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Street Network 
The original street network for the 2008 base year conditions is derived from the City of Santa Monica’s GIS 
roadway centerline file. The model street network includes all freeways, state highways, arterials, collectors, 
and local roads within the study area. These classifications are based on the City’s 2010 Land Use and 
Circulation Element (LUCE) and reflect existing conditions. Later in the 2013 base year model, modifications 
to the street network were made to incorporate changes that occurred between 2008 and 2013. This 
updated 2019 base year model is updated on top of the previous changes by using aerial photography and 
gathering input from the City regarding roadway network assumptions. As is typical for urban area models, 
the model network focuses on the most-used facility types. Some residential streets are included as well, 
not to replicate individual travel patterns, but to distribute traffic volumes more realistically along major 
arterials. As a major update in the new model network, most of the alleys and courts in the downtown area 
and other dense areas in the City previously coded in the model are now replaced with centroid connectors. 
The access points for each TAZ are reviewed to make sure all the centroid connectors can appropriately 
represent the real network. This improves the model assignment performance. The street categories 
included in the model are described below. 

Freeways 

Freeways are high-capacity facilities that primarily serve longer-distance travel. Access is limited to 
interchanges, typically spaced at least one mile apart. Interstate 10 is the freeway that runs directly through 
the Santa Monica model area. As part of expanding the model study area, I-405 was added into the 2019 
base year model to capture trips coming to and from the City through I-405 to West Los Angeles. 

Highways 

Roadways designated as highways are typically state highways that are not limited-access freeways. In Santa 
Monica, these facilities serve travel between the City and its neighboring jurisdictions. The primary highway 
in Santa Monica is SR 1 (Pacific Coast Highway or PCH). Portions of Lincoln Boulevard and Santa Monica 
Boulevard are also designated as State Routes in Santa Monica. However, these facilities function more like 
arterials and are coded as such in the model.  

Arterials 

Roadway segments classified as arterials are major roads that provide connections within the City, between 
the City and neighboring areas, and through the City. Minor arterials in Santa Monica typically have two 
lanes in each direction, with travel speeds of 30-35 miles per hour (mph). Examples of these arterials include 
Wilshire Boulevard, Santa Monica Boulevard, Ocean Avenue or Lincoln Boulevard.  
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Collectors 

Collectors are facilities that connect local streets to the arterial and highway system and may also provide 
direct access to local land uses. Collectors typically have one lane in each direction, with speeds of 25-30 
mph. In Santa Monica, streets that fulfill this purpose and are primarily located in residential areas are called 
feeders. 

Local Streets 

Some local streets have been added to the model; these streets primarily feed collector roads and are 
typically one lane in each direction, with speeds of 20-25 mph. These streets were added mainly to provide 
more realistic loadings to larger roadways and have not been calibrated with observed vehicle volumes.  

For each of its records, the street network database includes a street name, distance, functional class, speed, 
capacity, and number of lanes. These attributes were checked using maps, aerial photographs, and other 
data provided by the City of Santa Monica. The number of lanes and free-flow speeds were verified for the 
entire network. The capacities of roadway links and travel time factors were adjusted during the calibration 
process for each time period to reflect actual conditions at specific locations. Table 5 shows the initial 
roadway speeds, lanes, and capacities used for each roadway class in the model. Where necessary, these 
values were adjusted to reflect current conditions at specific locations. 

Alleys 

The original 2013 model included all alleys and courts within the City of Santa Monica. During the update 
of 2019 Santa Monica model, the majority of alleys and courts in the downtown and other dense areas were 
removed and replaced with centroid connectors. However, there are still some alleys in the model to provide 
the network density in less dense areas. These streets are typically one lane in each direction, with speeds 
of 10 mph. Examples of these alleys include Euclid Court. and 12th Court. between Georgina Avenue and 
Montana Avenue. 
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Table 4: Typical Roadway Speeds and Capacities 

Roadway Classification 
Speed 
(MPH) 

Total Through 
Lanes 

Lane Capacity (Vehicles 
per hour per lane) 

Total Facility Capacity 
(Vehicles per hour) 

