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Introduction

The Association of Monterey Bay Area Gowernments (AMBAG)is the federally
designated Metropolitan Planning Organization (MPO) for Monterey, San Benito and
Santa Cruz Counties to carry out metropolitan transportation planning activities,
including implementation of California Senate Bill 375 EB375) and the Sustainable
Community Strategies (SCS)and to develop and maintain a Regional Travel Demand
Model (RTDM). In addition to working with the 18 cities and 3 counties within the
region, AMBAG works closely with the following public agencies within the MPO region
that have an interest in or are users of the AMBAGRTDM

Regional Transportation Planning Agencies (RTPA)
A Council of San Benito County Governments (SBtCOG)
A Santa Cruz County Regional Transportation Commission (SCCRTC)
A Transportation Agency for Monterey County (TAMC)

Transit Agencies
A Monterey-Salinas Transit (MST)
A Santa Cruz Metropolitan Transit District (SCMETRO)

Air Quality Agency
A Monterey Bay Unified Air Pollution Control District (MBUAPCD)

State Department of Transportation
A California Department of Transportation (Caltrans)

Aside from severalcities that have developed local-scale models, the AMBAGRTDM
serves as the primary forecasting tool for the jurisdictions in the Monterey Bay Region.

The AMBAG planning area is situated between Silicon Valleyand the San Francisco Bay
Area to the north and San Luis Obispo County to the south in California's North Central
Coast area Monterey and Santa Cruz counties are situated along the coast and contain
most of t{pdpeatian anel anfpyment . Monterey County also supports a
significant agricultural industry that is generally located in the Salinas River Valley San
Benito County is located to the east of Monterey County and is mostly rural. Monterey
and Santa CruzCounties tend to include more higher -income households.
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In 2010 the population of the AMBAG region was just over 732,708 with an average of
3.1 persons per household Most of the population (nearly half a million) is
concentrated into the 18 cities covering approximately 65,000 acres In 2035 the
population is expected to exceed 885,000, representing a 21% increase from 2010, and
an average of 3.0 persons per household and a population density of 179 people per
square mile. Employment in the region is expected to increase from over 308,400 in
2010 to approximately 372,799 in 2035, a 21% increase



AMBAG Growth Forecast: 2010 -2020-2035

Year 2010 2020 2035

Population 732,708 800,000 885,000
Households 261,394 280,687 303,147
Employment 308,400 344,500 372,799

AMBAG RTDM Update for 2010 Base Year

The 2014 AMBAGRTDM is an entirely new travel demand model estimated and
calibrated to 2010 conditions using data from the 2010 California Household Travel
Survey (CHT$ Census, employment, ad traffic data from that same year. The model
utilizes innovative techniques to capture travel behavior at a more individual -based level
and incorporates disaggregate level data into some of the modeling stages. The
primary reasons for introducing more d isaggregate level data into the model was to
assist in addressing elements of SB 375, and to pave the way for a possible transition to
a tour-based modeling approach in the future. This updated model is a traditional four -
step trip-based approach, and assuch includes models for Trip Generation, Trip
Distribution, Mode Choice, and Trip Assignment. Specific differences compared with
traditional approaches, and described in more detail later in this document, include a
population synthesis to drive the trip generation socioeconomic variables, calculation of
the 4D variables (Density, Diversity, Design, and Destinationslusing GIS techniques to
support inputs to various model stages, the use of person-based trip rates, destination
choice model for the trip di stribution, and a mode choice component designed and
estimated entirely from the survey. The model also employs a highly convergent traffic
assignment algorithm.

The model is comprised of four primary time periods, an AM Peak Period defined as
6:00 AM to 9:00AM, a PM Peak Period from 4:00°PM to 7:00PM, a Mid-day Period from
9:00AM - 4:00PM and an EveningPeriod from 7:00PM to 6:00AM. The model is
calibrated to Average Annual Daily Traffic (AADT)count data wherever available The
AADT calibration is based on summing the assigned flows for the four periods and
comparing them against the AADTs from Caltrans and local jurisdictional count sources
The Percent Root Mean Square Error (%RMSH} 28.94% systemwide, 17.91% on the
highways, and 20.96% on major arterials. As per the modeling guide established by
FHWA and various peerMPOs, the level of calibration of the current AMBAG RTDMis
within the acceptable range and has taken care not to over fit the base year model to



observed conditions. Overall, the AMBAG RTDMmaintains appropriate levels of
sensitivity and forecasting ability.

The new model represents a significant improvement in functionality to the previous
RTDM The updated AMBAG RTDM has implemented most of the short-term and
medium-term model improvement recommendations from the 2011 Travel Model
Improvement Program (TMIP) peerreview. A peer review of the updated RTDM took
place in August of 2013.

The CHTSdataset for the AMBAG region was comprised of approximately 2000
Household records, of which approximately 1800 were related to weekday travel. The
household weights were calculated using household size and Censusdesignated
regions from the 2010 Census.
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Dispersion of survey households

The model utilizes household size categories (+ 5+) from the 2010 Census Summary
File 1 dataset at the block level, along with a combination of Urban Area Clusters and
Census Place boundaries in generating the survey weights Prior to adopting this

methodology, oth er classification combinations were tried, but none seemed to fit as

reasonably as the chosen means



Weights by geographic region and household size

Area 1 2 K] 4 5
Hollister 104.2| 73.8| 89.7| 102.2 | 224.3
Monterey Peninsula 233.6| 141.6| 199.3| 182.7| 338.8

North Hills Santa Cruz | 183.6| 148.0| 177.2| 171.4| 171.4

Prunedale 57.1| 68.5]| 103.0| 295.8| 295.8
Salinas 178.8 | 146.1| 203.4| 238.8| 346.0
Santa Cruz 169.9 | 159.7 | 191.9| 208.6 ( 208.6
Watsonville 285.7| 231.9| 305.1 | 492.1| 492.1
All Others 195.1] 98.5| 126.9| 171.3| 461.0

Travel behavior in the AMBAG region is especially difficult to simulate for a number of
reasons First, the region hasa high variability in residential density and has a very large
rural component, particularly in the eastern and southern sections of the area. The
region also has high income variability, which further complicates the process of linking
the residential and employment zones so necessary to explaining travel behavior in the
region. Heavy commuter travel and interregional travel to the San FranciscoBayarea
and a high number of people telecommuting complicate matters further. In addition,
the region has a rich collection of tourist activities and special eventsoccurring on
weekends and during different seasons There are also significant agriculture activities
from farm workers making seasonal transient (field-to-field) trips and goods movements
by freight modes such as trucks The region experiences a wide variation in rural and
urban characteristics with significantly longer trip len gths in rural areasresulting in
higher VMT and peak spreading and a more rapidly aging population in and around
coastal communities. The AMBAG RTDMhas addressed these aspects well though the
deployment of a disaggregated person based trip generation mo del and a destination
choice model for many of the home -based trip purposes.

The next sections will explain thecritical inputs, model components, and the supporting
sub-routines.



Travel Analysis Zones (TAZ) and Network Geography

The TAZ Gegraphy used in the AMBAG RTDMis an aggregation of 2010 Census Block
boundaries. The geography is very similar to that submitted to the Census by AMBAG
as part of the TAZ delineation process The zone structure is comprised of 1710 zones
including 10 external zones that serve as the primary gateways to the study area
Although many of the TAZ boundaries are irregular in shape, they meet the population
and household threshold guidelines set forth by the Census and are consistent with the
measures of contiguousness and compactness For this model, geographic consistency
with the Census Block and Block Group layers is critical for proper evaluation of the
population synthesis. Since a disaggregate population drives the trip generation, the
TAZ boundariesare not critical for the production trip end . They are necessary for the
evaluation of the attraction model, which is more traditional in nature and includes
employment aggregated to the TAZ level by employment sector. Although the current
TAZ layer hasslightly fewer zones than the previous model, the zone size is appropriate
for the resolution of the model .

The network geography is based on individual county centerline files merged together
to form a single connected layer for the three-county region. The line geography was
conflated using recent aerial photography for the AMBAG region and other sources
such as Google Earth There were varying resolution qualities throughout the three
country region, with San Benito County requiring the most attention and effort . The
critical attributes of functional class, number of lanes, and posted speed were all verified
and adjusted as necessary based on AMBAGgonsultant, and stakeholder review. In
addition, appropriate parameters for the volume delay function are coded as link
attributes and populated using a look -up table that varies these parameters by
functional class of roadway.

The line layer used in the model is an all streets network, although for the highway
mode component of the model, centroid connectors generally connect to the more
major local roads and other higher classified facilities such as collectors and minor
arterials. The remaining local streets do remain in the model network and do not seem
to create any problems, and are primarily used as access links for other modes such as
walking and bicycling. In addition, the roadway network is consistent with the bike
network and includes bike-only facilities (such as paths), and attributes that denote links
as bike routes and their type (e.g. bike route, bike lane on street, etc.). Ultimately, a
linkage between the AMBAG Bicycle Travel Demand Modelnd the RTDM will exist.



The transit network for the updated model includes an inventory of all th e bus routes

and stops and their variations derived from the General Transit Feed Specification (GTFS)
submitted by the three various transit agencies (Monterey-Salina Transit, Santa Cruz
Metro, and San Benito Express) The GTFS data was imported directlyinto TransCAD

and conflated to the highway network . The routes were then verified one by one, along
with a tabulation of the headways by time of day . The route system is believed to be an
accurate representation of the multi-agency transit system It consists solely of bus
routes, although the model structure supports inclusion of additional modes . The use of
GTFS data indeveloping the model saved significant person hours of route and stop
coding.

