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Appendix B: Technical Analysis Documentation 
Introduction 
The Thornton Transportation & Mobility Master Plan (TMMP) used the Denver Regional Council of 
Governments (DRCOG) travel model, Focus, as the tool to evaluate potential future transportation 
scenarios. The purpose of the modeling documentation is to outline and explain the changes made to 
the Focus model, the process followed to obtain results, and any assumptions made.  

Focus Model 
Fehr & Peers used the Focus model as the tool to analyze various transportation investments for the 
Thornton TMMP. The Focus model is a regional travel demand model used to help with the forecast of 
future travel patterns in the Denver region. This model is an activity-based model and consists of four 
key steps:  

• Trip generation: estimate number of trips that start and end across the region 
• Trip distribution: identify where these trips go  
• Mode choice: identify the mode taken for each trip 
• Trip assignment: assign the route these trips take 

The Focus model works in TransCAD, a travel demand modeling software. This plan has 2030 and 2050 
horizon years; therefore, DRCOG provided the Travel Model for years 2020 (base year), 2030, and 2050.  

Review 2020 Base Year 
Before using the Focus model to analyze transportation investments in Thornton, Fehr & Peers and the 
city of Thornton staff reviewed and made appropriate revisions to the number of roadway lanes in the 
2020 base year highway network received from DRCOG. The Thornton TMMP used this modified version 
as the 2020 Base Year. No modification to the facility types were made. Table B.1 shows the list of 
changes needed for the 2020 highway network and Figure B.1 and Figure B.2 shows the number of lanes 
for both 2020 highway networks: (1) original (from DRCOG) and (2) modified.  

The City of Thornton also provided several traffic counts from previous years to validate the 2020 base 
year. Using these counts and a general visual inspection of congestion patterns, the model was found to 
reasonably represent existing conditions. Fehr & Peers used the results of the modified 2020 baseline to 
compare future horizon years.  
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Table B.1. Changes to 2020 Highway Network 

Roadway 
  

Between Change in Number of 
Lanes Comments 

Start Stop From To   
Colorado Blvd  
(New Alignment) 156th Ave CO 7 1 0 Not built yet 
Colorado Blvd 
(Existing) 156th Ave 168th Ave  

(Weld Co 2) 2 1   

156th Avenue Colorado Blvd 
(existing) Colorado Blvd (new) 2 1   

York St 152nd Ave 152nd Parkway 2 1   
York St 124th Ave 144th Ave 2 1   
York St Thornton Pkwy 100th Ave 1 2   
Holly St 112th Ave 144th Ave 1 2   
McKay Rd 100th Ave 112th Ave 2 1   
Yosemite St Ehler Pkwy CO 7 1 2   

I-25 US 36 E-470   
3 GP + 1 
managed lane 
pe direction 

98th Ave Grant St Corona St 1 2   

152nd Ave RTD RR RTD RR 1 0 152nd does not 
yet cross tracks 
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Figure B.1.Original 2020 Base Year Highway Network. 
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Figure B.2. Modified.2020 Base Year Highway Network. 
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Scenario Descriptions and Modeling Approach 
To determine the optimum level of investment in different transportation modes, the Thornton TMMP 
project team first developed two contrasting scenarios that intentionally represented extreme levels of 
transportation investments. One scenario represented a high investment in roadway infrastructure 
(Scenario A) and the other scenario represented a high investment in transit (Scenario B). The City used 
the results of these scenarios to reach a more optimum third scenario, Scenario C, that includes 
components from both scenarios.  

Scenario A  
Scenario A consists of nearly all arterials converted to six-lane with new interchanges at I-25 / 128th 
Avenue and US-85 / 136th Avenue. Adding the two interchanges required reviewing other similar 
interchanges along I-25 and US-85 to follow the same style as other interchanges along these corridors. 
For example, US-85 is represented in the Focus model as a bi-directional link but at the interchange 
locations, two separate links represent the northbound and southbound direction. The same style was 
followed for the US-85 / 136th Avenue interchange. The transit network was similar to the original 
received from DRCOG which included the N Line extended to just 124th Avenue, a Bus Rapid Transit 
along CO 7 (which was widened to six general purpose lanes), and several bus routes connecting to the 
new N Line stations.  

