
 
 

 
 

Access to Destinations: 
How Close is Close Enough? 

Estimating Accurate Distance Decay Functions 
for Multiple Modes and Different Purposes 

  
 
 

Report # 4 in the series 
Access to Destinations Study 

 
Report # 2008-11 

 
 
 
 



Technical Report Documentation Page 
1. Report No. 2. 3. Recipients Accession No. 
MN/RC 2008-11             
4. Title and Subtitle 5. Report Date 

May 2008 
6. 

Access to Destinations: How Close is Close Enough?  
Estimating Accurate Distance Decay Functions for 
Multiple Modes and Different Purposes       
7. Author(s) 8. Performing Organization Report No. 
Michael Iacono, Kevin Krizek and Ahmed El-Geneidy       
9. Performing Organization Name and Address 10. Project/Task/Work Unit No. 

      
11. Contract (C) or Grant (G) No. 

Hubert H. Humphrey Institute of Public Affairs 
University of Minnesota 
301 19th Avenue South 
Minneapolis, Minnesota 55455 

(c) 89261  (wo) 32 
 

12. Sponsoring Organization Name and Address 13. Type of Report and Period Covered 
Final Report 
14. Sponsoring Agency Code 

Minnesota Department of Transportation 
395 John Ireland Boulevard Mail Stop 330 
St. Paul, Minnesota 55155       
15. Supplementary Notes 
http://www.lrrb.org/PDF/200811.pdf 
Report #4 in the series: Access to Destinations Study 
16. Abstract (Limit: 200 words) 

Existing urban and suburban development patterns and the subsequent automobile dependence are 
leading to increased traffic congestion and air pollution. In response to the growing ills caused by urban 
sprawl, there has been an increased interest in creating more “livable” communities in which 
destinations are brought closer to ones home or workplace (that is, achieving travel needs through land 
use planning). While several reports suggest best practices for integrated land use-planning, little 
research has focused on examining detailed relationships between actual travel behavior and mean 
distance to various services. For example, how far will pedestrians travel to access different types of 
destinations? How to know if the “one quarter mile assumption” that is often bantered about is reliable? 
How far will bicyclists travel to cycle on a bicycle only facility? How far do people drive for their 
common retail needs? 

To examine these questions, this research makes use of available travel survey data for the Twin Cities 
region.  A primary outcome of this research is to examine different types of destinations and accurately 
and robustly estimate distance decay models for auto and non-auto travel modes, and also to comment 
on its applicability for: (a) different types of travel, and (b) development of accessibility measures that 
incorporate this information. 

 

17. Document Analysis/Descriptors 18. Availability Statement 
Transportation planning 
Trip distance 

Walking 
Bicycling 
Travel behavior 

No restrictions. Document available from: 
National Technical Information Services, 
Springfield, Virginia  22161 

19. Security Class (this report) 20. Security Class (this page) 21. No. of Pages 22. Price 
Unclassified Unclassified 76       

 



Access to Destinations:  How Close is Close Enough? 
Estimating Accurate Distance Decay Functions for 

Multiple Modes and Different Purposes 
 

 
 

Final Report 
 
 

Prepared by: 
 

Michael Iacono 
Research Fellow 

Department of Civil Engineering 
University of Minnesota 

 
Kevin Krizek 

College of Architecture and Planning 
University of Colorado – Denver 

 
Ahmed El-Geneidy 

School of Urban Planning 
McGill University 

 
 
 

May 2008 
 
 

Published by: 
 

Minnesota Department of Transportation 
 Research Services Section 

395 John Ireland Boulevard, MS 330 
St. Paul, Minnesota 55155-1899 

 

 

 

This report represents the results of research conducted by the authors and does not necessarily 
represent the views or policies of the Minnesota Department of Transportation and/or the Center 
for Transportation Studies. This report does not contain a standard or specified technique. 



