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Foreword 
Parking is a critical factor in successful business endeavors 
and is needed in varying amounts for almost any type of land 
use. The two papers in this RECORD discuss parking and traf
fic characteristics at suburban industrial centers and the use of 
origin-destination data for parking analyses. Those concerned 
with the provision of adequate parking, whether for a proposed 
industrial site or shopping center or for alleviation of parking 
problems in business districts, will find this material of value. 
Transportation planners, traffic engineers, and those working 
with the many comprehensive urban planning studies will find 
much of interest. 

The first paper explores the relationships between parking, 
loading, and traffic generation and land building area and em
ployment at some 22 suburban industries. Most of the areas 
studied had ample expansion room, so that most of the usual 
constraints on parking supply were absent. The research pur
sues several correlations of the parking factors with those of 
the industrial areas. It was found that good correlations were 
achieved using parking demand and employment (1 car space 
for every 2 employees); building area gave the poorest correla
tion. Between 37 and 113 percent of the parking demand was 
generated during the peak hour with the mean being 60 percent. 
The research also points out the variances between the factors 
at the different size facilities. 

The other paper presents case studies of southeastern Mas
sachusetts urban areas, indicating how parking demand for the 
central areas was determined from the use of origin-destination 
data rather than by the usual medium of a separate parking de
mand study. The paper describes the procedures necessary 
and compares them with results of parking studies obtained 
from other places. It concludes that 0-D data are accurate 
enough to indicate the specific areas where additional parking 
facilities are n~eded. 
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P arking and Traffic Characteristics of 
Suburban Industrial Developments 
WILLARD A. ALROTH, Paul C. Box and Associates, Skokie, Illinois 

This paper explores the relationships of parking, loading, and traffic 
generation with land, building areas, and employment. The data were 
gathered from a sample of 22 suburban industries ranging in size of 
developed land area from 20, 400 to 860, 000 square feet, with employ
ment varying between 20 and 1000. The normal constraints of expan
sion problems found in fully developed areas were not present since 
most industries sampled had expansion room. 

Parking characteristics were related to employment, land area, and 
building area. Traffic generation for automobiles and trucks was related 
to employment, land area, building area, parking demand, and loading 
facilities. 

•HISTORICALLY, parking and loading requirements have evolved from past experience 
in reviewing existing industrial developments. Local zoning ordinances stipulating 
minimum parking and loading requirements have been drawn from either model ordi
nances or from firsthand experience and knowledge. The Institute of Traffic Engineers 
offers a guide for estimating parking requirements by means of an employment question
naire, or by a rule-of-thumb measure of one car for every two employees per shift (1). 
Usually these practices have created efficient industrial developments. However, ex-: 
amples can be found where inadequate parking and loading facilities can create a mul
titude of traffic and parking problems. 

A noticeable lack of actual field data on existing industrial parking and loading facil
ities and traffic generation is evident when examining the literature. Very few studies 
have been made which confirm typical zoning requirements (unlike the wealth of data 
for shopping centers, for example). Information of this nature should be useful to the 
land developer, architect, and planner. 

DESCRIPTION OF STUDY AREA 

Niles, Illinois, has a number of large areas zoned and developed as industrial. It 
is a suburb of nearly 30, 000 population, adjacent to the City of Chicago, and borders 
several other close-in suburban communities. 

Public mass transportation is nearly nonexistent. There are a few suburban bus 
lines with irregular and infrequent service. The Chicago Transit Authority operates 
a bus line along the Chicago-Niles border with regular service. This line is nearly a 
half mile from the study area, however, and its influence is quite small. 

The industry study area encompassed over 0. 4 square mile and included 22 com
panies. The industries sampled are typical of suburban developments. Figure 1 shows 
the general plan of the study area, giving the size of developed land area and general 
description of operation. The general location and description of each driveway is also 
shown in the figure. 

Nine of the 22 companies are developed to the full extent of their land area. The 
remaining 13 plants range from 25 to 90 percent developed, with the average being 67 

Paper spansared by Committee on Parking and presented at the 47th Annual Meeting. 
1 
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Figure I. Study area-Niles, 1 llinois. 

percent. This indicates the industries are generally expanding with sufficient land area 
and therefore do not have significant artificial restraints to restrict parking or loading 
supply. 

STUDIES PERFORMED 

The studies performed included traffic counts, parking lot accummulation and occu
pancy checks, and parking and loading facility inventories. 
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Traffic counts were conducted during the latter part of March, when it was assumed 
employment would be at a normal level and absenteeism due to vacations would be min
imal. The counts were made at each driveway for 2 hours during each of the morning 
and evening peak periods, i.e., 7;00 to 9:00 a. m. and4:00 to 6:00 p.m. If the individual 
driveway peak movements did not coincide with the normal count period, the driveway 
count was extended to cover that industry's peak movement. In all cases, where a park
ing lot or loading dock had more than one access point, each driveway serving the facil
ity was counted simultaneously so that complete coverage could be maintained. 

A few driveways served as common access to two separate parking lots. No attempt 
was made to specifically isolate the two groups. However, with extended counts (or in 
one case where a special study was conducted when one of the two plants was closed for 
vacation) estimates were made as to the contribution of each plant to the total driveway 
volume. 

Parking lot occupancy checks were made before and after each counting period, and 
the highest value was used. As far as possible, the peak occupancy was found by this 
procedure. The method was particularly important for the two shift plants. 

Complete data were not obtained for each industry. No driveway counts were taken 
at four of the plants, and only the loading facilities were observed at three others, due 
to limitations of the traffic count study. Employment data were not obtained from five 
companies. However, it was felt that in spite of these limitations, there were sufficient 
data to complete the analysis. 

The purpose of this paper was to explore the relationships of parking, loading, and 
traffic generation with land and building areas and employment. The traffic volume and 
parking data have been analyzed for consistency, and where correlation is found, it may 
be used as a guide for planning future industrial developments fitting the same general 
criteria of a suburban development. 

PARKING CHARACTERISTICS 

In order to establish a common base for comparative analysis, only developed land 
areas were used. Undeveloped land was considered vacant land not being used for legal 
setbacks, buildings, parking lots, driveways, loading areas, or permanent landscaping. 

The 22 samples were grouped into three ranges of developed land sizes to compare 
the portion that was occupied by buildings: 

Total Developed 
Land Area (sq ft) 

20,000-100,000 
100,000-500,000 

Over 500,000 

Percent Developed Land 
Occupied by Building 

Mean 45 
Mean 48 
Mean 40 

Total Mean 45 

An average of 55 percent of the developed land is devoted to driveways, parking and 
loading facilities, and landscaping. However, for individual industries, the range was 
16 to 67 percent. A detailed analysis is given in Table 1, where building area is relat
ed to developed land area by similar types of industries. 

