
© 2015 HDR, Inc., all rights reserved.

Understanding Cal - B/C Assumptions and 
Parameters

Cal-B/C Training Module 5



About This Module



Module 5: About This Module

This module will…
§ Provide an overview of the Cal - B/C Parameters worksheet 

§ Present the Cal - B/C Parameters worksheet design and layout 

§ Review all assumptions and parameters 

§ Discuss parameters that are specific to particular Cal - B/C tools 

§ Illustrate how parameters are used to calculate benefits



Module 5: About This Module

Previous Modules…
§ Module 1 provided a basic introduction on benefit - cost 

analysis (BCA) and a general overview of how to conduct a 
BCA 

§ Module 2 described the Cal - B/C suite of tools, discussed the 
types of projects that can be evaluated, and provided 
guidance on which tools to use for various project types 

§ Module 3 presented the Cal - B/C results page, detailed what 
each output measure means, and explained how they are 
calculated 

§ Module 4 explained how the Cal - B/C tools work and walked 
through how to use each tool
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Typical Worksheet Layout in Cal-B/C

Worksheets where data will 
be entered

§ Default 
calculations for: 
o Speeds 
o Volumes 
o Collisions 

§ Additional ramp 
and arterial 
inputs 

§ Person - trip 
verification for 
HOV/HOT 
projects

Key default 
analysis 
parameters and 
assumptions for 
all Cal - B/C tools 

§ Project Description/ 
Type of Project 

§ Highway Geometric 
and Traffic Data 

§ Highway Collision 
Data 

§ Rail and Transit Data 
§ Project Costs

Tabulates final 
Parameters, 
including: 
§ Net present 

value 
§ Internal rate of 

return 

Calculates 
No Build and 
Build Person-
Hours and 
Costs by: 

o Year 
o Facility 
o Mode

§ BCA 
Paramet
ers 

§ Itemized 
Benefits 
($) 

§ Emission 
Savings 
(Tons)

Calculates No 
Build and Build 
Collision Costs 
by: 

Calculates Highway No 
Build and Build Fuel and 
Non - Fuel Costs by: 

o Year 
o Facility

Summary 
instructions 
on how to fill 
out each data 
item in  
Cal - B/C 

o Year 
o Facility 
o Mode

Calculates 
No Build 
and Build 
Running 
and Starting 
Emissions 
and Costs: 

o Year 
o Facility 
o Mode

Module 5: Cal-B/C Parameters Overview

The PARAMETERS 
Worksheet is the 
focus of this module

• Worksheets vary by Cal - B/C tool, but this example 
from Cal - B/C Sketch is representative of the general 
structure of the tools in the Cal-B/C suite

Worksheets where Cal - B/C performs calculations and tabulates 
Parameters
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Cal-B/C Parameters Worksheet Parameters Used in Cal-B/C Suite of Tools
§ Where all the Cal - B/C economic assumptions 

and analysis parameters are located 

§ Used for all Cal - B/C tools to ensure 
consistency 

§ Cal - B/C users can adjust parameters as 
necessary to best fit their analyses 
o Wage rates are common factors to change 

o Monetary current year can be adjusted to present 
year by adjusting the economic update factor 

o Changing some factors (e.g., locomotive 
emissions) may require advanced technical 
knowledge 



Cell Color-Coding
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§ Green cells indicate required data 

§ Blue cells contain values calculated in the Parameters worksheet 

§ Gray cells contain calculations and should not be changed 

§ Red cells provide default values that can be changed if needed 

o Parameters worksheet does not have any red cells, but other worksheets 
in Cal - B/C do have them 



Layout of Parameters Worksheet (Columns A through BL)
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Highway 
operations 
(Used by Cal-
B/C Sketch to 
calculate speeds 
and travel times)

Project Types 
(Used by Cal - B/C 
Sketch to identify 
project types)

Accident Tables 
(Used by all Cal-
B/C tools to 
calculate safety 
benefits)

Active 
Transportation 
(Used by Cal - B/C 
AT to calculate 
active transportation 
benefits)

Travel Demand Tables 
(Used by Cal - B/C Sketch 
to calculate peak period 
demand; Used by Cal-
B/C AT to identify age 
cohorts, trip distance, 
and trip purpose)

