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State of Vermont                                                                                                              Agency of Transportation 

Contract Administration                   Finance & Administration    

Barre City Place  

219 North Main Street, Suite 105                 [phone] 802-622-1285 

Montpelier VT 05633-5001                                                 [fax] 802-479-5500 

http://vtrans.vermont.gov/    
 

 

May 16, 2022 

 

 

RFP ADDENDUM # 1 

 

 

RE:  Request for Proposals – Travel Demand Model Services 2022 

 

 

The Request for Proposals (RFP) for the above-mentioned services has been modified to clarify the RFP by 

addressing the following questions: 

 

 

1. Can a copy of the current statewide model, as well as the latest documentation, be shared? 

 

A: The data files necessary to run the model and the manual are available in the links below this 

addendum on the VTrans website.  Anyone trying to access the files will need to have the TransCad 

software to operate the model.  The latest documentation is attached to the back of this addendum. 

 

2. The RFP notes an Attachment C - RFP Attachment C – Standard State Provisions for Contracts and Grants 

dated December 15, 2017. This attachment is missing from the RFP file. Please provide the attachment.  

 

A: Attachment C starts on page 16 of the RFP file.  

 

3. Would a cover and/or a table of contents be counted toward the page limit?  

 

A: No. 

 

4. Is a font size small than 12pt allowed for tables and figures included in the proposal?  

 

A: Yes. 

 

5. Under Proposal Substantive Content the RFP indicates “in tabbed and labeled sections…” Please clarify what 

is considered “tabbed” in this electronic submittal.  

 

A:  You may utilize a blank page labeled with the section name to separate the sections.  You may 

include bookmarks with your PDF that links to each section.  We ask that you keep the sections in 

order as they are provided in the RFP.  Tabbed and labeled sections apply to hard copies that are 

no longer required. 
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6. Are any or all of the required certifications/documents also required for subcontractors? 

 

A: No. 

 

 

7. Is there a preferred location for placement of the required certification documents to be included in the 

proposal?  

 

A: At the end of the proposal. 

 

8. For ease of review and to consecutively numbering the pages included in the 20-page limit, is it acceptable 

to move the Past Performance Section to be listed after the Business and Management Structure section and 

before the Organizational Chart?  

 

A: That is acceptable. 

 

9. Can one or more of the three required Past Performance & Reference Form, RFP Attachment N, be used to 

show the subcontractors experience?  

 

A: Yes. 

 

10. Can a VTrans project be used as one of the projects/references in the Past Performance & Reference Form?  

 

A: Yes. 

 

11. RFP Attachment K asks for Project Number and Project Location (Route or Highway), please provide how 

these two fields should be filled out. Please also confirm that the bid opening location and date are Barre, 

VT on Tuesday, May 24th. 

 

A: Please use the RFP title “Travel Demand Model Services 2022” for the Project Number as a 

project number is only assigned to awarded contracts. The Project Location can be left blank. The 

bid opening location and date are Barre, VT on Tuesday, May 24, 2022. 

 

12. May we propose labor classifications and rates that are not associated with the key personnel named in the 

technical proposal to accommodate staff changes and additions over the course of the five-year contract? 

 

A: Yes. You must provide an explanation as to how you calculated the labor classification rates. 

 

 

Sincerely, 

 

Caryn Pletzer 
Caryn Pletzer 

Contracts Specialist II 

 

cc: Contract Manager 

 Project File 
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1 Introduction 
This report was prepared under the “Improvement and Operation of the 
Vermont Travel Model” contract with the Vermont Agency of Transportation 
(VTrans) for the 2020-2021 year of the contract. The primary objective of this 
ongoing project is to maintain and improve the Vermont Travel Model, 
ensuring that it remains a comprehensive, effective predictor of travel 
behavior of Vermonters and Vermont visitors. The purpose of this report is to 
document the activities completed in this year of the contract to improve the 
functionality and currency of the Model.  

The Vermont Travel Model is a series of computer sub-models, which uses 
land use and travel behavior patterns within Vermont and its neighboring 
urban areas to estimate a typical day of travel behavior within, into, out of, 
and through the state (Figure 1).  

 
Figure 1  Vermont Travel Model Flowchart 

The final outputs of the Model are traffic volumes by roadway link on the 
Model roadway network. We also get a matrix of trips between the origins 
and destinations in the Model for each trip purpose – commuting, shopping, 
social/recreational, business, and tourism – from which the traffic volumes 
result. These origin and destination matrices describe the number of 
expected trips between zones, known as traffic analysis zones (TAZs). 
Accommodations are made for commercial (medium and heavy) truck trips 
and the occupancy characteristics of passenger vehicles. 

The Model currently includes 38,250 miles of highway-network links in 893 
zones in Vermont and its adjoining urban clusters (Lebanon-Hanover NH-
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VT, Greenfield MA, and North Adams MA-VT), and 84 external zones in 
Quebec, Maine, Massachusetts, Rhode Island, Connecticut, New Hampshire, 
and New York (Figure 2).  

 
Figure 2  TAZs in the Vermont Travel Model  
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Section 2 contains a description of the data used to make improvements to 
the Model, and Section 3 contains a detailed description of the 
improvements. The following improvements were completed: 

• Updated employment totals from the Vermont address-based business 
data 

• Sub-divided large TAZs 
• Cleaned up Model code to speed processing 
• Added a breakdown of RMSPE  

Section 4 is a description of the improvements planned for next year. 
Appendix A contains a detailed description of the Model processes, including 
flow charts to illustrate the inputs, outputs, calculations, and TransCAD 
macros utilized to run the Model. 

 

  



 

8 

 

2 Description of the Data Used in 2020-2021 
This section contains a description of the data sources used in the Model 
improvement activities in 2020-2021. 