Freeway 65 4-10 2,000 8,000-20,000 

Highway 50 4-6 1,200 4,800-7,200 

Arterial 30-35 4 900 3,600 

Collector/Feeder 25-30 2 600 1,200 

Local 25 2 600 1,200 

Alley 10 2 250 500 

Ramp 30 1 1,800 1,500 

Centroid Connector 30 2 10,000 20,000 

* Functional Class definitions are in concurrence with the City of Santa Monica Land Use and Circulation 
Element, 2010. 
** Centroid connectors are abstract representations of the starting and ending point of each trip, and thus 
should have no capacity constraints. 
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Description of the Model 
Calibration Process 
Model calibration is the process by which parameters for the model are determined. These parameters are 
based on comparing travel estimates computed by the model with actual data from the area being modeled. 
This section provides a general description of the calibration steps and the adjustments made during the 
process to achieve accuracy levels within Caltrans guidelines.  

Trip Generation 
Trip Generation Rates 
Trip generation rates relate the number of vehicle trips going to and from a site to the type of land use 
intensity and diversity of that particular site. Each trip has two ends, a “production” and an “attraction.” By 
convention, trips with one end at a residence are defined as being “produced” by the residence and 
“attracted” to the other use (workplace, school, retail store, etc.) and are called “Home-Based” trips. Trips 
that do not have one end at a residence are called “Non-Home-Based” trips. 

Six trip purposes are used in the Santa Monica model: 

1. Home-Based Work (HBW): Trips between a residence and a workplace 

2. Home-Based Other (HBO): Trips between a residence and any other destination 

3. Non-Home-Based (NHB): Trips that do not begin or end at a residence, such as traveling from a 
workplace to a restaurant or from a retail store to a bank 

4. School (SCHOOL): Trips between a residence and a K-12 school 

5. College (COLLEGE): Trips between a residence and a college or university 

6. Recreational (REC): Trips between a residence and the beaches and parks 

Trip generation rates are initially defined for total trips and later split by trip purpose for both productions 
and attractions.  

The most widely used source for individual project vehicle trip generation rates in the transportation 
planning field is the Trip Generation Manual, 10th Edition. This book contains national averages of trip 
generation rates for a variety of land uses in what are generally suburban locations. The ITE land use 
categories tend to be very specific, while model land use categories (accounting for all land use in the City) 
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tend to be more general. ITE rates are appropriate for smaller site-specific uses, such as traffic studies for 
development review, and they provide a starting point for travel models by capturing the interaction 
between all land uses in the City. However, the unique local characteristics of Santa Monica require the 
development of specific trip generation rates for the model. 

A traffic impact study uses ITE trip generation rates because, in most cases, the project being examined 
shares characteristics with the information contained in the Trip Generation Manual, 10th Edition. In other 
words, both the traffic impact study and the ITE rates rely on single-use, isolated projects that have plenty 
of free parking and little or no interaction with other nearby uses. When assessing the impact of an 
individual project, the ITE rates are typically appropriate since they can correctly mimic the site being 
analyzed in the traffic impact study. 

The Santa Monica model, on the other hand, generates trips by purpose, and balances productions to 
attractions. The model also has trip rates calibrated to local conditions and other advanced trip generation 
features, such as the cross classification of dwelling units by vehicle availability. Traffic impact studies rely 
on ITE trip rates that only vary based on land use type or size. While these trip rates are a valid starting point 
for model calibration and validation, they have a different purpose and are not necessarily suitable for 
demand forecasting without customization. 

Certain ITE rates are more applicable to Santa Monica model rates because of their comparable level of 
detail. For example, both ITE and the Santa Monica model have a generic office category. Some ITE rates, 
however, cannot be used directly because the land use category is not the same as the City of Santa 
Monica’s land use classifications. For example, ITE’s restaurant categories include high-turnover restaurant, 
fast food restaurant, fast food restaurant with drive-through with seating, fast food restaurant with drive-
through and no seating, and other types. By necessity, Santa Monica restaurant rates represent a 
compilation and average of rates from other Southern California locations and have been customized to 
the City. It is important to recognize that ITE rates are also averages, based on driveway counts at multiple 
locations, so the use of average rates within the Santa Monica model is entirely appropriate. 

