DEVELOPMENT OF A DOWNTOWN PARKING MODEL

G8kmen Erglin*, Turkish Highway Department, Ankara

Provision of adequate downtown parking is a serious problem facing most
urban areas. In this study, probabilistic models have been built to explain
the behavior of people in choosing among parking places. The effects on
parking choices of parking system characteristics and socioeconomic fac-
tors have been investigated. The analytical tool used was logit analysis. In
the study,implications were drawn and an example worked out for an appli-
cation of the models. Methods were devised for finding the value of time
saved walking from parking place todestination. The methods were applied
to data, and values of time were established that are suitable for cost-benefit
analysis of downtown parking facility investments. The behavioral models
developed can be used toinvestigate expected parking costs and parking cost
changes, and it is possible to assign persons to different parking distances
from destinations.

eTHE ANALYSIS of downtown parking behavior investigates what determines where
people park. The basic trade-offs involved are essentially those of choosing between
parking closer to destinations at higher money cost and lower walking time and park-
ing farther away at lower cost but with a longer walk. From the analysis of actual
parking decisions made, it is possible both to predict what persons would do given al-
ternative future situations and to infer traveler values associated with choosing between
walking farther and paying more. These predictions and values can then be used in
planning and evaluating parking projects and policies.

Some of the particular questions that the analysis of downtown parking behavior can
be helpful in answering are as follows:

1. What are the effects of changes in parking price policy? As prices change, how
do drivers correspondingly change where they park?

2. Given the costs, what are the benefits of investments in new parking facilities?
Where should parking be located to best serve needs? What kind of parking facilities
should be provided? What should parking fees be?

In this study, an analysis of downtown parking behavior has been made in which a
number of probabilistic models were built to help explain traveler choices among park-
ing places. Explanatory variables investigated included system characteristics (e.g.,
parking cost and parking distance), sociceconomic factors (e.g., income, age, and sex),
and trip purpose (work and nonwork). The analytical tool used was logit analysis.

In the study, implications have been drawn and some examples worked out for ap-
plications of the models. Methods were devised for finding the value of time saved
walking from parking place to destination. The methods were applied to data, and
values of time were established that are suitable for cost-benefit analysis of downtown
parking facility investments. The behavioral models developed can be used to find ex-
pected parking costs and parking times to investigate the effects of parking cost changes,
and to assign persons to different parking distances from destinations.

For development of the models, data collected for the Northwest Chicago Corridor
Modal-Split Project were used (6). These statistics include data on 226 downtown
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automobile trips and information on socioeconomic factors, alternative parking costs,
downtown destinations, and trip purposes. The trips from which these data were de-
rived originated in 2 areas of the northwest Chicago travel corridor. The first area
is suburban Park Ridge and a small portion of northwest Chicago. The second com-
bines the contiguous suburbs of Arlington Heights and Rolling Meadows.

Of the total sample of 226 downtown automobile trips, 41 involved company-paid
drivers, 7 involved riders, and 13 had unreasonable or miscoded information.

For analysis purposes, data for only 165 individuals were used after data involving
company-paid drivers, riders, and unreasonable or miscoded samples were eliminated.
Of the net sample of 165 individuals making trips, 113 involved work trips, and 52 in-
volved nonwork trips. The data analyzed included both persons who drove by choice
(i.e., who could have taken the train) and those who needed to drive.

STATISTICAL METHOD

Although both probit (2, 5, 9) and logit (8, 10) methods were suitable for the statisti-
cal analysis, logit analysis was used. To understand the logit method as it relates to
the parking problem, assume that the objective is to build a model that finds the prob-
ability, p, that a driver will choose to park at a given distance from his destination.
Assume also that X, X,, ... X, are the variables influencing the choice. Then, in a
very simple form, it can be hypothesized that

P a, +a;X; ta Xyt ... aX (1)
But this form is inappropriate because it can take values between -~ and +«, whereas
probability p is constrained to values between 0 and 1. This can be avoided by using
another functional form:
_1? b = eaoxlal X232 (2)

Note that asp » 0,andas 1 -p - 1, p/(1 - p) » =. Taking the logs of both sides, we

get

Log <—1§—p) = a, + a; logX; + a,logX, ... (3)

Also note that for the different values of p/(1 - p), log p/(1 - p) varies between -
and +~ and is a monotonically increasing function of the probability p. The expression
log p/(1 - p) is known as the logit of the probability p.

