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•THE Opportunity Model is the name given to the mathematical procedure developed by 
Morton Schneider to distribute, over all possible destinations, the actual destinations 
of all trips having a stated origin. The distinguishing feature of the model is its unique 
independent variable, intervening opportunities. Although new to the urban transporta
tion field when proposed, this variable has been a feature of earlier models of human 
behavior in the fields of population migration and intercity travel (4). 

Since the completion of its 1980 transportation plan for the Chicago area, the Chicago 
Area Transportation Study (CATS) has been involved in a number of projects in which 
detailed traffic forecasts are needed for relatively small areas within the large Chicago 
metropolitan region. Two of these areas, the Fox River Valley and Lake County, are 
shown in Figure 1 along with the original CATS region to indicate the types of areas 
with which CATS has been dealing. The application of the Opportunity Model of the trip 
distribution process to these areas was more difficult than the application to the entire 
metropolitan area. Calibration of the model to actual vehicle-miles of travel and to 
screenline counts was impossible with the two-parameter (two L values) model used in 
the earlier large area applications. These problems indicated a need for improved 
methods of applying the model. A study of the theoretical bases of the model and of 
calibration methods indicated that improved methods using multiple L values could be 
developed, two for each zone or group of zones, as parameters in the Opportunity 
Model. 

Because of computer size limitations, it is felt that trip distribution applications to 
small areas within large metropolitan regions will become more important in the years 
to come, as such regions increase in size. These regions are becoming too large for 
complete inclusion in a single assignment run. An example is the Chicago region, in 
which the Chicago-Northwestern Indiana Standard Consolidated Area, as defined by the 
1960 Census, includes eight counties (Fig. 1). By comparison, the 1956 CATS area 
includes parts of only four counties. 

This paper discusses the improved understanding of the Opportunity Model which has 
resulted from the application of the model to small areas. It also explains the calibra
tion methods developed and the results obtained with these methods. The Opportunity 
Model itself, rather than the CATS assignment system, which uses the model, is the 
major subject of the paper. Computer-oriented documentation of the assignment system 
in its entirety is provided in two CA TS publications (~ ~). 

UNDERSTANDING THE OPPORTUNITY MODEL 

Hypotheses and Mathematics 

The hypotheses and mathematics underlying the Opportunity Model are given briefly 
as a starting point before the discussion of interpretations of the model and its param
eter, and the presentation of relationships between the model and trip parameters (1). 

The Opportunity Model is based on the hypotheses that (a) total travel time -
from a point is minimized, subject to the condition that every destination point has a 
stated prombility of being accepted if it is considered; and (b) the probability of a 
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Figure l. Assignment areas within Chicago-Northwestern Indiana standard consolidated area. 

destination being accepted, if it is considered, is a constant, independent ot the order 
in which destinations are considered. 

The hypotheses lead to the following mathematical formulation, in terms of limit
ingly small quantities: 

dP = L [ 1 - P(V) ] dV (1) 



where 

dP = prow.bility that a trip will terminate when considering dV possible 
destinations; 
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P(V) = total prow.bility that a trip will terminate by the time V possible destinations 
are considered; 

V = possible destinations already considered, or subtended volume; and 
L = constant prow.bility of a possible destination being accepted if it is con

sidered. 

The solution of the differential Eq. 1 is 

( ) -LV PV =1-e (2) 

The expected interchange from zone i to zone j (Tij) is the volume of trip origins at 
zone i (?i) multiplied by the prow.bility of a trip terminating in j: 

T .. = 0. [ P(V. 1) - P(V.)] 
lJ 1 J + J 

(3) 

or 

[ 
- LV. -LV. ] 

T ij = Oi e J - e J + 1 (4) 

The subtended volumes (V's) are the sums of the possible destinations considered 
before reaching a given zone. As it can be assumed that a zone's trip origins equal its 
trip destinations over a 24-hr period, Vj can be defined in terms of the trip origins 
reached before reaching zone j: 

j -1 

v. = L Ok 
J k= 1 

where the Ok's are arranged in order of increasing travel time from zone i. 

(5) 

Although Eq. 5 could be substituted into Eq. 4 to express Tij completely in terms of 
trip origins and the L value, it is more convenient to leave the equations as given in 
Eq. 4. 

Initial applications of the Opportunity Model showed that it would be necessary to 
specify more than one value for L, because of the differing prow.bilities of acceptance 
associated with different types of trips. For example, people are more selective in 
choosing places to work than they are in choosing places to shop for groceries. Three 
trip subpopulations (short, long residential, and long nonresidential) with two L values 
(short and long) satisfactorily represented empirical trip data for large regions. A 
mathematical statement of the Opportunity Model, as used in the CATS assignment 
system, is, therefore: 

3 

'°' [ -L V . -L V. ] T ij = £..J oik e k Jk - e k J + 1, k 

k= 1 

(6) 

where k ranges over the three trip subpopulations. 
The discussion of interpretations of the model and the L value which follows is 

w.sed on just one of the trip subpopulations of Eq. 6. It is assumed that the model 
holds in the simple form of Eq. 3. When the time comes to speak of operational prob
lems, the necessary trip subpopulations will be reintroduced. 

