentiates between peak- and off-peak link volumes and speeds and uses speeds based on final assigned volumes. (40 CFR §93.122 (b)(1)(iv))

6. Zone-to-zone travel impedances used to distribute trips between origin and destination pairs must be in reasonable agreement with the travel times that are estimated from final assigned traffic volumes. Where use of transit currently is anticipated to be a significant factor in satisfying transportation demand, these times should also be used for modeling mode splits. (40 CFR §93.122 (b)(1)(v))

7. Network-based travel models must be reasonably sensitive to changes in the time(s), cost(s), and other factors affecting travel choices. (40 CFR §93.122 (b)(1)(vi))

8. Reasonable methods in accordance with good practice must be used to estimate traffic speeds and delays in a manner that is sensitive to the estimated volume of travel on each roadway segment represented in the network-based travel model. (40 CFR §93.122 (b)(2))

9. Highway Performance Monitoring System (HPMS) estimates of vehicle miles traveled (VMT) shall be considered the primary measure of VMT within the portion of the nonattainment or maintenance area and for the functional classes of roadways included in HPMS, for urban areas which are sampled on a separate urban area basis. For areas with network-based travel models, a factor (or factors) may be developed to reconcile and calibrate the network-based travel model estimates of VMT in the base year of its validation to the HPMS estimates for the same period. These factors may then be applied to model estimates of future VMT. In this factoring process, consideration will be given to differences between HPMS and network-based travel models, such as differences in the facility coverage of the HPMS and the modeled network description. Locally developed count-based programs and other departures from these procedures are permitted subject to the interagency consultation procedures of §93.105(c)(1)(i). (40 CFR §93.122 (b)(3))

Recommendations:

1. All the recommendations of Group C, above. 

2. Agencies should, at a minimum, have four-step models with full feedback across travel model steps and some sort of land use modeling.

3. In addition to the conformity requirements, these regions should also add an auto ownership step and make this step and the mode choice equations for transit and walk and bike and the trip generation step sensitive to land use variables and transit accessibility. 
4.  Walk and bike modes should be explicitly represented.  
5. Small Traffic Analysis Zones (TAZ) should be used, to increase sensitivity to infill potential near to rail stations and in Bus Rapid Transit (BRT) corridors.  Parking quantity and cost should be represented in the travel model.  
6. The carpool mode should be included, along with access-to-transit sub modes.  
7. Feedback loops should be used and take into account the effects of corridor capacity, congestion and bottlenecks on travel speed and emissions.  
8. The regions should implement simple land use models for the next RTP and develop formal economic land use models in the next few years.  
9. Freight models should be implemented in the short term and commodity flows models within a few years.  
10. Simple Environmental Justice analyses, such as effects of transportation and development scenarios on low-income or transit-dependent households, should be done using travel costs or mode choice log sums, as in Group C.  
11. Agencies should develop models that test joint(or simultaneous)-choice of mode and destination.  
12. These regions should monitor the large RTPAs and MPOs, in E below, as they develop tour/activity-based travel models.  
13. The next household travel survey should include activities and tours.  
14. Floor space rent data should be collected in the case where an agency is anticipating development of an integrated economic/land use (or microeconomic land use) tour/activity based model. 
Policy analysis capabilities:

1. A full range in performance and impact measures could be developed, for economic, environmental, and equity effects, as required by SAFETEA-LU, National Environmental Policy Act, CEQA, and other laws.  Traveler welfare could be measured and, if possible, locator welfare.  Various measures of economic development could also be created, such as wages, jobs, production, and exports. 
E.  The largest four MPOs and RTPAs with rapid growth and established transit systems. 

Recommendations:

1. All the recommendations of Group D, above
2. If not already developed and validated for use for the current RTP cycle, MPOs are encouraged to transition to activity-based travel demand models for the following RTP cycle.  This can be a phased approach by first developing tour-based travel demand models and then moving to more advanced activity-based travel demand models or moving directly to an activity-based model without a phased approach.    
3. They should also build formal microeconomic land use models, as soon as is practical, so that they can be used to analyze and evaluate the effects of growth scenarios on economic welfare (utility) , including land prices, home affordability, jobs-housing fit, and the combined housing-transportation cost burden, and economic development (wages, jobs, exports).  