If the right side of Eq. 2 is replaced by a function G(X), it becomes

Log (775) = & @)
hence,
I_g_ﬁ = g% (5)
and
eG(X)
p T (6)

This expression yields a sigmoid (or S) curve that is symmetrical and is similar
to the cumulative normal curve, diverging from it at the extremes only (Fig. 1). The
coefficients of Eq. 3 can be found by maximum likelihood estimation (8).
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PROBLEM FORMULATION 100%

The basic analytical assumption
used in this study was that a person
will always choose the parking loca-
tion that best satisfies his needs and
desires. He evaluates parking loca-
tions on the basis of parking fee, dis-
tance of the parking from his destina-
tion, and slope of the parking cost
profile, Trip purpose is also rele- i
vant.

Based on the preceding assump-
tion, the approach used was to con-
sider parking separately for each
block distance and to find the prob-
abilities of using such parking for each individual. When there were multiple parking
places within a block, the cheapest one was considered. In other words, a binary-
choice model was built for each parking distance, the choices being to use or not to
use parking at the distance under consideration. This approach may be a good simu-
lation of the real choice procedure. It seems reasonable to assume that an individual
first considers the nearest parking location, and, if it is convenient from his point of
view and compares favorably with other choices, he will use it. If not, he will go to
the next nearest location and value it. This process will continue until he finds the
location that has the greatest value to him.

In the analysis of choices made, 2 types of possible explanatory variables were in-
vestigated. The first type that represented system characteristics included parking
cost, parking distance, slope of the parking cost profile, and number of parking hours.
The second type of explanatory variable investigated was socioeconomic characteristics
of the individual choosing parking. Characteristics analyzed were income, age, and
sex. Analysis was conducted separately for work and nonwork trips.

Each of the variables considered in the analysis and the way individual variables
were handled are discussed in the following sections.

507 |—
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Figure 1. Sigmoid curve.

Parking Cost

Parking cost is perhaps the most obvious variable to investigate. As the parking
cost increases at a certain location, one would expect that it becomes less likely for
persons to park there. Presumably, if the parking cost is high enough, people will
prefer to walk a longer distance rather than to pay a higher price to park.

Parking Distance

The distance variable may be expected to have a negative effect on the choice in the
sense that, as distance from a parking location to destination increases, it becomes
less likely for people to park there. This variable was taken into account by building
a separate logit model for each distance interval. Through so doing, the effect of dis-
tance was reflected in the constant terms of the logit functions.

Slope of Parking Cost Profile

The variable of the cost-profile slope represents the effect of parking cost differ-
ences on people's choices. To see this more clearly, consider the 2 parking cost pro-
files given as follows:

Block

Profile First Second Third Fourth Fifth

1 $2.50 $2.45 $2.40 $2.40 $2.35
2 $3.75 $3.00 $2.00 $1.00 $0.25
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In the first profile, the parker must walk 5 blocks to save 15 cents. In the second, if he
walks 5 blocks, he will save $3.50. Naturally, if the saving is small compared to the
parking cost (as in the first example) and is also small with respect to the individual's
value of time, it is reasonable to expect that he will not walk very far. However, if he
can save considerable amounts (as in the second example), presumably he will walk
farther. In the final models of the analysis, the slope of the parking cost profile was
taken as the parking cost difference between the distance of the first and third blocks.

Duration of Parking

It may be expected that, when duration of parking is shorter, people will park closer
to their destinations (e.g., when making short business calls, keeping appointments, and
so forth).

Income

With higher incomes, people may become more indifferent to parking costs. Dummy
variables were used for income.

Age

Older people may be expected to walk shorter distances; walking may become very
inconvenient for the elderly.

Sex

It may be that females walk less than males and respond differently when choosing
parking locations. This variable was also a dummy.

Other Factors

In the analysis, parking lot capacity was not considered because it should have little
effect on the choice process. The reason for this is that market prices will arrange
themselves so that parking lots will be almost full without exceeding their capacities.