 

 

Acknowledgements 
 
The authors would like to thank members of the project technical advisory panel, including Sue 
Lodahl, Darryl Anderson and Cindy Carlsson.  They would also like to acknowledge the 
valuable contributions of Ryan Wilson, Jessica Horning and Gavin Poindexter. 
 



 

 

Table of Contents 
 
 
Chapter 1: Introduction ................................................................................................................... 1 
Chapter 2: Literature Review.......................................................................................................... 2 

The Importance of Distance Decay Functions............................................................................ 2 
Distance Decay Function Development...................................................................................... 2 
Applications of Distance Decay Concepts.................................................................................. 3 
The Relationship to Accessibility ............................................................................................... 4 
Distance Decay and Accessibility Measures .............................................................................. 5 
Estimation of Distance Decay Functions.................................................................................... 6 

Ordinary Least Squares........................................................................................................... 6 
Maximum Likelihood Estimation ........................................................................................... 7 

Current Application .................................................................................................................... 7 
Chapter 3: Distance Decay Function Estimates.............................................................................. 9 

Data Sources ............................................................................................................................... 9 
Travel Behavior Inventory...................................................................................................... 9 
Transit On-Board Survey...................................................................................................... 10 
Trail User Survey.................................................................................................................. 10 
Non-Motorized Pilot Program (NMPP) Survey ................................................................... 10 

Statistical Summaries................................................................................................................ 11 
Walking..................................................................................................................................... 12 
Bicycling................................................................................................................................... 13 
Transit ....................................................................................................................................... 14 

Trip Purpose.......................................................................................................................... 14 
Service Type ......................................................................................................................... 17 

Auto........................................................................................................................................... 19 
Drive Alone........................................................................................................................... 19 
Shared Ride Trips ................................................................................................................. 20 

Health Care Decay Function..................................................................................................... 20 
Chapter 4: Travel Time Decay Functions..................................................................................... 22 

Walking..................................................................................................................................... 22 
Bicycling................................................................................................................................... 22 
Transit ....................................................................................................................................... 23 

Chapter 5: Discussion ................................................................................................................... 26 
Limitations ................................................................................................................................ 26 

Sample Size........................................................................................................................... 26 
Focus on Home-Based Trips................................................................................................. 26 
No Multi-Stop Trip Chains ................................................................................................... 27 
Estimation of Distance Decay Functions.............................................................................. 27 

Applications of the Distance Decay Functions......................................................................... 27 
Chapter 6: Conclusion................................................................................................................... 32 
References..................................................................................................................................... 34 
Appendix A: Distance Decay Functions by Mode and Purpose 
Appendix B: Statistical Summaries of the Estimated Distance Decay Functions 
 





















 

16 

spent on the line-haul portion of the trip (i.e. time spent in-vehicle), thus generating shorter 
overall distances.  This hypothesis is borne out by comparison of the distance decay parameters 
for trips with walk and auto access by trip purpose in Table 4 of Appendix B.  One can also 
confirm these differences visually by examining the curves for trips by walk and auto access 
presented in Figures 4 and 5.  Trips with walk access for shopping and college purposes are 
generally confined to distances of less than 20 KM, while work trips are as longer as 35 KM.  By 
contrast, trips with auto access tend to be longer, with overall distances of up to 50 KM for 
college trips and nearly 60 KM for work trips. 
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Figure 4.  Distance Decay Curves for Transit Trips by Purpose with Walk Access 

 
 

Transit trips with auto access trips also appear to have a distance threshold (in the range 
of 5-10 KM) below which users will not use this combination of access and line-haul modes.  
This finding also indicates that a negative exponential curve is not appropriate for capturing the 
distance decay effect for this type of trip.  Figure 5 plots the exponential curves in addition to 
points that trace out the shape of the curves using predictions from a more general decay function 
of the form: 

 
)exp()()( xxxf βα μ −=         (9) 
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Figure 5.  Distance Decay Curves for Transit Trips by Purpose with Auto Access 

 
where α, μ and β are parameters to be estimated.  This form has been referred to as a ‘combined’ 
function (Ortuzar & Willumsen, 2001).  It is unimodal and approaches zero as the cost or 
impedance variable x does.  The parameters of the fitted curves using this specification are listed 
in the Appendix B statistical summaries under the label “combined” for each trip purpose.  The 
combined function appears to be a better fit for transit trips with auto access, and indeed is a 
suggested form for trip distribution functions applied to auto trips or any type of travel where 
short trips are not common (Kanafani, 1983). 
 