2.1 InfoUSA Address-Based Business Data for 2019 
Address-based data was obtained from InfoUSA through 2 different queries 
of their proprietary business data points in Vermont: 

• Confirmed business records 
• Suspect or closed business points 

The final dataset from both queries includes 64,524 records. Each data 
record includes the following fields: 

• Geo-Coded Longitude 
• Geo-Coded Latitude 
• Company Name 
• Primary Address 
• Primary City 
• Secondary Address 
• Secondary City 
• Match Level 
• Affluent Neighborhood 

Location 
• Asset Size 
• Big Business 
• Corporate Employment Size 
• Corporate Sales Volume 
• Credit Score 
• Female Owner Executive 
• Fleet Code 
• Foreign Parent Company 
• High Income Executive 
• High Tech Business 

• Headquarters/Branch 
• Import/Export Code 
• Individual/Firm Code 
• Location Employment Size 
• Location Sales Volume 
• Medium Size Business 
• Modeled Employment Size 
• NAICS Code 
• Public Company Indicator 
• Public Filing Indicator 
• Secondary SIC Code 
• Selected SIC Description 
• Small Business Entrepreneur 
• Square Footage Code 
• Web Site 
• White Collar Indicator 
• White Collar Percentage 
• Work at Home Business 
• Year First Appeared in 

Yellow Pages 

The original Match Level indicated that 87% of the points were geo-coded to 
the Parcel level. 
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2.2 Employment Counts for 2019 
All employment counts used in Year 14 updates were taken from the 
Quarterly Census of Employment & Wages (QCEW) annual averages by 
town, based on North American Industry Coding System (NAICS) 
employment categories. These categories are collapsed to the 5 employment 
classes used in the Model. The QCEW program is conducted in cooperation 
with the U.S. Bureau of Labor Statistics. This data is based on files 
extracted from quarterly tax and wage reports submitted by employers in the 
town. Employers subject to unemployment compensation laws, both state and 
federal, are required to file these reports. Industry employment and payroll 
information is produced both quarterly and annually and aggregated for the 
cities and towns by NAICS code. 

Vermont’s QCEW data is made available through the Vermont Department of 
Labor through its Labor Market Information website, at 
http://www.vtlmi.info/indareanaics.cfm?areatype=12. Covered employment 
data by industry was obtained for the entire state, by town, for 2019. 

Town-by-town data are available online for New Hampshire through its 
Economic and Labor Market Information Bureau of the New Hampshire 
Employment Security Division at 
http://www.nhes.nh.gov/elmi/statistics/qcew-data.htm. Covered employment 
data by industry was obtained for Lebanon and Hanover for 2019.  

Massachusetts makes its employment and wage data available through the 
website of the Executive Office of Labor and Workforce Development at 
http://lmi2.detma.org/lmi/lmi_es_a.asp. Covered employment data by 
industry was obtained for towns in the Greenfield MA and North Adams MA-
VT urban clusters for 2019. 

The BEA regional economic accounts provide statistics about employment for 
states and counties, as well as personal income for states, counties, 
metropolitan areas, micropolitan areas, metropolitan divisions and combined 
statistical areas, and BEA economic areas. BEA prepares estimates for 3,111 
counties, 363 metropolitan statistical areas, 576 micropolitan statistical 
areas, 123 combined statistical areas, 29 metropolitan divisions, and 179 
BEA economic areas. The estimates of compensation and earnings by place-
of-work indicate the economic activity of business and government within an 
area and the estimates of personal income by place of residence provide a 
measure of fiscal capacity of an area. The county-level employment estimates 
are a complement to the place-of-work earnings estimates. The employment 
estimates are designed to conform conceptually and statistically with the 
place-of-work earnings estimates; the same source data—generally from 
administrative records—are used for both the earnings and employment 

http://www.vtlmi.info/indareanaics.cfm?areatype=12
http://www.nhes.nh.gov/elmi/statistics/qcew-data.htm
http://lmi2.detma.org/lmi/lmi_es_a.asp
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estimates whenever possible. The earnings estimates reflect the scale and 
industrial structure of an area’s economy rather than the income of the 
area’s residents. Therefore, the employment estimates measure the number 
of jobs in a county, instead of the number of workers who perform the jobs. 
The characteristics of the county employment estimates follow from this 
concept and from the characteristics and limitations of the available source 
data. For this year’s updates, the BEA estimate of total full-time and part-
time employment by NAICS industry by County for 2019 was obtained.  
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3 Improvements Methodology and Results 
Improvements undertaken this year were conducted to improve the Model’s 
overall resolution and accuracy: 

1. Updated employment from the Vermont address-based business data 

2. Sub-divided large TAZs 

3. Cleaned up Model code to speed processing 

4. Added a breakdown of RMSPE 

3.1 Updated employment from the Vermont address-based business 
data 

New address-based business data from InfoUSA was used to calibrate and 
validate the employment totals and growth rates for employment in the 
Model. Before using the data, though, it was compared to the Vermont 
Department of Labor (VDoL) data, which is the primary source of 
employment counts used in the Model. It is important to note that the 
InfoUSA data itself, although highly resolved, is also based on estimations 
and proprietary model outcomes. All InfoUSA points with greater than 85 
employees that were not already matched to the parcel were manually 
improved so that they matched to the parcel. 

Table 1 provides a summary of the job totals, number of employment 
locations, average jobs per location, and the percent of the points matched to 
the parcel for the InfoUSA data by NAICS Summary Level category. For 
reference, the VDoL employment totals are also provided. 

Table 1 Comparison of VDoL and InfoUSA Employment Counts 

NAICS Summary Level Category 
VDoL 
Jobs 

InfoUSA 

Jobs 
Parcel 

Match % 
11 Agriculture, forestry, fishing and hunting 1,556  4,007 92% 
23 Construction 11,262  19,454 91% 
31-33 Manufacturing 26,618  28,658 87% 
42 Wholesale trade 5,508  12,784 89% 
44-45 Retail trade 47,152  53,305 88% 
48-49 Transportation and warehousing 31,133  9,247 85% 
51 Information 3,644  15,702 85% 
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NAICS Summary Level Category 
VDoL 
Jobs 

InfoUSA 

Jobs 
Parcel 

Match % 
52 Finance and insurance 7,244  13,649 88% 
53 Real estate and rental and leasing 2,363  9,644 88% 
54 Professional and technical services 13,411  27,748 91% 
55 Management of companies and enterprises 558  879 95% 
56 Administrative and waste services 6,789  8,092 91% 
61 Educational services 31,031  41,883 80% 
62 Healthcare and social assistance 38,543  70,271 86% 
71 Arts, entertainment, and recreation 3,916  8,303 82% 
72 Accommodation and food services 23,112  48,481 87% 
81 Other services 7,535  20,457 86% 
92 Public administration 17,650  23,997 67%  

Totals 279,025 416,561 87% 

In the table, unacceptably low geolocation parcel match percentages are 
shown in bold. The job total that is shaded is the one that will be used to 
calibrate and run the Model going forward.  

