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2.5.2 Setup for Model Run Pricing Parameters 
It’s important to understand and check the following scenario files to determine if a baseline, mileage-based 
user fee, and/or managed or toll lane pricing scenario is setup in the input structure. Further details on costs, 
fees and pricing can be found in Chapter 9. 

2.5.2.1 Setup Mileage Based User Fee 

SACSIM run script 
To incorporate pricing alternatives into SACSIM’s utility cost of travel function, SACSIM breaks out auto cost, 
typically referred to as the “Cost of Driving” and a separate mileage-based user fee. This is a model feature 
that can be turned on or off by the user based on a few input parameters. Figure 2-6 illustrates variables in 
the SACSIM model run script to update mileage-based user fee and auto operating cost. For example, if a 
model run is testing a mileage-based user fee compared to today’s state gas tax, the user would need to 
factor in the reduction by subtracting a portion of the auto cost per mile input. Therefore, if Mileage Based 
User fee is tuned off, variable “userfee_per_mile”  is equal to zero. If Mileage based user fee variable turned 
on, “userfee_per_mile” is equal to a value greater than zero. Important Note: all auto operating costs need to 
be converted to year 2000 dollars for model input. Further description on SACSIM pricing implementation is in 
Chapter 9.  

Figure 2.6 SACSIM Auto Cost and User Fee Inputs 

 

Spatial and Time Period Fee Adjustments 
In addition to a mileage-based user fee, spatial and temporal components can be set using the 
RAD_Userfee.csv input file in the Scenario run folder. Table 2-5 describes the four inputs in the 
RAD_Userfee.csv required and an example with and without the mileage-based fee adjustments. Figure 2-7 
shows an example of the RAD_Userfee.csv. 

Table 2-5 Spatial and Temporal Mileage-Based Fee Adjustment 
Header (Not in 
actual file) 

RAD Multiplicative Factor Peak Adjustment Off Peak 
Adjustment 

Required input 
description 

Regional Analysis 
Distract Spatial 
Geography where 
factor will apply to 
roadways. Default is 
all RAD Zones 
within region.  

Factor used to 
multiple 
userfee_per_mile 
input. Default is 1. 

Peak congestion 
rate adjustment 
factor applied to AM 
(7am-10am) and 
(4PM – 6PM) peak 
hours. Default is 0. 

Off Peak period 
discount rate during 
non-congested 
times applied to 
Evenings (7-9), 
Nighttime (10-5am) 
and Midday. Default 
is 0 

Example Spatial 
Adjustment  
Turned On 

1 2 0.007 -0.007 

Example Spatial 
Adjustment  
Turned Off  

1 1 0 0 

Source: SACOG 2025. 
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Figure 3.9 SACSIM Link volume delay function 

 
Source:  SACOG 2025. 

3.5.3.2 Traffic Flow Intensity Factors 
The time periods of traffic assignment depend on vehicle trip tables factored by the directional time-of-day 
factors. Also needed is a factor, for each assignment period, relating the volume of traffic in that period, to the 
average flow rate in vehicles per hour.  The "time-mean" definition of such an average is simply one divided by 
the number of hours.  Instead of that, however, an average was preferred that represents the average intensity 
of traffic as experienced by the drivers, what may be termed a "vehicle-mean." Vehicle-mean traffic intensity 
rates were calculated using a summary, from the household travel survey, of vehicle-miles traveled grouped by 
15-minute increments of the whole day. This formula estimated the "vehicle-mean" traffic intensity for AM 
and PM 3-hour periods and the off-peak period, summing for all 15-minute periods within the 3-hour periods: 

�Ã �8�/�6�6�á
�5

(�Ã �8�/�6�á
�5 ) �6 

Where n is the number of 15-minute periods within the multi-hour AM/PM peaks. 

3.5.3.3 Metered On-Ramps 
In the highway network, DELCURV identifies on-ramp links that restrict or "meter" flow entering a freeway at 
certain times of the day using special traffic signal systems at the on-ramp.  Values of this code are: 

• 0 = not a metered on-ramp (most links in the network) 
• 1 = metered in the AM peak period (3 hours) 
• 2 = metered in the PM peak period (3 hours) 
• 3 = metered in both AM ad PM peak period (6 hours) 
• 4 = metered in AM, Mid-Day, PM 
• 5 = metered all 24 hours 
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The presence of ramp metering on freeway entrance ramps can significantly add to vehicular travel time for 
trips which utilize metered ramps, particularly when demand is near or exceeds ramp capacity.  Therefore, a 
delay function was developed which estimates vehicular delay at metered ramps as a function of the 
volume-to-capacity (v/c) ratio.   

The two key input factors are the distribution of demand over time and the vehicle discharge rate.  For the 
assignment periods during the three hour peak AM and PM periods modeled, the relative distribution of 
demand was initially derived from the Caltrans/SACOG household travel surveys and travel time testing. The 
vehicle discharge rate was assumed to be 900 vehicles per lane per hour.  By proportionally changing the 
three-hour demand, total delay over a three hour period was calculated as a function of three-hour v/c ratio. 
The delay curve was represented as a piecewise linear equation.  Overriding this derived curve was a “soft 
ceiling” delay of 15 minutes, and a constantly increasing delay with respect to v/c ratio.  Figure 3-10 shows 
the meter delay curve. 

Figure 3.10 Ramp Meter Delay 

 

3.5.3.4 Bypass Lanes for HOVs at Metered On-Ramps 
Some metered on-ramps have special lanes for high-occupancy vehicles allowing them to bypass potential 
congestion in the general-purpose onramp lanes. These lanes are not controlled or otherwise delayed by the 
ramp-meter signal. The model network representation of these lanes consists of pairs of links parallel to the 
metered on-ramp link. The effect is that HOVs (and any other eligible vehicles) are not delayed by the ramp 
meter delays. The following codes are required on HOV links that bypass metered on-ramps: 

• DELCURV = 0 (0 for all links except metered on-ramps) 

• USECLASS 2 or 3 (for ramp meter bypass links, specify minimum occupancy requirement to use 
bypass)  

 

3.5.3.5 HOV Lane Violators and Exemptions 
In the real world, some percentage of HOV lane capacity is consumed by SOVs that are either disobeying the 
HOV restrictions or have an exemption that allows them to use the HOV lane as an SOV, such as some 
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electric vehicle models. However, SACSIM does not account for such users and assumes all HOV lane 
vehicles contain the specified minimum number of occupants. 

 Transit Assignment 

3.6.1 Transit Path Building and Assignment 
Transit path-building and assignment is performed in five time periods: 

• Morning peak (start of service to 10:00AM) 
• Midday period (10:00AM to 3:00PM) 
• Afternoon peak (3:00PM to 6:00PM) 
• Early Evening (6:00PM to 8:00PM) 
• Night period (8:00PM to 11:00PM) 

 
Additionally, transit path-building and assignment is done in an origin-to-destination, direction format. SACSIM 
accomplishes this O-D assignment format by splitting the drive portion of drive access trips from the transit 
assignment, and assigning all trips as “walk-transit-walk”.  The drive portion of path-building and assignment, 
between home and the park-and-ride lot, is accomplished through highway traffic assignment, outside of 
Cube’s public transport (PT) program. 

3.6.2 Transit Background Network 
The PT implementation builds routes using transit lines and walk access links connecting them to each other 
and zone centroids.  A background network is created on which transit lines run, and walk access is found.  
The background network is created from:  

• Loaded highway networks corresponding to the five transit service periods, including centroid 
connectors, minus any dummy placeholder links used in different scenarios.  This is the source of 
walking distance and traffic speeds. As described in Chapter 7, this also captures the presence of 
bus-only lanes that allow transit vehicles to bypass congested traffic. 

• Reverse directions of one-way links in the highway network, for (1) walk access, and (2) enable two-
way transit lines to use one-way streets without run failure. 

• Exclusive transit links, given in a file manually prepared transit links file (“transit_links.csv”), for light 
rail and other transit-only links. 

• Walk access links connecting the highway network to light rail stops (and other services on exclusive 
ROW), given in in a manually-prepared station links file (“station_links.csv”). 

• A manually prepared park-and-ride file (“_pnr.dbf”) with lot sizes and connections to transit stops 
from, to provide a shorter walk distance from park-and-ride zone than the centroid connector. 

 
Before PT builds complete routes via transit, it prepares walk access links using the shortest path between 
nodes on the compiled background network.  In output files, however, these links appear as direct 
connections between nodes, skipping the intermediate nodes. 

3.6.3 Transit System Coding Structure 
The PT implementation uses three “system” files: 

• A fare file (“PTfare.txt”) which specifies initial boarding fares, and operator-to-operator transfer fares. 
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• A system file (“PTsystem.txt”) which specifies transit modes, operators, and various wait time curves. 

• A factor file (“PTfactor.txt”) which specifies parameters affecting path-building. 

The PT system file declares the coding conventions for transit lines, transit access links, and operators.  It 
also declares a set of wait curves (discussed later).  Each transit line has a mode and an operator.  PT 
generates additional links for access, egress, and transfer, with their own modes.  Modes are shown in Table 
3-21.  Transit fare types area shown in Table 3-22. 

Table 3-23 SACSIM Transit Modes 
Mode Description 
1 Light rail (and other local guideway) 
2 Commuter bus and rail 
3 Local bus 
12 Transfer links generated by PT 
13 Access and egress links generated by PT 
14 (not used) (reserved for separate egress links, if needed) 
15 (not used) (reserved for separate park-and-ride access links, if needed) 

Source:  SACOG  2025. 

Table 3-24 SACSIM Transit Operators 
Operator ID Description 
1 Sacramento Regional Transit* 
2 Yolo County Transportation District (Yolobus) 
3 Roseville Transit 
4 Yuba-Sutter Transit 
5 El Dorado Transit 
6 Placer County Transit 
7 Auburn Transit 
8 Sacramento State Hornet shuttle 
9 UC Davis Unitrans 
10 Amtrak Capitol Corridor 
11 South County Transit 
12 Reserved for future operator 

Source:  SACOG  2025. 
*Sacramento Regional Transit includes routes formerly under Folsom Stage Line and Elk Grove E-Tran 

The PT factors file declares: 

• Parameters for path building 

o Maximums on numbers of boardings per trip, etc. 

o Relative weights for costs and out-of-vehicle times compared to in-vehicle, in determining 
generalized cost of paths 

o Multi-path choice parameters 

• Additional coding convention information 

• Associates fare-systems with operators 
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• Time-transfer nodes declaring special wait curves for particular nodes. 

3.6.4 Transit network 
Details of transit network coding are provided in Chapter 7. For purposes of path building and assignment, 
travel speeds of buses on highway links are related to the background traffic speeds in the respective period 
of the day, multiplied by a time factor that represents delays from stopping, loading and unloading, 
acceleration and deceleration, plus the presence of bus-only lanes when and where applicable.  Time factors 
are specified for each line but can vary along different segments of the same line. Each operator has an initial 
boarding fare, and transfer fares are specified from an operator-to-operator matrix (ptfare.txt). There are no 
zone- or distance-based fares in the model. 

Timed-transfer stations are coded with alternatives to the global or default maxima on wait time specified in 
the PT factors file.  These alternatives are specified by station or stop node.  Each refers to an “xwaitcurve” 
code which must be present in PT system file. For example, Code 105 represents a 5-minute maximum wait 
(or “pulse” period), 107 is a 7-minute maximum wait, and 110 a 10-minute maximum wait. 

3.6.5 Routing 
For drive-access transit travel, the PT application processes only the walk-transit-walk portion.  Park-and-ride 
lot choice is a separate model applied outside of PT, using auto and transit skims, and the auto and transit 
trip-legs separated for assignment.  The auto portion uses the highway network to or from any zone having 
capacity in the “_pnr.dbf” file, and the transit portion uses the transit network to or from the respective park-
and-ride zone.   

Generalized time (or “perceived time” used to evaluate routes) derives from times, distances, and costs 
according to parameters specified in the PT factors file.  Perception of first-wait time is a piecewise-linear 
function fitted to the logarithm of randomly-distributed exponentiated utility, coded as the “wait curve” in the 
Factors file.  This gives a high sensitivity to short headways, and a lesser sensitivity to long headways 
(infrequent service) without the total loss of sensitivity that a truncation would impose. 

PT applies a multi-path routing model.  Waiting at a stop, travelers are routed among all acceptable lines with 
probability proportional to frequency, from the premise that a traveler will board whichever service arrives 
there first among those that efficiently reach his/her destination.  PT also provides a multinomial logit choice 
at decision points to wait at one node or another.  Its parameters are the “spread” parameters in the 
“PTfactors.txt” file, specified close to the program defaults. 
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3.6.6 Skimming 
SACSIM creates the following skim components for transit: walk time to/from first and last stop and any 
walking between stops for transfers, wait time at first stop, in-vehicle travel time, transfer wait time, and fare. 
Notably, DAYSIM replaces the SACSIM-skimmed walk-to-transit time with parcel-specific distances to transit 
specified in the parcel table, specifically the dist_bus and dist_lrt fields. These distances are computed for 
each parcel using the buffering process described in section 4.6.  

Importantly, different TAZ-TAZ transit skims are created for key transit submodes: 

• All transit modes 
• “Must use rail” 
• “Only use local bus” 
• “Must use commuter bus and/or commuter rail” 
• “Must use light rail” 

 
DAYSIM’s path type model uses these separate skims to determine which transit submode a traveler will use 
on their trip. Specifically, whether a traveler will take local bus only, include a commuter bus or heavy rail for 
some or all of their trip, or use light rail for some or all of their trip. In addition to tagging a submode to each 
trip, the path type model allows the user to configure constants to capture qualitative differences between the 
submodes. E.g., applying a discount to the in-vehicle time cost for commuter buses to capture a more 
“pleasant” ride. These submode-specific discount factors can be configured in DAYSIM configuration files (see 
Appendix C DAYSIM Reference Guide for details). 

3.6.7 Transit Assignment 
Transit assignment is performed at the end of the model, since it is not needed in feedback.  It uses the same 
routing criteria as skimming.   

Within SACSIM, DAYSIM uses five discrete period skims, but outputs trips in continuous time, therefore it is 
not always certain by which skim period SACSIM created a transit trip prior to settling the person’s full 
itinerary.  Additionally, DAYSIM’s roster table does specify a transit skim for the 11pm-5am period. As a result, 
some trips are placed into a period having no transit service, so they are unassignable.  Many of the 
unassignable trips occur in the evening period.  To minimize unassignable trips, special rules are applied for 
transit trips in their placement into periods of the day for assignment.   

• All trips earlier than the normal AM 4-hour period are placed into the night-time (8pm-end of service) 
period, 

• If a trip begins in one period and ends in another, but one of these periods lacks transit service (as 
evident from lacking a transit skim), it is placed into the period that has service, 

• If a trip occurs in the evening period, but has no service, it is placed into the PM period if it has 
service. 

3.6.8 Drive Access to Transit 
For each individual park-and-ride trip pair (drive-transit-walk and walk-transit-drive), the park-and-ride lot of 
minimum generalized time is chosen, among those not already full at the time of the trip’s outbound departure 
(beginning of the drive-transit-walk leg).  Skims are a probability-weighted average across the period, of the 
time-dependent best choice.   

To provide a more realistically short walk access between the park-and-ride zone and light rail stops, the 
model script was changed so the short link between them connects directly to the light rail stop, instead of a 
nearby node on the highway network. 
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3.6.9 Park-and-Ride Lot Assignment 
Park-and-ride assignment simulates filling of parking lots over time, making each lot that fills up unavailable to 
later trips. Such a mechanism is reasonable since transit park-and-ride lots mostly serve commuters to work 
in the morning, and most vehicles stay parked through the day until the evening commute period. 

There are two interrelated parts to the implementation of the park-and-ride lot choice model: the actual 
parking lot choice for each trip, and level of service (skim) measurement of the auto-access transit mode for 
each origin-destination pair.   

The park-and-ride lot choice model is applied to each disaggregate trip record predicted by DAYSIM with the 
auto-transit-walk mode (mode 1).  For each, this model selects one zone for this trip to park.  Only zones 
having available parking capacity are allowed.  With this selection, the trip is split into an auto trip from the 
origin to the parking zone, and a transit trip from the parking zone to the destination.   

Each trip is linked to the same person’s return trip (mode 2), and the return trip is split into a transit and an 
auto trip through the same parking zone.  (The return trip may have a different origin than the original d-t-w 
trip’s destination, and/or a different destination than the original trip’s origin.)   

The resulting auto and transit trips are then aggregated into trip matrices by time period for inclusion in the 
auto and transit assignments.  This trip processing model is applied after DAYSIM (since DAYSIM trip 
predictions are input), and before auto assignment (since the auto portions of trips are included in the 
assignments). 

The parking lot choice model makes a single choice for each d-t-w trip of the parking zone, among those 
available for parking and not filled up, having the least generalized cost combined from the auto and transit 
portions of travel parking at that zone.  The generalized costs are as follows, for origin zone i and parking zone 
k: 

GC(auto)ik = {Wa*Auto Timeik  + Wt*(TermTime i+ TermTime k) + Wda*(AutoDist ik * Cd + ParkCostk /2)*Fmt}  / 
1.28 persons per vehicle 

Where: 

• GC(auto) = generalized cost for auto portion of transit-drive access trip, per person trip 

• Auto Timeik  = auto travel time from i-zone to park-and-ride lot k-zone (minutes) 

• TermTime = terminal travel time at i-zone and k-zone (minutes) 

• AutoDist = i-to-k zone auto driving distance (miles) 

• Wa = Weight factor for auto time 

• Wt = Weight factor for terminal travel time 

• Wda = Weight factor for auto distance 

• Cd = per-mile cost for auto travel 

• Fmt = Factor to convert monetary cost to equivalent time cost. As of this writing, this factor was 
0.0558 (i.e., multiply the dollar cost component of the trip by 0.558 to convert to a number of 
minutes). 

 

GC(transit)kj= InVehTime + Wwt*WalkTime  + Wiw*InitWaitTime + Wxw*TransfTime + (2*Fare*Fmt) 

Where: 
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• Wwt = weight factor for walk-to-transit time 
• Wiw = weight factor for time spent waiting for first transit vehicle 
• Wxw = weight factor for time spent waiting for subsequent transit vehicles at transfer points 

Costs are in year 2000 cents, consistent with SACSIM inputs.  The factors on costs are taken from the 
SACSIM model’s middle stratum of cost factors for work trips.  Parking cost is specific to park-and-ride 
activity, being taken from the park-and-ride capacity database file, not the zonal land use or parcel data. 

Ideally, the park-and-ride zones would be special zones coded at the exact locations of the parking lots.  
However, presently they are in ordinary TAZs, and some of their centroids are some distance away from the 
parking and the transit station.  The ordinary walk-access transit skims would include walk time from the 
parking zone centroid to the transit stops, which is excessive in some zones.  TP+ cannot isolate or exclude 
walk time from the origin to the first boarding, which would solve this problem.  The current solution to transit 
skimming for park-and-ride is to actually run customary drive-to-transit skimming, with the requirement that all 
park-and-ride zones be coded in their own catchment areas.  This approach does not appear to introduce 
conflicts, because the parking lot choice calculations ignore all the transit skims except those beginning at 
the parking lot zones (i.e. the zones with parking capacities). 

This model processes AM trips in chronological order, according to the predicted time-of-day of each trip.  
Because the trip start-times from DAYSIM occur at a limited number of unique times, a random number 
breaks ties to settle the order in which trips are processed and given priority at parking lots.  One parking zone 
is chosen for each DAYSIM drive-transit trip, which has the least total generalized cost from its auto and 
transit legs.  The remaining capacity of the chosen zone is decreased by 1 vehicle; if that was the zone’s last 
available parking space, then the zone is unavailable to all later trips. 

In addition to the trip pairs labeled with the parking lot choice, the AM drive-transit trip processor also outputs 
the schedule of when each parking zone fills up, expressed as a fractional number from 0 to 1, representing 
the cumulative fraction of AM period trips that have been processed. 

For the midday period, all lots that fill up in the AM period are unavailable.  For PM and evening, all lots are 
available for drive-to-transit trips.  Airport transit-drive trips are not disaggregate and are few in number, so all 
parking lots are considered available to them. 
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4 Land Use Data 

 Land Use for SACSIM Introduction 
For its transportation planning functions as a Metropolitan Planning Organization, SACOG’s jurisdiction covers 
part of all of the six county Sacramento region.  This area includes Sacramento, Sutter, Yolo and Yuba 
counties in their entirety, and the portions of Placer and El Dorado counties below the Sierra Nevada ridge line.  
The extreme eastern portion of Solano County falls in the Sacramento air basin for some emissions, but is 
within the jurisdiction of the Metropolitan Transportation Commission for federal transportation planning 
purposes; for this reason the Commission provides emissions estimates to SACOG for air quality regulatory 
purposes. 

This chapter presents the process for assembling SACSIM parcel-point data files.  This discussion focuses 
mostly on building the SACSIM file from land use datasets and other data sources.  The land use dataset is 
the primary data source for households and jobs on each parcel.  School employment and enrollments, street 
pattern, off-street parking supply and cost, and transit proximity come from various other data sources, 
described below.  It is helpful to have clear definitions of some terms and processes: 

4.1.1 Terminology 
• Parcels are pieces of land with area, shape, and location defined by assessor’s maps and records.  In 

general, this definition applies to SACSIM, with a couple of caveats: 
o SACSIM parcellation was initially created on best assessors records available to SACOG . 

Every four years during the MTP/SCS, this parcel data is updated with most recent data 
from available sources.  

o Large parcels with significant growth from the base year to the planning horizon year 
(2050) were manually split down to “false” or “pseudo” parcels, which have no bearing to 
assessor’s records. 

• A Parcel-point is a dimensionless point located roughly at the geographic center of a parcel, and 
used to represent the location of that parcel for SACSIM.  The points have unique identifiers which 
allow for parcel data (e.g.  dwellings or jobs estimates from land use model) to be matched or 
aggregated to the parcel-points.  

• Base year inventories are datasets of land use features which are not directly represented in land 
use model, and maintained as separate datasets.  Generally, these are GIS point files, which are 
matched or aggregated to parcels (and later, parcel-points) based on their location. 

• Base-to-future changes are land use or transportation system changes which are flagged by 
comparing a future year scenario file (typically, a land use parcel data file) with a comparable base 
year file.  Changes are flagged based on change in use (place type), or a change in the intensity of 
development (dwellings and jobs), comparing the future year scenario to the base year data at parcel 
level. 

• Base-plus-future-change datasets are assembled by using the base year data for parcels with little 
or no change, and a future year estimate of use if a change has been flagged.  This basic approach 
for creating future year datasets is used for SACSIM school enrollment, school employment, street 
pattern, transit station or stop, and off-street parking facility uses. 
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 Land Use Data Files 
The land use model provides the land use input data file for use in creating the SACSIM parcel-point data file.  
Estimates of dwelling units and employment by sector are developed at parcel level in land use model.  
SACSIM utilizes geographic information system (GIS) outputs from Land use modeling and augments the 
dwelling and employment estimates with other information, which is described in greater detail below.  There 
are several key concepts and terms which are useful in understanding the capabilities of land use model: 

• Landuse Type is the fundamental description of the existing or future land use of a parcel.  This 
roughly corresponds to general plan land use types commonly used by jurisdictions for describing 
land use policy; however, Land use model allows for more standardized land use types to be utilized 
across the region.  Along with other variables described below, dwelling unit and employment rates 
per acre are associated with place types, and are utilized as one component of an estimate of the 
quantity of dwellings or jobs on a parcel. 

• Percent developed or percent covered is the percentage of a parcel which is developed per the coded 
place type. 

• Gross-to-net acreage percentage is the percentage of the parcel area which could be developed, net 
of setbacks, sidewalks, streets, and other dedications. 

• Constraints are geographic (e.g. slope) or policy (e.g. flood zone) variables which generally reduce the 
development potential of a particular parcel. 

• Redevelopment potential is coded to parcels through various fields in Land use model, to represent 
the likelihood of a given existing, developed parcel changing its use (place type) or development 
intensity. 

 
Using all these available concepts and data layers, land use modeling generates estimates or yields of 
dwellings and jobs for each parcel Base year (2020) inventory, estimates are gathered by control totals at the 
census block level and paired with parcel database inventory to determine the land use with number of 
dwelling units. Employment categories also collected at the census block level or smallest geography 
available, are then proportionally distributed or “painted” onto the parcel level into sub-employment categories 
based on the land use types. 

Future scenarios are developed by changing place type, coverage, constraints or redevelopment potential at 
parcel level, and re-estimating the yields of dwelling and jobs for each parcel. The MTP/SCS must address 
state and federal requirements Table 4-1 illustrates all the regulatory, policy, and market based factors 
considered in considering the MTP/SCS land use forecasts.
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Table 4-1 Land Use Forecast Consideration Factors 

 
Source: SACOG 2025
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 Traffic Analysis Zones (TAZs) 
Traffic Analysis Zones, or TAZs, are “...geographic areas dividing the planning region into relatively similar 
areas of land use and land activity. [TAZs] represent the origins and destinations of travel activity within the 
region… every household, place of employment, shopping center, and other activity… are first aggregated into 
zones and then further simplified into a single node called a centroid [placed at the geographic center of the 
TAZ].” 13 

Prior to SACSIM23, SACSIM’s TAZ file had not been updated since 2007 and thus no longer captured 
significant changes in population, land use, and the transportation system that have taken place since then. 
As part of SACSIM23 development, SACOG built a new TAZ layer from scratch, using 2020 census block 
group geographies as a starting point, then refining the geographies using the following criteria: 

• TAZs must not be larger than census block groups nor cross block group boundaries. 
• TAZs must not cross freeways, expressways or major arterials, with strong consideration for natural 

boundaries as well such as creeks and rivers. 
• TAZs should, where possible, follow city boundaries and consider city sphere of influence (planned 

future annexations 
• TAZ splits should be considered for areas with 2050 land use growth 
• Generally, TAZs should cover at least 40 acres, except: 
• In areas with especially dense clusters of jobs and/or residents. 
• Meeting the 40-acre minimum would require crossing a major barrier 
• TAZs must be geographically smaller than 122,000 acres 
• Base year TAZ population must be less than 4,000; current regional plan horizon TAZ population 

must be less than 5,000. 
• Federally recognized tribal lands were placed into their own TAZs. 

The SACSIM23 TAZ update increased the number of TAZs from 1,503 in SACSIM19 to 2,315 for 
SACSIM23, an increase of +54%. This greater granularity results in TAZs better meeting the above-listed 
criteria and in turn resulting in more realistic trip assignment and model results. 

