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A means of estimating urban travel is proposed to reduce the time and 
cost of local transportationplanningstudies . A trip-distribution model, 
which is a modification of a gravity model developed by J. C. Tanner 
of the British Road Research Laboratory, is studied. The principal 
variables in this model are a measure of the activity within each zone 
of the study area and a measure of the resistance to travel between each 
pair of zones. A combination of resident population and employment is 
used for the activity measurement, and both straight-line distance and 
minimum off-peak driving time is used for the resistance measurement . 
Several different forms of the model are investigated including a uni
form resistance function, ring variations of the parameters, and the 
addition of terminal time to the resistance measurement. 

Origin-destination data are used from a 1962 survey in Pueblo, Col
orado (population 108, 243). The ability of the model to simulate the 
actual travel patterns is based on root-mean-square error analysis. 
The minimum root-mean-square error gave the best estimates of the 
origin-destination data as substantiated by screen-line crossing counts, 
trip-length frequency distribution, and percentage of root-mean-square 
error. In all cases, the use of travel resistance based on straight-line 
distance gave better results than the use of minimum driving time. 
This was because of land use characteristics of the urban area, such 
as very centralized shopping, business, and work centers within the 
study area. 

•THE METHOD proposed in this i·eport is an attempt to offer a simplified method of 
making frequent forecasts of urban travel demands so that portions of this process can 
be performed with a minimum of data collection and trained personnel. The model 
presented is a modification of a gravity model developed by J. C. Tanner of the British 
Road Research Laboratory (1) that generates and distributes trips in one operation, a 
model not yet used for a transportation study in this country. The principal variables 
in this model are a measure of the activity within each zone in the study area and a 
measure of the resistance to travel between each pair of zones. The simplified socio
economic measure of activity used is a combination of re-sident population and employ
ment, because these are the maintrip-generation and attraction characteristics in an 
urban area. The measure of resistance used is both straight-line distance and actual 
driving time as determined from a minimum-path calculation. Various combinations 
of activity and resistance are tested against origin-destination data and two screen-line 
crossings to determine the best simulation of the origin-destination data. 

This report uses data from Pueblo, Colorado (study area population of 108,243), and 
considers only the internal traffic and vehicle trips rather than person trips. The 
method in this study does not consider trip purpose, transit trips, and intra.zonal trips 
because they could be included with the use of additional info1·mation. The purposes of 
this report are simplification and an appraisal of the effects of the basic parameters . 
The inclusion of too many details would hinder this purpose. 

Paper sponsored by Committee on Origin and Destination. 
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STUDY AREA CHARACTERISTICS 

The Colorado Department of Highways in cooperation with the U.S. Bureau of Public 
Roads and the Pueblo City -County Planning Commission began a transportation study of 
metropolitan Pueblo, Colorado, in 1962. The s tudy is referr ed to as the Pueblo Area. 
Transportation Study or, more commonly, PATS. The origin-destination data and 
dwelling unit statistics obtained in tbe study are used as the basis for this report. 

The study area, which includes most of Pueblo County, encompasses appr oximately 
127.4 square miles. The area was initially divided into 536 zones, following the bound
aries of census tracts developed in the 1960 Censuses of Population and Housing. The 
536 zones were then combined into 200 traffic districts, and finally these were combined 
into 57 analysis districts. The latter districts do not follow the census tracts in all 
cases. The analysis districts (referred to as AD's), which are the basis of study for 
this report, range in size from approximately 0.13 to 13.2 square miles. The study 
area is shown in Figure 1, and the analysis districts are sho\Vn in Figure 2. 

The PATS survey began in 1962, and data were gathered by home-interview question
naires. A minimum of 12% percent of the dwellings in each of the 536 zones were sam
pled, and in some zones the sample was as high as 100 percent. The average 
sample was approximately 13 percent. The data were then expanded and compared with 
the number of work trips and ground counts taken at two screen-line crossings. Based 
on these comparisons, the origin-destination data were adjusted to agree with the ground 
counts. The two screen-line counts were made at the Fountain Creek and the Arkansas 
River screen lines shown in Figure 2. Only internal trips were considered; external 
trips were excluded based on a p1·evious study. Based on a 24-hour count, the origin
destination data were 82.2 percent of the ground count for the Fowitain Creek screen 
line and 83.8 percent for the Arkansas River screen line. This error is close to that 
experienced by other transportation studies (2). 

