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1.0 Introduction 

SCTA maintains a Sonoma County travel demand model (SCTM) that provides average weekday 
traffic forecasts to support the participating agencies in transportation and land use studies. SCTM 
is a conventional CUBE trip-based travel demand forecasting model. The model uses land use, 
demographic, socio-economic and transportation network data to estimate travel across different 
areas inside and outside the County. The original model was developed in the early 2000’s and 
updated twice to a 2005 and 2010 base year. The current update is for a 2015 validation year. The 
model is a robust model that provides reliable forecasts of travel demand. Hence, this update kept 
most of the existing model formulations and mostly focused on a few things: 

• Update the Land Use and Socioeconomic Data 

• Update the Road, Public Transport and Bike/Walk Networks 

• Update the Cube Catalog to latest standards 

• Calibrate the model using data from the Sonoma County Travel Behavior Study 

• Validate the model across several criteria to match observed data 

The previous model report, titled “Model Users Guide – Sonoma County Travel Demand Model” 
provides all the information about the development and estimation and application of the base 
model. The following documentation focuses on all the new data and processes followed in the 
model update. Model inputs include socio-economic datasets and networks. These are reviewed 
below. 

1.1 Revisions for 2015 Validation Update 

The previous update of the Sonoma County Travel Model (SCTM07) was completed in 2012 and 
validated the model to a 2010 base year.  The following revisions were made to the input files for 
the 2015 validation update. Changes made to the individual model components are detailed in 
chapter 3.  
 
1.1.1 Transportation Analysis Zones 

• 24 TAZs were added by SCTA staff. These additions were made in consultation with local 
engineering and planning staff and add additional detail to growing and changing areas in 
Sonoma County. 
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Table 1: Updated Sonoma County Model TAZs 

Jurisdiction Area TAZ Range Unused 
Sonoma County Coastal-Gualala 1-20 17-20 
Sonoma County Rural North East 21-39 35-39 
Sonoma County Rural Healdsburg 40-60 54-60 
Sonoma County Russian River 61-76 75-76 
Sonoma County Rural Santa Rosa 77-144 143-144 
Sonoma County Rural Sebastopol 145-159 159 
Sonoma County Rural Sonoma Valley 160-200 194-200 
Sonoma County Rural RP-Cotati 201-237 204,208-209,215-237 
Sonoma County Rural Petaluma 238-278 247,250-251,253-

254,261,267,278 
Cloverdale  279-286  
Healdsburg  287-300,877-885 885 
Petaluma  301-350,770-800,886-

900 
782,800,900 

Rohnert Park  351-420 419-420 
Cotati  421-448 446-448 
Santa Rosa  449-769 753,769 
Sebastopol  801-820 815-820 
Sonoma  821-834 832-834 
Windsor  835-876  

 

1.1.2 Road Network 

• Updated to 2015 base year by SCTA staff. 
• Future improvements updated by SCTA staff. 
• Node attributes added to TAZ nodes for ABAG Area and K-factor District. 
• Link attribute added for presence of two-way left-turn lanes; arterials with two-way left-turn 

lanes are no longer a separate facility type (formerly Type 8). 
• Metered freeway on-ramps can now be designated as a facility type (Type 8). 

1.1.3 Transit Network 

• All routes and schedules checked and updated to 2015 conditions. 
• Future improvements updated by SCTA staff based on SCTA Comprehensive Transportation 

Plan and Regional Transportation Plan (Plan Bay Area) transit improvements. 
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1.1.4 Land Use 

• Added categories for college (students) and hospital (square feet). 
• SCTA completed a new inventory of 2015 land uses based on parcel data and detailed review 

by local planning staff. 
• SCTA updated land use forecasts to be consistent with general plan build out estimates 

developed in consultation with local planning staff. 
• SCTA developed a pending and permitted development database which was used to ensure 

that near term and pending projects are included in model forecasts. 

1.2 Socioeconomic Data 

Socioeconomic data inputs for the Sonoma County model were prepared by the SCTA staff. This 
section summarizes data in tables and displays information in maps to provide a context to travel 
behavior and demand in the County. Table 1 shows the number of Dwelling Units in the County. The 
city of Santa Rosa accounts for 41% of total units while Petaluma accounts for 13% and Rohnert Park 
has 9% of dwelling units in the County. 19% of dwelling units are located in the Unincorporated 
areas of the county. As expected, more trips originate from zones with higher dwelling units, 
therefore, traffic will be higher in those cities. 

Table 2. 2015 Dwelling Units in Sonoma County  

City 
Multi Family 

Dwelling Units 
Single Family 

Detached Units 
Total Units % Share 

Santa Rosa 21,453 48,872 77,303 41% 

Petaluma 3,285 18,824 23,929 13% 

Rohnert Park 8,498 9,159 17,935 9% 

Windsor 1,379 7,716 9,154 5% 

Sonoma City & 
Sonoma Valley 

2,659 6,208 9,111 5% 

Unincorporated 
Areas 

3,793 32,312 36,260 19% 

Cloverdale 898 2,739 3,637 2% 
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Sebastopol 1,483 2,315 3,798 2% 

Healdsburg 1,029 3,969 5,154 3% 

Cotati 1,244 2,360 3,606 2% 

Grand Total 45,721 134,474 189,887 100% 

 

Table 2 shows the square footage by city and type. Santa Rosa has the highest sqft followed by 
Petaluma and Rohnert Park. Non-residential development in the unincorporated areas is 
concentrated in major industrial areas such as the Sonoma County Airport Area, 8th Street East 
Business Area, and unincorporated areas surrounding cities. 

Figures 1 and 2 show the distribution of housing and job-related development across the county. 
Development is concentrated in the Hwy 101 corridor and incorporated areas.   

Table 3. 2015 Employment Square Footage by Type (1000 sqft) 

City Office SQFT 
Strip Commercial 

SQFT 
Shopping SQFT Other SQFT 

Santa Rosa 6,779 5,578 4,779 15,949 

Petaluma 3,285 2,528 2,388 9,306 

Rohnert Park 1,628 1,023 2,364 4,530 

Windsor 479 320 763 2,915 

Around Sonoma city 524 692 415 2,363 

Unincorporated Areas 1,293 2,145 382 10,307 

Cloverdale  64 336 137 1304 

Sebastopol 660 560 183 336 

Healdsburg 473 878 242 2,080 

Cotati 80 205 86 197 
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Grand Total 15,265 14,265 11,739 49,287 
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Figure 1. 2015 Sonoma County Dwelling Units per Square Mile  
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Figure 2. 2015 Sonoma County Employment sqft per Square Mile 
 

 
 

1.3 Transportation Networks and Zones 

The Sonoma County Year 2015 highway network was developed by the SCTA staff. The resulting 
network is shown in Figure 3.  

1.4 Road Networks 

The road network is a computerized representation of the major street and highway system.  Only 
the more important streets (generally freeways, highways, expressways, arterials and collectors) are 
included in the network. The model does not explicitly include some collector streets or most local 
streets.  Most local streets and driveways are instead represented by simplified network links (“zone 
centroid connectors”) that represent local connections to the coded road network.   
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Figure 3. Highway Network in Sonoma County 

 

 
 
1.4.1 Master Network 

All road network information for all base year and forecast scenarios is contained in a single "master 
network" file.  The master network contains information on the scenarios that correspond to various 
road improvement projects.  The master network is currently set up for the following scenarios: 

• 2015 Base Year 
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• 2040 Forecast Year 

Other network scenarios can be added as necessary.  
 
The purpose of creating a master network was to make the task of network maintenance more 
efficient.  In the past, if a roadway network improvement was to be included in several alternatives 
(e.g., add a new widening to the near-term network and all other future networks), the same 
network editing had to be performed individually for each of the scenarios.  With a master network, 
the user need only input the improvement in one place with the appropriate scenarios designated 
and then all scenarios built from the master network will be consistent. 
The following network link variables are coded for each master network scenario:  

• Road type (FACTY) 

• Lanes 

• Speed 

• HOV (2 or 3 if the facility is designated for HOVs) 

At the beginning of the model process, the master network is processed to create the individual 
road network for the desired scenario. 
 
1.4.2 Road Network Elements 

The coded road network is comprised of three basic types of data: nodes, links and turn penalties. 
 
Nodes.  Nodes are established at each and every intersection between two or more links.  Nodes 
are assigned numbers, with the first 1,000 node numbers in the Sonoma County travel model 
representing the centroids of the TAZs.  The road network nodes are coded with geographical “X” 
and “Y” coordinates to permit plotting and graphic displays.  The nodes representing TAZs contain 
additional information on the jurisdiction and community and parking costs (Table 4. ). 
 
Table 4. Master Network Node Attributes 

Network 
Variable 

Description 

N* Node number 
X* X-coordinate in feet (NAD 83 California State Plane Zone 2) 
Y* Y-coordinate in feet (NAD 83 California State Plane Zone 2) 
 

TAZ NODES ONLY 
MHHINC Median Household Income from 2000 Census (1999 dollars) 
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CT_2000 Census tract number 
PRKCOST Daily parking cost in dollars 
AREATYPE U=Urban, S=Small Urban, R=Rural 
PTERM Terminal time in minutes at production (home) end of trips 
ATERM Terminal time in minutes at attraction (non-home) end of trips 
PCT_0HH Percent of households with zero vehicles 
PCT_1HH Percent of households with one vehicle 
PCT_2HH Percent of households with two or more vehicles 
ABAGAREA Planning area consistent with ABAG designation 
KFACDIST District for distribution adjustment factors 

*Network variables that are not edited by model users 

 
Links.  Links represent road segments, and are uniquely identified by the node numbers at each end 
of the segment (for example, a link may be identified as “1232-1234”).  Information is coded for 
each road link such as distance, speed and facility type (Table 5. ).   
 
Turn Penalties.  Turn penalties can be used to identify node-to-node movements which are 
prohibited (such as certain left turns) or which have additional delays.  Turn penalties are primarily 
used to represent prohibited left turns to and from ramps at freeway interchanges, in particular if 
an interchange has two on-ramps. 
   