Service Type 
 
 Another useful way to disaggregate transit trips in order to isolate the effects of speed on 
distance is to stratify trips by service type.  The detailed data available from the on-board survey 
of transit users permits this type of analysis.  Users are stratified according to three major service 
types:  express bus, light rail and local bus. 
 The curves fit for transit trips by service type are shown in Figure 6.  Again, there appear 
to be threshold effects for each of the service types, though they are more pronounced for 
express and light rail trips.  The summaries for each of the fitted curves in Table 5 of Appendix 
B indicate that, particularly for express and light rail trips, the combined function again provides 
a markedly better fit to the data.   
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Figure 6.  Distance Decay Curves for Transit Trips by Service Type 

 
The deviation of the data from the negative exponential curve form becomes more apparent 
when the individual curves are viewed in isolation (Figures C.4 through C.6 in Appendix A).   
Trips by local bus appear to be considerably shorter than express bus and light rail.  This can be 
partly accounted for by the different operating speeds of the services, but also by the tendency of 
express bus services (and to a smaller extent, light rail services) to be used extensively for work 
trips, which tend to be longer than average regardless of mode. 

While the negative exponential form does not fit the distribution of total trip distances 
very well, it does describe well the distance decay effect for access modes by themselves.  
Summaries of these curves disaggregated by service type are provided in Table 6 of Appendix B. 
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Auto 
 

Drive Alone 
 

As Figure 7 indicates, single-occupant trips by auto are considerably longer than trips by 
non-motorized modes and also longer than most transit trips.  Decay curves for most trip 
purposes are strikingly similar, with the exception of work trips which, as one would expect, 
cover a greater distance.  For non-work trip purposes by solo drivers, distances of up to 30 km or 
so are fairly common, while work trips appear to routinely extend beyond 40 km. 
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Figure 7.  Distance Decay Curves for Single-Occupant Auto Trips 

 
 Additional comparisons are permitted by examining the estimated impedance parameters 
(β) in Table 7 of Appendix B.  While drive alone trips for non-work purposes tend to have 
impedance values slightly above 0.1 in magnitude, work trips tend to indicate a lower 
impedance, closer to 0.09.  By contrast, impedance values for bike trips range from 0.12 for 
school-related trips to over 0.50 for shopping trips.  As noted above, impedances for walking 
trips are greatest, with values ranging form 1.0 to 2.0.  The relative magnitudes of these values 
indicate the importance of modal speeds in determining the spatial extent of travel by each mode. 
 



 

20 

Shared Ride Trips 
 
 Shared ride trips describe all auto trips taken with two or more occupants.  This includes 
regular carpools, as well as any other arrangement involving one or more occupants, such as 
parents taking their children along on shopping trips or to school.  Figure 8 displays the distance 
decay curves for shared ride trips. 

Estimates of impedance parameters for shared ride trips are largely similar to those for 
single-occupant auto trips, though there is not as much of a noticeable difference between work 
and non-work trips.  Work and entertainment, recreation and fitness trips tend to be slightly 
longer on average than other types of trips, as is evident in Figure 8.  Most trips cover distances 
of up to 30 km, with some work and recreation trips approaching and exceeding 40 km. 