Fuel Consumption 
(Used by Cal - B/C 
Sketch, Corridor, and 
PnR to calculate 
vehicle operating cost 
benefits)

General 
economic and 
unit costs 
(Used by all Cal-
B/C Tools)



Layout of Parameters Worksheet (Columns BM through EF)
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Transportation 
Management System 
(TMS) Adjustments 
(Used by Cal - B/C Sketch 
for highway and transit 
TMS projects)

Vehicle Emissions 
(Used by all Cal - B/C 
Tools to calculate 
emissions benefits)

Pavement 
Adjustments 
(Used by Cal - B/C Sketch 
for pavement projects)

Weaving 
Adjustments 
(Used by Cal - B/C Sketch 
for freeway connector, 
HOV connector, and HOV 
drop ramp projects)
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A Note About Named Cell Ranges in Microsoft Excel

§ Cal - B/C uses a Microsoft Excel feature 
called “Named Ranges” 

§ These are used in formulas to reference 
an identifiable name rather than a range 
of cells 

§ To see what cell ranges are used for a 
particular named range 
o Click to the Formulas > Name Manager icon on 

your Microsoft Excel ribbon to see a window that 
lists all the named ranges used in Cal - B/C 

o Window presents a sortable table that lists all 
named ranges in Cal - B/C along with the location 
of that named range

Microsoft 
Excel 
Named 
Range
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Parameter Description, Excel Location, and Used by Cal-B/C Tool (Slide 1 of 3)

Description of Parameter
Starts in 

Excel 
Cell

Parameter Summary Information Sketch Corridor Park and 
Ride

Active
Transportation

Intermodal
Freight

General 
Economic 
Parameters

General Economic 
Parameters B7 Year of current dollars, GDP deflator, and real discount rate to calculate benefits u u u u u

Travel Time Parameters B17 Provides average values of travel time to calculate travel time benefits u u u u u

Vehicle Operating Cost 
Parameters B34 Provides average fuel prices and taxes to calculate vehicle operating cost benefits u u u u

Accident Cost 
Parameters B59 Provides average costs per fatality, injury, property damage only; provides average highway 

collision rates to be used in collision rates not provided by user u u u u u

Highway 
Operational 
Parameters

Highway Operations 
Parameters I17 Used to calculate speeds by using BPR curves when only average daily traffic is input by user u

Active 
Transportation 
Parameters

Active Transportation 
Parameters R17 Provides various parameters for active transportation projects u

Project Types Project Types Y7 Helps Cal-B/C identify appropriate formulas and parameters in benefit calculations u

Travel Demand 
Tables

Travel Demand Tables 
(Highways) AF4 Estimate demand during peak periods from average daily traffic u

Demand Profiles (Active 
Transportation) AF45 Estimate mortality risk by age, trip distances, trip purposes for active transportation u
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Parameter Description, Excel Location, and Used by Cal-B/C Tool (Slide 2 of 3)

Description of Parameter
Starts in 

Excel 
Cell

Parameter Summary Information Sketch Corridor Park and 
Ride

Active 
Transportation

Intermodal 
Freight

Operating Cost 
Tables Fuel Consumption Rates AQ4 Calculate fuel consumption by average speed for automobiles and trucks u u u

Accident Tables

Highway Injury Severity 
Frequency AX7 Used to calculate cost of highway accidents by severity by urban/suburban/rural (See Cost of 

Highway Accidents below) u u u
# Of Fatalities, Injuries, 
Vehicles Involved, and 
Distributions

AX21 Used to calculate cost of highway accidents by severity by urban/suburban/rural (See Cost of 
Highway Accidents below) u u u

Cost Of Highway 
Accidents AX59 Used to calculate highway safety benefits u u u
Rates For Non - Highway 
Accident Events BF7 Collision rates used to calculate cost per non-highway collisions u u u
Cost Of Non - Highway 
Accident Events BF21 Unit cost per non-highway collision u u u
Cost Of Non - Highway 
Accidents BF34 Collision costs per million vehicle-miles (combination of two above tables) u u u
Highway - Rail Grade 
Crossing Incidents BF45 Collision rate and cost information u
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Parameter Description, Excel Location, and Used by Cal-B/C Tool (Slide 3 of 3)

