SPM Transportation Model Methodology Review Summary 
[bookmark: _GoBack]This is a summary of review by SCAG staff on UrbanFootprint Transportation Model Methodology (hereafter, methodology) prepared by the Calthorpe Analytics (hereafter, the consultant) as a part of project deliverables. The methodology was revised on November 16, 2012 by the consultant and is the same as what was presented to the Technical Advisory Committee for the energy, water, and transportation components of the UrbanFootprint model on November 28, 2012. 
Travel Model Versions
The UF’s travel model is adapted from the MXD (Mixed-use Development) model originally studied by researchers (Ewing et al.) and implemented by Fehr & Peers. Ewing’s study and Fehr & Peers’s implementation was funded by U.S. EPA and a spreadsheet tool was developed and freely available (Mixed Use Trip Generation Model version 4.0) (hereafter, EPA MXD). Since the creation of the methodology, Fehr & Peers released the MXD+ 2.0 in 2013. SCAG staff is not sure whether current SPM travel model uses EPA MXD (version 4.0) or MXD+2.0. 
Geographic Analysis Unit  
The methodology specifies that the smallest geographic unit for analysis is the 150-meter by 150-meter gridcell (approximately, 5.5 acres). Since the methodology was created for general description of travel model (i.e. SACOG UF, SCAG SPM, and SANDAG UF) and was prior to completion of SPZ development, the methodology may not reflect the smallest geographic unit for analysis in SPM. SCAG staff is not sure whether current SPM travel model uses gridcell or SPZ as the smallest geographic unit for running travel model. 
Measurement of 8Ds
· Density 
· Diversity 
· Design 
· Destination accessibility 
· Distance to transit 
· Demographics 
· Development scale 
· Demand management 
The above 8Ds variables are measured in the travel model where the first 7Ds are quantified by the EPA MXD and the last D is quantified by the California Air Pollution Control Officers Association (CAPCOA) method. The CAPCOA method was not implemented in UrbanFootprint version 1.0. SCAG staff is not sure whether current SPM travel model has this D variable measured by CAPCOA method.  
Travel Modes 
· Internal trip (trips remain within MXD sites, hereafter, internal capture) 
· External trip
· Walk 
· Transit 
Trip Purposes 
· Home-based Work Trips (HBW)
· Home-based Other Trips (HBO) 
· Non-home-based Trips (NHB) 
EPA MXD method 
Research Needs  
Current practices of traffic impact analysis (e.g. trip generation estimation) rely on rates and adjustments from the Institute of Transportation Engineers (ITE) that are believed to understate the traffic benefits of MXD development. 
· Accurately estimate the proportion of trips that remain within the MXD (internal capture) 
· Estimate shares of external trips served by alternative modes (e.g. transit and walking) 
· Weakness of ITE method
· Primarily focus on individual, single-use suburban developments (auto mode, Origin-Destination lie outside the development), few land use types 
· Large standard deviation, small sample size
· Development scale, land use context of development, and mode shift are not considered 
Samples 
239 MXD sites from 6 metropolitan regions are studied where each region has regional household travel survey and parcel-level land use classifications. The metropolitan regions are Atlanta, Boston, Houston, Portland, Sacramento, and Seattle. Travel and built environment data are pooled and consistently defined. There are 35,877 trip ends (from/to/within 239 MXD sites). 


MXD definition: 
A mixed-use development or district consists of two or more land uses between which trips can be made using local streets, without having to use major streets. The uses may include residential, retail, office, and/or entertainment. There may be walk trips between the uses.
Trip Purposes
· Home-based Work Trips (HBW)
· Home-based Other Trips (HBO) 
· Non-home-based Trips (NHB) 
The same trip purposes are used in the SPM travel model. 
Travel Modes
· Internal trip (trips remain within MXD sites, hereafter, internal capture) 
· External trip
· Walk 
· Transit 
· Private vehicle trip length 
The first 3 modes are used in the SPM travel model. 
Conceptual Framework 
[image: ]
Traveling from/to/within MXD sites is conceived as a series of choices that depend on D variables. SPM travel model considers travel modes and D variables within the red box only. Due to weakness of current ITE practices mentioned above, the goal is to adjust ITE trip generation rates downward.   
1. Deduct trips that remain within the MXD sites (internal capture) from ITE trip generation rates 
2. Deduct trips that leave the MXD sites with walking and transit (external walk and external transit) from step 1. Assume that transit trips and walking trips substitute for auto trips (not for supplement). 
3. For external private vehicle trips, travelers choose a destination (near or far). 
The first 2 steps of deducting ITE rates are used in the SPM travel model. Note that internal trips and external trips with walking/transit account for 29% of total trip ends studied in EPA MXD. 
Models
[image: ]
Choices that travelers face are modeled by a 3-level hierarchical model where there are 35,877 observations on Level 1, 239 observations on Level 2, and 6 observations on Level 3. This hierarchical model accounts for dependence among observations (e.g. all trips from/to a given MXD share the characteristics of this MXD.) The hierarchical model also overcomes limitations of independence assumption of Ordinary Least Squares regression. 
Models apply to both trips produced by and trips attracted to MXD sites. Models are estimated separately by 3 trip purposes. 
Dependent Variables: 
· Choice of internal destination (internal vs. external) 
· Choice of walking on external trips (walk vs. other)
· Choice of transit on external trips (transit vs. other) 
· Distance of external trips by private vehicle 
The first 3 dependent variables are used in the SPM travel model. 