Scenario B 
Scenario B has a heavier focus on transit investment. In this scenario, the project team included the 
completion of the N Line to CO 7 as planned in the voter-approved Fastracks rail-expansion program. 
The extension of the N Line required adding the RTD stations at York/144th Avenue and 
North Thornton/CO 7 and modifying the Park-n-Ride file to identify the end of line stations and other 
relevant attributes. Additionally, bus transit service would operate on all arterial roadways in Thornton 
and frequencies of many existing routes would be improved. Although Scenario B includes service 
improvements throughout the city, no bus routes/stops or service frequencies were modified. The 
Mode Share section of this document provides a description of the approach taken for Scenario B. 
Improvements to the roadway system were minimal.  

Scenario C 
Scenario C has components from both Scenario A and Scenario B. The key elements from each scenario 
include:  

• Two new freeway interchanges: I-25/128th Avenue and US-85/136th Avenue 
• N-line commuter rail extended to CO 7 
• Heavy transit investment throughout the City 

Scenario C is based on edits to the Scenario B highway and transit model networks including adding the 
two interchanges, adding/removing lanes to various roadways, and keeping the N Line extension to CO 
7. Since Scenario C has the same transit investment levels as Scenario B, Fehr & Peers followed the same 
methodology explained in the Mode Share section. 

Performance Metrics 
Performance metrics describe the transportation network at a snapshot in time and inform the selection 
of a more optimum scenario. They also provide the city with a monitoring table to track the 
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implementation of the TMMP over time. The following performance metrics were estimated for all 
three scenarios and described in detail in the subsections below:  

• Mode share 
• Volume-to-Capacity (V/C) ratios 
• Local travel times 
• Regional travel times 
• Vehicle Miles Travelled (VMT) per household 

Mode Share 
The mode share for Thornton was evaluated using two criteria:  

• Daily mode share for all trip purposes (work, shopping, school, etc.) 
• AM peak hour work trips 

The Focus model generates the StopsData file that includes information about all the trips in the DRCOG 
region (purpose, mode, time of day, etc.). From this file, all the records that have their origin or 
destination in Thornton were extracted and summarized based on the number of records for each 
mode. Figure B.3 shows the Traffic Analysis Zones (TAZs) in Thornton used in this analysis. TAZs are 
geographic units representing areas with common characteristics. TAZ boundaries often relate to 
roadways.  

Fehr & Peers estimated the mode split by adding the total number of records for a mode divided by the 
total number of records. The Focus model has eight modes in this file that were aggregated as follows: 

• Drive alone: drive alone 
• Carpool: share ride 2 people, share ride 3+ people, and school bus 
• Transit: drive to transit and walk to transit 
• Walk: walk 
• Bike: bike 

Generally, regional models are better suited to evaluate roadway-related performance and not transit-
related or active transportation-related performance. This is because the preponderance of trip making 
is made in private vehicles and more model calibration and validation data are available for these 
modes.  

Fehr & Peers reviewed the AM peak hour work trip transit mode share against the US Census Bureau’s 
commuting mode share from the 5-year American Community Survey (ACS) (2015-2019). It was found 
that the Focus model results were similar to the ACS data with the model predicting 3.3% of commute 
trips using transit compared to the ACS estimate of 3.4%. This strong performance under existing 
conditions gave us confidence that the Scenario A transit mode shares would be reasonable from the 
Focus model, since under that scenario, future transit service would be similar in nature to existing 
transit service. 
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Figure B.3. Thornton TAZs for Mode Share Analysis. 
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While the existing Focus model showed strong validation to transit mode share, our experience with 
large regional travel models shows that outlying suburban mode share results often are not responsive 
to changes in the transit network coding. Given the time it takes to code and run the Focus model,  
instead of using the laborious method of adding bus routes and stops on all the arterial roadways in 
Thornton, Fehr & Peers modeled Scenario B using a different approach, with steps outlined below.  

• Step 1: Extend the N-Line to CO 7 and add two additional stations (at 144th Avenue and CO 7) in 
the 2050 Focus model. 

• Step 2: Find a peer community that currently has a level of transit service similar to Thornton’s 
transit vision. Fehr & Peers determined that Aurora, west of E-470 and south of I-70, is a good 
peer community because it has transit on every major arterial, some high frequency transit 
routes, and centrally located rail line similar to what is envisioned for Thornton.  