Interpretations of Model 

The Opportunity Model can be considered in its broadest sense as an explanation 
of human behavior, as stated in the two foregoing hypotheses. The fact that the model 
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Figure 2. Cumulative distribution of long residential tr~ps from CATS zone 001 according to number 
of opportunities. 

has proved to be satisfactory for metropolitan regions indicates that, when averaged 
over a large area, people do behave as hypothesized in the model. 

The model can be interpreted in a more limited sense by considering the mathemat
ical expression of the model given in Eq. 2 as an equation which is to be fitted to em
pirical data by adjusting the parameter, L. Equation 2 can be changed to a linear form 
by rearranging and taking natural logarithms of both sides. This procedure results in 
the following: 

-LV = ln [ 1-P(V)] (7) 

Empirical values of V and 1-P(V) for a given zone can be plotted on semilog graph 
paper (Fig. 2). Theoretically, this plot will be a straight line for all trip types and all 
origm zones. The parameter, or L value, can be found by least squares regression. 
The procedure is very simple once values of V and 1-P(V) have been determined from 
survey data. These empirical values can be found once actual trip interchanges from 
a given zone are arranged in travel time order. 

This interpretation of the Opportunity Model indicates that once the concepts of 
subtended volume (V) and probability of trip termination [P(V) J are understood, or 
simply accepted, the model can be thought of as a statement that a semilog relation
ship tends to exist between V and 1-P(V). The model expressed in a statement of this 
type may appeal to those who have difficulty visualizing the basic hypotheses of the 
model. 
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Interpretations of L Value 

The curve-fitting approach previously discussed leads to a graphic interpretation of 
the L value. This parameter can be viewed simply as the slope of the straight line 
which best fits a set of empirical V and ln [1-P(V)) data. 

Mathematically, ~he L value can be expressed: 

L = -ln [ 1-P(V)] 
V 

(8) 

Two characteristics of the L value are evident in Eq. 8. The sign of L is always 
plus, because 1-P(V) is always less than one and its natural logarithm is always nega
tive. The units of L are (1/opportunities), or (1/trip ends), as the numerator of Eq. 8 
is unitless and the denominator has the unit opportunities, or trip ends. Experience 
with empirical data indicates that L is always very small, usually of the order of 10-5, 
and always much less than one. 

These three characteristics all support the interpretation of the L value as a mod
ified probability quantity. Just as for other probability quantities, L lies between zero 
and one. Unlike more common probabilities, L is not unitless. It can be thought of as 
the probability, per individual opportunity or trip end, of destination acceptance. A 
reading of the hypotheses of the model shows that this interpretation of the L value is 
in agreement with the model's theoretical basis. 

The interpretation of the L value leaves room for these parameters to vary from 
origin zone to origin zone. In fact, the interpretations given here are based on one 
origin zone and would be seriously limited if L values could not vary from zone to zone. 
The realization that multiple L values are desirable from an interpretive point of view 
was the first of two breakthroughs to CATS researchers attempting to apply the Op
portunity Model in small areas. The second breakthrough was that the CATS assign
ment system was understood well enough so that it could be modified to accept multiple 
L values (9). 

Relating L Values to Trip Parameters 

The L value has been interpreted in terms of subtended volume and fraction of trips 
unsatisfied. For the extremely simplified situations in which trip end density is 
assumed to be constant, the L value can be expressed in terms of average trip length 
and average trip end densi(y. As trip length and trip end densities are more common 
trip parameters than subtended volume, the expression obtained, although a simplifica
tion, provides insights into the nature of the L value. 

In addition to the assumption of uniform trip end density, it is necessary to assume 
that the time ranking of possible destinations can be replaced by a distance ranking 
without loss of accuracy. This assumption would be true if the speed in all parts of the 
·transportation system were constant, or nearly so. 

Since the Opportunity Model is probabilistic in nature, the probabilistic concepts of 
mathematical expectation can be used to find desired averages. For example, average 
trip length (r) may be found by performing the following integration: 

b 
r = E(d) = / f(v) dP(v) 

a 

where 

d = distance variable (mi); 
E(d) = expected value, or average, of distance variable (mi); 
f(V) = expression of distance in terms of variable V (subtended volume); 

dP(V) = density function of variable V; and 
a, b = lower and upper limits on V. 