The link capacity per direction of travel utilized in the Traffic Assignment stage of the
RTDM is calculated using a combination of link characteristics, each of whichhas an
effect on reducing the capacity from its ideal capacity. These reductions are based on
adjustments to the maximum hourl y service flow prescribed in the 2010 Highway
Capacity Manual (HCM). The link capacities are based on théactors described below.

Functional Class - The roadway Federal or State Functional Qassifications (FC) are
assigned to each link as follows:

1 - Interstate

2 - Other Freeways and Expressways
3 - Other Principal Arterial
4 - Minor Arterial

5 - Major Collector

6 - Minor Collector

7 - Local

33 - Proposed Facility

44 - Transit Only Link

77 - Ramp

88 - Bike or Pedestrian Trail
99 - Centroid Connector



Posted Speed - The posted speed of the roadway facilities are measuredin miles per
hour. The rangesof speed for each facility type are:

1 0-25mph
25-35 mph
35-45 mph
45-55 mph
Over 55 mph

= =4 4 A

The following table illustrates the capacities in passenger cars pe& hour per lane (pcphpl)
by functional class and posted speed prior to any area type or lane width adjustments.

Speed ranges in miles per hour

(mph)
Functional Class FC Ideal Capacity | 0-25 | 25- | 35- 45- | >55
Code (pcphpl) 35 45 55
Interstate 1 2200 1600 | 1800 | 1900 | 2000 | 2200
Expressways/Freeways 2 2350 1600 | 1800 | 2000 | 2200 | 2350
Principal Arterial 3 2000 1500 | 1700 | 1800 | 1900 | 2000
Minor Arterial 4 1800 1400 | 1500 | 1600 | 1700 | 1800
Major Collector 5 1600 1200 | 1300 | 1400 | 1500 | 1600
Minor Collector 6 1400 850 | 900 | 1000 | 1000 | 1000
Local 7 1000 850 | 900 | 1000 | 1000 | 1000

Area Type - The urban classification of eachlink is based on the number of access
points to abutting land uses along the link . The classificationsand the reductions in
ideal capacity based on the HCM areas follows:

Area Type Access Points per Mile \ Reductions
1 Rural 0to 10 1.0 (no reduction)
2 Suburban 10to 20 0.94
3 Urban 20 to 30 0.90
4 Dense Urban 30 + 0.88
9 Commercial 30 + 0.88




Lane Width - The width of the each travel lane is measured in feet, with the following

adjustments:

Lane Width

Freeway and Multi -

Two-Lane

12 feet or more

Lane Roadways
1.0 (No adjustment)

Roadways
1.0 (No adjustment)

11 feet

0.97

0.94

10 feet

0.91

0.87

9 feet or less

0.87

0.76

The factors above are appliedto the following ideal capacities (or maximum service flow
rates, in passenger cars per hour per lane (pcphpl):

Facility PCPHPL

Interstate 2,200
ExpresswaysFreeways 2,350
Principal Arterial 2,000
Minor Arterial 1,800
Major Collector 1,600
Minor Collector 1,400
Local 1,000

It is imperative that users of the model provide values for Functional Class, Posted
Speed, Area Type, and Lane width.

Using the above classifications of link parameters and all possible combinations, there
are 700 possibilities for link capacity on a per lane bases. (7 Function classes x 5 speed
categories x 5 Area Type classifications x 4 lane width categories = 700)

10



The final lane level capacity based on functional class and speed is calculated using the
following expression:

Capacity per Lane = Ideal Capacity x f , X facc

where:
fs = Adjustment due to lane width
facc= Adjustment due to access point density (area type)

To obtain the total directional hourly capacity, the Capacity per Lane is multiplied by t he
number of lanes in each respective direction (AB and BA)

Period Multipliers - Since the RTDM is divided into four time periods, each of varying
length, the hourly capacity is multiplied by a factor representative of that period. For
the three-hour AM (6:00-9:00 AM) and PM periods (4:00-7:00 PM),the multiplier is 2.5.
This provides a slight reduction in the overall capacity to account for the shoulder
periods in the AM and PM peak periods, which do not exhibit as heavy of a flow pattern
as the heaviesttwo hours. The mid-day period, occurring between 9:00 AM and 3:00
PM utilizes a multiplier of 4, and for Night, (7:00 PM - 6:00 AM) the period capacity
multiplier is 5.

Special Links - The RTDM also includes links that are utilized for specific purposes
such as walk access and transionly links.

Centroid Connectors - These links provide a connection from the node in the line
layer that represents the TAZ centroid to the main model network, typically comprised
of Collector or high classified roads.

Transit-only Links - These links provide a route for fixed-bus route service to use and
are generally excluded from use by non-transit vehicles. They are in the model line layer
to help provide access to the transit system.

Bike or Pedestrian Paths - These linksrepresent exclusive rights-of-way for the
pedestrian and bike modes. They are used in the walk and bicycle skimming process and
not available for use by motorized vehicles.

11



Model Components

The Trip Generation model forecasts trip productions and trip attractions at the zonal
level for seven primary trip purposes: Home-BasedWork (HBW), Home Based Shopping
(HBShop), Home Based School (HBSchool), HomeBasedUniversity (HBUniv), Home
BasedOther (HBOther), Non-Home-Based Work (NHBW), and Non-Home-Based Other
(NHBO), and Visitors (to shopping and tourism sites) NHBW refers to trips that at are
Non-Home-Basedbut have one trip end at a work location . NHBO trips are similar
except that neither end of the trip is a work location . The visitor model is split into two
market segments: Visitors to Shopping sites (Visitor_Shop) and Visitor to Tourism sites
(Visitor_Tourist) The visitor purposes are the only models not fully supported by the
travel survey. They are based on previous AMBAG modelirg efforts with some
modification.

Anchoring the socioeconomic component of the model is a sophisticated nested
population synthesis routine. This routine utilizes data at three levels to derive a
synthetic population consistent with a ttributes found at the Census Block and Block
Group levels. The routine utilizes the 5% Public Use Microdata Sample (PUMS) from the
Census and consistent with the Public Use Microdata Area (PUMA) boundaries CHTS
data points were also utilized to augment the PUMS data, requiring household weights
to be re-calculated the for input PUMS data set. The population synthesis utilizes input
data at the block and block group level and matches those household characteristics
where ever possible For example, sirce the household size variable is available at the
block level, the procedure matches the household size distribution at the block level,
whereas income is only available at the block group level, so the synthesis matches this
at the block group level.

12



The following attributes are output at the person and household levels and matched
against the appropriate census aggregation (block or block group) and are later used as
inputs into the trip generation model:

For Households:

Household Size

Vehicles in Houselold

Income Category

Tenure (own or rent)

Number of Children under 18 in Household

Number of persons above 65 years of age in household

v > > D

For Persons:

A Age

Employment Status

Sex

Enrolled in School
Education Level Attained
Race

Worker Status

> > > > > >

The population synthesis outputs a synthetic population of 237,221 households, which
compares favorably with the Census Blockbased tabulation of households.

Since the population synthesis generates a disaggregate and relational population of
households and persons, we canutilize variables at either level for input into the trip
generation. In addition, this approach allows us to introduce additional lifestyle -based
explanatory attributes into the trip generation model to seek a richer understanding of
the underlying characteristics affecting travel choices It also permits us to maximize our
data availability and devise statistical correlations that may not have been readily
apparent.

Trip productions for the home -based trips are calculated at the personlevel using
output obtained from the population synthesis described earlier . The overall structure
of the trip production models are cross -classification models, which each purpose utilize
a different set of classification variables. Below is a summaryof the variables used for
each purpose and the variability in the trip rate.

13



Income Age Area
Group 9 Type

Workers/ Autos/ Worker
Purpose HH Worker Autos/HH | Persons/HH Status
W X

HB X X

HBShop X X X X

HBSchool X

HBUniv X X
HBOther X X X X

For the classification variables shown above, the following are the groupings possible
using the CHTS and the Census data at the block and block group levels.

Workers/HH: 0, 1, 2, 3+ (discrete variable)

Autos/Worker: 0, <1, 1+ (category variable)

Autos/HH: 0, 1, 2, 3+ vehicles in household (discrete variable)
Persons/HH: 1, 2, 3+ (discrete variable)

Worker Status:0 or 1; 0- no, 1 - yes

Income Group($): 1: 0- 25,000, 2: 25,000 50,000, 3: 50,000- 75,000, 4: 75,000
100,000, 5: D0,000- 150,000, 6: 150,000 200,000, 7: 200,000+ (discrete variable)

Age:1:0-2, 2: 314, 3: 1417, 4: 18+ (discrete variable)

Area Type:Urban or Rural (discrete variable)

Purpose | Low Rate | High Rate Average Rate | Standard Deviation

HBW 0.398894 | 1.805014 0.926493 0.309866
HBShop 0.06539| 1.013438 0.336513 0.195458
HBSchool 0 0.6650 0.2377 0.2946
HBUniv 0| 0.382599 0.082486 0.124927
HBOther | 0.636969 | 4.635215 1.31889 0.6134

Non-Home-Basedtrips are calculated using employment and number of househol ds in

a regression formulation.




