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The traditional parldng study has become so costly as to be prohibitive. A 
new procedure has been developed using origin-destination data to estimate 
downtown parking characteristics. Together with an inventory of supply, 
demand data can be used to calibrate a model that simulates the distribution 
of parkers to available parldng facilities. This model can be used to analyze 
and evaluate alternate parking systems for both the existing parldng demand 
and the forecast parking demand. The alternate parking systems can be ex
pressed in terms of number of spaces, location of facilities with respect to 
trip generators, rate structure, time restrictions, or additional delays such 
as queuing time or feeder bus time if fringe facilities are being considered. 
This model can be used independently to test alternate parking programs or 
as a tool within the urban transportation planning process to analyze and 
evaluate alternate transit, parldng, and highway systems. In the first appli
cation, parking demand is considered as a constant, regardless of the level 
of parldng service provided; in the second application, parldng demands will 
fluctuate as transit and highway use changes with different levels of parldng 
service. 

•THE IMPACT of parldng on the downtown transportation system has been known for 
many years . Improper facility location and inadequate parking supply reduce traffic
carrying capability of downtown streets, increase accident potential, and confuse vehic
ular and pedestrian movements. However, techniques for analyzing these relationships 
have never been clearly defined. 

The procedures discussed in this paper are the result of a project initiated 3 years 
ago. The objectives of the research were to evaluate existing parldng study technology 
and develop new procedures that would be more efficient, that would be fully compatible 
with existing urban transportation technology, and that would result in more meaningful 
reports for the decision-makers. 

To define and study the parking activity, three types of data are required: (a) a 
measure of parking supply and its characteristics-location, costs, turnover, and 
restrictions; (b) a measure of parldng demand and its characteristics-location, arrival 
time, duration, and purpose; and (c) a measure of usage characteristics-walldng dis
tance, parldng cost, and duration. To gather these data, conventional study techniques 
include a field inventory to determine supply characteristics and a special parker in
terview to determine demand and use characteristics. However, the latter is time
consuming, expensive, and provides data that could be developed from existing surveys. 

The origin-destination (O-D) survey produces a data set that provides information 
very similar to that collected in the parldng survey and, during the preliminary stages 
of this project, it was determined that these data would provide a meaningful estimate 
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of downtown parking demand. Use of this data set, which is conventionally used in 
forecast and analysis of travel demands, has many advantages, including the following: 

1. It provides an immediate, inexpensive estimate of par.king demand and use; 
2. It provides a unique estimate of vehicle travel downtown and the parking demand 

that these vehicles will generate; 
3. It allows additional use of an extensive data set already collected; and 
4. It provides a unique estimate of forecast trips and forecast parking demand. 

The idea of using 0-D data is not new. In recent years, many studies have used 
0-D data as a basis of estimating parking demand; however, the procedures have never 
been refined, and consequently only limited parking data could be obtained. This new 
procedure involves a technique that can produce a full parking data set by combining 
successive trips made by an individual to and from the downtown area. Figure 1 shows 
a schematic of an individual's trip to and from the CBD. The left portion represents 
the individual's trip to the CBD, the right portion the trip from the CBD. The lower 
portion represents the combined resultant parking record. 

As previously indicated, several data items are desired to fully describe parking 
demand and use characteristics. These include trip purpose, parking destination, 
facility used, parking costs, walking distance, arrival time, and duration. All of this 
information can be obtained from the combination of these two trip records. From the 
first, it can be determined that the individual traveled from home to a certain CBD 
zone and arrived at 10:00 a. m. Also, it can be determined that he went shopping, 
parked at a lot a block from his destination, and paid a fee of 65 cents. From the 
second, it can be determined that he left the CBD at 10:30 a. m. and returned home. 
The duration is then calculated as the difference between the time of parking (10:00 
a. m.) and the time of unparking (10:30 a. m.). 
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Figure 1. Use of origin-destination data to create a parking record. 
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TABLE 1 