If the capacity is exceeded or if the demand increases, then by the basic rules of eco-
nomics prices will rise. This creates a balance, and capacities are not exceeded.
Public parking facilities are sometimes underpriced and, therefore, they become con-
gested. In general, however, their role in the overall structure of prices is not very
important. Furthermore, the congestion itself has the effect of making the price higher.
In the data set analyzed in this study, underpricing of public parking facilities was not
an important factor.

Model Input

An example of the actual input to the analytical models developed is shown in
Figure 2. It should be noted that the choice variable shown in Figure 2 (which is the
dependent variable in the logit models) is one for the distance at which parking is ac-
cepted and for all greater distances. For shorter distances, it is 0. The models there-
fore give cumulative probabilities. Clearly, in the longest distance category, all

s Sex Choice at
= o % Cheapest Parking & | the Block | Income
3 5 w3 w9 No. L ‘é 1 = taken Group
Fo|=ga & H Cost at Block = B Du
2298|988 of a9 0 = not mmy
2E|EFE|BT R >1|>2|>3|>4|>6 |payk » ‘;‘ taken | Variables
5 L ;

E|<e8|3AS | <1|<2|s3]<a|x6|<s|nars.|age| o ~ [1]2]3]4]6]8]3]4]5]6
XXXX| 350 175 |325](275(225(175(|125|50 | 8.0 | 40 0 ofofjifrjL|tjojo|1|oO

Figure 2. Form of data input.
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individuals have a choice variable of one. This indicates that all have accepted parking
at or before that distance. The logit function is of the following form:

G(X);tnp1ock = @ * a, (parking cost at i*" block)

+ a, (slope of the parking cost profile) + a; (age)

8
t a, (sex) * _;S a; (income dummies) + ay (number of parking hours)

PARKING BEHAVIOR OVERVIEW

An initial picture of downtown parking behavior can most readily be gained by view-
ing a map showing parking costs, trip destinations, and actual parking places chosen.
Figure 3 shows parking isocost lines in downtown Chicago derived from actual parking
rates charged at the time of the northwest corridor travel survey. The map also shows
the trip destinations of all the sampled persons who drove to downtown Chicago. For
persons who walked a block or more from parking to their destinations, arrows extend
from the trip destinations to the parking locations.

For those people who did walk, there was a definite pattern of parking and walking
from lower parking cost areas to higher cost destinations. There is no obvious differ-
ence in distances walked from 1 part of downtown to another. The proportion of per-
sons choosing to walk is higher where parking is expensive.

ANALYSIS OF WORK TRIPS

The general patterns of parking behavior shown in Figure 3 can be broken down in
various ways and shown more precisely in tabular and graphical form. For work trips,
Table 1 gives the number of drivers by distance of chosen parking from the trip desti-
nation. The majority of drivers (61.1 percent) park within 1 block of their destinations.
The remaining 38.9 percent are spread throughout the remaining distances, the percent-
age of people parking at successively greater distances decreasing approximately lin-
early. The maximum distance for work trips is 6 blocks; in the sampled population
nobody walked farther.

DOWNTOWN CHICAGO PARKING COSTS,
TRIP DESTINATIONS AND
CHOSEN PARKING LOCATIONS

Trip Destination and Parking Locatish
o Wheii Pilrking (s Less Than Onoe Block
From Destination

Trip Dostinution andl Parking Location
Whon Parking is More Than One Biock
~<——@ §rom Destimation ( The dot shows the
| Trip Destination, the tip of the Arrow,
The Parking Location)

$1 Parking lsocost Line

— ey elght hoUr Fate )

Figure 3. Locations in downtown Chicago of parking costs, trip destinations, and
chosen parking locations.
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TABLE 1

DISTRIBUTION OF PEOPLE AMONG
PARKING PLACES FOR WORK TRIPS

Distance e

(1/2-mile .

blocks) Number Percent Crmuilative

Percent

>0and <1 69 61.1 61.1
>land <2 17 15.0 76.1
> 2and <3 14 12.4 88.5
> 3and <4 8 7.0 95.5
> 4and <6 5 4.5 100.0
> 6and <8 0 0