Below is a table that illustrates the correspondence of the forecasted Productions
against those found in the weighted travel survey:

Purpose Modeled Survey
HBW 301,32 325,436
HBShop 192,839 180,236
HBSchool 99,049 100,272
HBUniv 36,836 25,202
HBOther 826,599 766,438
NHBW 186,336 189,997
NHBO 560,304 575,720
Visitor Shop 164,070 n/a
Visitor Tourist 82,497 n/a

Sincemost travel surveys exhibit trip under-reporting, especially for non-work related
trip purposes, the estimated trip rates seem entirely reasonable for this region.

Trip Attractions

Trip attractions are computed using purpose-based regression models with the number
of employees in each sector (based on NAICS code) as the explanatory variable There
are gx sectors in the model: Agricultural Employment, Construction Employment,
Industrial Employment, Retail Employment, Service Employment, and Public
Employment. In addition, school enrollment, university enrollment, and average number
visitors present in the zone during a typical weekday are included as variables in the trip
attraction model . All trip rates used in the attraction models are estimated from the
CHTS records The following are the trip rates used in the model:

15



Purpose CONST K-12 UNIV HOTEL

HB 0.1282 | 1.5278 | 1.5278 | 1.7565 | 0.6299 | 1.073 | 0 | 0.1743 0 |
HBShop 0 0 0 44792 | 0.3043 0 0 0 0 0
HBSchool 0 0 0 0 0 0 0.8113 0 0 0
HBUniv 0 0 0 0 0 0 0 0.4128 0 0
HBOther 0 0 0 0.8948 | 3.6454 | 0.7953 | 1.5430 | 0.1112 0 0
NHBW_P 0 0 0 1.9579 | 0.3455 | 0.4030 | 0.3284 | 0.0929 0 0
NHBO_P 0.8260 0 0 6.2930 | 0.9383 | 0.6606 | 0.8041 | 0.2311 0 0
NHBW_A 0 0 0 1.6116 | 0.5777 | 0.4498 | 0.1184 | 0.0887 0 0
NHBO_A 0.6052 0 0 6.1136 | 0.9690 | 0.6398 | 1.0437 | 0.2306 0 0
Visitor_Shop_P 0 0 0 0 0 0 0 0 2 2
Visitor_Shop_A 0 0 0 2.55 1.9 0 0 0 0 0
Visitor_Tourist_P 0 0 0 0 0 0 0 0 0 3.75
Visitor_Tourist_A 0 0 0 0 0 0 0 0 1.32 0

The trip rates were estimated using the observed attractions in the travel survey.
Caution should be exercised as the attraction rates ae not as reliable as the production
rate calculations, simply because the number of observations (e.g zones with
attractions) in the survey is far fewer and with inconsistent geographic dispersion.
Further, travel behavior on the attraction end of the t rip requires a richer set of
explanatory variables than only number of employees. Overall, the attraction equations
provide reasonable trip totals in relation to the calculated productions and describe the
relative attractiveness of a given zone, as shownin the next section.

16



Trip Balancing

The following table illustrates the aggregate production and attraction totals prior to
trip balancing.

Purpose ‘ Total Production Total Attraction
HBW 301,392 274,981
HBShop 192,839 200,925
HBSchool 99,049 101,094
HBUniv 36,836 24,910
HBOther 826,599 698,773
NHBW 191,332 181,339
NHBO 554,139 566,470
Visitor Shop 164,070 167,384
Visitor Tourist 73,264 82,497

This table indicates the desired balancing technique by trip purpose and the final total.

Purpose Balance Technique Final Total

HBW Hold Productions 301,392
HBShop Hold Productions 192,839
HBSchool Hold Attractions 99,049
HBUniv Hold Attractions 36,836
HBOther Hold Productions 826,599
NHBW Weighted Sum 186,336
NHBO Weighted Sum 560,304
Visitor Shop Hold Productions 164,070
Visitor Tourist Hold Attractions 82,497

17



After Balancing, the productions and attractions are split into Peak and Off-Peak periods
based on the observed time of day factor and input into the appropriate distribution
model. After balancing, the summary of trips per household is as follows:

Purpose ‘ Trips/HH

HBW 1.27
HBShop 0.81
HBSchool 0.42
HBUniv 0.16
HBOther 3.49
NHBW 0.79
NHBO 2.36
Total 10.33

The overall average trip rate of 10.33 trips per household is reasonable when compared
to locally observed data and national guidance.

IX -XI trips are calculated directly by subtracting the through trip percentage of flow at
the external station. These calculations are based solely on the external station survg
completed in 2010-2011. The trips are then distributed using a calibrated gamma
function based on the zone's proximity to the external station . This method proved to
be a flexible and sensible way to create the 1% XI trip interactions. Multiple attemp ts
were made to try to calculate attractions from an internal zone to external using
regression, but these efforts proved to be very unreliable.

18



Below is a graphic showing a key result of the external station survey conducted for the
update of this mod el:

Destination Survey Data Location

Destination Locations
118,682 | AMBAG 1 2 3 4 5 6 7 8 9 10
AMBAG | -- 1,399 947 25,160 | 1,805 | 10,847 | 8,830 | 2,933 | 151 | 3,588 [ 709
1 1,368 -- 0 43 5 9 2 2 0 5 18
o |2 1,008 2 -- 18 0 2 0 0 0 0 0
S [3 25,346 73 10 -- 36 92 14 13 0 9 11
S|4 1,365 3 0 20 -- 43 11 1 1 0 0
3 [s 15,956 3 0 72 35 -- 88 59 1 681 22
;E, 6 8,812 0 0 18 3 94 -- 46 2 2 0
o |7 2,841 3 0 6 2 46 29 - 4 25 3
8 209 0 0 0 0 0 1 3 -- 12 0
9 2,944 4 0 8 0 390 1 22 4 -- 1
10 318 3 0 1 1 4 0 2 0 2 -
Survey Data Location Descriptions: 1 8 Hwy 1 North Gateway, 2 0 Hwy 9 Gateway, 3 & Hwy 17
Gateway, 4 0 Hwy 152 Gateway, 5 & Hwy 101 North Gateway, 6 0 Hwy 25 Gateway, 7 0 Hwy 156
Gateway, 8 06 Hwy 198 Gateway, 9 6 Hwy 101 South Gateway, 10 8 Hwy 1 South Gateway

From this output, the through trip and 1X - XI percentages were developed Those
percentages were then applied to the most recent Caltrans traffic counts at the external
stations to provide the ultimate numbers used in the model . The final daily numbers
used in the model are shown below:

External AADT AADT AADT Fraction Fraction Fraction
TAZ SIS Caltrans (@) D Through Auto Truck
9001 (N:ﬁrtig’“te 1 (AMBAG 5600 2788 | 2810 0.06 0.94 0.06
9002 Congress Springs Road 2700 1411 1288 0.02 0.99 0.01
9003 Santa Cruz Hwy CA17 55000 28395 | 27605 0.01 0.97 0.03
9004 CA 152 6000 2668 3322 0.05 0.97 0.03
9005 CA25 19900 9950 9950 0.02 0.95 0.05
9006 US 101 (AMBAG North) 57000 28500 | 28500 0.06 0.89 0.11
9007 CA 156 13900 6887 7009 0.04 0.72 0.28
9008 CA 198 1100 621 478 0.07 0.76 0.24
9009 US 101 (AMBAG South) 19200 9600 9600 0.15 0.79 0.21
9010 ggu?hc;“te 1 (AMBAG 3200 1600 | 1600 0.06 0.96 0.04
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Highway Skimming

Once the highway network is created, the model performs highway skims from centroid
node to centroid node . Initially, free-flow travel time s are used Using the Method of
Successive Averages (MSA) travel times output from the trip assignment stage are
averaged to obtain congested travel time over a series of model feedback loops. Both
peak and off-peak skim matrices are created Peak skim matrices are based upon the
AM (6AM-9AM) period, however only the 7-9 period is used for the travel times input
into distribution . Off-peak skim matrices are based upon the mid-day (9AM-4PM)
period. The skims are based solely on travel time, and there no times (terminal or
otherwise) added to this matrix prior to input into the distribution model.

After travel time matrices are calculated, intrazonal travel times are calculated using a
methodology that considers the geographic area of the polygon and possible diagonal
length, and then applies a constant speed across that length. This appears to work well
for all zones in the AMBAG region.

Transit Skimming

Similar to highway skimming, transit skims are computed from centroid node to
centroid node, however this process takes place on the transit route layer and its
associated network. TransCAD mnimizes generalized costwhen determining the best
path between origin to destination nodes. The generalized cost is a mix of invehicle
travel times, access, egress and transfer times, waiting timesind fares. The model uses
the Pathfinder method for both skimming and assignment, which combines routes
together into trunk links when determining best paths using a combined headway
approach.