P1'll~1'N'T'AC:F: OF l'AR.KTNC: RY FACILITY AND COST 

1960 1963 Difference 
Facility 

Free Pay Total Free Pay Total Free Pay Total 

Curb 12 53 65 23 32 55 11 -21 -10 

Lot 21 13 34 32 10 42 11 -3 8 

Garage _! 2 _! ~ 2 

Total 33 67 57 43 24 - 24 

VALIDITY OF USING ORIGIN-DESTINATION DATA 

Despite the advantages that have been cited, there were several immediate questions 
concerning the validity of using O-D data for CBD parking analysis. In essence, these 
questions concern the possible underreporting of CBD trips in the O-D survey. To 
evaluate how crucial this underreporting might be, a preliminary comparison was made 
between 1960 parking study data for Sioux Falls, South Dakota, and similar data ex
tracted from the 1963 transportation study. A comparison of the data sets for trip 
purpose and facility use for the total CBD is given in Table 1 and shown in Figure 2. 
In each of these comparisons, an appropriate factor was applied to the 196 3 transporta
tion study data to account for the 3-year time difference. In Figure 2 it is shown that 
a total of 16,169 parking activities are reported in the 1960 parking study and 17,124 
parking activities are reported in the 1963 O-D data. This indicates a difference of 
955 activities or 6 percent (parking study as a base figure). It also indicates that the 
difference in percent distribution of parking activity by purpose is 5 percent for shopping, 
2 percent for work, 2 percent for personal business, and 5 percent for other. Table 1 
gives a similar comparison between the two data sets for facility use. It is observed 
that both data sets show similar facility use but show a difference in cost. Curb usage 
in the 196 3 data is 10 percent less than in 1960, and lot usage is 8 percent higher. 
These minor discrepancies are not alarming and could be caused by elimination of 
curb facilities in the 3-year period with an accompanying increase in lot facilities. 
However, the 24 percent difference in cost is not easily explained. It is interesting 
to note that, although not reported in this paper, a similar comparison was made be
tween the 1960 parking study and parking data extracted from a 1956 0-D data set with 
an identical result-close comparison in facility and significant difference in cost. 

Figure 3 shows accumulation curves drawn for the 1960 and 1963 data. The simi
larity of the two curves further reinforces the conculsion that the data sets are similar. 
In addition, this comparison indicates that the times of arrival and departure reported 

in both sets are similar. 
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Figure 2. Comparison of parkers distributed 
by purpose. 

PROCEDURES FOR USING 
ORIGIN-DESTINATION DATA 

In developing procedures for using the origin
destination data, the two basic phases of the 
parking analysis must be considered. The first 
phase concerns the analysis of the existing or 
base year conditions and locates the existing 
parking deficiencies; it is the basis of an im
mediate action program. The second phase 
involves the analysis of forecast parking de
mands and locates the facilities needed to satisfy 
the future demand; it is the basis for a long
range program. This long-range program pro
vides the framework for the total comprehensive 
parking program and reflects the ultimate level 



of service desired by the fore
cast year. Therefore, the im
mediate action program must be 
designed so as to be compatible 
with the long-range plan. The 
coordination of these programs 
is the initial step toward design 
of the comprehensive parking 
program for the downtown area. 

As with conventional parking 
studies, the new analysis in
volves utilization of the two 
basic data sets-the base year 
data and the forecast data. 
Figure 4 shows the steps in 
processing the data. The anal
ysis begins with the three base 
year data files-the external 
trip file, the internal trip file 
(home interview survey), and 
the parking supply file . The 
internal trip file is the data set 
that contains most of the park-
ing data; therefore, it is pro-
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Figure 3. Total parking accumulation in Sioux Falls for 1960 
and 1963. 

cessed first. The trip cards are sorted and processed through a linking routine, there
by creating the internal parking demand file. This file is summarized, creating tables 
that define the internal parking demand and parking characteristics. These character
istics are then used to transform the external trip file into an external parking demand 
file. The merging of these two files results in the base year parking demand data set. 
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Figure 4. Procedures for use of origin-destination data. 
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Having defined the parking demand file, we proceed to the next step, the distribution 
of thiA ,iAmanc'I to thP. availahle supply. This involves use of a special diAtrihution model 
that has been developed for this purpose. As with other transportation models, how
ever, this distribution model first must be defined and calibrated. Once the model has 
been calibrated, the base year data can be analyzed and existing deficiencies noted. 