4. Travel demand processes should incorporate freight movement.  
5. Information from the statewide freight model, when available, local trip-based truck demand models, or more advanced commodity flows models could be used.  
6. Commercial movements with truck and van tours should be accommodated in a commodity flow model.  
7. Freight data collection programs should be emphasized with coordination with statewide efforts.    
8. Household travel surveys should be activity-based and include a tour table.  GPS sampling is encouraged or extra emphasis should be placed on accurate geocoding of households, workplace locations, and stops.  Regions should take care in the design and data collection procedures of the survey to ensure survey results are appropriate to the type of model being utilized. Coordination with Caltrans’ travel survey efforts is encouraged.
9. Stated preference surveys of households and firms should be performed, as necessary, for use in location choice models.  
10. Microsimulation of households and firms should be investigated and developed, if feasible.   
Policy analysis capabilities:

1. Economic measures from the land use model could be implemented.  These measures are more complete than those from the travel model and include locator welfare, wages, and exports.  Equity analysis could include change in welfare by household income class.  Water quality, housing affordability, and fire hazard analysis are examples of the measures that such model sets can also produce.  These microsimulation land use models can evaluate the energy use and GHGs produced by households and workers in building space.  Economic development impacts may be comprehensively evaluated with this model set.  Time-of-day road tolls can be evaluated. 
PROPOSED ALTERNATIVE LANGUAGE TO ITEM 1 ABOVE:

Integrating land use modeling with transportation demand modeling can provide a reliable assessment of complex interactions of proposed changes in land use, economic, and transportation systems.

2. Agencies can take transit capacity constraints into consideration. The SCS does not have to assume that patrons need to ride on overcrowded buses and trains. For the large regions, the model improvement program could consider transit capacity constraints on trunk routes as there is a direct relationship to the amount of transit service and transit capital and operating funding levels. 

3.1.2
RTP Modeling Requirements and Recommendations Applied Statewide

The following additional requirements and recommendations apply to all MPOs except those that fall under Group A as defined above.

Requirements:

1. Each MPO shall model a range of alternative scenarios in the regional transportation plan Environmental Impact ReportStatement based on the policy goals of the MPO and input from the public. (See Sections 4.33 through 4.37 for additional guidance) (40 CFR §1502.14(a))
2. MPO models shall be capable of estimating future transportation demand at least 20 years into the future. (23 CFR §450.322(a))
3. For federal conformity purposes, each MPO shall model criteria pollutants from on-road vehicles as applicable.  Emission projections should be performed using modeling software approved by ARB’s EMFAC modeling software. (40 CFR §93)
4. Each MPO shall determine the greenhouse gas emissions impacts associated with their SB 375 Sustainable Communities Strategy, or Alternative Planning Strategy if applicable, with a methodology deemed acceptable by ARB. Each MPO shall quantify the reduction in greenhouse gas emissions projected to be achieved by the sustainable communities strategy. (California Code §65080(b)(2)(G))
5. The MPO, the State(s), and the public transportation operator(s) shall validate data utilized in preparing other existing modal plans for providing input to the regional transportation plan.  In updating the regional transportation plan, the MPO shall base the update on the latest available estimates and assumptions for population, land use, travel, employment, congestion, and economic activity. (See Section 4.41 for additional guidance.)  The MPO shall approve regional transportation plan contents and supporting analyses produced by a transportation plan update. (23 CFR §450.322(c))
6. The metropolitan transportation plan shall include the projected transportation demand of persons and goods in the metropolitan planning area over the period of the transportation plan. (23 CFR §450.322(f)(1))
Recommendations:

1. For the current RTP cycle (post last adoption), MPOs should use their current travel demand model for federal conformity purposes, and a suite of analytical tools, including but not limited to, travel demand models (as described in Categories B through E above), small area modeling tools, and other generally accepted analytical methods for determining the emissions, VMT, and other performance factor impacts of sustainable communities strategies being considered pursuant to SB 375.

