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THE PURPOSE OF TRAVEL DEMAND FORECASTS 
 
 
Travel demand models estimate the amount of travel on transportation facilities given sets of 
development and transportation system development.  The forecasts provide basic descriptors of 
facility use (such as roadway volumes or transit ridership) and generalized travel impacts such as 
vehicle miles of travel and vehicle hours of travel.  Travel demand forecasts are also used as 
inputs to other areas of analysis such as benefit-cost, noise and air quality impacts.  Additional 
detail more directly related to those areas can be found in separate technical memoranda. 
 
This technical memorandum summarizes the year 2030 travel demand forecast methodology and 
results for a planned St. Croix River crossing near Stillwater, Minnesota.  The model used for 
this study includes the seven-county Twin Cities Metropolitan Area, southern Chisago County 
(Minnesota), St. Croix County (Wisconsin), southern Polk County (Wisconsin), and the portion 
of River Falls in Pierce County (Wisconsin).  The forecast process and preliminary results were 
discussed at two peer review panels in November 2003. Changes in the forecasting process made 
as a result of the peer panel are described in this memo.   Numerous alternatives were tested as 
part of the analysis, including forecasts for the draft and final scoping decision document. 
 
Travel demand models are based on mathematical relationships and assumptions regarding 
future conditions.  Models provide a representation of the future, but lack of certainty regarding 
future-year conditions dictates that model results should not be considered as having precision.  
Their best use is as a comparison among alternatives for relative differences and impacts.  In 
general, differences in link volumes of +/- 15 percent should not be considered significant.  
Decision-makers and designers should be aware of the uncertainty in long-range forecasts and 
whether that uncertainty would affect outcomes related to forecast volumes.
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MAJOR FINDINGS AND CONCLUSIONS 
 

• Average annual daily traffic volumes on the existing Stillwater Bridge have remained 
essentially unchanged since 1990 at approximately 15,000-16,000 vehicles per day.  This 
lack of growth in traffic is attributable to the lack of excess capacity on the bridge.  
During the same period, traffic on adjacent bridges has grown at an annual rate of 3.5 to 
3.8 percent. 

 
• The existing Stillwater Bridge has an estimated practical daily capacity of 11,500 

vehicles.  The year 2000 demand of 16,300 vehicles per day exceeds this capacity and 
results in approximately four hours of congestion per day. 

 
• The population of the St. Croix County area (including River Falls and southern Polk 

County) increased from 78,000 to 96,000 between 1990 and 2000 – a 2.1 percent annual 
rate.  St. Croix County itself had the second highest rate of growth of any county in 
Wisconsin during the 1990s. 

 
• Development in western Wisconsin and Washington County in Minnesota is expected to 

continue as the Twin Cities metropolitan area grows.  Population is forecast to increase 
from 297,000 to 503,000 in Washington County (Minnesota) and St. Croix County, 
southern Polk County and River Falls (in Wisconsin) by the year 2030. 

 
• Traffic volumes are forecast to increase on the existing bridge to 21,700 vehicles per day 

by 2030.  This additional traffic will increase the amount of congestion to over six hours 
per day.  The number of crossings of the St. Croix River (at TH 8, STH 243, TH 36 and I-
94) is expected to grow from 112,600 to 195,400 vehicles per day.  The volume crossing 
on the I-94 bridge at Hudson would exceed capacity approximately 4 hours per day.  

 
• Alternatives to reduce travel demand, including transit services and HOV facilities, could 

reduce the overall river crossings in 2030 from 195,400 to about 193,200.  However, the 
reduction at the Stillwater Bridge would be about 400 vehicles per day.  Congestion 
levels would not be significantly affected. 

  
• A new four-lane river crossing south of Stillwater would carry volumes of approximately 

50,000 to 52,000 vehicles per day depending on the specific alignment (Alternatives B, C 
and D).  Of the approximately 30,000 additional vehicles crossing at Stillwater, about 
20,000 would be traffic using the I-94 bridge under the No Build, up to 5,000 would be 
new (previously unserved) trips across the river, and about 5,000 would be attracted from 
the TH 8 and TH 243 bridges.  The Stillwater crossing would have adequate capacity to 
serve the demand, and the reduction in demand on the I-94 bridge would alleviate the 
forecast congestion on that bridge. 

 
• If the existing Stillwater Bridge remained open to vehicular traffic along with a new four-

lane bridge, it would carry about 8,000 vehicles per day, primarily diverted from the 
demand on the new bridge. 
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• A “Twin Bridge” alternative (Alternative E - two lanes westbound on the existing bridge, 
two lanes eastbound on a new bridge) would carry approximately 34,500 vehicles per 
day.  When compared to the No Build, the additional 12,800 would include 1,500 in new 
(previously unserved) demand, a diversion of 9,100 vehicles from the I-94 crossing plus 
1200 vehicles from the TH 8 and STH 243 bridges.  Congestion would be reduced but 
not eliminated on I-94 and in Stillwater.  

 
• Alternatives B-1a, C and D have the greatest effect on reducing traffic through downtown 

Stillwater on a daily basis compared to the No Build.  Alternatives B-1b, which includes 
traffic on the existing bridge, has a lower reduction in traffic, and Alternative E results in 
a lower reduction in traffic through downtown Stillwater. 

 
• Alternatives B-1a, B-1b, C and D result in the highest decreases in regional vehicle hours 

of travel (VHT).  Alternative E reduces VHT as well, but the reduction is about 45-55 
percent lower than of the other build alternatives.  Vehicle miles of travel (VMT) is also 
reduced more for the B, C and D alternatives, where reduction in circuitous travel 
exceeds the increase in travel due to increased accessibility.  However, these two factors 
offset each other for Alternative E. 

 
• The development forecasts used for this analysis were based on an assumption that a new 

river crossing would exist.  Sensitivity tests show that a reduction in accessibility among 
alternatives could result in lower development levels, although the reduction is small for 
any alternative involving new capacity across the river.  The reduced demand would not 
sufficiently reduce demand on the existing Stillwater or I-94 bridges to eliminate the need 
for a new crossing.  

 
Table 1  
Existing and 2030 Average Daily Vehicle Trips for St. Croix River Crossings (1) 
 
 USH 8 -  

Taylors Falls 
STH 243 -  
Osceola 

TH 36/STH 64  
Stillwater 

I-94 -  
Hudson 

 
TOTAL 

Existing (2000/2) 14,900 4,400 16,300 77,000 112,600 
2030 No Build 23,500 9,500 21,700 140,700 195,400 
2030 Alt A11 23,600 9,300 21,200 139,100 193,200 
2030 Alt A21 23,400 8,700 16,300 137,500 185,900 
2030 Alt A31 24,800 7,700 15,700 135,300 183,500 
2030 Alt B-1a 21,700 6,600 50,100 120,200 198,600 
2030Alt B-1b 21,600 6,400 51,600 

 (includes 8,300 
on Lift Bridge) 

119,300 198,900 

2030 Alt C2 21,300 6,400 52,400 119,400 199,500 
2030 Alt D2 21,300 6,200 51,000 119,000 197,500 
2030 Alt E 22,800 8,000 34,500 131,600 196,900 
 

1 Alternatives not carried through  EIS.   
2 Alternatives C and D were modeled with the Lift Bridge closed to vehicular traffic as this would be considered a “worst case 

scenario” from a traffic capacity standpoint. 
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 TRAVEL DEMAND MODELING PROCESS 
 
Travel forecasts for the St. Croix River Crossing Study were prepared using a modified version 
of the travel demand models developed and approved by the Metropolitan Council and the 
Minnesota Department of Transportation (Mn/DOT).  These models are computerized 
procedures for systematically predicting travel demand changes in response to development and 
transportation facility changes.   
 
The models, used primarily for major project planning efforts, are calibrated and validated at a 
level of accuracy sufficient for planning regional facilities such as freeways and major arterials.  
This provides sufficient accuracy for most regional and corridor-level planning.  The models 
were completed in 1994 using data from an extensive regional Travel Behavior Inventory (TBI) 
conducted by the Metropolitan Council and Mn/DOT in 1990.  Models using the 2000 TBI were 
not available in time for this study, but information from the 2000 US Census and TBI were used 
to validate the adequacy of the model where possible. 
 
The process used to simulate and forecast travel patterns is a complex battery of input data and 
computer processes that transform data into representations of travel.  The process uses the 
standard “four-step” approach to travel forecasting with sequential generation, distribution, mode 
choice, and assignment models.  The models use stand-alone FORTRAN-language modules 
developed for the Twin Cities as well as the TRANPLAN travel forecasting software.  
 
The eight main components of the travel forecasting process are shown in Figure 1 and are 
described below.  Detailed documentation of the model parameters has been published and is 
available from the Metropolitan Council.  
 
Highway Network Representation 
 
All of the freeways, expressways, and major arterial roadways in the Twin Cities area are 
compiled into a computer representation of the region’s highway system.  In addition, most 
minor arterials and many collector roads and other local streets are included.  The attributes of 
the roadways are described in terms of area type, facility type, distance, free-flow speed, number 
of lanes and capacity. 
 
The regional network was prepared using values for speed and capacity by area type and facility 
types based, in part, on speed studies conducted as part of the 1990 regional Travel Behavior 
Inventory (TBI).  These values are shown in Table 2.  The existing regional model study area 
includes only the seven counties where the Metropolitan Council has jurisdiction.   
 