One of the major objectives in the development of this new procedure was to provide 
reports that would be more useful to those individuals who make the decisions concern
ing development of parking programs. Therefore, the reporting function of the distri
bution model is such that it will indicate the general location of the deficiency, the 
magnitude of the deficiency, whether the deficiency results from the need for additional 
long- or short-duration parking, and the time that the deficiency occurs. With this 
detailed information, a short-range or immediate-action parking program can be 
developed. 

Next, the forecast data are analyzed. These data consist of the forecast trip ends 
and parking supply. This may be the existing supply or an estimate of the future park
ing supply. The forecast trip ends are transformed into a future parking demand file 
through use of the characteristics developed for the base year. The parking demand 
and supply are then analyzed using the calibrated distribution model. A report similar 
to that of the base year is created, and the long-range parking program is developed. 

ELEMENTS OF THE PROGRAM SYSTEM 

To analyze the O-D data as described, it was necessary to develop a system of 
seven special programs. These programs are as follows: 

1. LINK-edits and links successive person trips to and from a given area; 
2. UPDATE-allows corrections of errors in the basic trip files; 
3. TABULATE-summarizes and tabulates data in a matrix form (samples of out-

put of TABULATE appear later in the text); 
4. EXTRACT-extracts matrices created through TABULATE; 
5. EXPAND-formats data for regression analysis or tabulation; 
6. MODPARK-merges and factors data sets; and 
7. ALOCAT-distributes parking demand to supply based on input parameters. 

In general the program system operates as shown in Figure 5. 
In step 1, the sorted internal trip file is processed through the LINK program, creat

ing the preliminary parking record file and a list of data errors. Inputs to this program 
include definition of the input data, definition of the variables that identify the trips and 
the trip-maker, and definition of the CBD zones. The error listing indicates data col
lection, coding, or punching errors observed in the input file that prohibit the linking 
of certain records. 

Errors in the input data are resolved through use of program UPDATE in steps 2 
and 3. The corrections are appropriately coded on operation cards and processed with 
the original tape through the program. An updated internal trip file is produced that 
is then processed through the LINK program, producing the final internal parking re
cord file. 

In step 4, the parking demand file is processed through the TABULATE program, 
which summarizes the internal parking data in the form required to process the ex
ternal trip file. In step 5, these summarized internal data are processed through the 
EXTRACT program, which produces the data deck needed for further processing. 

In step 6, the external trip file is processed through TAB ULA TE, which summarizes 
the external trip file in the form needed for adding the external trips to the internal 
parking demand file. These summarized external trip data are processed through 
EXTRACT (step 7), which produces the data deck required for further processing. 

In step 8, the internal parking demand deck produced in step 5 and the external trip 
deck proctuced in step 7 are processed through the MODPARK program, which merges 
the decks and produces a total parking demand data deck needed for further processing. 
Simultaneously, the internal parking demand file tape can also be processed and an 
updated total parking demand file tape produced. 
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In step 9, the parking demand file produced in step 8 can be processed through 
TABlTLATE to produce all desired su...111maries cf parking charactcriatics. 

One of the data sets produced by steps 4 and 5 contains information on those vari
ables reflecting the trade-off between walking distance or time and parking cost. This 
data set is processed through the EXPAND program (step 10), which produces a data 
file needed to further process the trade-off relationships. This data file is processed 
through the Bio-Medical Computer program (step 11), which develops the statistical 
relationships between time and cost utilized in the distribution model (1). 

In step 12, the base year supply data are processed through TABULATE, which 
summarizes the data as needed for the further processing. This summarized supply 
data file is processed through EXTRACT, which produces the required data deck, in 
step 13. 

In step 14, the demand data (step 8), the time-cost relationship (step 11), the supply 
data (step 13), and other necessary input d~Lta are processed through the ALOCAT pro
gram, which distributes the demand to the supply. The additional input data include 
parking costs, parking time restriction, time separation between generators and park
ing facilities, and other facility characteristics such as queuing time and attendant 
parking. 

In step 15, the output tape from step 14 is processed through TABULATE, producing 
the desired tabular summaries. The initial tables produced would be those for com -
parison of the synthesized data and the base year data. Based on these comparisons, 
appropriate revisions are made in the input parameters to step 14 and ALOCAT is re
run. This iterative procedure continues until staisfactory calibration is achieved. At 
this point TABULATE produces the final reports. 