2. Measures of means of travel should include percentage share of all trips (work and non-work) made by all single occupant vehicle, multiple occupant vehicle, or carpool, transit, walking, and bicycling.

3. To the extent practical, travel demand models should be calibrated using the most recent observed data including household travel diaries, traffic counts, gas receipts, Highway Performance Monitoring System (HPMS), transit surveys, and passenger counts.

4. It is recommended that transportation agencies have an on-going model improvement program to focus on increasing model accuracy and policy sensitivity.  This includes on-going data development and acquisition programs to support model calibration and validation activities.  
5. For models with a mode choice step, if the travel demand model is unable to forecast bicycle and pedestrian trips, another means may be used to estimate those trips.

6. When the transit mode is modeled, speed and frequency, days, and hours of operation of service should be included as model inputs.

7. When the transit mode is modeled, the entire transit network within the region should be represented.

8. Agencies are encouraged to participate in the California Inter-Agency Modeling Forum. This venue provide an excellent opportunity to share ideas and help to ensure agencies are informed of current modeling trends and requirements.

9. MPOs should work closely with State and Federal agencies to secure additional funds to research and implement the new land use and activity-based modeling methodologies. Additional research and development is required to bring these new modeling approaches into main stream modeling practice.

Co-Benefits

MPOs should quantify, to the extent possible, the co-benefits associated with the achievement of their greenhouse gas reduction targets, as a means of increasing public understanding and support. Promote the development and use of planning models that can accurately estimate the potential global warming and co-benefits of various land use scenarios in the development of the targets and the SCS.

The MPOs should identify and quantify to the extent possible, co-benefits. Co-benefits include the following:

1. Increased Mobility. Congestion Relief, More Transportation Choices, Reduced Commute Time, and Increased Productivity. 

2. Economic Benefits. Traveler Savings, Taxpayer Savings, Neighborhood Economic Development, and Lower up-front infrastructure costs.

3. Reduced Air and Water Pollution. Less Air Pollution and Improved Water Supply and Quality.

4. Conservation of Open Space, Farm Land and Forest Land. These resources also are capable of sequestering carbon in plant and tree matter as well as in soil. Small parks can obviate the need for automobile trips.

5. Healthier, More Equitable and Sustainable Communities. More Opportunities for Active Lifestyles, Less Dependence on Foreign Oil, Improved Safety, Greater Housing Choices, and More Equitable Communities.

Post Processing was moved from Section 3.3 to 3.1.2.
Post-Processing
During the development period of more sophisticated/detailed travel demand models, there may be is a need to augment the travel demand models with other methods to achieve reasonable levels of sensitivity. for SB 375 implementation purposes. These other methods include: Post-processing can be applied by MPOs to adjust outputs of their travel demand model such that they account for areas where the model lacks capability, or is insensitive to a particular policy or factor. The most commonly referred to post-processor is a “D’s” post-processor, but post-processors could be developed for other non-D factors and policies, too. 

· “Best Management Practices” or “BMPs”, wherein a comprehensive list of greenhouse gas reduction policies and practices would be assembled, and a BMP spreadsheet tool would be developed for determining the level of greenhouse gas reduction that could be achieved by implementing a particular policy or set of policies.

· “Post processor tool”, wherein MPOs would apply the tool to adjust outputs of their travel demand model such that they account for areas where the model lacks capability, or is insensitive to a particular policy or factor. The most commonly referred to post-processor is a “D’s” post-processor, but post-processors could be developed for other non-D factors, too.