The origin-destination (0-D) data are based on average weekday traffic (AWDT), 
which is 6 percent higher than average daily traffic (ADT ), giving a more conservative 
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Figure 1. Location of the Pueblo Area Transportation Study area. 
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travel pattern for planning purposes. The AWDT results are used in this report. A 
summary of the analysis district characteristics is given in Table 1. 

TANNER MODEL 

Tanner proposes the following model: 

where 

m P· P· e (-Bdij) 
1 J 

tij = -------
(dij t 

tij =the number of trips per day between the zones i and j; 
m =a constant; 
B =a constant; 

Pi =the population, or other measures of activity of zone i; 

(1) 

dij =the distance between the zones, or the ti{.:ie ~r cost of traveling between them; 
Ci =a constant, being defined by Ci = :EPk e -Bdik) dik/(dikf 

[if x = 1, Ci = tpk e (-Bdik)} 

k 

x =distance exponent; and 
e = 2.718. 

If P equals population, m then becomes the total travel per person per day. Thus, 
while other gravity-type models are based on the total number of trips generated in 
each zone, the Tanner model is based on the total travel for all residents of each zone. 
Tanner also takes into account the total surrounding urban area by the expression in 
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TABLE 1 

ANALYSIS DISTRICT CHARACTERISTICS 

Analysis 
Distance Resident Employment Area 

Residential 
From CBD Population Density 

District (miles)a (persons)b 
(persons)c (acres) (person/acre)d 

1 0.00 1,102 4,588 214.7 5.12 
2 1.89 87 236 604.8 0.14 
3 3.16 0 0 436.8 0.00 
4 1,91 6,979 382 1,396.8 5.00 
5 2.89 1,511 12 241.6 6.25 
6 1.47 10,275 726 1,348.8 7 .62 
7 0.92 921 263 537.6 1.71 
8 1.28 5,450 198 724.8 7 .52 
9 2.72 291 66 1,088.0 0.27 

10 3.64 1,134 60 2,110.4 0.54 
11 4.61 395 0 116.8 3.38 
12 2.73 683 167 777 .6 0.88 
13 2.39 1,819 55 344.0 5.28 
14 2.72 53 7 ,137 1,020.8 0.05 
15 1.80 2,020 284 236.8 8,56 
16 1.51 6,587 458 459.2 14.35 
17 2.29 4,748 1,162 352.0 13.49 
18 3.27 5,672 178 985.6 5.75 
19 2.86 0 0 198.4 0.00 
20 2.64 5,043 143 396.8 12.72 
21 1.87 6,078 434 472.0 12.87 
22 2.13 40 276 100.8 0.40 
23 3.62 9,317 376 1,068.8 8.72 
24 4.49 134 27 339.2 0.40 
25 2.60 4,143 248 612.8 6.78 
26 3.33 1,377 28 336.0 4.10 
27 3.29 602 11 178.2 3.38 
28 2.53 22 42 321.4 0,07 
29 2.03 63 40 204.0 0.31 
30 1.60 4,248 398 512.0 8.30 
31 1.09 2,892 100 280.0 10.32 
32 0.66 349 70 267.2 1.31 
33 0.90 7,009 2,237 847 .2 8.26 
34 2.08 5,807 254 1,100.8 5.36 
35 1.18 152 2,810 307.2 0.49 
36 1.87 3,968 49 576.0 6.89 
37 3.38 78 4 622.4 0.12 
38 3.70 126 0 345.6 0.36 
39 3.75 46 0 1,950.4 0.02 
40 3.19 0 0 1,889.6 0.00 
41 3.71 85 0 5,404.8 0.02 
42 7 .15 0 0 5 ,240.0 0.00 
43 6.23 84 699 4,056.0 0.02 
44 5.85 688 225 2,256.0 0.31 
45 6.79 99 0 625.6 0.16 
46 5.04 96 0 867 .2 0.11 
47 5.51 2,071 54 4,142.4 0.50 
48 4.55 220 135 8,441.6 0.03 
49 5.57 0 14 4,868.8 0.00 
50 4.?.8 133 12 4,673.6 0.03 
51 3.67 539 5 859.2 0.63 
52 2.62 291 16 1,230.4 0.24 
53 3.37 418 0 7 ,441.6 0.06 
54 5.33 224 0 2,968.0 0.08 
55 4.13 133 75 1,979.2 0,07 
56 0.65 952 2,517 438.1 2.17 
57 1.20 894 368 85.6 10.48 