The original model trip generation rates were initially based on the Land Use and Circulation Element (LUCE) 
of the Santa Monica General Plan. During the model calibration and validation process, the SCAG regional 
model, ITE’s Trip Generation 10th Edition, and the trip generation rates used for the Glendale, West 
Hollywood, and Pasadena City-wide models were all reviewed to better adjust the initial trip generation 
rate. These City models were reviewed because they share some socioeconomic and land use characteristics 
with the City of Santa Monica. The rates were then modified to account for local conditions based on traffic 
counts, production-to-attraction balancing (discussed below), and the difference between ITE and model 
land use definitions. The final Santa Monica trip generation rates are unique to the Santa Monica model, 
and they are ultimately based upon the results of successful model calibration and validation.  
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Production and Attraction Balancing 
Local trips (internal-to-internal or I-I) are trips that both start and end in the study area. One of the basic 
assumptions of any travel model is that the total number of local trips produced is equal to the total number 
of local trips attracted. It is logically assumed that if a journey is started somewhere, it must have an ending 
somewhere else. If the total productions and attractions are not equal, the model will typically adjust the 
attractions to match the productions, thus ensuring that each departing traveler finds a destination. While 
it is never possible to achieve a perfect match between productions and attractions prior to the automatic 
balancing procedure, the existence of a substantial mismatch in one or more trip purposes indicates that 
either land use inputs or trip generation factors may be in error. Therefore, in developing the trip 
productions and attractions for the Santa Monica model, a careful pre-balancing was conducted outside 
the model stream to eliminate possible disparity errors.  

Estimating the proportion of local trips is the first step in this process. Table 6 shows the distribution of 
work locations for Santa Monica residents and the distribution of residential locations for Santa Monica 
employees, based on 2018 U.S. Census OnTheMap data. The proportion of local HBW trips, which start and 
end within the model area, was estimated to be between 9% and 20%. 

Table 5: City of Santa Monica Commuting Patterns 
Location Inside Santa Monica Outside Santa Monica 

Santa Monica Residents -Employment 
Location 19.5% 81.7% 

Santa Monica Employees - Residential 
Location 9.4% 91.0% 

Source: U.S. Census Bureau OnTheMap, 2018 https://onthemap.ces.census.gov/ 

 

For non-work trip purposes, information from the SCAG Reginal Model and the California Household Travel 
Survey was used to develop estimates of the percentage of HBO and NHB trips that are local to the model 
area. Table 7 shows the number of internal (I-I) and external (I-X and X-I) trips broken down by purpose, as 
well as the target percentages of internal trips compared to the total internal and external trips by trip 
purposes from the regional data sources.  
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Table 6: Internal and External Trips by Trip Purpose 

Trip Purpose Internal Trips External Trips 

Percent of Total Daily Vehicle Trips 

Santa Monica Model 
Regional 
Targets* 

Home-Based Work 
(HBW) 

47,832 363,728 12% 12% 

Home-Based Other 
(HBO)** 

256,033 261,409 49% 50% 

Non-Home-Based (NHB) 196,778 354,332 36% 35% 

Total 500,644 979,469  34% 35% 

* 2012 California Statewide Household Travel Survey 

** School, college, and recreation trips are subsets of the HBO trip purpose 

The second step in the pre-balancing is to compare the number of productions with the number of 
attractions by purpose for local trips within the model area. In this step, it is important to understand the 
production and attraction trip purpose distribution by land use type, which determines the number of trips 
produced or attracted by different trip purposes for a certain land use type. To minimize the number of 
variables in this step, model land use types are grouped into eight sub land use groups. The production and 
attraction trip purpose distributions are identified by these sub land use groups. Table 11 lists the sub land 
use groups for trip purpose distribution. Table 8 summarizes the trip purpose distribution assumptions. 
Table 9 summarizes the local trip productions and attractions from the Santa Monica model for each trip 
purpose, prior to the application of the automatic balancing procedure. Guidelines published by the Federal 
Highway Administration’s Transportation Model Improvement Program (TMIP) and the National Highway 
Cooperative Research Program (NCHRP) suggest that, prior to balancing, the number of productions and 
attractions should match to within plus or minus 10%. The results indicate that the 2019 model meets the 
published guidelines for all trip purposes. 
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Table 7: Internal and External Trips by Trip Purpose 
Sub Land 
Use Group 