 

Health Care Decay Function 
 
 In addition to the travel survey data collected to estimate decay functions for most trip 
purposes, a special data set was provided for clinic trips that allow for inferences regarding 
health care access-related travel.  The data were collected from 32 clinics in the Twin Cities 
metropolitan area, representing over 170,000 clinic visits.  A five percent random sample was 
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Figure 8.  Distance Decay Curves for Shared Ride Auto Trips 



 

21 

drawn from these data, yielding over 8,500 observations.  Each record contained the address of 
the clinic, along with the zip code of the trip maker, allowing for the calculation of a minimum 
distance path from the zip code centroid to the facility.  A major limitation of these data, 
however, is the fact that no information was obtained on choice of mode.  Therefore, the decay 
curves represent a pooling of trips by all modes, though the inclusion of a large number of 
longer-distance trips suggests a dominance by auto travel. 

Figure 9 displays the negative exponential decay function fitted to the health care data.  
Overall, the fit is quite good, except for short distance trips (less than 10 km).  The fit is 
improved slightly if the combined function is employed, allowing for the smaller number of trips 
that are made over very short distance (see Table 9 of Appendix B). 
 

 

Figure 9.  Distance Decay Curve for Health Care Trips 

The fitted curve for the health care data indicates that the majority of health care-related 
trips are less than 20 km in length.  The presence of a small number of very long trips probably 
represents individuals who either live at the metropolitan fringe, far from the nearest clinic, or 
require special treatment that can only be accessed at a few, highly specialized and 
geographically dispersed facilities.  It should be noted, again, that these trips represent clinic 
visits, which are likely to represent more routine treatments.  This is qualitatively different from 
access to hospitals, for which trip frequencies are likely to be less, but for which access is more 
critical. 
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Chapter 4 
Travel Time Decay Functions 

 
 

As a check against the accuracy of the distance decay functions estimated using data on 
trip distance, a second set of functions were estimated using travel time as the impedance 
variable.  This is an important step, since our previous procedure involving travel distance does 
not allow for validation of either the chosen travel path (assumed to be minimum distance) or the 
trip speed.  One drawback of using travel time data, however, is that the sample is limited to the 
Travel Behavior Inventory data, since the other data sets do not collect data on trip duration.  
Also, data on travel time is self-reported in the TBI, indicating that the accuracy of the data is 
subject to the bounds of human perception and cognition. 

 

Walking 
 
 A couple of things stand out when observing the distance decay functions for walking 
using travel time as an impedance measure.  The first is the considerably smaller impedance 
parameter estimates, with all parameters taking values of 0.10 or less.  This is merely a function 
of the units used in the analysis (minutes as opposed to kilometers), so the relative magnitudes of 
the parameter values should be roughly consistent across trip purposes.  The second is the 
remarkable amount of consistency between trip purposes, which is indicated by the comparison 
of fitted curves in Figure 10.  Only a small fraction of trips are longer than 30 minutes in 
duration, with an absolute upper limit near one hour.  Trips for recreation, exercise and fitness 
purposes appear to have the greatest duration, followed closely by school and work-related trips.  
Shopping and restaurant trips tend to be the shortest, though not by much.  Curves fitted for 
individual trip purposes are provided in Figures F.1 through F.5 in Appendix A, and statistical 
output for these curves is provided in Table 10 of Appendix B. 
 

Bicycling 
 

Distance decay curves for bicycle trips exhibit less uniformity and a weaker fit than those 
fitted for walking trips using travel time.  Figure 11 contains the fitted curves and indicates that 
the simple negative exponential functions that fit the distance data reasonably well do not 
approximate as well the effect of travel time on the propensity to travel.  In particular, the 
negative exponential curves tend to overpredict trips of a shorter duration, while underpredicting 
some of the longer trips in the 25 to 60 minute range.  This is reflected in the fit of the individual 
curves, as shown in Figures G.1 through G.4 of Appendix A, and as summarized in Table 11 of 
Appendix B.  Also suggestive is the improved explanatory power of the combined function, 
which allows for a non-monotonic shape and appears to better fit the distribution of travel time 
data.  Work trips still appear to be the longest trips, followed by recreation, school and shopping 
trips, though this relationship is blurred by the poor fit of the curves at more extreme values.  
Again, most trips appear to be less than 30 minutes in length, with almost none greater than 60 
minutes. 
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Figure 10:  Distance Decay Curves for Walking Trips (Travel Time) 

