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Combining Two Regional Travel Models: Choices and Challenges 
 
 
Abstract 
The combination of two regional travel demand models was recently performed for an 
Environmental Impact Statement (EIS) in Colorado.  The North I-25 EIS, between 
Denver and northern Colorado, spans both the Denver Regional Council of Governments 
(DRCOG) and the North Front Range Metropolitan Planning Organization (NFRMPO) 
regional travel model areas.  A valid multi-modal travel forecasting tool was needed for 
the 60-mile corridor study, but the large study area encompassed two different regional 
travel demand modeling areas.  The development of the single forecasting tool needed to 
be cost-effective and time-effective to be ready for project application. 
 
This paper describes the evaluation of options for a single multi-modal travel demand 
model, the subsequent model combination effort, the analysis of U.S. Census journey-to-
work and other data describing travel between the two model areas, the development of 
the model for trips between the two regions, and validation of the final combined model.  
Each of these development steps presented unique challenges and achievements.  A 
summary of the model operation process is also described.     
 
Introduction  
An Environmental Impact Statement (EIS) of the 60-mile North I-25 corridor between 
Denver and Fort Collins, Colorado was initiated by the Colorado Department of 
Transportation (CDOT)1.  Overall, the corridor study area is 1,300 square miles.  There 
are three highways that connect the northern area with the Denver metropolitan area:  I-
25, US-287, and US-85.  The large study area, shown in Figure 1, is covered by the 
jurisdictions of two Metropolitan Planning Organizations (MPOs), the Denver Regional 
Council of Governments (DRCOG) and the North Front Range MPO (NFRMPO).  Each 
of these agencies maintains their own regional travel demand model; a statewide model 
does not exist. 
 
Prior to the EIS, there was considerable community interest in the initiation of commuter 
rail or other transit service between Fort Collins and Denver. In fact, a feasibility study 
had been conducted 7 years earlier in which transportation options were evaluated using 
sketch model.  For this EIS however, there was a general consensus that a more 
sophisticated travel model was needed that covered the large study area and could 
evaluate multimodal options. This paper describes the development of a suitable model 
for the North I-25 EIS. 
 
At the outset, some constraints to the forecasting were identified.  The schedule of the 
EIS did not allow for conducting a household travel survey and the development of a 
model, and so existing data were used.  It was also recognized that while the forecasts 
were an important and critical part of the EIS, the focus of the forecasting tool was to  
 

                                                 
1 CDOT was the client for this project, and has approved the presentation of this paper.  
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Figure 1: 
Study Area 
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support a successful EIS, and was not an end in itself.  The expenditure of resources 
needed to be reasonable and the effort needed to produce a working forecasting tool 
within a reasonable timeframe.  Furthermore, there was a need to establish credibility in 
the forecasting tool with the local community.   
 
Technical Working Group 
In order to gain community understanding and acceptance, a working group of technical 
representatives was established.  The Travel Forecast Working Group oversaw the 
development of the EIS model.  The group consisted of technical modeling staff of the 
NFRMPO, the DRCOG, CDOT Region 1, CDOT Department of Transportation 
Development, the Regional Transportation District (RTD), and the City of Fort Collins.  
Besides members of the local consultant team, the Travel Forecast Working Group also 
included two travel model experts who had a wealth of national experience in travel 
demand forecasting.  This group met seven times over a 15 month period as the EIS 
model was developed. 
 
Model Compar ison  
An initial effort was a detailed inventory of the two regional travel demand models.  
Overall, this effort revealed that 

�  There was a relatively small area of overlap between the two models and no gap 
between the model areas; 

�  The base year volumes at the common boundary roads matched reasonably well; 

�  The NFRMPO model had been recently calibrated to the year 2000 based on a 
2000 household survey; 

�  The DRCOG model had been recently calibrated to the year 2001 based on 1997 
household and external surveys;  

�  The DRCOG model used a multinomial logit model that estimated Drive-Alone, 
High Occupant Vehicles (HOV), and transit trips  whereas the NFRMPO model 
applied a mode split factor; 

�  Both models were implemented in the TransCAD software, although the 
NFRMPO model in TransCAD 4.5 and the DRCOG model in TransCAD 4.7; 

�  The horizon planning year of both MPOs was 2030. 
 
