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1.      Introduction 
 
The traffic impacts of the future developments in the IL130/High Cross Road corridor for different scenarios 
were analyzed using a Travel Demand Model (TDM). A four step modeling process was followed for this 
purpose. The model input data used for this corridor study is an extension of the existing travel demand model 
created for the 2004 Long Range Transportation Plan. The existing model included the Champaign-Urbana-
Savoy-Bondville urbanized area and areas along the U.S. Route 45 corridor. The model was expanded to 
include the additional area covering the IL130/High Cross Road Corridor. The modeling was done using 
advanced computer software (CUBE Voyager), which provided the capabilities to model additional modes such 
as walking and biking. Additional Traffic Analysis Zones (TAZs) were added to the existing model.  
 
 
2.        Traffic Analysis Zones 
 
In order to analyze the traffic impact of the population and employment growth, the study area is divided into 
‘Traffic Analysis Zones’ (TAZ). Traffic Analysis Zones (TAZs) are the geographical blocks for the travel demand 
model. TAZs are defined based on land use characteristics, density of population and employment, physical 
boundaries, census blocks and major roadways. The existing model had 157 TAZs; this was expanded to 168 
TAZs to include the IL130/High Cross Road corridor study area. Figure 1 shows the TAZs and the study area 
boundary for the corridor study.  
 
 
3.      Highway Network 
 
The highway network for this model includes all the major corridors and other significant roadways in the 
model area. The highway network is composed of nodes and links. Nodes represent intersection points or 
other changes in the roadway geometry, functional classification and operational characteristics. Each node 
has the node number, x-coordinate and y-coordinates as attributes. Links represent the roadway segments. 
There is a link for each direction of the roadway segment. Each link has a set of data attributes (speed, 
distance, travel time, functional classification etc.,) associated with it. These attributes are used during the 
modeling process. Table 1 gives the list of link attributes. The roadways are classified into seven different 
classes depending on their functions. The seven functional classifications of roadways used in this model are: 
 

1-   Major Arterial 
2-   Minor Arterial 
3-   Collector 
4-   Local 
5-   Connector 
6-   Interstate Highway 
7-   Ramp  

 
In addition to the nodes, each TAZ has a centroid. A Centroid is a point that represents the concentration of 
population and employment within the TAZ. These centroids are connected to the major roadways on the 
boundary of the TAZ through centroid connectors. In a way, centroid connectors act as the small streets that 
collect traffic from the developments and feed them to the major roadways. Centroid connectors may not 
follow the exact alignment of local streets, since a centroid connector may represent a group of local streets. 
The highway network was modified according to the need of each of the future transportation alternatives. 
Figure 2 shows the roadways that are included in the model for the existing conditions and their functional 
classification. 
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Figure 1: Traffic Analysis Zones (TAZs) 
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Figure 2: Highway Network 
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Table 1: Link Attributes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.      External Stations 
 
External stations are points of entry and exit for vehicles entering, exiting or traveling through the study area. 
These are additional points or nodes that feed traffic to the major roadways inside the model network. They are 
used to bring in traffic from outside the model network and are located at the boundary of the network. The 
existing model consisted of 29 external stations. The expansion of the existing model kept the 29 external 
stations, but moved the external stations to cover the added corridor areas. Figure 3 shows the location of 
external stations in the model. 
 
 
5.      Transit Networks 
 
In addition to the highway network, a transit network was also coded to model the transit trips within the model 
area. This network was supported by access links. Access links connect the TAZ centroid to the transit stop. 
Several different transit networks were used for this study depending on the needs of potential future 
transportation alternatives. Figure 4 shows the existing transit network. 
 