Total 113 100.0

Parking costs, average parking costs, and average walking time are given in Table
2. There was only 1 person from the $5,000-t0-7,999 income group who drove down-
town, and thus data from this group are not included in Table 2. The threshold income
group is therefore the $8,000-to-11,999 group. Average parking cost for this group is
very low (68 cents), implying that people in this income range will not park downtown
unless they can do so at low cost. The average cost of the next group ($12,000 to
16,999) is almost twice ($1.30) that of the preceding group. Subsequently, there is a
small increase in the average costs paid by higher income groups. As overall averages,
drivers walk 1.34 (1/12-mile) blocks and pay $1.34.

Relationships between walking time and other variables are shown by scatter dia-
grams, There was no observable relationship between the dependent variable (walking
time) and variables of income and age. The scatter diagrams for first parking cost
and parking cost difference are shown in Figures 4 and 5. Although variances are
quite wide, there is, as expected, a relationship between these variables and walking
time. Figure 4 shows that walking time increases with increasing parking cost in the
first block, and Figure 5 shows that walking time increases with greater parking cost
differences.

There were only 5 females among the 113 drivers in the sample, Because this vari-
able could not be significant in the model, it was dropped.

ANALYSIS OF NONWORK TRIPS

As seen from data given in Table 3, a considerable portion of drivers making non-
work trips (42.3 percent) also park within 1 block. Unlike drivers on work trips, how-
ever, some drivers in this group park more than 6 blocks from their destinations (7.7
percent, '

Of 52 nonwork drivers, 31 are male and 21 are female. On the average, males walk
229 sec and females walk 205 sec, with the overall average being 219 sec. This is
substantially different from average walking time for work trips (134 sec) and corres-
ponds approximately to 2.2 blocks.

The parking costs for different income groups are given in Table 4. Contrary to
work trips, there are drivers in the lower income groups who make nonwork trips.
The m;erall average cost paid ($1.38) is approximately equal to that of work trips
($1.34).

Similar scatter diagrams (walking time versus various other variables) were drawn
for nonwork trips as for work trips. There were, however, no observable relationships
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TABLE 3

DISTRIBUTION OF PEOPLE AMONG PARKING
PLACES FOR NONWORK TRIPS

Distance .
(1/2-mile ’
blocks) Number Percent Comulaking
Percent
>0and <1 22 42.3 42.3
>land <2 12 23.0 65.3
>2and <3 8 15.4 80.7
>3 and <4 3 5.8 86.5
>4 and <6 3 5.8 92.3
>6 and <8 4 7.7 100.0
Total 52 100.0

between the variables., Seemingly, people making nonwork trips walk longer distances
while paying similar amounts, but their choices do not fall into patterns as clear as
those observed in work trips. This may be because the knowledge of nonworkers about
parking availability and costs is limited.

Because of these factors, the small sample size (52), and the very random nature
of the scatter diagrams, none of the variables might have been expected to be signifi-
cant in logit regression models. In spite of this, some logit models were tried. The
results were insignificant.

CALIBRATION OF LOGIT MODELS FOR WORK TRIPS

As stated previously, a model for each distance was built. However, because in
the work trip sample all persons had accepted a parking place by the sixth block, all
of the choice variables were one for the distance between the fourth and sixth blocks.
Therefore, only 4 models were built for the first 4 distances: one each for < 1 block,
for <2 blocks, for < 3 blocks, and for <4 blocks. Because these models give the
cumulative probabilities (i.e., the choice variable was coded as 1 for the distance
at which parking was accepted and for all greater distances), the individual probabili-
ties are as follows:

P{4<X <6) =1 - P (X< 4
P(@B<X <4) =P(X=<4) - P(X <3
P2<X <3 =PX<3 -P(EX<2)
P1<X <2) =PX<2) -PX=<1)
P(X< 1) =PX<1)

where P (i < X < j) is the probability of parking at less than or equal to j blocks and
more than i blocks. Hence, although there were 4 models, the P (4 < X < 6) could also
be found as given previously.