Design of EIS Model  
The first challenge was the selection of an approach for the EIS model.  Possible options 
included the following:  
 
Option A.  Combination of Two MPO Models 

This option involves the combination of the existing two MPO models into one 
inter-regional model. The zone system and networks would be combined.  A 
common trip generation, trip distribution, mode choice, and traffic assignment 
procedure would be developed.  The number of external trips would be revised.  The 
pros and cons are: 
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+ Would result in a true integrated model.  

- Large number of zones could result in long computer running times. 

- In effect, required development of a complete new model.  

- Would involve re-analyzing survey data, as available. 

- Extensive calibration/validation required. 

- Calibration and validation data for inter-regional trip distribution and mode choice 
was limited. 

- Forecasts could conflict with current long range plans (RTP models). 

 
Option B.  Combination of Two MPO Models and Create Long Distance Trip Purposes 

This is the same as Option A except additional new “ long”  trip purposes for inter-
regional trips are defined and integrated throughout the model.  These trips would 
replace other trips, but be better defined for Home-Based Work (HBW), Home-
Based Other (HBO), Non-Home Based (NHB) “ long”  trip rates and friction factors. 
Mode choice coefficients would be borrowed from another model.  The pros and 
cons are: 

+ Trips of long distance would be specifically modeled.  

+ Would result in a true integrated model.  

- Little data available for development of friction factor curves for new long 
distance trip purposes. 

- Number of zones could result in long computer running times. 

- In effect, required development of a complete new model.  

- Would involve re-analyzing survey data, as available. 

- Extensive calibration/validation required. 

- Calibration and validation data for inter-regional trip distribution and mode choice 
was limited. 

- Forecasts could conflict with current long range plans formed by the MPO models. 
 

Option C.    Separate MPO models with Inter-regional Submodel 

This option runs the two MPO models independently, and a separate sub-model for 
inter-regional trips would be developed.  The inter-regional submodel could use an 
aggregated set of zones.  The pros and cons are: 

+ Allow for focus on inter-regional sub-model. 

+ May not require the standardization of common model parameters such as facility 
types, volume-delay functions, trip purposes, time-of-day factors, and others. 

- Intra-corridor transit ridership in NFR would not be included. 
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- No HOV estimates in NFR area would be available. 

- Lack of sensitivity; possibility of reduced or no congestion effect in inter-regional 
sub-model. 

- Lack of dynamic routing at border region. 

- No data for calibration/validation for inter-regional model, particularly mode 
choice. 

- Would not be an integrated model. 

 

Option D.   Inter-regional Sketch Planning Model 

This essentially develops a sketch model with data from the 2001 NFR household 
survey, the Census Transportation Planning Package (CTPP), and the DRCOG 
roadside survey.  An inter-regional model would be estimated at district-level 
geographic units.   The pros and cons are: 

+ Simplified approach for inter-regional travel.  

- Lack of detailed results. 

- No data for calibrating base year mode shares for elasticity-based models (no 
inter-regional transit exists today). 

- Results may not be well accepted.  

- No capability to examine shorter, intra-regional transit or HOV trips in the north. 

- Resulting model may not be rigorous enough for FTA if there is a desire to seek 
FTA New Starts funding in the future. 

 

Option E.   Trip Table Analysis for Inter-Regional Travel 

This approach is essentially a limited sketch model that relies on simple ranges of 
mode shares applied to sound estimates of base and future inter-regional trip tables. 
Short trips would be modeled with either the NFRMPO model or a simplified 
combined model.  The pros and cons are: 

+ Practical approach to provide “ reality check” .   

+ Allows consultant team to focus on the development of alternatives.  

- Simplified approach for inter-regional travel.  

- Lack of detailed results.  

- May not be acceptable for alternative mode proponents. 