Independent Variables: 
	Level 1

	CHILD
	Variable indicating that the traveler is under 16 years of age

	HHSIZE
	Number of members of the household

	VEHCAP
	Number of motorized vehicles per person in the household

	BUSSTOP
	Dummy variable indicating that the household lives within 1/4 mile of a bus stop

	Level 2

	AREA
	Gross land area of the MXD

	POP
	Resident population within the MXD

	EMP
	Employment within the MXD

	ACTIVITY
	Resident population plus employment within the MXD

	ACTDEN
	Activity density per square mile within the MXD. (POP+EMP)/AREA

	DEVLAND
	Proportion of developed land within the MXD

	JOBPOP
	Index that measures balance between employment and resident population within MXD. 

	LANDMIX
	Diversity index that captures the variety of land uses within the MXD. 

	STRDEN
	Centerline miles of all streets per square mile of gross land area within the MXD

	INTDEN
	Number of intersections per square mile of gross land area within the MXD

	EMPMILE
	Total employment outside the MXD within one mile of the boundary

	EMP30T
	Share of total regional employment accessible within 30-min travel time of the MXD using transit

	EMP10A
	Share of total regional employment accessible within 10, 20, and 30-min travel time of the MXD using an automobile at midday

	EMP20A
	

	EMP30A
	

	STOPDEN
	Number of transit stops within the MXD per square mile of land area

	RAILSTOP
	Rail station located within the MXD

	Level 3

	REGPOP
	Population within the region

	REGEMP
	Employment within the region

	REGACT
	Activity within the region

	SPRAWL
	Measure of regional sprawl


where: 

Variables that are statistically significant in any of Internal Trips, External Walking and External Transit by 3 types of trip purposes are highlighted in green. 
Note that BUSSTOP was included in Ewing et al.’s paper but not in consultant’s methodology. And RETPOP was not in Ewing et al.’s paper but was in consultant’s methodology. 
Note that SCAG staff summarize model results relevant to SPM travel model specifications only (i.e. external trip length model is not discussed here.) 
Form 
Models take logarithmic (natural log) form where 
· dependent variables are natural log of the odds of a traveler making a trip with both ends within an MXD, making an external trip by walking or transit, and 
· independent variables are natural log values of all aforementioned independent variables, and 
· coefficient values are arc elasticities of odds with respect to the independent variables. 

Note that error term is not written in consultant’s methodology. 
Results
The odds of an internal trip decline with household size and vehicle ownership per capita, and increases with variables measuring Development Scale, Diversity, Design, and Demographics, depending on trip purposes.  
	Internal Trips

	D variables
	
	HBW
	HBO
	NHB

	
	Constant
	-
	-
	-

	Development Scale
	AREA
	
	+
	+

	Diversity
	JOBPOP
	+
	+
	

	Design
	INTDEN
	
	+
	+

	Demographics
	EMP
	
	
	+

	
	HHSIZE
	-
	-
	-

	
	VEHCAP
	-
	-
	-

	
	Pseudo-
	0.01
	0.2
	0.3




For external trips, the odds of walking decline with household size, vehicle ownership per capita (Demographics) and the land area of an MXD (Development Scale), and increases with variables measuring Density, Diversity, Design, and Destination Accessibility, depending on trip purposes.  
	External Trips Walking