Transit Network Representation 
 
All regional transit routes are included in a computer representation of the transit system.  The 
transit network looks at the transit system in terms of links (which represent the highway system) 
and lines (which define a transit route’s frequency and path).  Data in the transit network include 
link speed, link distance, route frequency and route type.   
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Zonal Data Representation 
 
The regional travel forecast models divide the seven-county Twin Cities Metropolitan Area 
into 1165 geographic transportation analysis zones (or TAZs).  Various demographic and socio-
economic data are allocated into these zones for the purposes of the forecast models.  The main 
exogenous data are population, households, retail employment and non-retail employment.  The 
zones also serve as the beginning and end locations of travel in the region.  In addition to 
the 1165 zones, the 35 most important points of entry into the region are identified and included 
as “external” zones.  The zonal system was determined primarily on the basis of physical 
boundaries and major roadways.  
 
Within the regional travel forecast models are two socio-economic sub-models: an employment 
density-based parking model, and an income/household size-related auto ownership model. 
 
Socio-economic inputs for the Twin Cities Regional Travel Demand model are developed 
outside of the travel demand forecasting process.  Documentation on the methodology used to 
generate these inputs is available from the Metropolitan Council.  An integrated land 
use/transportation model was not considered due to the extensive time and resource requirement 
needed to develop such models. 
 
Trip Generation 
 
Trip generation is the process by which the number of trips attributed to a zone is estimated 
based on the amount and type of activity (socioeconomic activity) in that zone.  Trips are either 
“produced” by or “attracted” to a zone, depending on the type of trips.  Each trip has two ends.  
Trips either beginning at a household or ending at a household are considered to be produced by 
that household.  Trips are attracted to non-residential activities such as universities, work places, 
or shopping areas. 
 
The end result of trip generation estimation is a total number of trips produced by and attracted 
to each zone.  The trips at this point are called “person-trips,” and do not have any association 
with a given mode of travel.  
 
The determinants of household trip production are household size, the number of automobiles 
owned and location.  Several factors contribute to trip attractions, depending on the trip purpose.  
The main values are retail employment, non-retail employment, and amount of activity within a 
given proximity and area type. 
 
The trip generation phase of the forecasting process uses trip rates (i.e., number of trips per 
person, household or employee) based on the 1990 regional TBI applied to each zone to calculate 
the number of trips taken, by purpose (home-based work from households possessing zero autos, 
one auto, two autos, and more than two autos, home-based shopping, grade school, work-related, 
and other, and non home-based work and other). 
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Trip generation at the external stations uses data from the 1990 regional TBI for five trip 
purposes (internal-external work, external-internal work, internal-external non-work, external-
internal non-work, and through trips).   
 
Trip Distribution 
 
The trip distribution process converts the person-trips estimated in the generation step to 
movements between pairs of zones based on the amount of travel activity in a zone and the 
generalized travel time proximity of the producing zone to other zones.  The resulting trip tables 
provide the number of trips between zones. 
 
A standard gravity model is the backbone of the trip distribution process. This is a type of model 
that distributes trips between each pair of zones proportionately to the number of productions and 
attractions in the production and attraction zone respectively, and in inverse proportion to the 
distance between them. The specific impact of distance on trip distribution for each trip purpose, 
or “friction factors” were taken from the Twin Cities regional model calibration.  The model is 
“doubly-constrained,” meaning that the model balances the number of trips produced by the 
region against those being attracted as part of the distribution process. 
 
The generic gravity model cannot fully account for trip distribution patterns. Factors other than 
travel time and intensity factor into destination selection such as reluctance to cross a geographic 
barrier, tax-favorable residential areas or a “prestigious” shopping district.  The Twin Cities 
regional gravity model is calibrated to include adjustment coefficients, or “K-factors” to account 
for these other factors between thirty-five internal districts in the seven-county area.   
 
Most standard trip distribution models consider only highway time in the distribution function.  
However, the work trip distribution model in the Twin Cities employs a composite impedance 
function, which treats distribution based on overall time and cost, including that of alternate 
modes. The non-work model in the Twin Cities is based on this method. 
 
Universities, colleges, and some other major destinations (such as the Minneapolis/St. Paul 
Metropolitan Airport or the Mall of America) have different distribution patterns than other 
internal trips.  Trips are distributed to these “special generator” locations first in the trip 
generation step, and the productions associated with these trips are removed from their respective 
zones before trip distribution 
 
The external trip distribution is a Fratar-method growth rate model, and is based on TBI trip 
distribution patterns.  Calibration of the external model was based on daily traffic counts at each 
external station, with review of the overall traffic flow patterns to and from each station.  
Forecast external volumes were based on Metropolitan Council projections, with review of 
relevant Interregional Corridor Study forecasts. 
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Mode Choice 
 
The mode choice phase of forecasting uses a nested discrete choice model to identify the number 
of person-trips between each pair of zones and determine whether the trips are made by single-
occupant vehicles, carpools, or transit riders.  The model is further used to determine whether the 
trip is a candidate for a high-occupancy vehicle lane. 
 
Temporal Distribution 
 
The time-of-day or temporal distribution model takes the estimated vehicle trips and distributes 
them across periods of time for the purposes of more accurately reflecting peaking conditions on 
roadway systems. The basis for the temporal distribution is the 1990 regional TBI.  The time 
periods considered are: 
 
• A.M. peak hour (7:00-8:00) 
• A.M. peak shoulders (6:30-7:00, 8:00-8:30) 
• First P.M. peak hour (3:30-4:30) 
• Second P.M. peak hour (4:30-5:30) 
• P.M. peak shoulders (3:00-3:30, 5:30-6:00) 
• Offpeak time periods (Midnight-6:30, 8:30-3:00, 6:00-Midnight) 
 
Differentiation among peak hours enables better estimates of congested conditions on an hourly 
basis and better-assigned highway volumes (discussed in the next section). 
 
Highway Assignment 
 
The highway assignment model chooses the route between zones for any given trip.  The process 
chooses routes based on travel times that reflect the appropriate traffic volume, roadway 
capacity, and speed relationship.  It is an equilibrium model, which uses multiple iterations to 
balance demand with capacity, thereby reflecting capacity constraint. 
 
The model will permit a demand in excess of capacity.  Capacity in the Twin Cities area is 
generally defined at Level of Service D, therefore a model assignment of volumes above 
capacity demand indicates Level of Service E or F.  The delay functions in the model are link-
based, meaning the effect of intersection delays and long backup queues are not fully 
represented.   
 
Trips for each of the six previously mentioned time periods were assigned separately, and later 
combined to produce a daily highway assignment.  The equilibrium model was forced to run at 
least eight iterations before convergence for the off-peak time period and sixteen for each of the 
peak time periods.  This ensures sufficient convergence of the assignment process. 
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Transit Assignment 
 
The transit assignment process selects routes based on walk time, automobile access (park/ride), 
waiting time and transferring time.  Transit assignment was used only for alternatives where 
transit options across the St. Croix River were considered (Alternative A). 
 
Model Iterations 
 
The regional model is run on an iterative basis.  Congested highway travel times are estimated by 
the highway assignment process (AM peak hour for work trips and offpeak for non-work trips), 
and then cycled back through the initial steps of the model.  Congested times affect: 
 
• Trip Generation 
• Work Trip Distribution 
• Non-work Trip Distribution 
• Mode Choice 
 
These iterations represent “feedback loops” to better account for the effect of transportation 
system changes on travel demands.   
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FIGURE 1 
TRAVEL DEMAND FORECASTING PROCESS 
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Table 2 
Regional Model Default Speeds and Per-Lane Capacities 
 

 Area Type 

Facility Type Rural 
Developing 
Suburban 

Developed 
Suburban 

Central 
City CBD 

Outlying 
Business 
District 

Capacity N/A 1400 1400 1400 N/A N/AHOV Lane 
Speed N/A 65 65 55 N/A N/A
Capacity 1950 1950 1950 1950 N/A 1950Metered Freeway 
Speed 60 60 55 50 N/A 50
Capacity 1750 1750 1750 1750 N/A 1750Unmetered Freeway 
Speed 60 60 53 49 N/A 49
Capacity 750 725 675 625 N/A 600Metered Ramp 
Speed 35 30 25 25 N/A 25
Capacity 1500 1450 1350 1250 N/A 1200Unmetered Ramp 
Speed 35 30 25 25 N/A 25
Capacity 1000 950 850 750 N/A 700Divided Arterial 
Speed 50 47 41 37 N/A 37
Capacity 900 850 750 650 N/A 600Undivided Arterial 
Speed 48 41 38 23 N/A 23
Capacity 600 550 500 450 400 400Collector 
Speed 40 33 30 23 15 23
Capacity N/A 1450 1350 1250 N/A N/AHOV Ramp 
Speed N/A 30 25 25 N/A N/A
Capacity N/A N/A N/A N/A N/A N/ACentroid Connector 
Speed 32 26 24 18 12 18
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SPECIFIC MODIFICATIONS TO THE TWIN CITIES REGIONAL MODEL 
 
The standard Twin Cities Regional Travel Demand Forecasting model includes only the seven 
counties in Minnesota under the jurisdiction of the Metropolitan Council.  The St. Croix River 
Crossing Travel Demand Forecasting Model was developed by expanding the Twin Cities Travel 
Demand Forecasting Model to east and north of the Metropolitan Area.  Modifications were 
necessary to allow use of the model in the St. Croix River Crossing Study, including: 
 

• Additional highway network representation 
• Additional Traffic Analysis Zones (TAZ) 
• Modified external (Fratar) model  
• Modified gravity model 
• Modified highway assignment process  

 
The gravity models, temporal distribution models and highway assignment models were 
converted to TP-PLUS software from the model standard of TRANPLAN.  The change of 
software platforms does not result in a change in model coefficients or mathematical 
computations.  
 