• Step 3: Obtain the 2020 mode share for Aurora from the Focus model using the same 
methodology previously outlined for Thornton.  

• Step 4: Compare the Thornton and Aurora transit mode share in the 2020 Baseline using the 
Focus model with Census data. This involved comparing the journey to work transit mode share 
from the most recent five-year ACS for Thornton with the all-day work trips transit mode share 
in the Focus model. As noted earlier, this comparison indicates that the mode share estimates 
from the Focus model are similar to the ACS mode share for Thornton, but also for Aurora. Table 
B.2 shows the ACS and DRCOG all-day work trip transit mode share for both Thornton and 
Aurora. 

Table B.2. 2019 ACS and 2020 DRCOG Transit Mode Shares 

 Thornton Aurora 
2019 ACS 3.4% 5.6% 
2020 DRCOG 3.3% 5.0% 

 
Given that the 2019 ACS and 2020 DRCOG transit mode shares are similar, Fehr & Peers did not 
conduct further model calibration of the transit component of the model.  

• Step 5: The mode shares reported for the TMMP include all-day all trip and AM peak hour work 
trips. Fehr & Peers developed a factor to increase the transit mode share and reduce all other 
modes. Fehr & Peers conducted the following: 

o Obtain all-day all trips transit mode share for Thornton and Aurora, shown in Table B.3 
o Since the future transit vision for Thornton is similar to Aurora’s existing level of transit 

service, the factor to adjust the transit mode share is the Aurora daily transit mode 
share divided by the Thornton daily transit mode share, which equals 1.95, as shown in 
Table B.3 

o Apply this factor to Scenario B transit mode share for both all-day all trip and AM peak 
work trip mode shares 

o Proportionally adjust all other mode shares to add to 100% 

Table B.3 shows the mode share adjustment process and final mode share for all-day all trips. Fehr & 
Peers used the same factor (1.95) to adjust the AM peak hour work trips mode share.  
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Table B.3. Mode Share Adjustment Process. 

2020 Baseline Daily Transit Mode Shares 
Aurora 2.3% 

Thornton 1.2% 
Factor 1.95 

Scenario B – Thornton Daily Mode Shares from Model 
Drive Alone 45.0% 
Shared Ride 48.4% 

Transit  1.7% 
Walk 3.6% 
Bike 1.3% 

Scenario B – Final Thornton Daily Mode Shares  
Drive Alone 44.2% 
Shared Ride 47.6% 

Transit  3.4% 
Walk 3.5% 
Bike 1.3% 

The final daily and AM peak hour mode shares for all scenarios are shown in Table B.4 and Table B.5.  

Table B.4. Daily Mode Share for All Trips for All Scenarios. 

 Existing Scenario A Scenario B Scenario C 
Drive Alone 43% 45% 44% 44% 
Carpool 51% 48% 48% 48% 
Transit 1% 2% 3% 3% 
Walk 4% 4% 4% 4% 
Bike 1% 1% 1% 1% 

 

Table B.5. AM Peak Hour Work Trips Mode Share for All Scenarios. 

 Existing Scenario A Scenario B Scenario C 
Drive Alone 84% 83% 78% 78% 
Carpool 10% 10% 9% 9% 
Transit 4% 5% 11% 11% 
Walk 1% 1% 1% 1% 
Bike 1% 1% 1% 1% 

 

AM Peak Hour V/C Ratios 
A commonly used performance measure to estimate the level of congestion on a roadway is the 
volume-to-capacity (v/c) ratios on a roadway. If a roadway is approaching capacity, the roadway is likely 
experiencing high congestion. The Focus model reports the v/c ratios for all the roadways represented in 
the model for various hours of the day. For the Thornton TMMP, the 2020 AM and PM peak hours were 
compared visually to determine which hour has more congestion in Thornton. Fehr & Peers determined 
that the AM peak hour was the most congested, and therefore the AM peak hour was reported for all 
scenarios.  
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The 2020 baseline and Scenario A used the v/c ratios as reported from the roadway changes made in the 
Focus model. However, Scenario B and Scenario C needed further adjustment because the mode share 
for transit was increased and the mode share for all other modes was decreased to reflect the additional 
transit service throughout the city. To reflect the benefits of higher transit usage on the roadway 
conditions, Fehr & Peers adjusted the vehicle origin and destination tables. This adjustment involved 
determining the adjustment factor to decrease the vehicle trips coming out and going into Thornton’s 
TAZs. The adjustment factor is the adjusted Thornton mode share divided by the original Thornton 
mode share. Table B.6 shows the calculations for Scenario B and Scenario C.  

