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To: Chelan-Douglas Regional Pathways Master Plan 

From:  Alta Planning + Design 

Date:  7/7/2025 

Re:  Task 6.4 Pathway Benefits 

 

Making the Case for Trails 
The team conducted an analysis of the benefits to society that would occur if a series of trail 
alignments were built in Chelan and Douglas Counties as part of implementing the Chelan-Douglas 
Regional Pathways Master Plan.  

Introduction 
Trails preserve natural and cultural resources, improve mobility and safety, promote health and well-
being, foster tourism, and enhance the quality of life for residents and visitors alike. For the purposes 
of this memo, the benefits highlight both the quantitative and qualitative returns that future 
implementation of the entire visionary greenway corridor can generate within the region. The trail 
alignments considered by this memorandum cover nearly 40 miles.  

The economic analysis estimated the number of bicycle and pedestrian trips that might take place on 
each of the proposed trail alignments and assessed the potential benefits that might accrue after the 
alignment was constructed. These benefits are reported in annual amounts, and also in total amounts 
over a 20-year period. The benefits are organized around the following categories: 

• Transportation: Estimates that some travel now occurring by car will in the future be by bicycle 
or walking, allowing for household savings on vehicle wear-and-tear and savings to society from 
reduced traffic levels. 

• Community Development: Number of people living within a walkable or bikeable distance of 
the trail alternative, estimated respectively at one-half and three miles as-the-crow flies.  

• Emissions: Monetary value of reductions in pollutants that impact air quality such as CO2, NOx, 
SO2, and PM2.5. 

• Public Health: Monetized health benefits of increased physical activity and reduced mortality 
from that increased physical activity. 
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• Economic Activity and Tourism Spending: monetary value of tourism drawn to the area due to 
the trail, based on comparative estimates of non-local visitor spending on goods, services and 
lodging. 

The results of this analysis are summarized in Table 1. These are annual expected benefits by alignment 
and benefit type. More information on the background of each analysis is included in the Methodology 
and Results sections below.  

Table 1. Summary of benefits expected each year by alignment, by benefit type 

Trail Alignment 
Transportation 

($2023) 

Community 
Development 
(active trips) 

Emissions 
($2023) 

Public Health 
($2023) 

Tourism 
($2023) 

Total Annual 
Benefits 
($2023) 

Malaga to Wenatchee $70,700 298,300 $16,100 $1,282,000 $829,000 $2,496,100  

Leavenworth to 

Cashmere 
$7,800 125,300 $1,800 $537,000 $4,649,000 $5,320,900  

Cashmere to  

Wenatchee 
$42,100 327,600 $9,600 $1,417,000 $4,251,000 $6,047,300 

Chelan to Manson $22,100 167,000 $5,100 $723,000 $4,098,000 $5,015,200 

Rock Island to East 

Wenatchee 
$3,300 22,200 $800 $95,000 $3,000 $124,300 

Total Annual Benefits $146,000  $940,400  $33,400  $4,054,000  $13,830,000 $19,003,800 

 

Methodology  
This economic analysis is primarily based on estimates of the number of bicycle and pedestrian trips 
that would take place on the proposed trail alignment if constructed. The analysis then reports the 
potential benefits that might accrue from those trips if the entire proposed alignment was constructed.  

Daily Estimate of Demand 
To understand the number of bicycle and pedestrian trips, the team conducted a context-sensitive 
estimate of demand.  Powerful proxy metrics for demand and mode shift potential are – respectively – 
the density and percentage of Active Trip Potential (ATP) trips, or vehicle trips shorter than three miles.  
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The team extrapolated existing counts provided by the Chelan-Douglas Transportation Council on the 
Apple Capital Loop to the proposed trails. Bicyclists and pedestrians were counted continuously, and 
then reported in 15-minute increments from January to March 2023, as well as five days in May 2023. 
These counts were seasonally adjusted using factors from the National Bicycle and Pedestrian 
Documentation Project (NBPDP).1  

The NBPDP factors generate appropriate count estimates for months outside of those counted based 
on the seasonal biking and walking patterns in areas with similar climates to Chelan and Douglas 
Counties. Within the study area, people tend to prioritize outdoor activities more in the warmer 
months, and these adjustment factors account for that increase in activity. These adjusted counts are 
then used to calculate a daily total of bicycle and pedestrian use.  

Using the average daily volumes from the counts in Table 3, bicycle and pedestrian trip counts were 
scaled and applied to mile-long segments of the proposed greenway by leveraging ATP trips to create 
adjustment factors. Replica Places’ activity-based model outputs for a typical Thursday in Spring of 
2023 were used to collect information on ATP trips. Details of Replica’s modeling approach are 
articulated in Appendix A.  

ATP trips evaluated included those that terminate within a 0.5-mile pedestrian buffer and 1.25-mile 
bicyclist buffer of a proposed greenway segment relative to the baseline number of ATP trips occurring 
within a similar 0.5-mile pedestrian buffer and 1.25-mile bicyclist buffer area around an existing 
comparable counter greenway segment. These estimated counts were then summed for all segments 
along the proposed greenway and divided by the average bicycle and pedestrian trip length from the 
2017 National Household Travel Survey to account for unique trips (2.38 miles and 0.86 miles, 
respectively).  