Production Attraction 

Total HBW HBO NHB SCH COL REC HBW HBO NHB SCH COL REC 

Residential 20% 32% 17% 4% 3% 2%   5% 17%       100% 

Office     17%       36% 30% 17%       100% 

Retail     25%       15% 35% 25%       100% 

Industrial     30%       30% 10% 30%       100% 

School     15%       5%   15% 65%     100% 

College     15%       5%   15%   65%   100% 

Recreation     5%       5%   5%     85% 100% 

Hotel     30%       40%   30%       100% 

Source: Fehr & Peers, 2021    

 

Table 8: Trip Productions and Attractions by Purpose 

Trip Purpose 
Productions 
(Trips) 

Attractions 
(Trips) % Difference 

Home-Based Work (HBW) 47,862 48,507 1% 

Home-Based Other (HBO) 200,075 200,733 0% 

Non-Home-Based (NHB) 196,778 196,778 0% 

School (SCH) 28,730 27,873 3% 

College (COL) 19,475 18,854 3% 

Recreation (REC) 9,800 9,232 6% 

Source: Fehr & Peers, 2021    

In addition to production and attraction balancing, the percentages of total trips for each purpose were 
checked for reasonableness. Table 9 shows the trip purpose as a share to total trips in the Santa Monica 
model and based on the subset of the California Household Travel Survey (CHTS) that represents Santa 
Monica. This information indicates that the trip generation component of the Santa Monica model is 
performing reasonably.  
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Table 9: Trips Purpose Percentages 

Trip Purpose Number of Trips 

Percent of Total Daily Person Trips 

Santa Monica Model 
Regional 
Targets* 

Home-Based Work (HBW) 411,560  28% 28% 

Home-Based Other (HBO)** 517,442  35% 39% 

Non-Home-Based (NHB) 551,111 37% 33% 

Total 1,480,112 100% 100% 

* 2012 California Statewide Household Travel Survey 

** School, college, and recreational trips are subsets of the HBO trip purpose 

 

Further Refinement 
In addition to the standard trip generation procedures, certain enhancements were added to the Santa 
Monica model to better capture local trip-making characteristics and provide the ability to test certain policy 
options for future development scenarios. These enhancements included dividing the model area into four 
area types and cross-classifying multifamily households by auto ownership.  

Area Types 

The model area contains a variety of development patterns, each with different land use characteristics and 
associated trip-making patterns. To account for these differences, the model area was divided into four area 
types. The four area types, shown in Figure 4, have their own associated trip generation rates and 
internal/external trip-making characteristics. Trip generation rates for each land use in each area type are 
shown in Table 11. 

Area type 1 represents Downtown Santa Monica and the Special Office District. This area contains the 
greatest concentration of commercial and retail land uses within the boundaries of the model. These land 
uses are grouped together because of their similar density and propensity to attract trips from outside the 
model area. These two locations differ from the rest of the model area by exhibiting high levels of 
walkability, a lower propensity for driving, and denser transit service. The boundary drawn between area 
type 1 locations and the rest of the model was based on the likelihood of pedestrian travel between 
complementary land uses. 

Mode choice is strongly determined by auto availability, and since most people arrive in Downtown Santa 
Monica and the Special Office District by car, the locations covered by area type 1 were defined by two 
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factors that counteracted what otherwise would have been a predisposition towards driving. Distance 
between origin and destination was the first factor. People are more likely to walk than drive when the 
distance they need to travel is a quarter mile or less. The second factor was a high density of complementary 
land uses. Driving trips are eliminated when people can park once and walk to multiple destinations. 
Complementary land uses also allow people who do not arrive by car (by way of public transit, biking, 
walking) to carry out multiple trips within their walking radius. 

Area type 2 represents the remaining residential and commercial portions of Santa Monica. This area has 
development patterns generally consisting of connecting streets and a mixture of residential and non-
residential land uses. 

Area type 3 represents the coastal areas in the model area. These areas contain a large portion of the 
recreational land use. Most of the commercial land uses in the area support the recreational land uses. There 
is limited residential development in area type 3.  

Area type 4 represents the buffer areas of the City of Los Angeles surrounding the City of Santa Monica.  