SACSIM23’s TAZ update also added more detail to the highway network and TAZ geographies in the Eastern 
Placer County. Specifically, SACSIM19 had I-80’s eastern gateway at the point where it crosses into Nevada 
County, and had a single TAZ to capture a large area including Truckee. SACSIM23 splits this TAZ into 
several smaller TAZs, with Truckee getting a separate TAZ. It also extends I-80 east and adds SR-267 from I-
80 until a new gateway into the Tahoe Basin. This update enables more accurately capturing travel within the 
portion of East Placer that is in the SACOG region. Figure 4-1 below visualizes the change in East Placer 
between SACSIM19 and SACSIM23, and more details on the resulting gateway changes are in Section 3.3. 

  

 
13 Martin and McGuckin. 1998. Travel Estimation Techniques for Urban Planning. NCHRP Report 365. 
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Figure 4.1 TAZ Updates in Eastern Placer County 

  
     

 

 

 SACSIM Parcel-Point Structure and Variables 
The SACSIM parcel file is the key land use input for the SACSIM model.  Each record in this file represents an 
individual parcel.  The only spatial information contained in the file is the X and Y coordinates of a point 
(preferably the centroid) within the parcel. Table 4-5 presents the variable names and descriptions included in 
the initial parcel point file.  While the majority of the parcel data is built in GIS, the SACSIM input is written to 
an ASCII delimited (tab, space or comma as delimiter specified in the DAYSIM configuration files) text file 
format. Additional buffering information will be added to the Parcel-Point file for the SACSIM final input format 
described later in this chapter. Below are further descriptions of the parcel-point initial variables. 
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 Parcel Variables 
The parcel point file is used as the DAYSIM “microzone” file containing the parcel id, geographic coordinates, 
and land use variables including land use type, number of households, employee total and sub employee 
categories, public off street parking spaces and pricing. The sections that follow provide a brief description of 
the parcel variables and Table 4-3 lists out the field names as they appear in the parcel file. 

4.5.1 Parcel Identification 
The PARCELID filed is required as the unique identity for every individual parcel This must be a unique, 
ascending, positive integer identification number. PARCELID is required to associate back to the trip and 
household tables DAYSIM table outputs. SACSIM only used Parcel’s with households, employment, students, 
and/or parking. All other areas such as forests or vacant parcels are not included. For this reason, PACELID 
may have gaps provided in ascending order to remove these parcels from the complete SACOG regional 
parcel land use file. 

4.5.2 Coordinates 
The XCOORD_P and YCOORD_P fields store the X and Y State plane coordinates of each parcel’s location.  
The location is a point within the parcel area and closest to the centroid as possible.  The precision of the 
coordinates is to the nearest foot and therefore these fields store the data as Long Integers. 

4.5.3 Area 
The SQFT_P field stores the area of the parcel in square feet.  This is usually calculated from the geometric 
area of the parcel polygon feature.  Some parcels may have a geometry that could be corrupt which could 
result in zero square feet. 

4.5.4 Traffic Analysis Zone 
The TAZ_P field is used to link the DAYSIM “Zone” data to the “Microzone” data. SACSIM links ~2300 Traffic 
Analysis Zones (TAZ) to ~800,000 parcels. TAZs are later used for SACSIM trip aggregation and assignment. 

4.5.5 Households 
Households on each parcel are estimated by occupancy rate and the number of dwelling units (DU’s) from 
land use dataset. Occupancy rate is sourced from ACS sample data and adjusted by regional control of the 
number of households. More information on households is in chapter 5, Representative Population Data.  

4.5.6 K-12 Student Enrollment 
The STUGRD field contains the number of elementary and middle school students who attend school on the 
parcel. The STUHGH field stores the number of students who attend high school on the parcel.  SACOG 
collected student enrollment data for the base year inventory (2020), and forecasts future enrollment based 
on land use forecasting data. Populating student enrollment fields involves constructing a shapefile or table of 
existing or forecasted school locations with enrollment numbers and moving these numbers.   

4.5.7 College and University Student Enrollment 
The STUUNI field stores the number of students on parcels that are part of major universities and community 
colleges.  As with K-12 enrollment, university enrollment inventory involves constructing a shapefile or table of 
existing and projected university/college locations with student enrollment. Figure 4-1 illustrates an example 
of K-12 and University enrollment inventory spatially associated to corresponding parcel land use types. 
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Figure 4.2 K-12 and University Student Inventory Collection for Parcel File Development 

 

 

Universities with a student body largely in person are counted in full. Universities or colleges with enrollment 
but have a larger amount of online classes and are not likely to travel daily to campuses to attend courses are 
weighted by reducing the overall student enrollment. Full or primarily online programs with student enrollment 
that do not travel to campus are not included in STUUNI number of students. 

4.5.8 Employment 
Employment variables are: 

• Education (empedu); 
• Food service (empfoo); 
• Government (empgov); 
• Industrial (empind); 
• Medical (empmed); 
• Office (empofc); 
• Retail (empret);  
• Service (empsvc); 
• Other (empoth); and  
• Total employment (emptot). 

 
SACSIM employment types are based on land use model employment types, which in turn are based on a 
simplified scheme of industrial sector categories.   That is, they are based on the industrial sector which 
describes the use on a given parcel, and not the classification of the job in occupational terms (e.g. laborer, 
clerical, administrative, technical, professional, managerial, etc.).  Table 4-2 shows SACSIM defined 
employment categories based on the North American Industry Classification System (NAICS) codes. These 
definitions were applied and used by SACOG in establishing its land use scenario analysis system.   

4.5.9 Parking 
Parking is included in SACSIM for off-street, paid parking only.  The number of daily spaces (PARKDY_P), 
hourly spaces (PARKHR_P), daily parking cost (PPRICDYP), and hourly parking cost (PPRICHRP) variables are 
included. Base year parking inventory was gathered by using parking inventory data from previous iterations of 
SACSIM, aerial imagery, and ParkMe spaces and prices. Currently, the supply variables are not distinguished; 
i.e. for paid off-street facilities, all spaces are assumed to be available for either hourly or daily use, and the 
supply variables are equal. 
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Table 4-2 SACSIM Unbuffered Parcel File Variables 
Header label Valid values Description, comments 
parcelid 1 – 9999999 The parcel ID number.  Values must be unique positive integers, in ascending 

order. (Gaps are allowed, but not efficient for memory.) 
xcoord_p 1-999999999 The x coordinate of the parcel centroid, in integer length units (typically SPF).   
ycoord_p 1-999999999 The y coordinate of the parcel centroid, in integer length units (typically SPF).   
sqft_p 0-999999999 The area of the parcel, in thousands of square length units (typically sqf, does 

not need to be an integer) 
taz_p 1-9999999 The zone that the parcel is in.  Must be a valid zone_id in the “zone” file  
lutype_p 0-9999999 A land use type value. This variable currently has no mandatory use in the 

DAYSIM code, so is available for region-specific usage.  
hh_p Real >=0 The number of households residing on a parcel.  
stugrd_p Real >=0 The number of grade school (K-8) students enrolled in schools on a parcel  
stuhgh_p Real >=0 The number of high school (9-12) students enrolled in schools on a parcel.  If 

this is not available separately, then set to 0 & put the number of K-12 students 
in stugrd_p 

stuuni_p Real >=0 The number of university/college students enrolled in schools on a parcel.   
empedu_p Real >=0 The number of educational employees working on a parcel  
empfoo_p Real >=0 The number of food service employees working on a parcel  
empgov_p Real >=0 The number of government employees working on a parcel  
empind_p Real >=0 The number of industrial employees working on a parcel  
empmed_p Real >=0 The number of medical employees working on a parcel  
empofc_p Real >=0 The number of (other) office employees working on a parcel  
empret_p Real >=0 The number of retail employees working on a parcel  
empsvc_p Real >=0 The number of (other) service employees working on a parcel  
empoth_p Real >=0 The number of other sector employees working on a parcel. Typically contains 

construction, agriculture, mining.  
emptot_p Real >=0 The total number of employees working on a parcel. Should equal the sum of the 

9 previous fields.  
parkdy_p Real >=0 The number of paid public off-street parking spaces on a parcel with per day 

pricing.  (May overlap with parkhr_p if have both types of pricing.) 
parkhr_p Real >=0 The number of paid public off-street parking spaces on a parcel with per hour 

pricing. (May overlap with parkdy_p if have both types of pricing.) 
ppricdyp Real >=0 The average price of public off-street parking spaces on a parcel with per day 

pricing. (In cents per day) 
pprichrp Real >=0 The average price of public off-street parking spaces on a parcel with per hour 

pricing. (In cents per hour) 

Source: SACOG 2025. Downloaded from RSG DAYSIM Input Data File Documentation GitHub RSGInc/DAYSIM 
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 SACSIM Land Use Spatial Association 

4.6.1 Circuity Buffer Introduction 
The Parcel-Point DAYSIM file not only includes the parcel level variables described above, but also requires 
relative distance information to calculate attractiveness between land use data. Previous versions of SACSIM 
utilized a Euclidean distance parcel point to parcel point approach which is common in buffering analysis. 
SACSIM23 parcel point files uses a hybrid approach between shortest orthogonal path, and node to node 
path distances call “circuity-based measures for each parcel”. This method creates a “circuity surface” using 
24 radially distributed points to represent the path distances from a walkable streets network based on XY 
coordinates; 8 directions at 3 distinct distance bands (0.5 mile, 1 mile and 1.5 mile) and the parcel-point 
location. Each point is then mapped to the closest network node. For a parcel, a circuity factor or ratio is 
calculated based on the shortest path distance and straight line distance for all 24 radial points. To measure 
the distance from a parcel to another parcel, the distance is interpolated based on the circuity factors 
surrounding the destination parcel. Figure 4-2 illustrates the circuity path distance calculation conceptually.  
Figure 4-3 shows how the decay function adjusts the radial point distances per parcel. Figure 4-4 compares 
the relationship of parcels distance to employment centers using the “Circuity buffering” process compared to 
a Euclidean distance.  

Figure 4.3 Parcel Circuity Ratio Diagram 
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Figure 4.4 Decay Function Compared to Flat Buffering Relationship 

 
Source:  SACOG 2025. 
 

Figure 4.5 Circuity vs Radial Buffering Comparison 

 
Source:  SACOG 2025. 
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4.6.2 Files Required for Circuity Buffer Process 
Circuity Factor File: a parcel list with circuity factors or ratios of 24 points described above. 

Parcel Base: a parcel list with all variables is specified in Table 4-5. 

Intersections: A list of intersections, with node ID, XY coordinates, and number of links terminating at the 
node. (This can be the same file as the node list used above, but it should contain all intersections, regardless 
of whether or not it is a nearest node to any parcel, and it contains the extra information on number of links 
ending at the node.) 

Transit stops: A list of transit stops, with stop ID, XY coordinates, and the type of transit serving the stop. 
SACSIM23 currently uses local bus and LRT stops are used for parcel to parcel buffering.  

Open space areas: A list of parks, sports fields and other public recreational areas, with an ID and the size, in 
square feet.  If this file is not provided, the buffered variables for open space will be 0. 

4.6.3 Development of Circuity Buffering Inputs 
This section describes the process of how to create the necessary input variables to calculate the parcel 
circuity buffering process. 

4.6.3.1 Circuity Factor File Creation 
Parcel and network information are read in and 24 fictitious points around the parcel are created (from the X 
and Y coordinates of the parcels). The 24 points correspond to 8 directions (East, Northeast, North, 
Northwest, West, Southwest, South, and Southeast) and 3 distance bands (0.5, 1.0, and 1.5 miles) around 
each parcel. Each of the 25 points (including the parcel itself) is then mapped to its closest node on the 
network. The process and tools needed are described in Appendix F, Circuity Surface Data Preparation Memo. 

Regional circuity factor regional averages by base year land use type inventories were used to forecast 
scenario parcels in new development areas. 

Further process, description and tools needed are described in Appendix F Circuity Surface Data Preparation 
Memo. 

Intersection File Process 

Each parcel record in the SACSIM table must have information about the surrounding walkable street network 
pattern.  This information is stored in the following fields:  NODES1Q, NODES1H, NODES3Q, NODES3H, 
NODES4Q and NODES4H.  NODES1 indicates the number of nearby cul-de-sacs and dead-ends.  NODES3 
indicates the number of nearby “T” or three-way intersections and NODES4 indicates the number of nearby 4-
way (or more) intersections.  These fields affect the walkability of the street network surrounding a parcel. 

4.6.3.1.1 Street Intersection Base Layer 
To populate the node fields, spatial buffer operations must be performed against a layer of street 
intersections.  Generally, this layer can be created from a street centerline layer use a line to point style 
node_builder script.  These street intersections do not include nodes along freeways and other facilities that 
are closed-off to pedestrians. 

The node_builder script will identify the number of links attached to the nodes (valence) so that they can be 
separated into 1-link, 3-link and 4+-link layers. 
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4.7.3 Step 2: Prepare Inputs for Parcel Buffering 
Once the base scenario parcel file is created. The following Circuity Buffering process inputs must be 
prepared: 

• Intersections 
• Transit Stops 
• Open Space 
• Circuity Points 

 
Descriptions and formatting for these files can be found under Section 4.6.3. 

4.7.4 Step 3: Run Circuity Buffering Tool  
1. Set up scenario folder with buffering executable DaySimParcelBufferingV3.exe, control file 

sacogbuffering_.ctl, and parcel buffering inputs. 
 

Figure 4.12 Circuity Buffer Tool Input Folder Example 

 
2. Set up control file inputs. 

a. Output file name and directory, this will be the be the parcel input for DAYSIM. 
b. Parcel Buffering inputs and file types created in step 1. 
c. Buffering Parameters 

i. Logistic decay parameters: 
1. Limited 3 miles 
2. Buffer Band 1 Distance 0.125 miles 
3. Buffer Band 2: Distance 0.25 miles 
4. Offsets 0.5 miles 
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Figure 4.13 Circuity Buffering Tool Configuration File Example 

 
3. Run executable from Command Prompt. 

a. Point to directory example: cd Q:\SACSIM19\Buffering\Circuity\circuity_buffer_2016 
b. Run executable with control file: DaySimParcelBufferingV3.exe sacogbuffering_.ctl 

Figure 4.14 Run Circuity Buffer From Command Prompt 

 
c. Confirm Buffer scripts begins running through zones.  
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Figure 4.15 Run Circuity Buffer From Command Prompt 2 

 

d. Buffer Complete 

4.7.5 Step 4: Prepare Population file for Allocation 
See Chapter 5 for more detailed instructions on preparing the household and population files.  

4.7.6 Step 5: Prepare Parcel Buffer Outputs for Allocation Process 
Once the synthetic population and households have been developed (Step 4) and the parcel buffering is 
complete. The parcel file must be prepared for the population and households to be associated back with the 
parcel file. SACOG uses an executable allocation process developed by RSG to perform this process. This 
includes assigning the correct number of dorm students, and senior facilities to the proper TAZ. 

To prepare the parcel file for the allocation process, the land use parcel input must be combined with the 
circuity buffering project outputs.  

Distance fields must also be updated. The Circuity file produces 999 distance placeholders for far away 
distance that must be replaced with -1. All other distance formats must be converted by multiplying the 
distance 100 and converting to an integer. 

The household count field (hh_p) from the circuity script must also be multiplied by 100 and converted to a 
whole integer. 

Since senior facilities household demographics characteristics are controlled to only parcels where senior 
living facilities exists, senior facilities are added to a separate category and treated the same way Dorm 
students are for the Allocation process. For that purpose, PseudoTAZs are created that separate out dorms 
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and senior facilities from the rest of the parcels in their TAZ. The PseudoTAZ value is used instead of TRACT 
for controlling totals.   

The Allocation tool requires parcel unique identifier to be sorted in ascending order and must not be greater 
than 200,000 records. For this reason, we split the parcel and population files into six parts and run the 
allocation tool for each split.   

4.7.7 Step 6: Run Allocation Tool 
1. Once both Population (Step 4) and parcel file (Step 5) have been prepared for allocation tool, 

scenario folder set is required with Allocation executable parcelAllocationModel1.exe, control file 
parcelallocation1.ctl, print file, dpr, and parcel and population inputs as shown in Figure 4-17. 

Figure 4.16 Allocation Inputs 

 

2. Set up control file inputs and directory paths. 
a. Print file (parcelallocation.prt) 
b. Parcel file 
c. Population file 

Figure 4.17 Parcel Allocation Configuration File Example 

 

 
3. Run executable parcelAllocationModel1.exe from Command Prompt. 

a. Point to directory example: cd 
Q:\SACSIM19\2020MTP\popgen\\01_2016_Base\03_PostProcess\02_Allocation\01
_Split 

b. Run executable with control file: parcelAllocationModel1.exe parcelallocation1.ctl 
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4. Check for Parcel Allocation Errors in print file. 
a. During allocation process, print statements keep track of parcel allocated to zones. This step 

may break if number of populations per zone or group quarter per zone between the parcel 
and population files do not match. 

Figure 4.18 Review Allocation Print File for Errors 

 

5. Review Allocation tool run is complete, review result outputs and summary in print statement. 
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Figure 4.19 Review Allocation Print Summary Example 

 

4.7.8 Step 7: Rerun buffering analysis 
The initial buffer tool was calculated based off estimated households (ACS occupancy rates * dwelling units). 
Because of this, after the representative population and household allocation have been completed, the 
circuity buffer tool should be rerun to make sure all households proximity to transit are accurate. Important: If 
split for allocation, both results must be merged back using PARCELID before running Circuity Buffering and 
Step 8. 

4.7.9 Step 8: Format Parcel File for DAYSIM 
Rename and format results of final circuity buffering results into DAYSIM parcel input format: ASCII delimited, 
with header.  The delimiter can be specified in the configuration file. Table 4-5 lists the order and description 
of all required fields. 
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Table 4-4 Parcel Input File Fields for SACSIM23 
Field Description 
parcelid The parcel ID number 
xcoord_p The X coordinate (SPF) of the parcel centroid 
ycoord_p The Y coordinate (SPF) of the parcel centroid 
sqft_p The square footage area of the parcel 
taz_p The zone_ID associated with the parcel 
lutype_p The land use type code (housing density class) 
hh_p The number of households residing on the parcel 
stugrd_p The number of grade school (K-8) students enrolled at the parcel 
stuhgh_p The number of high school students enrolled at the parcel 
stuuni_p The number of college students enrolled at the parcel 
empedu_p The number of educational employees working at the parcel 
empfoo_p The number of food service employees working at the parcel 
empgov_p The number of government employees working at the parcel 
empind_p The number of industrial employees working at the parcel 
empmed_p The number of medical employees working at the parcel 
empofc_p The number of (other) office employees working at the parcel 
empret_p The number of retail employees working at the parcel 
empsvc_p The number of (other) service employees working at the parcel 
empoth_p The number of other sector employees working at the parcel (typically agriculture, mining - not 

used for SACOG) 
emptot_p The total number of employees working at the parcel (equals the sum of the previous 9 values) 
parkdy_p The number of paid off street parking spaces on the parcel with per day pricing 
parkhr_p The number of paid off street parking spaces on the parcel with per hour pricing 
ppricdyp The average price per day for paid off street parking spaces on the parcel 
pprichrp The average price per hour for paid off street parking spaces on the parcel 
hh_1 The number of households residing in Buffer 1 
stugrd_1 The number of grade school (K-8) students enrolled in Buffer 1 
stuhgh_1 The number of high school students enrolled in Buffer 1 
stuuni_1 The number of college students enrolled in Buffer 1 
empedu_1 The number of educational employees working in Buffer 1 
empfoo_1 The number of food service employees working in Buffer 1 
empgov_1 The number of government employees working in Buffer 1 
empind_1 The number of industrial employees working in Buffer 1 
empmed_1 The number of medical employees working in Buffer 1 
empofc_1 The number of (other) office employees working in Buffer 1 
empret_1 The number of retail employees working in Buffer 1 
empsvc_1 The number of (other) service employees working in Buffer 1 
empoth_1 The number of other sector employees working in Buffer 1 (typically agriculture, mining - not used 

for SACOG) 
emptot_1 The total number of employees working in Buffer 1 (equals the sum of the previous 9 values) 
parkdy_1 The number of paid off street parking spaces in Buffer 1 with per day pricing 
parkhr_1 The number of paid off street parking spaces in Buffer 1 with per hour pricing 
ppricdy1 The average price per day for paid off street parking spaces in Buffer 1 
pprichr1 The average price per hour for paid off street parking spaces in Buffer 1 
nodes1_1 The number of 1-node intersections (dead-ends, cul-de-sacs) in Buffer 1 
nodes3_1 The number of 3-node intersections (T junctions) in Buffer 1 
nodes4_1 The number of 4+ node intersections in Buffer 1 
tstops_1 The number of transit stops (of all types) in Buffer 1 
nparks_1 The number of publicly accessible open space areas in Buffer 1 
aparks_1 The average area (sq feet) of publicly accessible open space areas in Buffer 1 
hh_2 The number of households residing in Buffer 2 
stugrd_2 The number of grade school (K-8) students enrolled in Buffer 2 
stuhgh_2 The number of high school students enrolled in Buffer 2 
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Field Description 
stuuni_2 The number of college students enrolled in Buffer 2 
empedu_2 The number of educational employees working in Buffer 2 
empfoo_2 The number of food service employees working in Buffer 2 
empgov_2 The number of government employees working in Buffer 2 
empind_2 The number of industrial employees working in Buffer 2 
empmed_2 The number of medical employees working in Buffer 2 
empofc_2 The number of (other) office employees working in Buffer 2 
empret_2 The number of retail employees working in Buffer 2 
empsvc_2 The number of (other) service employees working in Buffer 2 
empoth_2 The number of other sector employees working in Buffer 2 (typically agriculture, mining - not used 

for SACOG) 
emptot_2 The total number of employees working in Buffer 2 (equals the sum of the previous 9 values) 
parkdy_2 The number of paid off street parking spaces in Buffer 2 with per day pricing 
parkhr_2 The number of paid off street parking spaces in Buffer 2 with per hour pricing 
ppricdy2 The average price per day for paid off street parking spaces in Buffer 2 
pprichr2 The average price per hour for paid off street parking spaces in Buffer 2 
nodes1_2 The number of 1-node intersections (dead-ends, cul-de-sacs) in Buffer 2 
nodes3_2 The number of 3-node intersections (T junctions) in Buffer 2 
nodes4_2 The number of 4+ node intersections in Buffer 2 
tstops_2 The number of transit stops (of all types) in Buffer 2 
nparks_2 The number of publicly accessible open space areas in Buffer 2 
aparks_2 The average area (sq feet) of publicly accessible open space areas in Buffer 2 
dist_lbus The distance (miles) to the nearest local bus stop (999 if beyond 3 miles) 
dist_ebus The distance (miles) to the nearest premium bus stop (999 if beyond 3 miles) 
dist_crt The distance (miles) to the nearest commuter rail stop/station (999 if beyond 3 miles) 
dist_fry The distance (miles) to the nearest passenger ferry terminal (999 if beyond 3 miles) 
dist_lrt The distance (miles) to the nearest light rail stop/station (999 if beyond 3 miles) 
dist_park The distance (miles) to the edge of the nearest publicly accessible open space area (999 if beyond 

3 miles) 
Circ_E1 The short-distance circuity factor for direction E, distance 0.5 miles 
Circ_E2 The short-distance circuity factor for direction E, distance 1.0 miles 
Circ_E3 The short-distance circuity factor for direction E, distance 1.5 miles 
Circ_NE1 The short-distance circuity factor for direction NE, distance 0.5 miles 
Circ_NE2 The short-distance circuity factor for direction NE, distance 1.0 miles 
Circ_NE3 The short-distance circuity factor for direction NE, distance 1.5 miles 
Circ_N1 The short-distance circuity factor for direction N, distance 0.5 miles 
Circ_N2 The short-distance circuity factor for direction N, distance 1.0 miles 
Circ_N3 The short-distance circuity factor for direction N, distance 1.5 miles 
Circ_NW1 The short-distance circuity factor for direction NW, distance 0.5 miles 
Circ_NW2 The short-distance circuity factor for direction NW, distance 1.0 miles 
Circ_NW3 The short-distance circuity factor for direction NW, distance 1.5 miles 
Circ_W1 The short-distance circuity factor for direction W, distance 0.5 miles 
Circ_W2 The short-distance circuity factor for direction W, distance 1.0 miles 
Circ_W3 The short-distance circuity factor for direction W, distance 1.5 miles 
Circ_SW1 The short-distance circuity factor for direction SW, distance 0.5 miles 
Circ_SW2 The short-distance circuity factor for direction SW, distance 1.0 miles 
Circ_SW3 The short-distance circuity factor for direction SW, distance 1.5 miles 
Circ_S1 The short-distance circuity factor for direction S, distance 0.5 miles 
Circ_S2 The short-distance circuity factor for direction S, distance 1.0 miles 
Circ_S3 The short-distance circuity factor for direction S, distance 1.5 miles 
Circ_SE1 The short-distance circuity factor for direction SE, distance 0.5 miles 
Circ_SE2 The short-distance circuity factor for direction SE, distance 1.0 miles 
Circ_SE3 The short-distance circuity factor for direction SE, distance 1.5 miles 
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5 Representative Population Data 
The SACSIM model requires a detailed population file with representation of key demographics, such as 
household size, income and age of the population. SACOG uses the following process to generate the 
representative population file. The key software used in the process is known as “PopulationSim”. The 
program generates synthetic populations whereby both household-level and person-level characteristics of 
interest can be matched. This chapter describes the various aspects involved in the process of generating the 
representative population for transportation demand forecasting. 

 Land Use Scenarios 
Parcel-based dwelling units maintained in the land use scenario model is the base for generating 
representative population. Land use scenarios include “yield” estimates of a range of land use variables at 
parcel level. Two variables are used directly in SACSIM: dwelling units and jobs by sector. The yield estimates 
are based on the “place type” (generalized land use) of the parcel, the parcel area, and several physical, 
environmental, or policy constraints. Yield estimates are calibrated to match small area inventories of 
dwellings and jobs for the base year.  Yield estimates are made for future year growth based on the future 
year place type and development status of each parcel in the future year scenario, and constraints expected 
to be in place at each parcel in the future year. 
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 Household/Population Demographics 
Travel demand forecasting models like SACSIM have always relied heavily on representations of key 
demographic characteristics in the population input file used for modeling. The following variables and 
categories  are used for the household and person controls in the current process: 

• Household and person numbers are based on the 2020 Census, housing inventory and occupancy 
rates.  

• Household size (5 categories:  1, 2, 3, 4, and 5-or-more persons per household) 

• Household Income in 2020 dollars (5 categories: less-than-$35,000, $35,000 to $60,000, 
$60,000 to $100,000, $100,000 to $150,000, and $150,000-or-more). These values are 
converted to 2000 dollars after sampling. 