 
1 National Bicycle and Pedestrian Documentation Project. 2025. “Extrapolation Workbook”. Other Available Documents. 
https://bikepeddocumentation.org/downloads 
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Figure 1. Short-trips along Leavenworth to Cashmere corridor 
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Figure 2. Short-Trips along Cashmere to Wenatchee corridor 
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Figure 3. Short-Trips along Malaga to Wenatchee and Rock Island to East Wenatchee corridors 
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Figure 4. Short-trips along Chelan to Manson corridor 
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In summary, we compute the person-miles traveled based on the estimated counts on these “synthetic 
counters”, and then divide them by the average trip distances to get an estimate of unique user trips. 
The pattern of short trips along the trail corridors are shown in Figures 1-4.  

The resulting walking and biking trips estimated for each trail alignment are summarized in Table 2.  

Table 2. Estimate of Walking and Bicycling Demand 

Trail Alignment 
Corridor 
Length 

Estimated Daily 
Average of  
Bike Trips 

Estimated Daily 
Average of Pedestrian 

Trips 

Estimated Average 
Total Daily Users 

Malaga to Wenatchee 6 miles 159 258 417 

Leavenworth to 

Cashmere 
12 miles 67 88 155 

Cashmere to 

Wenatchee 
7 miles 109 296 405 

Chelan to Manson 7 miles 52 154 206 

Rock Island to East 

Wenatchee 
6 miles 18 13 31 

Of note, the existing counts included data collected over multiple years post-construction, and as such, 
it is expected that it may take multiple years post-construction for the proposed alignments to reach 
these per day estimates. 

Daily Estimates to Annual Walking and Biking 
The daily estimates were extrapolated to annual trip volumes and broken into different trip types (i.e. 
commuting or recreation, school, college, and utilitarian) using the existing travel patterns from the 
U.S. Census American Community Survey2 and data from the National Household Transportation 
Survey3, see Table 3. The annual extrapolations account for the expected number of trips per week by 
trip type (i.e. commute, school, and college trips are expected five out of seven days a week, and other 
trip types are expected to occur seven days a week). These trips are then summed over a year and 
reported in the benefits results for each alignment.  

  

 
2 U.S. Census Bureau. American Community Survey five-year summary estimates, 2018-2022. Accessed: May 30, 2025. 
3 Trip Purpose Multipliers. Travel Day Person Trips (in millions), NHTSA 2017 <https://nhts.ornl.gov/> 

https://nhts.ornl.gov/%3e
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Table 3. Trip Purpose Multiplier 

Multiplier Type Bike Walk 

Utilitarian Trip 

Multiplier 
5.33 8.77 

Social/Recreational 

Trip Multiplier 
1.68 2.18 

Transportation Savings and Emissions 
The car trips replaced by active trips (walking or biking) generate a number of benefits. For example, 
fewer cars driving on the road can result in less wear-and-tear on the roadway and less maintenance 
costs for the community over time. In addition, avoided trips reduce the emissions from combustion 
engines. A trip replacement factor is calculated to understand how many of the walking and biking 
trips are replacing vehicular trips.  

The trip replacement factor for each alignment was calculated based on a proprietary Alta model 
substitution model which uses percentages of trips less than four miles in length in the immediate area 
of the alignment. More details on this confidential model are included in Appendix B: Modal 
Substitution Rate Model Documentation.  

The calculated trip replacement factors for each alignment in this study are summarized in Table 4. The 
multipliers used to calculate benefits from reduced vehicle-miles-traveled are included in Table 5. 

Table 4. Trip Replacement Factors 

Trail Alignment 

Modeled 
proportion of 
active trips 
previously 
conducted by cars 

Malaga to Wenatchee 24.66% 

Leavenworth to Cashmere 6.44% 

Cashmere to Wenatchee 13.57% 

Chelan to Manson 14.03% 

Rock Island to East Wenatchee 14.78% 
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Table 5. Transportation and Environmental Sustainability Multipliers 

Multiplier Value (metric tons/VMT) 

Roadway Maintenance Cost Savings $0.08 per VMT4 

Particulate Matter 2.5 (PM2.5) 5 0.0000000044 

Nitrous Oxides (NOx) 6 0.0000008 

Sulfur Oxides (SO2) 7 0.00000001 

Carbon Dioxide8 0.00044 

 

Community Development 
The number of people within the walkable and bikeable areas around each alignment were reported 
for this category, as well as the number of trips estimated along the trail.  

Public Health Benefits 
More people bicycling and walking can help encourage an increase in physical activity levels, increased 
cardiovascular health, and other positive outcomes for users. The benefits from reduced mortality 
were calculated using the recommended values provided in the 2024 USDOT BCA Guidance (Table A-
13) and the national distribution of age ranges and travel patterns. These benefits were only applied to 
the estimated number of walking and biking trips induced by the project. 

Table 6 displays the multipliers that were used.  

 
4 Kitamura, R., Zhao, H., and Gubby, A. R. Development of a Pavement Maintenance Cost Allocation Model. Institute of 
Transportation Studies, University of California, Davis. https://trid.trb.org/view.aspx?id=261768 
 
5 The Safer Affordable Fuel-Efficient Vehicles Rule for MY2021-MY2026 Passenger Cars, USDOT BCA Guidance 2023, Table 
A6 and Light Trucks Preliminary Regulatory Impact Analysis (October 2018) 
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_co2_nhtsa_2127-al76_epa_pria_181016.pdf 
6 The Safer Affordable Fuel-Efficient Vehicles Rule for MY2021-MY2026 Passenger Cars, USDOT BCA Guidance 2023, Table 
A6 and Light Trucks Preliminary Regulatory Impact Analysis (October 2018) 
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_co2_nhtsa_2127-al76_epa_pria_181016.pdf 
7 The Safer Affordable Fuel-Efficient Vehicles Rule for MY2021-MY2026 Passenger Cars, USDOT BCA Guidance 2023, Table 
A6 and Light Trucks Preliminary Regulatory Impact Analysis (October 2018) 
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_co2_nhtsa_2127-al76_epa_pria_181016.pdf 
8 Technical Support Document: Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under 
Executive Order 12866. https://www.whitehouse.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf 

https://trid.trb.org/view.aspx?id=261768
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_co2_nhtsa_2127-al76_epa_pria_181016.pdf
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_co2_nhtsa_2127-al76_epa_pria_181016.pdf
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_co2_nhtsa_2127-al76_epa_pria_181016.pdf
https://www.whitehouse.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf
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Table 6. Mortality Reduction Multipliers 