(9) 
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The density function needed can be obtained by differentiating Eq. 2: 

dP(V) = Le-LV dV 

Because of the assumptions of constant density and distance ranking, subtended 
volume can be expressed in terms of distance as follows: 

V = p 'IT d2 

(10) 

(11) 

where p = average trip end density (trip ends/mile2
). Equation 11 can be solved for d 

to obtain f(V): 

[ v]½ d = f(V) = p'IT (12) 

Equations 10 and 12, along with the limits on V (0 and "'), can be substituted into 
Eq. 9: 

O> ½ 
r = / ~ : ] Le -L v dV 

0 

Carrying out the integration and simplifying, the following expression for r is 

obtained: _ _ 
1 

[ 
1 

]½ 
r - 2 pL 

or, solving for L, 
1 

L=---
4pr2 

(13) 

(14) 

(15) 

Although it must be remembered that Eq. 15 is a gross approximation, it does in
dicate that L tends to be inversely proportional to trip end density and to the square of 
average trip length. Experience with CATS assignments has confirmed these ten
dencies. 

A dimensional analysis of Eq. 15 indicates that, as o is expressed in trip ends per 
square mile and f is expressed in miles, the L value has the units (1/trip ends). Thus, 
Eq. 15 agrees dimensionally with the theoretical basis of the Opportunity Model. 

CALIBRATION 

The major benefit of the improved understanding of the Opportunity Model has been 
the enhanced ability to calibrate individual assignments. Calibration techniques are 
desired so that empirical data or predictions, such as total vehicle mileage and screen
line traffic counts, can be duplicated by the assignment process without running a large 
number of expensive "trial and error" computer runs. 

Criterion 

The matching of actual or predicted average trip lengths by the assignment was the 
criterion which led to the most useful calibration techniques. Since the number of 
trips in an area must be specified before an assignment can be run, and since total 
vehicle-miles of travel is the proo.uct of total trips and their average trip length, the 
matching of average trip lengths means that actual or predicted vehicle-miles of travel 
will be matched by the assignment. 

A case could conceivably be made for using the criterion of matching actual or pre
dicted trip travel times which are more directly related to the Opportunity Model. The 
main reason for rejecting this criterion is that experience indicates travel time data 
obtained in travel surveys is much less reliable than travel distance data. Travel time 
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Figure 3. Relationship between total average trip length and total trip end density. 
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data must be estimated by the trip maker, and this estimation is often quite gross. 
Travel distances, on the other hand, can be calculated from origin and destination in
formation, which typically is much more accurately reported in travel surveys. 

The prediction of future average trip lengths must, of course, be accomplished 
when assignments serving as predictions of the future are to be calibrated. Although 
the problem of predicting future average trip lengths is far from completely solved, it 
is being dealt with. A National Cooperative Highway Research Project has as its goal 
the determination of trends in average trip lengths which can be observed over time on 
an area-wide basis (3, 7). 

An investigation of zone-by-zone variations in average trip lengths, as they existed 
at the time of CATS 19 56 travel surveys, has been conducted. One result of the in
vestigation has been the discovery that an important source of zone-to-zone variation 
in average trip lengths is zonal trip end density. A hand-fitted plot of zonal average 
trip length vs zonal trip end density is shown in Figure 3. The fact that zones with few 
trips tend to have a long average trip length is apparent. This tendency is an affirmation 
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of the hypothesis of the Opportunity Model which states that the satisfaction of trips 
and, therefore, average trip length, is affected by the number of available destinations. 

As more sources of variation in zonal average trip lengths which can be applied to 
a future situation are discovered, it will be possible to predict zonal average trip 
lengths, once area-wide trends have been determined. For example, if it is assumed 
that the curve of Figure 3 will remain constant over time, future average trip lengths 
can be determined easily by reading values from the curve once future trips have been 
generated for each zone. 

Single L Value Calibration Method 

The first attempt to develop a calibration method was the application of Eq. 14 to the 
case in which only one L value is desired per trip population. This method has been 
attributed to Morton Schneider (5). Inasmuch as Eq. 14 is approximate, and the "con
stant" term is not exactly 0. 25 in each case, the equation has been modified to a ratio 
form so that the results of an already completed assignment can be used as added in
formation when planning a new assignment. The ratio form is 

(16) 

where the average trip lengths (r1 and r2) and average trip end densities (p1 and p2) are 
obtained by considering the entire assignment area. The subscripts 1 and 2 refer to 
two particular times, places, or assignment runs. 

The L value obtained by using Eq. 16 is only a first approximation. The results of 
the assignment run using this ftrst L value must be investig;ated to determine the di
rection in which the second L value must differ from the first. This trial and error 
process must continue until the desired accuracy is achieved. 

Multiple L Value Calibration Methods 

The use of single L values for each trip population in an assignment run for a small 
area does not satisfy other criteria even when the total vehicle mileage criterion is 
met. For this reason, research at CA TS has shifted to the calibration of multiple L 
value assignments. The remainder of the methods discussed in this paper, all multipie 
L value calibration methods, are labeled the empirical, statistical, and iterative cali
bration methods for convenience. Actually, all three are empirical, statistical, and 
iterative in some sense of the meaning of these words. 