Table 5. Master Network Link Attributes 

Network 
Variable 

Description 

A* A node number 
B* B node number 
NAME Road Name 
JURISDICTI Jurisdiction 
DISTANCE* Distance in miles (calculated from coordinates) 
ADJ_DIST Manual distance to override straight-line distance from coordinates 
AREATYPE U (Urban), S (Small Urban) or R (Rural) 
TERRAIN F (Flat), R (Rolling) or M (Mountainous) 
TOLL Toll in dollars 
SCREENLINE Screenline number for model validation 
 

2010 BASE YEAR ATTRIBUTES 
BASE_FACTY Facility Type code representing the road type for 2010 Base Year 
BASE_LANES Number of through lanes in each direction for 2010 Base Year 
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BASE_SPEED Uncongested speed in miles per hour for 2010 Base Year 
BASE_AUX 1=Auxiliary lane in addition to BASE_LANES 
BASE_HOV Segment used by HOVs only for 2010 Base Year 
BASE_TRNLN 1=Two-way left-turn lane in addition to BASE_LANES 
 

ATTRIBUTES FOR ROAD IMPROVEMENT 1 
IMP1_YEAR Year that link will be modified 
IMP1_DELYR Year that link will be deleted or replaced 
IMP1_FACTY Facility Type code representing the road type for Improvement 1 
IMP1_LANES Number of through lanes in each direction for Improvement 1 
IMP1_SPEED Uncongested speed in miles per hour for Improvement 1 
IMP1_AUX 1=Auxiliary lane in addition to IMP1_LANES 
IMP1_HOV Segment used by HOVs only for Improvement 1 
IMP1_TRNLN 1=Two-way left-turn lane in addition to IMP1_LANES 
IMP1_DESC Description of Improvement 1 
CTP_SCEN County Transportation Plan Scenario for Improvement 1 

*Network variables that are not edited by model users 
 
1.4.3 Capacity 

The basic information coded in the road network is used to derive additional link characteristics such 
as capacities and speed/congestion relationships.  The capacity of each link is determined based on 
the road type (FACTYP), the area type and the terrain type (Table 6. ).  The capacities are based on 
the capacity formulas for each road type in the 2000 Highway Capacity Manual (HCM).  Input 
assumptions are based on HCM defaults wherever possible. 
The updated SCTM uses level of service “E/F” capacities representing the maximum flow.  However, 
the model may still estimate traffic demands which exceed these maximum capacities. 
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Table 6. Capacities by Road Type 

Road Type Facility 
Type 

(FACTYP) 

Type Capacity (Vehicles 
per Lane per Hour) 

Typical 
Uncongested 

Speeds 
Freeway 5 

 
Urban 
Small Urban 
Rural Flat 
Rural Rolling 
Rural Mountain 

2100 
2100 
2000 
1800 
1500 

55-65 
65 
65 
65 
65 

Highway 
Expressway 

2 
4 
 

Urban 
Small Urban 
Rural Flat 2L 
Rural Flat ML 
Rural Rolling 2L 
Rural Rolling ML 
Rural Mountain 2L 
Rural Mountain ML 

900 
900 

1600 
2000 
1300 
1800 
700 

1400 

35-45 
30-55 
35-55 
35-55 
30-55 
30-55 
30-35 
30-35 

Arterial 3 
 

Urban 
Small Urban 
Rural Flat 2L 
Rural Flat ML 
Rural Rolling 2L 
Rural Rolling ML 
Rural Mountain 2L 
Rural Mountain ML 

800 
800 

1600 
1800 
1300 
1700 
700 

1400 

20-45 
25-50 
30-50 
30-50 
30-55 
30-55 
30-45 
30-45 

Collector 7 
 

Urban 
Small Urban 
Rural Flat 2L 
Rural Flat ML 
Rural Rolling 2L 
Rural Rolling ML 
Rural Mountain 2L 
Rural Mountain ML 

700 
700 

1600 
1800 
1300 
1700 
700 

1400 

25-35 
20-40 
25-45 
25-45 
25-50 
25-50 
15-40 
15-40 

Freeway Ramp 6 All 1500 35-45 
Metered Ramp 8 All 800 35-45 
Zone Connector 10-12 Dist. < 0.25 miles 

Dist. 0.22-0.5 miles 
Dist. > 0.5 miles 

0 
0 
0 

15 
20 
25 

Bicycle/ 
Pedestrian Path 

1 All 0 0 
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2L = Two-Lane; ML=Multi-Lane 

Factor applied in model to increase capacity for two-way left-turn lane for highway, expressway, arterial or collector: 

Two-lane = 1.21, multi-lane = 1.14 

 
 
1.5 Transit Networks 

The 2015 base year transit network consists of the lines operated by each transit operator in Sonoma 
County. Bus routes are coded directly on the road network (Figure 4).  The routes are specified as a 
series of nodes on the road network.  Nodes can be designated as stops or non-stops (for example, 
along freeways).  Due to a requirement of the Cube software, loop routes are coded as two separate 
routes, with one route for the clockwise direction and one for the counter-clockwise direction. 
 
Figure 4:  Public Transit Network in Sonoma County 

 
 
The attributes coded for each bus route include the operator code, the name of the route and the 
frequency in terms of average time between buses (headway) during commute peak and off-peak 
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periods.  The average wait time for a bus is assumed to be one-half the headway.  For example, a 
bus that operates every 30 minutes is assumed to have an average wait time of 15 minutes. 
 
Access to and from each bus stop is generated automatically based on the road network and an 
assumed "walk" speed of three miles per hour. 
 
1.5.1 Bus Speeds 

Bus travel times are derived from the road network, with a delay factor to account for stops and 
slower operating speeds.  A factor of 1.9 times the travel time for vehicles traveling at the prevailing 
road speed was found to closely match scheduled bus operating speeds on local streets.  A factor of 
1.5 is used for express segments and a factor of 1.1 is used on freeway segments. 
 
1.5.2 Transfer Points 

Timed transfer points are designated at the following locations for the 2010 base year: 
 

• Santa Rosa 2nd St. Transit Mall 

• Petaluma Depot (C Street) 

• Windsor Intermodal Center 

• Healdsburg Depot 

• Sonoma Square 

• Santa Rosa Northside Transit Center Coddingtown Mall 

• Santa Rosa Eastside Transit Center Montgomery Village 

• Santa Rosa Southside Transit Center SW Community Park 

• Santa Rosa Westside Transit Center 

Two additional timed transfer points are included in future year forecasts: 
 

• Cotati Depot 

• Cloverdale SMART Station 

At these timed transfer locations, the maximum wait time between buses is set to be 5 minutes 
rather than one-half the headway. 
 
For loop routes represented by two separate routes (outbound and inbound), the “turnaround” 
node is designated as a timed transfer with one minute of delay.  This represents the fact that 
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passengers can actually stay on the same bus at the end of the loop, rather than having to transfer 
to another bus. 
 
1.5.3 Drive Access 

Separate "park and ride" (PNR) nodes are designated to indicate locations where people could use 
automobiles to access transit, including drop-off or pick-up as well as passengers who park.  These 
locations have been designated at 23 locations for the 2010 base year.  Other park and ride locations 
could be designated in the future. 
 

2.0 Validation and Calibration Data Sets  
Model validation was conducted using existing and new traffic counts compared against Year 2015 
modeled traffic volumes. This section examines sources of existing traffic count data and new traffic 
count locations collected for this project. 

2.1 Existing Traffic Counts 

As part of the Sonoma model validation effort, existing traffic counts were added to the highway 
network in order to compare with the modeled volumes. Observed traffic counts were obtained 
from the following sources: 

• Counts received from Healdsburg, Cotati, Winsor, Petaluma, Rohnert Park, Sonoma City 
Santa Rosa (provided by SCTA staff); 

• County of Sonoma Traffic counts (provided by SCTA staff); 

• 2018 Travel Behavior Study counts (data provided by SCTA staff) 
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Figure 5. Links with Traffic Counts 

 

2.2 Travel Behavior Study (TBS) 

One of the exciting new datasets that was available to use in this model update was the location-
based data collected as part of the Sonoma County Travel Behavior Study1. The following relevant 
summaries from the study were used for calibration of the model: 
 

• The number of trips per day and origins and destinations by residents and visitors 
• Internal and external commute flows, summarized by county and jurisdiction. 
• Average trip length distribution 

                                                                 
1 The Sonoma County Travel Behavior Study was conducted in 2019. This study used mobile source data to summarize 

and estimate travel flows, travel patterns, and origins and destinations in Sonoma County and the surrounding areas. 
The study final report may be found on the SCTA website at:  https://scta.ca.gov/wp-
content/uploads/2020/02/Sonoma_TBS_2-7-2020_web.pdf 

https://scta.ca.gov/wp-content/uploads/2020/02/Sonoma_TBS_2-7-2020_web.pdf
https://scta.ca.gov/wp-content/uploads/2020/02/Sonoma_TBS_2-7-2020_web.pdf
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• Summaries of other trips coming in to Sonoma County, leaving Sonoma County, and passing 
through the county (i.e. XI, IX, and XX trips). 

• Summary of trip purpose including work, school, non-home based, other, and visitor trips. 
• Percentage of commuters/visitors traveling to Sonoma County separated by the county of 

origin and vice versa. 
 

The objective of using location-based data is not to ensure that the model matches every single 
summary table, but to compare and replicate the major patterns and trends. TBS data is a sample 
while the model attempts to forecast every trip in the county based on residential and employment 
databases.  

3.0 Model Updates  
As part of this study, the model was updated with the latest networks and land use data. Along 
with it, the model parameters were reviewed and adjusted if necessary. Every step of the 4-step 
model was calibrated using available observed data. Below is a description of updates conducted 
in each step. 

3.1 Trip Generation 

The first step in travel forecasting is trip generation. In this step, information from land use, 
population, and economic forecasts are used to estimate the number of trips that will be made to 
and from each zone. Key definitions are as follows: 

• Trip - A trip is a one-way movement from one activity location to another. A typical 
commuter therefore makes at least two trips: one from home to work and then back from 
work to home. In between, if he stops at a shop on the way back, it will be counted as a 
third trip. 

• Trip end - Either end of a trip. Every trip has two ends: the origin and the destination. This 
is the basic unit of trip generation. For example, Trips are generated at the home end and 
attracted to the work end.  

• Trip purpose - Every trip has a purpose. Trip lengths, mode choices, and frequency of trips 
vary by purpose, therefore it is recommended to stratify trips by purpose for trip generation. 
Trip purposes are broadly defined as home-based (trips having one end at home) or non-
home-based. 

The Sonoma County travel model stratifies trip ends by four trip purposes: 
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1 Home-Work trips are commute trips between residences and places of employment, 
including both trips from home to work and from work to home. 

2 Home-School trips are trips between residences and grade schools, high schools, colleges 
or other types of educational sites (vocational schools, music schools, etc…) 

3 Home-Other trips account for all other trips that begin or end at home, and include 
shopping trips, social trips, recreational trips and medical appointments. 

4 Non-Home trips account for trips between places of employment and places other than 
home, such as driving to a restaurant during a lunch break, driving a delivery truck away from 
the main office, or stopping at the gas station on the way home from work, as well as all 
other “non-home-based” trips, such as trips between two stores.  

Trip generation in the previous version of the model was based on trip rates per dwelling unit for 
productions and per square footage of types of employment spaces. People make trips to conduct 
activities such as work, school, shop, recreation, work meetings etc. Trip rates and travel behavior 
don’t change in the short term unless there is a big market disruption in conducting activities. 
Examples of such disruptions are increase in work-from-home, shopping on-line, popularity of TNC’s 
such as Uber, Lyft etc.    