Sketch Modeling of Scenarios
Each MPO will be adopting a public participation plan, for development of the sustainable communities strategy and an alternative planning strategy. A component of this plan is to hold workshops to inform the public about the issues and policies being addressed as part of the SCS/APS process. Each workshop, to the extent practicable, shall include urban simulation computer modeling to create visual representations of the sustainable communities strategy and the alternative planning strategy. (California Code §65080(b)(2)(E)(iii))

Agencies should develop fast turnaround sketch modeling tools for testing scenarios in public workshops. These tools could be different from any tools developed by affected MPOs as part of their public participation plan. A sketch model can be as simple as a single formula in a spreadsheet to as complex as a transportation model modified to run expeditiously enough to provide results within required time constraints. 
Modeling MPO’s within groups B, C, D and E may wish toshall develop fast turnaround sketch modeling tools for testing scenarios in public workshops as part of the public participation plan for SCS/APS development per California Code §65080(b)(2)(E)(iii).  These sketch models allow the rapid input of land uses and produce rough estimates of changes for the area being analyzed.  After a range of scenarios capable of meeting the policy goals of the Agency are reducing GHG to various degrees is identified from these exercises, the final set of scenarios is evaluated with the official travel model and land use model, to get accurate and detailed performance measures.  The best scenarios may then be included in the various RTP, SCS, and APS processes.
Interregional Travel and Modeling
Interregional travel is defined as the sum of the following:

1. Trips beginning outside a given MPO’s boundary and ending within it (X-I trip)

2. Trips beginning inside a given MPO’s boundary and ending outside it (I-X trip)

3. Trips beginning outside a given MPO’s boundary, traveling across some portion of the region and ending outside the boundary (X-X trip)

The Statewide Travel Demand Model (STDM), when updated and fully implemented, will provide interregional trip data to be considered in MPO regional models.  The STDM should go through the same model validation and calibration process as the RTPA and MPO models, along with the production of associated model documentation (See Section 3.3 on Model Validation below for additional guidance).
In those instances where adjacent MPO models produce dissimilar interregional volumes, the STDM will act as a point of reference which the MPO regional models should reasonably consider.  The Department of Transportation will act as facilitator in these situations to help reach consensus.
Requirements (Shall)
Federal: 40 CFR §93 implements §176(c) of the Clean Air Act with respect to the conformity of transportation plans, programs, and projects which are developed, funded, or approved by the United States Department of Transportation (DOT), and by metropolitan planning organizations (MPOs) or other recipients of funds under title 23 U.S.C. or the Federal Transit Laws (49 U.S.C. Chapter 53). 40 CFR §93.122 details procedures for determining regional transportation related emissions. 23 CFR §450.322 defines the development and content of the metropolitan transportation plan. 40 CFR §93 implements §176(c) of the Clean Air Act with respect to the conformity of transportation plans, programs, and projects which are developed, funded, or approved by the United States Department of Transportation (DOT), and by metropolitan planning organizations (MPOs) or other recipients of funds under title 23 U.S.C. or the Federal Transit Laws (49 U.S.C. Chapter 53). 40 CFR §1502.14 defines the alternatives to be considered in the Environmental Impact Statement.

State: California Code §65080(b)(2)(G) requires the metropolitan planning organization to quantify the reduction in greenhouse gas emissions projected to be achieved by the sustainable communities strategy.

Recommendations (Should)

Federal: None
State: None
3.2
Regional Economic and Land Use Model Requirements and Recommendations

Based on the guiding federal and state statutes regarding RTP development, the California Transportation Commission has developed the following transportation modeling guidelines to support these policy objectives.

Requirements:

1. Socioeconomic models shall include capabilities to measure the impacts of transportation investments on low income and minority communities as required under federal and state law.

Recommendations:

1. Regional land use and demographic projections should be consistent with existing local general plans and/or local policies.  If a forecast horizon is beyond the horizon of local general plans, the MPO should work with local officials to define a best guess scenario for development beyond the general plan horizon.
<<Item 1 above pending rewrite from housing sub-committee>>

2. Microeconomic land use models should be developed for use with activity-based travel demand models.  Microeconomic land use models should could be used to analyze and evaluate the effects of growth scenarios on economic welfare (utility) , including land prices, home affordability, jobs-housing fit, and the combined housing-transportation cost burden,  and economic development (wages, jobs, exports).  Geocoded employment data with occupational code should be purchased for two or more past years.  Floor space quantity and rent data should be gathered.

3. Regional models should consider population growth based on birth and mortality and international and domestic migration.