Empirical Calibration Method-Short Trips 

The first multiple L value method developed at CATS for short trip L values is 
essentially an extension of the use of Eq. 16 to a number of groups of zones having 
similar average trip lengths and trip end densities. Individual L values then are ob
tained for each group of zones, termed a density class. The method is summarized 
briefly here; a complete description is given by Muranyi and Miller (6). 

The method was developed before the assignment program had been modifie d to 
accept multiple L values automatically. Costly and error-prone manual stopping of the 
program and inserting of new L values was necessary; therefore, the number of density 
rl~ c;1 c::1,=.c::1 ,u~c::! h,=.lti tn fi,1,:l nr QiY. "rhP mPthorl iQ not limitPri tn ~ ~mall nu_mhP.r of ~a~F!S; 

however, and could be applied to each zone individually if desired. 
One necessary revision of Eq. 16 was a change of the density variable. The use of 

an area-wide average would defeat the purpose of treating each density class individu
ally. By using the average density within a three-mile radius of each origin zone, the 
area in which nearly all of the short trips from each zone would end was included. The 
densities used in the equation were, therefore, the average of these modified densities 
for all zones included in the density class. 
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The empirical nature of the method arises from the use of an initial, approximate 
assignment to a known situation to obtain the data corresponding to the subscript 1 in 
Eq. 16. In this respect, the method is similar to the single L value method. These 
data are used to obtain an empirical constant for each density class defined as follows: 

where 

:f'li = average trip length for density class i, obtained from initial assignment; 
Lli = L value for density class i used in initial assignment; and 

Pi = average trip end density for density class i. 

(17) 

Once values of Ci have been determined and values of i\ are obtained from given data 
or curves such as those in Figure 3, short L values for use in assignments to known 
situations can be found by using the following relationship: 

c~ 
L. = __ 1_ 

1 A -2 
Pi r i 

(18) 

Future short L values can be obtained by assuming that the Ci vs Pi relationship found 
to hold for present assignments will continue to hold in the future. Eq. 18 then can be 
applied by using new densities and average trip lengths. 

Empirical Calibration Method-Long Trips 

It was not possible to define a meaningful average long trip end density corresponding 
to the density within a three-mile radius area used for short trips, so an adaptation of 
Eq. 14 could not be used for present assignments of long trips. Instead, Eq. 8 was 
used to insure that the correct number of trips from each density class would go farther 
than ten miles. The determination of the L value in each case is straightforward once 
V and P(V) have been determined from the available empirical data. 

Future long L values can be determined by using Eq. 16, the ratio form of the ap
proximate L value, the trip parameter relationship. 

Statistical Calibration Method 

The statistical calibration method was developed by Emilio Casetti at CATS when it 
became evident that Eq. 15 had serious deficiencies which limited its applicability to 
the prediction of zonal L values. The method uses multiple regression statistical 
techniques to determine relationships for test zones in a given area and with given trip 
ends, between arbitrarily chosen L values, resulting average trip lengths, and trip end 
densities determined within various cutoff points. Cutoff points indicate the truncation 
of the allocation of trips from a given origin at a given percent level. For example, a 
60 percent cutoff point corresponds to the point at which 60 percent of the trips available 
in a given zone of origin have been allocated. The density within a given cutoff point 
varies depending on the L value used. 

The equation to which a least squares fit is obtained is the following: 

logL=logao+a1logp1+a2logp2+ ... +a logp +a 1 logr (19) n n n+ 
where 

Pi = trip end density within cutoff point i, using an arbitrarily selected L value; 
ai = coefficient obtained using multiple regression techniques; and 
r = average trip length of all trips assigned with a given L value, using an 

arbitrarily selected cutoff point. 

Because this equation is linear in the logarithmic transformations of the variables, 
standard multiple regression methods can be used to find the ai coefficients. A more 
compact form of the equation is obtained by taking antilogarithms of both sides: 
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(20) 

The family of curves represented by Eq. 20 was selected for use because Eq. 15 in
dicates a power relationship may be expected to exist between L, r, and p. Eq. 20 
represents the generalization of this power relationship to a large family of curves 
from which the best curve can be found. 

The various Pi variables were introduced into the model to provide some measure of 
the density variations ignored in Eq. 15. Tests indicated that six density variables, 
corresponding to cutoff points ranging from 0. 60 to 0. 98 using an L value of 80 x 10- 6

, 

resulted in a satisfactory predictive equation. 
The cutoff point to be used in determining r is O. 80, as this value of r is most 

closely correlated with L. 
The step-by-step procedure recommended for collecting the test data needed, and 

for using the resulting equation, is as follows. Inasmuch as a major feature of the 
method is its recognition of variable trip end density and the pattern of this variation is 
unique for each assignment area, it is not recommended that ai coefficients found for 
one area be used to predict L values in another. Therefore, the test data must be col
lected for each new assignment area. 