THE ALOCAT MODEL 

Program ALOCAT provides one of the major innovations in the parking technology. 
In previous parking studies, supply and demand were analyzed by block through com
parison of total parking activity for the study period (usually 8 orlO hours) and total 
supply available in that period, or through comparison of total parking activity for the 
peak hour and total supply available in that hour. This analysis results in a block-by
block determination of parking surplus or deficiencies. To account for the known fact 
that parkers do not necessarily park in the block of trip destination, the individual de
ficiencies are arbitrarily assigned by hand to surplus in adjacent blocks. The resulting 
report contains information on the total number of spaces required to satisfy the de
ficiency in the block. 

ALOCAT provides a dynamic, iterative distribution procedure that distributes an 
increment of parking demand to the available supply based on the characteristics of the 
parking demand, the user, and available parking facilities. Possible user and demand 
characteristics include origin of the trip, destination of the trip, arrival time, purpose, 
duration, and socioeconomic level of the trip-maker. Possible supply characteristics 
include location with respect to demand generators, number of spaces, time r estric
tions, and fee structure. 

The distribution is performed for defined time intervals such that all individuals 
desiring to park in that time period do so with a minimum of dissatisfaction, where 
user dissatisfaction may be measured in terms of total cost and the distance between 
the parking facility and the ultimate trip destination or the time elapsed in traveling 
this distance. This time element also can be expanded to include queuing time involved 
in entering a particular facility or the time involved in using a feeder bus if a change
of-mode facility is being used. 

The degree to which the numerous options in the ALOCAT program can be used is 
directly related to the type of information available in the demand data file and the de
gree to which this data set can be stratified. If detailed information is not available, 
the corresponding stratification is dropped, and the data are analyzed at the next level. 
A minimum stratification of CBD destination zone, time of arrival , and time of de
parture must be possible. 
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The discussions to this point have involved the utilization of O-D based parldng de
mand; however, at this time, it has not been conclusively proved that these types of 
data can undergo all stratification necessary to fully utilize the options available. There
fore, to allow very detailed special purpose analysis using the ALOCAT model to the 
fullest extent possible, the system has been designed to accept data available through 
any survey technique and is not limited to O-D based data. 

The reporting function of ALOCAT is such that it can provide many types of swn
maries. These reports can be classified as those defining the operation of the facility 
and those defining the use of the facility. To define facility operation, for each time 
interval (iteration) used for distribution, it can report the number of vehicles entering 
the facility , the total number currently in the facility, revenue for this interval, total 
space-hour use through the interval, total revenue through the interval, maximum 
number of parkers at any time, time this maximum occurred, and the total number of 
parkers who used the facility. To define usage, it will report total number of parkers 
in a cell where the cell can be defined by origin zone, destination zone, parldng facility, 
purpose, socioeconomic level of trip-maker, time of arrival, time of departure, dura
tion, walldng time or distance between facility and destination, or parking costs. 

SIGNIFICANCE OF THE NEW PROGRAM SYSTEM 

The design of a program system that facilitates a systematic parking study using 
O-D data is a significant achievement in itself. However, this system also provides 
a major new tool for evaluating alternate parking programs by themselves and, possibly 
more important, a tool for evaluating alternate total transportation programs-programs 
that include alternate highway, transit, and parldng systems. Again, the extent of 
analysis possible is a function of the amount of data available. 

As a tool to evaluate operation of parking facilities under different environments, 
the following possibilities exist. In each of these applications the underlying assumption 
is that parldng demand remains constant regardless of the supply configuration. Be
cause the parameters describing the parking facility include location with respect to de
mand generators, fee structure, and parking restrictions, any or all of these param
eters can be changed and the effect of these changes on use and operation can be 
determined. Therefore: 

1. If the difference between municipal and private parldng facilities can be ex
pressed by rate structure, a system of private only, municipal only, or combined 
private and municipal could be studied through manipulation of the parldng cost 
parameters. 

2. If the difference between attendant or self-park facilities can be expressed in 
queuing time, the effects of either operation could be determined through manipula
tion of the distance (time) parameters. 