The models and associated statistics are given in Table 5. Successful work-trip
models were developed for all distances up to 4 blocks from the destination. In all of
the models, parking cost, parking cost difference, and distance affected the behavior
of individuals in determining their likelihood of choosing a parking location. Also, in
all models, the independent variable coefficients had the right sign and were of reason-
able magnitudes. In all cases, the higher the parking cost was, the smaller the
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TABLE 5
SUMMARY OF LOGIT MODELS FOR WORK TRIPS

: " Standard ; Likelihood  Pseudo
Model Variable Estimate Error t-Ratio Ratio® R
1 block PARKC1 -0.00745 0.00385 1.93 25.76 0.276
PC1-PC3 -0.01526 0.00672 2.26
CONSTANT 2.2571 0.55919 4,03
2 blocks PARKC2 -0.01099 0.004156 2.64 23.82 0.285
PC1-PC3 -0.01444 0.005654 2.55
CONSTANT 3.4553 0.69 5.00
3 blocks PARKC3 -0.,01504 0.00549 2.74 10.13 0.168
PC1-PC3 -0.00943 0.00552 1.71
CONSTANT 4.3893 $.94353 4.64
4 blocks PARKC4 -0.01519 0.,00872 171 6.451 0.182
PCI-PC3 ~0.01454 0.00733 1.98
CONSTANT 5,5711 1.3202 4.22

6 blocks®

3With 2 degrees of freedom.
bNo model was built since P (X86)=1,

probability was of an individual choosing to park at the given distance. Similarly, the
greater the parking cost difference was between the first and third block, the more
likely people were to walk farther. Third, the simple effect of distance, as seen in the
constant term, was that the greater the distance was, the less likely people were to
walk that distance.

In addition, the sensitivity of the models to the parking cost and parking cost differ-
ence variables decreases as the distance increases (Table 5), A large portion of the
probability is derived from the constant term. When other variables are 0, the con-
stants give a probability of 0.9053 for the first model, 0.9694 for the second, 0.9878
for the third, and 0.9916 for the fourth. This makes sense because, when parking
costs are 0, people can be expected not to walk. It is also seen that the first 2 models
are more sensitive to parking cost differences than to parking costs. The sensitivity
to these variables becomes approximately equal in the third and fourth models.

A number of tests were conducted to assess the statistical validity of the models.
The results of several of the tests are given in Table 5. A brief discussion of each of
the tests and their results are included in the following sections.

t-Test

The t-test is a test for significance of the coefficients. As seen from data given in
Table 5, all coefficients are significant at the 0.10 level because all of the t-ratios are
greater than the table values.

Likelihood-Ratio Test

To test for significance of the logit G(X) function, the likelihood ratio test was per-
formed. This test works by proposing a null hypothesis that the probability, p,, of an
individual accepting parking at a given location is independent of the value of the pa-
rameters in the G(X) function. If this is true, the coefficients are 0. It can be shown
that 2 times the log of the probability is approximately distributed as a x* distribution
with as many degrees of freedom as the number of variables in the equation (3). The
value of x? for 2 degrees of freedom (number of variables in the equation) at 0.05 level
is 5.991. Because all the likelihood ratios are greater than this value, the relationships
are significant at 0.05 level.
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Pseudo-R? Test

The pseudo-R? test was developed mainly for discriminant analysis with a regress-
ion analogy. This measure tends to understate the effectiveness of the technique. The
various statistics given in Table 5 give an overall and relative notion about the com-
parative efficacy of the 4 models.

APPLICATION OF THE FINAL MODEL: EFFECTS
OF CHANGES IN PARKING PRICE POLICY

The effects of a particular type of change in downtown parking pricing policy were
observed by changing all of the parking prices by given factors and by calculating the
resultant expected proportions of persons parking at different locations, average ex-
pected costs, and average expected walking times. Table 6 gives the relevant statistics.

The percentages of people accepting the parking place and parking cost change factors
were used to draw Figure 6. From the curves shown in Figure 6, the distribution of
people at different locations, with a given parking price policy, can easily be found by
drawing a vertical line at the desired factor and reading the percentages from the
intersection of this vertical and the curves.

It is interesting to note that, if the original parking costs were to be increased pro-
portionately about 1.5 times, 45 percent of the people would park in the first block and
the remainder would be almost evenly distributed among the other block distances, as
shown in Figure 6.