The extreme cases are quite consistent with their use. For example, a truck stor
age and terminal has nearly 85 percent of its area devoted to trailer storage, driveways, 
etc. The two printing operations used an average of 61 percent of their area for build
ing purposes, probably due to the large machinery involved. 
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TABLE 1 

RELATIONSHIP OF BUILDING AREA TO DEVELOPED LAND 

Industry Total Developed Building Area Percent Developed 
ClassUlcaUon Land Area (sq fl ) (sq fl) Land Occupied by Building 

Bakery 600, 240 259, 890 43 

Office and research 62,530 30,220 48 
74,330 35,160 47 

190,640 60,000 31 

Average 42 

Office and warehouse 44,110 22, 270 51 

Truck storage and 
terminal 47,720 7,730 16 

Printing 78,190 43,250 55 
156, 130 104, 940 67 

Average 61 

Medium manufacturing 45,610 18,540 41 
and fabrication 862,340 296,350 34 
(electrical 
components, etc.) Average 37.5 

Heavy manufacturing 20,440 8,425 41 
and fabricating 36,945 20,240 55 
(machine, 68,030 30,300 44 
tool and die, 74,630 34,650 46 
metal stamp, 89,900 50,230 56 
etc.) 155,870 59,860 38 

296,760 187,260 63 
364,815 161,850 44 
831,850 306,980 37 
690,990 321,590 47 

Average 47 

Mean 45 

Building Area Relationships 

The relationship of building area to parking demand and supply is given in the follow
ing, where the building areas are also grouped into three ranges, and the average values 
for the ratio of building area to parking and the inverse ration of parking per unit area 
of building are given; 

Sq ft of Building Parking Spaces Per 

Building Area Area Per Parking 10, 000 sq ft of 

(sq ft) Building Area 

Demand Supply 
Demand Supply 

0-30,000 750 510 18.0 22.8 
30,000-100,000 900 625 13. 0 18. 5 
Over 100, 000 1020 760 11. 5 14.6 

Total Mean 910 640 14.2 18. 6 

It is significant that the mean value for building area per space increases with increas
ing building size and the inverse value correspondingly decreases. However, large 
variations within each group make the average values misleading. As expected, there 
was less variation with the parking supply values, due to the constraint caused by zon
ing codes. Because of this, only parking demand (spaces occupied) will be examined in 
detail and used for analysis. The values on supply are listed however, where appropriate. 
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TABLE 2 

RELATIONSHIP OF BUILDING AREA TO PARKING DEMAND 

Industry Building Area Number of Sq It of Building Occupied Spaces 

Classification (sq ft) Occupied Per Space Per 10,000 sq ft 
Spaces of Building Area 

Bakery 259,890 175 1480 6. 7 

Office and research 3o,oooa 34 890 11.2 
35,160 75 470 21. 4 
60,000 122 490 20. 4 

Average 620 17. 7 

Office and warehouse 22,270 14 1590 6. 3 

Truck storage and 
terminal 7,730 18 430 23. 3 

Printing 43,250 42 1030 9. 7 
104,940 71 1480 6. 8 

Average 1260 8. 3 

Medium manufacturing 18,540 52 360 28. 0 
and fabrication 296,350 670 440 23. 6 
(electrical 
components, etc.) Average 400 25. 8 

Heavy manufacturing 8,425 18 470 21. 4 
and fabrication 20,240 22 920 10. 9 
(machine, 34,650b 27 1280 7. 8 
tool and die·, 50,230 47 1070 9. 4 
metal stamp, etc.) 59,860 103 580 17. ·2 

76,020 55 1380 7. 2 
153,830 ,::! 1090 9. 2 
195,550 1070 9. 3 
306,980 370 830 12. 0 
321,590 424 760 13. 2 

Average 940 11.8 

Total Mean 910 14. 2 

0 Train1ng center for sales personnel. 
bcamp:m)' occupies approximately half of building; remainder either vacant or leased for storage. 

Concerning the relationship of building area to parking demand, Table 2 shows the 
large spread. The average values appear in general to fit the industry classification, 
despite the wide range. The intensive uses, such as office and research, and electrical 
component manufacture (with limited machinery and extensive manual assembly), re
quire more parking. 

The largest sample size was represented by the heavy manufacturing group. Anal
ysis showed that the values ranged from 7. 2 to 21. 4 occupied spaces per 10, 000 sq ft 
of building area. The mean occupancy was 11. 8 and the standard deviation, 4. 24. At 
the 90 percent confidence level, the mean occupancy varied between 9. 21 and 14. 39. 
While it appeared to be a wide variation, the range of the probable mean value was still 
consistent with the heavy manufacturing data. 

A study by Thompson and Stegmaier found a 2. 3 parking space demand per 10, 000 
sq ft of building area (2). They studied a 1, 913, 000 sq ft Baltimore plant in 1948. Re
cently, Keefer tabulated floor area and parking supply data resulting from a manufac
turing questionnaire (3). A sample of six industries had floor areas ranging from 
1, 090, 000 sq ft to 2, 174, 000 sq ft, and had an average of 7. 0 spaces provided per 10,000 
sq ft of floor area with a range of 4. 0 to 11. 9. Another sample of 12 plants, with floor 
areas ranging from 185, 000 to 964, 000 sq ft, found an average of 19. 5 spaces supplied 
for 10,000 sq ft of floor area. The values ranged from 6. 4 to 55. 8. The similarity of 
the decreasing parking demand per unit of floor area with increasing plant size should 
be noted. 

A study by Latchford and Williams examined 4 plants and 6 industrial estates in Great 
Britain (4). Figure 2, the relationship between floor space and parking, was prepared 
to compare the data found in the Niles study and Keefer's sample with the British values. 
The British curve is lower, but is quite consistent with the United States studies. Both 
are based on parking demand. Note, however, that Keefer's values are for parking sup
ply, rather than demand. 
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Developed Land Area Relationships 

Developed land area is related to parking demand and supply as follows: 

Ratio of Land Area Parking Spaces 
Developed Land to Parking (sq ft per space) Per 10,000 sq ft of Land Area 

Area (sq ft) 
Demand Supply Demand Supply 

0-100, 000 1890 1390 6. 3 8. 4 
100,000-500, 000 2040 1470 5.2 7. 9 
Over 500,000 2140 1790 5. 3 6. 2 

Total Mean 1980 1490 5. 7 7.8 

The relationship of developed land area with parking demand grouped within similar 
industrial uses is given in Table 3. The increase in parking demand per unit land area 
is similar to that of building area. The heavy manufacturing group sample indicates 
that the land area relationship provides better correlation than building area. The mean 
value of 5. 4 spaces per 10, 000 sq ft of land area has a standard deviation of 1. 48. 
Testing for confidence limits of 90 percent, the probable mean value lies between 4.5 
and 6. 3. 