Table B.6. Adjustment Factor Process for Scenario B and Scenario C.  

Scenario B 
Mode Original Mode Share Adjusted Mode Share Adjustment Factor 
Drive Alone 45.0% 44.2% 0.983355 
Carpool 48.4% 47.6% 0.983355 
Scenario C 
Mode Original Mode Share Adjusted Mode Share Adjustment Factor 
Drive Alone 45.2% 44.4% 0.983394 
Carpool 48.3% 47.5% 0.983394 

 

Fehr & Peers applied these adjustment factors to the trips by drive alone, shared ride with 2 people, and 
share ride with 3+ people that have their origins or destinations in a Thornton TAZ (Figure B.3 shows the 
TAZs identified as Thornton). After applying these adjustment factors, Fehr & Peers executed the 
assignment step of the model. This step involves assigning the vehicle trips in the region to the highway 
network; because the vehicle trips from Scenario B and Scenario C were reduced to account for the 
additional transit availability, these reduced trips were assigned to the network by only executing the 
assignment step of the Focus model. The v/c ratio for Scenario B and Scenario C came from the results 
of only executing the assignment step of the Focus model with the adjustments made. 

AM Peak Hour Corridor Travel Times 
Similar to the v/c ratios, corridor travel times for 2020 and Scenario A came directly from the roadway 
changes made in Focus Model. Since the corridor travel times are dependent on the traffic volumes on 
the roads, the corridor travel times for Scenario B and Scenario C are a result of the assignment-only 
model explained earlier. Fehr & Peers used the Shortest Path tool to obtain the AM peak hour travel 
times for all corridors listed in Chapter 4. The Shorthest Path tool is a built-in tool within TransCAD to 
identify the shortest path between two points. 

AM Peak Regional Travel Times 
The regional travel times for the plan reflect the vehicle and transit travel times from Thornton to 
Boulder and from Thornton to Union Station. The Thornton origin location was the rail station at 124th 
Avenue. For the vehicle travel times, Fehr & Peers reported the travel time in the single occupancy 
vehicle skim matrix for all scenarios. For transit travel time, Fehr & Peers followed the methodology 
outlined in Table B.7. The in-vehicle travel times (travel time in the bus or train) were informed by the 
current Regional Transportation District schedule.    

  



B.12 
 

 
 

Table B.7. Regional Transit Travel Time Methodology. 

 2020 Baseline Scenario A Scenario B & C 
Thornton to Boulder • 12-minute walk to 

120th Ave 
• 30-minute ride on 

Route 120 to 
Broomfield Station 

• 3-minute walk 
• 8-minute wait to 

transfer 
• 29-minute ride on 

Route FF1 to 
Downtown Boulder 

 

• 3-minute walk to 
120th Ave1 

• 31-minute ride on 
Route 120 to 
Broomfield Station 

• 3-minute walk 
• 8-minute wait to 

transfer 
• 29-minute ride on 

Route FF1 to 
Downtown Boulder 
 

• 3-minute walk 
• 8-minute ride on 

the N-line to North 
Thornton – Hwy 7 
Station 

• 3-minute walk 
• 8-minute wait to 

transfer 
• 40-minute ride on 

SH7 BRT to 
Downtown Boulder 
 

Thornton to Union 
Station 

• 12-minute walk to 
120th Ave 

• 6-minute ride on 
Route 120 to 
Wagon Road Park-
n-Ride 

• 8-minute wait for 
transfer 

• 22-minute ride on 
120X to Union 
Station 

 

• 3 minutes to walk 
• 28-minute ride on 

the N-line 

• 12-minute walk to 
120th Ave 

• 6-minute ride on 
Route 120 to 
Wagon Road Park-
n-Ride 

• 8-minute wait for 
transfer 

• 22-minute ride on 
120X to Union 
Station 

1. Walk time different from 2020 due to routing change of Route 120 to N-line and travel time on Route 120 is 1 
minute more due to increased congestion despite more direct route alignment. 