Mortality Reduction Benefits of Induced Active Transportation Value 

Walking Value per Induced Trip $8.06 

Cycling Value per Induced Trips $7.18 

Walking Age Proportion (20-74 years old) 67% 

Cycling Age Proportion (20-64 years old)  54% 

Trips induced from non-active modes 89% 

 

Tourism Benefits  
The team reviewed recent analyses performed by the State of Washington as well as Chelan and 
Douglas counties to find information that could inform a benefits estimation specifically for the 
pathways in this plan. For example, according to preliminary analysis of2022 Datafy information: there 
was $8.3 million in recreation spending in Douglas County in 2022 and 71.4 million in recreation 
spending in Chelan County.9 

After reviews, the team chose to use figures from a recent economic analysis of outdoor recreation in 
the state of Washington examined the economic impacts and specific expenditures of recreation users 
by activity, even specifically walking and biking on paved or gravel trails.10  

This analysis reported that 4,389,743 participants walking on paved or gravel trails had total annual 
expenditures of $1,016,664,000. This equates to an estimate of $232 spent by each person walking on 
equipment, lodging, food and other items while conducting that activity. After implementation, visitors 
to the Chelan-Douglas trail alignments are likely to spend money on food, retail, entertainment, and 
lodging, but not equipment. The report indicates that these trip-related spending types make up 71% 
of the total, suggesting people walking on trails could be expected to spend $165 each.  

In addition, 1,127,096 participants bicycled on paved or gravel trails, spending an estimated 
$733,965,000 on equipment, lodging, food and other items while conducting that activity. This equates 
to $651 spent by each person cycling. After implementation, visitors to the Chelan-Douglas trail 
alignments are likely to spend money on food, retail, entertainment, and lodging, but not equipment. 
The report also indicates that these trip-related spending types make up 71% of the total, suggesting 
people biking on trails could be expected to spend $463 each. 

As a means of estimation, the project team used a combination of travel information from Replica 
Places, as well as relative recreational spending amounts between Chelan and Douglas counties to 
understand how many bikers and walkers of the future trails will be from out-of-town, otherwise 
known as non-local users.  

 
9 Preliminary analysis provided by local county stakeholder committee.  
10 Mojica, J. and Fletcher, A. 2020. Economic Analysis of Outdoor Recreation in Washington State, 2020 Update. Tacoma, 
WA: Earth Economics. 
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Replica Places data indicates that 17,092 people travel from outside Chelan and Douglas Counties into 
the study area on a typical Saturday in the Spring of 2023. This is 17 percent of all travelers to the 
counties during the same timeframe.  

Table 7. Replica Travel Estimates 

Replica Travel Estimate, Saturday, Spring 2023  

People traveling into Chelan or Douglas, from outside 17,092 

People traveling and ending trip in Chelan Douglas, from anywhere 100,949 

Percentage of non-local persons, all travel types 16.9% 

 

To understand the differences in tourism within Chelan and Douglas counties the team turned to 
seasonal housing density.11 Comparing the percentage of homes that are seasonal can help estimate 
the expected relative amount of tourism that occurs within the area and provides relative tourism 
differences between trail alignments. This figure was calculated using Vacancy Status of housing units 
as recorded by the U.S. Census American Community Survey five-year estimate 2022.  Each trail 
intersects several block groups, and the proportion of vacant housing that is seasonal was weighted 
proportionally to the length of trail intersecting that census block group. This resulted in the following 
seasonal housing percentages for each trail in Table 8.  

Using the Replica estimate of non-local visitors to the counties (17%) as a mid-point for non-local trail 
users, then the relative proportion of non-local trail users to each trail alignment would be as it’s listed 
in Table 8. 

  

 
11 U.S. Census Bureau, U.S. Department of Commerce. (n.d.). Vacancy Status. American Community Survey, ACS 5-Year 
Estimates Detailed Tables, Table B25004. 
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Table 8. Seasonal housing along each trail alignment, American Community Survey, five-year estimate 2022.  

Trail Alignment 
Seasonal Housing along 

each trail alignment  
Estimated Non-Local 

Proportion of Trail Users 

Malaga to Wenatchee 6.8% 2.3% 

Leavenworth to Cashmere 96.7% 32.9% 

Cashmere to Wenatchee 40.5% 13.8% 

Chelan to Manson 78.6% 26.7% 

Rock Island to East Wenatchee 0.1% 0.1% 

Finally, the project team only estimated tourism benefits for the portion of the year when the trail was 
expected to be used, from March 1 to October 31. National Bicycle and Pedestrian Documentation12 
project monthly adjustment factors were used to make this seasonal adjustment.  These figures, along 
with the estimates of non-local trail users, were used to estimate the annual tourism spending benefits 
for each alignment. 

Results 
Once the annual trips, non-local visitor percentages and non-local spending amounts were estimated, 
then specific benefit estimates in the categories of transportation, community development, 
emissions, public health and tourism were generated. The team relied on U.S. Department of 
Transportation multipliers, recent research methods, and client-driven assumptions about each trail 
alignment to estimate the following benefits. The reported benefit amounts are not discounted. 