Employment Relationships 

Table 4 relates employment to parking demand. The value of 0. 54 car per employee 
is quite consistent with a standard deviation = 0.133. Assume all lots which were filled 

80 percent of capacity could be at optimur 
balance between parking supply and de
mand for the individual industry. The 
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Figure 2. Parking related to building area. 

70 

mean for the condition is 0. 57 occupied 
spaces per employee with a standard de
viation shows even better correlation. 

The highest ratio found was one space 
for each 1. 27 employees (where nearly all 
drove). The lowest was nearly 3. 5 em
ployees per space. The Niles zoning code 
requires 1 space for every 3 employees. 
The more frequently used rule of thumb 
of 1 space for each 2 employees generally 
applies for the study sample, but can be 
an underestimate. 

Office, executive, and visitor parking 
was examined in Table 5 with the small 
amount of data available. The mean of 
O. 69 office spaces occupied was higher 
than the overall mean of 0. 54 spaces oc
cupied per employee. A higher standard 
deviation and broader range of values 
(from 0. 20 to 1. 00 occupied spaces per 
employee) was also found in the limited 
office sample . 

Also, two samples were available re
lating office building area to office parking 
demand. Seventeen occupied spaces per 
10, 000 sq ft were found for a 5300-sq ft 
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TABLE 3 

RELATIONSHIP OF DEVELOPED LAND AREA TO PARKING DEMAND 

Industry Land Area Number of 
Sq fl of Land Occupied Parking Spaces 

Classification (sq ft) Occupied 
per Car per 10,000 sq ft 

Stalls of Land Area 

Bakery 600,240 175 3430 2.9 

Offlce and research 62,530 34 1840 5.4 
74,330 75 990 10.1 

190,640 122 1560 6.4 

Average 1460 7.3 

Office and warehouse 44,110 14 3150 3.2 

Truck storage and terminal 47,720 18 2650 3.8 

Printing 78,190 42 1860 5.4 
156,130 55 2850 3.5 

Average 2350 4.5 

Medium manufacturing 45,610 52 880 11.4 
and fabrication 
(electrical 

862,340 670 1290 7.8 

components, etc.) Average 1090 9.6 

Heavy manufacturing 20,440 18 1140 8.8 
and fabricating 36,945 22 1680 6.0 
(machine, 74,630 227 2760 3.6 
tool and die, 89,900 47 1910 5.2 
metal stamp, 155,870 103 1510 6.6 
etc.) 156,880 55 2850 3.5 

296,760 141 2100 4.8 
364,815 182 2000 5.0 
690,990 424 1630 6.1 
831,850 370 2240 4.4 

Average 1980 5.4 

Total Mean 1980 5. 7 

( 

TABLE 4 
RELATIONSHIP OF EMPLOYMENT TO OCCUPIED AND AVAILABLE 

PARKING SPACES 

Total Number of Number of Number of Percent of 

Number of Spaces Occupied Spaces AvaiJable Available 
Spaces Employees Occupied per Employee Spaces Occupied 

0-100 

20 14 o. 70 25 56 
33 18 o. 55 23 78 
50 27 o. 54 57 47 
70 42 o. 60 50 84 
75 22 o. 29 35 63 
75 47 o. 63 46 102 
85 34 o. 40 70 49 
92 52 o. 57 65 80 

Average o. 54 

100-500 

120 76 o. 63 68 112 
130 103 o. 79 134 77 
193 122 o. 63 175 70 
240 71 0. 30 132 54 
240 141 0. 59 187 75 
400 182 o. 45 265 69 
465 175 0. 38 209 84 

Average 0. 54 

over 500 

824 370 o. 45 493 75 
850 424 o. 50 466 91 

1000 679 o. 68 763 89 

Average o. 54 
Total Mean 0. 54 

standard deviation 0. 133 
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TABLE 5 

RELATIONSHIP OF OFFICE EMPLOYMENT TO OFFICE 
AND VISITOR PARKING 

Number of Number of 
Number of Number of Percent of 

Office Spaces 
Occupied Available Available 

Employees Occupied 
Spaces per 

Spaces 
Spaces 

Employee Occupied 

20 20 1.0 26 77 
25 9 o. 36 16 50 
35 31 o. 69 34 91 

Average 0. 75 

225 130 0. 56 209 62 
450 267 0. 64 322 69 

Average 0. 61 

Total Mean 0. 69 
Standard Deviation = o. 226 

TABLE 6 

RELATIONSffiP OF EMPLOYMENT TO PARKING DEMAND 

Industry Number of Number of Occupied 
ClassificaUon Employees Spaces per Employee 

Bakery 465 0. 38 

Offtce and research 75 o. 63 
85 o. 40 

193 o. 83 

Average o. 55 

Office and warehouse 20 0. 70 
70 0.60 

Printing 240 0. 30 

0. 45 

Medium manufacturing 92 0. 57 
and fabrication 1000 0. 67 
(electrical 
components, etc .) Average 0. 62 

Heavy manufacturing 33 0. 55 
and fabricating 50 0. 54 
(machine, 75 0. 29 
tool and die, 120 0. 63 
metal stamp. 130 0. 79 
etc. ) 240 0. 59 

400 0. 45 
624 0. 45 
850 0. 50 

0. 53 

Total Mean o. 54 

TABLE 7 

INDUSTRIAL AUT O "N<A1''1''H; G.l!:NERATION CHARACTERISTICS 

Factor 

Developed land 
area (sq ft) 

0-100,000 
100,000-500, 000 
over 500,000 
Total Mean 

Building area (sq 11) 
0-30,000 
30, 000-100, 000 
over 100,000 
Total Mean 

Employment 
0-100 
100-500 
over 500 
Total Mean 

Average Morning 
Volume Generated 

Peak Peak Peak 
30 Min. Hour 2 Hours 

(per 10,000 sq fl) 

3. 0 
2. 5 
I. 8 
2. 4 

4. 5 
3. 9 
2. 9 
3. 8 

6. 0 
5. 2 
3. 9 
5. 2 

(per 10,000 sq ft) 
10. S 15. 6 19. 4 

6. 2 8. 6 II. 5 
4.4 7.5 9. 8 
6. 5 10. 0 12. 8 

(per employee) 
o. 17 o. 25 o. 35 
0. 24 o. 37 o. 48 
o. 19 o. 32 o. 42 
o. 21 o. 32 o. 42 

Average Evening 
Volume Gene rated 

Peak Peak Peak 
30 Min. Hour 2 Hours 

(per 10,000 sq fl) 

3. 8 5. 3 6. 7 
I. 7 2. 8 4. 2 
2. 4 3. 8 5. 1 
2. 6 4. 1 5. 5 

(per 10,000 sq fl) 
10. 4 15. 6 20. 8 

6. 3 7. 5 9. 8 
4. 9 8.4 11.4 
6. 7 10. l 13. 5 

(per employee) 
o. 20 o. 31 o. 39 
o. 20 o. 31 o. 47 
o. 25 0, 42 o. 55 
o. 22 0 , 34 o. 46 

office area, and 34 occupied spaces 
per 10, 000 sq ft for an 83, 600-sqft 
office area. These were typical fig
ures for a dense employment use. 