Vehicle Miles Travelled (VMT) Per Household 
The Focus model reports the VMT for every roadway link in the model. However, to report the VMT 
generated only by Thornton TAZs, a “select link” or “select zone” analysis is needed. A select link (or 
select zone) analysis tracks either the trips that use the selected link(s) or the trips generated by the 
selected zone(s). The Focus model has the capability to do a select link analysis and requires a query file 
with a list of the TAZs. For this analysis, Fehr & Peers included the TAZs highlighted in Figure B.3 in the 
query file and executed the assignment step of the Focus model.  

The Focus model has 10 time periods that represent the 24 hours of the day: three AM periods, three 
PM periods, and four off-peak (OP) periods. The select zone analysis results in 20 files, 10 for passenger 
cars (one for each time period), and 10 for commercial vehicles1 (one for each time period). These 20 
files contain a list of all the roadway links included in the model with the vehicle flow of the Thornton 
TAZs passing though each roadway link. To estimate the VMT generated by Thornton on each roadway 
link, Fehr & Peers multiplied the Thornton vehicle flow on the link by the distance of the link. However, 
these 20 files represent only one hour of the time period, therefore Fehr & Peers multiplied the VMT on 

 
1 Commercial vehicle is a vehicle designation within the DRCOG Travel Model, Focus. 
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each file by the number of hours in the time period. Table B.8 shows the number of hours in each time 
period.  

Table B.8. Number of Hours in DRCOG's Time Periods. 

Time Period Time of the Day Number of Hours 
AM1 6:00AM – 7:00AM 1 
AM2 7:00AM - 8:00AM 1 
AM3 8:00AM - 9:00AM 1 
OP1 11:00PM – 6:00AM 7 
OP2 9:00AM - 11:00AM 2 
OP3 11:00AM - 3:00PM 4 
OP4 7:00PM - 11:00PM 4 
PM1 3:00PM - 5:00PM 2 
PM2 5:00PM - 6:00PM 1 
PM3 6:00PM - 7:00PM 1 

  

To calculate the daily VMT generated by Thornton, Fehr & Peers aggregated the VMT for all the roadway 
links for all time periods. Table B.9 shows the calculations for one roadway link representing a portion of 
128th Avenue. In this example, the total VMT on the roadway segment is higher than the VMT on that 
segment generated by Thornton, which means vehicles from outside of Thornton are also using that 
roadway segment. 

Table B.9. VMT Sample Calculations for one Roadway Link. 

Time 
Period 

Number 
of Hours 

Commercial 
Vehicles 

Passenger 
Vehicles 

Total Vehicle 
Flow per Hour 

Number 
of Hours 

Period Total 
Vehicle Flow 

AM1 1 11 370 381 1 381 
AM2 1 18 1,000 1,018 1 1,018 
AM3 1 13 845 858 1 858 
OP1 7 1 48 49 7 343 
OP2 2 12 517 529 2 1,058 
OP3 4 16 566 582 4 2,328 
OP4 4 4 325 329 4 1,316 
PM1 2 10 813 823 2 1,646 
PM2 1 12 955 967 1 967 
PM3 1 8 760 768 1 768 

Daily VMT generated by Thornton on the roadway link 10,683 
Daily VMT on the roadway link 11,084 

 

After the estimation of the daily VMT generated by Thornton, the daily VMT was divided by the number 
of households in Thornton TAZs. The total number of households for 2020 and 2050 is 53,184 and 
90,248, respectively. 
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Conclusion 
The TMMP used the Focus model, a regional travel demand model maintained by DRCOG, as the tool to 
evaluate the performance of potential future scenarios for Thornton. The project team developed three 
planning scenarios for this evaluation:  

• Scenario A: high investment in roadway infrastructure 
• Scenario B: heavier focus on transit investment 
• Scenario C: recommended scenario with components from Scenario A and Scenario B 

The purpose of this appendix is to outline and explain the changes made to the Focus model, the 
process followed to obtain results, and any assumptions made for the evaluation of all three scenarios. 
The performance measures evaluated using the Focus model were:  

• Mode share 
• V/C ratios 
• Local travel times 
• Regional travel times 
• Vehicle Miles Travelled (VMT) per household 

Fehr & Peers developed methodologies to evaluate these performance measures and documented the 
process for future reference. 