  

 
12 https://bikepeddocumentation.org/downloads 
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Malaga to Wenatchee Alignment Estimate of Benefits 
The Malaga to Wenatchee alignment travels approximately 6 miles from the township of Malaga to 
Wenatchee on the south side of the Columbia River. This corridor is characterized by commercial and 
industrial uses at the north/west end in Wenatchee and transitions to rural residential and agriculture 
toward Malaga. The estimated demand for this alignment is one of the highest, due to a large number 
of short trips near the corridor. Many of these trips could potentially convert to active modes and use 
the trail. In total, the societal benefits from this alignment can be estimated at $2.5 million per year. 
Over a twenty-year period, this trail could provide $50.0 million in benefits to the region. 

• Transportation: Estimates that some travel now occurring by car will in the future be by bicycle 
or walking, allowing for household savings on vehicle wear-and-tear and savings to society from 
reduced traffic levels. 

o $70,700 each year. 
o $1,414,000 over 20 years.  

• Community Development: Number of people living within a walkable or bikeable distance of 
the trail alternative, estimated at one-half mile and three (3) miles as-the-crow flies, 
respectively. 

o Total walking and biking:  
 298,300 walking and biking trips each year. 
 6.0 million walking and biking trips over 20 years.  

o Walkable population: 25,900 people. 
o Bikeable population: 78,130 people. 

• Emissions: Monetary value of reductions in pollutants that impact air quality such as CO2, NOX, 
SO2, and PM2.5. 

o Annual emissions benefits of $16,100 each year.  
o $368,100 over 20 years.  

• Public Health: Monetized health benefits of increased physical activity and reduced mortality 
from that increased physical activity. 

o Health benefits of $1,282,000 each year.  
o $26.0 million over 20 years.  

• Economic Activity and Tourism Spending: monetary value of tourism drawn to the area due to 
the trail, based on comparative estimates of non-local visitor spending on goods, services and 
lodging. 

o $829,000 each year. 
o $16.6 million over 20 years.  
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Leavenworth to Cashmere Alignment Estimate of Benefits 
The Leavenworth to Cashmere alignment travels approximately 12 miles from the town of 
Leavenworth to Wenatchee. The estimated demand for this alignment is more conservative than other 
alignments in the project, due to a limited number of existing short trips along the corridor other than 
within the town areas.  

Overall, the benefits from this alignment are estimated at $5.3 million per year. Over a twenty-year 
period, this trail could provide $106 million in benefits to the region. 

• Transportation: Estimates that some travel now occurring by car will in the future be by bicycle 
or walking, allowing for household savings on vehicle wear-and-tear and savings to society from 
reduced traffic levels. 

o $7,800 each year. 
o $156,000 over 20 years.  

• Community Development: Number of people living within a walkable or bikeable distance of 
the trail alternative, estimated at one-half mile and three (3) miles as-the-crow flies, 
respectively. 

o Total walking and biking:  
 125,300 trips per year. 
 2.5 million walking and biking trips over 20 years.  

o Walkable population: 15,179 people. 
o Bikeable population: 18,845 people. 

• Emissions: Monetary value of reductions in pollutants that impact air quality such as CO2, NOX, 
SO2, and PM2.5. 

o Annual emissions benefits of $1,800 each year.  
o $36,000 over 20 years.  

• Public Health: Monetized health benefits of increased physical activity and reduced mortality 
from that increased physical activity. 

o Health benefits of $537,000 each year.  
o $10.7 million over 20 years.  

• Economic Activity and Tourism Spending: monetary value of tourism drawn to the area due to 
the trail, based on comparative estimates of non-local visitor spending on goods, services and 
lodging. 

o $4,649,000 each year. 
o $93.0 million over 20 years.  
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Cashmere to Wenatchee Alignment Estimate of Benefits 
The Cashmere to Wenatchee alignment travels approximately seven miles from the town of Cashmere 
to Wenatchee. The estimated demand for this alignment is one of the second highest, due to a large 
number of short trips that currently existing near the corridor. Overall, the benefits from this alignment 
can be estimated at $6.0 million per year. Over a twenty-year period, this trail could provide $121 
million in benefits to the region. 

• Transportation: Estimates that some travel now occurring by car will in the future be by bicycle 
or walking, allowing for household savings on vehicle wear-and-tear and savings to society from 
reduced traffic levels. 

o $42,100 each year. 
o $842,000 over 20 years.  

• Community Development: Number of people living within a walkable or bikeable distance of 
the trail alternative, estimated at one-half mile and three (3) miles as-the-crow flies – and the 
proportions of children, seniors, as well as number of households with access to one or fewer 
vehicles in those communities.  

o Total walking and biking:  
 327,600 trips per year. 
 6.6 million walking and biking trips over 20 years.  

o Walkable population: 15,000 people. 
o Bikeable population: 41,000 people. 

• Emissions: Monetary value of reductions in pollutants that impact air quality such as CO2, NOX, 
SO2, and PM2.5. 

o Annual emissions benefits of $9,600 each year.  
o $192,000 over 20 years.  

• Public Health: Monetized health benefits of increased physical activity and reduced mortality 
from that increased physical activity. 

o Health benefits of $1,417,000 each year.  
o $28.3 million over 20 years.  