The Institute of Transportation Engineers (ITE) has been working on trip generation for the last four 
decades and periodically publishing updated trip rates for different types of land uses and area 
types. The current rates were from the 9th edition of the ITE Trip Generation Manual. The rates were 
compared to the new rates from the 10th edition as shown in Table 3. While most of the rates were 
same, some such as Industrial, warehouse and shopping rates were very different and resulted in 
attractions that were too high or low, thereby affecting the balance between productions and 
attractions. The final rates were created from the existing rates with some changes to the attraction 
rates to reduce the imbalance between productions and attractions. This resulted in better model 
results where volumes matched the observed conditions. Tables 7 and 8 compare current and ITE 
10 trip rates and show the final trip rates that were adopted in the model and which resulted in 
good calibration and validation of the model.  

Table 7. Model and 10th Edition ITE Trip Rate Comparison – Vehicle Trip Rates for all Purposes 

Land Use Type Units 
Current Model? 

Trip Rates 
ITE 10th Trip 

Rates 

Single Family D.U. 

 
 

9.52 9.44 
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Multi Family D.U. 6.65 7.32 

Senior Housing /Mobile homes D.U. 4.0 3.7 

Office 1,000 Sq.Ft. 11.03 9.74 

Hotel Rooms 8.92 8.36 

Retail-Strip Commercial 1,000 Sq.Ft. 44 44 

Retail-Shopping Center 1,000 Sq.Ft. Formula  

Industrial-Light 1,000 Sq.Ft. 6.97 4.96 

Industrial-Heavy 1,000 Sq.Ft. 1.5 3.93 

Warehouse 1,000 Sq.Ft. 3.56 1.74 

Educational Students 1.5 2.1 

College Students 1.5 1.5 

Institutional 1,000 Sq.Ft. 6.48  

Recreational Acres 4.1  

Hospital 1000 Sq. Ft. 13.22 10.72 

 

Table 8. Final Person Trip Rates or all Purposes 

Land use Type Description Units 
Old Trip 

Rates 
Current Trip 

Rates 

Residential SF Detached Dwelling Units     15.52      15.68  

Residential MF Attached Dwelling Units     10.84      10.90  

Residential Senior Housing Dwelling Units       6.52        6.52  

Office Office KSF     15.05      14.03  

Service Hotel Rooms     13.00      11.27  

Retail Strip Commercial KSF     64.13      57.56  

Retail Shopping Center KSF     58.02      52.66  

Industrial Light Industrial KSF       9.37        9.37  

Industrial Heavy Industrial KSF       1.95        1.95  

Industrial Warehouse KSF       4.78        1.74  

Education School 

 
 

Students 

 
 
 

      4.25        4.30  
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Education College Students       1.95        1.92  

Service Institutional KSF       9.19      11.44  

Service Hospital KSF     18.76      14.75  

Recreational Recreational Acres       6.06        6.07  

 

Tables 9 and 10 show the trip productions and attractions before and after balancing. As a rule of 
thumb, trips should not be artificially balanced by more than 10%.  

Table 9. Trips Before Balancing Productions and Attractions 

Purpose Productions Attractions Ratio 

Home Based Work 445,702 419,393 1.06 

Home Based School 320,243 308,804 1.04 

Home Based Other 1,201,458 1,164,166 1.03 

Non-Home Based 928,046 933,297 0.99 

Total 2,895,449 2,825,661 1.02 

 

Table 10. Trips After Balancing Productions and Attractions 

Purpose Productions Attractions Ratio 

Home Based Work         445,702          445,702  1.00 

Home Based School         320,243          320,243  1.00 

Home Based Other     1,201,458      1,201,457  1.00 

Non-Home Based         928,046          928,046  1.00 

Total     2,895,449      2,895,448  1.00 

 

Trips from the model were compared to the numbers from the TBS as shown in Table 11. The total 
trips from the model were in the same range as the TBS but trips by purpose were different as seen 
in table 12 and figure 7. While the TBS data has a robust sample size of all trips in the region, purpose 
is a derived variable. The dataset uses machine learning and artificial intelligence to figure out the 
purpose of the trip based on the residential location of the trip, type of attraction etc. Therefore, it 
is not entirely accurate. Table 8 also shows the % trips by purpose from the MTC Household survey 
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and the numbers from the model match the MTC dataset. 15-17% was the range of HBW trips in 
some other California models as well.  
 
Table 11. Trips from the Model and TBS 

Purpose Model TBS 

Home Based Work 421,032 645,019 

Home Based Other 1,468,131 1,255,405 

Non-Home Based 895,862 1,186,210 

Total 2,785,026 3,086,633 

 
Table 12. % Trips by Purpose 

Purpose 
% MTC Household 

Survey 
% Model % TBS 

Home Based Work 17% 15% 21% 

Home Based Other 53% 53% 41% 

Non-Home Based 30% 32% 38% 

Total 100% 100% 100% 

 
Table 9 shows the trips by jurisdiction from the model and TBS data to compare and confirm that 
trips are originating and departing from the areas that have the highest number of dwelling units 
and employment options. As expected, Santa Rosa accounts for almost 40% of the total trips 
followed by Petaluma and Rohnert Park at a distant 15 and 10% respectively. The model is showing 
a higher number of trips from the unincorporated areas as compared to the TBS. This could be 
attributed to the smaller sample size of data points in the TBS in rural areas.  Figures 8 and 9 show 
the density of total trip productions and attractions per square mile. As expected, the urban areas 
have a higher density of trips.  
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Figure 6. Trips by Purpose from the Model and TBS 

 

Table 13. Percent Trips by Town in Sonoma County 

City % Trips Model % Trips TBS 

Santa Rosa 39% 44% 

Unincorporated areas 18% 13% 

Petaluma 15% 15% 

Rohnert Park 10% 12% 

Windsor 5% 5% 

Around Sonoma city 5% 4% 

North Sonoma County 4% 3% 

Healdsburg 3% 2% 

Cotati 2% 2% 

Grand Total 100% 100% 

15%

53%

32%

% Trips by Purpose Model

Home Based Work Home Based Other Non-Home Based

21%

41%

38%

% Trips by Purpose TBS

Home Based Work Home Based Other Non-Home Based
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Figure 7. Total Trip Productions per square mile - Model 
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Figure 8. Total Trip Attractions per square mile - Model 

 

3.2 Trip Distribution 

The trip distribution model estimates how many trips travel from one zone to another. Trip 
distribution is used to represent the process of destination choice (i.e. "I need to go shopping, but 
where should I go to meet my shopping needs?”).  

The existing trip distribution model is a standard gravity model that distributes trips based on 
productions and attractions in each zone and the impedance between them. Impedance is 
represented by travel distance/time, friction factors and K-factors.  K factors are adjustment factors 
used in gravity model trip distribution calculations where travel time does not fully explain the 
attractiveness or unattractiveness of certain trips. Initial model runs produced higher trip lengths, 
thereby resulting in traffic on more segments of the roadway resulting in over-prediction of traffic 
volumes as compared to the traffic counts.  
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The two parameters that are used for calibration are friction factors and K-factors. Friction factors 
represent the ‘friction’ or effect of travel time on the propensity for making a trip to a given zone.  
Typically, trips are made to the closest zone that fulfills the need to make the trip. Similarly, the 
probability for making a trip declines drastically as the travel time increases.  Friction factors account 
for the possibility that people may be willing to drive a long distance to go to work, but only short 
distances for most shopping or school trips. For the Sonoma County model, four sets of friction 
factors are used, with each set corresponding to one of the four trip purposes.   

The friction factors for the Sonoma County travel model were initially based on the friction factors 
from prior versions of the Sonoma County model.  Friction factors were only modified for home-
based work and non-home-based trips. Figures 10 and 11 show the curves from the old and 
current model. As can be seen, the new curves result in shorter distance trips.  

Figure 9. Old and Current Friction Factors for HBW trips 
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Figure 10. Old and Current Friction Factors for NHB trips 

 

The goal of using friction factors to calibrate trip distribution is twofold. One is to match the average 
trip length to observed data and the second is also to match the trip length distribution curve of 
observed data. Figure 12 shows that the model’s distribution curve matches that from the TBS data. 
Average trip length from the model is 6.79 miles whereas that from TBS is 6.93. 

Figure 11. Trip Length Distribution – Model versus TBS 
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Table 10 shows more comparisons of the model and the TBS. In most cases, the numbers are similar 
while in some, they are different. Also, the validation of volumes to counts at the border performs 
very well with the above trip patterns.  

Table 14. Trip Distribution Comparison – Model Vs TBS 

TBS Model Description 

1,647,704 1,771,372 Vehicle trips touch Sonoma County 

31% 29% of all Sonoma County trips are Intra City of Santa Rosa trips 

4% 13% of all Sonoma County Gateway trips are between Petaluma and Novato 

1% 1% of all Sonoma County trips are passing through Sonoma County 

13% 11% of all trips touching a Sonoma County Gateway are passing through Sonoma 
County 

10% 10% of all Sonoma County trips that either enter or leave the county 

89% 88% of all Sonoma County trips intra-county trips (both ends within Sonoma 
County) 

47% 45% of inter-county trips are to/from Marin County 

40% 43% of inter-county trips are to/from Napa County 

21% 15% of Sonoma County trips are work-related 

61% 61% of Sonoma County trips are less than 5 miles in length 

6% 6% of Sonoma County trips are more than 20 miles in length 

6.9 6.7 miles is the average trip length of Sonoma County-generated trips 

 

Figures 12-14 show a pictorial depiction of trip flows leaving from the three largest county 
incorporated jurisdictions – Santa Rosa, Petaluma and Rohnert Park.  
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Figure 12. Sonoma County Internal Trips from Santa Rosa 

 
 

Figure 13. Sonoma County Internal Trips from Petaluma 
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Figure 14. Sonoma County Internal Trips from Rohnert Park 

 

Figure 15. Sonoma County External Trips 
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3.3 Mode Choice  

The mode choice step estimates how many of the trips between each pair of zones will use each 
travel mode. 

The Sonoma County mode choice models use a multinomial logit formulation which is by far the 
most commonly used model form for operating mode choice models in the United States.  The 
logit model assigns the probability of using a particular travel mode based upon an attractiveness 
measure ("utility") for that mode in relation to the sum of the attractiveness measures for all 
modes.  The attractiveness measure is expressed as an exponential function of level of service 
(mostly travel time and cost) and other variables. The mathematical expression for the logit model 
is as follows: 

 

 

Typically, the utility is calculated as a function of the attributes of each mode and each traveler 
group.  For example, the utility of a transit trip may be expressed as follows: 

Utility(Transit)  = C1 + [C2 * In-Vehicle Time] + [C3 * Wait+Walk Time] + [C4 * Fare/Value of Time] 

Where: 

C1, C2, C3, C4 =  Coefficients which are set during calibration 

Value of Time = Dollars one would spend to save one minute of travel time (or the inverse of 
minutes to spend to save one dollar), generally based on the household income. 