0
Stroight-line distanc~ be:rwncn centroids (based on population), 

boetermined from otl g in .. dcn tlnotion survey. 
coetermined for April 1963 by district of job location . 
dResident population divided hy total area. 

the brackets, which provides a measure of competing travel opportunity surrounding 
each zone. Th~ Ut:tails uf tLc Ta.iuJ.&r dG:riv·~tic:-:. ~:::-~ p~eeented else'.l!.h~re (1 ): 

The assumption used in this report as applied to Eq. 1 is that tij represents one-way 
trips from zones i to j. This departure from the Tanner model was necessary for the 
use of ring variations as discussed subsequently. Making this assumption for the other 
variations, summarized at the end of this section, only changes the value of m by a 
half. 
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The population or activity measurement that is used in this report is a summation 
of resident.population and employment in the form of 

where 

Pi =activity of zone i, 
Ri = resident population of zone i, 
Ei = employment in zone i, and 

kr, ke =population coefficients to be determined. 

Linear Regression Equation Solution 

(2) 

The process of determining the best solution of the Tanner model requires a deter
mination of the coefficients m and B of Eq. 1. This requires that resistance, dij, and 
activities, Pi and Pj, be measured, and kr and ke of Eq. 2 and the distance exponent, 
x, be assumed. 

Choosing a value of B, we can determine the corresponding value of m because m is 
a constant for a particular value of B. As a measure of fit, a least squares calculation 
is made for each determination of B and m, called the root-mean-square error or RMS. 
Thus by assigning a value to B and calculating m, we can calculate the root-mean-square 
error, RMS. If values of B are chosen over the appropriate interval, then the value of 
RMS will reach a minimum point. This minimum point would then be the optimum value 
for Band min the Tanner model based on the assumptions stated earlier. This opti
mum point can also be determined for various values of x, the resistance exponent, and 
for kr and ke, the population coefficients. In all variations studied, the total number 
of internal trips (excluding intrazonal trips) was held to 382, 800 as determined by the 
0-D study. 

TANNER MODEL VARIATIONS 

Uniform Resistance Function 

Four different variations of the resistance function were investigated using a uniform 
resistance to travel over the entire study area. The uniform resistance to travel means 
that a unit of distance (or time) has the same impeding effect on travel at any point in 
the study area. The uniform resistance to travel is obviously the simplest and easiest 
model to consider, especially in the case of a straight-line distance between zones. No 
terminal times or barrier penalties were considered in these cases. 

Straight-Line Distance-The first case studied was that of straight -line distances, 
where distances were measured between centroids of the analysisdistricts inmiles. The 
locations of the centroids were based on resident population when there were no employ
ment centers. Various combinations of values for kr and ke were chosen so that the 
ratio of ke to kr varies from 0.5 to 3, with x set equal to 1. Values of B used were 
from +0.40 to -0.40 at increments of 0.05. The results of the least squares analysis 
are shown in Figure 3. These graphs indicate that the root-mean-square (RMS) reaches 
a minimum value. 

The Arkansas River and Fountain Creek screen-line-crossing values were calculated 
along with the RMS, and the difference between the calculated and the surveyed trip vol
umes are plotted on the graphs. In all cases the Arkansas River screen-line zero
error point is closest to the minimum RMS value. Except for ke/kr equal to 3, the 
difference between the screen-line zero-error point and the RMS minimum value is 
relatively small. The Fountain Creek screen-line zero-error point is associated with 
large positive values of B and is farther away from the RMS minimum point. An in
teresting point is that as ke/kr increases, the zero-error points of the two screen lines 
move toward each other, with the Fountain Creek screen-line zero-error point moving 
at greater increments. The RMS curves in these four graphs are relatively flat, thus 
the change in RMS by slightly increasing or decreasing B is small. Thus, use of either 
the Arkansas River screen-line zero-error point for B or the minimum RMS point for 
B would not seriously affect the accuracy of the Tanner model. 
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Figure 3. Least squares analysis using straight-line distance. 