Table 10: Daily Vehicle Trip Generation Rate by Area Type 

Land Use Units Distribution Area 1 Area 2 Area 3 Area 4 

Ajacent Neighborhoods - SCAG 
Single-family Dwelling Units Residential 9.36 9.42 10.00 9.42 

Multi-family, zero car Dwelling Units Residential 1.50 2.05 2.21   

Multi-family, one car Dwelling Units Residential 3.01 3.59 3.85 3.59 

Multi-family, two or more 
cars 

Dwelling Units Residential 5.16 6.07 6.49   

Personal Services Thousand Square-feet Retail 19.66 43.61 44.32   

Airport Based Aircraft Retail 35.41 39.39 40.00   

Entertainment Thousand Square-feet Retail 35.41 39.39 40.00   

Office Thousand Square-feet Office 9.52 9.97 10.52   

Creative Office Thousand Square-feet Office 8.57 8.77 9.00   

Government Office Thousand Square-feet Retail 34.29 35.00 35.00   

Medical Office Thousand Square-feet Retail 28.58 29.32 30.00   

Hospital Thousand Square-feet Office 15.85 16.13 16.50   

Automotive Related Thousand Square-feet Retail 151.55 151.74 152.84   

Lodging Thousand Square-feet Hotel 1.84 1.83 1.93   

Cultural Thousand Square-feet Retail 29.20 29.22 29.75   
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Land Use Units Distribution Area 1 Area 2 Area 3 Area 4 

Nightlife Thousand Square-feet Retail 21.55 21.61 21.77   

Restaurant Thousand Square-feet Retail 79.01 81.06 80.00   

Retail Thousand Square-feet Retail 29.41 40.56 38.76   

Light Industrial Thousand Square-feet Industrial 1.47 1.50 1.50   

Heavy Industrial Thousand Square-feet Industrial 1.48 1.51 1.50   

Police and Fire Services Thousand Square-feet Industrial 6.31 6.31 6.31   

Elementary and Middle 
School 

Students School 1.20 1.20 1.20 1.20 

High Schools Students School 1.71 1.71 1.71 1.70 

College Students College 1.15 1.15 1.15 1.10 

Religious Facilities Thousand Square-feet Office 9.11 9.11 9.11   

Recreation (Parks and 
Beaches) 

Acres Recreation 27.50 28.00 52.50   

Ajacent Neighborhoods - SCAG 
Retail Employees Retail       16.47 

Office Employees Office       2.89 

Industrial Employees Industrial       6.80 

Educational Employees Office       1.50 

 

Multifamily Unit Vehicle Availability 

To provide the ability to test certain potential policy alternatives, multifamily dwelling units were divided 
into three types representing varying levels of vehicle ownership. Vehicle ownership data for each census 
tract in Santa Monica was obtained from the 2018 Census data using 2014-2018 American Community 
Survey 5-Year estimates. The total number of multifamily units in each census tract was apportioned to the 
relevant multifamily category by the level of vehicle ownership. The daily vehicle trip generation rate is 
different depending on the vehicle ownership of each multifamily dwelling unit, as in Table 12. 
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Table 12: Multifamily Trip Generation Rate within the City of Santa Monica 
Land Use Type Land Use Code 2019 Trip Rate 

Multi-family with 0 vehicle MF_DU_0 4,998 1.9 

Multi-family with 1 vehicle MF_DU_1 23,859 3.6 

Multi-family with 2+ vehicle MF_DU_2P 15,498 6.0 

Source: Fehr & Peers, 2021 

 

Trip Generation by Time Period 

The model trip generation step starts with daily trip generation assumptions. On top of the daily trip 
generation assumptions, there is a model input file that determines the trip distribution by time period, 
called the hourly input file. The following peak periods are defined in the model: 

• AM Peak period : 6:00 am – 9:00 am 
• Midday Periods:  9:00 am – 3:00 pm 
• PM Peak Periods: 3:00 pm- 7:00 pm 
• Off-Peak Periods: 7:00 pm – 6:00 am 

There are also two peak hour periods in the model: 

• AM Peak Hour: 8:00 am – 9:00 am 
• PM Peak Hour: 5:00 pm- 6:00 pm 

Using peak period and peak hour counts, the hourly input is calibrated until the model outputs by time 
period are consistent with the City of Santa Monica by time period counts. Table 13 summarizes the total 
number of trips generated by TAZs within the by trip purposes and by time periods.  
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 Table 13: City of Santa Monica Trips Generation by Time Period 
PURPOSE HBW HBO NHB SCH COL REC TOTAL 