The coefficient "C1" is referred to as the constant and is used to represent factors other than travel 
time and cost, such as attitudes towards convenience, reliability and safety.  The constant coefficient 
will be specific to each travel mode, while the coefficients for travel time and cost are generally held 
constant for all modes for a given trip purpose and population segment.  In the Sonoma County 
mode choice model calibration, most coefficients were set based on standard values, and the 
constants were the focus of the calibration. 

The mode choice model extends the definition of “mode” beyond the basic auto and transit 
options.  In the Sonoma County model, both 2-person and 3+-person autos are predicted 

       eUtility(Mode 1) 

Probability of using Mode 1 = _________________________________________ 

SUM  (eUtility(Mode 1) + eUtility(Mode 2) + eUtility(Mode 3) +…) 
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separately so as to retain the capability of analyzing 2-person vs. 3-person minimum carpool 
occupancy policies for HOV lanes. The model also predicts “walk access” to transit separately from 
“drive access” to better represent the tradeoffs between access modes, and to provide a clearer 
analysis of passenger facility usage and requirements at transit stations for walk, feeder bus, 
park/ride and kiss/ride transit access options.  In all, the mode choice model predicts the following 
seven modes: 

1. Drive Alone (D1)   4. Walk to transit (TW) 

2. 2-Person vehicle (S2)   5. Drive to transit (TD) 

3. 3+-Person vehicle (S3)  6. Walk (WK) 

7.  Bicycle (BK) 

This set of alternative modes permits analysis of the trade-offs that will occur with a wide range of 
transportation projects or policies. 

Several basic coefficients and parameters were set based on standard assumptions used in other 
models.  The amount of data and resources required to fully estimate specific coefficients were 
not available for this model update.  However, many of these standard coefficients have been 
found to not vary significantly between areas. 

• Coefficient on in-vehicle time (minutes):  -0.025 

• Coefficient on out-of-vehicle time (minutes) : -0.050 (2x in-vehicle) 

• Perceived auto operating cost (2000 cents):  18.91 cents per mile 

• Time penalty for shared ride pick-up/drop-off  

o Shared Ride 2, Work:     5 minutes 

o Shared Ride 3+, Work :    7 minutes 

o Shared Ride 2, Non-Work:    0 minutes 

o Shared Ride 3+, Non-Work :   2 minutes 

Shared ride occupants for non-work trips are assumed to be primarily made up of members of the 
same family and would not generally require out-of-direction travel for carpooling.  
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Travel costs are converted to time units using a value of time.  The perceived value of time in 
dollars per minute is estimated as 25 percent of the average income per minute.  The average 
income per minute is calculated as the annual household income divided by the number of 
minutes in a typical work year (2,080 hours x 60 minutes/hour = 124,800 minutes). 

The average household income is calculated separately for each zone as the median annual 
household income as reported in the 2000 US Census by Census Block Group.  A zone with a higher 
median income will have a higher average value of time, and therefore will be more likely to make 
travel choices that are faster but cost more (such as drive alone). 

The time values are further adjusted from the median for vehicle ownership as follows: 

• 0 Vehicle Household Income = 0.33 * Median for TAZ 

• 1 Vehicle Household Income = 0.63 * Median for TAZ 

• 2+ Vehicle Household Income = 1.17 * Median for TAZ 

 

Table 15. Variables for the Mode Choice Model.  

Variable Modes 

Drive 

Alone 

(D1) 

Shared 

Ride 2 

(S2) 

Shared 

Ride 3+ 

(S3) 

Transit 

Walk 

(TW) 

Transit 

Drive 

(TD) 

Walk 

 

(WK) 

Bike 

 

(BK) 

IN-VEHICLE TIMES        

Auto Time X X X  X   

Carpool Pick-Up Time  X X     

Transit In-Vehicle 

Time 

   X X   

OUT-OF-VEHICLE 

TIMES 

       

Production Terminal 

Time 

X X X     

Attraction Terminal 

Time 

X X X     

Walk Time    X X X  

Bike Time       X 
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Wait & Transfer Time    X X   

COSTS        

Auto Operating (per 

mile) 

X Divide by 

2 

Divide by 

3.5 

 X   

Parking (half per trip) X Divide by 

2 

Divide by 

3.5 

    

Transit Fare    X X   

  

The model was run for year 2015 and coefficients were calibrated to ensure that the model mode 
shares matched observed values from 2010.  

Tables 16-20 show the 2015 model mode share compared to the observed mode share from the 
previous model. There was no new survey data to re-estimate the models, hence they were kept 
the same. Minor changes were made in the constants to get the mode shares to match the observed 
share. As can be seen in Tables 16-20, the model does a good job of matching observed mode shares. 

Table 16. HBW Mode Choice 

Mode HBW Observed HBW  2015 Difference 

Drive Alone 78% 77% 1% 

Shared Ride 2 13% 12% 1% 

Shared Ride 2 6% 5% 1% 

Walk to Transit 1% 1% 0% 

Drive to Transit 0% 1% -1% 

Walk 2% 4% -1% 

Bike 1% 1% 0% 

Total 100% 100% 0% 

 

Table 17. School Mode Choice 

Mode Home Based 
School Observed 

HBSCH  2015 Difference 

Drive Alone 15% 15% 0% 

Shared Ride 2 26% 26% 0% 



Sonoma County Travel Model Update 2019 
 
  

3-34 
 

Shared Ride 2 44% 44% 0% 

Walk to Transit 1% 0% 0% 

Drive to Transit 0% 0% 0% 

Walk 12% 12% 0% 

Bike 2% 2% 0% 

Total 100% 100% 0% 

 

Table 18. Other Mode Choice 

Mode Home Based 
Other  Observed 

HBO  2015 Difference 

Drive Alone 37% 35% 2% 

Shared Ride 2 29% 30% -1% 

Shared Ride 2 24% 25% -1% 

Walk to Transit 0% 0% 0% 

Drive to Transit 0% 0% 0% 

Walk 8% 8% 0% 

Bike 1% 1% 0% 

Total 100% 100% 0% 

 

Table 19. NHB Mode Choice 

Mode NHB  Observed NHB  2015 Difference 

Drive Alone 52% 52% 0% 

Shared Ride 2 24% 24% 0% 

Shared Ride 2 17% 17% 0% 

Walk to Transit 0% 0% 0% 

Drive to Transit 0% 0% 0% 

Walk 6% 6% 0% 

Bike 0% 0% 0% 

Total 100% 100% 0% 
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Table 20. Total Mode Choice 

Mode Total Observed Total 2015 Difference 

Drive Alone 46% 45% 1% 

Shared Ride 2 25% 25% 0% 

Shared Ride 2 21% 21% 0% 

Walk to Transit 0% 0% 0% 

Drive to Transit 0% 0% 0% 

Total Transit 0% 1% 0% 

Walk 7% 7% 0% 

Bike 1% 1% 0% 

Total 100% 100% 0% 

 

3.4 Traffic Assignment 

Travel demand models must replicate actual ground conditions before being considered fit to be 
used in travel forecasting studies. Traffic volumes for each roadway facility type are compared to 
traffic counts and various statistics are calculated to see if the model meets the conditions published 
in the FHWA “Travel Model Validation and Reasonableness Checking Manual”2. The following 
aggregate validation standards were used: Percent error, Percent root mean squared error (percent 
RMSE) and R squared (R2). Each of these measures is described below. 

 
• Percent Error: This is simply the difference between observed and model values. This is an 

aggregate validation statistic and is typically used to show how well the model is performing 
across different roadway classes. It is a simple measure but is often misleading because of it 
can cancel out over and under prediction of values. Formula is listed below: 

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =  
∑ 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑖𝑖 −𝑁𝑁
𝑖𝑖=1 ∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑁𝑁

𝑖𝑖=1
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑁𝑁
𝑖𝑖=1

× 100 

 
• Percent Root Mean Squared Error: This is a more precise measure that overcomes the 

shortcomings of % error by squaring differences. % RMSE measures how many of the 

                                                                 
2 Federal Highway Administration, Travel Model Improvement Program, Model Validation and Reasonableness Checking 

Manual, 2010, 
https://www.fhwa.dot.gov/planning/tmip/publications/other_reports/validation_and_reasonableness_2010/fhwahep1004
2.pdf. 
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individual links match the observed data as opposed to average in the previous measure. A 
% RMSE of less than 40% is the target for most regional models, however it is harder for 
smaller models to meet it.  

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = �∑ [(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 − 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖)2]𝑁𝑁
𝑖𝑖=1

𝑁𝑁
 

   and 
  

%𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

�
∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑁𝑁
𝑖𝑖=1

𝑁𝑁 �
× 100 

• R2 - Observed and Model volumes are plotted in a graph to see how close the values are to 
the fitted regression line. The coefficient of determination or R2 is calculated from the plot 
and shows the variation in model volumes and traffic counts.   

 
3.5 Daily Validation 

Daily validation was conducted using all the available counts. To achieve validation, several 
techniques were used: 

• Placement of centroid connectors was moved to ensure the trips were loaded properly on 
main arterials and collectors 

• To shift volumes between different facility types, Volume Delay Functions were modified 
slightly.  

• For issues that originated in trip distribution, the model was calibrated to ensure the correct 
number of trips in all key corridors 

• Inter-County peak hour factors were modified to reflect the different travel patterns of 
residents that travel within the county and outside. In other words, peak hours are different 
for residents commuting to San Francisco as compared to residents traveling within Santa 
Rosa or to Petaluma.  

Tables below show the daily validation statistics.  

More detailed RMSE and percent error information by facility type is shown in Table 20. The scatter 
plot of modeled and observed volumes is shown in Figure 15. Both the table and the plot show that 
the model is performing well when compared to observed traffic volumes. The goal was to keep the 
RMSE below 40% and the model was well below that.  
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Table 21. Daily Validation – Root Mean Square Error 

 Counts Model SQRT of error %RMSE Goal 

Freeway 1,403,465 1,388,058 2,724 6% <40% 

Highway 491,193 512,079 2,201 30%  

Arterial 1,255,522 1,155,555 2,598 32%  

Expressway 98,408 87,313 3,217 26%  

Collector 88,699 77,936 1,521 31%  

Total 3,337,287 3,220,941 2,487 21% <40% 

 

Figure 16. Daily Modeled and Count Volumes 

 

Tables 22, 23 and 24 show the validation by area type and facility type. Totals by rural, suburban 
and urban are all under +/- 6%. For facility type, freeways and highways are +/- 5% and expressways 
and collectors are +/- 11% which are well within the accepted range.  
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In addition to the standard tables, validation was tested geographically by summarizing volumes and 
counts by towns and at various locations on US 101. This was done in lieu of screen line analysis as 
there were insufficient counts to draw effective screen lines. All the town totals were within 
acceptable ranges as shown in table 19. Similarly, except for one location on US 101S, everything 
other location was within +/- 20% as shown in tables 20 and 21. Table 20 shows the NB US 101 
volumes and table 21 shows the south bound volumes.  