The various values of ke/kr were compared to the minimum RMS and these are 
plotted in Figure 4. The value of m varied from 1.8 to 3.0 miles. The minimum value 
of the RMS appears to be somewhere between values of 1 and 2 for ke/kr, and closer to 
2. A similar investigation was performed for x = 2 in the Tanner Model. The results 
are also illustrated in Figure 4. 

Minimum Driving Time-The next logical variation to investigate was the use of 
driving times between analysis districts. These driving times were obtained from 
minimum-path times or trees. 

A street map with average off-peak driving speeds was available from the Colorado 
Department of Highways. Based on this map, the principal street system was deter
min~U uttiu~ 100 11uU.~o d.iid co1w.ectillg all vf the 57 r:.nc.l7::::iz dist!"i~t ~e!!tr0id2 ~ Th'? 
driving time of each link was calculated and the minimum path and driving time between 
each analysis district centroid was determined, based on minimum-path tree solutions. 
This minimum driving time without terminal times was then used for the travel resis
tance in the least squares analysis. 

The results of the least squares analysis using these minimum driving times for re
sistance gives curves that are more concave in shape, when compared to the straight-
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line distance curves, and the location of their minimum points are very sensitive to 
changes in B. The two screen-line-crossing error curves are in the same relative lo
cation but are steeper, indicating tJmt they are also more sensitive to changes in B. 
Figure 4 presents a plot of the minimum RMS for values of ke/kr that can be compared 
with the curves for straight-line distances. The value of m varied from 5.4 to 9.7 
minutes. In this case, the best fit appea1·s to be fo1· a value of ke/kr = 1. The use of 
x = 2 was also investigated, and the results are shown in Figure 4. 

Variations of B and m at Ring Intervals From the CBD 

A more detailed analysis of the results of the uniform resistance function reveals 
some interesting trends. If the total trips generated for each analysis district are aver
aged at 1-mile intervals (rings) from the CBD, the results are shown in Figure 5 for 
the two best solutions of the RMS for straight-line distance and the best for minimum 
driving time. It is evident from Figure 5 that there are pronounced differences in the 
distance ranges of 0 to 1 mile, 1 to 3 miles, and over 3 miles from the CBD. The only 
question is whether or not the 2- to 3-mile ring should be included with the over 3-mile 
ring. However, because the over 3-mile ring is prevailingly negative or near zero and 
the 2- to 3-mile ring is positive, it is best grouped with the 1- to 2-mile ring. 

A further study of the results of the uniform resistance function was made to deter
mine if there were any unusual variations in trip generation or distribution by sectors 
from the CBD. The percentage of error in trips generated for each AD was plotted on 
a map of the study area. The trend that appeared significant was that of ring variations. 
In the case of ke/kr = 2 for straight-line distance, of a total of 36 AD' s with positive 
errors, 33 of these fell in the 1- to 3-mile ring, only one (AD 7) in the 0- to 1-mile ring, 
and two (AD's 38 and 48)in the over 3-mile ring. Similar results were also observed 
for the best RMS fit using minimum driving time (ke/kr = 1, and x = 1). In this case, 
16 of 27 AD's with positive errors fell in the 1- to 3-mile ring and only 1 in the 0- to 
1-mile ring. This, then, appears to verify the ring distribution of errors illustrated 
in Figure 5. No significant geographic distribution of errors was apparent. 

Comparison of the trip-generation error to distance from the CBD indicated that the 
use of this relationship could probably improve the fit (or minimum RMS) of the Tanner 
model. This requires the use of different B and m values for each of the rings with dis
tances of 0 to 1 mile, 1 to 3 miles, and over 3 miles from the CBD. 
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Again, the root-mean- square 
error analysis (RMS) as described 
in the previous section was used 
to analyze the trips generated in 
an AD for the minimum RMS by 
rings at distances of 0 to 1, 1 to 
3, and over 3 miles from the 

Straight-Line Distance (ke/krc l, x ~ l) CBD. Trips terminating in an 
AD were given the Band m val
ues from the ring of origin. 