• Age of householder, or head-of-household (3 categories:  <35 years; 35 to 64 years; and 65-or-more 
years) 

• Workers per household (4 categories:  0, 1, 2 and 3-or-more workers per household).  

• The number of university student “households” clustered near to colleges or universities are 
controlled.  

• Person Ethnicity: (5 categories: 1. White Non-Hispanic, 2. Black Non-Hispanic, 3. Hispanic, and 4. 
Asian, 5. Pacific Islander, or Other; including people who identify with two ethnic groups and Native 
Americans and Pacific Islanders. Note person ethnicity does not impact travel in the model, but helps 
make the synthetic population better represent the region’s residents.  

• Person Age: There are five categories of age controls: 0-4, 5-14, 15-35, 35-63, 64-74, and 75-plus. 

• The number of dorms as well as the number of senior “households” at senior living facilities and 55+ 
communities. Dorm students and people living in senior facilities and 55+ communities are 
accounted for as Group Quarter population throughout the development of the representative 
population process. They are still included in general household and population summaries. Person-
level controls on age are also included.  

• Senior facilities and dorms characteristics are controlled separately. The characteristics of future 55+ 
communities are also controlled to match state regulations for their residents.   

These variables are controlled at different geographic levels further detailed in section 5.4. 
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 Base Year Household/Population Demographics 
The base year for SACSIM23 is 2020. The 2020 Census is used to control the region-wide household and 
population totals. The ACS data, 5-year sample 2016-2020, provides a demographic portrait of the region’s 
population characteristic splits. Additionally, the housing inventory maintained by SACOG provides details on 
household number and location. The ACS Public Use Microdata Sample (PUMS) data provides the 
characteristics of a sample of the region’s residents. Based on the data obtained from these sources, SACOG 
uses a software tool PopulationSim to develop a representative, or synthetic, population to use to model travel 
within the region using SACSIM. The process is explained in further detail in Section 5.4. 

The following tables present different characteristics of the synthesized representative base year population at 
the county level. Further details on how this data validates compared to ACS data can be found in Section 11.  

Table 5-1. Synthetic Household Size Distribution 
SACSIM23 Representative Population Data  

County  1 person  2 persons  3 persons  4 persons  5+ persons  
El Dorado*  21%  42%  14%  13%  9%  

Placer*  23%  37%  15%  15%  10%  
Sacramento  25%  31%  16%  15%  12%  

Sutter  22%  30%  18%  16%  14%  
Yolo  22%  32%  18%  17%  11%  

Yuba  24%  28%  17%  16%  15%  
Total  24%  33%  16%  15%  12%  

Table 5-2. Number of Synthetic Household Workers Distribution 
SACSIM23 Representative Population Data  

County  0 workers  1 worker  2 workers  3+ workers  
El Dorado*  34%  34%  26%  6%  

Placer*  29%  33%  31%  7%  
Sacramento  25%  38%  29%  8%  

Sutter  28%  36%  28%  9%  
Yolo  26%  34%  32%  8%  

Yuba  28%  40%  26%  6%  
Total  27%  36%  29%  8%  

Table 5-3. Synthetic Household Income Distribution 
SACSIM23 Representative Population Data   

County < $35k $35k - $60k $60k - $100k $100k - $150k $150k+ 
El Dorado*  18%  15%  21%  19%  26%  

Placer*  17%  14%  21%  19%  28%  
Sacramento  24%  19%  23%  18%  17%  

Sutter  26%  21%  24%  16%  13%  
Yolo  25%  15%  21%  17%  22%  

Yuba  29%  20%  23%  18%  10%  
Total  23%  17%  22%  18%  19%  
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Table 5-4. Synthetic Householder Age Distribution 
SACSIM23 Representative Population Data  

County  < 35 years  35 - 64 years  >= 65 years  
El Dorado*  9%  56%  35%  

Placer*  12%  56%  32%  
Sacramento  21%  56%  23%  

Sutter  20%  54%  26%  
Yolo  25%  52%  22%  

Yuba  23%  55%  22%  
Total  19%  56%  25%  

 *exclude Tahoe basin  
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 Future Year Household/Population Demographics 
SACOG relies on the Center for Continuing Study of the California Economy (CCSCE) to prepare the long 
range, region-level projections of population, housing and jobs. These projections were adopted by the SACOG 
Board of Directors, for use in development and analysis of the MTP/SCS scenarios. The Board-adopted 
region-level projections serve as control totals and guidance for development of spatially detailed, small area 
projections.  

When establishing marginal controls for future years, a new process is implemented. For the residential areas 
already developed in 2020 base year, demographics from the 5-year 2016-2020 ACS data are applied. Then, 
the regional demographic projections from CCSCE are factored in, to forecast total population and household 
numbers. For the future developing residential areas, average demographics by community type, generalized 
place type and county from base year 2020 are used. Further age and ethnicity projections are applied 
region-wide based on the data provided by the California Department of Finance’s Demographic Projections 
Unit’s projections. Also, an income control is added to ensure the region-wide average income remains 
constant due to the absence of income forecasts.  

Table 5-5 Description of Generalized Place Types 
Place 
Type # Description Examples of Place Types from Land use Model 

1 High density High density attached residential/Very high density attached residential 
2 Medium-High density Medium-High density attached/detached residential 
3 Medium density Medium density attached/detached residential, mobile home 
4 Low density Low density detached residential 
5 Very low density Farm home/Rural residential/Very low density detached residential 
6 Mixed/Urban Residential/Retail Mixed Use Low/High, Urban Attached Residential 

Source:  SACOG 2025. 

5.4.1 Representative Population Generation Process 
A representative population file includes one data record per person in the base year or future year to be 
analyzed.  This section describes the steps SACOG uses to generate a representative population. 

1. Prepare Input files for PopulationSim  

As described above, SACOG uses a population synthesis software called PopulationSim, which requires three 
sets of input files:  

Marginal control files for the control variables, micro-samples collected by the Census Bureau, and geographic 
corresponding file describing relationships among levels of geographic areas. Marginal control files are 
prepared at different geographic levels. To prepare household marginal control files, dwelling units from land 
use model are aggregated to the PseudoTAZ (TAZ plus distinctions for dorms, seniors and 55+ communities) 
level and are converted to households by applying adjusted occupancy rates based on ACS 5-year sample 
data at census block group level. These households are aggregated to the block group and tract level and 
split by predefined categories of control variables. The person control totals are estimated using the number 
of households by household size controls. Then, the person control tables are aggregated to the block group 
level and split  by the person level control variables (age and ethnicity). This process is done separately for 
dorms, senior facilities, and 55+ communities. 

Sample Files are used to create this micro-sample file for PopulationSim. Public Use Micro-sample (PUMS) 
files from Census are modified by recoding control variables to the defined categories. 2016-2020 5-year 
PUMS survey was used and cleaned. Certain households are identified as clustered university student 
households if they are one- or two- person households in which all members are students. 

Correspondence file is used to connect the different geographies in the marginal and sample files.  
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6 Highway Networks 
The travel model uses coded representations of the Sacramento region's highway network, which provides the 
basis of estimating zone-to-zone travel times and costs for the trip distribution and mode choice models and 
for trip routing in the vehicle assignments.   The highway network serves not only as the basis of highway 
travel times and traffic assignments, but also as the basis of bus running times and zonal walk- and drive-
access for transit travel time and assignment.  This section provides an overview of the coding of the highway 
network. 

 Opening and Editing the Highway Network 
SACSIM’s highway network is a Cube NET file. To open and edit the file, use Cube Base modeling software. 

Table 6-1 lists the network variables used in the SACSIM highway base network. Most link attributes are 
intuitive and modelers can use Table 6-1 as a reference for coding updates to the highway network. However, 
the conventions for coding the CAPCLASS values are more nuanced and we recommend users refer to 
section 6.3 below on Capacity Class. 
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used to represent streets which, through a combination of design features, operational strategies, and unique 
driver characteristics or behaviors, are observed to operate at super-normal flows. 

6.3.3 Other Urban/Suburban Surface Streets 
A major arterial is a multi-lane surface street with less widely spaced signals and moderate level of driveway 
access control.  Traffic signals are generally spaced at about one-half mile, with turning movements heavily 
channelized.  Medians barriers are present, but breaks between traffic signals (i.e. to a mid-block driveway or 
un-signalized cross street) may exist.  Most driveway access to major arterial streets is for larger commercial 
uses (shopping centers, office buildings, etc.).  Traffic signal cycles are usually about 120 seconds during 
peak periods. 

A minor arterial is a two-to-four lane surface street with traffic signals spaced at one-quarter to one-half mile 
intervals.  Median barriers may or may not be present.  If present, breaks in the median for driveways or un-
signalized side streets are more frequent.  In some cases, no median barrier is present, and a continuous turn-
lane or median stripe is present.  Driveway access to the roadway is more frequent.  Most driveway access is 
for commercial uses, but some residential uses may have driveway access.  Traffic signal cycles, where 
applicable, are generally less than 120 seconds.  If an intersection is un-signalized, however, generally only 
the side street is controlled. 

A collector is most often a two-lane roadway but can be up to four lanes.  In many ways, collectors are similar 
to minor arterial, but have even less control of driveway access and potentially more closely spaced 
intersections.  Collectors generally do not have median barriers. 

6.3.4 Ramps 
A ramp is a roadway facility which connects to or from the freeway system.  There are several sub-classes 
within the general capacity classification: 

• A standard ramp connects from the surface street system to the freeway system.  No distinction is 
made between diagonal and loop ramps of this type.  However, there are several types of standard 
ramp: 

o Metered ramps signalize access from the ramp to the freeway system during peak hours. 
o HOV bypass ramps allow vehicles with two-or-more occupants to bypass a ramp meter. 

• High capacity connector ramps connect from one freeway to another. 
• Low capacity ramps connect from surface street to freeway, but because of unique features such as 

slope, curvature, etc. they have lower capacity than normal ramps.  An example of a low capacity 
ramp is the South River Road on-ramp to eastbound US-50 in West Sacramento. 

6.3.5 Rural Roadways 
A rural highway is a two-lane surface street in a rural area, generally controlled only on side streets, and with 
relatively high design speeds.  Examples of rural highways are State Highway 65 north of the City of Lincoln 
and State Highway 70 north of Marysville 

A rural arterial is similar to a rural highway, but with more stop signs and lower design speeds. 

6.3.6 Special Highway Links 
Centroid connectors are abstract links in the travel demand model, intended to represent local street access 
to the collector-and-above roadway network. 

Exclusive bike or walk links are special links added to the highway networks, but only accessible for non-
motorized (i.e. bike/walk) path building.  In most cases, bike or walk links have a one-to-one correspondence 
with an actual physical facility (e.g. the Guy West Bridge from Campus Commons to Sacramento State 
University, or one of the several pedestrian bridge overcrossings of freeways).  However, in some instances, 
bike or walk links are intended to represent a combination of bike/walk routes or generalized bike or walk 
connectivity between two areas.  Exclusive bike links are coded as “Class 1” facilities. 
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Bike lanes on roadways are coded with a special “bike”’ identifier. The coding is used for Class 2 or Class 3 
lanes on roadways.  Chapter 8 on the bike and walk networks provides details on how the bike route coding is 
used in path building and skimming for the bicycle mode._Bike_and_Walk 

Park-and-ride connectors are abstract links which provide connections from the highway network to park-and-
ride lot nodes, which are only used in the transit network.  These connector links must be present for paths to 
the park-and-ride lot to be built in the transit skimming process. Park-and-ride connectors also work to 
connect drop-off, or “kiss-and-ride” locations to the highway network. 

HOV connectors are abstract links which mediate access between the mixed flow and HOV lane links on a 
freeway segment. 

Transit-only links represent links serving transit that operates fully separated from car traffic, notably light rail 
and regional rail (and potentially fully-separated busways). Their A-B nodes correspond to the links specified in 
the transit_links.csv described in the Transit Networks chapter. 

Disabled links are links in the master network which are not active in the scenario being modeled.   

Table 6-2 Capacity and Free-Flow Speed 

CAPACITY CLASS CAPACITY FREE FLOW SPEED       
# Description (vplph) Median Average Std.Dev. Min Max 
1 Freeway (Mixed Flow) 2000 63 61 4 40 70 
8 Freeway Lane (Pk Period HOV) 2000 60 51 13 20 63 

51 Freeway (Auxiliary >= 1 mile) 2000 58 58 1 55 58 
56 Freeway (Auxiliary <1 mile) 1500 58 55 3 50 58 
12 High Capacity River Crossing 1500 42.5 43 3 40 45 
2 Expressway 1000 50 49 6 35 55 
3 Major Arterial 850 40 37 7 15 55 
4 Minor Arterial 800 35 33 9 5 50 
5 Collector 700 25 29 7 10 50 
6 Freeway Ramp 1500 20 21 4 20 55 

26 Low Capacity Ramp 500 20 18 4 10 20 
16 High Capacity Ramp/Connector 2000 45 42 10 20 63 
6 Ramp 1500 20 21 4 20 55 

22 Rural Highway 1000 55 51 5 35 55 
24 Rural Arterial 750 40 40 6 20 55 
7 Walk/Bike n/a 3 3 0 3 3 
9 Connector (Mixed Flow-HOV) 1500 63 63 0 63 63 

61 Transit-only linke n/a 0 0 0 0 0 
62 Connector (PNR-Roadway) n/a 20 20 0 20 20 

63 Centroid Connector  (TAZ to 
roadway) 

n/a 20 20 0 20 20 

99 Disabled  n/a 0  0  0  0  0 

Source: SACOG 2025.
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7 Transit Networks 
The transit network represents major fixed-route transit services. On-street transit services like buses are 
represented as lines overlaid on the highway network.  Separate transit-only links are coded for light rail transit 
lines, which generally operate on exclusive right-of-way. The SACSIM model can represent the impacts of 
increased road congestion on bus travel times as well as time savings for buses traveling in managed lanes or 
bus-only lanes.  

 Working with the Transit Network 

7.1.1 Fixed-Route Regular Bus Services 
1. Open the transit line file (tranline.txt) in Cube to edit fixed-route, normal bus service attributes: 

o Line geometry (which streets bus routes use) 
o Line attributes, discussed below 

2. Use the Cube interface to add new lines or delete lines. 

7.1.2 Rail Transit Services 
1. Edit the geometry (i.e., where the rail line goes): 

a. Open the transit.txt line file in Cube 
b. Add nodes to the SACSIM highway network at each stop location and significant vertex (e.g. 

where the line makes a significant turn). 
c. Update the CSVs of rail links and station links in Excel. 

2. Update the node list and other transit line attributes in Cube. 

7.1.3 Bus Rapid Transit (BRT) 
There is no established, single way to represent bus rapid transit (BRT) in SACSIM, but below are some 
general guidelines to follow depending on the level of BRT you intend to represent. 

Fully separated busways 
For BRT that acts more like rail, with total separation from mixed-flow vehicular traffic, it may be best to code 
as a rail transit service. 

On-street bus-only lanes 
To capture the effects of on-street bus-only lanes (e.g. center-running or curb-running), you will need to set 
the BUSLANE value on the highway network to reflect the appropriate type of bus-only lane operation. 
Specifically: 

Table 7-1 BUSLANE Value Key 
BUSLANE value Operational Characteristics 
0 No bus lane 
1 Convert existing GP lane to all-day bus-only lane 
2 Convert existing GP lane to bus-only lane during AM and PM peak periods 
3 All-day bus-only lane that is separate from  

Note that you may update the transit_lanes.csv value if you want a bus lane operational policy that differs 
from those above (e.g., for peak-hour bus-on-shoulder, you may add a new value that “adds a lane” during 
peak periods). The table below describes each field in transit_lanes.csv (fields are in order but headers are not 
present in the actual CSV): 
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Table 7-2 Field Descriptions for transit_lanes.csv 
Field Description 
ftype_period unique ID combining facility type + time period 
factype ID for type of bus-only lane 
period SACSIM hwy network time period 
trn_lane_cnt total bus-only lanes 
gp_lanes_taken number of general-purpose lanes removed/repurposes as bus lanes 

 

By default, if a bus lane is active on a link, then the base speed of the link (before applying the transit time 
factor) is weighted 85% toward the link’s free-flow car speed and 15% toward the congested speed. You 
may want to adjust these weights to capture context-specific variation (e.g., if you expect lots of interruption 
from turning private vehicles using the lane, you may want to increase the weight for congested speed). They 
are configurable in the main model run script in the transit background network phase. 

Other operational improvements 
To capture improvements other than dedicated lanes that improve transit operations (e.g. off-board fare 
payment, queue-jump lanes, signal priority, etc.), you may adjust the time factor attribute to have the bus 
speed be closer to that of non-transit vehicular traffic. E.g., in the main documentation, a time factor of 1.78 
has often been used as a rule-of-thumb for urban bus routes that have such operational improvements. 

7.1.4 Park-and-Ride Lots 
To edit or update park-and-ride facilities in SACSIM, refer to the section on Park-and-Rides. 

7.1.5 Coding Future or Forecasted Transit Service 
How you code in future transit service into the model network entails essentially the same procedures and file 
types as coding in or editing existing transit service, described above. However, what you code in (e.g., where 
you put future service, how frequent you make it, what times of day it runs, which stops have park-and-ride 
facilities, etc.) depends on the application or scenario you are modeling transit for. Some examples include: 

• Modeling future services explicitly planned by a transit agency, such as a planned rail line extension, 
service reorganization, or new bus route. 

• Aligning future transit service with expected population in job growth, even if it is not based on 
explicit transit agency plans, which rarely forecast transit service more than five years out. SACOG’s 
2020 MTP-SCS applied this approach in developing its future-year transit services, providing new 
service or increased service levels to areas in which it forecasted significant job or population grown. 
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 Transit Lines 
The major fixed route transit services in the SACOG region are explicitly represented in the transit networks as 
“lines”, or series of stops served by a transit vehicle at a specified service frequency.  Table 7-1 provides a 
listing of the operators included.  Each line operating on a fixed (or largely fixed) route, and with a published 
schedule, is coded into the SACSIM transit networks.   

7.2.1 Transit Service Periods 
SACSIM fixed-route transit considers five different service periods: 

• Period 1, spanning from the start of service until 9:00am 
• Period 2, from 9:00am until 3:00pm 
• Period 3, from 3:00pm until 6:00pm 
• Period 4, from 6:00pm until 8:00pm 
• Period 5, from 8:00pm until the end of service 

By breaking up transit service into these periods, SACSIM aims to accurately represent how transit service 
varies throughout the day, e.g.: 

• Transit availability and frequency differences throughout the day 
• How transit is affected by changes in highway traffic congestion throughout the day 

7.2.2 Transit Line Attributes 
Table 7-2 provides a listing of the key variables coded for each transit line.   

• The NAME of the line.  

o For lines existing in the base year, the first 4 characters refer to the operator name: 

 AMTR – Amtrak Capitol Corridor service 

 AUBT – Auburn Transit 

 CSUS – California State University Sacramento Hornet Shuttle 

 ELDO – El Dorado Transit 

 PLAC – Placer County Transit 

 RSVL – Roseville Transit 

 SCTL – South County Link (serving south Sacramento County) 

 SRTD – Sacramento Regional Transit District 

 UTRN - Unitrans 

 YOLO – Yolo County Transportation District (Yolobus) 

 YUSU – Yuba-Sutter Transit 

o The next characters up until the underscore (_) refer to the line number 

o The A/B indicator after the underscore refers to the direction 

 Example: SRTD1_A = Sacramento Regional Transit route 1, direction A 

 Not all routes are split out by direction 

• TIMEFACs are factors applied multiplicatively to the time on the transit supply link (for transit only 
links like LRT or BRT) or the congested time from the highway network for the appropriate service 
period (for lines operating in mixed traffic on the road network) to factor in stops and dwell time into 
overall transit travel times. Table 7-3 shows the typical transit time factors used in SACSIM. 
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 E.g. if the service period is AM peak, the total minutes is 240.  For a route with 4 
trips during this period, that route’s AM peak headway is 240/4 = 60 minute 
headway between arrivals. 

o HEADWAY values of 0 denote times during which there is no service. E.g., if the HEADWAY 
for midday is 0, it means that route makes no trips during the midday period. 

Table 7-3 SACSIM Transit Operators 
Operator ID Description 

1 Sacramento Regional Transit* 
2 Yolo County Transportation District (Yolobus) 
3 Roseville Transit 
4 Yuba-Sutter Transit 
5 El Dorado Transit 
6 Placer County Transit 
7 Auburn Transit 
8 Sacramento State Hornet shuttle 
9 UC Davis Unitrans 

10 Amtrak Capitol Corridor 
11 South County Transit 
12 Reserved for future operator 

Source:  SACOG 2025. 

Table 7-4 Transit FARESYSTEM Key 
Faresystem ID Description 

1 RT light rail lines 
2 RT fixed-route bus lines 
3 Yolobus commuter/express lines 
4 Yolobus local fixed route bus lines 
5 Roseville commuter bus lines 
6 Roseville local fixed route bus lines 
7 Yuba-Sutter Transit commuter lines 
8 Yuba-Sutter local fixed route bus lines 
9 El Dorado Transit commuter bus lines 

10 El Dorado Transit local fixed route bus lines 
11 Placer County Transit commuter lines 
12 Placer County Transit local fixed route bus lines 
13 Unitrans local fixed route bus lines; CSUS Hornet shuttle lines 
14 Heavy rail (currently Sacramento region stops for Capitol Corridor) 
15 South County Transit (SCT Link) 
16 E-Tran commuter lines 
17 E-Tran local bus lines 
18 Future Neighborhood Shuttle 
19 Future Streetcar 
20 Folsom Stage Line 

Source: SACOG 2025 
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 Transit Access Coding and Network Additions 
Transit access coding refers to the use of links explicitly coded in the highway network, links manually added 
to the highway network in order to provide access to transit stations or stops, and links which are “auto-
generated” by Cube to provide access to transit stations or stops, and to provide transfers from one line to 
another line.  These three sets of links, in combination, are included in a “transit background network” which is 
subsequently used in transit path-building, skimming and assignment. 

7.3.1 Links Explicitly Coded in Highway Network 
Transit access links include all highway links, except for freeway mainline and freeway ramp links.  Walk paths 
from traffic analysis zones to the first-boarding transit station or stop include centroid connectors, all surface 
streets, and explicitly coded pedestrian/bike-only links.   Additionally, walk paths can include “contra-flow” 
direction on one-way surface streets. 

7.3.2 Transit Access Links Manually Added to Highway Network 
One major subset of these links are links representing exclusive transit links.  The biggest categories of these 
links are rail lines, such as the Sacramento Regional Transit light rail lines, or the portions of the Capital 
Corridor train service within the SACOG region.  However, in the future these links could include bus-only 
roadway segments.  These links are not actually “access links”, but are alignments for transit lines to operate 
on.   These links are included in the “transit_links.csv” file. 

A second subset of these links are access links which connect between the highway network and the rail 
stations in the above-described rail transit links.    These links allow for paths to be built from the highway 
network to stations or stops on exclusive guideway transit links, and for transfers between transit lines 
operating on exclusive guideways, and transit lines operating in mixed traffic. These links are included in the 
“station_links.csv” file. Importantly, links listed in the station_links.csv file must also be coded in the highway 
NET file with CAPCLASS=61, as described earlier in chapter 6. 

A third subset of these links connect from park-and-ride lots to the nearest traffic analysis zone.  The drive 
portion of park-and-ride transit trips are skimmed and assigned in the vehicle assignment process, and the 
transit portion of these trips are assigned from the park-and-ride lot node to the final destination, via the 
transit access links and transit lines.  The connection between the park-and-ride lot TAZ, through the park-
and-ride lot node and to the transit station, is built through links included in the “pnr.dbf” file. 

7.3.3 Auto-Generated Transit Access Links 
Links for two access modes are generated through Cube PT path-building software.  One mode is walk 
access and egress links, which consolidate the more complicated paths built on the actual network 
components described above into single links connecting from TAZ to a range transit stations or stops 
(coded as MODE = 13).   Another mode is transfer links which connect between one or more transit lines, 
and other transit lines, where the lines do not have stations or stops in common (MODE =12).  Examples 
include: rail-to-bus station connections; and rail-to-rail station connections, if the rail lines do not share a 
common station. 
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 Transit Travel Speeds and Stop Times 

7.4.1 On-Street Transit Travel Speeds 
On-street transit speeds (mostly applicable to buses) are generally computed for each link via the following 
steps: 

1. Obtain the link’s auto speed, inclusive of congestion 

2. Update the link speed to be a weighted average of the congested speed and free-flow speed: 

a. By default, weight 65% to congested speed, 35% to free-flow speed 

b. If a bus-only lane is active, weight 85% to free-flow speed and 15% to congested speed to 
capture ability of buses in bus-only lanes to bypass congestion. 

3. Compute updated link travel time based on updated speed14. 

4. Apply the appropriate time factor to the link travel time. Time factors help account for dwell time at 
stops and the lower maneuverability of transit vehicles compared to private autos. Portions of the 
highway network are not detailed enough to explicitly represent each bus stop, so the time factor 
gives a reasonable estimate unbiased by the relative fineness or coarseness of the highway network. 
Table 7-3 provides the typical time factors for a variety of typical operating contexts. 

Table 7-5 Highway to Bus Transit Time Factors 
Service Type Time Factor 
Urban Fixed Route (most RT bus routes) 2.01 
Urban Fixed Route w/in Sac. CBD 2.25 
Urban BRT w/ Signal Priority 1.78 
Rural Fixed Route 1.62 
Commuter Bus (Freeway Segments) 1.18 

Source:  SACOG 2025. 

7.4.2 Off-Street (Dedicated Right-of-Way) Transit Speeds 
Off-street transit refers to transit that has no interaction with private vehicles. It is mostly rail modes in 
SACSIM, but could potentially be used to represent bus service on a fully-separated busway. Off-street speeds 
are specified in the transit_links.csv file and assumed to be fixed and not influenced by traffic congestion. 
Travel times are influenced by the characteristics of the track they operate on, vehicle performance, and 
station spacing. For existing service, off-street transit speeds are based on transit schedules. Speeds for 
future service are estimated by finding existing segments that best approximate the characteristics of the new 
service and copying those segments’ speeds.  

 

  

 
14 Weighting transit link speed partly toward free-flow speed, combined with applying time factors, helps capture the fact 
that stopping, dwell time, etc. are less of a speed disadvantage at higher levels of congestion. I.e., the effective speed 
difference between transit vehicles and private autos is less under congested conditions. 
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 Park-and-Ride Locations 
Park-and-ride (PNR) locations with transit service are included in the transit network. Where they are coded in 
the network, they enable transit trips in which the traveler drives to the PNR, parks in it, then transfers to its 
corresponding transit stop to continue his/her journey. SACSIM does not include PNR locations that are not 
served by transit. Table 7-5 lists the attributes for the PNR DBF table. 