Table 22. Daily Validation – Summary of Traffic Counts by Facility Type 

Facility Type Rural Suburban Urban Grand Total 

Highway 342,127 149,066 - 491,193 

Arterial/Collector 32,201 832,704 479,316 1,344,221 

Expressway 14,018 84,390 - 98,408 

Freeway 452,751 428,814 639,236 1,520,801 

Total 841,097 1,494,974 1,118,552 3,454,623 

 

Table 23. Daily Validation – Summary of Model Volumes by Facility Type 

Facility Type Rural Suburban Urban Grand Total 

Highway  366,556   145,522   -     512,079  

Arterial/Collector  35,536   760,622   437,333   1,233,491  

Expressway  7,398   79,915   -     87,313  

Freeway  447,886   423,841   620,939   1,492,666  

Total  857,376   1,409,900   1,058,272   3,325,549  

 

Table 24. Daily Validation – Difference 

Facility Type Rural Suburban Urban Grand Total 

Highway 7% -2%  5% 

Arterial/Collector 12% -8% -10% -8% 

Expressway -47% -5%  -11% 

Freeway -1% -1% -3% -2% 

Total 2% -5% -6% -4% 
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Table 25. Daily Validation – Difference 

Town Traffic Counts Model 
Volumes 

Difference % Difference 

Cotati 169,545 198,422 28,877 17% 

Healdsburg 113,995 104,386 (9,609) -8% 

Others* 674,374 596,396 (77,978) -12% 

Petaluma 500,093 514,505 14,413 3% 

Rohnert Park 400,615 372,147 (28,467) -7% 

Santa Rosa 1,213,186 1,177,979 (35,207) -3% 

Sonoma 116,508 113,544 (2,964) -3% 

Windsor 266,307 248,168 (18,139) -7% 

Grand Total 3,454,623 3,325,549 (129,074) -4% 

*Others include the cities of Cotati and Sebastopol 

Table 26. Validation on US 101 Northbound Links 

No Description Traffic 
 

Model 
 

Difference % Diff 
1 US 101 N Marin Border 35591 37632  2,041  6% 

2 US 101 N after Lakeville Hwy 32685 29481  (3,204) -10% 

4 US 101 N after Petaluma Blvd 45887 44643  (1,244) -3% 

5 US101N REDWOOD HWY 53424 55003  1,579  3% 

6 US101N before Railroad Ave 50432 52220  1,788  4% 

7 US 101N after W. Sierra Ave 51284 47964  (3,320) -6% 

10 US 101N at W. 3rd St 45294 44028  (1,266) -3% 

13 US101N before Hearn Ave 56401 58943  2,542  5% 

14 US101N after Hearn Ave 64301 68904  4,603  7% 

16 US101N after 3rd St 62895 61050  (1,845) -3% 

17 US101N at Steele Ln 53396 51551  (1,845) -3% 

18 US101N at Piner Rd 45330 38962  (6,368) -14% 

20 US 101N after River Rd 40290 37133  (3,157) -8% 

21 US 101N at Airport Blvd 37820 38499  679  2% 

22 US 101N at Shiloh Rd 33063 31485  (1,578) -5% 

25 US 101N at Mendocino Border 8234 8991  757  9% 

 Total North Bound 101 716,327  706,487   (9,840) -1% 
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Table 27. Validation on US 101 Southbound Links 

No Description Traffic 
 

Model 
 

Difference % Diff 
101 US 101 S Marin Border 35591 35381 (210) -1% 

102 US 101S Before Lakeville Hwy 40338 44765 4,427 11% 

105 US101S REDWOOD HWY 53718 49063 (4,655) -9% 

106 US101S before Railroad Ave 44677 49063 4,386 10% 

110 US 101S at W.3rd St 48498 45905 (2,593) -5% 

111 US 101S before Wilfred Dr 55010 59745 4,735 9% 

113 US101S after Hearn Ave 62600 41244 (21,356) -34% 

114 US101S at State Route 12 67601 67985 384 1% 

116 US101S at College Ave 60707 57653 (3,054) -5% 

117 US101S at Steele Ln 45223 52010 6,787 15% 

118 US101S at Piner Rd 47748 44684 (3,064) -6% 

119 US 101S after River Rd 45618 51090 5,472 12% 

120 US 101S before River Rd 39123 36435 (2,688) -7% 

122 US 101S at Shiloh Rd 32451 27903 (4,548) -14% 

125 US 101S at Mendocino Border 8234 9227 993 12% 

 Total South Bound 101 687,137 672,153 (14,984) -2% 

 

3.5.1 Vehicle Miles of Travel 

The Caltrans Highway Performance Monitoring System (HPMS) estimates vehicle miles of travel for 
each county based on a sample of traffic counts on various road types.  Vehicle miles of travel (VMT) 
were estimated from the travel demand model by multiplying link volumes by link distances Table 
27 shows the comparison of VMT between HPMS and the travel model.  

 
Table 28. Daily Validation by Vehicle Miles of Travel (VMT) 

Attribute FHWA Target HPMS 2015 Model 2015 
Daily VMT +/- 5% 11,448,570 10,872,826 (-5%) 

 
The Sonoma Model VMT estimate is 5 percent lower than the Caltrans HPMS target.  This is within 
the target of +/- 5.0 percent. Table 29 shows VMT by speed bin in Sonoma County. As expected, 
vehicles traveling between 60 to 65 mph have the highest vehicle miles traveled as Hwy 101 is the 
biggest roadway connecting places in the county. Table 30 shows VMT by City. Santa Rosa has the 
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highest VMT followed by Petaluma and Sonoma Valley. Table 31 shows per capita VMT. Per Capita 
Residential VMT is calculated by dividing all home based VMT at the production/origin zone with 
total population in the zone or city. Similarly, Per Capita Employment VMT is calculated by dividing 
all home based VMT at the attraction/destination end and dividing by total employment in the 
zone/city.  

 
Table 29. VMT By Speed Bin in Sonoma County 

SpeedBin VMT Total 
00.00-05.00 2,734 
05.01-10.00 12,686 
10.01-15.00 806,994 
15.01-20.00 73,663 
20.01-25.00 303,610 
25.01-30.00 886,447 
30.01-35.00 1,004,309 
35.01-40.00 1,073,552 
40.01-45.00 1,590,868 
45.01-50.00 968,421 
50.01-55.00 860,488 
55.01-60.00 160,738 
60.01-65.00 3,128,316 

Total 10,872,826 
 

 
Table 30. VMT By City in Sonoma County 

 

City VMT 
Petaluma            1,099,823  
Rohnert Park                560,159  
Santa Rosa            2,918,627  
Sonoma                119,748  
Cloverdale                  84,283  
Coastal Gualala                330,617  
Cotati                273,832  
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Healdsburg                  90,173  
Sonoma Valley            1,201,124  
Russian River                162,674  
Windsor                461,629  
Sebastopol                  98,019  
Rural Santa Rosa            1,093,930  
Rural Petaluma                972,549  
RP Cotati                391,599  
Rural Sebastopol                350,045  
Rural Healdsburg                223,944  
Rural NE                440,052  
TOT          10,872,826  

 
 

Table 31. Per Capita VMT by City 

City Population Employment 
Per Capita 

Residential VMT 

Per Capita 
Employment 

VMT 

Cloverdale 9,147 4,331 11.56 7.92 

Coastal-Gualala 14,817 2,529 9.06 41.90 

Cotati 8,718 3,771 10.04 26.55 

Healdsburg 13,236 8,159 11.02 21.50 

Petaluma 60,755 41,306 5.68 21.50 

Rohnert Park 42,717 18,710 8.65 28.85 

Rural Healdsburg 5,472 1,050 17.22 35.52 

Rural North East 4,993 2,934 18.79 24.28 

Rural Petaluma 10,715 2,575 10.81 30.69 

Rural RP-Cotati 2,947 463 13.88 37.56 

Rural Santa Rosa 23,771 15,488 14.27 21.16 

Rural Sebastopol 17,250 2,800 16.07 27.81 

Rural Sonoma Valley 27,518 9,899 8.80 14.38 

Russian River 20,143 3,473 3.46 32.68 
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Santa Rosa 193,006 78,243 9.77 21.24 

Sebastopol 9,754 5,354 11.21 23.94 

Sonoma 13,504 5,810 5.39 15.02 

Windsor 23,429 9,563 13.16 26.67 

Grand Total 501,892 216,458 9.64 22.37 

 

Figure 16 shows the per capita Residential VMT in the county. The light green color in the map shows 
areas that are 15% below County average and the dark green represents the rest of the region. VMT 
is less in areas with less population and trips. It is also lower in places with good public transport 
services as shown with the red circles in the map below.  

Figure 17. VMT Per Capita for Sonoma County 
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3.6 Peak Hour Validation 

In addition to the daily model validation, AM and PM peak hour validation was conducted. Same set 
of validation statistics were performed for both the peak hours and the model performed well within 
the acceptable range of error.  

AM Validation 

Tables 23 to 28 show the statistics for AM peak hour. For the AM peak hour, RMSE was 22% which 
is great. In the area and facility type summary, collectors were under-predicted by 33% which is high 
but the number of counts was low and the value on most counts was low as well. It is difficult for a 
model to perfectly match volumes on low volume roads.   
 
A handful of the freeway sections on 101 were close to or higher than +/- 15% which is also typical 
in a model as it is extremely hard to match counts on every roadway.  
 
PM Validation 
Tables 29 to 34 show the statistics for PM peak hour. For the AM peak hour, RMSE was 18% which 
is great. In the area and facility type summary, collectors were under predicted by 24% which is high 
but the number of counts was low and the value on most counts was low as well.  
A handful of the freeway sections on 101 were close to or higher than +/- 15%.  
 