Highway Network Representation 
 
The roadway network was modified to include freeways, state trunk highways and major county 
Roads in southern Chisago County (Minnesota), St. Croix County (Wisconsin), southern Polk 
County (Wisconsin), and the portion of River Falls in Pierce County (Wisconsin) were added to 
the existing roadway network in the seven-county model area.  Additional local roadway 
segments were added in the Stillwater/Oak Park Heights area to better reflect local traffic 
movements. 
 
 Zonal Data Representation 
 
The zone structure of the model was expanded from a total of 1200 zones to a total 
of 1318 zones to include the new study area (southern Chisago County, Southern Polk County, 
St. Croix County and the city of River Falls).  TAZs 1314 through 1318 were subdivisions of 
other TAZs and used only in the final assignment of trips to assist in determining local traffic 
impacts and interchange loadings in Stillwater/Oak Park Heights for the purpose of traffic 
operations analysis. 
 
In the Wisconsin portion of the model, the TAZs were created to generally correspond with the 
municipal boundaries of cities, villages and townships or smaller level of geography.  A total of 
63 new TAZs were created in Wisconsin.  One TAZ was created to generically represent a 
portion of southern Chisago County in Minnesota.  In addition, 10 zones were split in and around 
the communities of Oak Park Heights and Stillwater to better estimate future traffic patterns.  
 
The Wisconsin portion of the model area TAZ definitions and the Stillwater-Oak Park Heights 
area TAZ subdivisions are shown in Figures 2 and 3.  Socioeconomic data and zone 
correspondences are included in Appendix A. 
 



 
 
 

St. Croix River Crossing Project 2004 SEIS  SRF Consulting Group, Inc. 
Technical Memorandum, Travel Demand Forecasts 6/17/04 
 Page 17 

Alternatives Considered 
 
Six basic alternatives are considered in these travel demand forecasts.  The basic alignments are 
shown in Figure 5. 
 
The No Build Alternative is a “no action” alternative and does not include a new river crossing 
or improvements to the existing transportation system.   
 
Alternative A includes the No Build (existing Lift Bridge) plus modifications to the transit 
service network used in the forecast model and high-occupancy-vehicle bypasses (queue jumps) 
at the approaches to (but not over) the existing Lift Bridge.   Table 3 shows the service 
frequencies of the transit routes included in Alternative A.  The initial proposal included 
recommendations for commuter rail lines and longer-distance water taxis; these options were 
eliminated from Alternative A based on discussion of preliminary results by the peer review 
panel. 
 
Table 3 
Transit Service Frequencies for Alternative A 
 
          

   Frequency (Minutes) Average Speed
Mode Line Peak Offpeak (Mph) 

       
Express Bus Roberts - Dtwn St. Paul 15 30 45 
Express Bus New Richmond - Dtwn St. Paul 15 30 45 
Express Bus New Richmond - Dtwn Minneapolis 15 30 45 
Express Bus Houlton - Woodbury 30 60 45 
Express Bus River Falls - Dtwn St. Paul 15 30 45 
      
Regular Bus Taylor Falls - Stillwater - Hastings 30 60 40 
Regular Bus Osceola - Hudson - Hastings 30 60 40 
Regular Bus Stillwater - Bayport 10 10 25 
      
Water Shuttle Houlton - Bayport 10 10 15 
       
 
 
Alternative B consists of a new four-lane bridge over the St. Croix River (two through traffic 
lanes in each direction) located approximately 6,500 feet south of the Lift Bridge.  Forecasts 
were prepared for two variations of this alternative:  one without traffic on the existing bridge 
(B-1a) and one with traffic on the exiting bridge (B-1b).  
 
Alternative C would include construction of a new four-lane bridge (two through-traffic lanes in 
each direction) approximately 3,900 feet south of the Lift Bridge.   
 
Alternative D consists of a new four-lane bridge (two through-traffic lanes in each direction) 
approximately 700 feet south of the existing Lift Bridge on the Minnesota shore. 
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Alternative E consists of utilizing the existing Lift Bridge as a two-lane roadway for westbound 
traffic, and constructing a new bridge south of the Lift Bridge for two lanes of eastbound traffic 
located 500-700 feet from the Lift Bridge and connecting to the existing alignment of Wisconsin 
STH 35. 
 
Alternatives B, C, and D include improvements to TH 36 east of TH 95, including conversion of 
the current signalized section to freeway, with buttonhook interchanges as planned in the TH 36 
Partnership Study.  Alternative A and the No Build do not include these improvements. 
  
Various configurations were modeled for select alternatives, including alternate locations for 
access in Wisconsin (typically STH 35 or CTH E), and whether the existing bridge would be 
open to traffic.   
 
A variation of Alternative A was modeled to include a “value pricing” toll for single-occupant 
vehicles.   Prices were determined by estimating the travel time penalty that would be required to 
keep the Stillwater Bridge volumes approximately at current levels.  The dollar value assigned 
for pricing was determined by the percentage of work trips and non-work trips in each time 
period the model’s estimated value of time ($8.82 per hour for work trips and $5.34 per hour for 
non-work trips).  This calculation of value of time was made at the recommendation of the peer 
review panel for travel forecasts and differs from the value of time estimates used by Mn/DOT’s 
Office of Investment Management.  (The final pricing as determined by the model was $2.25, 
$1.60 and $3.60 for the AM peak, offpeak and PM peak time periods.)   
 
In addition, the estimated effect of reduced accessibility on land development was tested for the 
alternatives as a sensitivity test. 
 
Except where noted, the values in this report reflect alignments included in the final scoping 
decision document.  
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FIGURE 4  
ASSUMED BASE ROADWAY IMPROVEMENTS  
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FIGURE 5 
ALTERNATIVES 
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Figure 6 
ALTERNATIVE A 
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Capacity Assumptions 
 
The TH 36/STH 64 river crossings were given a more rigorous capacity assessment to reflect the 
need for more detailed analysis at that location.  Although not used in the travel demand model 
or operations analysis, capacity is sometimes expressed in terms of “daily capacity”, which 
implies a certain peak hour percentage and direction of traffic.   
  
The existing TH 36 river crossing (Alternative A and No Build) is heavily affected by the 
Chestnut/Main intersection in downtown Stillwater.  Based on existing operating conditions, the 
bridge is assumed to have a maximum sustainable physical capacity of 950 vehicles per hour in 
the peak direction based on observed conditions.  Practical capacity (Level of Service D) is 
reached at 600 vehicles per hour due to the presence of the signalized intersection at Chestnut 
and Main Streets in Stillwater.  The daily two-way capacity at Level of Service D, based on 
estimated peaking characteristics (8.5% of daily in peak, 62% peak direction), is approximately 
11,500 ADT.  This value reflects average conditions.  During the summer months, when the 
bridge lift is in operation, actual capacity would be lower.  The amount of decrease would 
depend on the lift’s schedule. 
 
The new four-lane new river crossing alternatives (alternatives B, C and D) is assumed to be 
built at freeway standards.  The maximum sustainable physical capacity of a freeway is 2,200 
vehicles per lane (Level of Service E).  Practical capacity, where congestion occurs, is at 1,950 
vehicles per hour (Level of Service D).  The daily two-way capacity of the bridge at Level of 
Service D, based on estimated peaking characteristics, is approximately 71,500 ADT. 
 
Alternative E assumes a new two-lane bridge to be built at freeway standards.  The bridge would 
accommodate eastbound traffic at a practical capacity of 1950 vehicles per lane (Level of Service 
D).  The westbound traffic would be accommodated by the existing Stillwater Bridge by 
converting it into a one-way facility with two lanes with a maximum sustainable physical 
capacity of 1900 vehicles per hour.  Practical capacity (Level of Service D) would be 
approximately 1200 vehicles per hour for the westbound bridge.  By taking an average of these 
values, one could estimate an overall daily capacity of 48,000 ADT for the bridge pair.  It should 
be noted, however, that operational analysis of this bridge showed congestion at traffic volumes 
significantly lower than this value (see separately published technical memorandum on traffic 
operations). 
 
The actual capacity of a two-lane bridge is heavily affected by truck, bus and recreational vehicle 
volumes, which will have to negotiate an estimated 3 percent up-grade in the eastbound 
direction.  Lane capacity is significantly affected by the amount of truck and recreational vehicle 
traffic, which can be the equivalent of 3 to 6 passenger vehicles and reduce speeds on longer 
grades.  The potential grade affect on trucks has not been accounted for in the capacity estimate. 
 
These estimated capacities are based on generalized conditions.  The travel demand forecasting 
model uses link-based hourly capacities, which do not fully account for intersection or queuing 
delay. 
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DEMOGRAPHIC FORECAST ASSUMPTIONS 
 
As noted previously the forecasts of future-year development in the model area is the key 
determinant of the amount and characteristics of travel.   
  
Base Year Estimates 
 
The travel demand model uses a base year of 2000 for model calibration, which coincides with 
the 2000 US Census.  Seven-County Metro area data was provided by the Metropolitan Council.  
Employment data are derived by the Metropolitan Council from state   For TAZs in the 
Stillwater/Oak Park Heights area that were subdivided for the purpose of this study, the 
allocation to the sub-TAZs was made by visual inspection based on zone size and aerial 
photography. 
 