1. Select a workable number of test zones representing ranges of trip end densities 
and average trip lengths. 

2. Select a reasonable- number of test L values representing the probable range of 
actual L values. 

3. Distribute trips using each L value from each test zone. 
4. Calculate the trip end densities within each cutoff point for each test zone, using 

an L value of 80 x 10- 6
• 

5. Calculate the average trip length within the 0. 80 cutoff point for each L value and 
for each test zone. 

6. Use a standard multiple regression computer program to transform all data using 
a logarithmic transformation and to determine the regression coefficients, ai. 

7. For each zone or group of zones for which an L is to be determined, calculate 
the trip end densities within each cutoff point, using an L value of 80 x 10- 6

• Also, 
determine the actual average trip length within the 0. 80 cutoff point from survey data. 

8. Use Eq. 19 or 20 to determine log Lor L. 

Obviously, the method is neither fast nor simple, but it is likely to be more accu 
rate than the empirical method, because variable densities are recognized and in
cluded in the method. A computer program has been written to simplify the execution 
of steps 4 and 5. An indication of the accuracy of t he method is that t he multipl e corre
lation coefficient obtained in the test case was 0. 815. 

Iterative Calibration Method 

Both of the previously discussed multiple L value calibration methods were lacking 
in ease of application. The search was continued, therefore, for an easy and accurate 
calibration method which would use the fewest possible data not needed as input for an 
actual assignment run. A number of approximations on the order of Eq. 15 but using 
some sort of varying trip end densities were found no better than available methods. 

It finally was necessary to use the same relationship between trip ends, average 
trio lemrths. and L values as that existimr in the assiimment oroErram. This relation-
shi.p 1·s -s1·~.'..1 .. thn ,i;~n~n t c " Cr SiOn ,-. f 1,' ,.. - Q. - • -

J.J..lt,J.LJ l,.IJ.\., "4.L.:JV.& '-''- Y V.L .&..l"i.• V • 

-r 
0 

[ 
-LV. -LV. +1] 

e J - e J 

-LV 1 - e n 
(21) 



where 

r 0 = average trip length for zone o, 
d0 j = distance from zone o to zone j, and 

n = total number of zones. 

Although zones are ranked by time in the assignment system, it is necessary to 
assume for the calibration method that a distance ranking suffices. Otherwise, it 
would be necessary to use assignment output to determine assignment inputs. 
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The data needed to use Eq. 21 to find L values are r 0 's, d0 j's, and Vj's, However, 
~he Vj 's are just summations of Oi's (see Eq. 5), which are assignment mputs. The 
r 0 's must be determined externally, just as with any of the calibration methods. The 
d0 j 's can be calculated if each zone is assigned X and Y grid coordinates. In summary, 
the data needed to solve Eq. 21 can be obtained if trip origins, X and Y coordinates, 
and average trip length are specified for each zone. 

Equation 21 reveals that the L value cannot be isolated algebraically on one side of 
the equation. This is where iteration comes in. Iterative methods for solving non
linear equations such as Eq. 21 are presented in texts on numerical analysis, such as 
Hildebrand (2). A common iterative method is the modification of a nonlinear equation 
f(x) = 0 to the form x = F(x) and then by using the recurrence relation of the form: 

(22) 

The procedure involves choosing an xo as an initial approximation, finding x1 = F(xo), 
and continuing until the difference between xk and Xk-1 is sufficiently small. Hildebrand 
points out that the method is guaranteed to converge only if: 

I d~~) I < 1 (23) 

where a is the true value of x. 
In applying this method to Eq. 21, a function F(L) can be found by multiplying both 

sides of the equation by L/r : 
0 

n [ -LV. ] 
L Ldoj e-LVj - e J+l 

i = 1 L = F(L) = ~------a;-----,,-,=-=----
- [ -LV ] r

0 
1 - e n 

(24) 

Since F(L) depends on a large number of parameters, it is difficult to check it for con
vergence in the general case. However, Eq. 14 is approximately true, so a test of the 
F(L) obtained by multiplying both sides of this simpler equation by L/r should indicate_ 
whether or not the F(L) of Eq. 24 will converge. Multiplication of Eq. 14 by L/r 
results in: 

Differentiating, 

1 [ L] ½ L = F(L) = 2r p 

dF(L) _ 1 [ 1 ] ½ 
dL - 4r pL 

(25) 

(26) 

Once differentiation is complete, r can be replaced by its equivalent, as given in 
Eq. 14. The resulting value of the derivative is 0. 5, indicating that the condition ex
pressed in Eq. 23 is met for the F(L) of Eq. 25 and, therefore, should be met for the 
F(L) of Eq. 15 with p replaced by 0 0 /A0 , where A0 is the area of zone o. This ne
cessitates the addition of one more item to the list of zonal data needed, namely, the 
area of the zone. 
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INPUT 

1. Control data -
number of zones 
maximum number of iterations 
maximum percentage difference 

at termination 
problem number 

2. Zone data -
zone number 
internal-external code 
short trip ends 
long residential trip ends 
long nonresidential trip ends 
X and Y coordinates 
average short trip length 
average long trip length 
zonal area 

Make next internal zone 

the origin zone 

Calculate d . 's and sort 
OJ 

zone table by distance 

Iterate to find short and 

long L values 

OUTPUT 
1. Printed -

run identification 
origin zone number 
final short and long L values 
number of iterations 
difference between final L 

and former L values 

2. Punched (optional) -
input zone data 
final short and long L values 

Last internal zone? 