• Economic Activity and Tourism Spending: monetary value of tourism drawn to the area due to 
the trail, based on comparative estimates of non-local visitor spending on goods, services and 
lodging. 

o $4,251,000 each year. 
o $85.0 million over 20 years.  
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Chelan to Manson Alignment Estimate of Benefits 
The Chelan to Manson alignment travels approximately seven miles from Manson to the city of Chelan, 
along Lake Chelan. There is a great deal of agricultural production along this corridor, with fruit tree 
exports and, more recently, vineyards being very popular land uses. The estimated demand for this 
alignment is one of the second highest, due to a large number of short trips that currently existing near 
the corridor. Overall, the benefits from this alignment can be estimated at $5.0 million per year. Over 
a twenty-year period, this trail could provide $100 million in benefits to the region. 

• Transportation: Estimates that some travel now occurring by car will in the future be by bicycle 
or walking, allowing for household savings on vehicle wear-and-tear and savings to society from 
reduced traffic levels. 

o $22,100 each year. 
o $442,000 over 20 years.  

• Community Development: Number of people living within a walkable or bikeable distance of 
the trail alternative, estimated at one-half mile and three (3) miles as-the-crow flies – and the 
proportions of children, seniors, as well as number of households with access to one or fewer 
vehicles in those communities.  

o Total walking and biking:  
 167,000 trips per year. 
 3.3 million walking and biking trips over 20 years.  

o Walkable population: 7,400 people. 
o Bikeable population: 11,600 people. 

• Emissions: Monetary value of reductions in pollutants that impact air quality such as CO2, NOX, 
SO2, and PM2.5. 

o Annual emissions benefits of $5,100 each year.  
o $102,000 over 20 years.  

• Public Health: Monetized health benefits of increased physical activity and reduced mortality 
from that increased physical activity. 

o Health benefits of $723,000 each year.  
o $14.5 million over 20 years.  

• Economic Activity and Tourism Spending: monetary value of tourism drawn to the area due to 
the trail, based on comparative estimates of non-local visitor spending on goods, services and 
lodging. 

o $4,098,000 each year. 
o $82.0 million over 20 years.  
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Rock Island to East Wenatchee Alignment Estimate of Benefits 
The Rock Island to East Wenatchee alignment travels approximately six miles from Rock Island 
community to the eastern portion of Wenatchee on the north side of the Columbia River. This section 
of trail would connect to the existing Apple Capital Loop at Hydro Park. The estimated demand for this 
alignment is the lowest, due very few short trips that currently existing near the corridor, see Figure 3. 
Overall, the benefits from this alignment can be estimated at $124,300 per year. Over a twenty-year 
period, this trail could provide $2.5 million in benefits to the region. 

• Transportation: Estimates that some travel now occurring by car will in the future be by bicycle 
or walking, allowing for household savings on vehicle wear-and-tear and savings to society from 
reduced traffic levels. 

o $3,300 each year. 
o $66,000 over 20 years.  

• Community Development: Number of people living within a walkable or bikeable distance of 
the trail alternative, estimated at one-half mile and three (3) miles as-the-crow flies – and the 
proportions of children, seniors, as well as number of households with access to one or fewer 
vehicles in those communities.  

o Total walking and biking:  
 22,200 trips per year. 
 444,000 walking and biking trips over 20 years.  

o Walkable population: 13,400 people. 
o Bikeable population: 34,000 people. 

• Emissions: Monetary value of reductions in pollutants that impact air quality such as CO2, NOX, 
SO2, and PM2.5. 

o Annual emissions benefits of $800 each year.  
o $16,000 over 20 years.  

• Public Health: Monetized health benefits of increased physical activity and reduced mortality 
from that increased physical activity. 

o Health benefits of $95,000 each year.  
o $1.9 million over 20 years.  

• Economic Activity and Tourism Spending: monetary value of tourism drawn to the area due to 
the trail, based on comparative estimates of non-local visitor spending on goods, services and 
lodging. 

o $3,000 each year. 
o $124,300 over 20 years.  
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Study Limitations  
The primary purpose of the analysis is to enable a more informed policy discussion on the benefits of 
investing in the proposed trail alignments in Chelan and Douglas counties. The team would note that 
the estimated demand in this study is likely conservative, as it is based on the context of existing short-
trips surrounding each trail alignment (and not fully accounting for people traveling to the area to 
recreate). For some recreational areas, we would expect a larger estimate of use for social or 
recreational trips as connections to the trail are further developed. Even with extensive primary and 
secondary research incorporated into the impact analysis model, it is impossible to accurately predict 
the exact impacts of various factors. Accordingly, all estimated benefit values are rounded and should 
be considered order of magnitude estimates, rather than exact amounts. 
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replica methodology

0. About Replica

Replica is a data platform for the built environment. By combining powerful data insights with an
uncompromising approach to privacy, Replica provides a holistic view into the ways mobility, land
use, and economic activity intersect. Our approach to delivering insights to our customers is
rooted in using a composite of data sources to do advanced modeling and simulation of activity
across time and space.

I. Executive Summary

At Replica, we understand that data is only valuable when you can trust it to inform analysis and
decision-making. To that end, this document outlines data sources, data processing methods, and
data outputs for Replica Places, Trends, and Scenario, to help our customers1 evaluate the quality
and accuracy of our models, and assess data privacy implications.

Replica Places are high-fidelity activity-based travel models2 that simulate the movements of
residents, visitors, and commercial vehicles in a given area. Replica produces Places models as
“megaregions,” most of which cover between 10 and 50 million people and multiple states, for a
typical weekday and typical weekend day in a given season. Data outputs can be queried down
to the network link level.

Replica Trends is a nationwide activity-based model updated each week with near-real-time data
on mobility, consumer spending, and land use. Trends has census-tract-level fidelity with mobility
data including origins and destinations, trip mode, and residential vehicle miles traveled (VMT),
and total consumer spending data across a number of sub-categories, including retail, grocery
stores, restaurants, and travel.