Table 7-6 Park-and-Ride Table Fields 
Field Description 
PNR_NODE Node ID from highway network representing PNR location 
STA_NODE Node ID of the bus or rail stop served by the PNR lot 
ZONE Node ID of the TAZ centroid tagged to the PNR lot 
PNRCAP Number of parking spaces (enter zero if KNR) 
PRKCOST Daily parking cost, in cents 
DESC_ Location description. Include station name and indicate if KNR or PNR 
X/Y Latitude/longitude 

Source:  SACOG 2025. 

7.5.1 Transit Drop-Off Locations (KNR) 
Transit drop-off zones, also knows as “kiss-and-ride”, or KNR locations, enable trips in which a traveler rides as 
a passenger in a private auto and gets dropped off at a transit stop. KNR locations are coded using the same 
process as PNRs and are stored in the same “pnr.dbf” table, but do not have any parking capacity (e.g., 
number of spaces is set to zero). 

7.5.2 Adding PNR or KNR locations 
To code in a park-and-ride or kiss-and-ride location: 

1. Add a node to the SACSIM highway network at the PNR location. 
2. Include it in the “pnr.dbf” table of PNR nodes and attributes. 
3. Include it in the station_links CSV. 
4. Ensure it is connected to the rest of the highway network with a link of CAPCLASS 62. 
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9 Auto Operating Costs, Pricing and Transit Fares 

 Auto Operating Costs 
SACSIM uses consumer full “out-of-pocket” auto operating costs as a key concept and input for driving mode 
choice and usage.  Cost include gasoline, maintenance and tires, and federal and state taxes; computed on a 
per mile basis (Table 9-1).  Gasoline costs are the largest share of per-mile out-of-pocket operating costs for 
most vehicles.  

Table 9-1 SACSIM Auto Operating Costs 
SACSIM Variables  2020 2035 2050 
Auto Operating Cost Vehicle Operating Costs.  

($/mile Yr. 2022 $)† 
$0.241 $0.266 0.269 

 State Fuel Tax or Milage Fee 
Price ($/mile) 

$0.021 $0.028 $0.028 

Milage Base User Fee SACOG Milage Fee Price 
($/mile) 

$0.00 $0.027 $0.027 

Source:  SACOG 2025. 

†Based on California Energy Commission spot prices ‡Inflation adjustments based on Bureau of Labor Statistics CPI.† From 
EMFAC2023 passenger car vehicle fleet miles per gallon. From CSAA “Your Cost of Driving” reports. Values reported in 
2022 dollars, model variables must be entered into SACSIM as 2000 dollars. 

For future the approach used:   

• recent federal Energy Information Administration “Low” and “High” forecasts of gasoline prices;  
• average passenger vehicle fleet MPG forecasts using the EMFAC emissions model;  
• non-fuel costs projected based on AAA “Your Cost of Driving” data; and 
• update the CA/US price differential using most recent data.   

SACSIM and other MPO Travel Demand models have shifted to average cost per mile as standard practice. 
Use of average variable cost per mile have been shown to be more predictive of trip-making behavior than 
average “full” costs (which include vehicle ownership costs like finance charges, depreciation, insurance, etc.).  
The behavioral theory underpinning this is that for most households, vehicle ownership is a necessity, and 
choices of use of a vehicle (number of trips, length of trip, etc.) do not factor in auto ownership costs.  
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Referring to the Input Order Column of Table 9-4: 

Inputs 1-3 are used to tie the network toll links identified to the cost per time period. Input 1 should be 
calculated by input 2 * 100 + input 3. If additional time periods or toll segments are added, these rows will 
need to be expanded on in the same format for every new toll segment added to the network.  

If a scenario requires no toll pricing, Inputs 4-22 should all be set to zero. 

Input 4 adjustment if the toll optimization algorithm is turned on or off. This must be turned on to use the 
dynamic pricing. There are a few reasons to turn off: 

• User want toll prices fixed, may have already determined the optimal cost or running post processing 
assignments. 

• All toll lane scenario or facility is being applied 
• For testing purpose, user wants to reduce model run time. 

 

Inputs 5-8 are user specified initial toll prices by four mode vehicle classifications.  These values are put into 
model as part of the initial cost function and then adjusted during the toll optimization loop. If a fixed or all 
lane toll scenario is being ran, the initial inputs will also be the final cost. Based on default settings, the toll 
optimization loop is set to run a maximum of five iterations. If toll price curve results seem too high or too low 
based on no osculation occurring or not enough convergence in price, it is recommended to start the next run 
with a higher or lower initial toll to help convergence to occur within the 5 iterations.  

• DA = drive alone or single occupancy vehicle 
• S2 = Shared Occupancy Vehicle with two persons (SOV2) 
• S3+ = Shared Occupancy Vehicle with three or more persons (SOV3+) 
• CV = Commercial Vehicles, currently defined as SACSIM category CV 2 axle, 3+ axle CVs are not 

allowed access to managed lanes. This can be adjusted in the model run script. 
 

Inputs 9-16 are user specified toll prices constraints. Inputs 9-12 are the minimum by set price by mode. 
Input 13-16 are the maximum price by mode. For example, if a minimum toll price was set to $1.00 and a 
maximum to $10.00, the final price must be at or between these upper and lower bounded constraints 
regardless of demand, or lack thereof, along the facility. Since the toll optimization loop sets the price based 
on the vehicle demand, the more constraints added the less likely the algorithm can find the optimal price to 
set.  

Inputs 17-22 are user specified lane configuration adjustments on both the general purpose or “free” lanes 
and the managed lanes or “priced” lanes. 

Inputs 17 and 18 add reversable lanes to the priced facility to the peak period: 17: 3 AM peak hours 7-8, 8-
9, 8-10 am, 18: 3 PM peak hour 3-4,4-5,5-6 pm. If positive value is entered to a toll segment, a priced 
lane(s) will be added. If a negative value is added a general-purpose lane(s) will be added. Using this logic, to 
maintain the number of lanes defined in the scenario base network file, a negative value should always be 
assigned to the parallel opposite direction toll segment ID. If no negative number is specified, an additional 
lane is added to the network. Figure 9-8 shows an example of a reversable lane as an additional middle lane 
that can reverse directions based on the peak period traffic flow directional demand of travel.  
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Figure 9.8 Express Lane Configuration: Reversible Center Lane 

 

Inputs 19 and 20 add a managed lane(s) during AM peak period (7-10am) and PM peak periods (3-6pm) 
respectively. SACSIM23 assumption is shoulder space is converted to a managed or general purpose along 
the facility adding width for an additional managed lane. Since SACSIM23 assignment is a “stick and ball” 
network, land configuration curvature and geometry is not accounted for at the demand level software. Nor is 
type of pricing facility implementation infrastructure design. Microsimulation or CAD software’s may be used 
to determine if adding a shoulder lane scenario is realistic based on a roadway geometry. SACSIM23 simple 
provides the capability to add or remove the lane during assignment. Figure 9-9 shows an example of a 
shoulder or breakdown lane converted into an additional lane during peak periods.  

Figure 9.9 Express Lane Configuration: Flexible Breakdown Lane 

 

Inputs 21 and 22 add an additional managed during AM peak period (7-10am) and PM peak periods (3-
6pm) respectively by removing a general-purpose lane during the defined time period. This allows scenarios 
with multilane express lanes during times of high demand to manage congestion, and “free” or general-
purpose lanes during lower demand. An facility example of could be a highway with high morning peak 
congestion into downtown in the mornings, however, during the PM the traffic may be more evenly dispersed 
throughout the duration of the afternoon evening and not require as many managed lanes available. Figure 
9-10 shows an example of a multi-lane express lane configuration where a “Take A Lane” may be applied.  

Figure 9.10: Multilane Express Lane 
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Table 11-9 Mode Split Validation, 2020 Model Results vs. 2018 Household Travel Survey – Commute Tours 
 2018 Household Travel 

Survey 2020 Travel Model Ratio 
Walk 1.4% 1.3% 0.9 
Bike 2.1% 2.3% 1.1 
Drive Alone 65.0% 65.0% 1.0 
Shared Drive 2 15.2% 15.1% 1.0 
Shared Drive 3+ 13.6% 13.8% 1.0 
Transit 1.2% 1.0% 0.8 

Source: SACOG 2025 

11.3.1.5  Trip length 
Table  compares the average trip distance by mode, for all trip types, from the 2020 travel model and 2018 
household travel survey. Table 11-11 provides the same comparison specifically for commute trips. 

In both tables, the modeled average trip distance for auto modes (drive-alone and HOV) is generally very close 
to the average trip distance observed in the travel survey. In contrast, there is a significant difference between 
the model results and survey findings for transit and non-motorized trip distances. These significant 
differences stem from several challenges inherent to regional travel models. Most notably: Survey-based trip 
distances are based on users traveling the real street network, inclusive of minor streets not in the model, 
while the model can only roughly approximate such trips by having travelers use a blend of higher-level streets 
and parcel-based factors described in Chapter 8. This disproportionately affects non-motorized trips, which are 
more likely to use minor streets in the model and be shorter trips. 

Modeled transit trip distances were shorter than transit trips recorded in the survey. This is likely because the 
model reports transit trip distances based on the TAZ-to-TAZ driving distance following the most direct driving 
route, rather than the route followed by transit routes, which is usually longer than the most direct driving 
route. Importantly, this discrepancy does not affect transit mode choice, which is based on travel time rather 
than distance. 

Given the above weaknesses of the model to accurately represent transit, walk, and bike travel distances, we 
are not surprised by the lower validation of these modes. And when we consider the auto modes, whose travel 
distances the model can provide with more accuracy, we see that the surveyed travel distances align closely 
with modeled travel distances. 
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Table 11-10 Average Trip Distance by Mode (All Trips) – SACSIM vs. 2018 Household Travel Survey 
  2018 Household Travel 

Survey 2020 Travel Model Validation Ratio 
Walk 0.7 1.5 2.0 
Bike 2.3 3.8 1.7 
Drive Alone 7.9 6.9 0.9 
Shared Drive 2 6.6 5.9 0.9 
Shared Drive 3+ 5.9 5.9 1.0 
Transit 8.7 5.3 0.6 
Other 10.0 4.9 0.5 
All Modes 6.5 5.9 0.9 

Source: SACOG 2025 

 

Table 11-11 Average Trip Distance by Mode (Commute Trips) – SACSIM vs. 2018 Travel Survey 
  2018 Household Travel 

Survey 2020 Travel Model Validation Ratio 
Walk 0.9 1.6 1.9 
Bike 3.6 4.5 1.3 
Drive Alone 10.6 8.5 0.8 
Shared Drive 2 9.0 8.0 0.9 
Shared Drive 3+ 9.3 8.2 0.9 
Transit 12.7 7.2 0.6 
All Modes 9.7 7.9 0.8 

Source: SACOG 2025 

11.3.2 Demographic Reasonableness Check 
ACS 2020 5-year sample data are used to establish demographic controls at Census tract level and are then 
used to generate the representative population file. Figure 12-3 compares ACS 2020 5-year sample 
household population to the SACSIM23 2020 household population by tract. Since the ACS data is used to 
control the generation of the representative population file distributions, it is expected the SACSIM population 
match well with the ACS data. The two datasets are consistent at this much-lower level geography, too. The 
overall correlation between the two datasets at tract level is very high—the R-squared of a regression of ACS 
2020 5-year sample data tract population using the 2020 SACSIM23 population as an independent variable 
is above 0.99. 
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Figure 11.4 Comparison of 2020 Population 

 

Source: SACOG 2025 
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Table 11-12  through Table 11-15 provide comparisons between ACS 2020 5-year sample data and 
SACSIM23 2020 Population control household variables. These tables also show a high degree of 
consistency for all variables at county level.  

Table 11-12 Year 2020 Household Size Distribution by County 
SACSIM23 Representative Population Data 

County 1 person 2 persons 3 persons 4 persons 5+ persons 
El Dorado* 21% 42% 14% 13% 9% 

Placer* 23% 37% 15% 15% 10% 
Sacramento 25% 31% 16% 15% 12% 

Sutter 22% 30% 18% 16% 14% 
Yolo 22% 32% 18% 17% 11% 

Yuba 24% 28% 17% 16% 15% 
Total 24% 33% 16% 15% 12%       

2016-2020 ACS-Based Control Distributions 
County 1 person 2 persons 3 persons 4 persons 5+ persons 

El Dorado* 21% 42% 14% 13% 9% 
Placer* 23% 37% 15% 15% 10% 

Sacramento 25% 31% 16% 15% 12% 
Sutter 22% 30% 18% 16% 14% 

Yolo 22% 32% 18% 17% 11% 
Yuba 24% 28% 17% 16% 15% 
Total 24% 33% 16% 15% 12% 

      
Validation Ratio SACSIM23 to ACS 

County 1 person 2 persons 3 persons 4 persons 5+ persons 
El Dorado* 1.000 1.000 1.000 1.001 1.000 

Placer* 1.000 1.000 1.000 1.000 1.000 
Sacramento 1.000 1.000 1.000 1.000 1.000 

Sutter 1.000 1.000 1.000 1.000 1.000 
Yolo 1.000 1.000 1.000 1.000 0.999 

Yuba 1.000 1.000 1.000 0.999 1.001 
Total 1.000 1.000 1.000 1.000 1.000 

Source:  SACOG, 2025, based on American Community Survey 2020 5-year Sample data. 

*Partial county—Tahoe Basin excluded.      
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Table 11-13 Comparison of Distribution of Workers in Household by County 
SACSIM23 Representative Population Data   

County 0 workers 1 worker 2 workers 3+ workers 
El Dorado* 34% 34% 26% 6% 

Placer* 29% 33% 31% 7% 
Sacramento 25% 38% 29% 8% 

Sutter 28% 36% 28% 9% 
Yolo 26% 34% 32% 8% 

Yuba 28% 40% 26% 6% 
Total 27% 36% 29% 8%      

2016-2020 ACS-Based Control Distributions   
County 0 workers 1 worker 2 workers 3+ workers 

El Dorado* 34% 34% 26% 6% 
Placer* 29% 33% 31% 7% 

Sacramento 25% 38% 29% 8% 
Sutter 28% 36% 28% 9% 

Yolo 26% 34% 32% 8% 
Yuba 28% 40% 26% 6% 
Total 27% 36% 29% 8% 

     
Validation Ratio SACSIM23 to ACS    

County 0 workers 1 worker 2 workers 3+ workers 
El Dorado* 1.000 1.000 1.000 1.000 

Placer* 1.000 1.000 1.000 1.000 
Sacramento 1.000 1.000 1.000 1.001 

Sutter 1.001 1.001 0.998 0.999 
Yolo 1.000 0.999 1.001 1.000 

Yuba 1.000 1.000 0.999 1.000 
Total 1.000 1.000 1.000 1.000 

 Source:  SACOG, 2025, based on American Community Survey 2020 5-year Sample data. 

*Partial county—Tahoe Basin excluded.     
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Table 11-14 Comparison of Household Income Distribution by County 
SACSIM23 Representative Population Data    

County < $35k $35k - $60k $60k - $100k $100k - $150k $150k+ 
El Dorado* 18% 15% 21% 19% 26% 

Placer* 17% 14% 21% 19% 28% 
Sacramento 24% 19% 23% 18% 17% 

Sutter 26% 21% 24% 16% 13% 
Yolo 25% 15% 21% 17% 22% 

Yuba 29% 20% 23% 18% 10% 
Total 23% 17% 22% 18% 19% 

      
2016-2020 ACS-Based Control Distributions    

County < $35k $35k - $60k $60k - $100k $100k - $150k $150k+ 
El Dorado* 18% 15% 21% 19% 26% 

Placer* 17% 14% 21% 19% 28% 
Sacramento 24% 19% 23% 18% 17% 

Sutter 26% 21% 24% 16% 13% 
Yolo 25% 15% 21% 17% 22% 

Yuba 29% 20% 23% 18% 10% 
Total 23% 17% 22% 18% 19% 

      
Validation Ratio SACSIM23 to ACS     

County < $35k $35k - $60k $60k - $100k $100k - $150k $150k+ 
El Dorado* 1.000 1.000 1.000 1.000 1.000 

Placer* 1.000 1.000 1.000 1.000 1.000 
Sacramento 1.000 1.000 1.001 0.999 0.999 

Sutter 0.999 1.002 1.001 0.998 1.000 
Yolo 0.997 1.001 0.996 1.005 1.003 

Yuba 1.001 0.999 1.000 1.000 1.000 
Total 1.000 1.000 1.000 1.000 1.000 

Source:  SACOG, 2025, based on American Community Survey 2020 5-year Sample data. 

*Partial county—Tahoe Basin excluded.      
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Table 11-15 Comparison of Householder’s Age Distribution 
SACSIM23 Representative Population Data  

County < 35 years 35 - 64 years >= 65 years 
El Dorado* 9% 56% 35% 

Placer* 12% 56% 32% 
Sacramento 21% 56% 23% 

Sutter 20% 54% 26% 
Yolo 25% 52% 22% 

Yuba 23% 55% 22% 
Total 19% 56% 25% 

    
2016-2020 ACS-Based Control Distributions   

County < 35 years 35 - 64 years >= 65 years 
El Dorado* 9% 56% 35% 

Placer* 12% 56% 32% 
Sacramento 21% 56% 23% 

Sutter 20% 54% 26% 
Yolo 25% 52% 22% 

Yuba 23% 55% 22% 
Total 19% 56% 25% 

    
Validation Ratio SACSIM23 to ACS   

County < 35 years 35 - 64 years >= 65 years 
El Dorado* 1.001 1.000 1.000 

Placer* 1.000 1.000 1.000 
Sacramento 1.000 1.000 1.000 

Sutter 0.999 1.000 1.001 
Yolo 0.998 0.999 1.003 

Yuba 1.000 1.000 1.000 
Total 1.000 1.000 1.000 

Source:  SACOG, 2025, based on American Community Survey 2020 5-year Sample data. 

*Partial county—Tahoe Basin excluded.   
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11.3.3 Highway Assignment Validation 

11.3.3.1 Highway Network Variables 
The only global check of the reasonableness of the SACSIM highway network was a comparison of the model 
estimates of route and lane mileage to data reported in HPMS for 2020.  “Route mileage” is the centerline 
mileage of roadways (i.e. one mile of road = one route mile, irrespective of the number of lanes).  “Lane 
mileage” is the centerline length of a roadway multiplied by the number of lanes of roadway provided (i.e. one 
mile of 2-lane road = two lane miles, and one mile of 4-lane road = four lane miles, etc.).   

Making a detailed comparison of the SACSIM route and lane mileage to HPMS estimates is not possible for 
various reasons.  HPMS functional class coding is not currently coded to the SACSIM highway network, so 
lining up specific classes is difficult.  HPMS data are also aggregated to jurisdiction (city and county), with no 
GIS or other network data provided.  Finally, and most importantly, the SACSIM highway network is simplified, 
excluding minor collectors and residential streets.   

Table  compares SACSIM and HPMS route and lane mileage of roadways, with classifications simplified to (1) 
freeway/interstate and (2) surface street. To the extent possible given the differences in coding and reporting 
mentioned above, SACSIM and HPMS are relatively consistent for these simplified freeway/interstate and 
surface street categories.  In total, SACSIM route mileage matches HPMS route mileage almost exactly. For 
freeways, SACSIM has slightly more route miles but, interestingly, slightly fewer lane-miles than HPMS. For 
surface streets, which only include collectors, arterials, and non-freeway expressways, SACSIM has almost the 
same number of route-miles as HPMS and slightly more lane-miles. Given the level of detail in HPMS provided 
(i.e. area totals only, with no access to a GIS or network underlying data), there is no way to resolve these 
minor inconsistencies between the two networks. It is possible that differences in coding of functional class, 
even within the collapsed categories presented, may account for this inconsistency. 
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Table 11-16 Model Network Route- and Lane-Mile Validation 
Roadway Class Model HPMS Ratio 
Route Mileage † 

   

Freeway/Interstate* 325 320 0.98 
Surface Street** 3,773 3,756 1.00 

Subtotal 4,098 4,076 1.00 
Lane Mileage ‡ 

   

Freeway/Interstate* 1,959 2,051 1.05 
Surface Street** 9,304 9,042 0.97 

Subtotal 11,267 11,453 1.02 

Source: SACOG 2025, Caltrans, 2020 

Based on HPMS data reported in Caltrans’ 2020 California Public Road Data (PRD) report. 

† “Route mileage” = the centerline distance of a roadway; one mile of roadway = 1 route mile. 

‡ “Lane mileage” = route miles * number of lanes; one mile of 2-lane roadway = 2 lane miles, one mile of 4-lane roadway = 
4 lane miles, etc. 

 * “Freeway/Interstate”: 

  - SACSIM model estimates include all classes of freeway lanes (general purpose, HOV, and auxiliary) in lane mileage 
estimates, but general-purpose only for calculation of route miles.  Only general-purpose lanes are included for route mileage 
estimates to avoid double-counting. 

 - HPMS estimates include three classes reported in the Caltrans PRD series: “Rural Interstate”, “Urban Interstate” and 
“Urban Other Freeway or Expressway” 

 **“Surface Street”: 

 - SACSIM model estimates include all functional classes of surface street reported in Chapter 3, above: expressway, major 
arterial, minor arterial, collector, rural highway, rural arterial. 

 -  HPMS estimates include Rural and Urban “Other Principal Arterial”, “Minor Arterial”, “Major Collector”, “Minor Collector”, 
and “Collector” classes. 

NOTE - Local roadways are not possible to compare between SACSIM and HPMS.  The SACSIM highway network is limited 
to explicitly representing roadways down to approximately “collector” class.  Most local streets are represented by centroid 
collectors, which may represent the effective access to the collector-and-above roadway network provided by local streets. 
However, due to the coarseness of the centroid connectors versus the actual local roadway network, a reasonable 
“applesto-apples” comparison is not possible.   
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11.3.3.2 Validation of Highway Vehicle Miles Traveled 
Although reported in this section on traffic assignment, the amount of VMT forecasted is subject to all aspects 
of the model system.  Traffic assignment procedures do affect the amount of VMT, but the quality of the 
networks, modeling of all aspects of travel demand (e.g. travel frequency, spatial distribution and mode), 
treatment of external travel, etc. all affect the amount of VMT forecasted.  Each of the prior chapters provides 
validation and reasonableness checks for these other aspects of the SACSIM23. 

Validation of estimates of VMT by travel demand models to estimates of observed VMT gathered through the 
Highway Performance Monitoring System is required by federal statute for agencies like SACOG which 
implement air quality conformity analysis 30. This requirement has been more generally applied for validation of 
travel demand models used for other purposes.  For example, validation to HPMS is identified as a key 
recommended validation task in the FHWA guidance on validation of travel demand models 31. 

Table 11-17 reports the comparison of SACSIM estimates of VMT to HPMS-sourced estimates.  At region 
level, SACSIM estimates line up very closely with HPMS-sourced estimates, with less than three percent 
difference. 

 
30 Code of Federal Regulations, Title 40, Sec.93.122 
31 Federal Highway Administration, Model Validation and Reasonableness Checking Manual, 2010 edition.  
http://tmip.fhwa.dot.gov/resources/clearinghouse/1397 
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Table 11-17 Comparison of Daily Vehicle Miles Traveled Estimates: HPMS and SACSIM23  
2019 Pre-pandemic 2020 

County HPMS SACSIM 
El Dorado32 4,324 4,041 
Placer32 9,986 10,431 
Sacramento 36,391 35,335 
Sutter 2,830 2,472 
Yolo 6,551 6,331 
Yuba 2,080 1,899 
Region 62,162 60,509 
Population 2,486 2,540 
VMT per Capita 25.0 23.8 

Source: SACOG 2025 

*VMT Totals and Populations are in 1000s. 

 

Table 11-18 Comparison of Daily Vehicle Miles Traveled Ratios: HPMS and SACSIM23 
HPMS to SACSIM Validation Ratio 

County 2019 (HPMS) vs Pre-pandemic 
2020 (SACSIM) 

El Dorado32 0.93 
Placer32 1.04 
Sacramento 0.97 
Sutter 0.87 
Yolo 0.97 
Yuba 0.92 
Region 0.97 

Source: SACOG 2025 

 

  

 
32 Only the portions of Placer and El Dorado County outside the Tahoe Basin are reported. SACOG staff adjusted the full-
county data reported in CPRD reports. 
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11.3.3.3 Validation of Highway Link Assignment 
Late 2019 and pre-pandemic months of 2020 are the primary period of highway assignment validation for 
SACSIM23.  Validation guidelines are based on the follow recommendations from the California Transpiration 
Commissions report, Regional Transportation Plan Guidelines for Regional Transportation Planning Agencies, 
2017: 

• At least 75% of roadway links with traffic counts should be within the Caltrans deviation threshold, 
which differs based on magnitude of the count. 

• Estimate of correlation between the model estimates and observed counts should be at least 0.88. 

• Percent Root Mean Square Error (RMSE) for the roadway links with counts in the project study area 
should not exceed 40%. 

Table 11-19 shows how SACSIM23 2020 forecasted traffic volumes compare to traffic counts based on a 
region static validation using the CTC recommended measures and thresholds. A more detailed discussion of 
the source of the counts and limitations of using counts is provided in Observed Travel Data section above.  

 

Table 11-19 SACSIM23 and CTC Guidelines on Highway Assignment Validation 
Validation Measures Threshold 2020 

% of Locations w/ Model < Max Deviation >75% 83% 
Correlation Coefficient >0.88 0.97 

RMSE for Daily Traffic Assignment <0.40 0.36 
 

While the regional guidelines serve an important role for model validation, they are only a partial indication of 
model performance. Highway facility classification determines road capacity levels measured as how many 
vehicles per hour per lane (vphpl) a facility can sustain operations; this is a major contributor to model 
performance. Table 11-20 provides a comparison of forecasted 2020 model volumes to traffic counts by 
facility type. The table includes comparisons of average weekday volumes.  

SACSIM23 shows 2020 performing well for freeways and major arterials roadway classifications. SACSIM23 
does not perform as well for ramps and expressways, which may be due to a small number of samples 
collected from these facility types. Similarly, collector and rural highway roads did not validate as well, though 
this may be due to lower volumes on these roads, so smaller errors can appear proportionally larger. 