Similar to highway skimming, two skim matrices are calculated:one for the peak period
and one for the off -peak period. The output skim matrices created in this stage are then
utilized in the distribution and mode choice stages of the model.
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The following fields are used when determining the best transit paths:

Field Source

Used for

ABTRANSITTIME & Highway line Transit in-vehicle times for all skim

BATRANSITTIME database matrices

WALKTIME Highway line Access, egress and transfer links

database for walk -local and walk -express

networks, transfer and egress links
for drive -local and drive -transit
networks

ABCONGTIME_AM/OP & Highway line Access lin ks for drive -transit

BACONGTIME_AM/OP database networks

PERIOD_HEADWAY

(PERIOD = AM, PM, MD, OP)

Route layer field

Anticipated Headway by Route

FARE

Route layer field

Cost calculation, with conversion
rate of 20 cents/minute or
$12.00/hour

The following tables are estimated for each skim matrix:

Table Description

GENERALIZED COST

The total weighted cost from origin to destination

FARE

Total transit fare from origin to destination

IN-VEHICLE TIME

In vehicle transit travel time

INITIAL WAIT TIME

First transit combined waiting time

TRANSFER WAIT TIME

Total transfer waiting time on subsequent routes

TRANSFER WALK TIME

Walk times on transfers between routes

ACCESS TIME

Access times

EGRESS TIME

Egress times

DWELLING TIME

Total time spent dwelling on bus

NO OF TRANSFERS

Numb er of Transfers




The trip distribution model for the AMBAG RTDMis comprised of two primary models, a
Traditional Gravity model and Destination Choice model. Traditional Gravity models
calibrated to by trip purpose are utilized for HB School, HBUniv, NHBW, NHBO, and XI
trips. For the HBW, HShop, and HBOther trips, eDestination Choice model is employed.
Overall, both models seem to perform quite well for their respective purposes. Both
models are calibrated for both peak and off-peak periods.

Gravity Model

For trip distribution, the gravity model was implemented for the HBSchool, NHBWork
NHBOther, 1% XI, and Visitor trip purposes.

The following steps were used to obtain the gravity model for the AMBAG RTDM:

A Shortest paths were computed from zone to zone based on travel time and
estimated congested travel times were skimmed from the least cost paths
utilized in the traffic assignment stage. Intra-zonal travel times were
computed based on the average time to the nearest 3 zones.

A The balanced productions and attractions were obtained from the trip
generation stage.

A Friction Factor Computation

In order to compute the friction factors, the origin and the destination zone for each trip
in the survey data was obtained using the andysis tools in TransCAD The trip length for
each trip was determined based on the shortest path matrix. Using the survey weights,
the trip length frequencies were determined on a minute by minute basis for each of the
trip purposes. The trip frequencies were plotted versus trip travel time intervals, and
gamma function curves were fitted to match the observations . It was generally
observed that the best fit was obtained by using two sets of gamma curves for each trip
purpose. One curve was used to model the initial and the peak region of the
observations (generally around 1 6 15 minutes) and the other curve was employed to
model the tail region of the observations (> 15 minutes) . The fitted curves and the
coefficients are illustrated below. The trip interval used to aggregate trip frequencies
was 1 minute for all trip purposes .
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Friction factors were estimated for both Urban and Rural zone sets due to significant
differences in observed trip lengths and travel behavior in the CHTS The general form
of the gamma friction factor curve employed is:

FF =a*(Tima ?*eg 9™
Where
a = Alpha parameter
» = Beta parameter

¢= Gamma parameter

Different gamma function parameters for Beta and Gamma are used for differenttime
regimes. The other parameters of the friction factor function are unchanged over the
entire time interval. The variation of gamma function parameters allowed for a closer fit
of the model trip length frequencies to the survey . Custom parameters were developed
for each trip purpos e and by urban and rural classification. This allowed urban and rural
regions to have different trip lengths. The estimated functions for all purposes and
regions are listed below.
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Period  Purpose Area Type Gamma a Gar;lma Gar:lma Cur\ie(l(ﬁr:]?:;ge B CEge

PK HBSchool | Rural 2777.875378 | 0.327537 0.060707 0.327537 0.060707 10 20 30
OP HBSchool | Rural 2777.875378 | 0.327537 0.060707 0.327537 0.060707 |5 10 30
PK HBSchool | Urban 12003.66575 | -3.917881 1.769152 0.579636 0.073281 (4 10 30
OoP HBSchool | Urban 29662.16926 | -6.398231 3.431916 -0.136983 0.122341 2.629044 10 30
PK HBUniv Rural 54.853946 -17.003256 | 5.024656 1.060674 -0.001751 | 2.339751 25 40
OP HBUniv Rural 15.733933 4.135444 -1.765623 2.266813 0.022935 7.122649 25 40
PK HBUniv Urban 54.853946 -17.003256 | 5.024656 1.060674 -0.001751 | 2.339751 30 35
OoP HBUniv Urban 15.733933 4.135444 -1.765623 2.266813 0.022935 7.122649 30 45
PK NHBO Rural 6848.892453 | 0.038301 0.113218 0.038301 0.113218 10 15 30
OP NHBO Rural 6848.892453 | 0.038301 0.113218 0.038301 0.113218 | 10 20 30
PK NHBO Urban 19933.98133 | -2.085528 0.826318 1.357719 0.046368 | 5.789854 20 45
OoP NHBO Urban 26898.84605 | -3.575873 1.852923 -0.468638 0.244993 2.999989 20 45
PK NHBW Rural 2192.992551 | 0.357246 0.045974 0.357246 0.045974 10 25 30
OP NHBW Rural 2192.992551 | 0.357246 0.045974 0.357246 0.045974 10 25 30
PK NHBW Urban 300.510939 1.99276 -1.70406 1.421039 0.003973 | 2.983617 30 45
OoP NHBW Urban 6946.814051 | -0.670151 0.305289 2.320353 0.016249 9.000004 35 45
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Destination Choice Model

For the HBW, HBOther, and HBShop trip purposes, destination choice models were
estimated. The following section summarizes the destination choice model estimation
methodology and results for these purposes. Since one trip end is at a home location, it
is intuitive to select the other end from a set of destinations.

The destination choice model estimation and evaluation consisted of two steps:

1. Estimating one or more disaggregate destination choice models using the CHTS
data

2. Setting up the models for application at the aggregate (TAZ) level.

Estimation methodology

While destination choice models may appear simple in concept (i.e. a discrete choice

model applied to a set of zones), they are unique in terms of the sheer number of

alternatives that must be included in the choice set. It is therefore generally impractical

to define such discrete choice models by creating a choice tree one alternative at a time

as in traditional mode choice models. For t hi s reason, TransCADO®Ss
tools were usedto create a generic destination alternative with a utility specification that

will apply across all 2ones:

ROQT

Y
Destinations

Since the utilities have to be generic, they cannot involve an alternative specific
constant. For the same reason, they cannot include origin attributes or socio-economic
characteristics, since these data will be common across all alternative deshations (and
hence cancel out of the calculation of utility differences). Further, since the destination
alternatives are aggregated from the disaggregate level (e.g. a shop, parking lot, office,
etc.) to the zone level, a size variable must be consideré in order to maintain
consistency with TAZlevel attractions (Ben-Akiva and Lerman, 1985).
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The choice set of available destination zones for each trip in the survey was carefully
crafted to improve the chance that the model fit choice decisions f rom amongst realistic
options. If we assumed that all TAZs were available to every trip maker, the onus of
explaining the observed choices would fall on the few relevant independent variables
contained in the survey. A better approach is to generate a list of possible destination
zones for each survey respondent, sampling from the set of all available zones.

Several sampling strategies suggest themselves as possibilities for destination choice A
reasonable assumption is to conduct importance sampling, assigning higher weights to
the destinations that are deemed to be more likely to feature in the set . The sampling
approach, however, might require a correction term to remove estimation bias. In
addition, given the determination of sampled choice sets th rough Monte Carlo
simulation, replications are necessary in order to account for the inherent stochasticity.

The total number of zones (1710) in the AMBAGRTDMwas well over the number of
records in the household survey. While importance sampling of TAZs was attempted,
this sparse coverage of chosen TAZs in the AMBAG household survey presented a
unique challenge that required spatial aggregation to a higher level . This aspect is
discussed next.

The AMBAG tracts layer presented adgical aggregation level to pool the TAZs into
larger destinations. The 1710 TAZs cover 156 tracts, each with at least one TAZ being
chosen in the survey. Estimation with this full set of tracts (without sampling) was the
most feasible option.
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Model Re sults

This section describes the outputs of model estimation, including variables used,
estimated coefficients, and model fit.

The Destination Choice models made use of the following variables:

1. The size variable for each tract is thenatural logarithm of the total number of
trips attracted to the tract . The component TAZ-level attractions were taken from
the trip attraction model.

2. Weighted highway skims from origin TAZs to destination tracts. For a given
origin TAZ, the skim to each destination tract was calculated as the average skim
to all TAZs within the tracittshowddengptadt ed by
that the weighted skims were calculated by trip purpose, since the attractions
vary across purposes.

3. Tracts were desigmated as urban or rural based on the dominant types of zones
residing within the tracts. Two tract-level dummy variables corresponding to the
CBD and Urban categories were computed.

4. Various 4D measures were averaged across the zones within the tracts These
included transit stop density, retail employment density and retail + service
employment density.

5. Anintra-zonal dummy variable was employed to capture the short range trips.

The estimation of the destination choice utilized TransCAD's destination choice
procedure. A special script and data format was necessary to develop prior to
commencing estimation. This required a significant effort, but we feel that it was a
worthwhile endeavor that significantly improved our ability to capture the observed trip
length distribution more accurately .
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Estimated models

This section summarizes the destination choice model specifications and coefficients
estimated. This list only includes coefficients for variables found to be significant.