Description of Parameter
Starts in 

Excel 
Cell

Parameter Summary Information Sketch Corridor Park and 
Ride

Active 
Transportation

Intermodal 
Freight

Emission
Tables

Emission Tables BO7 Emission rate by speed bin lookup tables (auto, truck, and bus for Year 1 and Year 20) used to 
calculate emission reduction benefits u u u u u

Health Cost Of 
Transportation Emissions CN7 Used to calculate emissions impacts on health by region and by pollutant u u u u u
Rail Transit And Freight 
Emission Factors CN23 Used to calculate rail transit and freight emissions u u u

Pavement 
Adjustment
Factors

Pavement Deterioration DA7 Used to calculate International Roughness Index (IRI) degradation by vehicle loading u

Fuel Consumption DA37 Used to calculate the improvement in average speed due to pavement IRI improvements u

Vehicle Operating Speed DH7 Used to calculate the improvement in average speed due to pavement IRI improvements u

Non-Fuel Costs DH37 Used to calculate the improvement in vehicle maintenance costs due to pavement IRI 
improvements u

Weaving 
Adjustments

Vehicle Operating Speed 
Adjustments DO7 Used to calculate speed adjustments for freeway - to - freeway connector, HOV connector, and 

HOV drop ramp projects u

TMS
Adjustments

Peak Period Speed, 
Volume, And Non-
Highway Benefits

DV7 Used to calculate speed and volume adjustments for highway TMS projects u
Transit Travel Time And 
Agency Cost Savings DV31 Used to calculate speed and volume adjustments for transit automatic vehicle location (AVL), 

transit signal prioritization, and Bus Rapid Transit (BRT) projects u



General Economic Parameters
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General Economic Parameters
Year of Current Dollars for Model 
§ Allows for a common year to evaluate all costs and benefits 
§ Current year can be changed (e.g., from 2016 to 2020) 
Economic Update Factor (Using GDP Deflator) 
§ Can update all dollar values in the Cal - B/C Parameters sheets 

automatically to another “current” year 
§ Recommend using Gross Domestic Product (GDP) deflator from 

the U.S. Office of Management and Budget (OMB) 
Real Discount Rate 
§ Used by Cal - B/C to calculate the Net Present Value (NPV) 
§ NPV is current year value of future project benefits 
§ Cal - B/C default in California is 4%. Some grant programs require 

a 7% 
§ Evaluating project using a range of discount rates (e.g., 3% to 

10%) is useful for sensitivity analysis

Sources for parameter values 
referenced to the right of parameter 
Source document(s) are listed at 
bottom of section
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Travel Time Parameters
§ Used by all Cal - B/C Tools 
Statewide Average Hourly Wage 
§ Follows USDOT guidelines for Value of Time (VOT) 

 Used to calculate VOT in the following section 
Heavy and Light Truck Drivers 
§ Trucking costs include average driver wages as inputs 
§ Also include fringe benefits and other operational costs 
Value of Time (VOT) 
§ Calculated for auto, truck, and transit modes 
§ Transit users value time accessing/waiting for transit higher than time spent in 

transit 
§ Drivers and passengers value the time spent in incident related travel higher 
§ VOT can change faster than rate of inflation due to changes in labor productivity

See formulas in blue
cells to see how VOT 

assumptions are 
applied to wages

Note: Blue shaded cells contain calculated 
values that can be overridden by user



Vehicle Operating Cost Parameters
§ Used by Cal - B/C Sketch, Corridor, Park and Ride, and 

Intermodal Freight 
Average Fuel Price 
§ Average price for a gallon of regular unleaded gasoline and 

diesel 
Sales and Fuel Taxes 
§ Federal, state, and local fuel and sale taxes 
Fuel Cost Per Gallon (Exclude Taxes) 
§ Fuel price without taxes 
Non - Fuel Cost Per Mile 
§ Cost of tires and maintenance 
Idling Speed for Op. Costs and Emissions 
§ Vehicle operating costs and emissions for time spent in queues 
§ 5 mph speed bin approximates vehicles idling 

Module 5: General Economic Parameters

Note: Blue shaded cells contain calculated 
values that can be overridden by user



Accident Cost Parameters
§ Used by all Cal - B/C Tools 
Cost of a Fatality 
§ Economic costs of a fatal event 
Cost of an Injury 
§ Economic cost due to different levels of injury 
Cost of Property Damage 
§ Economic cost when property is damaged 
Cost of Highway Accident 
§ Economic cost of a highway accident 
§ Values based on event per accident and distribution of 

accident parameters found in the Parameters worksheet 
Statewide Highway Accident Rates 
§ Accident rate per million vehicle - miles traveled. 