Straight-Line Distance-The 
results of the straight- line dis
tance resistance function are 
given in Figure 6. This includes 
straight-line distance and straight
line distance squared, or x = 1 
and x = 2 as used in Eq. 1. In 

Straight-Line Distance (ke/kr= z, x = l) both straight-line distance Cases, 

Minimum driving time (ke/krc l, x = l) 

2 J 4 5 6 8 

DISTANCE FROM CBD IN MILES 

the minimum point was closest 
to ke/kr = 1, with the value of 
x = 1 giving the best fit. The per
centage of root-mean-square 
error (%RMS) was smallest for 
the CBD ring and largest for the 
outlying rings. 

Minimum Driving Time-Using 
minimum driving time revealed 
a trend similar to that of the 
straight-line distance cases. In 
this in.stance the RMS and iRMS 
were somewhat larger. The re

Figure 5. Average algebraic error in trips generated by enalysiB districts for the 
uniform resistance function. 

sults of the minimum driving 
time analysis, shown in Figure 
6, indicate a similar shape but 
poorer fit compared with the 
straight-line distance case. 

Comparing the results of the 
minimum RMS values for ring 

variations and those for the uniform resistance function revealed that the former im -
proved the minimum RMS fit for all variations. The minimum point for each curve was 
improved by an RMS of about 20 trips, or approximately 9 percent, and the minimum 
point for best case of the two variations changed from an RMS value of 208 to 189. 

In this method of analysis by ring,s, the screen-line-crossing errors could not be im
mediately observed because there were too many variables involved. Only after the 
min.imum RMS value for each ring was determined, separately and then combined, could 
the screen-line-crossing errors be calculated for that particular solution. Calculating 
the screen-line-crossing errors for the minimum RMS for straight-line distance and 
minimum driving time (ke/kr = 1, and x = 1) gave the following results: For the Fountain 
Creek screen-line crossing, the error was 13.7 percent and 29.3 percent respectively; 
and for lhe Arkansas River screen-line crossing, the error was -0.4 percent and 13.0 
percent respectively. This trend of small Arkansas River screen-line error and large 
Fountain Creek screen-line error is similar to that found in the uniform resistance 
function investigation. 

Terminal Times 

In many studies, spatial separation between zones appears to be better approximated 
by travel time than by driving time. Travel time is the sum of the driving time plus 
terminal times within the zone of origin and destination. 
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Figure 7. Terminal time added to straight-line distance measurement. 
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The determination of actual terminal times has been difficult, and various approxima
tions are used such as the terminal time of each zone as determined by the land use 
characteristics of the zone, or as a function of the distance from the CBD. In one study 
for a small urban area (4), a terminal time of 5 minutes was used for the CBD, 1 minute 
for residential zones, and intermediate values for other zones. In the Washington, D.C., 
study for 1948 and 1955 (9), the estimated terminal times varied from 6 minutes within 
the central por tion of the region to 3 minutes in the outlying surburban residential areas . 

There are, of course, many possible combinations of terminal times, resistance mea
surements, and ring variations that might be investigated. Because it was not practical 
to study all possible combinations, seve.ral of the more significant ones were examined, 
based on the results observed in the first part of this report. A summary of these vari
ations is briefly outlined as follows: 

1. Straight-line distance-(a) uniform terminal time, expressed in miles, with up to 
1.0-mile terminal time studied; (b) ring variations of terminal time of 0.8 mile for the 
central ring, 0.5 mile for the intermediate ring, and 0.2 mile for the outlying areas; (c) 
ring variations of m and Bin the Tanner equation with constant terminal time of 0.3 
mile added to each trip end; and (d) r ing variations of m, B, and ter minal time using 
the values listed in l(b). These cases are shown in Figure 7. 