3. If it were desired to evaluate the effect of a program of facilities designed to 
cater to the short-duration parker (increased hourly rate as duration incr eases), these 
facilities could be identified through an appropriate rate structure and the operator and 
user reports evaluated. 

4. If it were desired to evaluate the effect of discouraging parldng in a central core 
area through establishment of prohibitive fee structures, an appropriate rate structure 
could be programmed and the system evaluated. 

5. If serious parking deficiencies had been shown to exist in several areas, a 
proposed system of planned facilities could be added to the supply and the adequacy of 
this system evaluated. The effects of alternate location could be studied at this time. 

6. If it were desired to evaluate a proposed system of fringe parking facilities, 
these facilities could be included in the supply and the time parameter extended to in
clude feeder bus time (including waiting for the bus). Once the fringe parking system 
had been included, the model could then be used iteratively to evaluate the effect of 
CBD parking rate structures on fringe facility use or the effect that feeder bus time 
has on fringe facility use. 
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As previously indicated, the system also provides a tool for evaluation of total 
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transportation system has always been discussed, but this is the first practical tool 
that provides a means for evaluation. Specifically, this is a tool that can be used within 
the urban transportation planning process to evaluate alternate transportation systems. 

One of the critical decisions in this evaluation is the determination of the point with
in the planning process at which the parking analysis would be most meaningful. Such 
determination requires a detailed analysis of the input and output of each major phase. 
In a greatly oversimplified view, the land use phase produces activities that are trans
lated into person trip ends through generation and into vehicular trip ends-automobile 
and transit-through modal split. These vehicular trip ends are then translated into 
zone-to-zone interchanges through distribution and into link volumes through assign
ment. These resultant volumes are then analyzed to determine network revisions. 

Within this framework, it was determined that the most appropriate placement of 
this analytical tool was after the determination of zonal automobile-driver trip ends. 
At this point, when the number of vehicles destined to park in the downtown and its 
environs has been identified, a determination can be made as to whether the existing 
supply is adequate to accommodate the arriving vehicles. If such demand were ade
quately accommodated by the existing supply, then the analysis could continue in the 
conventional manner. If parking supply were inadequate, however, certain decisions 
could be made to more equitably balance the transit-parking-automobile relationship. 
These decisions could involve the designation of additional land to parking, construction 
of additional parking supply, re-evaluation of generation procedures, or re-evaluation 
of the modal split procedures. Because many of these decisions would change the vehi
cular trip ends, this analysis is appropriately placed before trip distribution, assign
ment, and system evaluation. 

As in the previous discussion, there are many ways in which the model can be used 
as a tool within the planning process. Two hypothetical situations follow: 

1. Assume the study has progressed through the system evaluation phase. At the 
appropriate point (after determination of the automobile-driver zonal trip ends), park
ing supply and demand were analyzed, and no major deficiencies were observed. How
ever, now the loaded network indicates significant overloading of the downtown network 
and the major radial corridors. Furthermore, it is observed that these overloads 
could be substantically reduced through capacity increases brought about by removal 
of the curb parking. However, what effect does the removal of these spaces have on 
the adequacy of downtown parking? And second, what number and types of spaces 
should be provided to replace the lost facilities? Prior to the development of this 
system such questions could not be adequately answered. 

2. Assume that there are serious parking deficiencies and traffic congestion in the 
downtown area. Assume that the study personnel want to show the effect that an ade
quate transit system could have in alleviating these problems. What level of transit 
service should be provided? How would a given level of transit service reduce the 
parking and traffic problem? What would happen if several fringe facilities were pro
vided along the major transit corridor? How could parking rates be fluctuated to en
sure use of the transit system? Prior to the development of this model, the effect of 
alternative transit, highway, and parking systems could not be evaluated. 

AN EXAMPLE OF POSSIBLE REPORTS USING THE PROGRAM SYSTEM 

The remainder of the paper is devoted to a typical example of the use of the 0-D 
data for a parking analysis. It is intended to show the types of reports that can be 
produced using the system in its simplest form. The example includes the processing 
of the original data set, the creation of the parking data, the identification of areal 
parking deficiencies, and the determination of basic parking characterisitcs. 