VALUE OF WALKING TIME FROM PARKING PLACE
TO FINAL DOWNTOWN DESTINATION

Value of time may be expressed as an amount of money per unit of time (dollars/
hour or cents/minute). As long as people can save at a rate greater than their value
of time, they will walk from parking to destination; if they cannot, they will prefer not
to walk. Thus, when the rate of savings becomes more or less equal to the value of
time, people become indifferent to walking, Some will walk whereas others will not,
the split presumably being 50:50. Based on the concept of indifference, a method was
used for finding the value of walking time.

Curve I, Percentage of People Parking at <1 Blocks

v
-

P

L. " "

1A

1A v
BB W WwN N

L. " " " “

A v

70 b V. " " " "

~
v

60 - V.

50 [~
40 =

v
/
205k -

Percentage of People Accepting a Parking Place

o eemmmmEm—pe T
- s ot
~ i ——" (Present Costs)
1

= -

-’-'="'. — g e |

0.5 1.0 1.5 2.0
‘Parking Cost Change Factor

Figure 6. Effects of proportional changes in parking costs on distribution of
people parking at different distances from destinations.



130

"JUSs3Idy

8792 £'0¢ T°LT 6T G'gL T°%T 6°8 T°0T 9°%¢ 1'6¢ 16°9G62 €87LLT 0°2
T°8T ¥ 0% L'GT LAY G'er 2'ST 71T 6°2T Iy 8°9% ¥G 913 9L°69T LT
T°8T 8'vL L°ST G'GT T'vT 6°ST 8'CL SvT £ 9% §°2S ¥6°06T ST 8ST ST
0'6 T°0T 21T L'3T it g°91 T'%T 6°GT e'1¢ 0°'8¢ 67991 P IPT g1
LG ¥'9 7’8 Ga'6 0°ST L'PL 8°¥T 8°9T T°8¢ L°G9 9 I¥T L°92T 1
¥y g 'L 8 ¥'er 7T 0°ST LT 119 69 8T Z2'6IT 0T
9°2 96°2 4 'S 86 't L'PT 9°91 1°89 6°9L 9¢°01T €6°00T 8°0
2T €T ¥ LL'3 g‘¢ 33’9 a4y ‘8°¢T 9'8L 6°88 T8°G8 6€°L9 S0
L0 8°0 9T 8'T g 6°¢ L6 0°'TT G'98 G'G6 T9°%L 08°'I¥ €0
70 70 8°0 0T 8T 12 ¥'9 gL G06 €'20T %9 0°0 0°0
JueoIad 'ON  Juedxsg  ‘ON JusoIdgd ‘ON  juooJsd — ‘ON JU90I0g *ON
oWl Sursfem 180D
14 7 pue ¢ g pue g ¢ pue T T pojoedxy pojosdxy umwomrmwﬂww QHM:O
o8eI0AY 98vI0AY 800 suptTed

syoold 18 o1doad jo aaqumpy pojoedxy

SATYL 3IY0OM *ADITOd

d0Idd ONIIIVd NI SHONVHO A0 SLOHAAH

9 ¥IdVL



131

2.00

Rate of Savings Actually Realized
($/hr, round trip) Parking Cost Differences ($)

% }’ 1, 50

3

Savings in one way
Walking times (seconds)

100 200

Rate of Savings Potentially Realized
by Further Walking ($/hr, round trip)

Figure 7. Walking time value indifference circle.

The tool used for finding the value of walking time is a circle, called a walking time
value indifference circle, as shown in Figure 7 (11). When a person prefers not to
walk to save time (even though he could save money by walking), a line, the slope of
which represents the maximum value that saving time could have to him, is drawn in
the fourth quadrant. The values around this portion of the circle represent the rates
of savings that are potentially realized by further walking. However, if he actually
walks to save money, a line is drawn in the second quadrant. In this portion of the
circle, the values represent the rate of savings actually realized and are a minimum
value of walking time for that individual.