Table 32. AM Peak Hour Validation – Root Mean Square Error 

 Counts Model SQRT of 
error 

%RMSE Goal 

Freeway 100,220  99,588   402  13% <30% 

Highway 6,719  5,879   261  39%  

Arterial/Collector 17,619  39,802   258  58%  

Expressway 2,558  1,760   167  39%  

Total 3,337,287  147,029   2,487  21% <30% 

 

Table 33. AM Peak Hour Validation – Summary of Traffic Counts by Facility Type 

Facility  Rural   Suburban   Urban   Grand Total  

Highway 4,474 2,245 - 6,719 

Arterial/Collector 459 19,718 - 20,0177 
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Freeway 35,566 27,815 36,839 100,220 

Total 40,499 49,778 36,839 127,116 

 

Table 34. AM Peak Hour Validation – Summary of Model Volumes by Facility Type 

Facility  Rural   Suburban   Urban   Grand Total  

Highway  4,217   1,662   -     5,879  

Arterial/Collector  625   17,217   -     17,841  

Freeway  36,164   26,597   36,827   99,588  

Total  41,006   45,476   36,827   123,309  

 

Table 35. AM Peak Hour Validation – Difference 

Facility  Rural   Suburban   Urban   Grand Total  

Highway -6% -26% - -13% 

Arterial/Collector 36% 0% - 1% 

Freeway 2% -4% 0% -1% 

Total 1% -9% -1% -3% 

 

Table 36. AM Peak Hour Validation – Difference 

Town Traffic Counts Model 
Volumes 

Difference % Difference 

Cotati 10,875  11,682   807  7% 

Healdsburg 9,042  8,409   (633) -7% 

Others* 15,710  11,025   (4,685) -30% 

Petaluma 9,147  8,726   (421) -5% 

Rohnert Park 7,742  7,689   (53) -1% 

Santa Rosa 28,977  28,100   (877) -3% 

Sonoma 8,257  7,054   (1,203) -15% 

Windsor 4,951  4,782   (169) -3% 

Grand Total 94,701  87,467   (7,234) -8% 
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*Others include the cities of Cotati and Sebastopol 

Table 37. AM Peak Hour Validation on US 101 Northbound Links 

No Description Traffic 
Count 

Model 
Volume 

Difference % Diff 

1 US 101 N Marin Border 1919 2102  183  10% 

2 US 101 N after Lakeville Hwy 1640 1575  (65) -4% 

3 US 101 N before Petaluma Blvd 2398 2573  175  7% 

4 US 101 N after Petaluma Blvd 3635 2322  (1,313) -36% 

5 US101N REDWOOD HWY 3044 2757  (287) -9% 

6 US101N before Railroad Ave 2915 2639  (276) -9% 

7 US 101N after W. Sierra Ave 2883 2506  (377) -13% 

10 US 101N at W.3rd St 2542 2632  90  4% 

12 US101N before Todd Rd 2935 3533  598  20% 

13 US101N before Hearn Ave 4002 3488  (514) -13% 

14 US101N after Hearn Ave 4636 4379  (257) -6% 

15 US101N before SR12 3471 3579  108  3% 

16 US101N after 3rd St 4601 4444  (157) -3% 

17 US101N at Steele Ln 3913 3551  (362) -9% 

18 US101N at Piner Rd 2773 2583  (190) -7% 

20 US 101N after River Rd 3149 2759  (390) -12% 

21 US 101N at Airport Blvd 2360 2143  (217) -9% 

22 US 101N at Shiloh Rd 2165 1993  (172) -8% 

 Total 54981 51559  (3,422) -6% 

 

Table 38. AM Peak Hour Validation on US 101 Southbound Links 

No Description Traffic 
Count 

Model 
Volume 

Difference % Diff 

101 US 101S Marin Border 1952 1896  (56) -3% 

104 US 101S before Petaluma Blvd 3257 3270  13  0% 

105 US 101S Redwood Hwy 4062 4011  (51) -1% 
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106 US 101S before Railroad Ave 3427 4011  584  17% 

107 US 101S after W. Sierra Ave 3504 3570  66  2% 

110 US 101S at W.3rd St 3005 3367  362  12% 

112 US101S after Todd Rd 3901 4249  348  9% 

113 US101S after Hearn Ave 4288 4219  (69) -2% 

114 US101S after SR12 4763 4995  232  5% 

115 US101S after 3rd St 4392 5588  1,196  27% 

120 US 101S before River Rd 3132 3115  (17) -1% 

121 US 101S at Airport Blvd 2770 2949  179  6% 

122 US 101S at Shiloh Rd 2786 2789  3  0% 

 Total 45,239  48,029   2,790  6% 

Table 39. PM Peak Hour Validation – Root Mean Square Error 

 Counts Model SQRT of 
 

%RMSE Goal 

Freeway 111,523  111,887   341  10% <30% 

Highway 7,065  6,218   237  34%  

Arterial/Collector 22,305  19,756   276  57%  

Expressway 111,523  111,887   189  41%  

Total 3,337,287  249,749   294  19% <30% 

 

Table 40. PM Peak Hour Validation – Summary of Traffic Counts by Facility Type 

Facility Rural Suburban Urban Grand Total 

Highway 4,555 2,510 - 7,065 

Arterial/Collector 459 21,846 - 22,305 

Freeway 40,682 31,753 39,088 111,523 

Total 45,696 56,109 39,088 140,893 

 

Table 41. PM Peak Hour Validation – Summary of Model Volumes by Facility Type 

Facility Rural Suburban Urban Grand Total 

Highway  4,414   1,805   -     6,218  
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Arterial/Collector  575   19,181   -     19,756  

Freeway  40,286   30,776   40,824   111,887  

Total  45,275   51,762   40,824   137,862  

 

Table 42. PM Peak Hour Validation – Difference 

Facility Rural Suburban Urban Grand Total 

Highway -3% -28% - -12% 

Arterial/Collector 25% 0% - 1% 

Freeway -1% -3% 4% 0% 

Total -1% -8% 4% -2% 

 

Table 43. PM Peak Hour Validation – Difference 

Town Traffic Counts 
Model 

Volumes 
Difference % Difference 

Cotati 13,871  15,335   1,464  11% 

Healdsburg 10,480  9,219   (1,261) -12% 

Others* 16,517  12,047   (4,470) -27% 

Petaluma 11,023  11,037   14  0% 

Rohnert Park 8,129  8,723   594  7% 

Santa Rosa 30,485  31,453   968  3% 

Sonoma 8,874  7,478   (1,396) -16% 

Windsor 5,943  5,145   (798) -13% 

Grand Total 105,322  100,438   (4,884) -5% 

*Others include the cities of Cotati and Sebastopol 

Table 44. PM Peak Hour Validation on US 101 Northbound Links 

No Description Traffic 
Count 

Model 
Volume 

Difference % Diff 

1 US 101 N Marin Border 2683 2508 (175) -7% 

2 US 101 N after Lakeville Hwy 2387 2181 (206) -9% 
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3 US 101 N before Petaluma Blvd 3188 3398 210 7% 

4 US 101 N after Petaluma Blvd 4142 3528 (614) -15% 

5 US101N REDWOOD HWY 4601 4456 (145) -3% 

6 US101N before Railroad Ave 3645 4162 517 14% 

7 US 101N after W. Siera Ave 3887 3768 (119) -3% 

10 US 101N at W.3rd St 2850 3128 278 10% 

12 US101N before Todd Rd 3394 3880 486 14% 

13 US101N before Hearn Ave 4060 4032 (28) -1% 

14 US101N after Hearn Ave 4553 4961 408 9% 

15 US101N before SR12 3703 3970 267 7% 

16 US101N after 3rd St 4682 4612 (70) -1% 

17 US101N at Steele Ln 4217 4293 76 2% 

18 US101N at Piner Rd 3416 3599 183 5% 

20 US 101N after River Rd 3726 3441 (285) -8% 

21 US 101N at Airport Blvd 3573 2825 (748) -21% 

22 US 101N at Shiloh Rd 3165 3008 (157) -5% 

 Total North Bound 101 65,872 65,750 (122) 0% 

 

Table 45. PM Peak Hour Validation on US 101 Southbound Links 

No Description Traffic 
Count 

Model 
Volume 

Difference % Diff 

101 US101 S Marin Border 1810 1987 177 10% 

104 US101S before Petaluma Blvd 3045 3058 13 0% 

105 US101S REDWOOD HWY 3547 3432 (115) -3% 

106 US101S before Railroad Ave 3570 3432 (138) -4% 

107 US 101S after W. Siera Ave 3237 3199 (38) -1% 

110 US 101S at W.3rd St 3074 3373 299 10% 

112 US101S after Todd Rd 4319 4369 50 1% 

113 US101S after Hearn Ave 4657 4292 (365) -8% 

114 US101S after Bennett Ave 4899 5167 268 5% 
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115 US101S after 3rd t 4901 5899 998 20% 

120 US 101S before River Rd 3173 3063 (110) -3% 

121 US 101S at Airport Blvd 2641 2731 90 3% 

122 US 101S at Shiloh Rd 2778 2136 (642) -23% 

 Total South Bound 101 1,503,187 1,498,528 (4,659) 0% 

 

3.7 Transit Validation 

Transit validation is achieved by comparing the ridership from the travel model to observed 
ridership. Observed ridership was obtained mostly from the respective transit operators and 
substantiated by numbers from the National Transit Database (NTD), maintained by the Federal 
Transit Administration. The table below compares the model transit output to the observed values. 
The model also includes smaller operators like Cloverdale, Mendocino Transit and Napa Vine but 
the ridership on these is very low and it is hard for the mode choice model to match riders in low 
volume routes.  

Table 46. Model versus Observed Ridership for Major Operators in Sonoma County 

Operator SCTM 2015 Observed % Difference 

Sonoma County Transit 4,784 3,302 15% 

Golden Gate 1,998 2,072 -4% 

Santa Rosa City Bus 7,697 5,925 3% 

Petaluma Transit 1,414 1,024 6% 

Total 16,004 15,046 6% 

 

3.8 Dynamic Validation 

Dynamic validation tests the model’s ability to respond reasonably to changes in inputs. Several 
types of dynamic validation were tested: 
 

• Changes in land use 
• Changes in road network 
• Changes in transit service 
• Changes in travel costs 
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These tests were run relative to the 2015 base year validation scenario. 
 
Land use Changes 
 
Changes in land use were tested for two types of land use, residential and commercial. Each land 
use was tested in two locations, one in downtown Santa Rosa and one in an area outside of a 
central business district. A summary of the changes in travel behavior are highlighted in Table 47. 
 
Table 47. Dynamic Validation Land Use Summaries 

 

Attribute Land Use Test 1 Land Use Test 2 Land Use Test 3 Land Use Test 4 

Land Use +100 SF DU +100 SF DU +250,000 SF 
Shopping Center 

+250,000 SF 
Shopping Center 

Location Trenton (Western 
Sonoma County) Santa Rosa CBD Cadwell (Western 

Sonoma County) Santa Rosa CBD 

TAZ #72 #647 #157 #645 

Changes in daily person 
trips to/from TAZ 595 1191 5,047 5,046 

Changes in daily vehicle 
trips to/from TAZ 235 391 5,291 5,200 

Changes in P.M. peak hour 
vehicle trips to/from TAZ 14 22 593 542 

Changes in daily VMT 
to/from TAZ 1,908 1,675 20,052 19,648 

Net change in daily VMT 
countywide 4,925 6,804 13,817 621 

 
Residential Land Use 
 
To test model response to residential land use changes, 100 single family dwelling units were 
added to two different locations: TAZ #72 near Trenton in rural western Sonoma County and TAZ 
#647 in downtown Santa Rosa.  
 