2 . Minimum driving time-fa) uniform terminal time with up to 5.0 minutes added 
to each end of a trip studied; (b) ring variations of terminal time of 6 minutes for the 
central ring, 4 minutes for the intermediate ring, and 2 minutes for the outlying area; 
(c) ring variations of m and B in the Tanner equation with constant terminal time of 
2.5 minutes added to each trip end; and (d) ring variations of m, B, and terminal time 
using the values listed in 2(b). These cases are shown in Figure 8. 
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DISCUSSION OF RESULTS 

The most unusual finding from the entire study was concerned with the measurement 
of the resistance parameter used in the Tanner model. This finding is best shown in 
Figure 9 where, in every case, the straight-line distance form of the resistance mea
surement gives a better fit (in terms of minimizing the RMS) to the origin-destination 
data than does the minimum driving time form. This finding was observed without ex
ception throughout the study. In almost all references and transportation study reports 
(except possibly those of the Detroit Area Transportation Stud,y), minimum driving time 
or minimum driving time with terminal time is cited as the best indicator of a driver's 
appraisal of travel .resistance. The logic of this ai·gument is obvious and, in most cases, 
correct. If other factors remain constant, the attraction for ti·avel decreases as resis
tance to travel between two points increases (decreased driving speed). The trip pro
duction is then satisfied by other destinations where the resistance to travel is less (or 
the opportunity for trip termination is greater). This is especially true for a densely 
developed downtown area where congestion is common. Outlying shopping centers in 
medium and large cities, where CBD congestion is the rule, attract a considerable part 
of the daily volume of shopping trips . 

Straight-line distance measurements, on the other hand, do not consider congestion, 
barriers, or variations in the case of travel throughout an urban area. This decrease 
in CBD-oriented travel associated with increase in congestion has been observed in 
many cities, and has best been accounted for by using actual travel time for the resis
tance measurement (3). 

Pueblo is no exception to problems of congestion and low driving speeds in the down
town area. In addition, several major barriers exist near the CBD, among which are 
Fountain Creek, the Arkansas River, and the railroad lines. There is also a heavy in
dustrial area in the south-central portion of tbe study area. All of these factors point 
toward the use of minimum driving time or total travel time. 

However, looking at the study area characteristics in more detail gives a better in
sight into the reason for the better results occurring with the use of straight-line dis
tance as the resistance measurement. First, there are only three major shopping areas 
in the Pueblo area, one in the southwest corner of AD 4, one at the intersection of AD's 
20, 22, 23, and 25, and one at the west end of AD 1. The two shopping areas outside 
the CBD (AD 1) offer mainly food and variety store sel'Vices . Any major shopping or 
business requirements have to be satisfied by the downtown area; thus, most residents 
of the area do their shopping in the CBD. Second, transit service was almost nonexis
tent in 1962, accommodating 3, 500 person trips with an average of 8 persons per bus; 
bus trips represented approximately 0.1 percent of the total vehicle trips. Another 
major factor is that approximately 25 percent of the available jobs in the study area are 
accounted for by the steel mills located in AD 14. Another 30 percent of the jobs are 
located within 1 mile of the CBD. Because a great majority of trips by urban residents 
are made between home and work, business, or shops, these two areas, AD 1 and AD 
14, together with the adjacent business and industrial areas (AD's 32, 56, 57, and the 
south portion of 33), account for over a fourth of the trips in the study area. 

Thus, trips to these areas are not governed as much by accessibility as by necessity. 
Resistance to travel is not very meaningful in this case, especially minimum driving 
time that tends to reduce the number of trips to these high-density areas because of low 
driving speeds and barriers. 

It is concluded, therefore, that straight-line distance is a better estimator of resis
tance to travel in the study area because of the high number of one-location facilities 
for shopping and business, which probably conditions drivers to think in terms of 
straight-lin.e distance and not driving time. This conclusion is felt to apply only to the 
Pueblo study area and is not necessarily valid for other urban areas. 

It was found that the minimum RMS in all of the examples investigated was between 
a ke/kr value of 1 and 2, indicating a greater emphasis on employment as a determinant 
of travel demand. The greater weight given to employment more than likely gave a 
better estimate of work- or business-oriented trips, as mentioned earlier. Because 
approximately 40 percent of all person trips and 60 percent of all home-based person 
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Figure 9. Summary of rCBUlta from least squares analysis applied to the Tanner trip-distribution model. 

trips in an urban area are for the purpose of business, shopping, or work (4), the 
greater weight given to employment is reasonable (5). However, the emphasis on em
ployment increases at the expense of accuracy for other trip purposes such as social
recreational and school. Thus, t)1ere is an optimum balance between the employment 
factor and the resident-population factor. 