The InfoUSA data and the VDoL data were also compared spatially by TAZ 
across Vermont. The degree of similarity was measured by root-mean-square-
percent error (RMSPE). By Model sector, the degree of similarity was found 
to be: 

• Retail employment – 212.6% 
• Manufacturing – 689.6% 
• Other – 161.1% 
• Education – 870.0% 
• Government – 584.1% 

These figures are not surprising since the InfoUSA data is based primarily 
on business records, including transaction data, whereas the VDoL data is 
based on direct reporting of jobs and wages from all employers, including 
government agencies, public institutions and businesses that do little or no 
transacting. So it is likely that the two sources would be similar for retail 
jobs and non-manufacturing jobs, but dissimilar for manufacturing jobs and 
public-sector jobs. 

The most problematic dissimilarity between the two sources for the Model is 
where one source reports 0 jobs and the other reports > 0 jobs. For example, 
Figure 3 shows the locations of 248 TAZs where the 2019 VDoL reports 0 
retail jobs and the InfoUSA data shows more than 0 retail jobs. 
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Investigating these TAZs in further detail revealed a few problems: 

• 419 retail jobs were reported at UVM in a TAZ that doesn’t have any 
retail businesses. These were found to be poorly geolocated points in 
the InfoUSA data that had all been mapped on top of one another. 
These points were sorted and moved to their correct locations to fix 
this error and the total retail employment in the TAZ was left at 0. 

• 250 retail jobs were 
reported in a TAZ where 
the VDoL reports 0. In 
this case, the InfoUSA 
data were found to be 
correct, due to the 
presence of the Orvis 
Home Office in 
Sunderland, so the VDoL 
data was replaced with 
the InfoUSA data. 

• 185 retail jobs were 
reported in a different 
TAZ where the VDoL 
reports 0. In this case, the 
InfoUSA data was also 
found to be correct, , so 
the VDoL data was 
replaced with the 
InfoUSA data. 

Using the same approach with 
Manufacturing data, the 
findings were similar. Several 
TAZs where the VDoL data 
reported 0 manufacturing jobs 
were reported to have more 
than that in the InfoUSA data. 
In each of these cases, the 
InfoUSA data was shown to be 
correct.  

For Education and Government data, several of the InfoUSA employment 
points were found to be incorrectly geocoded, in spite of the Match Level 
being reported as “P” (meaning it had been correctly matched to a parcel). 
This is concerning, because it indicates that the address of record in the 

Figure 3  TAZs where the VDoL reports 0 retail jobs and 
the InfoUSA reports more than 0 retail jobs 
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InfoUSA data is incorrect. For the Government data, the InfoUSA data only 
had 67% of the address points matched to the parcel. Therefore, the InfoUSA 
points for Education and Government were rejected and the VDoL data will 
be retained. 

Generally, there are certain employment categories where the InfoUSA data 
is superior to the VDoL data, but other categories where the VDoL data is 
sufficient and the InfoUSA data is questionable. Overall, the InfoUSA data 
reports more total jobs in Vermont than the VDoL data. Some 
underestimation by the VDoL is expected, which is why it is typically 
augmented proprotionally to match the control totals from the BEA. For 
categories where the InfoUSA data is used, that correction may be 
unecessary. Even for cateogries where the InfoUSA data is rejected for poor 
geocoding, its totals may provide an additional source of guidance for how 
much the VDoL data needs to be augmented above the VDoL data and by 
how much. The biggest drawback to the wholesale inclusion of the InfoUSA 
data into the Model is its geolocation. Points that are not geolocated well can 
be placed in a TAZ where they are not really located.  

InfoUSA seems likely to be over-estimating in the NAICS categories that are 
susceptible to having frequent closures and turnover. These would include 
NAICS 11, 23, 42, and above 61. For retail (44-45) and information services 
(51-56), the InfoUSA data is more likely to be superior since these businesses 
rely more on transactional records and advertising. For transportation and 
warehousing (48-49), the InfoUSA data is showing fewer jobs than the VDoL 
data, so the VDoL data will be used. The BEA 2019 jobs total in Vermont is 
330,000, and if we sum the selected subtotals shown shaded in Table X, we 
get 328,923. So selective use of the InfoUSA data for jobs for manufacturing, 
retail trade, and professional services appears to eliminate the need for the 
factoringup that is typcially done to match the BEA total. Collectively, the 
parcel-level match for the InfoUSA data selected for use in the Model is 89%. 

Based on this assessment, the employment totals in the Model were revised 
using the InfoUSA data for Retail, Manufacturing, and Professional Services 
(Non-Manufacturing) by back-casting the growth rates for Retail and 
Manufacturing employment. Once this was completed, 2010 job totals by TAZ 
were updated for Retail, Manufacturing, and Non-Manufacturing using the 
backcasted job totals. 

3.2 Sub-divided large TAZs 
In order to improve the spatial resolution of the Model, large TAZs continued 
to be sub-divided. The focus of this effort continues to be TAZs that have 
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more than 1,500 intrazonal vehicle-trips. By sub-dividing TAZs, more of the 
trips produced and attracted by the TAZ are assigned to the road network. 
Intrazonal vehicle trips are not assigned to the network, although they can 
be accounted for in vehicle-hours of travel (VHT) estimations by multiplying 
them by the intrazonal travel time estimate. So the presence of unacceptably 
high numbers of intrazonal trips can be explained by an unnaceptably large 
TAZ (as measured by employment and households) or by a TAZ which has 
few nearby destinations. TAZs that are fairly populous but are surrounded 
by extremely rural TAZs or on the edge of the Model region often have 
disproportionately large numbers of intrazonal trips, simply due to the lack 
of destinations within an acceptable driving distance. 

Nonetheless, several TAZs were identified with more than 1,500 intrazonal 
trips that could benefit from being sub-divided. All of these TAZs existed out 
side the Vermont state boundary, within the “halo” region of adjoining urban 
clusters in New Hampshire and Massachusetts. This is not surprising since 
data in the halo region is more sparse than data within the state boundary. 