- No capability to examine shorter, intra-regional transit or HOV trips in the north. 
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Selected Option 
After considering these options, a hybrid approach of Option A and Option C was 
selected.  The choice was a combined inter-regional model with separate trip generation 
and trip distribution models, separate bi-regional trips, with a combined mode choice and 
trip assignment.  This approach takes advantage of each model’s calibrated and validated 
trip distribution tables. The DRCOG mode choice routine was recommended for the 
combined model for several reasons. It is calibrated for key transit destinations such as 
the Denver Central Business District and Denver International Airport; it is able to 
forecast local, limited, express, and regional transit trips, as well as rail trips, and 
observed rail ridership is available for validation purposes; it accommodates HOV trips; 
and it is calibrated and validated to meet FTA standards.  The DRCOG traffic assignment 
routine is also used as it matches the mode choice routine, for both path-building 
assumptions and trip table structure. 
 
The major steps of the selected model are briefly described in more detail below: 

1. Develop a combined model network and zone system. 

2. Use each model’s unique trip generation and trip distribution models for internal-
internal trips in their respective areas. 

3. Develop a bi-regional trip table for the trips that cross between the two model 
areas.  Each model’s original internal-external and external-external trips are 
modified accordingly.  The development of this trip table uses data from the 
DRCOG roadside survey, the NFRMPO household survey, and the Census 
Transportation Planning Package journey-to-work data. 

4. Combine the two internal-internal trip tables with the new bi-regional trip table 
into one large trip table on the combined zone system. 

5. Apply the DRCOG path-building, mode choice, and traffic assignment routine on 
the combined network. 

 
The advantages and disadvantages of the preferred model choice are: 

+ Preserves the trip generation and trip distribution of each separate model; builds 
upon the validated models. 

+ Gains acceptance by the MPO’s by preserving as much as possible from each 
model. 

+ Practical and expedient approach.  

- Complex model to maintain and operate. 

- Bi-regional trips are not dynamic.  

- Simplified approach for inter-regional travel.  
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Figure 2: 
Zone Merge 
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Zone and Network Merge 
The zones that overlap are shown in Figure 2.  There are two DRCOG zones that overlap 
in an area of ten NFRMPO zones.  It was decided to inactivate the DRCOG zones in the 
combined model zone system and use the smaller and more detailed NFRMPO zones.  
The zone merge was accomplished using geographic information systems (GIS) software. 
 
The two model networks shared some common roads in the overlap area.  In general, the 
NFRMPO model’s external stations were a few miles south of the NFRMPO model 
boundary, and needed to be shortened to meet the DRCOG links.  Each model’s external 
stations in the boundary area were inactivated in the combined model’s zone system and 
network. 
 
The network merge was accomplished using the geographic utilities of the TransCAD 
software.  The process involves merging geographic files, properly assigning node IDs 
for centroids in the combined file, and including each model’s link and node attributes. 
 
Each model’s link attributes were maintained.  The combined model network maintains 
both sets of attributes, because each model needs its own for the skimming process for 
trip distribution.  This was accomplished by adding a MPO-identifying prefix to the link 
attributes.  Prior to each model’s skimming for its respective trip distribution, the prefix is 
temporarily removed, and the network pathbuilding can take place for each original 
model.  During model application, coding of new alternative networks requires 
maintaining attributes of both models. 
 
Since the NFRMPO model did not have a mode choice element, there was no need to 
combine transit route systems.  The DRCOG transit network consisted of several hundred 
bus and light rail routes of the Denver RTD system, and needed to be coded on the 
combined network.  There are relatively few transit routes in the north front range area:  
TransFort (Fort Collins) has about 15 fixed routes, The Colt (Loveland) has 4 routes, and 
The Bus (Greeley) has about 8 local routes.  There are no routes that cross between the 
model regions.  These northern routes were coded in the route system containing the 
RTD routes for each network merge .  The service mode of the north area local routes 
was chosen among the local mode types of DRCOG’s that best matched the service 
characteristics and fare categories. 
 
The network merge was performed for two scenarios: the base year and the year 2030.  
The base year model of DRCOG was 2001, while the base year model of NFRMPO was 
2000.  There were no distinguishing projects that occurred in the study area during this 
one year timeframe, and so the networks were combined without any modifications.  It 
was recognized that each model was calibrated with traffic counts relative to the amount 
of population for each respective year.  Furthermore, traffic counts in the border area did 
not indicate change over this timeframe.  Since the combined model validation effort was 
focused on matching the original output volumes of each model, factoring to a common 
year was not necessary.  So an unusual aspect of the combined model is that the base year 
is both 2000 and 2001. 
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Tr ip Survey Data 
Two sources of survey data were available for examining trip patterns between the 
NFRMPO model and the DRCOG model: a roadside survey and journey-to-work data 
from the Census Bureau. After processing these data, a major challenge was presented. 
 