Table 6 is presented to further 
show the consistent parking-to
employment relationship according 
to industrial classification. In
terestingly, one of the highest ra
tios, 0. 70, is for a combination 
office and pharmaceutical ware
house. The absolute values with
in each category are presented to 
show the variation. 

TRAFFIC CHARACTERISTICS 

Automobile Generation 

Nearly all of the traffic counts 
were conducted during the normal 
2-hour morning and evening peak 
periods. However, four of the 
plants work on a staggered shift1 
which did not coincide with the nor -
mal peak period. Special counts 
were conducted at these plants so 
the absolute peak driveway move
ment could be determined. 

Table 7 shows industrial auto
mobile traffic related to the three 
basic factors of developed land area, 
gross building area, and employ
ment. These were shown for three 
critical time segments during both 
morning and evening peak periods. 
The most consistent values were 
found with employment. 

The best correlation appears to 
be generation related to employ
ment. The evening peak hour (which 
was higher than the morning) had a 
mean generation of 0. 34 vehicles 
per employee, with a standard de
viation of 0. 160. The average fac
tor for morning and evening com
bined was 0. 33, with a standard de
viation of 0.156. Notethat the com
bined 30-minute flow rate was equal 
to 0. 44 vehicles per employee, or 
1/a higher than the peak hour. 

Developed land area and gross 
building area related to generation 
showed consistent mean values 
similar to the employment relation
ship. However, inspection of in
dividual values and standard devia
tions shows a wider spread, parti
cularly for building areas. 
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TABLE B 

RELATIONSHIP OF MAX1MUM PARKING DEMAND TO PEAK HOUR FLOW 

Maximum Morning Peak Hour 
Industry Peak 

Claseificatton Parking Two-Way Percent Percent 
Demand Volume In Out 

Bakery 175a 57 65 35 

Office and research ' 75 45 90 10 

Truck storage and 
warehouse 18 20 65 35 

Printing 72 58 69 31 

Medium manufacturing 52 34 94 6 
and fabrication 670 511 92 B 
(electrical 
components, etc . ) 

Heavy manufacturing 18a 11 100 0 
and fabricating 22 10 90 10 
(machine, 27a 9 78 22 
tool and die 1 55 44 84 16 
metal stamp, 103 79 92 8 
etc.) 141 127 86 14 

182 142 82 18 
37QR 229 81 19 
424a 147 83 13 

From WIiliams and Latchford (j), Table 1: 

Mechanical Engineering 
Electrical Engineering 
Plastics 
Textiles and Clothing 

0 Plant on double shift . 

Peak Hour Flow 
Evening Peak Hour (vph) As Fraction ol 

Maximum Parking 
Two-Way Percent Percent Accumulation 
Volume In Out 

Two-Way One-Way 

68 22 78 0, 39 o. 30 

65 6 94 o. 87 0, 81 

13 31 69 1, 10 0, 72 

29 24 76 0, 81 0. 56 

47 7 93 o. 90 0. 84 
530 6 94 0, 79 0, 74 

Average 0, 85 0, 79 

12 50 50 0, 67 0, 33 
12 6 92 0. 55 o. 51 
10 10 90 0, 37 0, 33 
34 21 79 0. 80 0, 67 
25 8 92 o. 77 0, 71 

115 12 BB o. 90 0, 77 
167 34 66 o. 92 0, 61 
417 25 75 1. 13 0, 84 
195 11 89 0. 46 0, 41 

Average 0, 73 0, 58 

0, 71 
0, 60 
0, 48 
0, 78 

Comparison of data was made with the Keefer study (3). The data were extracted from his 
tables for plant sizes between 185,000 and 500,000 sq fC These were among the smallest 

1nt sizes in his sample and were selected to correspond with Niles building areas. Us
__ ,g Keefer's data, a figure of 0. 27 vehicles per employee for traffic generation related to 
employment was found, which was quite similar to the Niles evening peak hour figure of O. 34. 

Another comparison with the Keefer study was made of automobile generation related 
to plant size. The range of plant sizes between 185, 000 and 500, 000 sq ft was again used 
and compared with the seven Niles samples for building areas over 100, 000 sq ft. Wide 
variation was found within Keefer's peak hour data, with a range from 2. 3 to 21. 4 cars 
per 10,000 sq ft of building area. The mean value was 10. 4, however, which compared 
closely with the 8. 4 vehicles per 10, 000 sq ft of building area for Niles. 

Niles data were also compared with Keefer's daily traffic generation figures. From 
his data, an average of over 35 percent of daily traffic occurred during the peak hour. 
Studies of this particular industrial area in Niles have shown that about 27 percent of the 
traffic generated during a normal 12-hour period, 6 a. m. to p. m., occurs during the 
peak period. (No 12-hour counts were available at any of the individual plants, so no 
direct relation can be made.) 

TABLE 9 

PEAK HOUR TRUCK TRIP RELATIONSHIPS 

Factor Average Morning Average Evening 
Volume Generated Volume Generated 

Developed land area (sq It) (per 10,000 sq 11) (per 10,000 sq 11) 
0-100,000 0. 37 o. 55 
100,000-500, 000 o. 20 o. 26 
over 500,000 o. 24 0. 20 
Total Mean o. 28 o. 35 

Building area (sq It) (per 10,000 sq 11) (per 10,000 sq II) 
0-30,000 1.07 1. 69 
30,000-100,000 o. 58 o. 53 
Over 100,000 o. 48 0. 55 
Total Mean o. 63 0. 76 

Loading berths (per dock) (per dock) 
1-4 o. 74 1.01 
5-10 I. 15 I. 55 
over 10 1. 35 0. 95 
~otal Mean 0.96 I. 19 

Also of interest, the same studies 
indicated that over 50 percent of the 12-
hour traffic is generated in both of the 
2-hour morning and evening peak peri
ods. By adding the :tililes morning and 
evening 2-hour peaks (Table 7), the 
employment generation was 0. 88 trips 
per employee. Infact, for plants em
ploying over 500 people, O. 97 trips per 
employee were found during the 4 peak 
hours. These figures far exceed the 
50 percent value. However, no direct 
comparison can be made since some 
industries have well over a 1. 0 ratio, 
if there are considerable sales or visitor 
trips, for example. 
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TABLE JO 