As shown in Figure 4, the TAZs representing the Greenfield MA urban 
cluster was sub-divided from 2 to 4 TAZs.  Similarly, the Lebanon-Hanover 
NH-VT urban cluster was sub-divided from 2 TAZs to 7 TAZs – 3 
representing Hanover and 4 representing Lebanon. Finally, the North Adams 
MA-VT urban cluster was sub-divided from 2 TAZ to 5 TAZs by partitioning 
the communities of Williamstown MA (2 new TAZs) and Clarksburg MA (2 
new TAZs), which fall within the urban cluster.  

Employment and 
households in the new 
TAZs were estimated as a 
fracction of the original 
sub-divided TAZ by 
approximating the 
distribution of total 
employment and 
households throughout the 
urban cluster with data 
from Google Maps for 
prominent employment 
locations and road network 
density. Overall, 11 new 
TAZs were created. Table 2 
provides summary 
statistics of the 
employment and Figure 4 Sub-divided TAZs in the Greenfield MA urban 

cluster 



 

16 

 

households in the new set of Model TAZs, along with the previous statistics 
in parentheses. 

Table 2 Job and Household Count Statistics After (Before) 2020-2021 

Job Category Max (Previous) Mean (Previous) SD (Previous) 
Retail 1,158 (2,990) 66.7 (59.5) 124.1 (152.1) 
Manufacturing 1,082 (5,000) 34.9 (48.5) 98.8 (223.4) 
Non-Manufacturing 5,094 (5,400) 296.0 (296.0) 461.5 (514.5) 
Government 2,849 (2,849) 60.1 (60.8) 197.7 (201.6) 
Education 2,475 (7,960) 50.9 (51.2) 206.2 (328.1) 
No. of Households 2,218 (5,809) 313.1 (318.0) 254.3 (348.9) 

Following this effort, the TAZs remaining with more than 1,500 intrazonal 
trips are shown in Table 3. 

Table 3 TAZs with more than 1,500 intrazonal vehicle-trips 

Town / Community 
TAZ 
ID 

Total 
Vehicle-Trips 

Intrazonal 
Vehicle-Trips 

Downtown North Adams, MA (1 of 1) 888 21,948 5,686 (26%) 
Downtown Greenfield, MA (1 of 4) 893 20,562 2,575 (13%) 
Turners Falls Community, 
Greenfield, MA 

880 16,138 2,201 (14%) 

Downtown Greenfield, MA (2 of 4) 881 17,738 1,857 (10%) 
West Lebanon Community, Lebanon, 
NH (1 of 2) 

879 21,354 1,840 (9%) 

Downtown Lebanon, NH (1 of 2) 887 22,906 1,826 (8%) 
Downtown Greenfield, MA (3 of 4) 875 11,826 1,587 (13%) 
Downtown Randolph, VT (1 of 2) 302 16,514 1,539 (9%) 
Canaan and Stewartstown, VT 209 4,282 1,512 (35%) 

Three of these TAZs (888, 893, and 887) were newly sub-divided this year, so 
additional sub-dividing may not be necessary. Of particular concern in Table 
3 are TAZs 888 and 209, where an unusually large percentage of the total 
vehicle-trips produced and attracted by the TAZ are held within the zone. 
This indicates that these trips are lacking proximate destinations outside the 
TAZ, potentially due to their position at the edges of the internal Model 
region. Therefore, additional sub-division of these TAZs is not likely to 
improve the Model because it will simply result in a portion of the current 
intrazonal trips being distributed between the new sub-divided TAZs.  

In Year 14, other Model improvements will be explored to address these 
TAZs, including making them a permanent Subarea. This step would sub-
divide the trip matrix for each of these TAZs, obfuscating the need to sub-
divide the TAZs themselves. 
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3.3 Cleaned up Model code to speed processing 
The inclusion of the Subarea module and the NCI calculations has increased 
the processing time for the Model runs considerably, requiring an upgraded 
computer with 18 cores. The general Model processes were improved by 
revising any processes that use Joined Views. Joined Views are used by 
TransCAD to share data between two tables by linking them with a common 
field, usually an ID. However, Joined Views require that the two tables in 
questions be opened and active while the data is being shared. Processing 
time can be reduced by reading the fields from one table into a set of vectors, 
then writing the pertinent vector to the new table in a loop. Joined Views in 
the Trip Generation step and in the calculation of RMSPEs in the Traffic 
Assignment step. Both of these Joined Views were replaced with vector 
operations. 

The NCI code was also revised to help it run faster. It was determined that 
the size of the expanded trip matrix created in the Subarea process is the 
primary cause of increased processing time in the NCI calculations. To 
reduce the size of the expanded trip matrix, the number of nodes where the 
TAZ demand is allotted was reduced to include only those nodes with a “TAZ 
share” that is greater than 0.00. In the initial dialog box for the Model, a 
button was added to the main dialog box to “Apply the Subarea and/or 
Network Criticality Procedures” which initiates a new sub-dialog box, where 
the specifications of the NCI procedure can be entered.  

3.4 Added a breakdown of RMSPE 
To help pinpoint sources of inaccuracy in the Model, the network-wide 
RMSPE was supplemented with additional RMSPEs focused on subsets of the 
links in the statewide network. One of these subsets is the set of “Gateway 
Links”, or roadways that cross the border of the Model coverage area. Most of 
these are along the Vermont border, but a few cross the edge of the “halo” 
area in urban clusters that adjoin the state border. Additional subsets 
include common VTrans functional classes (AOT FC), as shown in Table 4. 

Table 4  RMSPE breakdowns added to the Model 

Set Name Description Count 
Sum of 
Flows 

Sum of 
AADTs RMSPE 

Full All links in the 
Model with an 
AADT available 

9,823 53,083,337 49,625,518 0.480 
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Gateway 
Links 

Links that cross 
the Model border 

24 84,526 127,749 0.801 

AOT FC 1 Class 1 Town Hwy 1,306 9,705,409 11,149,790 0.342 
AOT FC 2 Class 2 Town Hwy 1,837 7,057,921 6,926,895 0.471 
AOT FC 3 Class 3 Town Hwy 241 691,968 592,320 0.504 
AOT FC 30 State Hwy 3,803 15,469,506 14,856,518 0.375 
AOT FC 40 US Hwy 1,385 9,154,106 8,911,728 0.339 

The additional breakdown of RMSPE reveals that the Model is weakest at 
the border of its coverage area, which is not surprising. Travel behaviors in 
the Model are focused on Vermonters but closer to and beyond the state 
boundary traffic flows are comprised of more out-of-state drivers, so the 
flows will be less accurate
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4 Summary and Recommendations 
Additional improvement tasks are planned for Year 14 of this project to 
continue improving the Model’s effectiveness. Depending on the number of 
Model applications that occur in Year 14, some or all of the following Model 
improvement tasks may be undertaken to update the Model for 2019: 

• AADTs (for RMSPE calculation) 
• Update speed limits using new GIS 
• Update growth rates for 2015 to 2019 (for households only) 
• Make a new 2030 road network, 2045 road network, and 2055 road 

network 

2019 will be used as the update year instead of 2020, due to the 
unpredicatability of the potentially ephemeral effects that the Covid-19 
pandemic had on travel behavior. These effects are still being felt, albeit less 
severely, through 2021, so it may be 2022 before travel behaviors resemble 
2019 again. Additionally, many travel behaviors may be permanently altered 
by the pandemic due to its effects on remote or at-home work, remote or at-
home school, delivery-based electronic commerce, and restrictions on long-
distance travel. 