TAZs in Wisconsin were generally defined at the minor civil division level.  Data from the 2000 
US Census (population and households) was used along with employment data provided by the 
Wisconsin Department of Transportation.  As in the case of the Minnesota TAZs, allocation of 
data to areas where civil divisions were subdivided into smaller TAZs was made by inspection. 
 
Future-Year (2030) Estimates 
 
The year 2030 socioeconomic data within the seven county-metropolitan area was provided by 
the Metropolitan Council (dated November 2002).  The 2030 data was a preliminary estimate 
based on the Council’s draft Development Framework at that time.   
 
The TH 36 Partnership Study, a joint study of the signalized portion of TH 36 in Oak Park 
Heights was begun in 2002 to assess design options along the portion of TH 36 between  
TH 5 and Osgood Avenue.  Land development alternatives were considered as part of that study, 
and the City of Oak Park Heights selected an alternative that exceeded the projected employment 
totals for that area (regional model TAZ 1130, which was split for this study).  To reconcile the 
additional employment in the area with regional control totals the TAZ-level employment data 
was reduced in the approximately 10-mile radius surrounding market area to achieve a balanced 
metro-wide figure. 
  
At the time these forecasts were prepared, the Wisconsin Department of Administration had not 
published year 2030 demographic forecasts for counties in Wisconsin.  Therefore, SRF 
Consulting Group, Inc. estimated year 2030 data for these counties based on the historic growth 
between 1970 and 2000, 2020 and estimates from the county development plans and other 
secondary sources (Woods & Poole, Inc.).  The imputed rate from 2000 to 2030 rates is slightly 
lower than historic rates, reflecting the maturing of the county development patterns beyond the 
year 2020.  Historic and estimated future population totals are summarized in Table 4.   
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Between 1970 and 2000, the combined population of St. Croix and southern Polk Counties grew 
41,534 persons, at an annual rate of 1.9 percent.  From 1990 to 2000, St. Croix County had the 
second highest growth rate of any county in Wisconsin (25.7 percent).   Over the next 30 years, 
this area is expected to grow by 71,222 persons -- an annual rate of 1.9 percent.  When these 
population estimates were prepared, it was assumed that a new river crossing at the Stillwater 
area would be in place.  The population of Washington County grew by 118,127 persons over the 
past thirty years at an annual rate of 3.0 percent.  The county’s population is expected to grow in 
the next 30 years by 135,170 persons (an annual rate of 1.7 percent).  
 
Table 4 shows counties along the St. Croix River valley are expected to gain more population 
numerically in the next 30 years than in the last 30 years.  At the same time, the growth rate is 
expected to decline slightly.  Washington County will remain the numerically-fastest growing 
county in the area, followed by St. Croix County and southern Polk County.   
 
 

Table 4 
Historic and Estimated Population Growth in the St. Croix River Valley 
 
 2000 Census (2) Estimate(3) 1970-2000  2000-2030  
      Total Annual  Total Annual 
County 1970 1980 1990 2000 2030 Growth Percent Growth Percent 
                    
St. Croix plus 
River Falls (1)    40,601     50,783     59,092    73,397 129,400    32,794 2.0% 56,003 1.9% 
              
Southern Polk    13,841     16,807     18,535    22,581 37,800      8,740 1.6% 15,219 1.7% 
 Western 
Wisconsin 
Subtotal 54,442 67,590 77,627 95,978 167,200 41,534 1.9% 71,222 1.9% 
          
Washington    83,003   113,571   145,880  201,130 336,300  118,127 3.0% 135,170 1.7% 
                   
                   
Total  137,445   181,161   223,507  297,108 503,500  159,661 2.6% 206,392 1.7% 
Notes: 

(1) Includes portion of River Falls in Pierce County 
(2) Source: U.S. Census  
(3) Source: SRF Consulting Group, Inc. estimate 

 
Table 5 summarizes the demographic assumptions used in the St. Croix River crossing travel 
demand forecasting model.  The estimated household growth reflects a continuation of the 
declining household size in the model area.  Employment is expected to increase by 22,755 
persons (annual rate of 1.6 percent) over the next thirty years in the Wisconsin portion of the 
model area.  In Washington County, growth is expected at 59,683 employees in the same period 
of time (annual rate of 2.0 percent).  Therefore, employment growth on the Minnesota side of the 
St. Croix River valley will be significantly higher than that on the Wisconsin side.  At the same 
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time, employment growth rates across the area are expected to exceed population growth rate, 
which is an indicator of the maturing of this suburban area. 
 
These growth assumptions are somewhat different from those outlined in the 
year 2020 socioeconomic forecast from the 1998 EIS; the 2000 US Census was completed since 
the previous study was published and actual population, household and employment levels 
were 5-10 percent higher than previously estimated.  Consequently, the year 2020 socioeconomic 
forecast slightly underestimated the actual growth potential of these counties.   Furthermore, 
numeric growth in Washington County will remain approximately three times higher than that of 
the combined figure for the Wisconsin counties, both in terms of households and employment. 
 
Table 5 
Summary of Socioeconomic Assumptions 
 

  

  
Year 2000 (4) 

  

  
Forecast Year (2030) (5) 

  

  Population
House-
holds 

Employ-
ment Population

House-
holds 

Employ-
ment 

 
St. Croix County (1) 73,395 27,606 28,293 129,400 51,600 54,000 
 
Southern Polk County (2) 22,581 9,902 8,952 37,800 17,600 16,600 
 
Washington County 201,130 77,866 72,717 336,300 135,900 111,900 
 
Southern Chisago County (3) 17,370 6,109 5,040 29,000 11,600 8,700 
 
Anoka, Carver, Dakota, Hennepin 
Ramsey, Scott County 2,440,926 949,992 1,499,217 3,239,900 1,348,200 2,006,500 
 
Wisconsin Portion of the  
Model Area 95,976 37,508 37,245 167,200 69,200 70,600 
 
Minnesota Portion of the 
Model Area 2,659,426 1,033,966 1,576,974 3,605,200 1,495,700 2,127,100 
 
Total Model Area 2,755,402 1,071,474 1,614,219 3,772,400 1,564,900 2,197,700 
Notes: 

(1) Includes River Falls in Pierce County 
(2) Includes Alden, Amery, Black Brook, Clayton village, Clayton town, Clear Lake village, Clear Lake town, 

Dresser, Farmington, Garfield, Lincoln, Osceola city, Osceola town and St. Croix Falls city 
(3) Includes Chisago City, Chisago Lake town, Lindstrom, Center City, Shafer village, Shafer town, Franconia 

town 
(4) Source: U.S. Census 
(5) Source: SRF Consulting Group, Inc. estimate 
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Existing and forecast population and households by communities were also determined so that 
the growth could be allocated to model TAZs as necessary.  The results are shown in Table 6.  In 
general, SRF allocated growth based on the St. Croix County Development Management Plan.  
However, there were areas where additional growth was allocated due to known development 
activity (namely near Roberts and River Falls) that was exceeding projections included in the 
comprehensive plan.  It should be noted that the growth assumptions are based on current 
municipal boundaries.  The potential adjustment of these boundaries due to annexation of 
adjacent town land is not included.  However, the potential effect of annexation would be 
minimal given the focus of these forecasts on regional movements (the St. Croix River 
crossings).  Municipal-level employment totals are not being published due to the potential data 
privacy/disclosure concerns in small-employment TAZs.  However, it should be noted that 
employment growth was assumed to be concentrated in villages and cities, plus the developing 
portion of the Town of Hudson at I-94 and Carmichael Road.  A complete listing of zone level 
demographic assumptions is included in Appendix B. 
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Table 6 
Socioeconomic Assumptions by Community in Wisconsin 

  2000 2030 
Community  Population   Households   Population   Households  
Alden town                 2,615                   1,235               4,266                 2,139  
Amery city                 2,845                   1,311                 5,314                  2,599  
Black Brook town                 1,208                      448                 1,928                     758  
Clayton town                    912                      412                 1,560                     748  
Clayton village                    507                      208                    900                     392  
Clear Lake town                    800                      290                 1,488                     573  
Clear Lake village                 1,051                      478                 1,864                     900  
Dresser village                    732                      312                 1,227                     556  
Farmington town                 1,625                      555                 2,535                     918  
Garfield town                 1,443                      707                 2,338                  1,216  
Lincoln town                 2,304                   1,119                 3,670                  1,892  
Osceola town                 2,085                      829                 3,269                  1,379  
Osceola village                 2,421                   1,072                 4,151                  1,950  
St. Croix Falls city                 2,033                      926                 3,277                  1,584  
Baldwin town                    903                      315                 1,808                     669  
Baldwin village                 2,667                   1,144                 3,948                  1,797  
Cady town                    710                      264                 1,281                     505  
Cylon town                    629                      232                 1,287                     503  
Deer Park village                    227                        94                    488                     214  
Eau Galle town                    882                      320                 1,499                     578  
Emerald town                    691                      244                 1,256                     471  
Erin Prairie town                    658                      234                 1,301                     491  
Forest town                    590                      218                 1,240                     486  
Glenwood city                 1,183                      491                 2,035                     897  
Glenwood town                    755                      263                 1,399                     517  
Hammond town                    947                      318                 1,625                     579  
Hammond village                 1,153                      438                 2,197                     886  
Hudson city                 8,776                   3,831               12,943                  5,997  
Hudson town                 6,214                   1,960               11,931                  3,999  
Kinnickinnic town                 1,400                      492                 2,248                     838  
New Richmond city                 6,310                   2,657               12,715                  5,682  
North Hudson village                 3,463                   1,358                 6,173                  2,569  
Pleasant Valley town                    430                      150                    764                     283  
Richmond town                 1,556                      530                 2,790                  1,008  
River falls city               12,560                   4,345               20,976                  7,700  
Roberts village                    969                      402                 4,781                  2,107  
Rush River town                    498                      173                    828                     306  
Somerset town                 2,644                      964                 3,869                  1,496  
Somerset village                 1,556                      659                 2,192                     985  
Springfield town                    808                      299                 1,548                     608  
St. Joseph town                 3,436                   1,260                 5,200                  2,020  
Stanton town                 1,003                      363                 2,106                     809  
Star Prairie town                 2,944                   1,079                 4,061                  1,580  
Star Prairie village                    574                      215                    999                     397  
Troy town                 3,660                   1,327                 7,716                  2,973  
Warren town                 1,320                      437                 1,970                     692  
Wilson village                    176                        69                    322                     134  
Woodville village                 1,104                      460                 1,866                     825  