Coefficient Description

B_Time Coefficient of travel time skim

B_RetailEmp Coefficient of average retail employment density
B_RetailServiceEmp | Coefficient of average retail+service employment density
B_Size Coefficient of size variable

B_IZDummy Coefficient of flag indicati  ng Intrazonal choice

It should be noted that the t -statistics for the size variable coefficient estimates are
computed against the null hypothesis "Op p, while the other coefficients are
tested against zero*.

Destination Choice HBW Model

Coefficient Estimate t-statistic
B_Time -0.089403 -29.82
B_Size 0.704892 -8.26*
B_1ZDummy 0.543847 4.04
Rho_bar_squared 0.2485

Destination Ch oice HBShop Model

Coefficient ‘ Estimate t- statistic
B_Time -0.18838 -22.77
B_RetailEmp 0.000347 3.52
B_Size 0.633851 -8.19*
B_IZDummy 0.51972 4.04
Rho_bar_squared 0.4204
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Destination Choice HBOther Model

B Time -0.14836 -42.59
B RetailServiceEmp 0.000128 7.43
B_Size 0.954718 -1*
B_1ZDummy 1.006 16.43
Rho bar squared 0.3798

According to destination choice theory, the coefficient of the size variable should be 1.
We estimated a coefficient for the size variable to determine how different it was from 1
for this data set. We also made alternate estimations after fixing the size variable to 1
and received similar parameter estimates to those listed above The final adopted
coefficients will be determined prior to the final model delivery .

Destination Choice Model Application

While the destination choice models for AMBAG were estimated from the disaggregate
household survey, they are applied at the aggregate level The broad goal is to
distribute a vector of trip productions across destination zones. There were a couple of
noted issues however, during the implementation stage:

1. The estimates did not weight the survey records, so the applied destination splits
could potentially deviate from those in the survey.

2. The models were estimated to distribute zone productions across tracts (not
zones).

After applying the destination choice, the aggregated tract totals (columns) will not
match the input tract attractions . To rectify this, a correction term was added to the
utility formulation and the destination choice model was re -evaluated. This correction
term was the natural logarithm (In) of the ration of the size variable to the computed
tract total. This process was completed iteratively for a total of 10 times.

Once the models were adjusted to replicate the destination splits at the tract level, the
TAZ-to-Tract flows were further split between the TAZs within the tract via a gravity-type
function (Ben-Akiva and Lerman (1985), chapter 9):

0Q 0 Q

Where 0 Q is the probability that a trip originating in zone o will choose destination
zone d; 0 is the size of zone d;00 is the travel time between zones o and d;| is a
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coefficient set to two over the mean trip length and this varied by trip purpose and

origin region (Urban or Rural). For a given origin zone o, the above probabilities over all
zones d within a single tract will sum to unity.

A second round of iterative corrections was done to bring the zone -level destination
shares closer to those in the survey. Modeled trips were compared with survey trips
based upon average trip lengths and trip length frequencies. City-to-city trip

distributions were also compared.

1. M. BenAkivaandS Ler man (1985) oDiscrete
Application

Trip Lengths

t o. TAerMdT\WPreds, Casbntge) MA

Choi

One of the key measures of calibration in the trip distribution model is the comparison
of modeled trip lengths, in minutes, and observed trip lengths derived from the travel
survey. Below is a table illustrating the trip lengths in minutes after the fifth feedback

loop by Urban and Rural classification.

Urban
Purpose Peak (min.)  Off-Peak (min.)

HBW 12.43 12.21
HBShop 6.25 6.20
HBUniv 18.50 17.90
HBOther 7.25 7.23
NHBW 10.49 7.82
NHBO 7.86 6.94
Visitor Shop and Tourist 12.43 12.21
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Rural

Purpose Peak (min.)  Off-Peak (min.)

HBW 21.91 21.83
HBShop 12.67 12.68
HBSchool 14.66 14.99
HBUnv 28.35 29.15
HBOther 13.57 13.67
NHBW 15.75 15.49
NHBO 13.72 13.21
Visitor Shop and Tourist 38.6 39.2

Urban Trip Lengths Derived from Survey

Purpose  Peak Survey (min.) | Off-Peak Survey (min.)

HBW 14.6 13.3
HBShop 6.7 6.4
HBSchool 6.9 9.2
HBUniv 16.6 14.1
HBOther 7.9 9.6
NHBW 11.3 7.9
NHBO 6.7 8.9

Rural Trip Lengths Derived from Survey

Purpose  Peak Survey (min.) | Off-Peak Survey (min.)

HBW 20.4 19.2
HBShop 9.4 9.4
HBSchool 9.1 7.8
HBUniv 18.7 18.1
HBOther 9.9 12.2
NHBW 15.1 15.1
NHBO 12.0 11.3
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Below are graphical displays of the above data for peak and off-peak periods:

Peak Period
35
30
w 25
Q
2 20 m Survey Urban
% 15 | m Model Urban
£
E 10 - B m Survey Rural
Model Rural
5 - |
0 T T T T T T T

HBW  HBShop HBSchool HBUniv HBOther NHBW  NHBO
Trip Purpose

Off-peak Period

35
30
g * m Survey Urban
£ 20
£ ® Model Urban
_E o m Survey Rural
=10 1 i B Model Rural
Tl

HBW  HBShop HBSchool HBUniv HBOther NHBW  NHBO
Trip Purpose

32



The following chart illustrates the modeled trip lengths . Due to differences in how the
distances were calculated between the survey points (pointto-point) and in the model
(centroid-to-centroid), comparison of the two is not consistent.

Modeled Trip Length by Purpose
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Mode Choice

The updated mode choice model for the AMBAG RTDM utilizes a nested logit based
model structure. The model is fully estimated using the 2010 CHTS srvey records and
as such only includes variables found to be significant For the model update, one of
the objectives was to estimate mode choice models that include 4Ds explanatory
variables, the idea being that the model should be responsive to these parameters.

The 2010 CHTS household survey was analyzed to identify variables that might be useful
in explaining mode choice behavior in the AMBAG area In addition, various zonal and
OD-based skim variables were tagged to the survey in order to include the effects of
geographic context, accessibility and network congestion.

At the zonal level, a CBD dummy was generated to capture the unobserved and
perceived benefits of destinations in the mor e urbanized areas of Santa Cruz, the
Monterey Peninsula, and Salinas Average transit stop densities were also computed at
both the origin and destination ends of trips . Parking cost at the destination trip end
was considered for the auto modes, with half the cost used for carpool trips. However,
these effects were found to be either insignificant or resulted in counter -intuitive
coefficient signs.

Congested highway and transit skims (including in-vehicle and egress walk times) were
tagged to the survey, making sure that AM and PM peak period trips used the skims
from the appropriate time of day . Highway skims were used for the school bus mode.

The 2010 CHTS dataset contained limited trip records that used transit as the mode of
travel. This data limitation meant that the transit mode could not be reliably estimated .
A practical work-around to include transit in the mode choice models is discussed later.

Weighted nested and multinomial logit model estimations were conducted using the
Nested Logit Egimation procedure . Adjusted rho squared (” ) values, denoted
henceforth as rho_bar_squared, are reported as a measure of model fit to the survey
data. Standard t-statistics are presented as an indicator of the relevance of the different
variables in the mode choice context.
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Model Estimation Results

This section summarizes the final estimated model specifications and utility coefficients
identified for various trip purposes . One objective was to estimate separate mode
choice models for the peak and off-peak periods. However, no significant difference
was observed for any of the purposes. A combined model was therefore estimated for
each of the purposes.

The estimated models are a series of logit models (multinomial or nested) that vary by
trip purpose and by peak/off -peak periods. For most purposes, the following travel
modes are estimated:

1 Auto drive alone
1 Auto shared ride (carpool)
T Walk
1 Bike

As stated eatlier, the limited sample sizes in the travel survey (particularly with transit as
the chosen mode) prevented a deeper nesting structure, the estimation of more sub-
modes, and the inclusion of variables such as transit fare and transit irvehicle travel
time. School Bus and Other modes were added as needed to captue purpose-specific
situations. Asserted models give you the ability to define more detailed and complex
models, however their parameters and coefficients may not be consistent with survey
observations.

A full complement of mode -specific constants was estimated in each case, typicajl
using the bike mode as the base. Where the t-statistics of the constants were found to
be low, they were still retained (at a lower confidence level) to maintain model
estimation integrity in the face of missing variables.

In some cases, the Auto nest €omprised of Drive Alone and Shared Ride modes) was
retained in the model while the corresponding logsum coefficient was fixed at 1 . This
was done because the estimation procedure did not identify a coefficient significantly
different from 1.

Systematic uilities for the various modes are denoted by w (Drive Alone),w (Shared
Ride),w ,®w ,® (School Bus)andw
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The mode choice constants were subsequently recalibrated to better match the
weighted shares observed in the household survey. Separate sets of constants were
estimated to differentiate between peak and off -peak effects.

List of mode choice model coefficients

Coefficient Description

C_DA Mode -specific constant for Drive Alone

C_SR Mode -specific constant for Carpool

C_Walk Mode -specific constant for Walk

C_Bike Mode -specific constant for Bike

C_SB Mode -specific constant for School Bus

C_Transit Mode -specific constant for Transit

B_Time Generic travel time coefficient

B_Time_ DA Travel time coefficient for Drive Alone

B_Time CP Travel time coefficient for Carpool

B_Time_Other Travel time coefficient for Transit and Non  -Motorized
modes

B_Egress Coefficient for transit egress time

B_CBD Coefficient for CBD dummy

B_Park Coefficient for auto parking cost at the destination zon e

B_Monterey Coefficient used to  better capture un -observed transit

travel behavior unique to trips interacting within the MST
service area (NHBO trips only) .