Replica Scenario is the first tool that allows anyone working with the built environment to easily
forecast travel activities anywhere in the country. With Scenario, public agencies and their
consultants can obtain high-quality, detailed data projections of future conditions based on
expected changes to the population, land use, and transportation infrastructure.

2 Activity-based models are transportation models in which travel demand is derived from people's daily
activity patterns. Activity-based models represent which activities are conducted when, where, for how
long, for and with whom, and the travel choices they will make to complete them.

1 Replica has served over 100 clients throughout the U.S., including Caltrans (the California Department
of Transportation [DOT]), the Metropolitan Transportation Authority in New York, the NY State Division of
the Budget, the Illinois DOT, NJ TRANSIT, and the Office of the Chief Technology Officer (OCTO) in
Washington, D.C.
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Replica generates its data by running large-scale, computationally intensive simulations. These
simulations allow us to deliver granular data outputs that match behavior in aggregate, but don’t
surface the actual movements (or compromise the privacy) of any one individual.

Rather than simply cleansing, normalizing, and scaling individual data sources, Replica uses a
composite of data sources to:

(1) Create a synthetic population that matches the characteristics of a given region

(2) Train a number of behavior models specific to that region

(3) Run simulations of those behavior models applied to the synthetic population in order to
create a “replica” of transportation and economic patterns

(4) Calibrate the outputs of the model against observed “ground-truth” to improve quality

In our data outputs, origin-destination pairs are consistent with human activities. Population
demographics are accurate and correlate with appropriate movement. Recurring activities are
coherent over time and capture a pattern of life. Routing between locations is consistent with
local road networks and transportation options, and the scale of population and number of trips is
appropriate for a given geographic extent.

In the following document, we outline our sources, methodology, and outputs, as well as detail
regarding our uncompromising approach to protecting individual privacy.

II. Source Data

Replica builds its simulations using a diverse set of third-party data from public and private-sector
sources. These sources include five categories of data:

Mobile location data: To create a representative sample of daily movement patterns within a
place, Replica uses multiple types of mobile location data as inputs to our model – location-based
services (LBS) data collected from personal mobile devices; vehicle in-dash GPS data; and
point-of-interest aggregates. Previous versions of Replica’s model also included cellular networks
data as another source of mobile location data. Replica only acquires de-identified mobile
location data.

Consumer / resident data: Demographic data from public and private sources provides the basis
for determining where people live and work, and the characteristics of the population, such as
age, race, income, and employment status.

Built environment data: Land use data (such as zoning regulations), building data (such as total
square footage and use types), and transportation network data (such as road and transit
networks) are used to determine where people live, work, and shop, and by what means it is
possible to travel to each activity.

Economic activity data: Includes all transactions, including credit card, debit card, and cash
transactions, that take place at a point of sale. With this input, Replica depicts the level and types
of spending that occurred at a particular time and place.
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Ground truth data: Ground truth data is used to calibrate and improve the overall accuracy of
Replica outputs. The types of ground truth collected by Replica include auto and freight volumes,
transit ridership, and bike and pedestrian counts. Ground truth is both acquired directly by
Replica and provided by customers.

Each of Replica’s data processing pipelines leverages a composite of these diverse data sets.
This process minimizes the risk of sampling bias that exists in any single source on its own. For
example, a product that relies more heavily on data from personal mobile devices risks failing to
adequately simulate the portions of the population that do not have mobile devices or those who
opt out of device tracking technologies. Our composite approach also creates resiliency against
data quality issues and protects against disruptions of individual data sources.

III. Replica Places Overview

Replica Places simulations reflect the complete activities and movements of residents, visitors,
and commercial vehicle fleets in a region and season on a typical day. Places are delivered as
megaregions, most of which cover between 10 and 50 million residents and multiple states,
enabling the entire contiguous United States and Hawaii to be produced in a small number of
megaregions.

The output of each simulation is a complete, disaggregate trip and population table for an
average weekday and average weekend day in the subject season (e.g., Fall 2021). The model
represents a 24-hour period with second-by-second temporal resolution, and
point-of-interest-level spatial resolution. Each row of data in the simulation output reflects a single
trip, with characteristics about both the trip (e.g, origin, destination, mode, purpose, routing,
duration) and trip taker (e.g., age, race/ethnicity, income, home location, work location).

Each completed model also includes an associated quality report, which compares the outputs of
the simulation to ground truth data, enabling customers to compare Replica’s modeled outputs
with observed counts.

Replica updates Places models annually.

IV. Replica Places Methodology

Replica’s process to generate its Places simulations is best described in four steps:

Step 1: Create Synthetic Population. Each year, Replica generates a nationwide synthetic
population, statistically equivalent to the actual population, for the entirety of the United States.
Replica creates a synthetic population in order to overcome the limitations of census data, which
is only provided at the aggregate level. Synthetic populations allow Replica to assign attributes to
individuals and households while protecting privacy and preserving spatial fidelity.

The synthetic population is generated using census and consumer marketing data. Replica
applies data science techniques to this data that allow for: (1) modeling the dependencies in
socio-demographic parameters and structure of the households, and (2) generating individual
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households that match census information at the required level of aggregation, such as block
groups or tracts.

Each synthetic household consists of people with an assigned set of attributes: age, sex, race,
ethnicity, employment status, household income, vehicle ownership status, and resident or visitor
status. Workplace locations for all employed individuals are assigned based on the combination
of mobile location data aggregates and census information. These assignments are static in each
seasonal model, but can and do change across seasons.