RELATIONSHIP BETWEEN TRUCK GENERATION AND DEVELOPED LAND 
AREA, BUILDING SIZE, AND NUMBER OF LOADING DOCKS 

Morning Peak Hour Generation Evening Peak Hour Generation 

Industry Per Per Per Per Classification 
10,000 sq ft 10,000 sq ft 

Per 10,000 sq rt 10,000 sq ft Per 

Land Area Building Dock Land Area Building Dock 

Bakery o. 6 I. 4 1. 5 o. 3 o. 7 o. 7 

Office and research o. 5 1.1 1.0 o. 4 o. 9 o. 75 
o. 3 0. 7 1.0 o. 2 o. 4 o. 5 

Truck storage 
18. 1• and terminal 2. 9a I. 2 3. 1• 19. 4a 1. 2 

Printing 0. I o. 2 o. 3 o. 8 1.2 2. 2 

Medium manufacturing I.I 2. 7 2. 5 1.1 2. 7 2. 5 
and fabrication 0. 1 0. 3 2. 0 o. 05 0. I 1.0 
(electrical 
components, etc. ) 

Heavy manuiacturlng 0 0 0 1. o" I. 4a 1,0 
and fabricating 0. 3 0. 5 0. 5 0 0 0 
(machine, tool and 0. 4 o. 9 1. 0 0. 1 o. 3 o. 3 
die, metal 0. 2 o. 5 1.5 0. 2 o. 5 1. 5 
stamp etc.) 0. 1 o. 3 o. 7 0 0 0 

O. I O. I o. 3 o. 1 0. 2 o. 7 
o. 4 0. 9 1.6 o. 3 0. 6 1. 1 
o. 2 0. 5 2. 1 0. 4 o. 9 4. 0 
o. 4 0. I o. 75 0. 05 0. I 1.0 

Mean o. 28 o. 63 0. 96 o. 35 0. 76 1. 19 

0
Not included in mean, due to biased sample. 

Table 8 relates peak hour flow to maximum parking demand classified by similar 
industries. The double-shift industries can be quickly determined by their extreme 
high or low values. The high value designates a complete turnover of office and plant 
for the shift change, while low values represent only a portion of the plant, such as the 
factory, changing shifts while the office cars remain in place. 

The one-way flow column for the peak hour was developed to compare Niles genera
tion with values found in Great Britain (~). The values are quite similar . 

.l.tl.D.l.J.I:. .l.l 

RELATIONSHIP OF LAND AREA AND BUILDING SIZE TO LOADING FACILITIES 

Total 
Number of Number of Berths Number of Berths Industry Developed Building 

aassilication Land Area Area (sq It) Truck Per 10,000 sq It Per 10,000 sq ft 

(oq It) Docks Land Area Building Area 

Bakery 600,240 259,890 24 o. 40 0. 92 

Office and 62,530 30,220 o. 48 o. 99 
research with 74,330 35,160 o. 54 1.14 
warehouse 190,64o" 60,000 o. 05 0.17 

Average o. 36 0.77 

Truck storage 
and term tnal 47,720 7,730 12 2.52 15.52 

Printing 78,190 43,250 2 0.26 0.46 
156,130 104,940 6 0.38 0. 57 

Average 0.32 0.52 

Medium manufacturing 45, 610 18,540 2 0.44 1.08 
and fabrication 862,340 296,350 5 0.06 0. 17 
(electrical 
components, etc.) Average 0.25 0.62 

Heavy 20,440 8,425 2 0,98 2.38 
manufacturing 36,945 20,240 2 0.54 0.99 
and fabricating 74,630 34,650 3 0.40 0.87 
(machine, tool 89,900 50,230 3 0. 33 0.60 
and die, metal 155,870 59,860 2 0.13 0.33 
stamp, etc.) 156,880 76,020 5 0.32 0.66 

296,760 187,260 6 0.20 0.32 
364,813 161,850 9 0.25 0.56 
690,990 321,590 7 0.10 0.22 
831,850 306,980 8 0.09 0.26 

Average 0.33 0.62 

0 Office and research only. 
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Truck Generation 

Truck generation values are considerably more variable than the automobile data. 
Little correlation was found. This can be seen in Tables 9 and 10. 

Within similar uses, and specifically heavy manufacturing, a peak hour truck move
ment of about 0.3 vehicles per 10, 000 sq ft of land appears consistent, however. Also, 
with relation to 10,000 sq ft of building area, a mean of 0. 7 truck movements appears 
reasonable. 

Reference is again made to the Keefer study, where a sample of four plants was 
used within a range of 185, 000 to 500, 000 sq ft. Considerable variation was found, rang
ing from 0. 10 to 1.03 truck movements per 10, 000 sq ft of floor area. The mean value 
of 0. 41 movements is reasonably close to the Niles mean of O. 55 movements per 10,000 
sq ft of building for this size group. Both means were calculated from peak hour data. 

LOADING FACILITIES 

The number of loading docks related to land area is shown in Table 11. Like the 
parking supply, the rate of berths generally diminishes with increasing land area. While 
the local zoning code serves as an artificial constraint, the rate of berths per 10, 000 
sq ft varies considerably within similar industry types and i>uilding sizes. It would ap
pear that loading dock requirements are highly dependent on the individual industrial 
operation regardless of similarity of type of operation. Unfortunately, the sample is 
much too small and lacks sufficient detail to establish any correlation. 

SUMMARY AND CONCLUSIONS 

As stated earlier, considerable information is available pertaining to zoning require
ments. Little work has been performed to field test the actual needs. 

The Keefer study concerned trip generation and trip prediction methods. The British 
+.udy by Latchford and Williams examined traffic generation and parking demand, similar 
J the Niles study. However, conditions relating to motoring habits are different for 

each country, and direct comparison is difficult. 

Parking 

In all cases, building area relationships with parking characteristics in the Niles 
study were widely variable and produced only general trends. In general, parking re
quirements decreased with the size of building. This relationship appeared to be very 
sensitive to the type of industrial operation, because of the highly variable employment 
densities involved. 

The statistical analysis for the heavy manufacturing group in Table 2 showed that the 
range of the expected mean at the 90 percent confidence level was somewhat consistent 
with the values found for the heavy manufacturing group. However, the spread of the 
expected mean was found to be 5. 18. Therefore, because of the variance found in the 
actual tabular values and the sample statistical analysis, the average values listed in 
Table 2 should be used only as general indicators. 

Developed land area relationships with parking supply were more consistent. Using 
developed land area such as landscaping, driveways, and parking areas tended to reduce 
the influence of the unpredictable employment variable. If the type of industry is known, 
the influence of factors such as employment and machinery density tends to further de
crease, reducing the variables and providing for better correlation. Therefore, the 
figures in Table 3 indicate a general range that could be expected for the specific type 
of industrial operation listed. The sample statistical analysis made for the heavy man
ufacturing group gave an expected range of ± 0. 9 for a mean value of 5. 4 spaces per 
10, 000 sq ft at the 90 percent confidence level. 