Additional opportunities to calibrate the Model have become available 
through the NextGen NHTS program. Passively-collected origin-destination 
(O-D) maatrices are available through the NextGen NHTS for purchase by 
state DOTs. These pooled-fund purchases are anticipated in the Fall of 2021. 
The 2019 purchase, for Vermont, would be about 1/3 the cost of similar 
privately-obtained data. The purchase of 2019 O-D data for Vermont through 
the NextGen NHTS pooled-fund program would consist of one set of matrices 
for each month of the 2019 and one annual set. Geogrpahic resolution is 
available at the Census tract level within the state and the County level 
outside the state. The following variables comprise the data set (one record 
per each OD pair, including inter- and intra-zonal OD pairs): 

• Month of the year 
• Origin Zone ID and Label 
• Destination Zone ID and Label 
• Day Type flag (weekday or weekend) 
• Count of total and average number of linked trips per Day Type  
• Count of total and average number of unlinked trips per Day Type 
• Count of total and average number of tours per Day Type 
• Count and percentage of daily “linked” trips by trip departure time for 

each hour of the day (or for the custom time periods if selected) 
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• Count and percentage of daily “linked” trips by distance (with distance 
bands of (0, 10], (10, 25], (25, 50], (50, 75], (75, 100], (100, 150], (150, 
300], >300 miles). 

• Number and percentage of daily “linked” trips by imputed mode (air, 
rail, car, bus, walk, bike, other) 

• Number and percentage of daily “linked” trips by imputed trip purpose 
(home-based work, home-based other, work-based other, other-based 
other). 

• Number and percentage of daily “linked” trips by imputed age (<25, 25-
34, 35-54, 55-64, 65+) 

• Number and percentage of daily “linked” trips by household income 
categories (<$25,000, $25,000-$49,999, $50,000-$74,999, $75,000-
$124,999, and >=$125,000) 

• Number and percentage of daily “linked” trips by gender (male, female) 

Among the improvements that would be possible with the 2019 O-D data are: 

• Calibrate external growth rates 
• Calibrate route choices 
• Calibrate TAZ attractiveness counts for external travel 
• Implement seasonal trip tables 

Without an updated travel behavior survey since 2009, these imporvments 
are critical to keeping the Model’s effectiveness at a high level. 

In Year 14, the research team will also update the Model User’s Guide. The 
User’s Guide provides a step-by-step description of how the Model is 
operated within its TransCAD interface.



 

 

 

Appendix A – Detailed Description of the Model Processes 
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Base Year - All Significant Outputs
2015 - All Significant Outputs
Forecast Year - All Significant Outputs
Forecast Year (Subarea) - Expanded Daily Traffic Flows and Expanded Vehicle Trip Matrix

The Trip Table: All 
Productions and 

Attractions by Trip 
Purpose for all TAZs

Model Process Summary

Table of Network Criticality 
Indices for each link in the 

Subarea

All Model runs include two loops after the base year (2010) run, one for 2015, and one for the 
user-selected Forecast Year. So three sets of Significant Outputs are created. The Subarea process 
is run for the Forecast Year only if the "Subarea" box is checked. The Network Criticality process is 
run for the Forecast Year is the "Apply a Subarea" box is checked AND the "Run Network 
Criticality" box is checked.

Expanded Daily Vehicle-
Trip Matrices for 

Passenger Vehicles & 
Medium-Heavy Trucks

Selection Set of TAZs 
in Subarea

New TAZ-Based Characteristics:
• No. of Households

• No. of Jobs (5 categories)                                                                                                                                                                                                
• Vermont Trips (External TAZs Only)                                                                                                                                                                            

• Local Attractions (Internal TAZs 
Only)

Forecast Annual Growth Rates 
(by County)

Diagonally-Symmetric, 
Daily Person-Trip 

Matrices for all Trip 
Purposes

Daily Traffic Flows Each 
Way for Passenger Cars 

and Trucks

Subarea 
Step 

(Forecast 
year)

P-A Step O-D Step Assignment                  
Step

Forecast Step

Network Criticality
Step (Forecast Year)



 

 

 

 
 

P-A Step

Town-Based Household Characteristics (Cross-
Classification by Household Size and Number of 

Workers)

Trip Attractions by Trip 
Purpose for Internal 

TAZs

Trip rate table for HBW, 
HBO, annd HBSHOP 

(long/short)

NHB (long/short) and TRUCK 
Production & Attraction 

Regression Equations

TAZ-Based Characteristics:
• No. of Households

• No. of Jobs (5 categories)                                                                                                                                                                                                
• Vermont Trips (External TAZs Only)                                                                                                                                                                            

• Local Attractions (Internal TAZs Only)

Trip Productions by Trip 
Purpose for Internal 

TAZs

The Trip Table: All Productions 
and Attractions by Trip Purpose 

for all TAZs

Regression-Based Attraction Equations for HBW, HBO, 
and HBSHOP (long/short)

Fractions for non-TRUCK 
Purposes for External 

TAZs (long/far)

Vermont Trips are daily trips to/from 
External TAZs for non-TRUCK purposes

Production and Attractions by 
Trip Purpose for External TAZs

Vermont 
Trips Households

Jobs



 

 

 
 

The Partially Balanced 
Trip Table

Balance Productions and Attractions 
for HBW, HBO, HBSHOP (long/short)

O-D Step

Friction factor table for HBW & 
HBSHOP (long), and HBO, NHB & 

TRUCK (long/far)