To begin each specific Places deployment, the population relevant for the specific megaregion
and season is extracted from the nationwide population.

Step 2: Create Mobility Model. Modern machine learning techniques are then used to develop
travel personas. Personas are based on the composite of mobile location data for the
megaregion and specific season. Personas are an extraction of behavioral patterns from
individual devices that live in, work in, travel to, travel from, or pass through a specific region
during the modeled season. Each persona is composed of three underlying behavioral-choice
models: activity planning and sequencing (e.g., at home -> drive to work -> at work -> drive to
shop -> at shop -> drive to home), destination location choice (i.e., the exact location people are
traveling to and from), and travel mode (i.e., the chosen mode).

Replica’s mobile-location data represents anywhere from 5% to 20% of a local population. Replica
intentionally only acquires what data is necessary to build statistically representative models,
another tenet of balancing model fidelity with user privacy.

Step 3: Generate Activity. To simulate activity, the outputs from Step 1 and Step 2 are joined.
Each synthetic household is assigned one or more personas using home and work locations as a
primary input, enhanced with matching by available socio-demographic attributes and by the role
of the person in a household. In effect, with travel behavior models assigned, each synthetic
person can now make choices about when, where, and how to travel.

Replica uses three models to assign movements to the individuals in the synthetic population.
The activity sequence model determines the activities of a person’s day, including recurring
activities (e.g., travel to work, school drop off), and one-time activities (e.g., shopping, visiting a
restaurant, social visit to a friend’s residence). The location choice model determines the specific
location of each discretionary activity (e.g., what restaurant is chosen for lunch, where grocery
shopping gets done), assigning a location at the point-of-interest level. The mode choice model
determines how the trip will be made based on the state of the transportation network,
accounting for available transit options and multiple driving routes.

Movement is then simulated with an agent-based approach that accounts for congestion and
other interactions between individual travel itineraries.

Step 4: Calibrate. After each individual simulation is run, the modeled outputs are compared to
aggregate control group data (i.e., observed counts, or “ground truth”) for quality and reporting
purposes. This calibration process involves solving a set of large-scale optimization problems
with an objective function defined as “fit to observed ground truth.” We strike a careful balance to
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ensure that the calibration algorithms do not overfit the modeled outputs to the calibration data,
as both outliers and a certain level of noise are often present in every dataset.

To complete this iterative calibration process, Replica always holds out some of its own ground
truth data from the initial mobility simulation. Replica can also incorporate additional ground truth
provided by its customers for additional quality enhancement.

As noted earlier, when a completed model is published, customers also have access to an
associated quality report.

V. Replica Places Data Outputs

Each simulation results in a complete trip, population, and routing table.

Population Attributes: Each trip is associated with a specific person in the simulation, for whom
the following characteristics are available:

● Age

● Sex

● Race and ethnicity

● Primary language

● Employment status

● Industry of employment

● Home location
● Work location
● Individual and household income

● Work-from-home status
● Vehicle ownership status

● Resident or visitor status

See full list of attributes available here.

Trip Attributes: Each trip is assigned the following attributes:

● Origin and destination points

● Origin and destination points by land
use category

● Trip distance

● Trip duration

● Start and end time

● Complete routing information for
each trip (network links and transit
routes)

See full list of attributes available here.

● Trip mode, including private auto
driver, private auto passenger, public
transit, walking, biking, freight, and
transportation network companies
(TNCs)

● Trip purpose, including home, work,
errands, eat, social, shop, recreation,
commercial, and school

Location Detail: Replica models to specific real-world locations and points of interest (e.g., a
specific office building, the Starbucks at a certain address) — trips are modeled from individual
building footprint to individual building footprint, rather than zone to zone. We update our
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nationwide catalog of points of interest monthly, and we use the applicable set of locations for
each simulation.

VI. Replica Trends Overview, Methodology, and Outputs

Replica produces its Trends dataset on a weekly basis, providing near-real-time insight into
mobility and spending patterns.

The output of Trends is a series of data points for each census tract in the country, delivered
weekly. Trends includes data from the start of 2019 and onwards, enabling year-over-year
comparisons.

Mobility Data

● Complete hourly nationwide OD table, representing an average day in the prior week (link)

● Mode Split (including auto, transit, walking, and biking) (link)

● Residential Vehicle Miles Traveled (link)

Economic Data

● Total dollars of Consumer Spend by all residents of each census tract, and at all merchants in
each census tract, across the below categories. Learn more about weekly spend by home
location and weekly spend by merchant location.

○ Retail
○ Grocery Stores
○ Gas Stations, Parking, Taxis, Tolls
○ Restaurants & Bars
○ Airline, Hospitality, & Car Rental
○ Entertainment & Recreation

● Breakdown of on- and off-line spend for certain categories
● Spend county-to-county flows by merchant location and resident location, broken down by

sector (link)

Additional Data

● Summary Demographic and Household Data
● Land Use Data

In order to produce these outputs, Replica runs a modified version of its Places pipeline on a daily
basis. The Trends pipeline leverages the same synthetic population and travel personas as
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described in the Places methodology above. However, there are three primary differences in the
data processing pipeline:

● First, because the pipeline is run for the entire country on a daily basis, limitations in
computing power mean that trip mode is modeled with a modified router that does not
provide network link or transit line-level detail.

● Second, because weekly deliveries make it impossible to receive ground-truth data from
customers for calibration, Trends outputs are calibrated internally from different sources
(e.g., comparing mobile location data to in-vehicle GPS data). We also compare our Trends
data to previously released, calibrated Places models.

● Third, Trends does not currently model visitor or freight trips. We plan to add these trip
estimates in a future update.