The data set used for this example contained approximately 29,900 trip records, of 
which 4,800 were CBD automobile-driver-oriented. In the initial linking of these rec
ords, 2,268 parking records were created, and 473 data errors (observations, miscod
ing, and mispunching) were observed. Through updating of the original data file the 
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Figure 10. Breakdown of major parktype by zone. 
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Figure 12. CBD purpose versus parking duration. 
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Figure 13. Flow into the CBD by hour and quadrant. 

Figure 14. Distribution of CBD arrivals. 
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Figure 15. Accumulation of purpose by hour. 
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Figure 16. Total parking accumulation and work accumulation. 

/HEAD-TABLE 52 THIS IS A SUPPLY TABLE OF PARKTYPE BY ZONE 
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Figure 17. Parktype by zone. 
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zone. 
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Figure 19. Parking accumulation by zone and hour. 
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errors were reduced and a file of 2,404 records was produced repreAenting 24,22!l 
parking activities. 

Figures show examples of the types of conventional summaries that can be produced 
through use of the TABULATE program. Through specification of the desired row and 
column variables for each summary, a series of tables can be produced simultaneously. 
In these examples, the eight tabulations dealing with demand and use were generated 
simultaneously. Figure 6 shows a simple report of the distribution of parkers by trip 
purpose and facility use for the entire CBD. Information from the tabulation shown 
could be used to display purpose and facility use as shown in Figure 7. 

Figure 8 shows the distribution of parkers by trip purpose for each zone of the CBD. 
Information from these data can be displayed as shown in Figure 9 by superimposing 
the purpose bar charts on the zonal map of the city. 

Figure 10 shows facility use by each zone. Information is again shown on a zonal 
map in Figure 11. 

Figure 12 shows parking duration by trip purpose. In this figure, the weighted 
average option had been specified, and the average parking duration for each purpose 
is shown. It indicates that the average parking duration for work trips is 3 hours 40 
minutes, for shopping trips 1 hour, and for personal business trips 40 minutes. 

Figure 13 shows the origin zone of parkers by major geographic area. This type 
of figure clearly indicates the substantial volume of arrivals from the Southwest. 
Figure 14 shows a representation expressed in percent of total arrivals. 

In Figure 15 a parking accumulation of trips by purpose is shown in which a peak 
parking accumulation of 3,794 occurs at 11:00 a. m. The figure also shows that a peak 
accumulation of 3,175 parkers for work purposes occurs at 9:00 a. m., a peak accumu
lation of 534 parkers for shopping occurs at 11:00 a. m ., and a peak accumulation of 
281 for personal business occurs at 1:00 p.m. Figure 16 shows a plot of total accumu
lation and work accumulation. It clearly indicates the double peaking characteristic of 
the parking accumulation and the significant effect that work accumulation has on total 
accumulation. 

Figure 17 shows the distribution of existing parking supply by zone. These data 
are shown in Figure 18 on a zonal map. 

An accumulation of total parkers by CBD zone is shown in Figure 19. From this 
tabulation, the maximum number of parkers for each zone and the time the peak occurs 
can be determined. These peak demands can be compared with the available supply 
shown in Figure 17 (adjusted to account for efficiency) to immediately locate those 
zones of the CBD that have a parking supply deficiency . Figure 20 shows the compari
son of supply and demand. It clearly shows that zones 1, 3, 5, and 7 have deficiencies. 
These zones would then be selected for a more detailed subzone analysis. 
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Figure 21. CBD parking purpose versus land use. 
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Figure 21 shows parking by purpose and land use for the entire CBD; however, simi
lar printouts could be developed by zones. This information, together with land use data, 
could be the basis for a parking rate analysis. 

These are just a few of the many possible reports that can be simply produced 
through use of the basic components of the program system. They do not include the 
sophisticated detail of the program ALOCAT, but merely indicate the summaries avail
able through processing of the converted 0-D data through the TABULATE program. 

Details of program operation and model calibration are beyond the scope of the paper. 
However, detailed documentation and procedural guides will be forthcoming. 

REFERENCES 

1. Dixon, W.J. Bio-Medical Computer Programs. Univ. of California, 1967. 
2. Schulman, Lawrence L. Parking as an Element Within the Comprehensive Trans

portation Planning Process. U.S. Bureau of Public Roads, Journal of Highway 
Research, Vol. 35, No. 1, April 1968. 