No Yes 

Figure 4. Generalized flow diagram of the L value calibration program . 



TABLE 1 

COMPARISON OF 1960 FOX RIVER VALLEY 
SURVEYED AND ASSIGNED TRIPS 

(Single L Value Model)a 

Trip Surveyed Assigned Ratio of 
Assigned to Type Trips Trips 

Surveyed 

I-Ib 42,700 44,200 1. 04 
I-BC 45,400 58, 800 1. 30 
I-Ed 49 , 700 62,800 1. 26 

Total 137,800 165, 800 1. 20 

~Data deri ved from ref, 6. 
Trips with both origin and destination in the internal 
area. 

cTrips with one end in the internal area and the other 
dend in the buffer area. 

Trips with one end in the internal area and the other 
end in the externol area. 

TABLE 3 

COMPARISON OF 1960 FOX RIVER VALLEY 
SURVEYED AND ASSIGNED TRIPS 

(Multiple L Value Model)a 

'J'1·lp 
'l'ypeb 

I-I 
I-B 
I-E 

Total 

Surveyed 
Trips 

42, 700 
45, 400 
49, 700 

137,800 

Assigned 
'l'tl1>s 

45,900 
51, 400 
54, 300 

151,600 

~Doto derived from ref. 6. 
See explonotion accompanying Table l . 

Ilalio of 
Assigned to 

Surve ~ed 

1. 07 
1. 13 
1. 09 
1. 10 

TABLE 2 

COMPARISON OF 1960 FOX RIVER VALLEY 
ACTUAL AND ASSIGNMENT 

(Multiple L Value Model)a 

District of Actual b Assigned Ratio of 

13 

Origin i's i's Assigned to Actual 

11-12 2.18 2.2 1.06 
21-22 2.60 2.7 1.04 
31-32 2. 85 2.9 1.02 
41-42 2.20 2.5 1.14 
51-52 2.82 2. 9 1. 03 

~Data derived f1'0m ref. 6, 
r; = average short trip lengths. 

Although the foregoing iterative calibra
tion method can be expected to be accurate 
and uses only easily determined zonal data, 
it would be far from easy to use if all cal-
culations had to be performed by hand. It 
was to satisfy this requirement that a com
puter program was written to accept as 
input the zonal data and control information 
needed, to calculate iteratively both short 
and long L values for any or all zones in 
the assignment area, and to punch out these 
L values on cards which can be used di
rectly as part of the assignment input. A 
generalized flow diagram of the program 
appears in Figure 4. The fact that L values 
are found only for zones coded "internal" 
means that any number of selected zones 
can be calibrated, or that all zones which 
will actually be used to send trips in the 
assignment program can be calibrated. 

The program has been written in FORTRAN II and running time, when calibrating all 
zones, is slightly less than that for an assignment using the same computer. The num
ber of iterations necessary to achieve an accuracy of 0. 1 percent ranges from about 8 
to 11. 

RESULTS OBTAINED USING CALIBRATION PROCEDURES 

Single L Value Method 

The single L value calibration method was used in all assignments to the entire 
CATS area run before August 1965. These assignments have included not only the 1956 
existing runs and the 1980 future runs, but also runs for a number of intervening years. 
In each case, a combination of trial and error methods and the use of the single L value 
calibration method have resulted, finally, in an acceptable assignment. The number of 
preliminary assignments has varied greatly, and in some cases has been reduced to 
one. 

In two of the smaller areas within the Chicago metropolitan region, the Fox River 
Valley area and the Lake County area, the single L value calibration method and single 
L value assignments were tried a number of times, but never could be made to give 
acceptable results. An example of the problems involved is indicated in Table 1 which 
compares the final single L value run in the Fox River Valley with survey data. Al
though entirely internal trips have been quite accurately duplicated, trips between the 
internal area and the buffer and external areas are greatly overestimated. Results of 
this kind lead to the realization that multiple L values are necessary in the small area 
assignments. 
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Multiple L Value Methods 

Empirical Method. -The empirical method was used to calibrate multiple L values 
for present and future Fox River Valley and Lake County assignments. In both cases, 
the results indicate not only that the actual average trip lengths of the density classes 
are closely approximated by the assignments, but also that there is a general improve
ment in the quality of the assignments, as reflected in comparisons of trip survey and 
assignment origin and destination data. Table 2 gives actual and assignment average 
short trip lengths for final Fox River Valley assignments. Agreement is very good. 
Originand destination comparisons in Table 3 indicate a general improvement, 
amounting to ten percent for all internal trips. Although trips with both origin and 
destination in the internal area are more poorly estimated when the multiple L value 
model is used, the total error is more uniformly distributed among the three groups of 
trips than it was when the single L value model was used. 