In effect, these differences in the pipeline reflect a trade-off of granularity and detail for speed of
delivery, in order to maintain consistent quality. To that end, Trends data is best used for
monitoring changes over time, and Places data is best used for in-depth point-in-time analysis
that may benefit from the ability to do cross-tabular filtering and individual trip analysis.

VII. Replica Scenario Overview, Methodology, and Outputs

Scenario is an extension of our core Places modeling pipeline, updated to be able to accept new
input data representing growth and/or investment scenarios. We currently accept changes to
population, employment, work from home rates, and roadway networks to model associated
impacts on travel behavior and the broader transportation network.

Our travel synthesis pipeline in Scenario leverages the activity sequence model, location choice
model, and mode choice model from our Places modeling pipeline, with certain changes,
including to traffic and transit assignment. For traffic assignment, we adopt an approach where
we estimate the true physical capacity of road segments, replicating the traditional speed/flow
approach (based on the Highway Capacity Manual) for every major road in the country that
reaches capacity in the data that we have. We then use these physical capacities to constrain the
number of trips that can be routed along each road option. When a road is at capacity,
subsequent travelers will take an alternate route or adjust their departure time to accommodate.

For transit assignment in Scenario, we model forecasted line-level totals based off of a Base Year
run, which has detailed trip information associating origin and destination geographies with
specific transit services. We start with each tract-level origin/destination pair, and scale the
number of Base Year trips that traveled on each transit line, using a weighted average of
population and employment changes in the origin and destination tract. Then, we sum the totals
across all origin/destination pairs to get updated line-level ridership estimates. This allows our
model to be responsive to local changes in population and employment forecasts with high
granularity.
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The outputs of Scenario include the following data:
● New population, employment, and home-work distribution
● Travel behaviors (origins, destinations, mode choice, trip distances, etc.)
● Road volumes and transit line ridership
● Locations where travel demand exceeds road capacity

VIII. Complementary Datasets

In addition to the core Places, Trends, and Scenario datasets, Replica makes additional,
complementary datasets available to its customers. These include:

● Nationwide synthetic population (link)

● Nationwide parcel-level land use data, including both parcel area and building area data
(link)

● Nationwide Annual Average Daily Traffic (AADT) data (link)

● Nationwide Annual Free-Flow Speeds data (link)

● Nationwide Quarter-Hourly Speed Profiles (link)

● Nationwide Turning Movement Count (TMC) data (link)

IX. Applications

Our applications provide end-to-end solutions for extracting insights from Replica data,
accelerating analyses and facilitating quick access to answers. Complementing our core datasets,
including Places, Trends, and Scenarios, these applications are tailored to meet the diverse
needs of our customers. These include:

● Transit Demand & Equity Application (link)

● TMC Explorer (link)

● Safe Streets Planner (link)

● Network Speeds Viewer (link)

● Network Link Volumes (link)

● AADT Explorer (link)
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X. Approach to Privacy

The approach outlined here reflects Replica’s uncompromising belief that better insights should
not come at the expense of personal privacy. Our methodological approach enables us to
provide highly granular output data while remaining faithful to a series of privacy-first technical
commitments. At Replica, we:

● Only procure de-identified data from our source vendors. We never receive, use, or
output personally identifiable information.

● Never share raw locational data with our customers — or any other third-parties.

● Build models from different data sources independently so that we abstract out potentially
identifying details of any individual before combining these models into our aggregate
outputs.

● Never join data sources on keys containing sensitive data.

● Incorporate proven techniques, like statistical noise injection, into our algorithms to
ensure that (1) it is impossible to ascertain if an individual’s information is part of our
source data by inspecting our modeled outputs; (2) it is impossible to learn which specific
locations were visited by an individual whose information was part of our source data by
inspecting our modeled outputs.

Simply put, Replica’s methodology results in outputs that make it impossible to track or identify
the movements of any individual.

If you have any questions about Replica’s products or methodology, please contact
support@replicahq.com.
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MEMORANDUM – Confidential Business Information (CBI) 

Alta Planning + Design, Inc.  1

To:  BCA Reviewers 

From: Grace Young, Rohan Oprisko, Mike Sellinger, and David Wasserman, Alta Planning + Design 

Date: April 1, 2022 

Re: Modal Shift Model Notes 

Modal Substitution Rates: Introduction 
Modal substitution rates refer to the percentage of users of a facility who substituted one mode for another (Volker et al. 
2019). These rates are often determined from survey instruments asking about alternative modes. When users substitute a 
carbon-free mode like biking for a carbon-intensive mode like driving, there is an associated emissions savings, proportional 
to the length of the trip. The following model provides a means for estimating the percentage of future facility users that 
will substitute a carbon-free mode in place of driving. This serves as a crucial step in identifying reductions in vehicle miles 
traveled and the emissions-saving benefits of the proposed facility. 

Methodology 
A series of univariate regression models were tested on peer-reviewed auto-to-bike substitution rates for projects in 10 
cities around the United States. Six variables were collected at the city level and tested as inputs in a univariate regression 
model predicting the modal shift factor using an ordinary least squares regression from the statsmodels Python library.

For more details on calculating this rate for your project, contact Alta Planning + Design at altago.com

CBI Rationale 
These regression equations are the result of internal R&D at Alta and represent a data-driven approach to identifying 
realistic modal substitution rates given contextual information about a project area. Disclosure  of these models before 
they can be further published in peer review research represents a disincentive for firms to advance research and 
development to advance context sensitive practice. This research was based on Alta Planning + Designs proprietary know-
how and understanding of active transportation research and available data resources to inform them.  
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