Table 11-20 SACSIM23 Highway Volume Validation By Roadway Functional Class for Pre-pandemic 2020 

Functional Class 
No. of 
Counts 

Sum of 
Counts 

Sum of 
Model (if 
Counted) Ratio 

Avg. Link 
Error RMSE 

Daily Volumes 
Freeway 440 21547338 21415485 0.99 24% 0.20 

Expressway 2 49728 69432 1.40 40% 0.40 
Major Arterial 411 5863470 6084932 1.04 23% 0.32 
Minor Arterial 494 4293171 4008294 0.93 36% 0.51 

Collector 493 1498593 1338554 0.89 53% 0.76 
Ramp 77 565096.7 550333 0.97 38% 0.57 

Rural Hwy 17 92988 112836 1.21 29% 0.34 
Rural Art./Coll 422 1285810 1311197 1.02 33% 0.46 

Total 2356 35196194 34891063 0.99 22% 0.36 

Source: SACOG 2025. 
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Figure 11-5 presents a scatterplot comparing modeled daily traffic volumes against observed daily traffic 
volumes for over 2,500 locations where observed counts were available. Generally, there was a good fit 
between modeled and observed volumes, as shown by the observation points largely following the equality 
line. 

The Figure 11-6 scatterplot points show, for each model link with observed count data, the absolute percent 
difference between the modeled and observed traffic on that link. The black line represents the maximum 
percentage difference recommended by Caltrans model validation guidelines (e.g. for weekday volumes of 
100,000 or more, the absolute percent difference between modeled and observed volumes should be no 
more than 15%).  Points below the line meet the Caltrans guidelines; points above the line do not. 

 

Figure 11.5 Pre-pandemic 2020 Weekday Modeled to Observed Volume 
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Figure 11.6 Year 2020 Pre-pandemic Weekday Volumes and Maximum Desirable Error 

 

 

11.3.3.4 Gateways Assignment Validation and Reasonableness Check 
As described in Chapter 3, SACSIM uses an external sub module outside of DAYSIM to predict trips in and out 
of the SACOG region. Highway network links used during the assignment are used to represent roadway 
connections outside the SACOG region. These roadway links are called “gateways.” Since these trips are 
determined separately from the DAYSIM simulation, an additional validation check on the gateways was 
performed for reasonableness. Table 11-21 shows the gateway SACSIM traffic volumes compared to counts 
using the CTC guidelines. The gateways meet all validation acceptance criteria including 100 percent of the 
locations within the acceptable range of deviation between traffic volume to observed count.  

 

Table 11-21 SACSIM23 Gateways Assignment Validation 
Validation Measures Threshold 2020 

% of Locations w/ Model < Max Deviation >75% 100% 
Correlation Coefficient > 0.88 1.00 

RMSE for Daily Traffic Assignment <0.40 0.15 

Source: SACOG 2025  
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11.3.4  Transit Network and Assignment Validation 

11.3.4.1  Transit Network Validation          
As with highway networks, direct, independent checks of modeled transit networks against actual transit 
networks are difficult to perform.  But as a generic check we compared vehicle service hours estimated in the 
model against observed vehicle service hours provided by transit operators. 

Vehicle service hours (VSH) are a common way of estimating the amount of transit service provided for 
passengers.  One VSH is defined as one transit vehicle operating in revenue service (i.e. available for 
passengers to use, and not operations of vehicles for maintenance purposes) for one hour.  VSH includes the 
time spent on a route picking up or dropping off passengers, plus turnaround or layover times (i.e. times built 
into schedules for vehicles to wait or layover at the end of a route, or time needed to turn around at the end of 
a route). VSH does not include the time that a transit vehicle spends traveling between the bus yard and its 
first/last stop of the day. 

Figure 11-7 provides a comparison of observed data and model estimates of weekday VSH for each route 
operating in the SACOG region for the period of late 2019 through pre-COVID 2020.  Overall “fit” between 
model estimates and observed data is good, with an r-squared correlation between observed and modeled 
VSH of about 0.96. However, SACSIM’s VSH predictions are somewhat lower than observed VSH, with a beta 
between modeled and observed VSH of 0.91. 

Table 11-23 summarizes 2020 weekday VSH for three different transit service types: light rail, express or 
commuter buses, and regular fixed route buses.  Overall, modeled VSH is somewhat lower than VSH reported 
by transit operators, with a ratio of 0.96. VSH estimates for local buses are very close to operator-reported 
VSH (ratio of 0.97), while light rail estimated VSH is slightly lower than operator-report VSH (ratio of 0.94).  
VSH estimates for express buses are, on average, high, with a beta of 1.23.   

Discrepancies between modeled and observed VSH are because SACSIM’s ability to estimate transit vehicle 
travel times, and therefore service hours, is somewhat coarse. It relies on average headways within five 
different time periods and, rather than using stop-specific dwell times, estimates travel times based on 
applying a time factor multiple to the congested link travel time. The overestimation of commuter bus VSH is 
largely due to difficulty representing commuter service headways. E.g., some lines were modeled as having a 
higher headway than in reality to capture the fact that, although infrequent, commuter bus departure times 
are tailored to commuters’ schedules and therefore are perceived as having a higher level of service. For 
example, a commuter bus that only runs twice each morning has a higher utility than a local bus because it 
leaves at times that conveniently align with riders’ work schedules, therefore, to capture the line’s utility it is 
modeled with a somewhat shorter headway. This shorter headway in turn leads to higher modeled VSH. 

VSH discrepancies are also in part due to needing to estimate a single “end of service” time for the night 
period. In reality, service ends at different times for different routes, with the last run of the day on local routes 
being anywhere from 8pm until after midnight. But for SACSIM, both for trip assignment and VSH 
computation, we assume all lines that have any service during the night time period stop running at 11pm. 
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Figure 11.7 Year 2020 Transit Line Vehicle Service Hours:  Model Estimates and  Observed Data 

 

Table 11-22 Line-Level Transit Network Comparison: Model Estimates and Observed Data 
 Regression Statistics 

(β * Model VSH= Actual VSH) 

Variable R-Squared Beta 
2020 Vehicle Service Hours ‡ 0.96 0.91 

Source: SACOG 2025, 2019-2020 GTFS 

 

Table 11-23 Year 2020 Transit Vehicle Service Hours by Type of Service:  Model Estimates and Observed Data 

 Weekday Vehicle Service Hours 

Service Type Observed Modeled Validation 
Ratio 

Light Rail 257 241 0.94 
Fixed Route Bus 2,472 2,361 0.96 
Express Bus 282 280 0.99 
All Service Types 2,883 3,011 0.96 

Source: SACOG 2025, 2019-2020 operator boarding data. Validation does not show all modeled transit, only where 
observed data was available. 
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11.3.4.2 Transit Assignment Validation 
SACSIM’s transit modeling, at a high level, involves the following steps: 

1. Generate and distribute transit trips using DAYSIM. 
2. Using Cube’s PT module, SACSIM assigns these transit trips to the modeled transit network. 
3. Based on how trips were assigned to the transit network, SACSIM calculates the total boardings for 

each line. A single trip can entail multiple boardings, e.g., one transit trip that requires one transfer 
results in two boardings.  

Below, Table 11-24 summarizes transit assignment validation results by transit mode, while Figure  plots 
observed versus modeled boardings at the line level. SACSIM’s estimate of boardings exceeded observed 
boardings by about 27% for local bus routes, 18% for LRT routes, and 20% across all transit modes, the 
latter of which is at the outer limit of California Transportation Commission’s validation threshold of +/- 20% 
for transit boardings 33.  

It's notable that while SACSIM overpredicts boardings for light rail and local bus modes, it underpredicts 
boardings for express/commuter bus modes by about 36% (a ratio of 0.64). 

 

Table 11-24 Weekday Transit Passenger Boardings by Service Type: Comparison of Model to Counts 
 Weekday Boardings Boardings per Trip 

Service Type Observed Modeled Ratio Modeled 
Transit Trips 

Boardings  
per Trip 

Light Rail 37,016 43,571 1.18 40,486 1.08 
Express Bus 6,659 4,237 0.64 4,192 1.01 
Local Bus 74,993 95,090 1.27 55,235 1.72 
All Service Types 118,668 142,897 1.20 99,913 1.43 

Source: SACOG 2025 

 

  

 
33 California Transportation Commission, 2017. 2017 Regional Transportation Plan Guidelines for Metropolitan Planning 
Organizations. p.49 
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Figure 11.8 Line-Level Transit Boarding Validation 

 
 

Although at the edge of CTC’s transit assignment validation threshold, SACSIM’s boarding estimate is not of 
significant concern because, as described above, SACSIM is calibrated to match regional overall transit tour 
share rather than match boardings at the line level. However, users should be aware of the poorer calibration 
if using SACSIM to estimate line-level boardings. 

An alternative way to determine how reasonably SACSIM assigns transit trips is to compare SACSIM’s 
transfer rate (boardings per trip) to an observed transfer rate. Table 11-25 suggests at first that observed 
transfer rates from the 2013 Connect Card Survey (1.78) are much higher than those predicted by SACSIM 
(1.44). However, the survey did not collect responses from Unitrans riders. This matters because (1) Unitrans 
is the second most-used system in the SACOG region, so its riders’ transfer rate significantly affects the 
regional average predicted by SACSIM and; (2) because Unitrans’s service is tailored to bringing its users to 
the UC Davis campus, it likely has a very low transfer rate compared to other systems included in the survey. 
Combining these two considerations, we believe SACSIM’s transfer rate, because it includes Unitrans users, 
should be lower than that found in the 2013 survey and that its rate of 1.44 boardings per trip is reasonable. 
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Table 11-25 Year 2013 Transfer Rates by Service Type 

Operator 
Transit vehicles used to make trip 

Boardings/Trip 1 2 3 4 5 
RT 31% 61% 7% 2% 0% 1.80 

Elk Grove 56% 30% 12% 2% 0% 1.60 
El Dorado 89% 9% 2% 0% 0% 1.13 

Folsom Stage 
Line 

28% 48% 22% 2% 0% 1.98 

Roseville 51% 37% 9% 2% 1% 1.65 
Yolobus 42% 46% 10% 2% 0% 1.72 

Yuba-Sutter 38% 51% 8% 3% 1% 1.79 
All Systems 33% 58% 7% 2% 0% 1.78 

SACSIM N/A 1.44 

Source: SACOG 2025 
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Appendices 

Appendix A. SACSIM23 Sensitivity Report 

Appendix B. 2022 DAYSIM Update and Re-Estimation Memorandum 

Appendix C. DAYSIM Reference Guide 
Note – The DAYSIM Reference Guide is a Microsoft Excel (XLSX) spreadsheet. 
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EXECUTIVE SUMMARY 

This is an analysis of the draft update of the tour-based regional travel demand model  
provided and maintained by the Sacramento Area Council of Governments (SACOG), to measure its 
responsive sensitivities to changes in highway speeds, capacities, costs, and policies, changes in 
transit service frequency, lines, costs, and accessibility, and its relationships between travel and 
land-use factors such as residential density, proximity to transit, regional accessibility, and street 
pattern.  The direction and magnitude to these various changes upon 
hypothetical scenarios is compared to empirical findings in published literature, including but not 
limited to studies of different regions before and after significant changes of infrastructure, 
services, or policies. 

This analysis consists of three parts:  

(1) cross-sectional, analyzing correlations between travel and factors of land-use (built 
environment) and accessibility from place to place within the base run. 

(2) experimental testing of full runs of SACSIM23 with one independent variable per scenario 
changed systematically,  

(3) examining random variation due to the random sampling method of application of the tour-
based model within SACSIM23. 

calibration to observation-based statistics such as traffic counts, transit 
boardings, and vehicle-miles traveled (VMT), th suitability in 
comparing alternative future regional planning scenarios.   

This analysis finds the SACSIM23 travel demand is appropriately responsive in representing the 
 in travel behavior choices, including activity locations, tour and trip 

formation and timing, modes and paths of travel, to the variety of alternative input factors tested. 
It is thereby suitable for evaluation and comparison of a wide range of land use, highway, and 
transit scenarios and policies throughout the Sacramento region. 
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INTRODUCTION 

Within its responsibilities as the Metropolitan Planning Organization (MPO) for the greater 
Sacramento region, the Sacramento Area Council of Governments (SACOG) leads the continued 
development of the SACSIM travel demand forecasting model of the region.  SACOG uses this 
model for region-wide analyses of travel under alternative transportation and land use plans, plus 
the influences of such factors as demographic changes and fuel prices. 

between factors known or expected to influence travel demand.  That is why federal and state laws 
require a range of sensitivity analyses for their model.  SACOG performed a sensitivity analysis for 
the 2019 version of SACSIM (SACSIM19), as documented in a portion of User Guide and Model 
Documentation for SACSIM19 (1). 

Since that analysis, Resource Systems Group Inc. (RSG) and SACOG have revised the choice 
models and their parameters within the SACSIM implementation of the Daysim tour-based travel 
demand model, using a new household travel survey conducted by SACOG and RSG in 2018 for the 
Sacramento Regional Transportation Study (2).  Furthermore, the Daysim application software has 

details have also changed. 

Another change of the draft SACSIM23 model application relative to SACSIM19 is that it introduces 
a new zone (TAZ) system with 2274 zones, with detail added to the highway and transit networks 
to accommodate the finer spatial resolution and the new centroids.  (SACSIM19 had 1503 zones for 
this same coverage area.)  Daysim works at two levels of spatial resolution, one being the network 
TAZ system, the other being pseudo-parcels (most corresponding to real parcels) used particularly 
in modeling short-
those in SACSIM19. 

SACOG also incorporated link free-
speeds in SACSIM19 which evolved over years of calibration efforts and accumulated analyst 

-  

These cumulative changes from SACSIM19 to the current draft SACSIM23 indicate that model 
sensitivities may have also changed, warranting a new sensitivity analysis. 

SACOG retained DKS Associates to perform this sensitivity analysis of a draft version of SACSIM23 
-19 pandemic 

beginning mid-
some additions and adjustments. 

As with the SACSIM19 analysis, this analysis of draft SACSIM23 consists of three parts:  

(1) cross-sectional, analyzing correlations between travel and factors of land-use (built 
environment) and accessibility from place to place within the base run.  

(2) experimental testing of full runs of SACSIM23 with one independent variable per scenario 
changed systematically,  

(3) examining random variation from different sampled Daysim outcomes. 
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The tables compiled herein are arranged similar to topics in Appendix B in the California Air 
 (3). 

This sensitivity analysis focuses on 
responsibilities regarding regional air quality and greenhouse gas emissions and transportation 
system performance, addressed through vehicle-miles of travel, vehicle-miles under congested 
traffic conditions, public transit usage, and walk and bike travel, all at regional and district 
geographic resolution. 

CROSS-SECTIONAL TESTING OF LAND USE/TRANSPORTATION FACTORS 

This section examines how simulated travel by residents in draft SACSIM23 varies with their home-
location land-use/transportation factors, these being characteristics of their built environment, and 
local and regional accessibility.  These relations are compared to findings compiled from empirical 
studies of travel behavior in relation to similar environment and accessibility variables. 

into vehicle-miles (VMT), transit trips, and walk trips.  A multivariate regression analysis relates 
these each to the independent variables consisting of demographic variables of household size, 
household income, and whether the person is either employed, a non-working student, over 65 in 
age, or other, plus the examined set of land use/transportation factors.   

The examined land use/transportation factors are as follows: 

Buffer Variables are weighted sums 
buffer sums used in SACSIM19 and the draft SACSIM23 models.  For Buffer 2, the weight is a 
decay function of distance starting at 100% (fully counted) for parcels within ¼ mile of the parcel, 
approximately 68% counted for those ½ mile away, and tapering down to zero (uncounted) near 2 
miles away (1).  SACOG calculated and furnished the buffer-sums of each parcel attribute for all 
parcels, as part of the inputs for the draft SACSIM23 model.  According to the documentation for 
the buffering method, the distance used between any two parcels was the straight-line distance 

from the first.  (Circuity factors for parcels were also prepared by SACOG and furnished in the 
parcel data for model input.) 

Mix of Use is based on the Mix Index identified by Hossack (4). If we define  

function , and given 

parcel attributes =households, =total employment, =K-12 school enrollment, =retail 
employment, and =service employment, 

parcel attribute subscript  for the buffer sum of that attribute for any given parcel , and  

parcel attribute subscript  for the regional total of all parcels,  

.  Its 

values range between 0 and 1.  The maximum of 1 is achieved if and where the buffer sums of 
households, employment, school enrollment, retail, and service employment, are all in the same 
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proportion as their regional totals, and the minimum of 0 where the buffer has only one of those 
land uses alone. 

As originally defined by Hossack, each buffer sum is the unweighted sum for all parcels within one-
half mile, which was the larger of two buffer distances used in the then-current SACSIM.  This 
analysis uses the weighted uffer  sum now used in SACSIM19 and SACSIM23. 

Comparisons to results in literature must be cautious that measures of land use mix in literature 
vary, some defined from entropy formulations and/or different buffers, but most are similarly 
defined in (or scalable to) a 0 to 1 range.   

Street pattern/urban design concerns street connectivity, with small-block grids offering 
efficient walk paths to numerous destinations within walking distance, versus long cul-de-sacs 
offering few walkable paths or destinations.  This measures not the amount of potential 
destinations themselves (represented by mix and density), but rather, efficient walk paths 
available to them.  Consistent with many quantitative analyses, this is taken as the buffer-count of 
3- and 4-way intersections, in which small-block grids tend to count higher than layouts with many 
cul-de-sacs. 

Residential density and employment density are the buffer-sums around each residence 
location, of nearby households and employment, respectively.   

Employment density around the residence is a residence-centric representation or aspect of local 
jobs-housing balance, in the sense of there being jobs and services close to the home and 
reachable by a walk or a short drive. 

Regional accessibility quantifies opportunities reachable within an average commute.  Regional 
accessibilities by auto, and by transit, are each defined as the number of jobs within 30 minutes by 
the respective mode (including walking and waiting times for transit). 

Proximity to Transit is here defined as min(0, Distance to transit stop - 0.75), basically 
specifying a continuous piecewise-linear relation with distance to the transit stop that (a) increases 
with distance up to the threshold of 0.75 miles, and (b) increases no more thereafter.  Published 
empirical relations show irrelevance of further distance, particularly Cervero (5).  The households 
with long distance to transit, and expectably little transit use, don't exert a dampening effect here 
as they would with an open-ended or censored distance.  SACOG calculated and furnished the 
distance to transit for each parcel, also as part of the draft SACSIM23 model. 

As indicated in the SACSIM19 Sensitivity Report (1), interactions among the land use-
transportation factors are difficult to control, many are highly correlated, and the combined effect 
of many factors can be less or greater than the individual effects of each factor.  Unexpected 
relations, and differences of elasticities between single and all-variables estimates, appear to be a 
consequence of strong correlations between many of the land-use variables.  Figure 1 diagrams the 
correlations among variables on a color scale.  It shows, for example, development density tends 
to correlate with street intersection density, greater mix of proximate land uses, regional 
accessibility, and close transit service (less distance to transit).  
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FIGURE 1  CORRELATION OF REGRESSION VARIABLES 
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Multivariate regression analysis is identified with either one land use/transportation factor at a 
time, or all of them, each controlling for the demographic variables.  SACSIM being disaggregate, 

 

The mean-point elasticity is reported as , 

where  is an estimated regression coefficient from a regression model , and 

 and  are the means of the respective independent and dependent variables. 

Table 1 shows the elasticities of travel from the land use/transportation factors, resulting from 
regressions that included, or controlled for, demographic variables.  
variables defined above.   

The comparison values from literature were primarily compiled by SACOG for their SACSIM19 
sensitivity analysis, citing the works in (4, 5, 6, 7, 8). 
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TABLE 1  LAND USE/TRANSPORTATION ELASTICITY COMPARISON  

Factor Variable  Elasticities, SACSIM23 

  
Elasticities, 
Literature All variables Single variables 

VMT per person         

Street Pattern 3- & 4-way Intersections in 
Buffer 2 

-0.12  
[-0.03 to -0.19] -0.08 -0.36 

Residential Density Households in Buffer 2 -0.04 
[-0.04 to -0.19] -0.12 -0.38 

Regional Auto 
Accessibility Jobs w/in 30 Minute Drive -0.20 

[-0.13 to -0.25] 
-0.12 -0.33 

Regional Transit 
Accessibility 

Jobs w/in 30 Minute Transit 
Trip* -0.05 0.01 -0.04 

Proximity to Transit min(DistTranStop - 0.75, 0) -0.05 -0.05 -0.25 

Mix of Use SACOG Mix Index (0-1 scale)** -0.09 
[-0.02 to -0.11] -0.25 -0.46 

Local Destination 
Accessibility Jobs in Buffer 2 n/a -0.01 -0.06 

Transit Trips per person       

Street Pattern 3- & 4-way Intersections in 
Buffer 2* 0.23 -1.27 0.79 

Residential Density Households in Buffer 2** 0.39 1.65 1.25 

Regional Auto 
Accessibility Jobs w/in 30 Minute Drive n/a 0.09 0.75 

Regional Transit 
Accessibility 

Jobs w/in 30 Minute Transit 
Trip n/a 0.05 0.19 

Proximity to Transit min(DistTranStop - 0.75, 0) 0.29 0.24 0.72 

Mix of Use SACOG Mix Index (0-1 scale)* 0.12 -0.18 0.52 
Local Destination 
Accessibility Jobs in Buffer 2 n/a 0.18 0.32 

Walk Trips per person       

Street Pattern 3- & 4-way Intersections in 
Buffer 2* 0.39 -0.02 0.45 

Residential Density Households in Buffer 2** 0.07 0.29 0.49 

Regional Auto 
Accessibility Jobs w/in 30 Minute Drive* n/a -0.11 0.23 

Regional Transit 
Accessibility 

Jobs w/in 30 Minute Transit 
Trip n/a 0.01 0.08 

Proximity to Transit min(DistTranStop - 0.75, 0) 0.15 0.07 0.29 

Mix of Use SACOG Mix Index (0-1 scale) 0.15 0.10 0.33 

Local Destination 
Accessibility Jobs in Buffer 2 0.15 0.08 0.13 

Footnotes: * Model had a weaker or opposite response compared to the literature range or 
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VMT responded to all of the tested land use variables in the same direction and general magnitude 
of the literature values, except that the weak positive of regional transit accessibility in the all-
variables test is opposite of expectation (but has no literature values for comparison).  Taking each 

-variable and all-variables elasticities as a modeled range, these ranges bracket or 

Most of the modeled ranges were stronger than the literature ranges, and single-variable 
elasticities stronger than with all variables. 

Transit trips per person responded to single variables in the expected direction and more strongly 
than the literature estimates, but most elasticities were quite diminished with all variables 
together.  With all variables, distance to transit held up a strong relationship while related variables 
that may support or correlate to short distance to transit weakened or reversed.  The causal link 
between land use mix and transit use by the residents is less clear than that of mix to walk trips: 
mixed use gives opportunities reachable by walking that forego use of transit. 

Walk trips per person also responded to single variables in expected directions and more strongly 
than literature estimates, while with all variables, all elasticities weakened and a few reversed. 

Figures 2 through 5 present a cross-classification analysis, illustrating relationships and trends 
between demographic factors, land use factors, and VMT per capita.   
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FIGURE 2 MODELED VMT PER CAPITA BY INCOME AND JOB ACCESSIBILITY BY CAR

Figure 2 agrees with the regression analysis of Table 1, of lesser VMT by residents having more 
jobs within a half-hour drive (and less of the regional jobs farther away) when controlling for
household income, while also showing increasing VMT with income when controlling for regional 
accessibility.
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FIGURE 3 MODELED VMT PER CAPITA BY INCOME AND JOB ACCESSIBILITY BY TRANSIT

Figure 3 shows in each income group, modeled VMT per capita is less where more jobs (and their 
co-located activities) are accessible by transit.  This confirms, despite a weak regression result in 
Table 1, that the travel choice models in SACSIM23 result in a negative relation between regional 
transit accessibility and automobile travel.
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FIGURE 4 MODELED VMT PER CAPITA BY INCOME AND PERSON TYPE

Figure 4 shows VMT per capita in a cross-classification detail with combinations of person 
demographics and household income.  For all person demographics, increasing income shows 
increasing VMT, while person characteristics show reasonable comparisons among each other for all 
income groups.  Individual person type, as well as the combinations of persons in the household, 
along with household income, are independent variables used by several of the activity and travel 
choice models built into SACSIM23.  
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FIGURE 5 MODELED VMT PER CAPITA BY INCOME AND STREET INTERSECTION DENSITY NEAR 
RESIDENCE

Figure 5 shows modeled VMT per capita in relation to the number of nearby 3- and 4-way 
intersections, where larger numbers are indicative of more walking paths from the home.  The 
declining VMT trend agrees with the negative regression result in Table 1.

In the SACSIM models, travel arises from person and household decisions to pursue and schedule 
activities, due to their accessibilities by mode and time to those activities.  The regression and 
cross-classification analyses show in SACSIM23 strong reasonable relationships between inputs of
built environment, local accessibility, regional accessibility, summarized as land use/transportation 
factors, and its outputs summarized of auto, transit, and walk travel, while controlling for 
demographics.
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EXPERIMENTAL TESTING 

For the experimental testing, numerous runs of the draft SACSIM23 model are performed, with one 
input factor is systematically varied from the base case, holding all other factors constant.  
Variations in key outputs are then compared in relation to the varied input factors.  The regional 
output, or dependent, variables of focus in this analysis are average weekday totals for: 

 Total person-trips 
 Vehicle trips 
 Vehicle-miles of travel (VMT) on the network 
 Congested vehicle-miles of travel (CVMT), when and where demand exceeds capacity 
 Transit person-  
 Walk and bike person-trips 

Input factors, or independent variables, cover alternatives in transit infrastructure, local and 
regional pricing, exogenous variables, teleworking propensity, and highway infrastructure: 

 Transit headways 
 Transit lines (adding or removing) 
 Transit accessibility 
 Freeway HOV and managed-lane policy 
 Auto operating costs 
 Transit fares 
 Off-street parking price 
 Household income 
 Teleworking availability and propensity 
 Highway capacity 
 Highway base (free-flow) speeds 

No representation is made that any of the experimental scenarios are probable, feasible, or 
recommended. 

Comparable sensitivities in published literature are often expressed as elasticities.  When calculated 

from two points, the arc elasticity is .  Most arc elasticities in this section are 

calculated using percent changes relative to the base model.   
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TRANSIT INFRASTRUCTURE 

The sensitivities of SACSIM23 to changes in the amount of transit infrastructure, or network transit 
service, are here examined distinctly for transit service frequencies (specified as headways), and 
additions or removals of transit lines.  The general expectation for any model, and real-world 
situation, is an increase in ridership with an increase in network service, either by frequency or by 
provision of lines on new routes. 

For both, the amount of transit infrastructure used as the elasticity denominator is total regional 
revenue hours per weekday, which is calculated from the coded transit network as  

   

As a practical simplification of actual scheduling, SACSIM23 designates transit service in five 
periods of the day (AM, mid-day, PM, evening, and night, with durations respectively 4, 6, 3, 2, 
and 9 hours).  Each line has a run time to traverse its route through the network, and a headway, 
the average time interval between runs.  (The headway and run time for a line can vary from one 
period to another.) 