Transit 
 

The lack of fit of the negative exponential curve to the travel time data becomes most 
apparent when trips taken by public transit are examined.  The limited number of non-work trips 
by public transit in the data set restrict the analysis to work and shopping trips.  The individual 
curves for each of these trip purposes are provided in Figures H.1 and H.2 of Appendix A.  
Imposing the negative exponential specification on these data result in an equation with almost 
no explanatory power; in fact, imposing an exponential curve form on the shopping trip data 
results in the estimation of a positive coefficient for the travel time variable, certainly a 
counterintuitive result. 
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Figure 11.  Distance Decay Curves for Bicycle Trips (Travel Time) 

The data for work and shopping trips by transit are plotted in Figure 12, along with 
curves for each trip purpose using predicted values from the combined function.  While the 
transit data do exhibit a degree of variability that is not present for the other modes (particularly 
for work-related trips), the combined function provides a greatly improved fit, as can be 
visualized in Figure 12 and confirmed by the summaries in Table 12 of Appendix B.  As was 
discussed in the interpretation of the distance-related transit decay functions, transit travel can 
vary on many dimensions, such as service type and access mode, which is then reflected in the 
more scattered nature of the travel time data for transit trips.  Figure 12 also shows that there is a 
minimum threshold for the duration of transit trips of somewhat less than 10 minutes.  This 
reflects the fact that transit trips incur a certain fixed time cost, relating to stop or station access 
and waiting times. 
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Figure 12.  Distance Decay Curves for Public Transit Trips (Travel Time) 
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Chapter 5 
Discussion 

 
 

This section reviews some of the limitations the study faced and identifies further uses of 
the estimated distance decay functions. 

 

Limitations 

 

Sample Size 
 

Perhaps the greatest limitation of the study was the inability to obtain workable sample 
sizes for various combinations of modes and trip purposes.  General purpose travel surveys such 
as the TBI’s home interview survey tend to yield small numbers of trips by public transit and 
non-motorized modes, given the rarity of these behaviors.  While this data source provided a 
large number of potential trip purposes (17 were identified in the data set), disaggregating trips 
by mode and purpose greatly limited the sizes of the samples that could be obtained from them.  
Public transit trips for purposes other than work were represented only in small numbers. 
 Further limiting the sample sizes used in the analysis was the quality of the data 
available.  Usable records in each data set had to be geocodable, including all trip origins and 
destinations.  In addition, records in the transit on-board survey needed to have boarding and 
alighting points properly located and geocoded.  Inaccurate or inappropriate survey responses, 
including reporting of unrealistic trip distances or speeds, further thinned the data sets.  As a 
consequence, many of the parameters of the estimated decay functions retained high amounts of 
variance, as is reported in the statistical summaries. 

The other three data sources used in the study were specialized surveys designed to 
capture behavior by specific modes.  While these surveys were able to target certain modes and 
provide a larger number of observations, they also tended to be limited in terms of the trip 
purposes identified in the survey instrument.  This was especially the case for the transit on-
board survey, whose primary purpose was to collect data suitable for modeling purposes.  It 
would seem that a study designed to provide greater depth than the current work would need to 
design and implement a special survey instrument, combined with specialized sampling 
techniques, rather than relying on existing secondary sources of data. 

 

Focus on Home-Based Trips 
 

Since emphasis in this study is placed on understanding how far individuals will travel to 
reach various destinations and how this might help to structure measures of accessibility, most 
interest is centered around individuals accessing activities relative to their home location.  Thus, 
non-home based trips are not examined as extensively in this study.  This may not be as much of 
a problem for travel by non-motorized modes, since multi-stop trips by these modes tend to be 
less common (Ye, Pendyala, & Gottardi, 2007).  However, the treatment of transit trips 