In theory, if the value of time is a constant for all persons, the lower bound of "'rate
of savings actually realized" and the upper bound of "rate of savings potentially real-
ized" should lie on the same line. The slope of this line will represent the value of
walking time (Fig. 8) and will be called the "indifference line'. In this case there
should be no lines below the indifference line in either the second or the fourth quadrant.
To the extent that different persons have different time values, there will be individuals
with actual or potential savings below the indifference line.

This method was applied to the work trip data in the following manner. It was
earlier established in this study that people are biased in favor of parking within 1
block of their destinations. For people who parked in this block, only the lines in the
fourth quadrant representing rates of potentially realizable savings could be drawn
because these parkers do not walk to save on parking cost. For these persons,
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the maximum rate of savings avail-
able within a 6-block radius was
used. The potential savings available
to these persons (Fig. 9) ranged from
0 to a maximum of $11.50/hour. The
mean rejected saving was about $5/
hour. The fact that a considerable
fraction of the total sample rejected
possible savings ranging from $5 to
$11.50/hour walking is an indication
of the bias for parking within the first
block.

A second analysis was performed
on the drivers who parked at more
than the 1-block distance. For these

Rate of Savings .
Actually Realized
II

0

Indifference Line

111
Rate of Savings
Potentially Realized

Figure 8. Walking time value indifference circle: theo-
retical data plot.

people, the value of time was found by dividing the money saved by the time spent; and
a line was drawn in the second quadrant. Also, because many of these people were
subject to still greater savings by walking farther, a line was drawn in the fourth
quadrant to represent the further potential savings that they did not choose to gain.
Because of the difficulties of establishing reliable indifference lines for individual
block distances, an indifference circle, including all individuals who parked more than
1 block from their destinations was drawn (Fig. 10). A clear indifference line for all
except only a few people was established at a value of time of $4.50/hour, which repre-
sents the value of time for roughly 40 percent of the population (those persons who did
choose to walk). As indicated previously, for the approximately 60 percent of the popu-
lation who did not choose to walk more than a block, higher time values could be derived

due to the bias in favor of the first block.

$11,50/hr

o
Rate of Savings Potentially Realized
by Further Walking ($/hr)

Figure 9. Walking time value indifference circle for first block.
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Rate of Savings

Actually Realized ——
($/hr) %

Indifference Line

Rate of Savings Potentially Realized
by Further Walking ($/hr)

Figure 10. Walking time value indifference circle for more than one block.

CONCLUSIONS

It was observed that drivers have a strong bias for parking in the first block for
work trips to Chicago's downtown area. It was also found that commuters are sensi-
tive in their parking and walking behavior to absolute parking costs and to available
savings through walking. The higher the parking costs are at the destination, the far-

Go to Zone X
for shopping —————@ Drive —— Take tollway
®y) ®,) ®y

Take freeway
()
Take Bus
Go to other zones (q2)
for shopping

@)

Figure 11, Example of multiplicative probabilities for multinomial mode
choices.
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ther people are likely to walk, Also, the greater the available savings are through
walking, the more likely commuters are to walk farther.

In the models, income was found to be insignificant. This is apparently because its
effect is largely taken care of in the overall travel mode choice. To make decisions
to drive downtown, people first must consider parking costs and walking distances and
make comparisons with their incomes. Once the decision to drive downtown is made,
income apparently becomes an insignificant variable.

Another reason for the insignificance of the socioeconomic factors may be that
northwest corridor modal-split data were biased toward high-income groups. Even in
the transit user sample, there were very few people having incomes less than $8,000.

The value of time was found to be $4.50/hour for persons who did walk from park-
ing places. However, this value of time is only for persons with incomes over $8,000.
This should be kept in mind when this figure is applied for cost-benefit analysis.

The final probabilistic model was virtually multinomial. Therefore, this approach
may well be applied to other problems requiring a multinomial solution. In parking
problems, the probabilities are additive. However, this approach can be applied to
problems where the probabilities are multiplicative as well. An example of such a
situation is given in Figure 11,

The probability that a person will drive to zone X via a tollway will be p = p,p,p,.
Notice that the only requirement is that the choices are binary at each stage. For
this example, models may be built for the 3 stages given and then combined to give
cumulative probability. This approach has numerous applications toward finding
solutions to transportation modal-choice problems.
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