Module 5: General Economic Parameters

Note: Blue shaded cells contain calculated 
values that can be overridden by user



Highway Operational Parameters
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Highway Operations Parameters
§ Used by Cal-B/C Sketch (all tools use the annualization factor)
Maximum V/C Ratio 
§ Constrains the Volume to Capacity (V/C) Ratio to ensure inputs are 

reasonable and pragmatic 
§ Regional planning models predict demand, but do not constrain demand 

to roadway capacity 
Percent ADT in Peak Period 
§ Traffic volume during peak period divided by average daily traffic 
Percent ADT in Average Peak Hour 
§ Traffic volume during peak hour divided by average daily traffic 
Annualization Factor 
§ Equals 365 days with a standardized definition of a “daily” trip, but can 

be changed by user if only weekday traffic is entered (e.g., 260 days) 
Bureau of Public Roads (BPR) Parameters and Highway Capacities 
§ Parameters are used to calculate speeds and travel - times 

Bureau of Public Roads (BPR) Function

Volume

Tr
av

el-
Tim

e

Free-Flow
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Active Transportation Parameters
General Travel Activity Characteristics Parameters 
§ Equals 365 days with a standardized definition of a “daily” trip 
Vehicle Statistics 
§ Average speed and AVO used to calculate emission reductions 
Active Transportation User Characteristics 
§ Cyclist and pedestrian transportation traits 
Value of Travel Time 
§ Travel time for valued at 50% of the hourly median household income 
Journey Quality (Cycling and Walking) 
§ Journey quality is a function of cycling and pedestrian facilities 
Health (Absenteeism Reduction and Mortality Reduction) 
§ Based on research in absenteeism and mortality (e.g., % sick days 

reduced, % mortality by age cohort) 
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Project Types
§ Used in Cal - B/C Sketch 

Highway Capacity Expansion 
§ Includes general highway as well as other expansion projects 

Rail or Transit Capacity Expansion 
§ Includes passenger rail, light rail, bus, and grade crossing 

projects 

Highway Operational Improvement 
§ Includes auxiliary lanes, ramps, and various connector projects 

Transportation Management Systems (TMS) 
§ Includes ramp metering and other TMS elements 



Travel Demand Tables
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Travel Demand Tables
§ Used in Cal - B/C Sketch 

Demand For Travel In Peak Period 
§ Estimates demand during peak periods from average daily 

traffic (ADT) 

§ Example: if the total peak period is 5 hours (e.g., 2 hour AM 
peak period and 3 - hour PM peak period), Cal - B/C assumes 
that 40.3% of all daily traffic occurs during those 5 hours 

§ Cal - B/C is designed for flexibility so percentages can be 
adjusted as needed
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Travel Demand Tables (cont.)
§ Used in Cal - B/C Active Transportation 

§ Estimate mortality risk by age, trip distances, and trip 
purpose 

§ Based on Caltrans 2010 - 2012 California Household Travel 
Survey 

Age Cohorts For Mortality Risk Reduction 
Average Distance Per Active Transportation Trip 
Trip Purpose For Active Transportation Trips



Fuel Consumption Tables
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Fuel Consumption Tables
§ Used in Cal - B/C Sketch, Corridor, and Park and 

Ride 

Fuel Consumption Rates 
§ Fuel consumption is calculated by average speed 

for automobiles and trucks 

§ Note that fuel consumption is “U” shaped 
o As speed increases, fuel consumption decreases until 

the inflection speed (approximately 45 mph for 
automobiles) 

o Beyond that speed fuel consumption increases 



Accident Tables
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Accident Tables
§ Used in Cal - B/C Sketch and Corridor 

Highway Injury Severity Frequency 
§ Used to calculate frequency of highway accidents by severity 

§ Referenced by “Cost of Highway Accidents” cells (in blue) 