Statistical Method. -No assignments have been calibrated by use of the statistical 
calibration method. The collection of the necessary tesl dala was very lime-consuming. 
And inasmuch as the r esults obtained through the empirical method for groups of zones 
in the Fox River Valley and Lake County assignments were considered sufficiently 
accurate, the more involved method was not attempted. 
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Figure 6. Comparison of iterative calibration method input fra) and select area assignment output (r~) 
average long trip lengths. 

Iterative Method. -The iterative method has not been used to calibrate any "pro
duction" assignment runs, rut has been used for runs testing the ability of the Oppor
tunity Model to distribute trips in a very small area. The area chosen is a 36-square 
mile section of Chicago lying between 1. 5 and 7. 5 miles north and west from the C BD. 
This area is identified as the "select area" (Fig. 1). The attempt to run a select area 
assignment was unique not only because of the small size of the area compared to the 
size of the metropolitan region, but also because the area cannot be considered to be 
even partially self-contained, as are the Fox River Valley and Lake County areas. 
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The select area assignments involved the 19 56 network and trip ends. Surveyed 19 56 
zonal average trip lengths weJ."e deter mined for l.Jolh short and long trips. Tnere were 
36 one-square-mile zones for which trip end and average trip length information was 
available. Because it was desired to have as much detail as possible, the zones were 
divided to obtain 144 quarter-square-mile zones. The allocation of the three subpopula
tions of trip ends to the four smaller zones within each survey zone was based on the 
surveyed number of auto driver trip ends per quarter squa re mile, because t hese data 
were available and short and long trip ends were not available by quarter squa re mile. 
It was assumed that the average trip lengths for the square-mile zones would hold, also, 
for each of the four smaller zones. 



TABLE 4 

STATISTICAL MEASURES OF THE ACCURACY OF THE 
ITERATIVE CALIBRATION METHOD 

Statistic a 
Trip P opulation 

Short Long 

r c vs r a _ 
Mean of all ra (mi) 3.00 5. 12 
e (mi) 0. 211 0.828 
MSE (sq mi) o. 1080 0.8063 

Due to e (sq mi) 0.0445 0.6853 
a2 (sq mi) 0.0635 0. 1210 

RMSE (mi) 0. 328 0. 897 
a (mi) 0. 252 0. 348 

Avg. range of variation of r c 's 
for quarter square miles 
within square mile zones (mi) 0.082 

0 
r'c = output average trip length determined from select area 

assignments Nos. 9 and 10; 

All 

3. 83 
0.458 
0.2586 
o. 2099 
0.0487 
o. 508 
0. 221 

0.212 

ra = input overage trip length, determined from CATS survey data; 

E(r~-f
0

) 

e = average e rror in re, equal to n 

E{r - rf 
MSE = mean square error, equal to c 0 

n 

RMSE = root mean squa re e rror, equal toVMSE ; 
J = vori ance of errors, equal to MSE - e -2 ; and 

a= standard deviation of errors, equal to ff 
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The iterative calibration program was used to determine short and long L values for 
each of the 144 smaller zones. After running the assignment system using these cali
brated L values, short, long, and total average trip lengths resulting from the assign
ment were calculated for each of the original 36 one-square-mile zones. Figures 5-7 
show plots of actual average trip lengths (ra) and assignment-calculated average trip 
l engths (rel are shown for s hort trips, long trips, and all trip averages. 

A systematic error exists in this process of proceeding from fa to L to f c· The out
put f c 's all are higher than they should be. It is believed that the major cause of this 
error is the distance ranking of destination zones used in the calibration program, 
whereas a time ranking is used in the assignment system. A distance ranking of des
tination zones minimizes average trip length subject to the L value. The time ranking 
must, therefore, result in at least as large and probably a larger average trip length 
than the distance ranking. The amount of divergence depends on the pattern of varia
tions in speed on the various links of the network, as these variations are what cause 
the time and distance rankings to differ. 

Various quantitative measures of the accuracy of the iterative calibration method are 
given in Table 4. The average errors found when fc is compared withfaforone-square
mile zones range from 0. 211 miles to 0. 828 miles, between seven and sixteen percent 
of the mean values. The dispersion of these errors is measured by their root mean 
square. The dispersions range from eleven to eighteen percent of the mean values. 
It is known now that systematic errors due to the distance ranking of destination zones 
exist, and it will be possible, in future applications, to adjust input averages downward 
by the amount of this systematic error. The standard deviation of the errors gives 
some indication of the accuracy of the method when this adjustment is used. Inasmuch 
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Figure 8. Comparison of actual and assignment output trip length distributions. 

as these standard deviations all are less than ten percent, it appears that this calibra
tion method will result in output average trip lengths which are within ten percent of the 
input averages two-thirds of the time. Furthermore, the average error will be very 
close to zero, so the total vehicle mileage of an assignment area will be very close to 
the observed amount. 