Daily Trips 167,293 303,555 392,182 21,314 31,039 17,743 933,126 

AM Peak Period Trips 50,188 33,391 31,375 7,460 6,518 1,419 130,351 

PM Peak Period Trips 40,150 54,640 149,029 3,623 6,518 4,436 258,397 
PM Peak Hour Trips 8,365 18,213 23,531 1,066 2,483 1,065 54,722 
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Trip Distribution (Gravity Model) 
Once the trip generation step has determined the number of trips that begin and end in each zone, the trip 
distribution process determines the specific destination of each originating trip. The destination may be 
within the zone itself, resulting in an intra-zonal trip. If the destination is outside of the zone of origin, it is 
an inter-zonal trip. Internal-internal (I-I) trips originate and terminate within the model area. Trips that 
originate within but terminate outside of the model area are internal-external (I-X), and trips that originate 
outside and terminate inside of the model area are external-internal (X-I). Trips passing completely through 
the model area are external-external (X-X). 

The trip distribution model uses a gravity model equation to distribute trips to all zones. This equation 
estimates an accessibility index for each zone based on the number of attractions in each zone and a friction 
factor, which is a function of travel time between zones. Each attraction zone is given its share of productions 
based on its share of the accessibility index. This process applies to the I-I, I-X, and X-I trips. The X-X trips 
are added to the trip matrix prior to final assignment. 

This stage of the model was calibrated and validated for trip length and trip distribution using data from 
the California Household Travel Survey and Streetlight. These comparisons are described in more detail in 
the Model Validation section below.  

Friction Factors 
Friction factors, also known as travel time factors, determine the relative attractiveness of each destination 
zone based on the travel time between TAZs and the number of potential origins and destinations in each 
TAZ. These factors are used in the trip distribution stage of the model. The 2019 Santa Monica model friction 
factors were initially developed based on the 2016 SCAG RTP. Different factors are used for each of the six 
purposes in the model. The trip distribution model calculates the travel between zones using the congested 
travel times from either the AM period or the mid-day period, depending on when the majority of trips 
occur by purpose. The HBW and school trip distributions use the AM congested travel times, while the HBO, 
NHB, college, and recreational trip distributions use the mid-day congested travel times.  

Through Trips 
Through trips (also called external-external or XX trips) are trips that pass through the study area without 
stopping inside the study area. The major flows of through traffic in the Santa Monica area travel through 
Santa Monica Boulevard, Wilshire Boulevard, Lincoln Boulevard, Pacific Coast Highway, and I-405, with lower 
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volumes of through traffic using other arterials. The size of these flows was estimated based on Caltrans 
traffic counts (PeMS) and the SCAG Regional Model. A sub-area extraction was performed in the SCAG 
Regional Model to obtain the traffic flow patterns coming in and out of the external stations, and then the 
flows were adjusted using the Fratar algorithm to properly estimate the volumes as observed by the counts. 
In other words, the through trips were modified in conjunction with the external station weights so that 
results at the model gateways accurately represent observed data.  

Trip Length Comparison 
Trip length distribution and average trip length for various trip purposes is another factor representing the 
model performance and determining if the model distributes different trip purposes correctly. Overall, the 
trip distribution model for the City of Santa Monica model produces short trips, because the trip length 
outside of the model area is not captured by the model. Streetlight data is used to calculate the extra trip 
length for external and through trips. Adding the additional trip length from Streetlight data on top of the 
original trip length generated from the model, the trip length for different trip purposes is compared with 
the CHTS data. 

Figure 6 Trip length is another factor that can represent the model performance and if the model distributes 
different trips correctly. Overall, the trip distribution model for the City of Santa Monica model produces 
truncated trips because the trip length outside of the model area is not captured by the model. Streetlight 
data is used to calculate the extra trip length for external and through trips. The adjusted trip length is 
integrated into the model gateway connectors and are used in the model skimming process to distribute 
trips.  

compares the IXXI average trip length from the model, with CHTS and Streetlight data by different planning 
areas within the City. As shown in the table below, the model trip lengths are longer than CHTS and shorter 
than Streetlight for most planning areas, and for the City. There are limited samples from CHTS data for the 
Downtown Community Plan area, and Ocean Park and Pier, therefore it is not statistically possible to 
estimate the average trip length for these areas. The limitation in number of samples in the CHTS data might 
cause an underestimation of average trip length, especially downtown and costal area generally attract 
longer trips comparing to other part of the City. For Streetlight data, there are 6% of the samples with 
extremely long trip length (longer than 40 miles) and long duration (longer than 2 hours), which is mainly 
because of the data collection method, that the trip stop might not be captured for the data. Since the 
model represents normal weekday condition, these long trips were excluded when the average trip length 
was calculated.  
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Figure 6