Number of Fatalities, Injuries, Vehicles Involved, and 
Distribution 
§ Used to calculate highway accidents by severity by 

urban/suburban/rural 

§ Referenced by “Cost of Highway Accidents” cells (in blue) 

Cost of Highway Accidents 
§ Used to calculate highway safety benefits 

§ Calculated based on data described above 
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Accident Tables (cont.)
Rates for Non - Highway Accident Events 
§ Collision rates used to calculate frequency of events (i.e., 

fatalities, injuries, and crashes) during non - highway collisions 
Cost of Non - Highway Accident Events 
§ Cost of events used to calculate safety benefits for non-

highway collisions 
Cost of Non - Highway Accidents 
§ Unit cost for non - highway collisions, which aggregates the 

rates and costs in the prior tables 
Highway - Rail Grade Crossing Incidents 
§ Collision rate and cost for grade crossing collisions 
Passing Lane Accident Reduction Factors 
§ Accident reduction factor based on ADT 



Emission Tables



Module 5: Emission Tables

Emission Tables
§ Used by all Cal-B/C Tools

Highway Emissions Factors 

§ Emission rate by speed bin (up to 70 mph) 

§ Mode: Auto, Truck, and Bus 

§ Year 1 and Year 20 

§ Used to calculate emission reduction benefits

Year 1

Year 20
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Emission Tables (cont.)
Health Cost of Transportation Emissions 

§ Used to calculate the cost of emissions on health by 
region and by pollutant 

Passenger, Light Rail, and Freight Locomotive 
Train Emission Factors 

§ Used to calculate rail transit and freight emissions 

§ Editing locomotive emissions requires advanced 
knowledge and the ability to convert emissions factors 
into parameters that can be used by Cal - B/C 



Pavement Adjustment Factors
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Pavement Adjustment Factors
§ Used in Cal-B/C Sketch

Pavement Deterioration 

§ Used to calculate International Roughness Index (IRI) degradation by 
vehicle loading 

Fuel Consumption 

§ Used to calculate the reduction in fuel consumption due to pavement 
IRI improvements 

Vehicle Operating Speed 

§ Used to calculate the improvement in average speed due to pavement 
IRI improvements 

Non - Fuel Costs 

§ Used to calculate the reduction in maintenance costs due to pavement 
IRI improvements 



Weaving Adjustments



Module 5: Weaving Adjustments

Weaving Adjustments
§ Used in Cal - B/C Sketch 

§ Used only for freeway connector, HOV connector, and HOV drop ramp projects 

Vehicle Operating Speed 

§ Used to calculate speed adjustments for freeway - to - freeway connector, HOV 
connector, and HOV drop ramp projects



TMS Adjustments
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TMS Adjustments
§ Used in Cal - B/C Sketch 

Peak Period Speed, Volume, and Non - Highway 
Benefits 
§ Used to calculate speed and volume 

adjustments for highway TMS projects 

Transit Travel Time and Agency Cost Savings 
§ Used to calculate speed and volume 

adjustments for: 

o Transit automated vehicle location (AVL) and 
scheduling 

o Transit signal prioritization 

o Bus rapid transit (BRT) 



Conclusion



Module 5: Conclusion

In this module, you learned… 
§ Details about the Parameters worksheet, including how to locate various parameters 
§ How these parameters are used to calculate BCA benefits



§ Users Guide for each tool provides documentation for the parameters 

§ Parameter Guide for all tools describes economic values and parameters 

§ User’s Guide for all Cal - B/C tools is available on the Caltrans Transportation Economics Branch website: 

https://dot.ca.gov/programs/transportation-planning/economics-data-management/transportation-economics

Cal-B/C Parameters Documentation

Parameter GuideUser’s Guide

Module 5: Conclusion

https://dot.ca.gov/programs/transportation-planning/economics-data-management/transportation-economics
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What’s Next?
§ Module 6a - f build on this module to show you how 

benefits are calculated in Cal - B/C 
§ Module 7a-f are “Quick Start” guides to get started 

immediately on project evaluations 
§ Module 8a-f show how to enter data into Cal - B/C
§ Modules 9a - f walk through example projects showing 

how to perform a BCA for the various tools 
§ Module 10 closes out the training and will summarize 

other resources to learn more about BCA
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