Raw Matrix of 
Production and 

Attractions by TAZ 
for each Trip 

Purpose

Trip distribution equations and 
specifications for HBW, HBO, HBSHOP, 

NHB (short) and TRUCK (normal)

Free-Flow Travel Times Between All TAZs 
(including parking times and intrazonal travel 

times)                                                                                                        
E-E diagonals and O-Ds unlikely to pass 

through Vermont get very high travel times

K-factor matrix with the relative 
attractiveness of internal TAZs to 

external-far HBO, NHB, and 
TRUCK trips

Trip Distribution Using a Production-
Constrained Gravity Model with a 
friction factor table, an impedance 

matrix, and k-factor matrices

The Trip Table: All Productions 
and Attractions by Trip Purpose 

for all TAZs

Diagonally-Symmetric, Daily Person-
Trip Matrices for all Trip Purposes

TRUCK
NHB
HBO

HBSHOP
HBW

Transposed Matrix 
of Production and 
Attractions by TAZ 

for each Trip 
Purpose

long/short
long/short

long/short/far
long/short/far

normal/far

(Raw 
Matrix + 

Transpose 
Matrix) /
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Assignment Step

Diagonally-Symmetric, Daily 
Vehicle-Trip Matrices for 

Passenger Vehicles & 
Medium-Heavy Trucks

RMSPEs calculated by comparing link-
flows and AADTs for (1) all links with 

an AADT available, (2) links 
connecting the internal and external 

portions of the Vermont highway-
shed, and (3) by AOT functional class 

(1, 2, 3, 30, and 40)

Diagonally-Symmetric, Daily 
Vehicle-Trip  Matrices for all 

Trip Purposes

HBW
HBSHOP

HBO
NHB

TRUCK

2010-2050 Vermont Roadway 
Network in GIS with Truck Exclusions 

and Centroid Connectors

Network file (*.net) including link 
topology, link attributes, turn 

penalties, and truck exclusions

Multi-Class Traffic Assignment for 
Passenger Cars and Trucks with Truck 

Network Exclusions

Link-Based AADTs

Daily Traffic Flows Each Way for 
Passenger Cars and Trucks on Every 

Link in the Roadway Network

Diagonally-Symmetric, 
Daily Person-Trip 

Matrices for all Trip 
Purposes

Internal and External 
Vehicle Occupancy 

Rates by Trip Purpose

long/short
long/short

long/short/far
long/short/far

normal/far

Sum Vehicle-Trip Matrices for 
all non-TRUCK purposes



 

 

 

Network is 
updated N 
times with 

disrupted Link 
States after the 

first time 
through

The NCI of each link in the Subarea is the 
difference between the average increase 

in VHT across all simulations and the 
average increase in VHT for ONLY those 
simulations when the link was disrupted

Expanded Daily Traffic Flows for 
Passenger Cars and Trucks on Every 

Link in the Roadway Network

Vector of Link Failure Probabilities (from 
0 to 1) for every link in the Subarea, and 
user-specified N number of simulations

Vector of Roadway Damage 
Severities (0 to 1) for every link in 

the Subarea

Selection Set of Demand 
Nodes ([Demand Node] = 1) 

in Subarea

Diagonally-Symmetric, Daily 
Vehicle-Trip Matrices for 

Passenger Vehicles & 
Medium-Heavy Trucks

Multi-Class Traffic Assignment for 
Passenger Cars and Trucks with Truck 

Network Exclusions

Network file (*.net) including link 
topology, link attributes, turn 

penalties, and truck exclusions

2010-2055 Vermont Roadway 
Networks in GIS with Truck Exclusions 

and Centroid Connectors

Vector of "Link States" for the 
current simulation (0 if the link is 

intact, 1 if the link is disrupted) for 
every link in the Subarea

Subarea and NCI Steps

Selection Set of TAZs in 
Subarea ([Subarea] = 1)

Expanded Daily Vehicle-Trip 
Matrices for Passenger Vehicles 

& Medium-Heavy Trucks

Expand the size of the matrices to include every Demand Node within the Subarea and divide the 
demand for the entire TAZ amongst the Demand Nodes according to their [Node Share]

Calculate Total VHTs the first time 
through, then the increase in Total VHTs 

for each simulation 



 

 

 

Summary 

Trip generation (the P-A Step) is estimated for each of five trip-purposes: 
home-based work, home-based shopping, home-based other (including school 
travel, social & recreational trips), non-home-based, and truck; and three 
distance classifications: short-distance, long-distance and external-far for 
trips to/from external zones that are more than 30 miles from Vermont’s 
border.  Trip generation estimations are based on TAZ-based characteristics 
from the 2010 US Census, the 2006-2010 American Community Survey 
(ACS), 2009 data from the Department of Employment and Training of the 
Vermont Department of Labor (VDOL), 2009 data from the Bureau of 
Economic Analysis (BEA), local attractions in Vermont (gathered from web-
based rankings), and (for external TAZs) the number of passenger vehicles in 
the urban area.  

Trip distribution (the O-D Step) is accomplished using a production-
constrained Gravity Model, except that a unique, k-factor method is used for 
external-far trips. The O-D step results in a diagonally-symmetric set of 
matrices of daily person-trips for each trip purpose. The traffic assignment 
module (Assignment Step) of the Model implements a multi-class user-
equilibrium assignment process with two classes – passenger vehicles and 
trucks. The multi-class assignment process is used because some of the 
minor links in the road network are not passable for trucks. Therefore, the 
multi-class assignment is used to allow passenger cars to use the entire 
network while preventing trucks from using links where they are restricted. 
The Assignment step results in a set of daily traffic flows for every link in 
the roadway network, and root-mean-square percent errors (RMSPEs) 
between flows and AADTs, used for validation of the Model. 

Following the base-year (2010) run of the Model, a forecast of the TAZ-based 
characteristics can be run. The forecast grows the TAZ-based characteristics 
individually with forecasted annual growth rates gathered from external 
economic forecasts. Following the growth calculation, the Model processes 
are re-run to get forecast-year traffic flows on all links in the network. 

The Model can also be used to run a Subarea analysis and/or calculate 
Network Criticality Indices (NCI) for links within the Subarea for the 
forecast-year (Subarea and NCI Steps). The Subarea analysis takes the 
diagonally-symmetric daily vehicle-trip matrices and expands it to include 
every “Demand Node” within the Subarea selection from the TAZ layer. The 
expanded vehicle-trip matrices are then assigned, yielding an expanded set 
of traffic flows for every link in the network. 