DRCOG Roadside Survey  
DRCOG had conducted a roadside survey on the three highways in 1998.  The raw data 
was processed by trip purpose, with expansion factors provided by DRCOG.  For 
example, the process for home-based work (HBW) trips is described below. 
 
The number of HBW vehicle trips in 1998 between the north study area and the Denver 
metropolitan region is about 18,000.  Using vehicle occupancy data from the survey, the 
number of HBW person trips in 1998 is about 21,000.  The roadside survey did not 
include three county roads.  The total traffic on these roads amounts to 10,100 vehicles.  
Assuming 33 percent are HBW trips (based on approximate average from roadside 
survey) and assuming an average auto occupancy of 1.1 yields an additional 3,700 HBW 
person trips not accounted for above.  The total of HBW trips would be approximately 
25,000. Finally, using a conservative growth of 2.5 percent per year, the roadside survey 
data indicates a year 2000 estimate of about 27,000 HBW trips between the two model 
areas.      
 
The results for HBW trips are shown in Table 1.   

 
Table 1 

Roadside Survey HBW Tr ips  
Tr ip Type Number of 

Surveys 
Expanded Number 
of Vehicle Tr ips 

Trips Through North I-25, north US-
287, and north US-85 external stations 

1,240 20,620 

Vehicle trips that begin and/or end in 
either model area  

1,160 19,130 

Vehicle trips with a known purpose 1,160 19,130 
Vehicle trips that end in respective 
model areas  

1,100 18,080 

Person Trips  20,970 
Inclusion of County Road Person Trips  24,670 
Person Trips Factored to 2000  26,570 

Source: DRCOG Roadside External Station Survey, 1998 
 
 
2000 Census Journey-to-Work Data 
For CTPP journey-to-work (JTW) workplace information, the US census long form 
inquires where the survey respondent worked most during the prior week for their 
primary job.  The survey question is “At what location did this person work last week? If 
this person worked at more than one location, print where he or she worked most last 
week.”  The JTW definition of a work trip differs from the HBW definition used in travel 



 11 

models.  A HBW trip, recorded by a household survey for a given weekday, is a trip 
made from home to work, with no regard to directionality. 
 
For the travel model, JTW trips need to be converted to HBW trips.  The conversion 
factor takes into account the return trip from work to home, the effect of multiple jobs, 
absenteeism (vacation and sick days), etc.  The factor ranges from 1.35 to 1.41, 
depending on the population size of the area2.  For the North I-25 Study Area, a 
conversion factor of 1.35 is appropriate. 

 
Year 2000 CTPP JTW data between census tracts were summarized at an aggregated 
geographic level called the Regional Statistical Area (RSA). The RSA level of analysis 
allowed the summarization of data for the study area boundary, and to focus on the 
interregional trips between the north area and the Denver metropolitan area.  The census 
tract data indicates about 30,000 journey-to -work trips between the north study area and 
the Denver metropolitan area in the year 2000. This equates to about 41,000 HBW trips. 
 

Table 2 displays the resulting tabulation of journey-to-work trips converted to HBW 
trips. 

Table 2 
JTW Flow Between North Study Area and Denver Metro Area 

Tr ip Type Or igin Destination Tr ips 

North Study Area*  Denver Metro 22,890 

Denver Metro North Study Area*  7,540 

Journey-to-Work 

Two-way Total 30,430 

HBW Two-way Total 41,000 

*The North Study area approximately corresponds to the NFRMPO model area. 

 
Survey Data Reconciliation 
The two primary data sources of work commute trips traveling between the two model 
areas did not indicate a similar number of trips.  From the 1998 DRCOG roadside survey, 
the total number of HBW trips in 2000 is estimated to be about 27,000.  The processing 
of the year 2000 CTPP data resulted in about 41,000 HBW trips between the two model 
areas.  
 