Adding single family dwelling units resulted in a net increase of daily person trips in both tests. In 
the first case of zone 72, the result was around 595 daily person trips from the TAZ and around 
4,925 daily VMT increase countywide. In case 2 where 100 dwelling units were added to zone 647, 
the result was an increase in twice the number of trips – 1191. The reason the same number of 
dwelling units resulted in twice the number of trips in Santa Rosa is a function of % occupancy of 
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single-family dwelling units. While Santa Rosa has 100% occupancy, rural Western Sonoma County 
only has 50% occupancy.  
Another point to note is the increase in VMT is not as high for Santa Rosa as it is for the rural zone. 
For Zone 72, average trip length is about 8.2 miles (4925/595) while it is only 5.7 for Santa Rosa 
(6804/1191). People in Santa Rosa can access their point of activity such as jobs, entertainment, 
shopping, recreation in a shorter distance than rural Trenton. This exercise shows that there are 
tradeoffs in terms of VMT when developing an area in a rural versus urban setup.   
 
Commercial Land Use 
 
To test model response to commercial land use changes, a 250,000 square foot shopping center 
were added to two different locations: TAZ #157 near Cadwell along Hwy 116 between Sebastopol 
and Cotati and TAZ #645 in downtown Santa Rosa. 
 
The model change in daily vehicle trip generation was around 5,000 new trips and about 20,000 
VMT added to the shopping center TAZ in both the cases. However, a shopping center in the rural 
TAZ resulted in an overall system-wide increase in VMT of 13,817 while the same in an urban area 
resulted only in an increase of 621. This is because the shopping center in Santa Rosa just diverted 
trips from other nearby shopping areas to the new center while the one in Cadwell diverted trips 
from the closer shopping center to this one which was farther away.  
 
Both the exercises prove that the model performs as expected and is sensitive to changes in land 
use.  
 

4.0 Future Year Forecasts 
Following model validation for 2015, A Year 2040 model run was conducted that incorporated all 
the model changes discussed in the prior sections. The model uses the General Plan Build Out 
estimates for future forecasts. The database was developed by the SCTA staff using the following 
inputs: 

• Pending and projects in the development pipeline 

• General plan buildout housing and employment estimates 

• Area and specific plan housing and employment estimates 

• Housing element development potential estimates 
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County control totals from MTC’s Plan Bay area are used on these estimates to maintain consistency 
with the regional model. However, at the time of this study, Plan Bay area 2050 forecasts were not 
available, so these forecasts will be updated at a later date to match MTC’s Countywide numbers.  

 
4.1 Land use forecasts and Trip Generation 

Land use forecasts were developed by SCTA staff. Tables 38 and 39 show the growth in dwelling 
units and non-residential square feet. Apart from expected places like Santa Rosa, Petaluma and 
Rohnert Park few locations like Sonoma Valley, Windsor, Russian River and Cotati have high growth 
of dwelling units which is part of the County’s planned development. Windsor, Healdsburg, Cotati, 
Cloverdale and Rural North East are also showing a high increase in employment square footage. 

Table 48. 2040 Dwelling Unit Forecast and Growth Rate by District 

City 2040 Total DU 2015 Total DU  Growth  % Annual 
Growth 

Santa Rosa 83,565 68,017 15,548 0.8% 

Petaluma 26,852 21,840 5,012 0.8% 

Rohnert Park 24,729 16,372 8,357 1.7% 

Windsor 12,195 9,064 3,131 1.2% 

Sonoma 6,600 5,032 1,568 1.1% 

Healdsburg 6,345 4,998 1,347 1.0% 

Sebastopol 4,877 3,598 1,279 1.2% 

Cloverdale 4,740 3,565 1,175 1.1% 

Cotati 5,402 3,388 2,014 1.9% 

Unincorporated 54,932 43,843 11,089 0.91% 

Grand Total 230,237 179,717 50,520 1.0% 

 

Table 49. 2040 Employment Forecast and Growth Rate by District 

City 2040 Total Emp Sqft 2015 Total Emp Sqft Growth % Annual 
Growth 

Santa Rosa 42,943,440 32,136,000 10,807,440 1.17% 

Petaluma 22,641,480 17,313,000 5,328,480 1.08% 
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Rohnert Park 11,825,060 7,939,000 3,886,060 1.61% 

Windsor 7,785,400 4,476,000 3,309,400 2.24% 

Sonoma 2,776,250 2,257,000 519,250 0.83% 

Healdsburg 5,133,640 3,673,000 1,460,640 1.35% 

Sebastopol 3,157,650 2,051,000 1,106,650 1.74% 

Cloverdale 3,488,200 2,099,000 1,389,200 2.05% 

Cotati 4,641,540 1,930,000 2,711,540 3.57% 

Unincorporated 29,079,440 16,864,000 12,215,440 2.20% 

Grand Total 133,472,100 90,738,000 42,734,100 1.78% 

 

As expected, the cities and towns with higher growth in dwelling units and employment square 
footage also show higher % annual growth in trip productions and attractions as seen in Table 40 
and 41.  Windsor, Rohnert Park, Cloverdale, Healdsburg and Sonoma city have high growth in 
productions and attractions which big cities like Santa Rosa and Petaluma have high overall 
numbers.  

Table 50. 2040 Productions and Growth Rate by District 

Description 2040 Total 
Productions 

2015 Total 
Productions 

Growth % Annual 
Growth 

Santa Rosa 1,495,138 1,207,400 287,738 0.9% 

Petaluma 518,806 414,637 104,169 0.9% 

Rohnert Park 447,253 287,825 159,427 1.8% 

Around Sonoma city 313,845 230,821 83,024 1.2% 

Healdsburg 155,309 114,762 40,547 1.2% 

Cloverdale and 
 

157,976 110,560 47,417 1.4% 

Cotati 59,208 43,683 15,525 1.2% 
Windsor 214,892 136,842 78,050 1.8% 

Externals 123,898 110,310 13,588 0.5% 

Unincorporated 321,092 238,496 82,596 1.2% 

Total 3,807,416 2,895,335 912,081 1.1% 
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Table 51. 2040 Attractions and Growth Rate by District 

City  2040 Total 
Attractions 

 2015 Total 
Attractions 

 Growth  % Annual 
Growth 

Santa Rosa         1,434,159             1,183,064           251,095  0.8% 

Petaluma             570,639                 464,905           105,734  0.8% 

Rohnert Park             470,683                 309,089           161,594  1.7% 

Around Sonoma 
i  

            278,567                 203,936             74,631  1.3% 

Healdsburg             159,443                 113,113             46,330  1.4% 

Cloverdale and 
S b l 

            156,362                 105,175             51,187  1.6% 

Cotati               41,522                   30,420             11,102  1.3% 
Windsor             234,539                 131,380           103,159  2.3% 

Externals             175,719                 154,846             20,872  0.5% 

Unincorporated             285,783                 199,158             86,625  1.5% 

Total         3,807,416             2,895,085           912,331  1.1% 

 

 

4.2 Trip Distribution and Mode choice 

Tables 52 and 53 show the growth in district to district movements. Trip distribution patterns are 
not very different from the base year 2015 patterns.  

Average trip length in 2040 remains 6.79 miles.  

Tables 54 and 55 shows trips by mode and purpose. As can be seen in the tables, public transport 
and non-motorized mode shares does not go up by much in the County.  
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Table 52. 2040 Trip Distribution 

2040 Trip Distribution 

District 
Santa 
Rosa Petaluma Others 

Rohnert 
Park 

Un - 
incorporated Windsor Healdsburg Cotati Externals 

Grand 
Total 

Santa Rosa 1,166,720 37,230 30,740 104,308 27,544 72,363 20,624 7,526 28,106 1,495,161 

Petaluma 16,100 405,153 6,684 27,717 11,073 1,103 445 4,395 46,140 518,809 

Others* 39,923 14,919 323,706 10,164 19,618 2,878 2,751 1,287 56,577 471,822 

Rohnert Park 76,611 44,847 5,704 274,087 7,053 3,972 1,500 19,632 13,852 447,258 

Unincorporated 38,086 23,209 25,539 11,696 187,506 5,980 5,674 1,179 22,222 321,090 

Windsor 55,018 1,830 1,871 3,907 4,924 122,893 22,446 296 1,709 214,893 

Healdsburg 15,393 733 2,393 1,461 8,756 21,707 102,278 106 2,483 155,310 

Cotati 7,712 9,471 929 30,501 971 420 164 6,398 2,644 59,209 

Napa 12,344 7,984 22,549 2,796 6,987 1,960 1,561 240 - 56,423 

Marin 4,340 23,954 4,709 3,810 5,330 493 580 450 - 43,667 

Mendocino 1,868 2,116 10,067 205 7,400 743 1,396 14 - 23,810 

Grand Total 1,434,114 571,446 434,891 470,652 287,163 234,512 159,418 41,522 173,733 3,807,451 

*Others include the cities of Cloverdale and Sebastopol 
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Table 53. 2015 to 2040 Annual Growth Percentage 

2015-2040 % Annual Growth  

 District   Santa 
Rosa  

 Petaluma   Others   Rohnert 
Park  

 
Unincorporated  

 Windsor   
Healdsburg  

 Marin   Napa   Grand 
Total  

Santa Rosa 0.7% 0.7% 1.2% 1.3% 1.5% 2.8% 2.5% 1.1% 0.1% 0.9% 

Petaluma 1.1% 0.9% 1.8% 1.8% 1.0% 2.7% 2.2% 0.9% 0.5% 0.9% 

Others* 1.1% 1.0% 1.5% 2.4% 1.1% 1.9% 0.4% 2.1% 0.6% 1.3% 

Rohnert Park 1.4% 1.6% 2.4% 2.0% 1.4% 3.3% 2.9% 1.6% 0.8% 1.8% 

Unincorporated 0.9% 0.2% 1.0% 1.1% 1.5% 2.6% 2.3% 0.4% 0.4% 1.2% 

Windsor 1.2% 0.3% 2.6% 1.1% 2.4% 2.2% 2.0% 0.9% -0.9% 1.8% 

Healdsburg 0.6% -0.5% 3.6% 0.6% 3.4% 2.1% 1.1% 0.3% -0.8% 1.2% 

Cotati 1.0% 0.8% 2.2% 1.6% 0.9% 3.0% 2.8% 1.0% 0.3% 1.2% 

Napa 0.0% -0.6% 0.9% 0.4% 1.0% 1.1% 1.1% -0.7%  0.4% 

Marin 0.7% 0.2% 1.4% 1.0% 1.0% 2.1% 2.5% 0.2%  0.6% 

Mendocino -1.0% 3.6% 0.0% -1.5% -0.6% -0.8% -1.3% -2.9%  -0.2% 

 Total 0.8% 0.9% 1.4% 1.8% 1.4% 2.4% 1.4% 1.3% 0.4% 1.1% 

*Others include the cities of Cloverdale and Sebastopol 

 

 

  



Sonoma County Travel Model Update 2019 
 
  