 

 

 

The expanded daily vehicle-trip matrices can also be used to calculate 
Network Criticality Indices for links in the Subarea. The inputs to the NCI 
are Link Failure Probabilities (LFPs), Roadway Damage Severities (RDSs), 
and a user-specified number of simulations N. A minimum of 3,000 
simulations are recommended. These inputs are used to generate disrupted 
link states, and the networks is disrupted N times using these disrupted link 
states to generate alternate expanded daily traffic flow and calculate NCIs.  

Trip Generation: The P-A Step 

The P-A Step starts by combining the TAZ-based land-use characteristics 
with the town-based fractions of no. of persons / no. of workers per household 
cross-classifications to calculate home-based trips produced by each internal 
TAZ for both long- and short-distance classifications. It then calculates trip 
attractions for each internal TAZ by purpose and trip-productions for the 
non-home-based (NHB) purpose using purpose-specific regression equations 
for both long- and short-distance classifications, each of which utilizes a 
different set of employment and/or population field(s) from the TAZ 
characteristics table: 
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    0.98   2.24 0.19 0.18 

Retail Jobs 0.37 

0.03 

0.25  2.84 

0.50 

3.58    
Manufacturing 
Jobs 

      0.09 0.23 

Non-Manufact. 
Jobs 

  0.08 0.41  0.13 0.14 0.12 

Government Jobs    0.25    0.14 
Primary School 
Jobs 

       -0.31 

University Jobs    0.98   0.19 0.18 

For example, the equations for home-based work (HBW) trips attracted are 
based on all of the employment fields in the TAZ characteristics table, but 
the equations for home-based shopping (HBSHOP) trips are based solely on 
the retail employment field: 

HBW-LD Attractions = (Retail Jobs + Manufacturing Jobs + Non-Manufact. 
Jobs + Government Jobs + Primary Sch. Jobs + University Jobs) x 0.03 



 

 

 

HBSHOP-SD Attractions = Retail Jobs x 3.58 

Truck (TRUCK) productions and attractions are calculated from regression 
equations, which utilize a different set of employment, and/or population 
field(s) from the TAZ characteristics table. The distance classification is not 
applied to the estimation of truck trips in the Model, since our expectation is 
that the exponential distribution function handles all distances well. 

Productions and attractions for zones external to Vermont are calculated 
differently.  First, trips to/from all external TAZs are taken to be the 
“Vermont Trips” calculated from the number of passenger vehicles in the 
external urban area represented by the TAZ. The external vehicle-occupancy 
rate (as an input) is applied to this total to derive non-TRUCK external 
person-trips (PTs). Total non-TRUCK external PTs are then subdivided into 
the other eight trip purposes (4 main purposes x 2 distance classifications) 
using the following fractions: 

• HBW – short-distance: 10% 

• HBW – long-distance: 2% 

• HBSHOP – short-distance: 19% 

• HBSHOP – long-distance: 3% 

• HBO – short-distance: 26% 

• HBO – long-distance: 6% 

• NHB – short-distance: 28% 

• NHB – long-distance: 6% 

Ultimately, this process outputs a table of productions and attractions for 
each of the ten trip purposes in the Model for each of the 977 internal and 
external zones. However, since the production and attraction estimates for 
the internal TAZs came from different sources, they do not match. This 
mismatch is typical for demand-forecasting models where separate 
regression models are estimated for production and attraction across a full 
study area with unique predictor variables. Balance factors are calculated as 
the ratio of trip productions destined for internal zones to the corresponding 
trip attractions in internal zones by trip purpose. Balancing is accomplished 
by zone by multiplying the balancing factors by the internal trip attractions 
only so that they match total productions (internal and external) by trip 
purpose. The result is a table of balanced productions and attractions for 
each of the ten trip purposes in the Model for each zone.  



 

 

 

Trip Distribution: The O-D Step 

The O-D Step takes the balanced trip table, a matrix of free-flow travel times 
between TAZs and a set of impedance functions, friction factors, and k 
factors to develop a matrix of person-trips between all zones that is 
controlled by the trip totals in the balanced trip table. For short-distance 
trips, impedance functions are used but for long-distance trips the estimated 
impedance functions have been turned into a table of friction factors so that 
long-distance trips are prevented from being distributed to destinations 
closer than 40 miles. The set of impedance functions used to distribute short-
distance trips is: 

Trip Purpose Impedance Function a b c 
HBW-SD Gamma f (tij) = a  tij

-b  e-c(tij) 0.07 0.86 0.095 
HBSHOP-SD Gamma f (tij) = a  tij

-b  e-c(tij) 0.099 1.15 0.128 
HBO-SD Gamma f (tij) = a  tij

-b  e-c(tij) 0.029 1.20 0.126 
NHB-SD Gamma f (tij) = a  tij

-b  e-c(tij) 0.11 0.75 0.116 
TRUCK Exponential f (tij) = e-c(tij)   0.065 

The impedance functions used to calculate friction-factors for long-distance 
trips are: 

Trip Purpose Impedance Function a b c 
HBW-LD Gamma f (tij) = a  tij

-b  e-c(tij) 0.07 0.86 0.095 
HBSHOP-LD Gamma f (tij) = a  tij

-b  e-c(tij) 0.099 1.15 0.128 
HBO-LD Exponential f (tij) = e-c(tij)   0.012 
NHB-LD Exponential f (tij) = e-c(tij)   0.011 
TRUCK Exponential f (tij) = e-c(tij)   0.065 

The Model was found to perform better when the distance-classification 
threshold was not applied to the distribution of HBW or HBSHOP trips. 
Therefore, the impedance functions for long- and short-distance trips for 
these purposes are identical and the long-distance classification effectively 
only applies to HBO and NHB passenger vehicle trips. 