The data processing of both the roadside survey and the CTPP data was double checked 
to make sure there were no errors in computation.  After much discussion, it was 
recognized that both the roadside and the CTPP survey data have inherent limitations.  It 
was also suggested that the appropriate factor for these very long trips is not 1.35, but 
something closer to 1.0.  Since the trips are so long, different trip patterns may be 
experienced than in typical urban areas.  It was also recognized that the high number of 

                                                 
2 Transportation Planner’s Handbook on Conversion Factors for the Use of Census Data, USDOT Federal 
Highway Administration, May 1996. 
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HBW trips suggested by the CTPP would imply an unusually high percentage of 
commute trips crossing between the regions, given the quantity of vehicle trips from 
traffic counts of about 90,000 to 95,000. 
 
For these reasons, it was decided to use the geographic distribution from the CTPP for 
HBW trips and the control total from the DRCOG external survey.  For HBO and NHB 
trips, the roadside survey was the primary source of data.   
 
Development of Bi-Regional Tr ips 
A trip nomenclature became necessary to distinguish between the various trip types in the 
EIS combined model, as described in Table 3 below. 
 

Table 3 
Tr ip Nomenclature 

Tr ip Type Tr ip Definition 
Bi-Regional Trips that have one endpoint in the NFR 

model area and one endpoint in the 
DRCOG model area. 

Border trips Trips that cross the common border 
(approximately SH-66) between the two 
MPO models. 

Internal-Internal (I-I) I-I trips from either the NFR or DRCOG 
MPO models 

Internal-External (I-E) I-E trips from either the NFR or DRCOG 
MPO models 

External-External (E-E) E-E trips from either the NFR or DRCOG 
MPO models 

Regional-External Trips that have one endpoint in either the 
NFR or DRCOG model areas, and the 
other endpoint external to the both NFR 
and DRCOG model areas 

Super-External Trips that have neither endpoint in either 
the NFR or DRCOG model areas 

 
 
The border trips, represented as internal-external and external-external trips of the 
original MPO models, map to different trip types in the combined model structure 
(Table 4). 
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Table 4 

Border  Tr ip Mapping 
Tr ip Type in Or iginal MPO 

Model 
Tr ip Types in Combined Model 

Internal-External Trip �  Bi-regional residential trips 
o HBW 
o HBO 
o NHB 

�  Bi-regional truck trips 
�  Regional-External trips 

External-External Trip �  Regional-External trips 
�  Super-External trips 

�
The quantity of border person trips is controlled by the number of vehicle trips from the 
roadside survey data, by trip purpose.  Figure 3 displays the number of trips of each type, 
and shows as a reference the original MPO model internal-external and external-external 
vehicle trips. 
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Figure 3 
Combined Travel Model 
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Overall, the distribution processing of 
border trips was a major challenge.  The 
processing of trips utilized the 2000 
CTPP, the 1998 DRCOG roadside 
automobile and truck surveys, and the 
MPO models’  external station 
submodels.  This was accomplished 
using a combination of GIS, SQL Server, 
TransCAD, and C# programming.  The 
data sources mentioned above were first 
aggregated to districts, termed Regional 
Statistical Area (RSA).  A RSA 
production-attraction matrix by purpose 
was then developed.  Subsequently, a 
TAZ production-attraction matrix was 
generated by distributing RSA trips to 
the TAZ level by using zonal production 
and attraction values.  The process is 
described in more detail below. 

Bi-Regional Trip Distribution 
As an example, the processing for bi-
regional HBW trips is as follows.  The 
CTPP and roadside survey data was 
processed to the district level of RSAs.  
The CTPP data provided the geographic 
distribution of bi-regional trips between 
RSAs, and the roadside survey provided 
the control total of HBW trips between 
RSAs.  In this way, a HBW RSA to RSA 
production-attraction trip matrix was 
generated.   
 
The next step involved allocating the 
trips to zones.  Figure 4 illustrates the 
process.  The trips Tij from RSA Ri to 
RSA Rj are distributed first for the 
production end among the n zones of Ri 
based on the internal-internal distribution 
of HBW productions P1 …Pn.  Then, for 
the trips from each zone k of RSA Ri, the 
attraction end is allocated to the m zones 
of RSA Rj based on the internal-to-
internal distribution of HBW attractions 
A1…Am.   
 