	D variables
	
	HBW
	HBO
	NHB

	
	Constant
	-
	-
	-

	Development Scale
	AREA
	
	-
	

	Density
	ACTDEN
	
	+
	+

	Diversity
	JOBPOP
	+
	+
	

	Design
	INTDEN
	
	
	+

	Destination Accessibility
	EMPMILE
	+
	+
	+

	Demographics
	HHSIZE
	-
	-
	-

	
	VEHCAP
	-
	-
	-

	
	Pseudo-
	0.19
	0.51
	0.64



For external trips, the odds of transit use decline with household size and vehicle ownership per capita (Demographics), and increases with variables measuring Density, Design, Destination Accessibility and Distance to Transit, depending on trip purposes.  
	External Trips Transit

	D variables
	
	HBW
	HBO
	NHB

	
	Constant
	-
	-
	-

	Density
	ACTDEN
	
	+
	

	Design
	INTDEN
	+
	
	

	Destination Accessibility
	EMP30T
	+
	
	+

	Distance to Transit
	BUSSTOP
	+
	+
	

	Demographics
	HHSIZE
	-
	-
	

	
	VEHCAP
	-
	-
	-

	
	Pseudo-
	0.47
	< 0
	< 0



Note that there are statistically weak models where Pseudo- values are extremely low and even negative. In consultant’s methodology, findings on length of external trips are presented (direct copy and paste from Ewing et al.’s paper) even though this variable is never used in the SPM travel model. 
The first 7Ds are modeled by EPA MXD method and each is quantified by statistically significant variables. The EPA MXD method establishes quantifiable relationships between an MXD’s internal and external traffic generation and the Ds.  
	Density

	ACTDEN

	Diversity

	JOBPOP

	Design

	INTDEN

	Destination Accessibility

	EMPMILE

	EMP30T

	Distance to Transit

	BUSSTOP

	Demographics

	EMP

	HHSIZE

	VEHCAP

	Development Scale

	AREA



Validation 
The EPA MXD method was validated against multiple MXD sites for which external traffic counts were available. It seems that the consultant has access to a more recent version of validation report. 27 MXD sites are reported in consultant’s methodology; but only 22 MXD sites are reported in Ewing et al.’s paper. Since the consultant does not explicitly list the locations of 27 MXD sites, the following statements are derived from Ewing et al.’s paper. 12 out of 22 MXD sites are located in California; among these 12 sites, 3 MXDs are from SCAG region (City of Irvine). The MXD sites are diverse and vary in terms of 7Ds. 
Validation results show that EPA MXD method is capable of predicting wide range of internal trip rates and mode share of external trips, taking into account of 7Ds. Compared to observed external traffic counts, external vehicle traffic predicted by EPA MXD method shows statistically strong association (lower RMSE percentage and higher value). Compared to ITE trip generation rates, EPA MXD method produces more accurate numbers.  
Note that in consultant’s methodology, existence of sidewalk and the balance of housing and retail are found statistically significant. However, none was validated in Ewing et al.’s paper. 

Limitations 
· MXD sites in the SCAG region were not included in the sample. 
· Focus on MXD effects on external trip generation (microscale built environment features and their influences on short-distance driving and non-motorized trips are not modeled).
· Hierarchical modeling: binomial mode choice (walk or not, transit or not) rather than multinomial mode choice (walk, transit, or auto). 
Vehicle Ownership 
Vehicle Ownership information is used in SPM travel model to compute the variable (VEHCAP) in estimating odds of travel by trip purposes. Calculation of vehicle ownership is based on regression model developed by SCAG. 
Samples 
SCAG regression model is derived from 2009 National Household Travel Survey. The survey sample size is about 6,700. 
Independent Variables 
The following variables are used in the regression model: 
	Independent Variables
	

	# of Household Workers
	+

	# of Household Members (< 16 yr old)
	-

	# of Household Members (16-64 yr old)
	+

	# of Household Members (> 64 yr old)
	+

	Median Household Income (in $10,000)
	+

	within buffer
	-

	within buffer
	-

	Diversity by Tier2 TAZ
	-

	Intersection Density (3- and 4-leg)
	-

	
	-

	Job/ Housing Ratio within 5 mile radius
	-

	within 1/2 mile of major bus
	-

	 within 1/2 mile of major rail station
	-






Model 


Note that in consultant’s methodology, 3+ vehicle ownership is not included and buffer radius of bus and rail stations is specified as ¼ mile even though independent variables are specified as ½ mile. 
Accessibility 
In order to match land use distribution specified in both SCAG ABM and SPM (they may be different), skim files from SCAG ABM are re-balanced through Fratar Factoring to account for regional and local accessibility measures. The variation is accounted for by counting up the amount of dwelling units and employment within a variable distance of each TAZ. 
Regional context 

where  is the trip distance for each TAZ,  is the feature value  from specified fields. 
Local context 

where  is ¼ mile and 1-mile buffer distance.
Note that in the consultant’s methodology, it is said accessibility is measured for each gridcell. It is unclear whether the buffer distance is an average value for each TAZ, whether each gridcell on a TAZ would have the same summed buffer value, and whether specified fields here refer to aforementioned dwelling units and employment. 
SCAG staff is not sure how the accessibility is integrated into the SPM travel model due to lack of description in consultant’s methodology. 