Source: U.S. Census (2000), SRF Consulting Group Forecast (2030) 
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Accessibility-Based Growth Redistribution Scenarios 
 
The St. Croix County Development and Management Plan (adopted in 2002) assumed that a new 
river crossing would be constructed by 2020.  Therefore, it was assumed that the socioeconomic 
assumptions used in these forecasts, which are based in part on that plan, includes the 
assumption of a new bridge 
 
A methodology was developed to estimate the potential growth-related effects of reduced 
accessibility based on the hypothesis that residential development in 2030 may be lower level if 
a new bridge isn’t built and congestion on the existing bridges causes a reduction in accessibility 
to jobs. 
 
A technique was developed to test the effect of reduced river-crossing access on development 
levels in western Wisconsin.  Since the base year 2030 forecasts are assumed to include the new 
river crossing, the basis of this technique is that growth would be reduced if the bridge was not 
built (instead of the increasing development due to increasing accessibility).  The following 
process was used:  
 
1. Commercial-industrial development in western Wisconsin was assumed to occur 

regardless of the alternative.  The western Wisconsin area is currently a net exporter of 
labor force and continued economic development could be reasonably expected to reduce 
the jobs-to-housing imbalance and therefore reduce commuting demand.  In addition, 
commercial-industrial development is efficiently focused on villages and cities with 
industrial parks. 

 
2. “Reasonable access” was defined as a travel time to work within 120 percent of the 

estimated average travel time to work from a given TAZ in western Wisconsin.  The 
value used for each TAZ was the reported mean travel time to work from the 1990  
US Census Transportation Planning Package and adjusted based on the known change in 
the county-wide mean travel time to work between 1990 and 2000 which has been 
released by the 2000 US Census.  This measure reflects not only reasonable access to 
jobs but the tradeoff between longer work-trip distances and lifestyle or cultural choices 
for certain areas.   

 
3. The forecast year 2030 number of job opportunities located within the above-calculated 

average travel time to work was calculated for each TAZ using a four-lane build 
alternative without traffic on the existing bridge (Alternative C was selected as a 
representative Build condition).  This number, indexed back to the existing condition, 
defines the maximum accessibility and the value upon which the forecast population 
growth was based. 

 
4. The forecast year 2030 number of job opportunities located within the average travel time 

to work was calculated for each TAZ for the No Build Alternative and indexed relative to 
the existing condition. 
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5. The numeric growth in households and population from 2000 to 2030 was calculated for 
each community and each TAZ. 

 
6. A revised numeric growth was estimated based on the following: 
 

a. If the accessibility index was the same under both the Build and tested alternative, 
the assumed baseline 2030 forecast growth was used. 

 
b. If the number of accessible jobs declined from the Build to the tested alternative 

but was greater than the number of existing accessible jobs, the household 
forecast growth was reduced in proportion to the reduction in the accessibility 
index. 

  
c. If the index declined from the Build to the tested alternative and was less than the 

number of currently-accessible jobs, no growth was assumed between 2000 and 
2030. 

 
7. The amount of retail employment growth was similarly adjusted if necessary based on an 

assumption that retail development is driven by residential demand.  
 
The calculations took the form of: 
 
newpop30i= pop00i+((pop30i-pop00i)*max(0,min(1,((emp_acc_30_Ai-emp_acc_00i) 

(emp_acc_30_B i -emp_acc_00 i)))) 
 
where newpop30i , pop00 i ,  pop30 i  are the adjusted 2030, existing (2000) and baseline 2030 
population and emp_acc_30_A i ,emp_acc_30_Bi, and -emp_acc_00i are the number of jobs 
accessible for the alternative (A), 2030 Alternative C and Existing (2000), respectively for TAZ 
‘i’.  A similar equation was applied for re-estimating 2030 households and retail employment 
growth (based on the premise that retail markets would fluctuate with household development). 
 
The population, households and retail employment reduction from western Wisconsin was 
reallocated to Washington County TAZs to ensure that regional control totals in the model would 
be maintained.  This distribution was made to rural and developing areas based on the base 
forecast development in those areas. 
 
This methodology assumes a fully elastic relationship between development location and access 
to jobs.  However, it is known that development patterns are primarily affected by other factors 
such as land prices, sewer/water availability, school quality, crime, and tax policies.  
Consequently, any analysis using this methodology must be considered as illustrative examples 
of possible outcomes; and the outcomes likely overstate the effect of reduced accessibility given 
the other factors described above.  The relationship has not been validated using actual data.  
 
Table 7 summarizes the resultant effect of the reduced accessibility estimate on the Wisconsin 
communities.  Several communities in western St. Croix County experience a loss of 
accessibility and therefore a reduction in forecast growth.  A significant reduction in growth 
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could occur along I-94, where congestion would increase as a result of traffic that would have 
otherwise used the new St. Croix River Crossing.   Alternative C is not shown because it is 
represents the baseline for accessibility – travel time differences is measured against it to 
determine whether accessibility has been reduced.  Alternative B-1b is also not shown, since it 
did not show a reduction in accessibility compared to Alternative C. 
 
Figure 7 shows the location of zones where the redistribution of growth was estimated to occur 
(the No Build alternative is shown).  Note that using this methodology a number of TAZs were 
calculated as having no growth between 2000 and 2030 – an outcome that may not be realistic.  
The diversion of traffic to the I-94 bridge would result in additional congestion along that 
corridor, resulting in a reduction in accessibility (and therefore growth) along that corridor as 
well.  New Richmond, which is a large and rapidly growing community on TH 64, would have 
the largest numeric reduction in populations and households (see Appendix C for a listing of 
growth redistribution by community). 
 
 
Table 7 
Wisconsin Model Area Accessibility- Based Demographic Forecasts (1) 
 
  

No Build 
Alternative 

A2 
Alternative 

B-1a 
Alternative 

D 
Alternative 

E 
      
2000 Population 95,976 95,976 95,976 95,976 95,976 
2030 Baseline      
Population 167,200 167,200 167,200 167,200 167,200 
Growth  
(2000 to 2030) 

71,224 71,224 71,224 71,224 71,224 

2030 Accessibility-adjusted     
Population 141,613 147,091 166,891 165,384 161,903 
Growth  
(2000 to 2030) 

45,636 51,114 70,914 69,407 65,926 

Percent Change in 
growth (Baseline to 
Accessibility-adjusted) 

-36% -28% 0% -2% -7% 

 
Notes: 
(1)  Alternative C was considered as the Baseline for accessibility, therefore by definition it would not have any 

reduction in growth under the accessibility-based alternative. 
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FIGURE  7 
Maximum Growth Redistribution 
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MODEL CALIBRATION AND VALIDATION 
 
Model calibration refers to the adjustment of parameters used in models to improve the goodness 
of model fit to observed data.  Validation refers to the process of comparing the applied model to 
external data to corroborate the fit of the model.  The St Croix River Crossing Travel Demand 
Forecasting Model generally used existing model parameters, calibrating new parameters where 
necessary and appropriate using a variety of available data sources, including Year 2000 census 
data, the Metropolitan Council’s 1990 and 2000 Travel Behavior Inventory datasets, and 
validating the results against traffic counts. 
  
External Station Crossings 
 
One component of the model development was the ability to replicate the behavior of external 
trips – those that have at least one of their trips outside the model area.  Analysis of the 2000 TBI 
External Survey data for the I-94 and TH 36 stations provided some input on the number and 
purpose of trips that passed through St. Croix County on their way to the Twin Cities or points 
beyond.  Approximately 24 percent of the TBI trips at TH 36 and I-94 were external to St. Croix 
and Polk counties (19,600 trips of the total 76,800 ADT).  The year 2000 model estimated the 
percent of external trips at 22 percent (19,000 trips of the total 85,000).  This data is dominated 
by travel on I-94, with 28 percent of the trips crossing the I-94 bridge being from locations along 
the I-94 corridor east of St. Croix County. 
 