Employment had the best correlation of the three factors. It clearly showed that one 
space for each two employees was generally valid for suburban industrial developments. 
It should be- considered minimum in such cases. Twelve industries had a parking de
mand in excess of 0. 5 spaces per employee, ranging up to O. 79 spaces per employee. 
• condition was assumed where only a hypothetical optimum balance between parking 
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supply and demand occurred. By analyzing only those parking lots, a mean of 0. 57 oc
cupied spaces per employee was calculated with a standard deviation of only O. 084. 

Traffic 

Traffic analysis produced slightly more favorable correlation than did parking re
lationships. Ther(;l was some correlation between the Niles data and other studies. 

Of the three fact0rs studied, employment was again the most consistent. A mean 
value of about 0. 33 cars per employee was generated during the peak hour. When aver
aged with the generation value of O. 27 extracted from the Keefer data, a peak hour 
generation factor of 0. 3 cars per employee appears valid. 

Because truck volumes were so low, and observations were made for such a rela
tively short period of the day, the truck generation factors are very questionable. How
ever, the small sample was expected since normal truck deliverers avoid the peak traf
fic periods. 

Considering the factors influencing truck generation, a relationship with the number 
of loading docks appears most significant. Truck traffic generation is affected consider
ably by the type of industrial operation with respect to building areas. Classification of 
industrial activity affects land area to a lesser degree, when considering the land area 
relationship to truck generation. Therefore, building area and land area relationships 
should only be considered within the same type of industrial classification. In general, 
one truck movement per dock seems to be a reasonable generation factor. 

Considerably more field studies are needed over the country to develop additional 
data. This analysis has been made from a limited sample, and the results can only be 
generalizations. The small sample size also restricts the significance of the statistical 
analysis. However, there are indications that parking demand and traffic generation 
can be approximated by factors other than employment. 
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Use of Origin-Destination Survey 
Data for Parking Analyses 
AUSTIN E. BRANT, Jr., Associate Partner, and 
JACK KINSTLINGER, Associate, Tippetts-Abbett-McCarthy-Strattion 

To be truly comprehensive, transportation planning studies require 
consideration of terminal and transfer facilities, one of the most im
portant of which is vehicular parking in the central business district 
of an urban area. The adequacy of parking can have a major effect 
on travel patterns and even on the continued vitality and existence of 
central areas, and the demand for parking is an essential element in 
evaluating this adequacy. 1 1 

This pa,per .o.escrjb~s procedures by which parking demand can be 
determined from the origin--destination data normally collected as j 
part of the travel pattern survey phase of a comprehensive trans
portation planning study. Results obtained by applying these proce
dures in five urban areas in southeastern Massachusetts are presented. I I 
The accuracy of the parking demand computed through use of these 
procedures is evaluated by comparisons with both supply and usage, 
and the appropriateness of the procedures for determfofog parking 
needs is indicated. 

•SOUTHEASTERN Massachusetts is an area of 950 square miles with a population of 
480,000 persons and includes five major urban centers: Fall River, New Bedford, Attle
boro, Taunton, and Plymouth. The central business districts of these centers contain 
some of the principal employment opportunities and shopping and business activities in 
the region and attract vehicular trips from both local and distant areas. 

The data collection phase of a comprehensive transportation planning study of the 
Southeastern Massachusetts Region was completed in late 1966 by Tippetts-Abbett
McCarthy-Stratton for the Department of Public Works of the Commonwealth of Massa
chusetts in cooperation with the U.S. Bureau of Public Roads. An essential element in 
the study was consideration of terminal and transfer facilities because, as stated in the 
Bureau of Public Roads Guidelines supplementing the definitions and interpretations in 
Instructional Memorandum 50-2-63, 

The effectiveness and efficiency of the urban transportation system is dependent 
to a large measure upon the availability of adequate termina I and transfer foc
i Ii ties at trip origins and destinations. 

One of the principal terminal facilities is vehicular parking space in the central busi
ness district of an urban area. The data collection phase of the study included analyses 
of current supply, usage, and demand for vehicular parking in the central business dis
tricts of the five urban areas listed above; in a subsequent phase of the project, demand 
is being forecast and the future needs for additional terminal facilities for vehicles are 
being evaluated. This paper describes the methods by which only data concerning supply 
and usage were obtained by direct observations and information on demand was provided 

1per sponsored by Committee on Origin and Destination. 
13 
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by the analysis of data collected as part of the travel pa,ttern surveys included in the 
comprehensive study. ,-, -- · ·· 

COMPONENTS OF PARKING ANALYSES 

Analyses of parking in the central business district of an urban area usually con
sist of three separate phases: a parking inventory of existing supply; a parking usage 
study measuring utilization of parking spaces; and a parking demand study which pro
vides information on the individual parker's desires. 

The parking supply (inventory) study includes a compilation of information concern
ing location, design, and legal restrictions on the use of parking spaces at the time of 
the study and a determination of the effect of planned changes in land use, parking con
trols, and street usage on parking supply. 

The parking usage study indicates the number, duration of stay, and location of parked 
vehicles in an area and permits determination of parking accumulation, parking char -
acteristics, and extent of parking violations. Data obtained in the parking usage study 
are limited to the actual location where a vehicle is parked which is influenced not only 
by the location of trip destination or desire, but also by the availability of parking space. 

The parking demand study considers the ultimate destination and purpose of the in
dividual making a trip; since parking demand is a true indication of the individual parker' s 
desires, demand is the only legitimate criterion for judging adequacy of parking supply 
and the type and extent of the need for additional parking facilities. 

In the conventional parking study, parking demand is determined by means of a park
ing demand inter view s urvey. One type of demand surv~.¥ ~nvolv~ p~rs.9n_al interview
ing of evefy"pa..r.k.el:-within .the area s e ec ea or s u y: An alternative method involves 
the-distribution of questionnaire cards left on v ehicles or handed to drivers to be filled 
iri and returned-by mail. Since only a fraction of the questionnaire forms will be filled 
in and returned, sample data must be expanded to represent the total of all vehicles 
parking in the area and even then results may be of questionable value. The studies 
reported in this paper indicate that a se rate arking interview survey is not requirel.. 
where adequate data on travel in an area are ava· able -from a 'comprehen:sive origin
destination survey. To be adequate for use in determining parking demand, travel ori
gins and destinations within the central business district should be coded on a block basis 
and the travel interview sample rate should be sufficiently high to yield statistically re
liable data on downtown parking demand. Processing and evaluation of the O-D data 
which rneet these criteria will provide complete information concerning parking demand 
within a central business district, where the need for parking space is usually most 
acute. 

PARKING SUPPLY STUDIES 

The central business districts of Fall River, New Bedford, Attleboro, Taunton, and 
Plymouth for which parking studies were conducted were defined with the cooperation 
of city o:r :regional planning agencies and generally included major dov.ntown department 
stores and other shopping facilities; business, financial, and professional offices; cul
tural and civic institutions; and governmental agencies. Some of the districts also con
tained manufacturing establishments and one (Plymouth) included a major tourist attrac
tion. Data on parking supply and usage were obtained for all on-and-off-street parking 
facilities within this area as well as for on-street parking on the peripheral streets and 
off-street parking facilities which had direct access to these streets. The central busi
ness districts included 53 blocks in Fall River, 71 blocks in New Bedford, 25 blocks in 
Attleboro, 22 blocks in Taunton, and 22 blocks in Plymouth. 