To measure the ability of the calibration method to obtain the same average trip 
length in different zones, the range of variation of the output average trip lengths for 
each of the four zones within each square mile was determined. Table 4 gives the 
average range of variation for short trips and for all trips. These averages indicate 
that maximumzone-to-zonevariations for equal input averages are only about three 
percent for short trips and six percent for all trips. 

Although the iterative calibrat ion method does a good job of duplicating actual av 
erage trip lengths, further checks of the select area assignments indicate that the 
match of actual trip length distributions by assignment output distributions is poor 
(Fig. 8). The horizontal axis has been normalized in terms of t he aver age trip length 
to indicate that the poor match is not the result of differences in the average trip 
lengths. Trips whose distances are from zero to about 0. 5 of the average trip length 
are underestimated, trips from 0. 5 to 1. 5 of the average are overestimated, and trips 
longer than 1. 5 times the average are underestimated 
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Figure 9. Cumulative distribution of all trips from CATS zone487according to numberof opportunities. 

These discrepancies can be interpreted in at least two ways and corrected in at 
least three ways. The first interpretation is that the model is all right, but that the 
trip split into long and short trips is faulty. This interpretation leads to two possible 
corrections: (a) keep the present trip split, but modify the observed average short and 
long trip lengths to obtain the correct total average trip length and the correct distribu
tion; and (b) change the present trip split so that, using the short and long trip lengths 
corresponding to this split, the correct distribution is obtained. 

A second possible interpretation of the trip distribution discrepancy is that the 
Opportunity Model's hypothesis of a constant probability of trip satisfaction (L value) 
is in error. Perhaps the probability of trip satisfaction is a function of V, the subtended 
volume. If this function could be found, trip splits would not be necessary, and the 
correct trip distribution would result when applying the modified model. 

The three possible corrections mentioned are discussed next under the following 
headings: average trip length changes, trip split changes, and model changes. 

Average Trip Length Changes 

Investigation of the select area assignments indicates that if the average short trip 
length were set at about 0. 6 of its actual value and if the average long trip length were 
modified upwl1,rd so that the average total trip length remained the same, the two curves 
shown in Figure 8 would nearly coincide. Therefore, it is possible to change average 
trip lengths arbitrarily so that trip distributions will be matched. It is felt, however, 
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that this type of correction is too arbitrary to be valid and should not be used unless 
acceptable methods of correction are unavailable. 

Trip Split Changes 

It is felt that a more acceptable correction of the Opportunity Model would be to 
change the definitions used in splitting trips into long and short subpopulations. In
vestigation has shown that some groups of trips presently classified "long" have shorter 
averages than groups classified "short. " Also, experience with many assignments has 
indicated to CATS researchers that more "short" trips are needed so that trip distribu
tions will be matched. Investigation presently is continuing to determine which long 
trips should be added to the short trip population. 

Model Changes 

The Opportunity Model implies a linear semilog relationship between 1-P(V) and V. 
However, this relationship can be demonstrated only for one of the trip subpopulations 
at a time. Figure 1, for example, shows the relationship for long nonresidential trips 
only. When the relationship is graphed for total trips, a curve like that in Figure 9 is 
obtained. A straight line would be a poor fit to this curve, but perhaps a relationship 
of the form L = avb would provide a good fit. If so, trip splits would be unnecessary. 
All trips originating from a zone could be distributed by use of the following equation: 

[ 
-av?+ 

1 
-av?+;] 

T .. = 0. e J -e J + (27) 
l] l 

It would be necessary to change the second hypothesis of the Opportunity Model to 
allow for a variable L value instead of a constant. The second hypothesis could be 
changed to read: 

The probability of a destination being accepted, if it is considered, is a 
function of the number of destinations which already have been considered. 

It is planned to investigate this approach to improving the Opportunity Model. The 
investigation will largely consist of curve-fitting, using data similar to those in Fig
u.1.·e 9 and of deterrnining n1ethods of predicting the parameters needed to relate the 
variable L value to subtended volume. 

SUMMARY AND CONCLUSIONS 

The Opportunity Model has been analyzed by interpreting its hypotheses, its math
ematical formulation, and its parameter, the L value. The L value also has been re
lated to trip parameters. These analyses have served as the basis of a number of 
calibration methods which have been presented. The results obtained when these 
methods were applied to assignments at CATS have been given. Planned methods of 
improving both the calibration techniques and the Opportunity Model have been dis
cussed. 

The most promising calibration method developed so far is the iterative method, 
which provides a means of duplicating observed or predicted average trip lengths with 
a standard error of less than ten percent with one pass through a calibration program 
and one pass through the assignment system. Problems in matching observed trip 
length distributions indicate either that caliqration methods must be concerned with 
more than matching averages, or that the Opportunity Model itself must be improved. 
CATS' future trip distribution research is expected to investigate both of these pos
sibilities. 
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