4. Socioeconomic models should provide projections on future employment indicators including jobs by sector and income.

5. Land use models should be sensitive to transportation scenarios such that the effects of land use and transportation policies can interact with feedback in an integrated transportation and land use model.  

Requirements (Shall)
Federal: 23 U.S.C. §109(h) Federal-Aid Highways.  Executive Order No. 12898 (1994), U.S. DOT Order §5610.2 and U.S. DOT Order §6640.23 regarding environmental justice in minority and low-income populations.
State: None
Recommendations (Should)

Federal: None
State: None
3.3
RTP Modeling Quality Control and Consistency
The following recommendations for quality control through model consistency and peer review are essential in creating confidence in modeling results.  These process recommendations should be implemented by all agencies as soon as is possible.

Consistency of RTP Modeling

Recommendations:

1. For modeling groups C, D, and E, the No Action alternative and the Proposed Plan alternative in an RTP should be modeled consistently, if not employing an integrated/land use model. For modeling groups C, D, and E, in the RTP the Proposed Plan or SCS, and any other scenarios should be modeled consistently.  This means both should be done using the same land use model and the same travel model.  The inputs for the models, including alternative land use policies; will be different, of course, resulting in different distributions of land uses.  This practice will reduce the arbitrariness of zonal projections for households and employment in travel models.
<<Item 1 is in process of being rewritten>>  
2. Modeling practices should be consistent between California Department of Transportation (Caltrans) District Offices, MPOs, RTPAs, cities, counties, and Congestion Management Agencies (CMA).
3. The same land use model used in the RTP modeling should be used in the impact assessment for the No Action alternative, the Proposed Plan alternative, and the Environmentally Preferable Alternative.  Only in this way, will all of the outputs in the RTP and EIR be comparable.  An alternative-planning scenario under California Code §65080.3 should also be evaluated with the same models.  

4. All MPOs Agencies should be consistent on how and when post processing should be applied or approached. <<This statement may be modified/expanded pending recommendation of RTAC Coordination Workgroup.>>
Model Peer Review, Testing and Documentation
Requirements:

1. A metropolitan planning organization shall disseminate the methodology, results, and key assumptions of whichever travel demand models it uses in a way that would be useable and understandable to the public.

Recommendations:

1. Each MPO Agency should participate in a peer review program every ten years or after a major model enhancement such as transitioning from a four-step to a tour/activity based travel demand model.  The four largest MPOs (SCAG, MTC, SANDAG, and SACOG) should use the Federal Highway Administration’s Travel Model Improvement Program (TMIP) peer review process, but include a modeler from another California MPO of similar size for their understanding of California laws.  Other agencies should set up reviews using California modelers.  Peer reviews should be made publicly available with the model documentation.
2. The travel forecasting methods used by an MPO should be addressed in the FHWA/FTA certification review to ensure that they adequately support the applications for which they are being used.
3. The travel demand model, and regional economic and land use model if applicable, should be documented, including all statistical goodness-of-fit measures derived from sub-model specification.  The documentation should be placed on the MPOs Agency’s website and included in the RTP / SCS / APS review submittal sent to ARB under SB 375.

4. The model documentation should include a comprehensive list of output metrics the model is capable of producing.  To the extent practical, the documentation should include potential uses for each metric.
Item 5 moved to Model Validation Section
5. Key model validation statistics should be documented, showing the correspondence of the model prediction for a validation year to empirical data.

Items 6 to 10 moved to Model Sensitivity Section
6. Results of experimental sensitivity tests, wherein a single factor or variable is adjusted higher and lower from its baseline value, with the corresponding changes in model output variables shown should be documented. Minimally, the outputs shown would be: total VMT; light-duty vehicle VMT total and per capita; light-duty vehicle greenhouse gas total and per capita; total person trips; person trips by automobile modes; person trips by transit modes; and person trips by bike and walk modes.

7. Results of planning scenario tests, wherein the modeled results of planning scenarios are tabulated and correlated to show the overall sensitivity of the travel demand model to a combination of factors and policies included in the planning scenario should be documented.

8. The documentation of the sensitivity tests should identify the range of reasonable sensitivity based on research literature, and account for where in this range the travel demand model sensitivity falls.