 
6.        Development Scenarios 
 
The IL130/High Cross Corridor study considered two different socio-economic conditions to be modeled: the 
existing condition and the future growth scenario. The existing condition is based on the base year 2005 and 
the future growth scenario is based on the horizon year 2025. Population and employment forecasts were 
done for future scenario and for existing conditions based on 2000 Census data and other data sources. This 
data was used in generating trips for the model. 
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Attribute Description

1 A Node A node number which identifies the "from" node of the link

2 B Node A node number which identifies the "to" node of the link

3 Functional Classification Functional classification of roadways (1-7)

4 Distance Actual node to node distance

5 Time 1 Operational travel time

6 Time 2 Free flow travel time

7 Two Way Indicates whether the link is two-way or one-way (0-one way, 1-two way)

8 Area Type 1=CBD, 2=Fringe, 3=Residential, 4=OBD, 5=Rural

9 Lanes Number of lanes in direction of travel

10 Facility Type 1-17 by functional classification, area type, speed and number of lanes

11 Capacity 24-hour capacity

12 Volume Average Daily Traffic (ADT) from traffic counts



A2-5 

Figure 3: External Stations 
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Figure 4: Existing Transit Network 
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7.        Model Process 
 
A four-step travel demand model (TDM) was used for modeling the study area. The four-step model is the most 
widely used TDM process. This modeling process is easy to implement and is considered to be very effective in 
predicting the traffic impacts for future developments. This modeling process consists of the following steps: 
 

1.   Trip Generation 
2.   Trip Distribution 
3.   Mode Choice 
4.   Trip Assignment 

 
Figure 5 shows the flow chart for a four-step travel demand model. 
 

Figure 5: Model Flow Chart 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.        Trip Generation 
 
Trip generation refers to the estimation of trips generated by the population and employment in the study area. 
The trip generation process estimates the number of trips generated by each TAZ. It also includes the trips 
generated by the areas surrounding the model area. These external trips are accounted for using the external 
stations as the source of these trips. The trips generated are categorized as production trips and attraction trips. 
Production trips are trips generated by households in the area and attraction trips are trips generated by the 
employment centers. The production and attraction trips are further classified into five different purposes. 
Figure 6 shows the generation of the different trip purposes. 
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  Home-Based Work (HBW): This category includes to/from work or work-related business trips.  
  Home-Based School (HBShc) – This category includes trips to school, college or university for classes, 

or to school-related meetings.  
  Home-Based Shopping (HBSho) – One end of trip is shopping activities.  
  Home-Based Other (HBO): This category includes family and personal business trips such as banking, 

haircuts, visiting friends and relatives, other social or recreational trips taken for entertainment and 
recreation, and for trips that do not fit any of the other categories. 

  Non-home Based trips (NHB) – This category includes trips that do not start or end at home. 
 

Figure 6: Trip Purposes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The estimation of the number of production trips and classification into the five different classes is based on the 
trip generation rates calculated from the travel survey conducted by CUUATS for the LRTP model in 2003. The 
population was converted into number of one, two, three and four or more person households. The number of 
production trips for each trip purpose was calculated using the number of households and the LRTP trip rates. 
Employment data in each TAZ is categorized into retail, service and other. The ‘Other’ category consists of 
industries, education and government jobs. The attraction trips were calculated using the number of jobs and 
the trip rates for each employment category. The trip rates for the attraction trips were obtained based on the 
guidance given in the NCHRP Report 365 (Travel Estimation Techniques for Urban Planning). The total trips 
generated differ for each scenario based on the population and employment. After estimating the trips for the 
production and attraction, the attraction trips have to be balanced to match the production trips. The 
balancing is achieved by calculating an adjustment factor for the attraction trips for each trip purpose. This 
adjustment factor is applied to the attraction trips for each TAZ. This discrepancy is due to the fact that the 
employment data tends to be less accurate than the population data. Table 2 shows the trip rates for 
production and attraction for the five trip purposes.  
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Table 2: Trip Rates 

Estimation of Production Trips 
HBWork        = 0.17*6.9(X1) + 0.16*11.0(X2) + 0.21*12.8(X3) + 0.16*14.3(X4) 
HBSchool      = 0.16*6.9(X1) + 0.05*11.0(X2) + 0.04*12.8(X3) + 0.04*14.3(X4) 
HBShopping = 0.08*6.9(X1) + 0.14*11.0(X2) + 0.13*12.8(X3) + 0.13*14.3(X4) 
HBOther         = 0.27*6.9(X1) + 0.35*11.0(X2) + 0.31*12.8(X3) + 0.42*14.3(X4) 
NHB               = 0.32*6.9(X1) + 0.30*11.0(X2) + 0.31*12.8(X3) + 0.25*14.3(X4)     