The result of this step is a raw matrix of productions and attractions 
between all zones. Since the Model is a daily model, all trips are assumed to 
return to their origin, meaning that all trips originating in one zone and 
destined for another must also originate in the destination zone and 
terminate in the origin zone. This assumption effectively requires that the 
final matrix be diagonally symmetric. To accomplish this, the matrix is 
added to its transpose and then all cells are halved. The result is a 



 

 

 

diagonally symmetric O-D matrix of PTs for all 12 trip purposes and distance 
classifications:  

• HBW (long & short)  

• HBSHOP (long & short)  

• HBO (long, short & far)  

• NHB (long, short & far)   

• TRUCK (normal & far) 

In the past, the O-D matrix of PTs was reduced by the expected transit 
demand before allocating the remaining trips to passenger vehicles. 
However, the existing matrix of transit demand may date back as far as 
1997, so no defensible data source for transit trip demand exists, and the 
2009 NHTS does not support the development of a full O-D matrix of transit 
demand statewide. Therefore, transit demand is no longer considered 
directly in the Model.  

Instead, the full O-D matrices resulting from the trip-distribution step are 
divided by a vehicle-occupancy to convert them from person-trips to 
passenger vehicle-trips. The vehicle occupancies currently used in the Model, 
derived from the 2009 NHTS, are: 

Trip Purpose 
Internal Trips 
(long & short) 

Internal to External & 
External to Internal Trips 

(long, short & far) 
Home-Based Work – SD 1.12 1.05 
Home-Based Shopping – SD 1.48 1.79 
Home-Based Other – SD 1.75 2.00 
Non-Home-Based - SD 1.53 1.52 
Home-Based Work – LD 1.38 1.16 
Home-Based Shopping – LD 1.71 3.06 
Home-Based Other – LD 1.57 1.95 
Non-Home-Based – LD 1.43 1.94 
Truck 1.00 1.00 

Traffic Assignment: Assignment Step 

The final diagonally-symmetric matrix, including all passenger vehicle-trips 
(all of the non-TRUCK matrices summed) and truck trips (all TRUCK trips), 
is assigned to the road network in the Assignment Step. Free-flow travel 



 

 

 

speed on each link is assumed to be 10 miles per hour over the speed limit, 
and the user-equilibrium multi-class traffic assignment is used. The multi-
class assignment allows trucks and passenger vehicles to be assigned to a 
separate road network, with the truck network incorporating exclusions 
wherever trucks are prohibited on the road network.  

The traffic assignment results in daily traffic flows in each direction for 
passenger vehicles and trucks on every link in the road network, as well as 
the RMSPE calculated by comparing these link volumes with AADTs on a 
subset of the links in the network. Links excluded from the calculation 
include: 

• Centroid connectors 

• Links representing roadways for which an AADT was not determined 

• Links with high variations in directional flow (the AADT is not 
distinguished by direction of flow) 

• Links with assigned flows of less than 500 vehicles per day 

RMSPEs are calculated for all of the links that meet these criteria for both 
2010 and 2015, making them valid for the RMSPE calculation. Separate 
RMSPEs are also calculated for links connecting the internal and external 
portions of the Vermont highway-shed, and by AOT functional classes 1, 2, 3, 
30, and 40. 

Forecasting, Subarea Analysis, and Critical Link Analysis: Subarea and 
NCI Steps 

Forecasting for scenario modeling beyond 2015 in the Vermont Travel Model 
is accomplished using fixed growth rates derived from state and regional 
economic forecasts for employment and population. Employment growth by 
sector & county and household growth by county beyond 2015 are forecasted 
to be: 

County 

R
etail 

M
anufacturing 

N
on-

M
anufacturing 

G
overnm

ent 

E
ducation 

H
ouseholds 

Berkshire MA 0.001 0.004 0.005 -0.003 0.036 -0.003 
Franklin MA 0.001 0.010 0.005 -0.004 0.028 -0.002 



 

 

 

County 

R
etail 

M
anufacturing 

N
on-

M
anufacturing 

G
overnm

ent 
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ducation 

H
ouseholds 

Grafton NH -0.011 0.022 0.010 -0.010 0.018 -0.005 
Addison -0.007 0.020 0.009 -0.008 0.037 0.004 
Bennington -0.014 0.010 0.002 0.001 0.001 0.002 
Caledonia 0.004 -0.019 -0.001 -0.004 0.019 -0.004 
Chittenden 0.000 -0.008 0.032 0.022 0.041 0.005 
Essex -0.019 0.000 -0.002 -0.008 0.000 -0.008 
Franklin 0.015 0.005 -0.010 0.016 0.075 0.002 
Grand Isle -0.004 0.000 -0.001 -0.008 0.000 0.004 
Lamoille 0.018 0.060 0.013 0.000 0.000 0.003 
Orange 0.010 0.031 0.001 -0.002 0.003 0.004 
Orleans 0.001 0.057 0.006 0.001 -0.006 -0.002 
Rutland -0.010 0.021 0.012 -0.018 -0.005 -0.004 
Washington 0.002 -0.005 0.039 -0.014 0.005 -0.004 
Windham 0.003 0.013 0.000 -0.006 -0.006 -0.002 
Windsor 0.008 0.018 0.030 -0.006 0.010 -0.002 
Quebec, Canada 0.000 0.000 0.000 0.000 0.000 0.000 

Using these annual growth rates, any forecast-year can be selected and run. 
When a forecast-year is selected, the Model simply recalculates TAZ-level 
employment and households for the forecast year by applying the growth rate 
by county, and runs the Model using the updated TAZ characteristics. For 
forecasts beyond 2025, a modified road network is used for the traffic 
assignment, which includes new roadways expected to be completed by then. 
For forecasts beyond 2035, additional projects are added to the 2025 network 
for the forecast-year run. Any Model outputs available for the base-year are 
available for the forecast-year except for the RMSPE. 

The Model can also be used to run a Subarea analysis and/or calculate 
Network Criticality Indices (NCI) for links within the Subarea for the 
forecast-year (Subarea and NCI Steps). The Subarea analysis takes the 
diagonally-symmetric daily vehicle-trip matrices and expands it to include 
every “Demand Node” within the Subarea selection from the TAZ layer. The 



 

 

 

expanded vehicle-trip matrices are then assigned, yielding an expanded set 
of traffic flows for every link in the network. 

The expanded daily vehicle-trip matrices can also be used to calculate NCIs 
for links in the Subarea. The inputs to the NCI are Link Failure 
Probabilities (LFPs), Roadway Damage Severities (RDSs), and a user-
specified number of simulations N. A minimum of 3,000 simulations are 
recommended. These inputs are used to generate disrupted link states, and 
the networks is disrupted N times using these disrupted link states to 
generate alternate expanded daily traffic flows and to calculate NCIs.  
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