9. Where results of planning scenario tests are reported, the MPO must show a correspondence between the planning scenario test results and the experimental, single factor sensitivity testing. Part of this documentation should assess the degree of interaction of factors and policies (i.e. the difference between the sum of all scenario variables taken individually, and the total change in modeled results).

10. Model assessment and documentation should identify areas where the model lacks capacity for analysis of a factor or policy, and any factors or policy for which the model sensitivities fall outside the range of results documented in research literature.

Item 11 removed as it is redundant from Requirement 1 above.
11. Validation and sensitivity tests should be documented, and made publicly available with the model documentation.

Model Validation

Validating the ability of a model to predict future behavior requires comparing its predictions with information other than that used in estimating or calibrating the model. The model output is compared with observed or empirical travel data, and parameters are adjusted until the output falls within an acceptable range of error.
Validation testing for a travel demand forecasting (TDF) model should include both static and dynamic tests. Static validation tests compare the model’s base year traffic volume estimates to traffic counts using the statistical measures listed below and the threshold criteria contained in Table 2 as specified in the Travel Forecasting Guidelines, Caltrans, 1992. Below is a list of possible validation measures and thresholds.
· Volume-to-count ratio – is computed by dividing the volume assigned by the model and the actual traffic count for individual roadways model-wide.  This value provides a general context for the relationship (i.e., high or low) between model volumes and counts.

· Percent of Links Within Caltrans Deviation Allowance – the deviation is the difference between the model volume and the actual count divided by the actual count.  The Caltrans deviation thresholds recognize that allowances shrink as the count increases (i.e., lower tolerance for differences between the model volume estimates and counts).  

· Correlation Coefficient – estimates the correlation (strength and direction of the linear relationship) between the actual traffic counts and the estimated traffic volumes from the model.

· Percent Root Mean Square Error (RMSE) – is the square root of the model volume minus the actual count squared divided by the number of counts. It is a measure similar to standard deviation in that it assesses the accuracy of the entire model.

	Table 2 – Static Validation Criteria and Thresholds

	Validation Item
	Criteria for Acceptance

	Percent of links with volume-to-count ratios within Caltrans deviation allowance
	At Least 75%

	Correlation Coefficient
	At Least 0.88

	Percent Root Mean Squared Error (RMSE)
	Below 40%


Dynamic validation determines the model’s sensitivity to changes in land uses and/or the transportation system.  These types of tests are recommended in the Model Validation and Reasonableness Checking Manual (Travel Model Improvement Program, FHWA, 1997).  The results of dynamic validation tests are inspected for reasonableness in the direction and magnitude of the changes.  Dynamic validation can include the following model sensitivity tests, as appropriate given the type of regional model and alternatives under evaluation.

· Add lanes to a link

· Add a link

· Delete a link

· Change link speeds

· Change link capacities

· Add 100 households to a TAZ

· Add 1,000 households to a TAZ

· Add 5,000 households to a TAZ

· Add 10,000 households to a TAZ

· Increase/Decrease toll rates
· Increase/Decrease transit fares
· Increase transit speeds
Review of the dynamic validation tests should indicate changes to the model volumes occurred in the appropriate direction and magnitude before the model is used in policy analysis or planning (See Section 3.3 on Model Peer Review, Testing and Documentation above for additional guidance).
Key model validation statistics should be documented, showing the correspondence of the model prediction for a validation year to empirical data.

Model Sensitivity
MPOs currently use macro level trip-based or activity-based travel demand models to estimate and forecast vehicle miles of travel (VMT) or VMT stratified by speed as inputs to air pollution and greenhouse gas (GHG) emissions models.  As macro level models, traffic flow efficiency and its effect on fuel consumption, and therefore GHG emissions, is not fully captured by these models or performance measures.  Further, many of these models don’t contain feedback processes to trip generation or land use forecasts, which could under- or over-state VMT related forecasts due to induced or suppressed travel effects.   These limitations are inherent in RTP and SB 375 related analysis until such time that the models are improved.  Each MPO should be working to improve model sensitivity and accuracy related to measuring GHG emissions associated with both land use or transportation network decisions.