Figure 4 
Bi-Regional HBW Tr ip Distr ibution 
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The same process was used for HBO, NHB, and 
truck bi-regional trips, but the roadside survey 
provided both the geographic distribution and 
quantity of trips between RSAs. 

Regional-External and Super-External Trips 
Regional-External and Super-External trips were 
developed from the external station elements of 
the MPO models: the internal-external and 
external-external trip models.  
Figure 5 illustrates the steps used to calculate the 
regional-external and super-external trips, for 
NFRMPO as origin and DRCOG as destination. 
 
TripsOiCk are the number of internal or external 
trips originating in one NFR zone or external 
station (Oi) to a common external station (Ck).  

The PercentCkDj are the number of trips from a 
DRCOG common external station (C) to one 
DRCOG internal zone or external station (Di) 
divided by the sum of trips from that common 
station to all internal zones and external stations.  
Then, Tripsij are the number of trips from the 
origin (Oi) to the common external station 
multiplied by the percent of trips from the 
common station to the destination (Dj).  Trips 
were calculated through each common external 
station and then summed. 

 

� ´=
1

k
jkkiij DPercentCCTripsOTrips  

Any resulting bi-regional trips (NFR internal to 
DRCOG internal in this example) are removed 
since these trips are handled separately by 
purpose. 

The process was repeated for the other MPO 
model as origin model; the origin and destination 
MPOs were reversed to calculate the trips from 

DRCOG to NFR. 

Using this labeling, Regional-External Trips are TripsOiDi with origin as internal 
zone of origin MPO and destination as external station of destination MPO.  
Similarly, TripsOiDi with origin as external station of origin MPO and destination as 
internal zone destination MPO are Regional-External trips. 

Figure 5 
Regional-External and Super-

External Tr ip Distr ibution 
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Super-External trips are TripsOiDi with the origin as an external station of the origin 
MPO and the destination as an external station of the destination MPO.  

Internal-Internal Trips  
The internal-internal trips of each respective model are unaffected, except for the overlap 
zones.  There are ten NFR zones that overlap with two DRCOG zones.  The NFR zones 
remain as internal zones to the NFR model area.  The DRCOG zones are factored down 
(the socioeconomic data) to reflect the portion of each that is not covered by the 
overlapping NFRMPO zone(s): 

�  Zone 2576:  Zero out population, households, and employment (Zone 2576 is 
entirely covered by the overlapping NFRMPO zones). 

�  Zone 2577: Factor population, households, and employment by 51 percent. 
 
Internal-External and External-External Trips  
The internal-external and external-external trips of each respective MPO model are 
unaffected, except for external stations in the border area.  Internal-external trips at these 
border locations are zeroed out from the internal-external trip tables of the MPO models: 
 
Future Year Bi-Regional Trip Tables 
Development of the future year bi-regional trip table was another challenge.  For future 
forecasts, the bi-regional trip tables are factored up from the base year to the year 2030 
using a fratar process. The fratar process is an iterative row and column factoring process 
that increases matrix cell values to match row and column marginals.   
 
The sum of the future year row (column) marginal total is defined to be the bi-regional 
trip base year total increased by an average growth of 2.5 percent per year.  The 2.5 
percent is the average of the external station annual increases for the three major 
highways of both the NFRMPO and DRCOG models.  In general, the MPO future 
forecasts for these common external stations matched very well.   
 
The distribution of the marginal total to the rows and columns was defined to be the 
average of the bi-regional marginal distribution and the marginal distribution of the 2030 
internal-internal trips.  The bi-regional marginal distribution reflects the propensity of 
near-border zones in the bi-regional trips, and the internal-internal distribution reflects the 
future activity of zones that may not exhibit activity in the base year.  
 
Model Validation 
The validation for the combined EIS model involved looking at several aspects of the 
model to determine whether the procedures were operating properly.  First, considerable 
attention was focused on the combined trip table.  Since the MPO’s models were being 
run independently for each region’s internal-internal trips, the combined trip table should 
theoretically be the sum of the DRCOG person trips, NFRMPO person trips, and the bi-
regional trip table developed for the project.  The aggregated trip table was checked to 
determine whether the total trips were being conserved and whether they matched the 
control totals.   
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The goal of the combined EIS model validation was “ to do no harm” within the MPO 
modeling areas.  Since the MPO models used for the base year were considered validated, 
the modeled roadway volumes, in effect, were the targets volumes that needed to be 
matched.  Within the DRCOG modeling area, the combined model matched the 
DRCOG’s modeled 2001 volumes very well.  This was not surprising considering that 
the combined EIS model used DRCOG’s existing traffic assignment model.  See Table 5 
for a summary of the combined EIS model results compared to the DRCOG model.   
 