Limited data exists for determining the behavior of trips at Western Wisconsin external stations 
with origins or destinations in western Wisconsin.  Civil division worker flow data was available 
from the 2000 US Census to guide work trip percentages at the external stations.  The modeled 
percentages of productions and attractions for work and non-work trips were based on a balance 
among the need for logical behavior of trips at the model’s key focus area – crossings of the  
St. Croix River.   Table 8 shows the significance of commuters from outside the modeled study 
area in western Wisconsin.  A total of 16,895 commuters were identified as having residential 
locations in western Wisconsin but working in the model area.  Of these workers, 7017  
(41 percent) work in the Wisconsin portion of the model area and 59 percent work in Minnesota 
(this does include commuters who would likely use the TH 10 bridge in Prescott). 
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Table 8 
2000 Commuter Flow to/from Western Wisconsin Model Area 
 

Work  
Location 

Residential 
Location 

Western 
Wisconsin 

Model Area
Minnesota 

Model Area

 
 
 

Total 
Northern  
Polk County 

2,439 1,202 3,641 

Dunn County 1,437 891 2328 
Pierce County (excluding 
City of River Falls) 

2,052 4,334 (1) 6,386 

Other  
Wisconsin 1,089 3,451 4,540 

Total 7,017 9,878 16,895 
Notes: 

Source: 2000 U.S. Census  
(1) 1,788 commuters are destined to Dakota County; this traffic is likely using the TH 10 bridge in Prescott 

 
 
Forecast year external station data in the model, as noted previously, is an exogenous input to the 
model – the amount of growth forecast at each station is a projection based on historic trends. 
Table 9 shows the existing and forecast volumes at the external stations.  With respect to the  
St. Croix River Crossing project, it should be noted that the two largest external station volumes 
(I-94 and US 8) serve other St. Croix River Crossings.  The 2000 TBI external survey found that 
less than 5 percent of the trips across the Stillwater Bridge originated outside of St. Croix County 
or southern Polk County.   This is consistent with the routing of the Stillwater Bridge as  
STH 46/64 in Wisconsin, with neither of those roadways carrying significant volumes (greater 
than 5,000 vehicles per day) as it enters the model area. 
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Table 9 
Wisconsin External Station ADT (Existing and Projected 2030) 
  
   Average Daily Traffic 
County Road TAZ Existing (2000) 2030 
 
St Croix 

 
CTH F 

 
1265 2,200 5,400 

St Croix STH 35/29 1266 5,900 12,000 
St Croix STH 65 1267 5,100 10,200 
St Croix STH 29 1268 2,400 7,100 
St Croix CTH T 1269 520 1,500 
St Croix USH 63  1270 2,900 8,200 
St Croix CTH B 1271 1,100 2,400 
St Croix STH 128 1272 1,700 5,300 
St Croix IH 94 1273 32,800 67,700 
St Croix USH 12 1274 1,200 2,400 
St Croix STH 170 1275 1,500 3,000 
St Croix STH 64 1276 1,400 3,700 
St Croix CTH Q 1277 400 1,000 
Polk CTH A 1278 800 1,800 
Polk USH 8/63 1279 9,500 19,100 
Polk CTH T 1280 1,600 3,400 
Polk CTH V 1281 270 500 
Polk CTH D 1282 670 400 
Polk CTH H 1283 2,100 5,400 
Polk STH 46 1284 2,400 5,700 
Polk STH 35 1285 7,300 15,300 
Polk STH 87 1286 4,300 8,700 
 
 
Gravity Model Validation 
 
Table 10 compares the home-based work trip distribution model to the commuter flow data 
obtained from the 2000 Census.  While the Census provides a much greater sampling of origin-
destination data (approximately 15 percent), it is not a direct substitute for home-based work trip 
information; however since the TBI data does not capture a full set of origins and destinations for 
Wisconsin workers, the Census was the best available data.  The comparison shows acceptable 
fit between the two data.  The difference in the “other” destinations is partly attributable to 
geographical definitions in the model statistics for the Wisconsin area of the model, which 
includes southern Polk County, while the Census data represents only St. Croix County.  
 



 
 
 

St. Croix River Crossing Project 2004 SEIS  SRF Consulting Group, Inc. 
Technical Memorandum, Travel Demand Forecasts 6/17/2004 
 Page 35 

Table 10 
Destination of St Croix County Workers’ Trip to Work 
 

Percent of Total 
Wisconsin Study Area Workers with 
Workplace in 

Normalized
Model(1) 2000 Census Model Census

Bayport        2,440        2,203 4.9% 4.4%
Maplewood           710        1,007 1.4% 2.0%
Woodbury           630        1,297 1.3% 2.6%
St. Paul (excluding downtown)        2,830        2,531 5.7% 5.1%
St. Paul Downtown*        1,810        1,250 3.6% 2.5%
Minneapolis (excluding downtown)           395        1,327 0.8% 2.7%
Minneapolis Downtown*           865           325 1.7% 0.7%
Oak Park Heights/Stillwater        1,885        1,941 3.8% 3.9%
Other 7 County        7,235        7,210 14.5% 14.4%
Within Wisconsin       31,140       30,846 62.4% 61.8%

Total       49,935       49,937 100.0% 100.0%
RMSE    3.0%
Notes: 

Source: US Census (http://www.census.gov/population/www/cen2000/mcdworkerflow.html) 
(1)   Census journey-to-work and home-based work trips are defined different ways, therefore work trip data 

has    been   normalized to match the Census totals. 
 
 
No data existed for non-work trip origin-destination patterns.  For that reason, the validation 
consisted of balancing the correct number of trips across the St. Croix River crossing screenline. 
 
One of the changes from the standard Twin Cities Regional modeling process made at the 
suggestion of the peer review panel was to increase the number of iterations in the gravity model 
to improve the model closure – the equalization of the modeled attractions to the input trip 
attractions.  Figure 8 shows that increasing the gravity model to 50 iterations significantly 
improve the fit of the model as measured by root mean square error (RMSE) comparing final 
gravity model attractions to the inputs from the trip generation model.  No single trip purpose 
had an RMSE greater than 10 percent. 
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Figure 8 
Gravity Model Convergence: 2000 Model Calibration 
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Highway Assignment Closure 
 
Three other key recommendations of the peer review panel were to incorporate more iterations of 
the highway assignment model, to specifically assess the stability of the Stillwater Bridge 
volumes across iterations, and to increase the number of full model iterations (or feedback 
loops).  The objective of these improvements was to increase the stability of the model.  Figures 
9 and 10, with Table 11 show that these improvements achieved their objectives.  AM and 
offpeak time periods were analyzed since these represent the time periods upon which work and 
non-work trips, respectively, derive their travel times and distances.  Figures 9 and 10 show that 
increasing the number of highway assignment iterations improves the stability of the TH 36 
bridge link, with volumes varying only slightly past the 30th assignment iteration.  The increased 
number of full model feedback iterations also improves the stability of the modeled bridge 
volumes – the AM flows are nearly identical in the 4th through 7th model iterations, and the 
offpeak flow vary by no more than 2.0 percent.   



Figure 9
Highway Assignment Convergence: 2000 AM Peak

Figure 10
Highway Assignment Convergence: 2000 Offpeak
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The number of model iterations also achieved a high level of stability.  Table 11 compares the 
closure “gap” (which measures the change in highway assignment travel times from the previous 
model iteration) to a virtually insignificant value of 0.003 percent or less.   This helps ensure that 
changes in regional performance measures such as VMT and VHT are reliably due to the 
changes in alternatives, and not due to some background “noise” in the model. 
    
Table 11 
Model Convergence by Model Iteration 
 
 Percent "Gap" 

Model 
Iteration AM Peak Hour Offpeak

1 - -
2 0.0457% 0.0648%
3 0.0142% 0.0188%
4 0.0075% 0.0086%
5 0.0049% 0.0050%
6 0.0037% 0.0032%
7 0.0030% 0.0023%

 
  
St. Croix River Crossing Screenline Validation 
 
The most critical element of the validation of the St Croix River Crossing Travel Demand 
Forecasting Model was the ability of the model to replicate the traffic volume and distribution 
across the St. Croix River.  Table 12 shows the model fit against ADT counts obtained from 
Mn/DOT and WisDOT.  The overall screenline validation was within one percent.  The only 
individual river crossing that did not calibrate well was US 8 at Taylor Falls.  Here the model 
underestimated trips, which is likely due to the location of this crossing at the northern edge of 
the model.  This part of the model has a somewhat coarse zonal system as well as several nearby 
external stations, thus reducing model accuracy.  However, the rest of the river crossings fall 
within 10 percent of ground counts, which is considered a good fit.   
 
Table 12 
River Crossing Screenline Validation 
 
 
 
River Crossing 

 
Year 2000 

ADT Counts 
Existing 

Daily Model 
Numeric 

Difference 
Percent 

Difference 

US 8, Taylor Falls, MN 
 

14,900 10,737 -4,163 -28% 
 
STH 243, Osceola, WI 

 
4,400 4,021 -379 -9% 

 
TH 36/STH 64, Stillwater, MN 

 
15,800 17,282 1,482 9% 

 
I-94, Hudson, WI 

 
69,000 73,019 4,019 6% 

 
Total  

 
104,100 105,059 959 1% 
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A second point of screenline validation was to review the distribution of selected trips across the 
river.  This robust test compared the proportion of travel from key St. Croix County communities 
at either the I-94 Bridge (Hudson) or the TH 36 (Stillwater) based on data from the 2000 TBI 
against the model results.  While Hudson generates a large number of river crossings, very few 
(four percent) cross at Stillwater; a percentage reflected by the travel demand model.  TBI data 
indicate that 41 percent of New Richmond crossings occur at the Stillwater Bridge, while the 
model estimates 46 percent of New Richmond crossings use the Stillwater Bridge, a reasonably 
close fit.  St. Joseph (Houlton) and Somerset, which are located closer to the Stillwater Bridge, 
have higher percentages of trips crossing at that location in both the TBI and model.  North 
Hudson, while equidistant between the I-94 and TH 36 bridges, has a higher percentage of trips 
to the Stillwater Bridge. 
 