B_TotEmpDensity

Coefficient for total employment density at trip origin

B_IntDensity Coeffici ent for intersection density at trip origin

B_Diversityl Coefficient for retail, service employment and HH
diversity at trip origin

B_Diversity2 Coefficient for retail employment and HH diversity at trip

origin

B_RSE_Density

Coefficient for retail and s
trip origin

ervice employment density at

Theta (Auto)

Logsum coefficient for Auto nest

Theta (Non -Auto)

Logsum coefficient for Non -Auto nest
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Many 4Ds variables were considered in the mode choice models Of the 4Ds variables
tested, only the total empl oyment density variable was ultimately included as the one
having sufficient explanatory power and being statistically significant. The limited
sample size of trip records in the survey may have played a role in the lack of 4Ds
variables successfully inaided, while the CBD dummy showed greater explanatory
power than other 4D variables tested.

Note that the bus mode is used as the base alternative with a mode specific constant of
zero. The nesting structure of each model, along with a list of each model variable and
coefficient and rho-squared result, is presented below:

HBW Model Structure

ROOT

] v,
[E' Nan-Auta ] [C Transit ]
|
] V Y] \

[C DA ] [C SR ] [C Walk ] [ Bike ]

@ 8 6 8OUROYNQQ

@ 6 8 8OUROIdI YQQ4

@ 8 5 &6

® 6 85 QLN MW gYE B HOQE | QO O

A 8 8 80O AL DM gY: & HOQE | QO ®

While the equations above indicate separate skims for HOV and generalpurpose travel
lanes, no such distinction exists in the AMBAG highway network The highway skims
and highway HOV skims were assumed to be the same for model estimation The utility
specification still allows the flexibility to use HOV-specific skims in the future.
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Coefficient Estimate ‘ t- statistic ‘

C_DA 251 15.43
C_SR 1.55 1.85

C_Walk 0.859 3.97

B_Time -0.0194 -4.69
B_TotEmpDesity 0.0002 5.43

Theta (Auto) 0.58 -1.06
Theta (Non -Auto) 0.25 -9.87
Rho_bar_squared 0.4223

It should be noted that the transit mode was never chosen for any of the HBW trips in
the survey. A transit mode was subsequently added to the estimated model to allow
AMBAG to test for transit effects in scenario analysis The generic travel time coefficient
from the other modes was transferred to the transit mode, and local knowledge was
used to estimate i tconstant to produce a 1.5% transit mode share.

HBOther Model Structure

V i v v

{9 Mon-Auta ] ( Other ] {C SR ] (C DA ]

|
v i

{C Walk ] {C Bike ]
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Coefficient Estimate | t-statistic
C_DA 4514 13.24
C_SR 5.179 18.42
C_Walk 5.55 5.62
C_Bike 2.939 -10.99
B_Time -0.0562 -46.66
B_IntDensity 0.0022 2.31
B_Diversityl 0.4424 2.88
Theta (Non -Auto) 1.00 -
Rho_bar_squared 0.3234

HBShop Model Structure

&

ROQT
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o) (e
§ ; § ;
{C DA } {C =R } {C Wall Bike }
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Coefficient Estimate ‘ t- statistic

C_DA 3.925 6.28
C_SR 3.9400 4.18
C_Walk 2.1355 5.63
C_Transit -0.8200 n/a*
B_Time -0.0512 -4.71
B_IntDensity 0.0068 341
B_Dersity2 2.0092 3.54
Theta (Auto) 0.7116 -0.25
Theta (Non -Auto) 1 -
Rho_bar_squared 0.3262

As in the HBW case, transit was added after model estimation by transferring the
generic travel time coefficient from the other modes and calculating a transit constant
to match a perceived 2% share.
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HBSchool Model Structure

v V V v,

W ) o} 80 & &Y' QQA

w 0 6 80 & WL Y QQA

W 0 0 86 QNG Q

W 0 0 8w M ARG ‘D 8

w 0 800 & &Y' QQA6 )]

41



Coefficient Estimate | t-statistic

C_DA -0.8464 -0.98
C_SR 2.2315 10.72
C_Walk 2.6625 7.15
C_Bike -0.2692 0.08
B_Time -0.0472 -5.44
B_IntDensity 0.0033 1.62
Theta (Non -Auto) 0.8584 -0.31
Rho_bar_squared 0.3263

NHBW Model Structure

Y y v

[ Cther ] [ﬂ Man-Auto ] [C SR

W 0 0 80 O Y QQ6 8
w 0 0 800 & ML AY'Q Qa4

W 0 0 86 QNG Q

W 0 0 8w M A" QG ‘D 8
W Tt
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Coefficient Estimate | t-statistic

C_DA 5.4301 12.43
C_SR 3.9389 8.76
C_Walk 5.8298 8.44
C_Bike 2.5604 4.23
B_Time -0.0472 -6.20
B_RSE_Density 0.0002 2.99
Theta (Non -Auto) 1 -
Rho_bar_squared 0.4807

NHBO Model Structure

ROOT

\ \ V V i

[C DA ] [C SR ] [C Transit ] [‘9 Non-Auto ] [ Other

|
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[C Walk ] [C Bike ]

@ 0 o) 80Tl & &Y QQA
w 0 o) 8O & MH Y QQA
® o) o) 8YI OEU 1D QQ OB a0 R
W i
® o o) 86 QN4 @B &
W 0 o) 80 WA MNa ‘D &
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Coefficient Estimate ‘ t- statistic

C_DA 3.2161 16.63
C_SR 3.9514 18.75
C_Walk 4.8027 14.81
C_Bike 0.3893 244
C_Transit 2.3039 7.99
B_Time -0.0757 -11.99
B_IntDensity 0.0051 5.29
B_Monterey -1.3 n/a
Theta (Non -Auto) 0.8839 -0.84
Rho_bar_squared 0.3401

HBUnNIv Model Structure

W 0 0 800 & &Y' QQA
w 0 0 800 & ML AY'Q Qa4
W 0 0 86 QM4 ‘D a8

W 0 0 80 M a4 ‘D
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Coefficient Estimate ‘ t- statistic

C_DA 1.8716 3.36
C_SR 1.1753 1.16
C_Walk 2.5009 2.32
C_Transit 1.4000 n/a*
B_Time -0.0413 -2.46
B_IntDensity 0.0033 0.46
Rho_bar_squared 0.3386

*The alternative specific constant for this mode was added to assist in asserting a desired transit mode
share sincethe CHTS contained no records for transit trips for most of the trip purposes.
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Re-calibration of constants

In this section, we present an analysis of the observed and modeled mode shares by trip
purpose, after adjusting the mode specific constants to better replicate the shares
indicated in the household survey.

Peak models

The following table shows the mode shares observed in the survey for peak period trips:

Observed Peak Mode Shares by Trip Purpose

School

ilrg::: Sg?(;gd Walk Bicycle Transit e Other

HBW 76.4 16.7 3.6 3.3 0.0 0.0 0.0 100.0
HBShop 45.0 447 8.7 1.3 0.3 0.0 0.0 100.0
HBSchool 2.6 65.6 19.9 25 0.0 9.3 0.0 100.0
HBUnNiv 58.1 31.2 6.9 3.8 0.0 0.0 0.0 100.0
HBOther 28.7 51.7 15.1 4.0 0.0 0.0 0.5 100.0
NHBW 72.4 14.8 9.4 1.6 0.0 0.0 1.8 100.0
NHBO 24.0 50.7 11.9 11 8.0 0.0 4.3 100.0

The corresponding shares from the AMBAG model are presented below, showing an
accurate replication of the survey data:

Modeled Peak Mode Shares by Trip Purpose

Drive - Shared School
Alone Ride Walk Blcycle Transit BuS Other TOTAL

764 | 146 4.0 11 0.0 00 | 1000

HBShop | 455 | 465 5.4 2.2 0.4 0.0 0.0 | 1000
HBSchool | 5, 692 | 157 23 0.0 9.7 00 | 100.0
HBUNIV | 464 | 231 6.2 3.8 20.3 0.0 0.0 | 1000
HBOther | 578 | 540 | 132 43 0.0 0.0 07 | 100.0
NHBW | 737 | 131 | 110 15 0.0 0.0 06 | 1000
NHBO | 5571 | 523 | 120 0.8 6.9 0.0 29 | 1000
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Off-peak models

The following table shows the mode shares observed in the survey for off-peak-period
trips:

Observed Off -peak Mode Shares by Trip Purpose

iz Sl Walk Bicycle Transit SChOOI Other TOTAL
Alone Ride

‘HBW | 754 | 173 | | 30 | 00 | 00 | 1000
HBShop 43.7 47.1 6.5 2.2 0.5 0.0 0.0 100.0
HBSchool 3.2 50.6 35.5 3.5 0.0 7.2 0.0 100.0
HBUniv 67.4 22.8 5.9 3.9 0.0 0.0 0.0 100.0
HBOther 31.9 48.9 15.6 3.0 0.0 0.0 0.5 100.0
NHBW 71.8 13.2 12.2 2.5 0.0 0.0 0.3 100.0
NHBO 25.5 53.4 13.0 1.2 4.7 0.0 2.2 100.0