 
X1 = Total number of 1-person households in TAZ 
X2 = Total number of 2-person households in TAZ 
X3 = Total number of 3-person households in TAZ 
X4 = Total number of 4+person households in TAZ 

 
 
Estimation of Attraction Trips 

HBWork        = 1.7 * (X1) 
Co-efficient   = 10.4 * (X2) + 2.0 * (X3) + 0.6 * (X4) + 1.0 * (X5) 
HBSchool      = 0.14 * Co-efficient 
HBShopping = 0.23 * Co-efficient 
HBOther        = 0.63 * Co-efficient 
NHB              = 4.7 * (X2) + 1.4 * (X3) + 0.6 * (X4) + 0.6 * (X5) 
 
X1 = Total employees in TAZ                         
X2 = Total RETAIL employees in TAZ 
X3 = Total SERVICE employees in TAZ 
X4 = Total OTHER employees in TAZ 
X5 = Total households in TAZ 

 

Average

Rate Percent Rate Percent Rate Percent Rate Percent Rate Percent Rate

One-person 6.9 0.17 1.2 0.16 1.1 0.08 0.6 0.27 1.9 0.32 2.2

Two-person 11 0.16 1.8 0.05 0.6 0.14 1.5 0.35 3.9 0.3 3.3

Three-person 12.8 0.21 2.7 0.04 0.5 0.13 1.7 0.31 4 0.31 4

Four+person 14.3 0.16 2.3 0.04 0.6 0.13 1.9 0.42 6 0.25 3.6

EMP HBW Coefficient NHB

Percent Rate Percent Rate Percent Rate Percent

Total 1.7 - 0.14 - 0.23 - 0.63 - -

Retail - 10.4 0.14 1.46 0.23 2.39 0.63 6.552 4.7

Service - 2 0.14 0.24 0.23 0.39 0.63 1.3 1.4

Other - 0.6 0.14 0.077 0.23 0.12 0.63 0.4 0.6

Household - 1 0.14 0.13 0.23 0.21 0.63 0.6 0.6

* Trip production rates

HH
HBWork HBSchool HBShopping HBOther Non-Home-Based

* During the calibration and validation, trip rates were increased by 10% for trip production and trip attraction. 

* Trip attraction rates

HBSchool HBShopping HBOther
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External trips 
External trips can be grouped into External-External trips (E-E, through trips) or External-Internal/Internal-
External trips (E-I/I-E). Through trips are those for which both the origin and destination are located outside of 
the model area. E-I/I-E trips are those for which either the destination or the origin is located within the model 
area. The percentage of through trips at each external station is estimated based on the Origin-Destination 
survey conducted by CUUATS for the LRTP model. A through trip percentage of 40% for freeway external 
stations and 9% for other external stations were used.  

 
Through trips = Percentage of through trips * ADT 
E-I/I-E = ADT – Through trips 

 
The E-I/I-E trips calculated are then classified into the five different trip purposes. From the Origin-Destination 
survey, the percentage of each trip purpose is estimated and then applied. The following is the percentage of 
each trip purpose for the E-I/I-E trips: 
 

■ HBW – 57% 
■ HB School – 6% 
■ HB Shopping – 9% 
■ HB Other – 21% 
■ NHB – 7%           

 
After estimating the number of E-I/I-E trips under each trip purpose, the production and attraction trips are 
arrived upon based on the residency factors. Residency factors indicate the percentage of trips originating from 
the study area.  
 

Production trips = trips * residency factor 
Attraction trips = trips * (1-residency factor) 

 
Table 3 gives the residency factors used in the study. The values were obtained from the Origin-Destination 
study. 
 