Table 13 
River Crossing Use for Selected Communities 
 

  I-94   TH 36 

Percent 
Crossing 

at Stillwater

Modeled  
Crossings at 

Stillwater 
Hudson 18,357          727 4% 3% 

New Richmond 
  

2,790        1,952 41%
 

46% 

Somerset Village 
  

327       1 ,901 85%
78% 

St. Joseph            26       1 ,553 87% 92% 
North Hudson  36          748 76% 64% 
     

Source: 2000 TBI External Survey, does not include crossings at other locations 
 
Study Area Traffic Volume Validation 
 
The St. Croix River Crossing Travel Demand Forecasting Model daily traffic volumes were 
validated against daily traffic counts (ADT) obtained from Mn/DOT and WisDOT for 2000 (or 
adjacent years).  These years were selected for validation because they were most consistent with 
the socioeconomic data available for model inputs.   The resulting model assignment goodness-
of-fit is shown in Figure 11.   The model validates overall with an overall root mean squared 
error (RMSE) of 31 percent for an average link volume of 9,554 vehicles and error generally 
distributed both high and low; low volume roadways tend to be above-count because the 
roadway network does not include local streets that are used for traffic circulation.  A higher 
percentage of error can be tolerated on lower volume roadways where the numeric difference is 
lower.  A good fit was achieved for study-critical freeways and expressways with an RMSE of  
six percent on roadways with current ADT values exceeding 10,000 vehicles per day.   
 
Figures 12 and 13 show the existing average daily traffic volumes for selected roadway 
segments; these values represent most recently published information and may differ from the 
model calibration year, which was 2000. 
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Figure 11 
Comparison of Model Error to Ground Counts 
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FORECAST RESULTS 
 
This section addresses the results of the application of the travel demand forecast model.  This 
section includes discussion of alternatives that were initially considered but ultimately not 
included in the 2004 Supplemental Environmental Impact Study.  In some cases, alternatives that 
were considered in the scoping phase of the study have been refined, and the results may vary 
slightly from those previously presented to stakeholder or other interested groups. The forecasts 
for Alternative A reflect the revisions to Alternative A developed after release of the Scoping 
Decision Document and based on the peer review panel’s recommendations. 
  
Once a model has been calibrated to a reasonable degree of accuracy, future-year assumptions 
(socioeconomic assumptions and transportation network assumptions) are provided to the model 
for each alternative.  Care is taken to ensure that assumptions in the model not related to the 
alternatives remain constant across all alternatives so that the modeling reacts to only those 
changes in system performance attributable only to each alternative (as opposed to a change due 
to something outside of the study area). 
 
The model is then run until adequate stability or convergence is achieved.  Adequacy is defined 
as a low level of model change from one iteration to the next with similar variation across 
alternatives. 
  
Model Convergence and Iterations 
 
Three areas of modeling where the iterative process is most critical are: 
 

• Gravity model iterations 
• Highway assignment iterations 
• Full model (feedback) iterations 

 
The 2030 No Build alternative, as the most capacity-limited alternative across the St. Croix 
River, is likely to be the most vulnerable to instability.  Figure 14 shows the results of the gravity 
model closure for the No Build.  At 50 iterations, all trip purposes are within a 10 percent root 
mean square error (a measure of the absolute difference between the trip generation estimate of 
trip attractions and the trip distribution model’s ability to reasonably serve those attractions.  
Eight of ten purposes have RMSE of five percent or less.  The two purposes with the most error 
are the non-home-based purposes, which are typically harder to model.  Review of the residual 
errors found that NHB attractions in several western Wisconsin zones were not being fully 
satisfied; while this could be interpreted as unserved demand due to congestion, NHB trips tend 
to be shorter and therefore it is unlikely that these trips would be affected by river crossing 
alternatives or that the alternatives would affect the demand for NHB trips. 
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Figure 14 
2030 No Build Alternative Gravity Model Closure 
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The model still provides adequate stability of river crossing trips at 45 iterations.  Figures 15 and 
16 show that with nine full model iterations and 45 highway assignment iterations the 
assignment process is stable; the final runs of the assignment for each model iteration are within 
one percent of each other. 
 
Table 14 shows the sum-of-squares error between the 8th and 9th iterations of the full model for 
each alternative.  Offpeak values are nearly identical, while the build alternatives (B through E) 
are only 0.03 percent different from the alternatives with no new bridge (No Build and A).  This 
demonstrates the validity of the model for making comparisons across alternatives.  



Figure 15 
Highway Assignment Convergence: 2030 No Build AM Peak Hour

Figure 16 
Highway Assignment Convergence: 2030 No Build Offpeak Period
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Table 14 
2030 Model Convergence by Alternative 
 

  

Percent Gap (RMSE of link 
volumes between final model 

loop and previous loop) 
  AM Peak Offpeak 
No Build 0.19% 1.14% 
Alt A1 0.19% 1.14% 
Alt A2 0.19% 1.14% 
Alt A3 0.19% 1.15% 
Alt B 0.16% 1.14% 
Alt C 0.16% 1.14% 
Alt D 0.16% 1.14% 
Alt E 0.16% 1.14% 

 
 
Forecast Traffic Volumes 
 
Table 15 shows the results of the 2030 travel demand forecasts for the five alternatives for the 
existing and No Build conditions at four Twin Cities Regional St. Croix River Crossing 
locations, including the subject river crossing at TH 36/STH 64, a crossing at United States 
Highway (USH) 8, a crossing at STH 243 and a crossing at I-94 as previously shown in Figure 5. 
 
Similar totals across the St. Croix River crossing locations examined for all alternatives indicate 
that river crossing trips are not significantly increased with any of the alternatives.  Rather, 
capacity constraints and subsequent congestion affect only the location chosen to make the river 
crossing.  Alternative A provides a small exception to this pattern, where the total daily vehicle 
crossings are marginally reduced through transit and carpool use. 
 
Table 15 shows that there is a substantial increase in river crossings from 2002 to 2030 (a near 
doubling of traffic).  There is a significant difference in volumes between some alternatives on 
TH 36.  Volumes range from a low forecast of 21,700 vehicles per day (No Build) to a high 
value of 52,400 vehicles per day for Alternative C.  However, there are some substantial 
differences in volume on I-94 (Hudson): low volume of 119,000 vehicles per day (Alternative D) 
to a high of 140,700 vehicles per day (No Build).  Other river crossings (USH 8 and STH 243) 
are less affected by different alternatives. 
 
With the No Build alternative, the number of vehicles crossing the St. Croix River at  
TH 36/STH 64 is expected to increase from the current count of 16,300 vehicles per day to 
21,700 vehicles per day.  Transit opportunities provided with Alternative A-1 reduce that number 
by 500 vehicles per day, but the traffic volume continues to exceed current daily volumes by 
4,500 vehicles.  Alternative A-2 introduced roadway pricing, which increases the amount of 
transit and ridesharing somewhat.  Alternative A-3 directs some land development from western 
Wisconsin to Washington County, with a resultant reduction in demand across the river. 
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Table 15  
Existing and 2030 Average Daily Vehicle Crossings for St. Croix River Crossings (1) 
 

TH 36/STH 64 - 
Stillwater 

Alternative 

US 8 - 
Taylors 

Falls 
STH 243 - 
Osceola Lift Bridge 

New 
Bridge 

I-94 - 
Hudson TOTAL

Existing 
(2000) 14,900 4,400 16,300 2 77,000 112,600 

2030 No 
Build 23,500 9,500 21,700 2 140,700 195,400 

2030 Alt A-11 23,600 9,300 21,200 2 139,100 193,200 
2030 Alt A-21 23,400 8,700 16,300 2 137,500 185,900 
2030 Alt A-31 24,800 7,700 15,700 2 135,300 183,500 
2030 Alt B-1a 21,700 6,600 3 50,100 120,200 198,600 
2030 Alt B-1b 21,600 6,400 8,300 43,300 119,300 198,900 
2030 Alt C 21,300 6,400 3 52,400 119,400 199,500 
2030 Alt D 
 

21,300 6,200 3 51,000 119,000 197,500 

2030 Alt E 22,800 8,000 12,000 22,000 131,600 196,900 
Notes: 

1 Includes alternatives not carried through  the SEIS and revisions to alternatives following final scoping decision 
document.   

2     There is no new bridge in the existing condition, 2030 No Build Alternative or Alternative A. 
3      The Lift Bridge is not used to carry motor vehicular traffic in these alternatives. 
 
Forecasted traffic for the new TH 36/STH 64 crossing for Alternatives B, C, and D are 
approximately 50,000 vehicles per day, with Alternative B-1b splitting the volumes between a 
new four-lane bridge and the existing Lift Bridge.  Because the build alternatives provide 
increased river crossing capacity exceeding 60,000 vehicles per day, these alternatives represent 
a largely unconstrained demand level.  Furthermore, the reduced volumes at the I-94 crossing 
with these alternatives suggest that with constrained conditions at TH 36/STH 64, vehicles are 
currently diverting to the I-94 crossing to avoid congestion at the Stillwater crossing.  
 
The reduction of volumes on TH 36/STH 64 with Alternative E below the volumes forecast for 
Alternatives B, C and D suggests that this alternative provides a somewhat constrained 
condition, yet it does provide more vehicle capacity than the No Build Alternative.  Again, the 
parallel increase in volumes at I-94 suggests that some vehicles will divert to the I-94 crossing 
with the constrained conditions of Alternative E. 
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Table 15 also shows that Alternative A does not meet the transportation needs of the project 
because it does not resolve the congestion problem.  The travel demand forecast results indicate 
that Alternative A shifts the congestion to the I-94 corridor, further exacerbating capacity 
concerns at this crossing.   
 