Transit Frequencies 

Table 3 summarizes regional response to changes in transit frequencies, if all are either halved or 
doubled (or the headways respectively doubled or halved).  The main result is transit use showing 
an elasticity of 0.28 to 0.60 with respect to frequency, equivalent to -0.30 to -0.57 with respect to 
headways.  These elasticities are a matter of interpretation: a halving of headway is a 50% 
change, while a doubling of frequency is a 100% change.  Either interpretation brackets an average 
empirical elasticity of 0.5 (to frequency, or -0.5 to headway) (9). 
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TABLE 3  SENSITIVITY TO TRANSIT FREQUENCY  

Regional Revenue-Hours 2,172 4,342 8,681 End-to-End 
% Change of Frequencies    Changes 
from base -50.00% 0.00% 100.00% 150.00% 
Response Variable     
Person Trips 9,424,479 9,427,263 9,431,789 n/a 

 Change from Base -2,784 n/a 4,526 7,310 

 % Change from Base -0.03% n/a 0.05% 0.08% 
  Computed Elasticity ~0.00 n/a ~0.00 ~0.00 
Vehicle Trips 5,864,487 5,849,174 5,836,971 n/a 

 Change from Base 15,312 n/a -12,203 -27,515 

 % Change from Base 0.26% n/a -0.21% -0.47% 
  Computed Elasticity ~0.00 n/a ~0.00 ~0.00 
VMT (network) 63,915,498 63,828,536 63,758,951 n/a 

 Change from Base 86,962 n/a -69,585 -156,547 

 % Change from Base 0.14% n/a -0.11% -0.25% 
  Computed Elasticity ~0.00 n/a ~0.00 ~0.00 
CVMT (network) 5,479,803 5,561,505 5,381,310 n/a 

 Change from Base 9,682 n/a -88,811 -98,493 

 % Change from Base -0.18% n/a -1.62% -1.80% 
  Computed Elasticity ~0.00 n/a -0.02 -0.01 
Transit Person Trips 67,385 96,011 123,203 n/a 

 Change from Base -28,626 n/a 27,191 55,817 

 % Change from Base -29.82% n/a 28.32% 58.14% 
  Computed Elasticity 0.60 n/a 0.28 0.39 
Bike+Walk Person Trips 1,112,849 1,107,487 1,102,699 n/a 

 Change from Base 5,362 n/a -4,788 -10,150 

 % Change from Base 0.48% n/a -0.43% -0.92% 
  Computed Elasticity -0.01 n/a ~0.00 -0.01 

 
Transit Lines 

Table 4 analyzes sensitivity to the removal or addition of transit lines.  Scenarios: 

1) Remove bus lines RSVLA, SRTD23, and SRTD68. 
2) Remove Folsom SRT (SRTD507), a short run of light rail between Rancho Cordova and 

Downtown Sacramento which parallels a long run to/from Folsom on the same tracks. 
3) Add transit lines ZF_QP02 (Roseville), ZF_QS29 (Arden), ZF_QS50 (Stockton Blvd) only.  

These are among the highest ridership of the lines added in scenario (4) below.  (This was 
prepared following scenario (4) below.) 

4) 

network.  There were 94 directional lines thus added.  
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Scenario 1 removed lines which, in the base, carried 6,790 boardings per day upon 255 revenue-
hours per day.  Regional boardings decreased by 1,160, consistent that a portion of those riders 
could have found useful alternate routes. 

Scenario 2 removed a light rail run carrying 10,608 boardings per day upon 79 revenue-hours per 
day.  Regional boardings decreased 5,968, also consistent with the availability of alternate light rail 
runs as well as alternate routes.  While Scenario 2 removed fewer revenue-hours of transit service 
compared to Scenario 1, it disrupted many more passengers, resulting in a greater decrease in 
regional transit person-trips than Scenario 1.   

For light rail alone, Scenario 2 decreased revenue-hours by 21%, and ridership by 28%, 
representing an elasticity of +0.73.  This agrees closely with a meta-analysis of several empirical 
studies (10, 11).  The elasticities in Table 3 combine bus and light rail for transit service, with bus 
carrying around an eighth as many passengers per revenue-hour as light rail. 

Scenario 3 added 1,855 transit trips, and the added lines themselves carried 6,712 boardings, 
evidencing a diversion of many of their passengers from other lines.  Of the bus service change 
scenarios (1, 3, and 4), this showed the largest elasticity of +0.27, likely due to these lines being 
selected from the most popular of the large set of lines in Scenario 4.  This elasticity is lower than 
the average reported in (10),  (12). 

Scenario 4 added 6,186 transit trips, with the added lines carrying 25,834 boardings, also 
evidencing diversion of some of their passengers from other lines.  This scenario achieved the least 

prospective future lines, some in presently undeveloped areas, and not likely optimized for 
maximum efficiency in their design.  
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TABLE 4  SENSITIVITY TO TRANSIT LINES  

 
1: Remove 
3 bus lines 

2: Remove 
LRT 

express Base 
3: Add 3 
bus lines 

4: Add 94 
bus lines  

Regional Revenue-Hours 4,087 4,264 4,342 4,650 6,677 End-to-End 
Change from Base -255.36 -78.28 0 307.92 2334.5 Changes 
% Change from Base -5.88% -1.80% 0.00% 7.09% 53.76% 59.64% 
Response Variable       
Person Trips 9,429,790 9,423,917 9,427,263 9,428,862 9,427,422 n/a 

 Change from Base 2,527 -3,346 n/a 1,599 159 -2,368 

 % Change from Base 0.03% -0.04% n/a 0.02% 0.00% -0.03% 
  Computed Elasticity -0.01 0.02 n/a ~0.00 ~0.00 ~0.00 
Vehicle Trips 5,852,220 5,849,862 5,849,174 5,847,384 5,845,127 n/a 

 Change from Base 3,046 688 n/a -1,791 -4,047 -7,093 

 % Change from Base 0.05% 0.01% n/a -0.03% -0.07% -0.12% 
  Computed Elasticity ~0.00 ~0.00 n/a ~0.00 ~0.00 ~0.00 
VMT (network) 63,833,579 63,834,533 63,828,536 63,818,693 63,803,940 n/a 

 Change from Base 5,043 5,997 n/a -9,843 -24,596 -29,639 

 % Change from Base 0.01% 0.01% n/a -0.02% -0.04% -0.05% 
  Computed Elasticity ~0.00 ~0.00 n/a ~0.00 ~0.00 ~0.00 
CVMT (network) 5,395,601 5,400,500 5,470,121 5,424,154 5,379,834 n/a 

 Change from Base -74,520 -69,621 n/a -45,967 -90,287 -15,767 

 % Change from Base -1.36% -1.27% n/a -0.84% -1.65% -0.28% 
  Computed Elasticity 0.23 0.70 n/a -0.12 -0.03 ~0.00 
Transit Person Trips 94,851 90,043 96,011 97,866 102,197 n/a 

 Change from Base -1,160 -5,968 n/a 1,855 6,186 7,346 

 % Change from Base -1.21% -6.22% n/a 1.93% 6.44% 7.65% 
  Computed Elasticity 0.21 3.45 n/a 0.27 0.12 0.13 
Bike+Walk Person Trips 1,107,489 1,108,281 1,107,487 1,108,493 1,106,279 n/a 

 Change from Base 2 794 n/a 1,006 -1,208 -1,210 

 % Change from Base 0.00% 0.07% n/a 0.09% -0.11% -0.11% 
  Computed Elasticity ~0.00 -0.04 n/a 0.01 ~0.00 ~0.00 

 

LOCAL/REGIONAL PRICING 

Managed Freeway Lane Policy 

Table 5 summarizes results of changing existing HOV lanes on I-80 and SR 99 to alternative 
policies.  These existing HOV lanes are one concurrent-flow left-side lane in each direction, allowing 
direct lane changes into and out of these lanes anywhere.  During the AM and PM commute 
periods, they are open free to vehicles with 2 or more occupants and closed to single-occupant 
vehicles; during other times, they are open free to all.  The alternative policies are, for the 
commute periods: 
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HOT (high occupancy tolled), free for 2 or more occupants, variably tolled for single-
occupant, the toll of segments chosen to get a v/c ratio near 0.82 on the respective 
segment if possible. 

 Express, open and tolled for all vehicles, the toll similarly chosen for v/c near 0.82. 
 HOV 3+, open only to vehicles with 3 or more occupants, no toll. 
 Deleted  closed all day with no replacement. 
 Open free  opened to all vehicles, with no toll. 

 

TABLE 5  SENSITIVITY TO MANAGED-LANE POLICY 
HOV LANE AVAILIBILITY AND/OR VARIABLE PRICING 

Policy HOV 2+ HOT Express HOV 3+ Delete Open Free 

  (Base) (SOV tolled) (All tolled)    
% Change from Base   (not defined)       
Response Variable       
Person Trips 9,427,263 9,427,930 9,428,958 9,425,521 9,424,938 9,426,721 

 Change from Base n/a 667 1,695 -1,742 -2,325 -542 

 % Change from Base n/a 0.01% 0.02% -0.02% -0.02% -0.01% 
Vehicle Trips 5,849,174 5,849,555 5,849,566 5,847,168 5,849,298 5,853,036 

 Change from Base n/a 381 391 -2,006 124 3,862 

 % Change from Base n/a 0.01% 0.01% -0.03% 0.00% 0.07% 
VMT (network) 63,828,536 63,841,092 63,773,038 63,725,111 63,331,714 63,899,928 

 Change from Base n/a 12,556 -55,499 -103,425 -496,822 71,392 

 % Change from Base n/a 0.02% -0.09% -0.16% -0.78% 0.11% 
CVMT (network) 5,470,121 5,290,556 5,433,128 5,595,529 6,103,627 5,383,523 

 Change from Base n/a -179,564 -36,993 125,408 633,506 -86,598 

 % Change from Base n/a -3.28% -0.68% 2.29% 11.58% -1.58% 
Transit Person Trips 96,011 96,152 96,002 95,776 95,799 96,098 

 Change from Base n/a 141 -9 -235 -212 87 

 % Change from Base n/a 0.15% -0.01% -0.24% -0.22% 0.09% 
Bike+Walk Person 
Trips 1,107,487 1,107,462 1,108,965 1,107,309 1,110,868 1,106,553 

 Change from Base n/a -25 1,478 -178 3,381 -934 

 % Change from Base n/a 0.00% 0.13% -0.02% 0.31% -0.08% 

 

The road supply provided by these alternatives cannot be summarized by any single variable with a 
percent change, so elasticities are not defined. 

Expected responses are slightly positive for person trips and vehicle trips with the more permissive 
policies, and negative for the more restrictive policies.  Most of these results agree with this 
expectation, but the differences are close to the random noise levels.   

VMT responded strongly in the expected same direction as permissivity, while CVMT usually 
responded discernably in the opposite direction, consistent with capacity increase and congestion 
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relief.  Transit responses were small and within noise, while the more-discernable walk and bike 
travel responses were expectably contrary to VMT changes. 

 

Auto Operating Cost 

Table 6 shows the model response to global changes in auto operating cost.  This is not isolated to 
any one cost contributor such as fuel prices, fuel economy, or mileage-based fees, but 
encompasses all such per-mile costs.  (In SACSIM models, costs are expressed in year 2000 US 
currency.) 

TABLE 6  SENSITIVITY TO AUTO OPERATING COST  
ALL INCOMES 

Auto Operating Cost 
(cents per mile) 8 14 16 21 32 

End-to-
End 

Change from Base -8 -2 0 5 16 Changes 
% Change from Base -50.00% -12.50% 0.00% 31.25% 100.00% 150.00% 
Response Variable       
Person Trips 9,542,879 9,454,381 9,427,263 9,374,546 9,283,232 n/a 

 Change from Base 115,616 27,118 n/a -52,717 -144,031 -259,647 

 % Change from Base 1.23% 0.29% n/a -0.56% -1.53% -2.75% 
  Computed Elasticity -0.02 -0.02 n/a -0.02 -0.02 -0.02 
Vehicle Trips 5,991,496 5,883,080 5,849,174 5,776,009 5,637,626 n/a 

 Change from Base 142,322 33,906 n/a -73,165 -211,548 -353,870 

 % Change from Base 2.43% 0.58% n/a -1.25% -3.62% -6.05% 
  Computed Elasticity -0.05 -0.05 n/a -0.040 -0.04 -0.040 
VMT (network) 67,245,840 64,588,564 63,828,536 62,103,867 58,913,321 n/a 

 Change from Base 3,417,304 760,028 n/a -1,724,669 -4,915,215 -8,332,519 

 % Change from Base 5.35% 1.19% n/a -2.70% -7.70% -13.05% 
  Computed Elasticity -0.11 -0.010 n/a -0.09 -0.08 -0.09 
CVMT (network) 6,994,879 5,782,974 5,470,121 4,913,721 3,705,572 n/a 

 Change from Base 1,524,758 312,854 n/a -556,400 -1,764,548 -3,289,306 

 % Change from Base 27.87% 5.72% n/a -10.17% -32.26% -60.13% 
  Computed Elasticity -0.56 -0.46 n/a -0.32 -0.32 -0.40 
Transit Person Trips 92,316 95,190 96,011 98,642 104,765 n/a 

 Change from Base -3,695 -821 n/a 2,631 8,754 12,449 

 % Change from Base -3.85% -0.86% n/a 2.74% 9.12% 12.97% 
  Computed Elasticity 0.08 0.07 n/a 0.09 0.09 0.09 
Bike+Walk Person 
Trips 1,069,248 1,097,891 1,107,487 1,133,108 1,187,307 n/a 

 Change from Base -38,239 -9,596 n/a 25,621 79,820 118,059 

 % Change from Base -3.45% -0.87% n/a 2.31% 7.21% 10.66% 
  Computed Elasticity 0.07 0.07 n/a 0.07 0.07 0.07 

Table 7 compares the modeled end-to-end elasticities to literature estimates, compiled by SACOG 
(1) and Litman (13). These estimates are in the range (and may be among the same sources) of 
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Small & Van 
Dender (14) of people adapting by getting more fuel-efficient vehicles, and changing other trip-
making behavior.    

TABLE 7  LITERATURE COMPARISON, SENSITIVITY TO AUTO OPERATING COST  

Result Literature Value or Range Model 
Person trips Small negative Small negative -0.02 
Vehicle trips SACOG compilation (1) Small negative -0.04 
  Litman (13)  -0.19 
VMT SACOG compilation (1) -0.03 to -0.38  -0.08 
  Litman (13)  -0.29 to -0.33 

CVMT SACOG compilation (1) Negative, stronger 
than for VMT -0.39 

Transit trips SACOG compilation (1) +0.05 to +0.16  0.09 
  Litman (13) +0.13 to +0.4 
Walk+bike trips SACOG compilation (1) less than +0.13  0.07 
  Litman (13) 0.13 
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Transit Fare

Table 8 (As 
with other costs, SACSIM fares are expressed in year 2000 US currency.) 

TABLE 8  SENSITIVITY TO TRANSIT FARE  
ALL INCOMES 

Average Transit Fare $0.62 $1.12 $1.24 $1.37 $1.87 End-to-End 
Change from Base      Changes 
% Change from Base -50.00% -10.00% 0.00% 10.00% 50.00% 100.00% 
Response Variable       
Person Trips 9,429,546 9,427,931 9,427,263 9,427,500 9,429,079 n/a 

 Change from Base 2,283 668 n/a 237 1,816 -467 

 % Change from Base 0.02% 0.01% n/a 0.00% 0.02% 0.00% 
  Computed Elasticity ~0.00 ~0.00 n/a ~0.00 ~0.00 ~0.00 
Vehicle Trips 5,844,399 5,848,770 5,849,174 5,850,031 5,856,257 n/a 

 Change from Base -4,776 -405 n/a 856 7,083 11,858 

 % Change from Base -0.08% -0.01% n/a 0.01% 0.12% 0.20% 
  Computed Elasticity ~0.00 ~0.00 n/a ~0.00 ~0.00 ~0.00 
VMT (network) 63,767,104 63,829,612 63,828,536 63,817,051 63,844,655 n/a 

 Change from Base -61,432 1,076 n/a -11,485 16,119 77,551 

 % Change from Base -0.10% 0.00% n/a -0.02% 0.03% 0.12% 
  Computed Elasticity ~0.00 ~0.00 n/a ~0.00 ~0.00 ~0.00 
CVMT (network) 5,532,392 5,380,780 5,470,121 5,449,970 5,568,048 n/a 

 Change from Base 62,271 -89,341 n/a -20,150 97,927 35,656 

 % Change from Base 1.14% -1.63% n/a -0.37% 1.79% 0.65% 
  Computed Elasticity -0.02 0.16 n/a -0.04 0.04 0.01 
Transit Person Trips 109,480 98,906 96,011 94,346 85,879 n/a 

 Change from Base 13,469 2,895 n/a -1,665 -10,132 -23,601 

 % Change from Base 14.03% 3.02% n/a -1.73% -10.55% -24.58% 
  Computed Elasticity -0.28 -0.30 n/a -0.17 -0.21 -0.25 
Bike+Walk Person 
Trips 1,103,823 1,105,343 1,107,487 1,107,621 1,111,028 n/a 

 Change from Base -3,664 -2,144 n/a 134 3,541 7,205 

 % Change from Base -0.33% -0.19% n/a 0.01% 0.32% 0.65% 
  Computed Elasticity 0.01 0.02 n/a ~0.00 0.01 0.01 

 

with most of the change being shifts of trips to or from other modes.  All but the weakest modeled 
transit use elasticities are in the range of the several studies compiled in (13), ranging from 0.22 to 
0.60 (long-term, less for short-term).  Table 9A distinguishes the response of transit trips by 
household income range, and Table 9B summarizes their end-to-end elasticities. 
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TABLE 9A  SENSITIVITY TO TRANSIT FARE  
BY HOUSEHOLD INCOME CATEGORIES 

Average Transit Fare $0.62 $1.12 $1.24 $1.37 $1.87 
End-to-

End 
Change from Base      Changes 
% Change from Base -50.00% -10.00% 0.00% 10.00% 50.00% 100.00% 
Response Variable: Transit Person Trips      
Income Under $12,500 32,517 28,780 27,479 27,116 23,863 n/a 

 Change from Base 5,038 1,301 n/a -363 -3,616 -8,654 

 % Change from Base 18.33% 4.73% n/a -1.32% -13.16% -31.49% 
  Computed Elasticity -0.37 -0.47 n/a -0.13 -0.26 -0.31 
Income $12,500 to $24,999 16,986 14,720 14,274 13,983 12,270 n/a 

 Change from Base 2,712 446 n/a -291 -2,004 -4,716 

 % Change from Base 19.00% 3.12% n/a -2.04% -14.04% -33.04% 
  Computed Elasticity -0.38 -0.31 n/a -0.20 -0.28 -0.33 
Income $25,000 to $49,999 22,853 20,658 20,216 19,695 17,949 n/a 

 Change from Base 2,637 442 n/a -521 -2,267 -4,904 

 % Change from Base 13.04% 2.19% n/a -2.58% -11.21% -24.26% 
  Computed Elasticity -0.26 -0.22 n/a -0.26 -0.22 -0.24 
Income $50,000 to $79,999 16,501 15,131 15,095 14,522 13,697 n/a 

 Change from Base 1,406 36 n/a -573 -1,398 -2,804 

 % Change from Base 9.31% 0.24% n/a -3.80% -9.26% -18.58% 
  Computed Elasticity -0.19 -0.02 n/a -0.38 -0.19 -0.19 
Income $80,000 or more 20,623 19,617 18,947 19,030 18,100 n/a 

 Change from Base 1,676 670 n/a 83 -847 -2,523 

 % Change from Base 8.85% 3.54% n/a 0.44% -4.47% -13.32% 
  Computed Elasticity -0.18 -0.35 n/a 0.04 -0.09 -0.13 

 

TABLE 9B  SENSITIVITY TO TRANSIT FARE  
BY HOUSEHOLD INCOME CATEGORIES 

End-to-End Summary of Elasticities   

Income Range: < $12.5k 
$12.5 to 

$25k 
$25k to 

$50k 
$50k to 

$80k > $80k 
Response Variable           
Transit Person Trips           
  Computed Elasticity -0.31 -0.33 -0.24 -0.19 -0.13 

 

The prominent relationship is the direct one  between transit fare and transit ridership.  The 
decreasing magnitude of elasticity with increasing income reflects utility theory in that a given fare 
change takes (or gives) a larger portion of income from lower-income persons than higher-income, 
and hence are more sensitive to costs.  Gillen (15) (in (13)) reported comparable magnitudes but a 
contrary pattern, of -0.19 for those earning under $5k, and -0.28 for those earning over $15k.  



 SACSIM23 SENSITIVITY TESTING ANALYSIS REPORT AUGUST 2023 ST-25  

 

This difference of sensitivity pattern may correspond to the model representing relatively more 
, , than the Gillen study. 

Parking Cost 

Response of SACSIM23 to parking is evaluated for the entire region in Tables 10A and 10B, for all 
trips attracted to downtown Sacramento in Tables 11A and 11B, and finally for workers in 
downtown Sacramento in Tables 12A and 12B.  

TABLE 10A  SENSITIVITY TO PARKING COST  
ENTIRE REGION 

Median Day Park Price $5.45 $9.81 $10.90 $11.99 $16.35 End-to-End 

       Changes 
% Change from Base -50.00% -10.00% 0.00% 10.00% 50.00% 100.00% 
Response Variable       
Person Trips 9,437,294 9,430,920 9,427,263 9,425,673 9,422,535 n/a 

 Change from Base 10,031 3,657 n/a -1,590 -4,728 -14,759 

 % Change from Base 0.11% 0.04% n/a -0.02% -0.05% -0.16% 
  Computed Elasticity ~0.00 ~0.00 n/a ~0.00 ~0.00 -~0.00 
Vehicle Trips 5,900,540 5,859,736 5,849,174 5,840,022 5,809,252 n/a 

 Change from Base 51,366 10,562 n/a -9,152 -39,923 -91,289 

 % Change from Base 0.88% 0.18% n/a -0.16% -0.68% -1.56% 
  Computed Elasticity -0.02 -0.02 n/a -0.02 -0.01 -0.02 
VMT (network) 63,979,405 63,857,672 63,828,536 63,793,875 63,696,595 n/a 

 Change from Base 150,869 29,136 n/a -34,662** -131,941 -282,810 

 % Change from Base 0.24% 0.05% n/a -0.05% -0.21% -0.44% 
  Computed Elasticity ~0.00 ~0.00 n/a -0.01 ~0.00 ~0.00 
CVMT (network) 5,450,371 5,472,472 5,470,121 5,514,794 5,393,845 n/a 

 Change from Base -19,750 -2,352 n/a 44,673 -76,276 -56,526 

 % Change from Base -0.36% -0.04% n/a 0.82% -1.39% -1.03% 
  Computed Elasticity 0.01 ~0.00 n/a 0.08 0.03 -0.01 
Transit Person Trips 91,362 95,628 96,011 96,775 100,263 n/a 

 Change from Base -4,649 -383 n/a 764 4,252 8,901 

 % Change from Base -4.84% -0.40% n/a 0.80% 4.43% 9.27% 
  Computed Elasticity 0.10 0.04 n/a 0.08 0.09 0.09 
Bike+Walk Person 
Trips 1,072,878 1,101,966 1,107,487 1,113,596 1,136,958 n/a 

 Change from Base -34,609 -5,521 n/a 6,109 29,471 64,080 

 % Change from Base -3.13% -0.50% n/a 0.55% 2.66% 5.79% 
  Computed Elasticity 0.06 0.05 n/a 0.06 0.05 0.06 

 

Table 10B summarizes the end-to-end elasticities from Table 10A with comparison to a compilation 
of empirically estimated values. 
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TABLE 10B  SENSITIVITY TO PARKING COST COMPARISON (ENTIRE REGION) 

Result Literature Value or Range Model 
Person trips SACOG compilation (1) ((9), (18), (19), (20)) small negative ~0.00 
Vehicle trips SACOG compilation (1) ((9), (18), (19), (20)) -0.08 to -0.4 -0.02 

VMT SACOG compilation (1) ((9), (18), (19), (20)) less magnitude than  
-0.04 ~0.00 

CVMT SACOG compilation (1)  n/a -0.01 
Transit trips SACOG compilation (1) ((9), (18), (19), (20)) +0.02 but up to +0.29 0.09 
Walk+bike trips SACOG compilation (1) ((9), (18), (19), (20)) +0.03 to +0.05 0.06 

 

Most auto trip destinations in the greater Sacramento region have free parking, changes of parking 
prices only affects a small portion of such trips. 