Table 3: Residency Factors 
 
 
 
 
 
 
 
 
 
Production and Attraction Balancing 
After arriving at the total production and attraction trips, the attraction trips were balanced to match the 
production trips. An adjustment factor is calculated for each trip purpose and then applied to the attraction 
trips of each TAZ. The adjustment factor is calculated as follows: 
 

Adjustment factor = (Total internal trips produced + Total external trips produced-Total 
external trips attracted)/Total internal trips attracted 

 
Table 4 shows the balanced number of trips for each scenario. 

Trip Purpose  Residency factor (%)

HBW 23%

HB School 57%

HB Shopping 18%

HBO 35%

NHB 63%
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Table 4: Balanced Number of Trips 

9.        Trip Distribution 
 
After estimating the trips generated, the model will distribute the trips between the TAZs. Trip distribution is the 
estimate of the number of trips from one TAZ to another. Trip distribution is based on the difference in 
production and attraction between each TAZ pair, the friction factor for the trip length and the travel time. 
Friction factors are estimates of the reduction in trips with the increase in trip length. The trip distribution was 
completed using the gravity model. The equation used for the gravity model is given below: 
 
 
 
 
 
 

Where: 
T ij   = the number of trips from zone i to zone j 
Pi     = the number of trip productions in zone i 
A j    = the number of trip attractions in zone j 
F ij    = the friction factor relating the spatial separation between zone i and zone j 
K ij   = an optional trip-distribution adjustment factor for interchanges between zone i and 
zone j 

 
One of the important steps in trip distribution is estimating the travel impedance between the TAZs. In the 
current model, the shortest travel time between the TAZs is calculated as the impedance. Travel time on a path 
between a pair of TAZs is the sum of travel times of all the links on that path, the intra zonal travel time and the 
terminal times. The travel time of a link is the free flow travel time, which is calculated from the link length and 
the link distance. The intra zonal travel time is the travel time on the local roads that are not coded in the 
model network. The intra zonal travel time is calculated by dividing by 2 the average inter zonal travel time for 
all adjacent zones.  
 
Terminal times represent the impedance at both ends of the trip, which reflects the time to walk, park and 
access the vehicle. Terminal times vary depending on the area type of the origin or destination.  Table 5 shows 
terminal times by area types used in this study.  The longer the travel time, the more the resistance to travel and 
therefore the lesser number of trips distributed between the TAZ pair. 
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Table 5: Terminal Times 
 
 
 
 
 
 
 
 
 
10.     Mode Choice 
 
In this step, the person trips between the TAZ pairs are split between transit, bike/walk and auto. The transit 
share is based on the accessibility to transit, the transit impedance and the auto impedance. The access links 
and the transit network are used to find which TAZ pairs are connected by transit. For each of these TAZ pairs, 
the transit impedance is calculated. The transit impedance is the sum of the travel times on the transit links, the 
initial wait times at the transit stops and the transfer time when switching transit routes. Two different wait curves 
are used to calculate the initial and transfer waiting times. These curves represent the waiting times for different 
headways. Figure 7 shows the initial and transfer wait curves. The ratio of the transit impedance and highway 
impedance is then calculated. The mode split for each TAZ pair is obtained using the diversion curve. The 
diversion curve gives the percentage of transit usage for a transit ratio. Figure 8 shows the diversion curve used 
in this model.  
 

Figure 7: Wait Curves 
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Figure 8: Diversion Curve 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In addition to the transit routes, bike and walk modes are included in mode choice. The bike/walk mode share 
is based on the travel time distance between zones. Longer travel time distance between zones attracts less 
bike/walk trips. The percentage of bike/walk trips is based on the average values obtained from the CUUATS 
household survey. Table 6 shows the maximum accessible bike/walk distance and the mode share for the five 
different trip purposes. 