The parking supply in each area was inventoried by means of direct field observation, 
and data were obtained on the type of both on-street and off-street facilities. On-street 
parking included various types of free spaces (unrestricted or posted for specific dura
tions) and metered spaces with varying time limits. Off-street parking included both 
pay facilities and free facilities, some of which were restricted to customers or em
ployees of specific establishments. In addition, the effect of parking control modifica-
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TABLE 1 

CURRENT PARKING SUPPLY IN CENTRAL BUSINESS DISTRICTS 
(Vehicle Spaces) 

Type of Attleboro Fall New Plymouth Taunton Parking Spaces River Bedford 

On-street 753 1,064 1,176 980 768 
Off-street 2,647 3,244 2,535 1,004 1,921 

Total supply 3,400 4,308 3,711 1,984 2,689 
Less: On-street spaces 

to be eliminated to 
increase street capacity -218 -298 -319 -254 -261 

Total: Adjusted supply 3,182 4,010 3,392 1,730 2,428 

tions which were proposed to increase the capacity of existing streets was analyzed 
and the resulting change in parking supply was determined. Table 1 summarizes the 
current parking supply and expected changes in on-street parking. 

PARKING USAGE STUDIES 

The average weekday parking usage in each area was determined by means of direct 
field observations in which the license number, location, type of vehicle, and type of 
parking for each parked vehicle was noted at an interval of one-half the legal parking 
limit, but not exceeding 30 minutes, from 7 a. m. to 7 p. m. on an average weekday. 
The total number of vehicles parked and the space hours of parking used are shown in 
Table 2. Table 3 shows the number of vehicles parked at the moment of peak parking 
accumulation. 

PARKING DEMAND STUDIES 

The data obtained in the survey of travel patterns conducted as part of the compre
hensive study were used to determine parking demand. Data on parking of passenger 
vehicles operated by residents of the study area were obtained from the internal dwell
ing unit survey in which detailed information-was obtained on trip origin and destination, 
mode of travel, time of trip starting and ending and purpose of trip. Data on parking of 
trucks and taxis garaged within the study area were obtained from owner interviews 
(except for the duration of truck and taxi parking, which was obtained from the usage 
survey). Data on parkinglocations, time of parking, andpurposefor passenger vehicles 

TABLE 2 

USAG!l: OF PARKING SPACES IN CENTRAL BUSINESS DISTRICTS 
(7 a. m. -7 p. m. ) 

Attleboro Fall New Plymouth Taunton Parking Category River Bedford 

(a) Number of Vehicles 

On-street legal• 2,786 3,821 6,026 2,482 3,697 
On-street illegal 429 1,283 1,610 337 430 
Off-street 5,119 4,666 4,439 1,664 5,317 

Total 8,334 9,770 12,075 4,483 9,444 

(b) Space Hours 

On-stre·et legal 2,043 4,725 6,375 2,915 3,318 
On-street overtime 1,482 2,338 3,443 703 1,557 
On-street illegal 723 2,370 2,227 562 494 
Off-street 18,771 14,099 13,103 3,881 10,398 

tal 23,019 23,532 25,148 8,061 15,767 

. fncludes overtime parking at legal spaces. 

owned by nonresidents of the 
area and for trucks and taxis 
garaged outside the area were 
obtained in the external road-
side interview survey; informa
tion on parking duration and 
type of parking for these ex
ternal vehicles was not obtained 
in the roadside interviews, so 
factors developed from studies 
of internal vehicles were used. 

The data developed from 
these analyses were used in 
studies of parking demand in 
the central business districts 
both during the period from 
7 a. m. to 7 p. m. and at the 
moment of peak parking accu
mulation. A brief description 
of the procedures used in de
termining parking demand 
follows . 
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TABLE 3 

USAGE OF PARKING SPACES IN CENTRAL BUSlNESS DISTRICTS 
(Nwnber of Vehicles, Peak Accumula tion) 

Parking category 

On-street legal* 
On-street Illegal 
Off-street 

Total 

Attleboro 

345 
62 

1,898 

2,305 

Fall 
River 

722 
291 

1,757 

2,770 

*Includes overtime parking at legal spaces. 

New 
Bedford 

981 
207 

1,453 

2, 641 

Plymouth 

389 
69 

419 

877 

Taunton 

495 
55 

1, 175 

1,725 

Resident Parking Demand-
7 a. m. to 7 p. m. 

Parking demand for the cen
tral business districts between 
the hours of 7 a. m. and 7 p. m. 
on an average weekday was an
alyzed for passenger vehicles 
operated by residents of the study 
area. The data required were 
contained in the dwelling unit sur -
vey trip cards for both internal 
and external trips for which a 

resident was an autodriver. Only trips with origin or destination in central business 
district zones and with an origin or destination time between the hours of 7 a. m. to 7 p. m. 
were considered. 

Trip cards falling within these limits were analyzed by sample number, vehicle num
ber, and trip time sequence. Each parking act was defined as a pair of trip ends with 
the same sample number and vehicle number which follow in time sequence and where 
the destination of the earlier trip and the origin of the following trip represent the same 
location in the CBD. The number of parking acts in the CBD and the time elapsed be
tween the arrival in the CBD of one trip and the departure of the following trip were 
accumulated by trip purpose and multiplied by the appropriate expansion factor appear
ing in the trip cards. For vehicles whose first trip after 7 a. m. was a departure from 
the CBD, a previous trip arriving at the CBD at 7 a. m. was created; for vehicles whose 
last trip before 7 p. m. was an arrival in the CBD, a subsequent trip leaving the CBD 
at 7 p. m. was created. 

Using these data, tabulations were prepared for parking demand by trip purpose in 
terms of number of parked vehicles, space hours of demand, and average parking dv 
tion. Tabulations were also made of the distribution of parking demand by purpose fl,_ 
incremental parking durations, for various types of parking facilities, and for various 
distances walked between place of parking and ultimate destination. 

ParlrJng ock- 7 a. m. to 7 p. m. 

Determination of the adequacy of existing supply and the need for additional parking 
facilities was based on a comparison of parking supply and demand on a block basis. To 
permit analysis of parking demand by block, each block in the CBD was assigned a 
separate subzone designation prior to the data collection phase, and trip end locations 
were coded according to subzone. Parking demand by subzone was analyzed in terms 
of number of vehicles and space hours of parking. 

Demand by passenger vehicles owned by study area residents was determined through 
analysis of internal trip cards as discussed above, with the number of parking acts and 
time elapsed between time of arrival and time oi departure fo:;.- each act accumulated by 
traffic subzone. 