4-58 
 

Table 54. Internal Home-Based Work and School Mode Choice Difference 2040 to 2015 

Mode HBW  
2040 

HBW  2015 Change in 
Mode Share 

HBSCH  
2040 

HBSCH  2015 Change in 
Mode Share 

Drive Alone 423,545 343,145 -0.6% 54,483 44,145 -0.2% 

Shared Ride 2 63,701 52,037 -0.2% 95,706 77,318 -0.3% 

Shared Ride 3+ 28,453 22,650 0.1% 164,380 128,633 1.0% 

Walk to Transit 4,291 3,857 -0.1% 1,656 1,587 -0.1% 

Drive to Transit 3,459 1,124 0.4% 518 230 0.1% 

Walk 20,724 16,184 0.1% 42,883 35,570 -0.4% 

Bike 8,101 5,186 0.3% 5,938 4,766 0.0% 

Total 552,275 444,182 0.0% 365,563 292,249 0.0% 

 

Table 55. Internal Home Based Other and Non Home-Based Mode Choice Difference 2040 to 2015 

Mode HBO  2040 HBO  2015 Change in 
Mode Share 

NHB  
2040 

NHB  2015 Change in 
Mode Share 

Drive Alone 522,090 425,152 -0.4% 690,728 474,205 -0.3% 

Shared Ride 2 447,202 362,404 -0.2% 324,262 221,886 -0.1% 

Shared Ride 3+ 378,461 296,490 0.7% 239,329 158,658 0.5% 

Walk to Transit 1,753 1,676 0.0% 1,471 1,316 0.0% 

Drive to Transit 1,475 581 0.1% 639 267 0.0% 

Walk 121,562 99,672 -0.1% 82,898 57,314 -0.1% 

Bike 16,039 12,569 0.0% 6,898 4,545 0.0% 

Total 1,488,582 1,198,545 0.0% 1,346,22
5 

918,190 0.0% 
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Table 56. Total Mode Choice 

Mode Total 2040 Total 2015 2040 Mode 
Share 

Change in 
Mode Share 

Drive Alone 1,690,846 1,286,647 45% 0.0% 

Shared Ride 2 930,871 713,645 25% -0.2% 

Shared Ride 2 810,623 606,430 22% 0.3% 

Walk to Transit 9,172 8,436 0% -0.1% 

Drive to Transit 6,090 2,202 0% 0.1% 

Total Transit 15,262 10,638 0% 0.0% 

Walk 268,066 208,740 7% -0.2% 

Bike 36,976 27,066 1% 0.0% 

Total 3,752,644 2,853,166 100% 0.0% 

 

4.3 Future Traffic Volumes 

The following tables show the growth between 2015 Daily Volumes and 2040 Daily Volumes from 
the model sorted by facility type. On an average, there is a 20% growth in traffic volumes between 
2015 and 2040 models.  

Table 57. 2015 Daily Model Volumes by Facility Type 

Facility  Rural   Suburban   Urban   Grand Total  

Highway  366,556   145,522   -     512,079  

Arterial/Collector  35,536   760,622   437,333   1,233,491  

Expressway  7,398   79,915   -     87,313  

Freeway  447,886   423,841   620,939   1,492,666  

Total  857,376   1,409,900   1,058,272   3,325,549  

 
Table 58. 2040 Daily Model Volumes by Facility Type 

Facility  Rural   Suburban   Urban   Grand Total  

Highway  489,484   177,002  

 
 
  

 -     666,486  

Arterial/Collector  48,863   1,044,040   512,005   1,604,908  

Expressway  14,081   102,642   -     116,723  
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Freeway  558,032   518,629   754,046   1,830,707  

Total  1,110,460   1,842,313   1,266,051   4,218,824  

 
 
Table 59. 2015 to 2040 Daily Model Volume Growth by Facility Type 

Facility  Rural   Suburban   Urban   Grand Total  
Highway  122,927   31,480   -     154,407  

Arterial/Collector  13,328   283,418   74,672   371,417  

Expressway  6,683   22,728   -     29,411  

Freeway  110,146   94,788   133,107   338,041  

Total  253,084   432,413   207,779   893,276  

 
 
Table 60. 2015 to 2040 Daily Model Volume Growth Percentage by Facility Type 

Facility  Rural   Suburban   Urban   Grand Total  
Highway 34% 22%  30% 

Arterial/Collector 38% 37% 17% 29% 

Expressway 90% 28%  34% 

Freeway 25% 22% 21% 23% 

Total 30% 31% 20% 27% 

 
Table 61. 2015 Daily Model Volumes by District 

Town Highway Arterial/Collector Expressway Freeway Total 

Cotati - 57,358 - 141,065 198,422 

Healdsburg - 104,386 - - 104,386 

Others* 321,579 56,760 - 218,058 596,396 

Petaluma 38,320 248,212 - 227,973 514,505 

Rohnert Park 15,769 119,387 87,313 149,678 372,147 

Santa Rosa 51,490 437,333 - 689,157 1,177,979 

Sonoma 84,921 28,624 - - 113,544 

Windsor - 181,432 - 66,736 248,168 
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Grand Total 512,079 1,233,491 87,313 1,492,666 3,325,549 

*Others include the cities of Cotati and Sebastopol 
 
Table 62. 2040 Daily Model Volumes by District 

Town Highway Arterial/Collector Expressway Freeway Total 

Cotati - 79,436 - 164,911 244,347 

Healdsburg - 164,044 - - 164,044 

Others* 439,730 65,610 - 266,092 771,432 

Petaluma 41,757 305,817 - 274,967 622,541 

Rohnert Park 12,653 167,961 116,723 176,330 473,667 

Santa Rosa 60,719 512,005 - 851,672 1,424,396 

Sonoma 111,627 31,773 - - 143,399 

Windsor - 278,263 - 96,735 374,998 

Grand Total 666,486 1,604,908 116,723 1,830,707 4,218,824 

*Others include the cities of Cotati and Sebastopol 
 
Table 63. 2015 to 2040 Daily Model Volume Growth by District 

Town Highway Arterial/Collector Expressway Freeway Total 

Cotati - 22,078 - 23,846 45,924 

Healdsburg - 59,659 - - 59,659 

Others* 118,151 8,850 - 48,035 175,036 

Petaluma 3,436 57,605 - 46,994 108,036 

Rohnert Park (3,116) 48,574 29,411 26,652 101,520 

Santa Rosa 9,230 74,672 - 162,515 246,417 

Sonoma 26,706 3,149 - - 29,855 

Windsor - 96,831 - 29,999 126,830 

Grand Total 154,407 371,417 29,411 338,041 893,276 

*Others include the cities of Cotati and Sebastopol 
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Table 64. 2015 to 2040 Daily Model Volume Growth Percentage by District 

Town Highway Arterial/Collector Expressway Freeway Total 

Cotati - 38% - 17% 23% 

Healdsburg - 57% - - 57% 

Others* 37% 16% - 22% 29% 

Petaluma 9% 23% - 21% 21% 

Rohnert 
k 

-20% 31% 34% 18% 27% 

Santa Rosa 18% 17% - 24% 21% 

Sonoma 31% 42% - - 26% 

Windsor - 55% - 45% 51% 

Grand Total 30% 29% 34% 23% 27% 

*Others include the cities of Cotati and Sebastopol 

 

4.4 Future Vehicle Miles Traveled (VMT) 

The following tables show the growth between 2015 and 2040 VMT from the model sorted by speed 
bin and city.  As the volumes go up on the roadways, speed goes down and the VMT moves from a 
higher speed bin to a lower one. Table 65 shows that VMT in the highest speed bin 60-65mph 
decreases by 8% and gets redistributed to lower speed bins. Also, as the growth spreads out of the 
already dense cities like Santa Rosa and Petaluma, their share of the County’s VMT goes down 
slightly and VMT in the rural areas increases as shown in Table 65 

Table 65. VMT By Speed Bin in Sonoma County 

SpeedBin 2015 VMT 2015 Share 2040 VMT 2040 Share % Change 
00.00-05.00 2,734 0% 7,449 0% 0% 
05.01-10.00 12,686 0% 51,808 0% 0% 
10.01-15.00 806,994 7% 1,132,294 8% 0% 
15.01-20.00 73,663 1% 228,235 2% 1% 
20.01-25.00 303,610 3% 600,064 4% 1% 
25.01-30.00 886,447 8% 1,090,902 8% -1% 
30.01-35.00 1,004,309 9% 1,429,349 10% 1% 
35.01-40.00 1,073,552 10% 1,524,050 11% 1% 
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40.01-45.00 1,590,868 15% 2,150,856 15% 0% 
45.01-50.00 968,421 9% 1,442,681 10% 1% 
50.01-55.00 860,488 8% 953,685 7% -1% 
55.01-60.00 160,738 1% 804,163 6% 4% 
60.01-65.00 3,128,316 29% 2,988,807 21% -8% 
Total 10,872,826 100% 14,404,344 100% 0% 

 

 
Table 66. VMT By City in Sonoma County 

City 2015 VMT 2015 % 
Share 2040 VMT 2040 % 

Share Change 

Petaluma 1,099,823 10% 1,339,514 9% -0.8% 
Rohnert Park 560,159 5% 778,452 5% 0.3% 
Santa Rosa 2,918,627 27% 3,561,155 25% -2.1% 

Sonoma 119,748 1% 148,003 1% -0.1% 
Cloverdale 84,283 1% 123,363 1% 0.1% 

Coastal Gualala 330,617 3% 491,172 3% 0.4% 
Cotati 273,832 3% 349,837 2% -0.1% 

Healdsburg 90,173 1% 137,876 1% 0.1% 
Sonoma Valley 1,201,124 11% 1,551,763 11% -0.3% 
Russian River 162,674 1% 243,952 2% 0.2% 

Windsor 461,629 4% 712,785 5% 0.7% 
Sebastopol 98,019 1% 119,198 1% -0.1% 

Rural Santa Rosa 1,093,930 10% 1,623,321 11% 1.2% 
Rural Petaluma 972,549 9% 1,233,607 9% -0.4% 

RP Cotati 391,599 4% 526,538 4% 0.1% 
Rural Sebastopol 350,045 3% 484,024 3% 0.1% 
Rural Healdsburg 223,944 2% 326,591 2% 0.2% 

Rural NE 440,052 4% 653,192 5% 0.5% 
TOT 10,872,826 100% 14,404,344 100% 0.0% 

 
4.5 Conclusion 

Sonoma is one of several counties in the 9-county bay area that has a trip-based travel model. At 

the present time, the trip-based model is adequate to serve the needs of the County and its 
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jurisdictions. The current round of model update also takes advantage of a travel behavior study for 

calibration. A weekend model is also being developed as part of the update. While a trip-based 

model is easier and faster to develop and use for applications, it is not as robust as an activity-based 

model. SCTA should evaluate its needs in the coming years and decide if it wants to continue with 

the trip-based model or implement an activity based model.   
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