The corresponding shares from the AMBAG model are presented below, showing an
accurate replication of the survey data:

Modeled Off -peak Mod e Shares by Trip Purpose

zlrci)\;ee_ S;?éid Walk Bicycle Transit S(;j)sol Other TOTAL
HBW 77.0 14.2 3.8 4.2 0.9 0.0 0.0 100.0
HBShop 437 | 481 6.4 1.3 0.5 0.0 0.0 100.0
HBSchool | 3 7 64.3 18.4 3.5 0.0 10.0 0.0 100.0
HBUniv 54.4 16.9 5.4 4.1 192 0.0 0.0 100.0
HBOther 31.3 50.7 14.6 2.7 0.0 0.0 0.8 100.0
NHBW 69.5 11.1 16.7 2.1 0.0 0.0 0.6 100.0
NHBO 24.1 55.4 12.3 1.0 4.8 0.0 2.5 100.0

*The mode choice model was adjusted to yield observed ridership shares not represented in the survey.
For HBUniv trips, the output shares were adjusted using guidance from a2012 Santa Cruz METR®n-
board travel survey. For HBW trips, the regional target transit share was assumed to be in the vicinity of
1%.

a7



Time of Day Analysis

The PA to OD and time-of-day steps convert the peak and off-peak production -
attraction matrices from mode split into four time periods: AM, PM, Mid -day, and
Evening/Night. Together, the four time periods make up the 24 hours of the day. The
four periods are as follows:

Time Period Hours

AM 6am -9am
Mid -Day 9am -4pm
PM 4pm -7pm
Evening/Night 7pm -6am
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Departure and return percentages were estimated for each time period from the 2010
CHTS The estimated percentages are shown below:

Time Period AM Mid -Day PM Evening /Night

Hours 6am - 9am - 4pm - 7pm -6am
9am 4pm 7pm

HBW Depart% 46.9 31.9 3.1 18.1
HBW Return% 1.6 33.2 48.4 16.8
HBShop Depart % 10.8 46.9 39.2 3.1
HBShop Return % 2.6 36.4 47.4 13.6
HBSchool Depart % 494 50.0 0.6 0.0
HBSchool Return % 0.0 49.4 50.0 0.6
HBUniv Depart % 37.6 484 124 1.6
HBUniv Return % 0.0 31.7 50.0 18.3
HBOther Depart % 29.4 42.1 20.6 7.9
HBOther Return % 114 31.8 38.6 18.2
NHBW Depart % 5.5 46.4 445 3.6
NHBW Return % 42.3 48.3 7.7 1.7
NHBO Depart % 18.5 42.4 31.5 7.6
NHBO Return % 18.5 42.4 31.5 7.6
IXXI Depart % 24.4 45.7 15.2 14.7
IXXI Return % 134 48.9 21.4 16.3
Visitor (both) Depart % * 29.8 43.3 20.2 6.7
Visitor (both) Return  9%* 11.2 31.3 38.8 18.7
Light Truck Depart % * 8.6 25.8 8.1 7.6
Light Truck Return %* 8.6 25.8 8.1 7.6
Me dium Truck Depart 7.1 22.8 9.9 10.1
ot

Medium Truck Return 7.1 22.8 9.9 10.1
o

Heavy Truck Depart % * 5.8 17.0 7.3 19.9
Heavy Truck Return % * 5.8 17.0 7.3 19.9

* Not estimated from the CHTS since no survey records exist for these trip types.
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In additio n to applying the percentages, the person trips are converted into vehicle trips.
For the drive alone model, there is a one-to-one correspondence between person trips
and vehicle trips. For the Shared Ride(SR)mode, average auto occupancy rates were
estimated by trip purpose from the 2010 CHTS survey. These rates were applied to the
SR trips to convert the person trip matrices into vehicle trip matrices. The occupancy
rates are listed below:

. Occupancy
Trip Purpose Factor

HBW 2.35
HBShop 249
HBSchool 2.6

HBUniv 2.25
HBOther 2.6

NHBW 2.25
NHBO 2.73
Visitor 3.25

After the daily and hourly OD trips are estimated, external to external trips are estimated
and added to each trip matrix to create the final matrix . The external trips from and to
SanLuis Obispo and Santa Clara counties were derived from the 2010 External Station
Survey.

The following table lists the total vehicle OD trips estimated by the model by time
period.

. ; DA Vehicle SR Vehicle Truck Total Vehicle
Time Period ) ; . )
Trips Trips Trips Trips

AM (6:00-9:00 AM) 170,669 80,519 9,411 260,599 16.8%
Mid -Day (9:00-4:00
PM) 447,981 239,929 26,786 714,696 45.9%
PM (4:00-7:00 PM) 235,825 119,220 11,199 366,244 23.5%
Night (7:00
PM-6:00 AM) 130,042 69,453 14,347 213,842 13.7%

Total 984,518 509,120 61,743 1,555,380 100.0%
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Estimate d Transit Trips

Period ‘ Transit Trips

Peak 18,363
Off-peak 22,622
Total 40,985

Edimated All-day Walk an d Bike OD Trips

Mode ‘ Trips ‘
Bike 58,462
Walk 267,991
Total 326,453
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Truck Model

A simplified truck model was inserted into the model stream to estimate Internal -to-
Internal truck trips. IX truck trips and XX truck trips are already factored into the model
since the IX and XX trips are based on external sttion traffic counts that include truck
trips. The truck model is based on The Southern California Association of Government's
2003 truck model, which estimates truck trip rates based upon employment variables.

The original SCAG truck trip rates are show below:

Category Daily Truck Trip Rates

Light Medium Heavy

Trucks Trucks Trucks
Households 0.0390 0.0087 0.0023
Ag/Min/Construction 0.0513 0.0836 0.0569
Retail 0.0605 0.0962 0.0359
Government 0.0080 0.0022 0.0430
Manufacturing 0.0353 0.0575 0.0391
Transportation/Utility 0.2043 0.0457 0.1578
Wholesale 0.0393 0.0650 0.0633
Other 0.0091 0.0141 0.0030

The employment categories were re-categorized into the AMBAG employment
categories, and the trip rates were then re-estimated based upon the AMBAG

employment categories:

Category Daily Truck Trip Rates

Employment Light Trucks Medium Heavy
Type Trucks Trucks
Households 0.0147 0.0046 0.0072
Agriculture 0.0804 0.0778 0.0715
Service 0.01662 0.019273 0.029718
Retail 0.073594 0.075022 0.087873
Public 0.0296 0.015 0.0148
Industrial 0.0613 0.0655 0.0924
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Truck trip generation, distribution, and time -of-day models were added to the model
stream. The truck distribution mode | utilized a Gravity Model with separate friction
factor curve definitions for light, medium, and heavy trucks

The friction factors are calculated using a generalized cost formulation that considers
operating cost per hour (dollars), fuel efficiency (miles per gallon), operating cost per
distance (dollars), and fuel price (dollars pergallon) :

The following are the values used in the model:

Cost ‘ Truck Classification
Variable Light Medium Heavy
Trucks Trucks Trucks
Cost per hour ($) 13.84 19.21 19.21
Fuel Efficiency (mpg) 8.5 7 6
Cost per mile ($) 0.14 0.23 0.26
Fuel Price ($/gall on) 3.13 3.15 3.15

To calculate the generalized cost, a zone to zone travel time matrix and distance skim
are applied in the following equation:

generalized cost j = Cost per Hour ($ /hour ) * Time j (min) / 60 + Fuel Price
($/gallon)/Fuel Efficiency  (miles/gallon) + Cost Per Mile ($/mi)  + Distance j (miles)

Once the generalized costs is calculated, the friction factors are derived using an
exponential function. The function applied is:

- . _ % I d t
friction factor = @ (a-c"generalized cost )

The values of ¢ varyby truck type and are as follows:

Truck Type a C
Light Truck 20 0.095
Medium Truck 4.0 0.055
Heavy Truck 5.0 0.045
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The truck time-of-day diurnal factors are shown below:

Time Period AM Mid -day PM Evening

Hours 6am - 9am -4pm 4pm -7pm 7pm -6am
9am

Light Truck Depart % 8.6 25.8 8.1 7.6
Light Truck Return % 8.6 25.8 8.1 7.6
Medium Truck Depart % 7.1 22.8 9.9 10.1
Medium Truck Return % 7.1 22.8 9.9 10.1
Heavy Truck Depart % 5.8 17.0 7.3 19.9
Heavy Truck Return % 5.8 17.0 7.3 19.9

The estimated truck trips by time period is listed in the table below:

Time Period Truck Vehicle Trips
AM (3 hr) 9,411
Mid -Day (7 hr) 26,786
PM (3 hr) 11,199
Night/Evening (11 hr) 14,347
Total 61,743
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Trip Assignment

In the highway assignment step, trips from the OD matrix are assigned to the network to
determine flows on links and route choices between any origin and destination . In the
AMBAG RTDM four assignments are performed: AM peak (6:069:00 AM), PM Peak
(4:00-7:00PM), Mid-day (9:00AM-4:00RM), and Evening/Night (4:00PM - 6:00AM). The
Bi-Conjugate User Equilibrium (BFW) method is used foreach of these assignments. The
objective of any User Equilibrium-based model is to attempt to assign the flow in such a
manner to find a solution where no user can improve his or her travel time from their
origin to destination by choosing a different path . We also experimented with other
assignment algorithms, including Origin User Equilibrium, which yielded similar results
as BFW BFW was ultimately chasen over OUE to harness the benefits of multt
threading since the desired convergence was attained using either algorithm.