 
Table 6: Mode Share by Bike/Walk mode and Maximum accessible distance 

 
11.      Traffic Assignment 
  
The last step in the travel demand modeling process is traffic assignment. In this step, the auto trips are loaded 
onto the highway network. The production-attraction person trip tables are converted to origin-destination 
person trips before loading the highway network. An auto occupancy factor of 1.4 is used to convert the 
person trips to auto trips. There are several assignment methods used such as all-or-nothing, capacity 
restrained, equilibrium assignment, and stochastic assignment. Equilibrium assignment is mostly used in all 
newly developed models and is widely recommended. This method is used in this model. 
 
Equilibrium Assignment 
This method is based on Wardrop equilibrium principle. This principle states that  
 
             “For each origin-destination pair of zones, all used routes have equal travel times, and no 
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unused route has a lower travel time.” 
 
The assignment process is an iterative process. In each iteration, the objective is to minimize the objective 
function. 
 
 
 

 
Subject to 

                                                                
 

                                       
 
 

 
 

Where: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
The steps involved in the process are: 
 

1.   Perform an all-or-nothing assignment (load the network based on the shortest path between 
origin-destination). (Iteration 0) 

2.   Based on the assigned volumes from the previous step, compute the travel time using the Bureau 
of Public Road (BPR) curves or Congested Speed curves. 

3.   Perform all-or-nothing assignment based on the new travel times. (Iteration 1a) 
4.   Combine iterations 0 and 1a in a linear fashion using a value λ such that iteration1b= ((1-λ)

*iteration1a+λ*iteration0) minimizes the objective function (iteration 1b) 
5.   Check for convergence; if satisfied stop, else return to step 2. 

 
The travel times on each link for each iteration after the initial iteration is obtained by using the BPR (Bureau of 
Public Road) curves. These curves give the relationship between the Volume/Capacity ratio and the free flow 
speed for different facility types. As the Volume/Capacity ratio increases the free flow speed decreases. 
Seventeen different facility types are used in this model. The facility types are combinations of functional class, 
speed and area type. Table 7 shows the seventeen facility types. Figure 9 shows the BPR curves for the 17 
facility types. 
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Table 7: Facility Types 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 9: BPR Curves by Facility Type 
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12.      Validation 
 
The Root Mean Square Error (RMSE) was used as a measure to validate the assigned traffic volumes from this 
model. The RMSE gives the relative error of the assigned volumes to the ground counts. RMSE is calculated as 
follows: 
 
 
 
 
 
 
The current model exhibits a %RMSE of 40.5%.  There are no specific targets for %RMSE. However the ‘Model 
Validation and Reasonableness Checking Manual’ published by FHWA indicates that the Montana Department 
of Transportation suggests an appropriate %RMSE of less than 30%. It also shows %RMSE at a few cities that 
are around 40% (Reno, 36.8% and Phoenix, 40.6%). The Ohio Department of Transportation travel demand 
model manual suggests that a good rule of thumb for a %RMSE should be about 40% or less. The % RMSE 
can vary based on the composition of the facility types in the model area. A high percentage of local roads 
(low volume roads) in the model area will provide a higher %RMSE. If the model area has a high percentage of 
freeways carrying high volumes then the %RMSE will be low. Figure 10 shows the variation of %RMSE with the 
link volumes. It can be seen from the figure that as the link volumes increases, the %RMSE decreases. 
 

Figure 10: %RMSE Vs Link Volume 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Travel Demand Forecasting Manual 1 Traffic Assignment Procedures, 
Gregory Giaimo, Ohio Department of Transportation, August 2001. 

 
 
 
 
 

)(
)1(

)(
*100%

2

CountsofNumber

Count

CountsofNumber

CountModel
RMSE j jj jj ∑∑

−

−
=

Transportation Model Report 



A2-17 

Figure 11: Sample LOS Congestion Map 
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Figure 12: Sample Volume Bandwidth Map 
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13. OUTPUTS 
 
Two different outputs were obtained from the model for this study: a set of congestion Level of Service (LOS) 
maps and volume bandwidth maps for each scenario. These maps were created for each potential future 
conditions alternative to help compare the alternatives. Figure 11 shows a sample of the congestion map and 
Figure 12 shows a sample of the volume bandwidth map. 
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