Table 5 
Combined EIS Model Results Compared to the Or iginal DRCOG Model 

Code Facility Type
Or iginal 
Model

Combined 
Model 

Absolute Relative 

1 Freeway 913 38,859,623      38,634,620       (225,002)         -0.6% 303                  1.8%

2 Expressway 263 7,595,903        7,610,675         14,772            0.2% 431                  3.5%

3 Major Arterial 2884 86,217,844      86,125,862       (91,982)           -0.1% 209                  1.9%

4 Minor Arterial 3018 30,712,065      30,646,554       (65,510)           -0.2% 107                  2.7%

All 7,104               163,469,506    163,101,613     (367,893)         -0.2% 185                  2.3%

Facility Type
PRMSE

Number of 
L inks

Average 
Absolute 

Difference

Daily Volume Total Difference

 
 
 
The model results in the NFR region for the combined EIS model were generally fine 
when compared to the independent NFRMPO model.  However, there were a few areas 
where the results were noticeably different.  This result was anticipated to some degree.  
DRCOG’s traffic assignment model is different than the NFRMPO assignment model in 
several aspects.  The capacities, alpha and beta values for the volume-delay functions, 
and the time-of-day models are different.  Some of the largest traffic volume differences 
were found on US 85 and US 287 through Greeley and Loveland, respectively.  The 
problem was traced to the facility type definition.  The roads were coded as expressways 
in the original NFRMPO model.  When applying DRCOG assignment procedure in the 
combined model, too much traffic was being loaded on these facilities.  To address this 
issue, US 85 and US 287 were downgraded to major arterials within the city boundaries.  
This was considered a reasonable assumption considering the lower speed limits and 
greater number of signals that currently exist within the city boundaries.  After 
implementing this change, there was a noticeable improvement in the traffic assignment 
results compared to the earlier results.  Table 6 contains the combined EIS model results 
compared to the NFRMPO model. 
 

Table 6 
Combined EIS Model Results Compared to the Or iginal NFRMPO Model 

Code Facility Type NFR Model
Combined 

Model
Absolute Relative 

1 Freeway 100 2,196,237     2,146,819          (49,418)           -2.3% 963                  5.5%

2 Expressway 122 2,063,013     2,287,405          224,392          10.9% 2,831               21.3%

3 Major Arterial 613 10,676,182   10,908,045        231,863          2.2% 2,692               19.9%

4 Minor Arterial 629 3,735,485     3,510,850          (224,635)         -6.0% 1,696               44.7%

All 1464 18,603,015   18,788,121        185,106          1.0% 2,158               23.9%

Average 
Absolute 

Difference
PRMSE

Number  of 
L inks

Daily Volume Total DifferenceFacility Type
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For the merged model area, the model validation goal was to ensure that there was the 
proper number of bi-regional trips between the two regions.  Moreover, since the study 
was focused on the I-25 corridor, it was also very important that the model was loading 
the correct number of vehicle trips to this facility.  Since there are only three major 
roadway facilities (I-25, US 287, and US 85) that provide a link between the two regions, 
the initial traffic assignment appeared reasonable with most of the volume being loaded 
on the higher capacity interstate.  When compared to the actual counts, however, the 
model initially assigned too many vehicles onto the state highways.  The problem was 
traced to some network coding issues.  Once these problems were cleaned up, the 
modeled volumes better matched the observed traffic counts, as shown on Figure 6.   
 