For nonresident passenger vehicle trips, external station interview cards with in
bound trips to the central business districts by nonresident passenger vehicles were 
selected. For each external station, time limits were established which corresponded 
to the times when an inbound trip passing through the station would arrive at the CBD 
between the hours of 7 a. m. and 7 p. m. A tabulation was made of the number of such 
inbound trips by subzone and trip purpose. Parking demand in terms of space hours 
was determined by multiplying the number of parking destinations by an average park
ing duration by trip purpose obtained from the internal trip cards. 

To determine parking demand generated by trucks and taxis garaged within the area, 
internal truck and taxi survey cards were reviewed for trips involving a parking act 
within the CBD between the hours of 7 a. m. and 7 p. m. Parking demand for external 
truck and taxi trips was determined through an analysis of the external station interview 
cards for inbound truck trips destined to the CBD for trucks with non-study area garage 



zones. Again, cards were limited to those with interview times such that the vehicle 
would reach a CBD between 7 a. m. and 7 p. m. Parking demand in space hours was 
determined by applying to the number of parking acts an averige parking duration for 
trucks and for taxis as obtained in the parking usage survey. 

Parking Demand by Block-Peak Parking Period 

19 

To analyze parltj.ng demand, consideration was given to the situation during periods 
of peak parking accumulation. While parking demand may be less than available park
ing supply measured in terms of space hours over an entire day, the supply may never
theless be inadequate during peak periods. Supply remains constant throughout the day 
while the demand exhibits peaking characteristics which may exceed supply during cer
tain periods. 

A realistic evaluation of parking supply was obtained through an analysis of demand 
by block during the peak period. The time when peak parking occurs was determined 
for each central business district from an analysis of parking accumulation revealed in 
the parking usage study. 

Parking demand in terms of number of vehicles desiring to park during the peak 
moment for resident autos was determined by accumulating trip card origins or destina
tions by subzone and expanding the results in accordance with expansion factors appear
ing on trip cards. To reflect demand from nonresident autos and trucks and taxis, the 
demand determined for resident autos was expanded by the ratio of 12-hour parking de
mand for all vehicles to the 12-hour parking demand for resident autos only. Separate 
ratios were computed for each subzone. 

Tabulations were prepared comparing parking supply, usage, and demand by sub
zone during the peak parking moment. A graphical presentation of this comparison for 
the Attleboro central business district is shown in Figure 1. 

To determine whether additional parking spaces were required, parking deficits in 
-icks where peak demands exceeded practical supply were distributed to adjoining 

_4ocks having a surplus in peak period supply and located within an acceptable walking 
distance from trip destination. Deficits in parking supply which could not be balanced 
with adjacent surpluses formed the basis for making recommendations for providing 
additional parking facilities. 

EVALUATION OF ACCURACY OF DEMAND 

The dwelling unit, truck and taxi and roadside interviews conducted in the compre
hensive transportation study involved the use of sampling procedures. The sampling 
rates used were approximately 1: 15 for dwelling unit interviews, 1: 5 for truck owner 
interviews, 1: 3 for taxi owner interviews, and 1: 2 for roadside interviews. The sample 
data were expanded to represent current travel patterns and, as described in this paper, 
to represent current parking demand. The accuracy of the overall procedure was eval
uated by comparisons of population, employment, and school enrollment obtained from 
expanded data with similar data developed from other sources. An evaluation of the 
accuracy of the travel information obtained was made through comparisons of expanded 
data with counts made on screenlines and cordon lines and at major control points. Eval
uation of the accuracy of the parking demand obtained from expanded survey data is de
scribed in the following. 

TABLE 4 

COMPARJSON OF DEMAND AND SUPPLY AT TIME OF PEAK PARKING 
ACCUMULATION IN CENTRAL BUSINESS DISTRICTS 

(Number of Vehicles) 

Category Plymouth AtUeboro Taunton Fall New 
River Bedford 

Practical supply 1,690 2,900 2,290 3,660 3, 160 
Demand 875 2,546 2,390 4,108 3,936 
Demand/supply ratio o. 52 0. 88 1. 04 1. 12 1. 25 
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Category 

Demand 
Usage 

TABLE 5 

COMPARISONS OF DEMAND AND USAGE IN 
CENTRAL BUSINESS DISTRICTS 

Plymouth Attleboro Tawiton 

(a) Number of Vehicles, Peak Accumulation 

875 2,546 2,390 
877 2,305 1,725 

Fall 
River 

4,108 
2,770 

Demand/usage ratio 1.00 1.11 1. 38 1.50 

(b) Space Hours, 7 a. m. -7 p. m. 

Demand 7,624 23,493 18, 808 27, 129 
Usage 8,061 23, 019 15, 767 23, 532 
Demand/usage ratio 0. 94 i. 02 1. 19 1. 15 

New 
Bedford 

3,936 
2,641 
1.49 

31, 595 
25, 148 

1. 26 

To evaluate properly the accuracy of the procedures described in this paper, a parker 
interview survey should be conducted to measure demand, and the demand thus obtained 
should be compared with the demand developed from the expanded survey data. Because 
a parker interview survey involves the expenditure of considerable funds, a less rigor
ous evaluation method was adopted involving comparison of the computed parking de
mand with observed parking usage. In application of this method, consideration must 
be given to the relationships of usage and demand to supply. 

Table 4 gives a comparison of computed demand at the time of peak parking accu
mulation with the practical supply (practical supply is defined as 85 percent of actual 
supply to allow for time lost in parking and unparking and for spaces unoccupied be
tween parking acts). In Plymouth, peak period demand is considerably less than sup
ply and it would be expected that demand would be approximately equal to usage, or 
even less than usage if drivers having non-CBD destinations parked in the CBD becauw"' 
of the convenience of the parking facilities in that area. In Attleboro, peak period de
mand is only slightly less than supply, and demand would be expected to be about equal 
to usage. In Taunton, peak period demand is slightly greater than supply, and demand 
would be expected to be more than usage. Finally, in Fall River and New Bedford, peak 
period demand is considerably greater than supply, and it would be expected that de
mand in peak periods and on a daily basis would be considerably more than usage as 
drivers desiring to park in the CBD are forced to park in adjoining areas and walk to 
their destination. 

Table 5 gives a comparison of demand and usage for both peak periods and on a 
daily basis. 

The demand/usage ratios in Table 5 are reasonable and consistent when viewed in 
light of the demand/supply ratios given in Table 4. This reasonableness and consis
tencv indicates that the procedures described in this paper for determining parking de
mand are sufficiently accurate for analyses of the adequacy of parking supply in central 
business districts under appropriate conditions of geographic coding and sample rate, 
and can be used to indicate areas where additional parking facilities are needed. For 
revenue forecasts at specific facilities, more detailed studies would be required in
volving parker interviews. 
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