Since the main area in the Sacramento region with parking costs is Downtown Sacramento, Tables 
11A and 12A 
District (RAD) 1, covering the greater downtown area, and thus, mostly the affected activities and 
trips.  Each of these tables is accompanied by a Table 11B and 12B summarizing with comparison 
to empirical literature.  Tables 11A and B include all trips for out-of-home activities in this area, 
while Tables 12A and B include only those for work in this area.  
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TABLE 11A  SENSITIVITY TO PARKING COST 

DOWNTOWN SACRAMENTO 

Median Day Park Price $7.90 $14.22 $15.80  $17.38 $23.70 End-to-End 

       Changes 
% Change from Base -50.00% -10.00% 0.00% 10.00% 50.00% 100.00% 
Response Variable       
Person Trips (work or other) 835,950 827,552 825,074 823,502 824,666 n/a 

 Change from Base 10,876 2,478 n/a -1,572 -408 -11,284 

 % Change from Base 1.32% 0.30% n/a -0.19% -0.05% -1.37% 

 Computed Elasticity -0.03 -0.03 n/a -0.02 ~0.00 -0.01 
Vehicle Trips (work or other) 458,863 426,597 419,931 414,351 398,293 n/a 

 Change from Base 38,932 6,666 n/a -5,580 -21,639 -60,571 

 % Change from Base 9.27% 1.59% n/a -1.33% -5.15% -14.42% 

 Computed Elasticity -0.18 -0.16 n/a -0.13 -0.10 -0.14 
VMT (work or other) 3,342,877 3,261,309 3,238,748 3,217,190 3,173,774 n/a 

 Change from Base 104,129 22,561 n/a -21,558 -64,973 -169,102 

 % Change from Base 3.22% 0.70% n/a -0.67% -2.01% -5.22% 

 Computed Elasticity -0.06 -0.07 n/a -0.07 -0.04 -0.05 
CVMT (work or other) 538,722 525,291 521,165 510,530 515,474 n/a 

 Change from Base 17,556 4,126 n/a -10,635 -5,692 -23,248 

 % Change from Base 3.37% 0.79% n/a -2.04% -1.09% -4.46% 

 Computed Elasticity -0.07 -0.08 n/a -0.20 -0.02 -0.04 
Transit Trips (work or other) 29,898 31,999 31,990 31,871 33,966 n/a 

 Change from Base -2,092 9 n/a -119 1,976 4,068 

 % Change from Base -6.54% 0.03% n/a -0.37% 6.18% 12.72% 

 Computed Elasticity 0.13 ~0.00 n/a -0.04 0.12 0.13 
Bike+Walk Trips (work or other) 217,869 241,402 246,138 250,153 266,741 n/a 

 Change from Base -28,269 -4,736 n/a 4,015 20,603 48,872 

 % Change from Base -11.49% -1.92% n/a 1.63% 8.37% 19.86% 

 Computed Elasticity 0.23 0.19 n/a 0.16 0.17 0.20 
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TABLE 11B  SENSITIVITY TO PARKING COST COMPARISON 
DOWNTOWNS 

Result Literature  Value or Range Model 
Person trips SACOG compilation (1) ((9), (18), (19), (20)) small negative -0.014 
Vehicle trips SACOG compilation (1) ((9), (18), (19), (20)) -0.05 to -0.3  

  
Hensher & King 2001 (in (14), portions of CBDs, 
Australia -0.541 to -0.015  -0.144 

VMT SACOG compilation (1) ((9), (18), (19), (20)) -0.04 to -0.07 -0.052 
CVMT SACOG compilation (1)  small negative -0.045 
Transit trips SACOG compilation (1) ((9), (18), (19), (20)) +.01 to +0.3 0.127 
Walk+bike trips SACOG compilation (1) ((9), (18), (19), (20)) +0.03 0.199 

Tables 11A and 11B show stronger elasticities of all modes of travel where directly affected by 
parking price, compared to regional travel.  Modeled elasticities show a general agreement with 
most observed ranges reported.  In the exception, walk and bike, the model responds comparably 
to the other modes, while the literature value is probably not comparable due to being lower than 
the regional elasticity value.  (The compilation (1) indicates this observed value is from a 1999 
survey of several European cities.) 
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TABLE 12A  SENSITIVITY TO PARKING COST  
DOWNTOWN SACRAMENTO WORK TRIPS 

Median Day Park Price $7.90 $14.22 $15.80 $17.38 $23.70 
End-to-

End 

       Changes 
% Change from Base -50.00% -10.00% 0.00% 10.00% 50.00% 100.00% 
Response Variable             
Person Trips (work) 310,146 306,824 306,770 306,012 307,266 n/a 

 Change from Base 3,376 54 n/a -758 496 -2,880 

 % Change from Base 1.10% 0.02% n/a -0.25% 0.16% -0.94% 

 Computed Elasticity -0.02 ~0.00 n/a -0.02 ~0.00 -0.01 
Vehicle Trips (work) 193,306 180,817 178,534 176,358 170,938 n/a 

 Change from Base 14,772 2,284 n/a -2,176 -7,596 -22,367 

 % Change from Base 8.27% 1.28% n/a -1.22% -4.25% -12.53% 

 Computed Elasticity -0.16 -0.13 n/a -0.12 -0.08 -0.12 
VMT (work) 1,779,617 1,738,293 1,730,595 1,725,106 1,701,940 n/a 

 Change from Base 49,022 7,698 n/a -5,488 -28,655 -77,677 

 % Change from Base 2.83% 0.44% n/a -0.32% -1.66% -4.49% 

 Computed Elasticity -0.06 -0.04 n/a -0.03 -0.03 -0.04 
CVMT (work) 367,600 357,419 355,862 350,812 351,905 n/a 

 Change from Base 11,738 1,557 n/a -5,050 -3,957 -15,695 

 % Change from Base 3.30% 0.44% n/a -1.42% -1.11% -4.41% 

 Computed Elasticity -0.07 -0.04 n/a -0.14% -0.02 -0.04 
Transit Trips (work) 15,537 16,238 16,313 16,514 17,321 n/a 

 Change from Base -776 -75 n/a 201 1,008 1,784 

 % Change from Base -4.76% -0.46% n/a 1.23% 6.18% 10.94% 

 Computed Elasticity 0.10 0.05 n/a 0.12 0.12 0.11 
Bike+Walk Trips (work) 83,023 91,589 93,869 95,023 100,854 n/a 

 Change from Base -10,846 -2,280 n/a 1,154 6,985 17,831 

 % Change from Base -11.55% -2.43% n/a 1.23% 7.44% 19.00% 

 Computed Elasticity 0.23 0.24 n/a 0.12 0.15 0.19 
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TABLE 12B  SENSITIVITY TO PARKING COST COMPARISON  
DOWNTOWN WORK TRIPS 

Result Literature Value or Range Model 
Person trips SACOG compilation (1) ((9), (18), (19), (20)) small negative -0.009 
Vehicle trips SACOG compilation (1) ((9), (18), (19), (20)) -0.05 to -0.3 -0.125 
VMT SACOG compilation (1) ((9), (18), (19), (20)) -0.04 to -0.07 -0.045 
CVMT SACOG compilation (1) small negative -0.044 
Transit trips SACOG compilation (1) ((9), (18), (19), (20)) +.01 to +0.3 0.109 
Walk+bike trips SACOG compilation (1) ((9), (18), (19), (20)) +0.03 0.19 

The overall elasticities of downtown work trips are moderately smaller than those of all downtown-
attracted trips (including work). Non-work trips have been found more price-sensitive than work 
trips ((9), p. 45) since non-work trips have easier options to stay less time or go somewhere else. 

NEW MOBILITY 

New Mobility represents emerging technologies affecting travel and mobility, some with the 
potential to reduce VMT and greenhouse gas emissions.  The strategies outlined in (3) primarily 
involve off-model variables such as promoting electric vehicles and charging infrastructure, ride-
hailing, and carpooling, plus intelligent transportation systems and transportation systems 
management programs.   

Transit Access 

While not explicitly outlined in the SCS, - -
access to transit, through a variety of strategies such as bicycle conveyance, bicycle or scooter 
loaning, on-demand shuttle service, and/or route-deviation.  In lieu of modeling any such methods 
directly and explicitly, sensitivity tests model these in a generalized, implicit approach by varying 
walk speed to/from transit, either regionally or in specified areas. 

Table 13 below summarizes sensitivity to transit accessibility scenarios.  These are: 

1) access and egress walk speed *1.5,  
2) access and egress walk speed *2, 
3) access and egress walk speed *1.5 only in central Downtown Sacramento, 
4) walk speed *1.5 only in Rancho Cordova within 2 miles of light rail. 

No particular input variable can be identified as having a particular percentage change, so no 
elasticity can be identified.  However, the sign and relative magnitudes of percentage change can 
be compared: as defined, Scenario # 2 benefits transit more than #1; #3 less than #1 but still 
better than base, and #4 probably less than #3 but still better than base.   

Accessibility alternatives 1 and 2 have discernable effects upon mode choice in the expected 
directions, to transit from all the other modes.  The regional effects of alternatives 3 and 4 are not 
discernable between single model runs.  The effects at the RADs of the improvements (Downtown 
RAD 1 and Rancho Cordova RAD 16 respectively) show as distinct increases of transit trips, though 
not always the largest increase among RADs. 
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TABLE 13  SENSITIVITY TO TRANSIT ACCESSIBILITY  

    Base #1 #2 #3 #4 
Change from Base      
% Change from Base           
Response Variable      
Person Trips 9,427,263 9,430,417 9,433,196 9,428,198 9,427,604 

 Change from Base n/a 3,154 5,933 935 341 

 % Change from Base n/a 0.03% 0.06% 0.01% 0.00% 
Vehicle Trips 5,849,174 5,842,817 5,837,937 5,850,257 5,849,806 

 Change from Base n/a -6,357 -11,237 1,083 632 

 % Change from Base n/a -0.11% -0.19% 0.02% 0.01% 
VMT (network) 63,828,536 63,779,986 63,753,458 63,808,057 63,837,794 

 Change from Base n/a -48,550 -75,078 -20,479 9,258 

 % Change from Base n/a -0.08% -0.12% -0.03% 0.01% 
CVMT (network) 5,470,121 5,523,284 5,374,541 5,549,959 5,550,647 

 Change from Base n/a 53,163 -95,580 79,839 80,526 

 % Change from Base n/a -0.97% -1.75% 1.46% 1.47% 
Transit Person Trips 96,011 109,783 121,080 96,394 95,912 

 Change from Base n/a 13,772 25,069 383 -99 

 % Change from Base n/a 14.34% 26.11% 0.40% -0.10% 
Bike+Walk Person Trips 1,107,487 1,104,812 1,103,651 1,105,866 1,108,134 

 Change from Base n/a -2,675 -3,836 -1,621 647 

 % Change from Base n/a -0.24% -0.35% -0.15% 0.06% 

 

Table 14 focuses on the transit trips in the affected RADs by the local accessibility scenarios.  The 
global scenarios (#1 and #2) affect these RADs more strongly, since both ends of all their transit 
trips are affected.  The local scenarios (#3 and #4) respectively improve RADs 1 and 16.  Each 
shows discernable increase of transit trips in the affected RADs.  
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TABLE 14  LOCAL SENSITIVITY TO TRANSIT ACCESSIBILITY 

    Base #1 #2 #3 #4 
RAD 1 (Downtown) Transit 
Person Trip-Ends 36,752 40,756 43,327 37,485 36,500 

 Change from Base n/a 4,004 6,575 733* -252 

 % Change from Base n/a 10.9% 17.9% 2.0% -0.7% 
RAD 16 (Rancho Cordova) 
Transit Person Trip-Ends 6,569 7,437 8,392 6,449 7,124 
Change from Base n/a 868 1823 -120 555 
% Change from Base n/a 13.2% 27.8% -1.8% 8.4% 

 

Teleworking 

A new workers using telecommunications technologies 
to perform some or all of their work at home as employees for establishments located elsewhere, 
doing work that had customarily been done on site, especially offices.   

Within the SACSIM23 implementation of Daysim is a nested logit model of the choice of usual work 
location.  The inner-level choice is for the nominal location of employment within the region, and 
the outer-level choice is binary, whether to work at home, or at the nominal location.  For the base 
condition model, this model was calibrated (2) using the 2018 Household Travel Survey and the 
2019 American Community Survey  recently enough for work-at-home technologies to be widely 
available, but before COVID-19 prompted mass adoption of this manner of work.   

The SACSIM23 work-at-home model includes a user-specifiable alternative-specific constant for 
work at home, originally calibrated to match the regional share of work-at-home.  This can be 
calibrated or re-calibrated iteratively: given a prior model run that achieved a certain share 

different from the observed share, the typical-practice adjustment is .  

The model rerun with this adjustment does not generally achieve the target share immediately, but 
approaches it closer with each iteration of rerun and readjustment.   

The alternative-specific constant represents, in a generalized manner, unobserved attributes of the 
alternatives (21, 22), here both work-at-home and contrary attributes of work-on-location 
including but not limited to employer policies, the practical pros and cons of remote work to the 
employers and employees, the growth of technologies enabling work at home, cultural pressures 
and norms, macroeconomics and externalities, plus laws and public policy.  All of these were 
shocked by the COVID-19 pandemic and the societal response into both transient and long-term 
changes toward more working at home than before, indicating that teleworking patterns may have 
changed and may continue to differ from pre-COVID observations (23).  The alternative-specific 
constant in the logit model context applies such shifts in the most generalized, even-handed 
manner with a minimum of assumptions. 

Sensitivity testing was made by directly modifying the alternative-specific constant; telework 
shares are a result, not an input.  If a new regional share is observed or stipulated, the respective 
alternative-specific constant can be approximated by interpolation or curve-fitting from the findings 
of these tests, and further adjusted iteratively if necessary. 
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Table 15 -at-home alternative-specific 
constant, including its resulting shares of work-at-home.  (These shares are further qualified as 
those who worked on the simulated day only at home, making no work-related tours, among 
persons who work for an employer elsewhere.  Persons who work in a home-based business are 
not counted in either the numerator or the denominator of these shares.) 
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TABLE 15  SENSITIVITY TO GENERALIZED TELEWORKING AVAILABILITY 
AS AN ADDITIVE UTILITY OF THE CHOICE TO TELEWORK 

NOTE: ELASTICITIES ARE WITH RESPECT TO THE NUMBER OF PERSONS WORKING AT HOME  

Alternative- 
Specific Constant -1 -0.5 0 0.5 1 1.998 

End-to-
End 

Response Variable           Changes 
Primary Response Variable: Persons working     
at home 11,531 18,610 29,788 46,868 72,168 154,579 n/a 

 Change  -18,257 -11,178 n/a 17,080 42,380 124,791 143,048 
 Worker share 1.03% 1.66% 2.66% 4.18% 6.44% 13.80% 12.77% 

 % Change -61.29% -37.53% n/a 57.34% 142.27% 418.93% 480.22% 
Consequential Response Variables           
Person Trips 9,443,295 9,436,201 9,427,263 9,410,722 9,388,224 9,315,106 n/a 

 Change  16,032 8,938 n/a -16,541 -39,039 -112,157 -128,189 

 % Change  0.17% 0.09% n/a -0.18% -0.41% -1.19% -1.36% 
  Elasticity 0.00 0.00 n/a 0.00 0.00 0.00 0.00 
Vehicle Trips 5,865,182 5,858,769 5,849,174 5,830,907 5,809,840 5,732,355 n/a 

 Change  16,008 9,595 n/a -18,267 -39,335 -116,820 -132,827 

 % Change  0.27% 0.16% n/a -0.31% -0.67% -2.00% -2.27% 
  Elasticity 0.00 0.00 n/a -0.01 0.00 0.00 0.00 
VMT (network) 63,987,835 63,928,250 63,828,536 63,684,702 63,468,073 62,796,533 n/a 

 Change  159,299 99,714 n/a -143,834 -360,463 -1,032,003 -1,191,302 

 % Change  0.25% 0.16% n/a -0.23% -0.56% -1.62% -1.87% 
  Elasticity 0.00 0.00 n/a 0.00 0.00 0.00 0.00 
CVMT (network) 5,489,976 5,454,604 5,470,121 5,340,532 5,313,669 5,009,313 n/a 

 Change  19,855 -15,516 n/a -129,588 -156,452 -460,808 -480,663 

 % Change  0.36% -0.28% n/a -2.37% -2.86% -8.42% -8.79% 
  Elasticity -0.01 0.01 n/a -0.04 -0.02 -0.02 -0.02 
Transit Person Trips 96,122 96,359 96,011 96,280 95,270 94,419 n/a 

 Change  111 348 n/a 269 -741 -1,592 -1,703 

 % Change  0.12% 0.36% n/a 0.28% -0.77% -1.66% -1.77% 
  Elasticity 0.00 0.00 n/a 0.00 0.00 0.00 0.00 
Bike+Walk 
Person Trips 1,109,792 1,109,379 1,107,487 1,106,644 1,101,679 1,089,615 n/a 

 Change  2,305 1,892 n/a -843 -5,808 -17,872 -20,177 

 % Change  0.21% 0.17% n/a -0.08% -0.52% -1.61% -1.82% 
  Elasticity 0.00 0.00 n/a 0.00 0.00 0.00 0.00 

 

The model responded to increased working-at-home with consistently less travel by all modes, 
aside from some of the smallest deviations within possible random variation.  This is a reasonable 
result.  Modeled VMT reduced by 8.3 vehicle-miles per day per telecommute-day (i.e. end-to-end 
1,191,302 VMT/ 143,048 telecommuters).  This is a more modest result than the works cited in 
(24) ranging from 43 to 79 household VMT reduction due to a household member telecommuting.  
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This synopsis notes that such amounts may be the upper range of effects, and some studies cited 
therein have found long-term complementary travel effects of commute travel being replaced by 
other personal travel. 

Table 16 compares person-trips by location of work, for the low telework, base, and high telework 
scenarios, for geographic areas aggregated from RADs approximating the named areas.  The 
largest decreases were at most of the rural areas and outlying cities, and most cities decreased 
less than their respective nearby suburbs and rural area. 

TABLE 16  WORK PERSON-TRIPS BY LOCATION OF WORK 

    Person trips to/from work   

County Area 
Low 

Telework Base 
High 

Telework 

End-to-
end % 

difference 
Sacramento Downtown 312,226 306,770 283,690 -9.3% 
Sacramento Sacramento city 464,658 459,492 421,482 -9.4% 
Sacramento Rural 22,138 21,404 19,362 -13.0% 
Sacramento Suburbs 650,658 644,768 587,360 -9.8% 
Sutter All 67,726 67,084 60,774 -10.4% 
Yuba All 43,176 42,710 38,944 -9.9% 
Yolo Davis 67,858 67,728 61,068 -10.0% 
Yolo W Sac 75,720 75,366 67,888 -10.4% 
Yolo Woodland 52,982 52,360 48,566 -8.4% 
Yolo Other 0 0 0 n/a 
Placer Auburn 52,456 51,500 47,352 -9.9% 
Placer Granite Bay 9,336 9,174 8,332 -10.9% 
Placer Loomis 12,800 12,914 11,500 -10.1% 
Placer Rural 8,426 8,558 7,558 -10.1% 
Placer Roseville+Rocklin+Lincoln 244,240 240,636 220,728 -9.8% 
El Dorado Rural 3,554 3,538 3,280 -7.7% 
El Dorado Suburbs 47,466 46,804 42,522 -10.6% 
El Dorado Placerville 42,008 41,238 38,328 -8.9% 

 

Table 17 similarly compares vehicle trips by location of work, for the low telework, base, and high 
telework scenarios, for geographic areas aggregated from RADs approximating the named areas.  
Most changed nearly in proportion to the person trips in Table 16. 



 SACSIM23 SENSITIVITY TESTING ANALYSIS REPORT AUGUST 2023 ST-36  

 

TABLE 17  WORK VEHICLE-TRIPS BY LOCATION OF WORK 

    Vehicle trips to/from work 

County Area 
Low 

Telework Base 
High 

Telework 

End-to-
end % 

difference 
Sacramento Downtown 181,184 178,534 166,448 -8.3% 
Sacramento Sacramento city 383,873 379,161 349,366 -9.1% 
Sacramento Rural 19,260 18,658 16,896 -12.7% 
Sacramento Suburbs 556,107 551,901 504,013 -9.4% 
Sutter All 56,529 56,140 50,844 -10.1% 
Yuba All 37,196 36,878 33,519 -10.0% 
Yolo Davis 53,700 53,638 48,409 -9.9% 
Yolo W Sac 63,204 62,786 56,873 -10.1% 
Yolo Woodland 43,724 43,302 40,385 -7.7% 
Yolo Other 0 0 0 n/a 
Placer Auburn 45,868 44,904 41,474 -9.8% 
Placer Granite Bay 8,322 8,260 7,486 -10.1% 
Placer Loomis 11,362 11,390 10,155 -10.6% 
Placer Rural 7,212 7,277 6,439 -10.6% 
Placer Roseville+Rocklin+Lincoln 211,326 208,189 191,563 -9.5% 
El Dorado Rural 3,185 3,216 2,996 -5.9% 
El Dorado Suburbs 42,058 41,502 37,903 -10.0% 
El Dorado Placerville 36,763 36,014 33,553 -8.9% 

 

Table 18 compares telework shares of workers by household income for the low-, base, and high-
telework scenarios.  Telework shares, by this model, are fairly close to equal across household 
income ranges.  The work-at-
(income categories, the presence of children and non-workers in the household, vehicle availability) 
plus distinct coefficients for eight employment categories.  Thereby the model explicitly accounts 
for employment industries, some more easily accommodating work-at-home than others.  
However, the model output does not attach the workplace industry to each worker, so a summary 
comparison by workplace industry is not available. 

TABLE 18 TELEWORK OF WORKERS BY HOUSEHOLD INCOME 

   Modeled % of workers teleworked 
Household 
Income Workers 

Low 
Telework Base 

High 
Telework 

<$25k 150,454 1.1% 2.7% 14.3% 
$25k to $45k 219,635 1.0% 2.5% 13.1% 
$45k to $70k 278,037 1.0% 2.5% 13.3% 
$70k to $100k 205,855 1.1% 2.7% 14.0% 
>$100k 266,193 1.1% 2.9% 14.5% 
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Connected and Autonomous Vehicles 

Growing technologies of connected and autonomous vehicles are anticipated to change vehicle 
interactions, and thus highway operations and performance, effectively changing capacities and/or 
speeds.  Motivated by such potentialities (but with no representation of what is likely or feasible), 
Table 19 changed arterial and/or 
freeway capacities.  Since the number of lane-miles is not being changed, elasticities are shown 
with respect to aggregate capacity, the sum of lane-miles times their respective hourly capacities 
per lane. 

Examples of literature estimating changes of highway performance from technology include 
references (25) through (29). 
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TABLE 19  SENSITIVITY TO ROADWAY CAPACITY 
ADDING OR REDUCING CAPACITY REGIONALLY BY FACILITY TYPE  

Arterial Capacities -10% Base 0 10% 10% 
Freeway Capacities 0  10% 10% 30% 
Total capacity-miles (lane-miles * capacity/lane/hr), all except zone connectors  
  11,545,670 11,837,938 12,231,076 12,523,343 13,309,619 
% Change from Base -2.47% 0.00% 3.32% 5.79% 12.43% 
Response Variable      
Person Trips 9,420,234 9,427,263 9,429,081 9,432,694 9,438,110 

 Change from Base -7,029 n/a 1,818 5,431 10,847 

 % Change from Base -0.07% n/a 0.02% 0.06% 0.12% 
  Computed Elasticity 0.03 n/a ~0.00 0.01 0.01 
Vehicle Trips 5,840,224 5,849,174 5,854,671 5,859,284 5,867,925 

 Change from Base -8,951 n/a 5,497 10,110 18,751 

 % Change from Base -0.15% n/a 0.09% 0.17% 0.32% 
  Computed Elasticity 0.06 n/a 0.03 0.03 0.03 
VMT (network) 63,603,944 63,828,536 64,425,130 64,574,534 65,473,742 

 Change from Base -224,592 n/a 596,594 745,998 1,645,206 

 % Change from Base -0.35% n/a 0.93% 1.17% 2.58% 
  Computed Elasticity 0.14 n/a 0.28 0.20 0.21 
CVMT (network) 5,812,013 5,470,121 4,734,542 4,423,524 3,136,794 

 Change from Base 341,893 n/a -735,579 -1,046,597 -2,424,711 

 % Change from Base 6.25% n/a -13.45% -19.13% -42.66% 
  Computed Elasticity -2.53 n/a -4.05 -3.30 -3.43 
Transit Person Trips 95,633 96,011 96,340 96,042 96,006 

 Change from Base -378 n/a 329 31 -5 

 % Change from Base -0.39% n/a 0.34% 0.03% -0.01% 
  Computed Elasticity 0.16 n/a 0.10 0.01 ~0.00 
Bike+Walk Person Trips 1,113,281 1,107,487 1,105,299 1,100,504 1,097,169 

 Change from Base 5,794 n/a -2,188 -6,983 -10,318 

 % Change from Base 0.52% n/a -0.20% -0.63% -0.93% 
  Computed Elasticity -0.21 n/a -0.06 -0.11 -0.07 
Ave. Vehicle Speed (mph) 33.73 34.08 34.53 34.82 35.49 

 Change from Base -0.35 n/a 0.45 0.74 1.41 

 % Change from Base -1.02% n/a 1.32% 2.17% 4.15% 
  Computed Elasticity 0.41 n/a 0.40 0.37 0.33 
  Elast: VMT to Speed 0.34 n/a 0.71 0.54 0.62 

 

Table 20 -flow speed of freeways 
-flow speed is its given maximum effective speed, accounting for 

minimal traffic control delays; traffic flows in relation to its capacity reduce this speed in the 
model.) 
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TABLE 20  SENSITIVITY TO ROADWAY BASE (FREE-FLOW) SPEED 
INCREASING OR REDUCING SPEED REGIONALLY BY FACILITY TYPE  

Arterial Speeds Base SACSIM19 -10% 0 10% 10% 
Freeway Speeds  SACSIM19 0 10% 10% 20% 
Capacity-miles-weighted average speed     
  37.52 41.71 36.23 38.25 39.42 40.09 
% Change from Base   11.17% -3.44% 1.95% 5.07% 6.86% 
Response Variable       
Person Trips 9,427,263 9,459,361 9,413,783 9,429,218 9,439,147 9,437,646 

 Change from Base n/a 32,098 -13,480 1,955 11,884 10,383 

 
% Change from 
Base n/a 0.34% -0.14% 0.02% 0.13% 0.11% 

  Computed Elasticity n/a 0.03 0.04 ~0.00 0.02 0.02 
Vehicle Trips 5,849,174 5,904,586 5,828,027 5,855,033 5,873,816 5,874,022 

 Change from Base n/a 55,412 -21,147 5,859 24,642 24,847 

 
% Change from 
Base n/a 0.95% -0.36% 0.10% 0.42% 0.42% 

  Computed Elasticity n/a 0.08 0.11 0.05 0.08 0.06 
VMT (network) 63,828,536 64,506,721 63,144,783 65,205,153 65,810,138 67,041,617 

 Change from Base n/a 678,185 -683,753 1,376,617 1,981,602 3,213,081 

 
% Change from 
Base n/a 1.06% -1.07% 2.16% 3.10% 5.03% 

  Computed Elasticity n/a 0.10 0.31 1.11 0.61 0.73 
CVMT (network) 5,470,121 4,945,151 5,328,575 6,677,612 6,815,512 8,026,536 

 Change from Base n/a -524,970 -141,545 1,207,492 1,345,391 2,556,416 

 
% Change from 
Base n/a -9.60% -2.59% 22.07% 24.60% 46.73% 

  Computed Elasticity n/a -0.86 0.75 11.32 4.85 6.81 
Transit Person Trips 96,011 100,157 94,337 96,187 96,918 96,878 

 Change from Base n/a 4,146 -1,674 176 907 867 

 
% Change from 
Base n/a 4.32% -1.74% 0.18% 0.94% 0.90% 

  Computed Elasticity n/a 0.36 0.51 0.09 0.18 0.13 
Bike+Walk Person 
Trips 1,107,487 1,061,723 1,126,294 1,100,137 1,083,415 1,079,556 

 Change from Base n/a -45,764 18,807 -7,350 -24,072 -27,931 

 
% Change from 
Base n/a -4.13% 1.70% -0.66% -2.17% -2.52% 

  Computed Elasticity n/a -0.37 -0.49 -0.34 -0.43 -0.37 

 

With respect to link free-flow base speeds averaged by weight of capacity-miles, person trips and 
vehicle trips show small positive elasticity as is reasonably expected, and walk+bike trips show 
negative elasticity, as reasonably expected.   
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Elasticities of VMT to free-flow speeds varied widely but were expectedly positive, with average 
0.57, also in the vicinity of the estimate (0.42) by Cervero (30).  Incremental increases in freeway 
speeds (holding arterials constant) show proportionally more response, and thus higher elasticities 
with respect to capacity-weighted average speed, compared to incremental increases of arterial 
speeds (holding freeways constant). 