VMT Calculation 
The VMT calculation in SPM travel model follows the steps described below: 
Base Trip Generation 
Use the ITE daily trip generation rates and multiply the rates by the area of each land use types within the unit of analysis. Note that the base trips do not take into account the trip-reduction benefits of 8Ds. 


Base Trip Generation by Trip Purposes 
The total trips calculated in the previous step are divided into trips by trip purposes (HBW, HBO, and NHB). In SPM travel model, such division ratios are from National Cooperative Highway Research Program (NCHRP) Report 365. Ratios are based on types of unit of analysis (e.g. CBD, non-CBD, urbanized areas with # of population). 

where   and   is the percentage of trip generation made for a trip purpose of types of area where the unit of analysis is located 
Note that a more recent report (NCHRP Report 716) is released by TRB to update Report 365. SCAG staff is not sure whether current SPM travel model uses the numbers from Report 716. 

External Auto Trips Generation by Trip Purposes 
This is where the EPA MXD method is brought into the SPM. Results from the EPA MXD method, namely log odds of internal trip, external trip with walking, and external trip with transit, are utilized in this step in order to deduct internal trips, external trips with walking and external trips with transit from the ITE trip generation, which leaves external auto trips only. 




where
 and  ,  , and  are percentage of travel modes based on MXD log odds computation. 
Note that in consultant’s methodology, this equation is misconfigured and there is no explicit statement about how to convert EPA MXD results to aforementioned percentage by travel modes. The log odds estimates of internal capture or external trip with walk or external trips with transit should be first exponentiated, then be converted into probabilities using the formula: 


VMT of unit of analysis 
The results from the previous step (external auto trip generation by trip purposes) are then multiplied by each unit of analysis’ regional accessibility matrix to calculate the VMT of unit of unit of analysis. 

where 
 and 
Here, is the TAZ-level trip attraction from SCAG ABM trip tables by trip purposes. 
Note that in consultant’s methodology, it is said the calculation of regional accessibility matrix is from SCAG ABM trip table and is about travel time; but the regional accessibility matrix is also defined by distance-variable buffer equations. SCAG staff is not sure whether or how distance-variable buffer equations are utilized in this step due to the absence of description. 
Other Measurement
· Regional VMT

· Regional Base Trips

· Regional Walk Share 

· Regional Transit Share 

Note that in consultant’s methodology, the Regional Walk Share is written as Regional Walk/Bike Share even though bike is never modeled in EPA MXD method. 
8th D: Demand Management 
The Demand Management factor is quantified in SPM travel model at the regional level, using relationships reported in Quantifying Greenhouse Gas Mitigation Measures (published by CAPCOA, hereafter CAPCOA method). 
Demand Management Strategies  
· Pricing (auto operation cost) 
· Fuel charge 
· VMT charge 
· Roadway tolling 
· Transit Level of Service Improvement 
· Parking Policies (including pricing) 
· Employer Trip Reduction Programs 
The above demand management strategies (major categories) are considered in SPM travel model. Note that in the consultant’s methodology, there is not any specific demand management strategy discussed. Hence, no equation from CAPCOA method is drawn. 
Equation 

where  is set by policies and is defined by CAPCOA. 
Other Outputs 
Along with regional VMT estimated by SPM and the number of existing and future lane miles of transportation network provided by SCAG ABM, SPM estimates: 
· Average regional travel speed 
· Refine estimate of GHG and other emission per VMT 
Methods 
· TTI: Traffic data collection
· Oregon DOT GreenSTEP model: relationship between regional congestion index and regional VMT per lane mile 
Note that in consultant’s methodology, this method is not discussed. SCAF staff is not sure whether this method is implemented in current SPM build. 

1

image1.jpg
Trip Ends

Extemal Destination

Intemal Destination

e

Walk Mode

Transit Mode

Private Vehicle Mode

Extemal Trip Distance





image2.png
Level 3
Regions

Level 1