Using the same goal of doing no harm within the MPO modeling areas, the transit 
validation involved comparing the transit results from the combined EIS model with 
observed and modeled ridership data.  For the Denver RTD system, the assignment 
results from the combined EIS model were compared to the DRCOG model results at the 
route level and service type modes.  The combined EIS model results were well within 
the profession’s validation targets for all modes except rail, which initially had too few 
boardings.  The rail problem was eventually traced to coding inconsistencies between the 
original network provided to the project team and the MPO’s current transit network.  
The MPO, for example, had coded transit-only links on a roadway facility that parallels 
the rail line.  In the combined network without the transit-only links, the bus speeds from 
the parallel facility were very high thereby making the competing a bus route much more 
attractive option.   After these coding issues were identified and addressed, the transit 
results of combined EIS model matched the original DRCOG model. 
 
In the NFR region, the combined EIS model was able to match Transfort’s observed 
system ridership within one percent.  However, for the Colt and the Bus, the transit 
assignment results were not as close. Given the small size and ridership on these two 
transit systems, this result was not surprising.  Regional travel models are better suited for 
simulating travel (roadway or transit) on high volume facilities, not individual bus routes 
or roadway facilities carrying relatively few travelers.  Overall, the three systems 
combined matched the observed system ridership within 17 percent.  This result was 
considered acceptable given the EIS’s focus on interregional travel between the two MPO 
regions.   
 
Table 7 shows the transit validation statistics for the DRCOG and NFR areas. 
 
While there is no existing transit service between the DRCOG and NFRMPO modeling 
areas, transit path-building skims were tested to see whether DRCOG’s transit model was 
operating properly.  Hypothetical transit routes of various modes were coded between the 
two regions.  The resulting travel time skims, fare matrices, and mode shares were all 
reviewed.  Given the competing roadway travel times as well as comparable transit mode 
shares from distant satellite communities to the Denver CBD, it was agreed that 
DRCOG’s transit model was functioning properly in the combined model. 
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Figure 6 
Highway Results at Border  Screenline 
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Table 7 

2001 Average Weekday Boardings for  RTD Routes

Observed
Combined Model 

2000/2001 Absolute Relative 
Otiginal  2001 

DRCOG
RTD Service Type Fall/Spring 2001 Run #38 Difference Difference Version 90 Difference Percent

Mall Shuttle 56,597 55,485 -1,112 -2% 58,031 -2,546 -4.39%
Denver Local 123,525 149,574 26,049 21% 148,326 1,248 0.84%

Denver Limited 17,531 18,111 580 3% 18,772 -661 -3.52%
Express Bus 11,862 23,271 11,409 96% 23,116 155 0.67%
Regional Bus 10,522 6,701 -3,821 -36% 6,669 32 0.48%

Rail 32,103 30,111 -1,992 -6% 30,427 -316 -1.04%
SkyRide 5,447 6,269 822 15% 6,108 161 2.63%

Longmont Local Bus 911 1,855 944 104% 1,897 -42 -2.24%
Boulder Local Bus 21,394 22,785 1,391 7% 22,788 -3 -0.01%

Total 279,892 314,162 34,270 12% 316,134 -1,972 -0.62%

2001 Average Weekday Boardings for  NFR Transit Systems
Observed Combined Absolute Relative 

NFR System 2001 Model Difference Difference
Transfort (Ft. Collins) 5,542 5,483 -59 -1%

Colt (Lovelend) 275 725 450 62%
The Bus (Greeley) 1,426 2,402 976 41%

FoxTrot 290 496 206 42%

Total 7,533 9,106 1,573 17%

Summary
Observed Combined Absolute Relative

System 2001 2000/2001 Model Difference Difference
DRCOG plus NFR 287,425 323,268 35,843 11%

Combined Run #38
DRCOG Compass Version 90 2001 Base Calibration Cycle 12

Transit Boarding Compar ison by Service Area

Combined Model Compared to 
DRCOG Model
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Acronyms 
 

CDOT   Colorado Department of Transportation 

CTPP   Census Transportation Planning Package 

DRCOG Denver Regional Council of Governments 

EIS   Environmental Impact Statement  

FTA   Federal Transit Administration 

GIS   Geographic Information System 

HBO   Home-Based Other  

HBW   Home-Based Work  

HOV   High Occupant Vehicle 

JTW   Journey-To-Work 

MPO   Metropolitan Planning Organization 

NFR  North Front Range 

NFRMPO  North Front Range Metropolitan Planning Organization  

NHB   Non-Home Based 

RSA   Regional Statistical Area 

RTD   Regional Transportation District 
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