Transit trips show consistent moderate-to-strong positive elasticity.  This is unexpected, because 
roadway speeds affect bus travel times about equally to auto travel times on the same roads.  

specified as sequences of nodes on the highway network, but 
these do not generally correspond one-for-one with individual real bus stops.  In lieu of dwell times 

estimated as the auto travel time on the underlying link, 
 modeled bus run times into 

agreement, at least on average, with scheduled run times.  Most frequent-stop local busses have a 
time factor near 2, while many limited-stop express lines have a factor near 1.6.  While this 

-flow speed, it is rare that alternative scenarios 
for a road project differ by free-flow speed alone or as the main factor.   

SACSIM23 applies approximately two thirds of congestion delay of road links upon the bus 
network, to correct for this exaggerated sensitivity.  Consequently, bus travel times are lengthened 
by underlying highway congestion delays slightly more than those delays themselves. 

 

EXOGENOUS VARIABLES 

SACSIM23 was tested for sensitivity to exogenous input factors of household income, auto 
operating cost, and demographic mix.  Sensitivity to auto operating cost was already analyzed 
above as a representation of regional pricing.  Demographic mix was reviewed in the cross-
classification (cross-sectional) analysis above in conjunction with land use factors, most particularly 
Figure 4. 

Household Income 

Table 21 summarizes the response of the model to a proportional decrease or increase of each 
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TABLE 21  SENSITIVITY TO HOUSEHOLD INCOME  

Median Household 
Income $22,696 $40,852 $45,391 $49,930 $68,087 End-to-End 

       Changes 
% Change from Base -50.00% -10.00% 0.00% 10.00% 50.00% 100.00% 
Response Variable       
Person Trips 9,194,635 9,393,862 9,427,263 9,448,517 9,520,574 n/a 

 Change from Base -232,628 -33,401 n/a 21,254 93,311 325,939 

 % Change from Base -2.47% -0.35% n/a 0.23% 0.99% 3.46% 
  Computed Elasticity 0.05 0.04 n/a 0.02 0.02 0.03 
Vehicle Trips 5,614,612 5,813,871 5,849,174 5,874,655 5,956,409 n/a 

 Change from Base -234,562 -35,304 n/a 25,481 107,235 341,797 

 % Change from Base -4.01% -0.60% n/a 0.44% 1.83% 5.84% 
  Computed Elasticity 0.08 0.06 n/a 0.04 0.04 0.06 
VMT (network) 61,411,009 63,472,979 63,828,536 64,108,618 65,010,922 n/a 

 Change from Base -2,417,527 -355,557 n/a 280,082 1,182,386 3,599,914 

 % Change from Base -3.79% -0.56% n/a 0.44% 1.85% 5.64% 
  Computed Elasticity 0.08 0.06 n/a 0.04 0.04 0.06 
CVMT (network) 4,595,651 5,289,078 5,470,121 5,536,764 6,038,061 n/a 

 Change from Base -874,469 -181,042 n/a 66,643 567,940 1,442,410 

 % Change from Base -15.99% -3.31% n/a 1.22% 10.38% 26.37% 
  Computed Elasticity 0.32 0.33 n/a 0.12 0.21 0.26 
Transit Person Trips 110,596 98,316 96,011 94,422 89,101 n/a 

 Change from Base 14,585 2,305 n/a -1,589 -6,910 -21,495 

 % Change from Base 15.19% 2.40% n/a -1.66% -7.20% -22.39% 
  Computed Elasticity -0.30 -0.24 n/a -0.17 -0.14 -0.22 
Bike+Walk Person 
Trips 1,162,480 1,116,391 1,107,487 1,100,668 1,076,512 n/a 

 Change from Base 54,993 8,904 n/a -6,819 -30,975 -85,968 

 % Change from Base 4.97% 0.80% n/a -0.62% -2.80% -7.76% 
  Computed Elasticity -0.10 -0.08 n/a -0.06 -0.06 -0.08 
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Table 22 summarizes the end-to-end elasticities and compares them to empirical literature 
findings. 

TABLE 22  SENSITIVITY TO HOUSEHOLD INCOME COMPARISON  

Result Literature Value or Range Model 
Person trips SACOG compilation (1) ((31), (32)) small positive 0.03 

Vehicle trips SACOG compilation (1) ((31), (32)) higher than person 
trips 0.06 

VMT SACOG compilation (1) ((31), (32)) +0.05 to +0.18 0.06 
CVMT n/a n/a 0.26 
Transit trips SACOG compilation (1) ((31), (32)) -0.26 to -0.36  
  Holmgren 2007 (33) (in (9), short-run -0.62  -0.22 

Walk+bike trips SACOG compilation (1) ((31), (32)) small negative -0.08 

 

SENSITIVITY TESTS OF OTHER FACTORS 

An additional set of experimental sensitivity runs of the SACSIM23 model examined its response to 
specific highway capacities, by either adding or removing lanes to particular roads, as summarized 
on Tables 23A and 23B.  (This supplements the above analysis with global capacity changes 
summarized on Table 19.) 

The locations for test widenings are: 

 Sunrise Blvd, Roseville to Rancho Cordova, a congested urban arterial 
 Watt Ave, Rosemont to North Highlands, a congested urban arterial 
 El Camino Ave, Natomas to Carmichael, a mostly uncongested urban arterial 
 SR 51 (Capital City Freeway), a severely congested urban freeway 
 SR 65, north of Lincoln to junction with SR 99/70, a rural highway with moderate 

congestion 
 SR 99/70, Sacramento to south side of Marysville, an uncongested rural highway/freeway 
 Broadway-Franklin-Stockton Blvd reduction, a removal of one lane per direction on these 

urban arterials 
 Blue Oaks Blvd, a short, moderately congested section in Roseville. 

  



 SACSIM23 SENSITIVITY TESTING ANALYSIS REPORT AUGUST 2023 ST-43  

 

TABLE 23A  SENSITIVITY TO ROADWAY CAPACITY 
ADDING ONE LANE EACH DIRECTION AT SPECIFIED LOCATIONS  

Location 
Base Sunrise Bl. Watt Av. 

El Camino 
Ave SR 51 

Network Lane-Miles 16,734 16,753 16,756 16,756 16,751 
Change from Base  19 21 22 17 
% Change from Base   0.11% 0.13% 0.13% 0.10% 
Response Variable      
Person Trips 9,427,263 9,428,085 9,426,919 9,427,938 9,429,014 

 Change from Base n/a 822 -344 675 1,751 

 % Change from Base n/a 0.01% 0.00% 0.01% 0.02% 
  Computed Elasticity n/a -0.08 -0.03 0.06 0.18 
Vehicle Trips 5,849,174 5,852,587 5,851,484 5,850,684 5,852,002 

 Change from Base n/a 3,413 2,310 1,510 2,828 

 % Change from Base n/a 0.06% 0.04% 0.03% 0.05% 
  Computed Elasticity n/a 0.52 0.31 0.20 0.48 
VMT (network) 63,828,536 63,889,972 63,878,198 63,841,878 64,007,051 

 Change from Base n/a 61,436 49,662 13,342 178,515 

 % Change from Base n/a 0.10% 0.08% 0.02% 0.28% 
  Computed Elasticity n/a 0.85 0.61 0.16 2.75 
CVMT (network) 5,470,121 5,468,260 5,329,029 5,590,228 5,334,149 

 Change from Base n/a -1,861 -141,091 120,108 -135,971 

 % Change from Base n/a -0.03% -2.58% 2.20% 2.49% 
  Computed Elasticity n/a -0.30 -20.08 2.22 -3.30 
Transit Person Trips 96,011 94,968 95,843 96,288 95,689 

 Change from Base n/a -1,043 -168 277 -322 

 % Change from Base n/a -1.09% -0.17% 0.29% -0.34% 
  Computed Elasticity n/a -9.61 -1.36 2.23 -3.30 
Bike+Walk Person Trips 1,107,487 1,105,046 1,105,166 1,107,320 1,106,196 

 Change from Base n/a -2,441 -2,321 -167 -1,291 

 % Change from Base n/a -0.22% -0.21% -0.02% -0.12% 
  Computed Elasticity n/a -2.0 -1.6 -0.12 -1.15 
Ave. Vehicle Speed (mph) 34.08 34.14 34.13 34.09 34.20 

 Change from Base n/a 0.06 0.05 0.01 0.12 

 % Change from Base n/a 0.19% 0.16% 0.04% 0.35% 
  Computed Elasticity n/a 1.65 1.23 0.33 3.48 
Elasticity: VMT to Speed 0.51 0.49 0.48 0.79 
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TABLE 23B  SENSITIVITY TO ROADWAY CAPACITY 
ADDING OR REDUCING ONE LANE EACH DIRECTION AT SPECIFIED LOCATIONS

Location 
SR 65 (N of 
Lincoln) 

SR 70,99 
(S. Sutter 
Co.) 

Broadway-
Franklin 
reduction 

Blue Oaks 
Bl. 

Network Lane-Miles 16,753 16,802 16,721 16,738 
Change from Base 19 68 -13 4 
% Change from Base 0.11% 0.40% -0.08% 0.02% 
Response Variable     
Person Trips 9,426,900 9,426,164 9,427,323 9,425,882 

 Change from Base -363 -1,099 60 -1,381 

 % Change from Base 0.00% -0.01% 0.00% -0.01% 
  Computed Elasticity -0.03 -0.03 -0.01 -0.67 
Vehicle Trips 5,848,234 5,847,559 5,850,366 5,849,023 

 Change from Base -940 -1,616 1,192 -151 

 % Change from Base -0.02% -0.03% 0.02% 0.00% 
  Computed Elasticity -0.14 -0.07 -0.26 -0.12 
VMT (network) 63,867,173 63,876,955 63,836,674 63,831,047 

 Change from Base 38,637 48,419 8,138 2,511 

 % Change from Base 0.06% 0.08% 0.01% 0.00% 
  Computed Elasticity 0.53 0.19 -0.16 0.18 
CVMT (network) 5,412,318 5,521,624 5,430,839 5,531,585 

 Change from Base -57,803 51,504 -39,282 61,464 

 % Change from Base -1.06% 0.94% -0.72% 1.12% 
  Computed Elasticity -9.24 2.33 9.07 51.4 
Transit Person Trips 95,847 96,091 95,716 95,826 

 Change from Base -164 80 -295 -185 

 % Change from Base -0.17% 0.08% -0.31% -0.19% 
  Computed Elasticity -1.49 0.21 3.88 -8.82 
Bike+Walk Person Trips 1,109,112 1,108,362 1,106,960 1,107,515 

 Change from Base 1,625 875 -527 28 

 % Change from Base 0.15% 0.08% -0.05% 0.00% 
  Computed Elasticity 1.28 0.20 0.60 0.12 
Ave. Vehicle Speed (mph) 34.10 34.12 34.07 34.09 

 Change from Base 0.02 0.04 -0.01 0.01 

 % Change from Base 0.07% 0.13% -0.02% 0.03% 
  Computed Elasticity 0.58 0.31 0.20 1.43 
Elasticity: VMT to Speed 0.91 0.60 -0.81 0.13 

 

A body of empirical research literature has established that relieving congestion through roadway 
capacity expansion leads to additional vehicle travel, commonly identified as traffic  (34- 
38). Elasticities of 0.1 to 1.1 have been reported for VMT with respect to aggregate roadway 
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capacity in lane-miles. The National Center for Sustainable Transportation (NCST) Calculator (39)
applies elasticities of 0.75 to 1.0 for VMT to capacity expansion in California.   

A simplistic reading of the evidence for induced traffic suggests that roadway lanes themselves 
attract people to drive on them, and more lanes attract people to drive more.  Relatively few such 
studies have attempted to unravel the causality.  Cervero (30, 40),  examined simultaneity bias 
(that road capacity expansions follow VMT growth, as well as VMT growth following capacity 
expansion), speed as the mediating variable, and land development changes.  It is works like these 
that helped promote better travel demand models that we now have, since many models at that 
time had fixed trip generation, fixed time-of-day splits (or no time-of-day splits), and some still 
had fixed mode choice or no feedback of congested travel times to the demand models. 

In SACSIM23, as in nearly all travel demand models, travel is derived from persons and their 
households satisfying their needs or preferences for income, food, goods, services, and social and 
recreational activities at places outside of their homes where these are available.  No such model 
represents any direct demand or attraction of people to roadway lanes, and there is no reason to 
suspect this exists (aside from tourism on scenic highways).  Route, mode, scheduling, and 
activity-location choices depend largely on travel times, which include traffic delays and congestion 
at specific facilities, which in turn depend on their capacities.  The building of roadway lanes does 

changes of 
congested speeds, can change their choices of where and how to satisfy them.  SACSIM23 
accounts fully for congested traffic delay with feedback applied to achieve a reasonable consistency 
between travel times input to the demand models, and those resulting from traffic assignment. 

The choices affected by travel times 
changes of travel times, include personal day pattern (including whether to work at home, which 
activities to pursue, whether to travel to them in separate tours or chained into fewer tours, or to 
forgo an activity), location of mandatory and discretionary activities and the lengths of trips to 
reach them, time of day for activities and travel, modes of travel (now including use of 
Transportation Network Companies), as well as auto and transit paths.  This range of adaptations 
distinguishes modern models such as SACSIM23 from older models with fixed rates for many of 
these behaviors, and fewer adaptations in response. 

In addition to daily choices of travel, SACSIM23 includes long-term choices of auto ownership and 
work and school location.  Home location choice is implicit in the work location model  that is, this 

n equivalent model of home location choice, so it makes little to no 

given their job location, and others their job given their residence location.  Consequently, 
changing home and/or job location is among the adaptations represented in SACSIM23.  (One 

 

Land use  both residential and employment, are given as inputs for SACSIM23.  The remaining 
(30, 40), is more correctly identified as 

,  that is, the distribution and timing of land development and/or demographic 
changes.  SACSIM23 estimates travel given land use at a point in time; separate land use models 
estimate development locations as a process over years of time.  (But as Cervero indicated, 
sometimes highways are planned in anticipation of growth, and some growth is planned and 
development entitlements secured in anticipation of highway expansions.) 
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A variety of locations throughout the Sacramento region were chosen for widening or reduction 
tests.  But unlike the before-and-after studies of induced demand from widenings that were 
actually built (resulting from processes and behaviors of planning, prioritizing, and funding), some 
of the test locations are arbitrary, uncongested, and unlikely to be widened foreseeably, while 
some others are chronically congested and difficult and costly to widen. 

Differences between regional person trips, vehicle trips, transit trips, and walk & bike trips among 
the test cases were small as may be reasonably expected, and overly affected by random noise to 
infer elasticities.   

VMT responded in the same direction as capacity for all cases except possibly one, which was a 
reduction of arterials (Broadway, Franklin Blvd, and Stockton Blvd) having several parallel arterial 
and freeway route alternatives.  The particular experiment yielded a slightly more VMT with 
narrower roads, but the VMT was well within random variation.  In this case the alternative routes 
include parallel freeways, offering comparable travel times by way of longer distances at faster 
speeds.  All other scenarios responded positively in VMT with respect to capacity.  The widening 
with the highest modeled elasticity was SR 51, a severely congested freeway in Sacramento.   

Cervero (30) distinguished the two parts of the elasticity of VMT to capacity, that is, speed to 
capacity (around 0.24), and VMT to speed (around 0.42).  At the test roadways, speed to capacity 
was consistently positive, small for less-congested locations and much larger for highly-congested 
locations.  This is consistent with the link time functions applied in the network performance and 
traffic assignment component of SACSIM having positive second-derivatives with respect to 
volume, consistent with traffic flow theory. (41)  The elasticity of VMT to speed averaged 0.44, 

estimate. 

Table 24 summarizes the elasticities of VMT to lane-miles or aggregate capacity from Tables 20A, 
20B, plus Table 16.  Also shown are the components of this elasticity, speed to capacity and VMT to 
speed.  Higher elasticities are associated with higher congestion.  Greater congestion means more 
opportunity for speed increase from widening, consistent with traffic flow theory, and thus, higher 
speed to capacity elasticities at congested locations.  Elasticities of VMT to speed show less 
variation among the scenarios.  That the model responded differently and appropriately to the 
different capacity changes, in response to the particular congestion and travel and route choice 
situations, is a strength of demand models like SACSIM23. 
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  TABLE 24  MODELED VMT ELASTICITIES BY COMPONENT 

Location of Capacity Increase 
(facility type, congestion level) 

Elasticity, 
VMT to lane-

miles 

Component: 
Speed to 
Capacity 

Component: 
VMT to 
Speed 

Sunrise Blvd (arterial, severe) 0.85 1.65 0.51 
Watt Ave (arterial, moderate) 0.61 1.23 0.49 
El Camino Ave (arterial, uncongested) 0.16 0.33 0.48 
SR 51 (freeway, severe) 2.75 3.48 0.79 
SR 65 N of Lincoln (highway, moderate) 0.53 0.58 0.91 
SR 70,99 in S. Sutter Co. (freeway, 
uncongested) 0.19 0.31 0.60 

Broadway-Franklin road diet  (arterial, 
moderate) -0.16* 0.20* -0.81* 

Blue Oaks Blvd, Roseville (arterial, 
moderate) 0.18* 1.43 0.13 

Arterials -10% 0.14  0.41  0.34 
Freeways +10% 0.28  0.40  0.71 
Arterials and Freeway +10% 0.20  0.37  0.54 
Arterials +10%, Freeways +30% 0.21  0.33  0.62 

*Changes of VMT and vehicle trips may be insignificant relative to random sample variability. 

-miles times capacity per hour per lane. 
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RANDOM VARIATION OF THE MODEL 

Like most tour-based models, SACSIM23 
random choice sampling in its Daysim tour-based model, compounded by the precision limitations 
of its iterative computations such as equilibrium traffic network assignment.  Therefore, differences 
between scenarios should be interpreted in light of random variation, and differences between 
small selections or aggregations may need to be averaged from multiple runs before and after. 

Daysim simulates a one-day activity pattern and the resulting trips by each individual person (1).  
One set of persons is input to all of the model scenarios in this analysis.  (This set is not particular 
persons, but is a synthesis devised to be statistically similar to US Census estimates from the 
American Community Survey, published in various aggregate forms to preserve anonymity.)  

which were derived from actual parcels.  The synthesis of persons is itself an outcome of random 
sampling, but the same synthetic population is used in all SACSIM23 experimental and cross-
sectional tests in this report.  Thereby population uncertainty does not contribute to the reported 
model variability. 

As a practical solution for the vast number of personal activity and trip possibilities, Daysim 
randomly draws a single outcome for each activity and travel choice by each person, with 
probabilities determined by its various choice models, many of which are applied conditionally on 
the single outcome of other choices.  The random draw is the outcome of a Monte-Carlo procedure 
using a random number generator.  The random number generator is a deterministic algorithm 
designed to generate a series of numbers that are practically random statistically (e.g. uniform 
distribution, no self-correlations).  Daysim has among its input specifications a seed, a number that 
initiates the random sequence of a run, applied so that with any particular seed, (1) Daysim 
exactly reproduces its results from any run, on any computer, with identical inputs, and (2) the 
smaller the magnitude of changes to the inputs, the more persons reproduce their travel choice 
results.  However, when applied with a different random seed, but otherwise identical inputs, 

random outcomes from any given seed are independent of the outcomes from any other seed, 
aside from being drawn from the same probability distributions.  No Daysim results are correlated 
with the seed itself or otherwise biased in relation to the seed. 

This random application means that when comparing the results of any two SACSIM models with 
different inputs, some of the difference is random, not all is systematic due to the change of the 
inputs.  But with re-use of the random seed between scenarios, differences between scenarios are 
minimized, and may be less than random variation itself (42). 

Tables 25A through 25D summarize the resulting trips from Daysim from ten independent complete 
runs of the draft SACSIM23 model system with all the same inputs except the random seed, for 
combinations of activity, mode, and location.   
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TABLE 25A - VARIATION OF TRIP-ENDS AMONG TEN MODEL RUNS 

LOCATION: REGION 

Activity Quantity Average 
Standard 
Deviation 

Max % Difference from 
Average 

Low High 
Home Person trip-ends 6,284,033 1,486 -0.04% 0.04% 
  Vehicle trip-ends 3,844,750 1,310 -0.04% 0.06% 
  Transit trip-ends 60,498 338 -0.91% 0.76% 
  Walk+Bike trip-ends 673,281 768 -0.24% 0.14% 
Work Person trip-ends 2,159,525 2,399 -0.16% 0.14% 
  Vehicle trip-ends 1,748,707 2,082 -0.19% 0.18% 
  Transit trip-ends 26,219 221 -1.37% 1.38% 
  Walk+Bike trip-ends 258,457 556 -0.27% 0.43% 
Other Person trip-ends 10,411,521 2,830 -0.06% 0.04% 
  Vehicle trip-ends 6,107,379 3,905 -0.14% 0.10% 
  Transit trip-ends 106,603 649 -1.18% 0.72% 
  Walk+Bike trip-ends 1,281,892 1,937 -0.27% 0.19% 

 

TABLE 25B - VARIATION OF TRIP-ENDS AMONG TEN MODEL RUNS 

LOCATION: LARGEST-POPULATION RAD 19 (SOUTH SACRAMENTO) 

Activity Quantity Average 
Standard 
Deviation 

Max % Difference from 
Average 

Low High 
Home Person trip-ends 475,906 1,055 -0.33% 0.30% 
  Vehicle trip-ends 267,911 579 -0.39% 0.33% 
  Transit trip-ends 5,847 105 -3.20% 2.33% 
  Walk+Bike trip-ends 54,841 387 -1.02% 0.88% 
Work Person trip-ends 98,551 557 -0.92% 0.86% 
  Vehicle trip-ends 82,908 554 -1.05% 1.14% 
  Transit trip-ends 552 22 -4.73% 7.23% 
  Walk+Bike trip-ends 8,790 158 -2.21% 3.91% 
Other Person trip-ends 774,317 1,574 -0.39% 0.27% 
  Vehicle trip-ends 441,318 846 -0.26% 0.31% 
  Transit trip-ends 7,137 148 -2.68% 2.81% 
  Walk+Bike trip-ends 87,016 656 -1.08% 0.86% 
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TABLE 25C - VARIATION OF TRIP-ENDS AMONG TEN MODEL RUNS 

LOCATION: MEDIAN-POPULATION RAD 77 (LOOMIS) 

Activity Quantity Average 
Standard 
Deviation 

Max % Difference from 
Average 

Low High 
Home Person trip-ends 45,301 259 -1.42% 0.53% 
  Vehicle trip-ends 30,185 198 -1.34% 0.75% 
  Transit trip-ends 85 11 -24.88% 19.72% 
  Walk+Bike trip-ends 2,394 71 -3.58% 4.69% 
Work Person trip-ends 12,801 279 -3.63% 3.48% 
  Vehicle trip-ends 11,339 268 -3.76% 4.16% 
  Transit trip-ends 32 6 -25.23% 40.19% 
  Walk+Bike trip-ends 725 28 -4.72% 6.73% 
Other Person trip-ends 51,337 439 -1.17% 0.95% 
  Vehicle trip-ends 31,937 269 -1.20% 1.29% 
  Transit trip-ends 439 26 -12.57% 7.01% 
  Walk+Bike trip-ends 4,038 123 -5.58% 3.53% 

 

 

TABLE 25D - VARIATION OF TRIP-ENDS AMONG TEN MODEL RUNS 

SELECTION: SMALLEST-POPULATION RAD 4 (UNINCORPORATED NORTH NATOMAS) 

Activity Quantity Average 
Standard 
Deviation 

Max % Difference from 
Average 

Low High 
Home Person trip-ends 817 27 -3.8% 6.4% 
  Vehicle trip-ends 545 19 -4.7% 4.7% 
  Transit trip-ends 0 0 n/a n/a 
  Walk+Bike trip-ends 14 5 -50.7% 54.9% 
Work Person trip-ends 9,406 265 -2.5% 6.3% 
  Vehicle trip-ends 8,592 243 -2.7% 6.4% 
  Transit trip-ends 16 6 -38.3% 85.2% 
  Walk+Bike trip-ends 219 17 -9.7% 15.4% 
Other Person trip-ends 2,909 58 -4.3% 2.2% 
  Vehicle trip-ends 2,021 44 -4.3% 3.0% 
  Transit trip-ends 7 3 -38.5% 69.2% 
  Walk+Bike trip-ends 169 14 -11.6% 13.9% 

 

Table 26 summarizes variation of the regional total quantities that are compared by scenario in the 
Experimental Sensitivity Analysis section of this document (above).   



 SACSIM23 SENSITIVITY TESTING ANALYSIS REPORT AUGUST 2023 ST-51  

 

TABLE 26 - REGIONAL TOTALS VARIATION AMONG TEN MODEL RUNS 

Quantity Average 
Standard 
Deviation 

Max % Difference from 
Average 

Low High 
Person trips 9,427,539 1,679 -0.03% 0.03% 
Vehicle trips 5,850,418 2,801 -0.08% 0.09% 
Transit trips 96,660 540 -0.92% 0.76% 
Walk+Bike trips 1,106,814 1,441 -0.24% 0.13% 
VMT 63,820,815 28,922 -0.06% 0.09% 
CVMT 5,482,456 57,739 -1.44% 1.44% 

 

Figure 6 plots percentage variation among the ten model runs of the VMT loaded on the links in 
each RAD against their respective average VMT.  It shows both the extrema and standard 
deviations tending to diminish in percentage with larger average VMT. 
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FIGURE 6

Congested vehicle miles traveled (CVMT), that is, vehicle-miles on links when their demand 
exceeds capacity (v/c > 1), is a network performance measure of interest not only for level-of-
service, but also for air pollutant emissions including greenhouse gasses.  The traffic assignment 
model imposes limitations on the precision of this particular measure, by the all-or-nothing 
inclusion or exclusion of particular links not only between models being compared, but between 
iterations of assignment.  A its entire VMT to or 
from CVMT, even if its emissions change little.  During assignment, link volumes change somewhat 
randomly and in fluctuation from iteration to iteration; assignment normally stops when this 
fluctuation level is diminished, but practical traffic assignments cannot narrow down the fluctuation 
anywhere near computer machine numerical precision, nor with any favoritism or consistency for 
which links are included or excluded.
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Figure 7 plots the same relation for CVMT as in Figure 6 did for total VMT, showing wider overall 
variation among the ten experimental runs than total VMT, with percentage deviation likewise 
tending to diminish with larger averages.

FIGURE 7

s are each less 
than 4,600.
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