The year 2030 traffic forecasts for other roadways in the study area can be found in Figures 15-
26 for the alternatives carried into the EIS. 
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Comparison to Historic Traffic Growth and Previous Forecasts 
 
The St. Croix River Valley has been showing significant growth in terms of daily traffic in the 
course of the last two decades.  Table 15 summarizes historic ADTs and growth rates at the four 
river crossings within the expanded regional model area. 
 
Table 16 
Historic Traffic Growth Across the St Croix River 
 
 Daily Traffic Counts 

 River Crossing 1982 (1) 1990 (2) 2000/2002(3) 

Annual 
Growth 

1982-
2000/2(3) 

Annual 
Growth 

1990-
~2000/2(3) 

 
US 8, Taylor Falls, MN 7,000 10,100 14,900 

 
3.5% 

 
5.0% 

 
STH 243, Osceola, WI 2,100 3,300 4,400 

 
3.8% 

 
3.7% 

 
TH 36/STH 64, Stillwater, MN 10,900 15,000 16,300 

 
2.0% 

 
0.7% 

 
I-94, Hudson, WI 31,500 44,000 77,000 

 
4.6% 

 
4.8% 

 
Total 51,500 72,400 112,600 

 
4.0% 

 
4.1% 

Notes: 
(1) Data for US 8 and TH 243 are from 1980 
(2) Data for US 8 and TH 243 are from 1992 
(3) Data for TH TH 36 and I-94 are from 2002 

 
Historical traffic counts in the St. Croix River valley show an average annual growth rate 
of 4.0 percent over the last 20 years.  All individual crossings show an annual growth of  
3.5 percent or more with the exception of the Stillwater Bridge; at that bridge growth was  
2.0 percent over the last 20 years, and less than one percent per year over the last 10 years.  This 
is attributable to the bridge’s practical capacity being reached by about the year 1990.  Since 
then, a significant portion of the traffic growth has been diverting to other river crossings, 
primarily the Hudson Bridge. 
 
Current ADT at the river crossing screenline is approximately 113,000 vehicles per day.  Over 
two-thirds of this traffic, (77,000 vehicles per day) is carried by the I-94 Bridge at Hudson, 
located approximately 7 miles south of the current Stillwater bridge.  The Stillwater Bridge itself 
(TH 36/STH 64) carries 16,300 vehicles per day, or about 15 percent of the total screenline 
traffic volume.  The two remaining bridges at Osceola (TH 243) and Taylor Falls (US 8) are 
located 22 and 29 miles north of the current Stillwater Bridge. They carry 4400 and  
14,900 vehicles per day, respectively, a combined share of 17 percent of the traffic across the 
screenline.   
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Figure 29 
 
Reduction in 2030 Regional Daily Vehicle Hours Traveled  
Compared With No Build 
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Figure 30 shows the results of an analysis of change in vehicle miles traveled.  In these results, 
similar to the results of the analysis of reduction of vehicle hours traveled and delay, substantial 
reductions are evident for Alternatives B-1, C and D.  Results for Alternative E indicate a slight 
(approximately 11,000) increase in vehicle miles traveled. 
 
Figure 30 
Difference In 2030 Regional Daily Vehicle Miles Traveled   
Compared With No Build 
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These results indicate the following: 
 
• Each build alternative substantially reduces regional congestion (based on VHT results) 
 
• Alternatives B-1, C, and D substantially reduce regional traffic diversion (based on VMT 

results) 
 
Both the VMT and VHT results were used to evaluate the alternatives as part of a benefit/cost 
analysis.  The benefit/cost analysis and results are discussed in a separate technical 
memorandum. 
 
An examination of total regional vehicular hours traveled and total vehicular miles traveled 
provides further information regarding trip diversion with constrained conditions (shown in 
Figures 29 and 30, respectively).   
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While Alternative A reduces total vehicle hours traveled by nearly 4,000 vehicle hours per day 
(Figure 29) from the No Build condition, Alternatives B, C, and D reduce vehicles hours traveled 
by over 25,000 vehicle hours per day.  This suggests a significant reduction in trip diversion.  
Results for Alternative E reflect a reduction of approximately 15,000 vehicle hours traveled, a 
smaller reduction than Alternatives B, C, and D, but still significantly larger than Alternative A. 
 
Figure 30 shows the results of an analysis of change in vehicle miles traveled.  In these results, 
similar to the results of the analysis of reduction of vehicle hours traveled and delay, Alternative A 
demonstrates a reduction in regional vehicle miles traveled from the No Build alternative, but 
significantly greater reductions are found with Alternatives B, C and D.  Results for Alternative E 
indicate a slight (approximately 12,000) increase in vehicle miles traveled. 
 
Analysis of the vehicle miles traveled experiencing congested conditions (Level of Service E or F) as 
compared with the No Build provides a further indication of the ability of the alternatives to meet the 
project purpose, as shown on Figure 31.  Once again, a similar pattern is found with Alternative A 
providing a slight reduction in vehicle miles traveled with congested conditions when compared with 
the No Build alternative, but significantly higher reductions can be found with Alternatives B, C and 
D.  Alternative E performs better in this measure than Alternative A, but not as well as Alternatives 
B, C and D. 
 
Figure 31 
Difference In 2030 Regional Vehicle Miles Traveled With   
Congested Conditions (Los E or F) Compared With No Build (1) 
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 (1) Reflects congestion as measured in the Twin Cities Regional Travel Demand Model only.  Refined analysis of traffic 

operations (including delay and congestion) by traffic operation models will be included in the SDEIS.   
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Volumes at the intersection of Chestnut Street and Main Street (TH 36/95) were examined as an 
indication of each alternative’s potential ability to reduce congestion at this downtown Stillwater 
intersection.  Figure 32 shows that 2030 volumes at this intersection are expected to increase by 
over 40 percent with the No Build condition.  Alternative A results in a lesser increase of 35 
percent.  However, Alternatives B, C and D reduce expected volumes at this intersection by over 
30 percent (nearly 35 percent) because traffic is not required to pass through Stillwater to cross 
the River.  Alternative E perpetuates volumes at existing levels because traffic must pass through 
downtown Stillwater to cross the River in one direction with this Alternative.  Similarly, volumes 
are only reduced by 17 percent under B-1b, which include continuation of traffic on the existing 
bridge.  The analysis for Alternative A includes the traffic using the HOV bypass, which is near 
the Chestnut and Main intersection.   
 
While these forecast volumes provide an indication of the potential of each of these alternatives 
to alleviate congestion at this intersection, traffic operations analysis will be required to 
specifically assess each alternative’s ability in this regard.   
 
Figure 32 
Change In 2030 Downtown Stillwater Traffic Volumes  
Compared With Existing Volumes 
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P.M. Peak Hour River Crossing Volumes and Capacity 
 
A comparison of forecasted 2030 Lift Bridge volumes and available river crossing capacity is an 
indicator of congestion and delay.  Table 21 summarizes existing and forecasted eastbound  
2030 p.m. peak hour traffic volumes for the St. Croix River crossing and compares them to 
available lane capacity with the resulting number of daily hours of congestion.  Based on these 
forecasts, growth in the Twin Cities region and western Wisconsin is expected to increase traffic 
demand volumes on the existing Lift Bridge to 1,235 vehicle trips per lane per hour by the year 
2030.  This growth in traffic would cause congestion to spread to at least six hours per day for 
the No Build Alternative.  This spread of congestion is also called peak hour spreading. 
 
Table 21 
Daily Hours of Congestion By Alternative (1) 
 

Alternative 
EB PM Peak 

Hour1 Capacity2 
 veh/ln/hr3 veh/ln/hr3 

Daily Hours 
of 

Congestion4 
Year 2000 960 600 3+ 
2030 No Build 1,235 600 6+ 
2030 Alternative A 1,235 600 6+ 
2030 Alternative B-1a 1,875 1,950 0 
2030 Alternative B-1b    

New Bridge 1,655 1,950 0 
Lift Bridge  595 600 <1 

2030 Alternative C 1,930 1,950 <1 
2030 Alternative D 1,925 1,950 <1 
2030 Alternative E    

New Bridge 1,540 1,950 <1 
1 Eastbound (EB) volumes only 
2 Capacity is defined as daily volume with minimal congestion on bridge. 
3

 Vehicles per lane per hour (veh/ln/hr) 
4

 Due to geometric constraints, such as steep grades, slow-moving trucks may cause increased congestion not represented in this analysis; also 
does not include congestion caused when Lift Bridge is raised. 

 
 
The four-lane build alternatives show higher 2030 travel demands on the river crossing links. 
Alternatives B-1a, C, and D show demands of more than 1,850 vehicle trips per lane per hour 
during the P.M. peak hour. Alternative B-1b shows a demand of 1,655 on the new bridge, with 
the Lift Bridge carrying about 595 eastbound vehicle trips per lane per hour. Alternative E 
projects 1,540 eastbound vehicle trips per lane per hour (all westbound traffic travels on the Lift 
Bridge). The build alternative river crossings would have sufficient capacity to accommodate 
forecasted 2030 demands with minimal congestion on the river crossing links.  However, some 
alternatives put greater traffic demands on downtown Stillwater intersections which result in 
congestion problems in the downtown Stillwater central business district. 
 