A summary of all the variations investigated is shown in Figure 9. In each pair of 
bar graphs, the top one is the straight-line distance function and the lower one is the 
minimum travel time function. The best fit is indicated by the shortest bar. 

The ~S is plotted in Figure 10 for the best fit of the uniform resistance function 
for straight-line distance, minimum driving time, and ring variations of B and m 
(straigil.i: -i.i.t1~ Ui::sla.i1c.:. f'uii.Ctivu} . Th:; dct:t :::f 1N~~!!i!'.gt0!'., n. r. ., gathered in 1955 are 
plotted for comparison (9). The Tanner model results are based on individual inter
zonal trip interchanges, whereas the Washington, D. C ., data are based on assignment 
to a spider network, and the sample rate lines (3 percent and 13 percent) are based on 
accumulated trip-trace intersections in %-mile sections of a grid system superimposed 
over the survey area @). Thus the Tanner model results are somewhat more stringent 



..: 

~ 
"' [;! 
~ 
O' 

"r' 
~ 
~ 
I 

!5 
:il 
~ 
tJ ..: 
re 

400 

200 

100 

40 

20 

10 

4 

2 

0 0 
0 0 0 0 0 0 0 0 s .... N £ 0 s 0 0 0 

"' 0 0 s .... "' 
VOLUME GROUP 

Figure 10. Comparison of percentage of root-mean-square error by volume group. 

0 
0 
0 

2 

13 

because there was no chance for geographic or socioeconomic bias to be "averaged out." 
Use of the spider-networ.k volumes allows positive and negative errors, in trips assigned 
to a specific link, to cancel each other. · 

CONCLUSIONS 

The main purpose of this study was to develop a method for analyzing urban travel 
patterns that offered simplicity and economy of application together with ease and econ
omy of data collection. Both of the above requirements are felt to be satisfied by using 
the Tanner model. The use of straight-line distance between centroids for travel re
sistance, and resident and employment population for the activity measurement, meets 
the requirements of ease and economy of data collection. Population is one of the easi
est urban characteristics to collect as was proven in the study of another urban area. 

The use of the straight-line distance form of the Tanner model, with slight variation 
in the coefficients obtained for Pueblo, produced favorable results for Boulder, Colorado 
(population 60,000). No ori~in-destination data were available, thus the results were 
checked by several screen lines. The data for the Boulder study were collected in one 
day, and the program was calculated and adjusted in less than two days. 

The method described in this 2·eport is not as detailed as many of those developed 
and used in major transportation studies. However, it is not intended to replace these 
methods, but instead to supplement major studies and to be used as a planning tool for 
smaller urban areas. This procedure would he especially valuable for analyzing alter
nate forecasts of development and growth of urban areas. The use of population is es
pecially valuable because population growth and change can be predicted with a greater 
degree of reliability and ease than most other urban characteristics. The Tanner model 
was used for estimating present travel in this report; however, this does not preclude 
its use for predicting future travel. The method lends itself to forecasting with the use 
of future population projections. 

The main problem encountered in this study was the unusual travel characteristics 
dictated by the concentration of shopping, business, and work areas in Pueblo. This 
unfortunately makes the results somewhat difficult to apply to other urban areas that 
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have highly decentralized commercial areas, because the effect of this on the Tanner 
parameters is not completely understood. 

The form of the Tanner model that gave the best results was with the use of straight
line distance for the resistance function. However, the use of minimum travel times 
should be investigated for other areas because it may give as good or better results. 
The use of ring variations instead of the uniform function is questioned because of lack 
of simplicity and other p roblems . 

Several items of inte r est were brought out as the study developed, which could offer 
topics for further research. 

1. The application of the Tanner model to U.S. Census data, as information on res
ident and employment population by place of work becomes available in the 1970 census 
program (6, 7). 

2. The-adaptation of the Tanner model to intrazonal trip distribution or to specific 
subareas such as the CBD, industrial parks, and university districts, along with varia
tions in ke / kr values. 

3. The use of the Tanner model with resident and employment population for peak
hour trip estimation. Indications are that this method would give good estimates be
cause approximately 80 percent of urban travel during this time is between home and 
work (8). 

4. The use of different ke / kr values for rings within the study area or for major 
traffic generators such as the CBD, industrial parks, and university districts. 
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