StreetlightCHTS Model

7.9
ID Planning Area CHTS Model Streetlight
1 Downtown Community Plan - 14.2 15.6
2 North of Colorado Ave and South of California Ave 10.4 13.4 14.3
3 North of Pico Neighborhood Plan 13.5 12.9 13.9
4 Ocean Park and Pier - 14.1 14.9
5 South of Santa Monica Fwy 9.6 12.5 13.3
6 Rest of the City 7.9 14.4 15.8

11.9 12.8 11.9
10.8 13.5 14.7
11.3 13.1 12.9

Buffer

Santa Monica Model
City of Santa Monica
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Trip Assignment 
The trip assignment process determines the route that each vehicle trip takes from a particular origin to 
particular destination. The model selects these routes in a manner that is sensitive to congestion and the 
desire of drivers to minimize overall travel time. It uses an iterative, capacity-restrained assignment, and 
volume adjustments are made that progress towards equilibrium. This technique finds a travel path for each 
trip that minimizes travel time, while taking into account congestion delays caused by the other simulated 
trips in the model. 

The general assignment process includes the following steps. 

• Assign all trips to the links along their selected paths. 

• After all assignments, examine the volume on each link and adjust its impedance based on the 
volume-to-capacity ratio. 

• Repeat the assignment process for a set number of iterations or until specified criteria related to 
minimizing travel delays are satisfied. 

• Calibration of the street network included modification of the centroid connectors to represent 
more accurately the location at which traffic accesses local roads, adjustment of speeds from 
posted speed limits to reflect the attractiveness of the route and the prevailing speed of traffic, 
refinements to the turn penalties files, and application of an additional travel time factor.  

Turn Penalties 
Turn penalties are used to prohibit or add delay to certain turning movements. The Santa Monica model 
prohibits traffic from making turns across impassable medians. In addition, the model is adjusted to reflect 
current traffic condition, such as the one-way streets in Downtown Santa Monica, and the turn prohibition 
to Olympic Boulevard, and Colorado Avenue. In addition, the model does not allow U-turns in order to 
avoid counter-intuitive traffic routing. Information on prohibited turns was provided by the City and 
supplemented with field surveys. Turn penalties may be in effect during the entire day, during one or all 
peak periods. 

Feedback Loops 

The City of Santa Monica model includes a feedback loop which returns to the trip distribution step after 
the traffic assignment is complete. During the feedback process only the AM and MD vehicle trips are 
generated and assigned to the network. Once the feedback loop is complete, the demand from the other 
time periods is calculated and assigned to the network. The required number of feedback loops is 
determined by looking at the change between the congested travel times from subsequent loops. Once the 
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Validation Results 
Model volumes were compared to existing traffic counts at 222 individual count sites for daily, peak period, 
and peak hour validation. Of these count locations, 181 locations are within boundary of the City and 41 
locations are in the buffer area surrounding the City. Additionally, 16 screenlines were drawn using the 
arterial segment counts. Screenlines are imaginary boundaries drawn across a street network to determine 
the total volume crossing the boundary. Screenline accuracy determines whether the volume moving across 
the model area is consistent with he observed volumes. The screenlines and count locations used to validate 
the City of Santa Monica model are shown in Figure 6. List of screenlines presented in Table 12. 

The correlation efficient estimates the overall level of accuracy between observed traffic counts and the 
estimated traffic volumes from the model. These coefficient ranges from 0 to 1, where 1 indicates that the 
model perfectly fits the data. The percent root mean square error (RMSE) is the average of all the link-by-
link percent differences, and it is an indicator on how far the model volumes are away from counts expressed 
as a percent. It is a measure similar to standard deviation in that it assesses the accuracy of the entire model. 

Static validation statistics was computed for all four assignment periods plus a daily volume estimate. The 
results are shown in Table 13, Table 14, and Table 15. Based on the results shown in the tables, the model 
is considered to be statically validated for all time periods. 

  


























