The User Equilibrium method begins by assigning all trips to the shortest routes based
upon free flow travel time . Based on the volume assigned to each link, a congested
travel time is estimated based on the follow delay function:

WEaoan

YO0 O00'YODH ' T T e s
@ | 0wWwnN wwQo w

Where:
TIME = Estimated congested time
FFTIME = Free-flow travel time
U = Parameter, usually between 0.1 and 2
b = Parameter, usually between 3 and 10
Volume = Assigned volume on link
Capacity = Estimated capacity of link

Using the congested time, alternate paths are sought and flow is moved from one path
to another until the User Equilibrium solution is approximated as measured by the
relative gap. The model is run to either a maximum of 250 iterations per assignment
period or a relative gap of 1e-4, whichever is achieved first Most assignments for
AMBAG converge in about 60-100 iterations in the most congested time periods (AM
and PM Peak periods)
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Model Performance
The following model performance criteria were used to calibrate the model:

1 Graphically display a scattergram of model daily volumes versus average annual
daily traffic (AADT). The volumes should be in line with the AADT, with few
outliers.

1 Match Vehicle Miles Travelled (VMT) with Highway Performance Monitoring
Study (HPMS) VMT estimates

q Calculate the correlation and R? between model volumes and counts. R?values
should be greater than 0.88.

1 Compare model flows versus counts by functional class and volume group type.
Model volumes should be within certain standard percentage ranges of counts
within the groupings .

1 Compute Root Mean Square Error (RMSE) between volumes and counts
Volumes should be within certain stand RMSE values within the groupings.

The resuls presented below are based on daily flows which are calculated by summing
the results of the period assignments and then compared against ADT or AADT,
whichever is available for the count location.

Model VMT and VHT by Functional Class: Base Year

Link Type Segments
Freeways 243 3,346,901 65,451 21.6% 16.7%
Major Arterials 1,350 7,333,351 163,682 47.4% 41.8%
Minor Arterials 1,983 2,019,639 60,399 13.1% 15.4%
Major Collectors 2,846 763,873 25,913 4.9% 6.6%
Minor Collectors 345 169,158 5,393 1.1% 1.4%
Local Roads 16,697 655,442 25,570 4.2% 6.5%
Ramps 406 309,908 10,333 2.0% 2.6%
Centroid 3,240 872,523 34,902 5.6% 8.9%
TOTAL (ALL LINKS) [ 27,149 15,470,794 391,643 100.0% 100.0%

Three other aggregate statistics were alsocalculated when comparing the daily counts
versus flows: correlation, coefficient of determination, or R?, and the calculation of
Percent Root Mean Square Error.

The correlation between daily counts and flows was 0.95. A value of 1 represents a
perfect fit.
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The P value between daily counts and flows was0.95. A good rule of thumb is that this
value should be greater than 0.88 when conducting a region-wide comparison.

The equation of Percent Root Mean Square Error (%RMSE) is as follows:

\/a (Model, - Count )/ Numberofcants
J

%RMSE= *100

(& Count / Numberofcants)
j

Daily Model Volumes vs . Counts, %RMSE by Functional Class

. Total Percent
()
Link Type Segments Count Total Flow Difference YoRMSE

Freeways 96| 3,139,600 3,292,936 4.88 17.92
Major Arterials 341| 4,602,649 4,461,467 -3.07 20.96
Minor Arterials 261| 1,207346| 1,003,195 -16.91 43.85
Major Collectors 146 394,321 239,764 -39.20 63.41
Minor Collectors 46 60,580 37,098 -38.76 72.56
Local Roads 104 130,338 85,053 -34.74 66.48
Ramps 20 84,688 98,735 16.59 44.66
All Counts 1,026| 9,728,319| 9,322,334 -4.17 28.%
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Daily Model Volumes vs

. Counts, %RMSE by Volume Group:

Volume Group Segments g:utilt l?c:\?vl Dli:;rirrceenncte %RMSE
ALL 1,026 9,728,319| 9,322,334 -4.17 28.95
[0, 500) 80 22,749 20,933 -7.98 87.26
[500, 1500) 160| 174,356 138,848 -20.37 8921
[1500, 2500) 100| 188,445 113,200 -39.93 59.06
[2500, 3500) 81 239,267 196,087 -18.05 52.73
[3500, 4500) 45 179,746| 169,134 -5.90 45.18
[4500, 5500) 50| 251,233 208,127 -17.16 36.70
[5500, 7000) 65| 401,750 351,671 -12.47 32.75
[7000, 8500) 74| 569,90 480,912 -15.62 31.81
[8500, 10000) 59 555,357 562,651 1.31 24.16
[10000, 12500) 99| 1,108,239| 1,028,284 -7.21 25.69
[12500, 15000) 49 658,404| 600,155 -8.85 23.71
[15000, 17500) 36| 575,080 532,267 -7.44 24.10
[17500, 20000) 22| 399,500 426,327 6.72 16.80
[20000, 25000) 35| 782,700 780,100 -0.33 20.43
[20000, 25000) 35| 782,700 780,100 -0.33 20.43
[25000, 35000) 72| 2,156,500 2,232,506 3.52 19.00
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Transit Assignment

For transit assignment,the modelus es Tr ans CADG6s Pathfinder

method used for transit skimming . In the Pathfinder method, generalized cost is
minimized. Generalized cost is computed using weighted values of in-vehicle, access,
egress, transfer, dwelling, and waiting times and other costs such as transfer penalty
costs and fares Pathfinder also performs route combinations, which reduces effective
initial waiting times and assigns trips based upon the relative frequencies of the routes
combined. Routes are combined if they serve the same origin-destination pair and if
their travel times are relatively close to each other. The transit assignment utilizes
existing park and ride facilities, and includes the capability to add additional sites for any
scenario.

Peak and off-peak transit trips are assigned separately A post-process routine
aggregates these four assignments into a total transit flow table.

Total Base Year Estimated Model Rdership

Transit Agency Peak Boardings | Off-Peak Boardings Total Boardings
Monterey -Salinas Transit 6,529 7,801 14,330
(MST)
San Benito Express 555 642 1,198
Santa Cruz Metro 9,843 12,030 21,873
Total 16,928 20474 37,402

After the end of the highway assignment step, the congested travel times are used to
update the input travel times int o the both the highway and transit networks . Both the
highway and transit skimming routines then use these congested times to produce
congested highway and transit skim matrices. The logic of feedback is that the
congested times are a more accurate measure of travel time than the initial free flow
times, and can have a profound effect on the trip distribution and mode choice stages
steps. During the feedback process, all models following the skimming stage are run
again until an updated set of congested times is found following the highway
assignment. This loop continues until a set number of feedback iterations are
completed. The Multiple Successive Averages (MSA) method is used to caldate the
congested time resulting from each feedback iteration. A total of 5 feedback loops are
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performed in the AMBAG RTDM Five loops were found to be sufficient to ensure
stability in the final solution . Due to the peak period definitions and the hi gh variance in
flow at the start of the peak and the remaining hours, skims for the peak period utilized
AM skims derived from the hours 7-9AM. The assignment results are reported for all
three hours of this period, however. Mid-day skims are used for the off-peak periods,
utilizing a four hour capacity.
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AMBAG Model Sensitivity Tests

To evaluate the sensitivity of the AMBAG mode, the following tests were performed:

A Add capacity to a roadway facility
A Modify land use
A Add BRT and LRT service

Based on the tests conducted, the model is sensitive to some changes while note
sensitive to others. For those where the model is not sensitive, a discussion of potential
enhancements or post-processing methods is included in the appropriate section below.
TDM, Transportation Systems Management(TSM) and active transportation were not
evaluated in the travel model since there are no variables or sub-models for their
implementation . Recommendations for off-model adjustments are described rather
than results of testing. Details on each of the tests are contained in the following
sections.

Added Roadway Capacity

The model is appropriately sensitive during traffic assignment for roadway widening
projects in terms of route selection. The influence of roadway capacity on trip
generation, distribution, mode choice, and GHG were not evaluated.

Modified Land Use

The changes in land use and the formulation of the mode choice model were not
significant enough to cause a change in mode. As a result, the implication of the land
use change on VMT is determined by the location and magnitude of the land use rather
than the density, diversity, and other D factors. Post-processing for active
transportation (bike facilities, walking paths, etc) Travel Demand Management(TDM,)
and density are recommended.

Added New Transit Service

The model is not sensitive to changes in transit. The mode choice model estimation
based on survey data resulted in a fairly static mode split model. As such, the change to
transit shifted trips from local bus to BRT or LRT, but overall mode shares remained
constant. Although these tests were conducted in isolation to determine model
sensitivity, it is recommended that scenarios be developed to maximize the sensitivity by
incorporating multiple strategies cohesively. For example, additional infill or density
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should be accompanied with enhances transit service along the route, and stops should

be placed within walking distance.

CA 1 Widening: 4 to 6 lanes

Area of Influence

CA 1 was widened within the area
highlighted in green . The
associated capacity per lane, speed,
etc were automatically updated
based on the lookup table by

facility type and number of lanes.

The magnitude, direction, and area

2+ of influence for the widening is

appropriately sensitive for traffic
assignment. Distribution and mode
choice were not investigated since
the widening was limited and few
alternatives are available in the
corridor.