Experimental sensitivity testing could be performed on all exogenous input variables (e.g. age, income, automobile operating costs), recognizing policy makers have little control over such variables, and for as many policy variables as are feasible given the structure and complexity of the model (e.g. transit fares, highway capacity, density, mix of use, pedestrian environment, transit proximity, etc.).  Ideally, the range of reasonable sensitivity to key factors and policy variables should be determined through a coordinated research synthesis and review process, the results of which would be a standard reference for all MPOs in the state.
Recommendations:

1. Models should be tested for sensitivity to changes in inputs, parameter values, and policies.  Elasticities for several variables should be calculated and compared to theory and other models.
2. As part of the model development process, all models should, as applicable to the region, be sensitive to the following items:

a. Price sensitivity, such as in tolling or congestion-pricing applications
b. Destination-proximity:  accessibility of an area to other activities
c. Density, or clustered development
d. Diversity, or mixture of land uses
e. Distance to transit
f. Design and layout of an area’s transportation facilities

g. Evaluation of outcomes in designated transit-oriented development

h. Evaluation of effects of different local development densities (e.g., single family housing versus multi-family, etc.)

i. Evaluation of development in known industrial areas

j. Evaluation of development of specific “Greenfield” areas, to see how well the model can predict the expansion of the urban area

k. Evaluation of outcomes in redevelopment and infill areas

l. Equity and environmental justice sensitivities, such as effects of transportation and development scenarios on low-income or transit-dependent households

m. Sensitivity to different types of transportation options, including transit, walking and bicycles
3. Results of experimental sensitivity tests, wherein a single factor or variable is adjusted higher and lower from its baseline value, with the corresponding changes in model output variables shown should be documented. Minimally, the outputs shown would be: total VMT; light-duty vehicle VMT total and per capita; light-duty vehicle greenhouse gas total and per capita; total person trips; person trips by automobile modes; person trips by transit modes; and person trips by bike and walk modes.

4. Results of planning scenario tests, wherein the modeled results of planning scenarios are tabulated and correlated to show the overall sensitivity of the travel demand model to a combination of factors and policies included in the planning scenario should be documented.

5. The documentation of the sensitivity tests should identify the range of reasonable sensitivity based on research literature, and account for where in this range the travel demand model sensitivity falls.

6. Where results of planning scenario tests are reported, the MPO must should show a correspondence between the planning scenario test results and the experimental, single factor sensitivity testing. Part of this documentation should assess the degree of interaction of factors and policies (i.e. the difference between the sum of all scenario variables taken individually, and the total change in modeled results).

7. Model assessment and documentation should identify areas where the model lacks capacity for analysis of a factor or policy, and any factors or policy for which the model sensitivities fall outside the range of results documented in research literature.

Requirements (Shall)
Federal: None
State: California Code §14522.2 requires the metropolitan planning organization to share modeling documentation in a transparent manner with the public.
Recommendations (Should)

Federal: None
State: RTAC Final Report to ARB.
3.4
RTP Modeling as a Policy Tool
The RTP analyses should provide to decision-makers and the public:

1. A clear explanation of the modeling and analytical techniques applied in assessing the implications of the land use scenarios or other alternatives studied (See Section 4.43 for additional guidance);

2. Reasonable transparency to that modeling and analytical process; 

3. An understanding of the sensitivity of the forecast results to various policy assumptions; for example, where feasible, offering estimates of the elasticities and cross elasticities of demand for various modes of travel with respect to critical variables such as access time, travel time, reliability, safety, privacy, and cost; 

4. The degree to which analytical results can be expected to be more indicative of a general expected trend or order of magnitude change rather than a quantifiably valid forecast;  For quantifiably valid forecasts, provide a qualitative sense of each forecast’s expected reliability; and
5. Any insights gained through market-based research into the variables that most influence consumer choices with respect to housing in transit-oriented and mixed-use developments, the use of transit services, and decision to use single occupant vehicles.

Requirements (Shall)
Federal: None
State: None
Recommendations (Should)

Federal: None
State: None
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