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MEMORANDUM

Cost, Efficiency, and Utility of Parking Garage G

DATE: April 14,2014

TO: Dr. Ayman Mohammed
FROM: Group 7: Zachery Cates, Dominick Tota, Irvin Peters, Matthew Komisarjeski,
Mariana Alegre, Lindsey Coutts, Brian Wittenberg, Nicholas Lewis

INTRODUCTION

Parking garage G is located in the northwest corner of the University of Central Florida in
Orlando, Florida, between the Towers 1 and 2 residence halls (see Figure 1). The garage is
solely used for residential parking and bicycle storage. Because the Towers allow students to
sign full, one-year leases, garage G is
always in use and experiences minimal
periods of in-activity. The research
presented in this memorandum was
conducted on parking garage G and
focuses on the flow of daily traffic within
the facility and it’s economic affect.

The purpose of this study is to assess,
analyze, and evaluate the efficiency of
the parking facility. This memorandum
explores data, cost analysis, methods of : _
observation, and mathematical functions B S AREh S
used to achieve this purpose. The Figure 1 — a satellite photo showing the location of
information is presented in chronological  Parking Garage G.

order of the completion of the garage’s

survey through a series of phases.

PHASE1: PREPERATION AND OBSERVATION

A group of eight engineering students completed the observation of garage G in teams of two -
each observing the garage in two and a half hours shifts creating a ten hour long survey. Before
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this survey was conducted, one of the team members
scouted the garage to determine some preliminary
information such as the number of parking spaces in the
garage and the garage’s physical layout. This member
discovered the garage houses 693 parking spaces for

> regular passenger cars and an additional fourteen spaces
for motorcycles. A 400 square foot bicycle storage area
can also be found on the garage’s first floor (see figure
2a). There is only one entrance and exit in the garage,
which aided in planning for the observation.

The ten-hour observation was conducted on Tuesday,
April 1,2014. In order to avoid errors between
members changing shifts, each team arrived ten to
fifteen minutes early. Each individual also kept a separate log to avoid discrepancies in the
observed traffic. The observation location and garage’s entrance/exit are shown in figure 2b.
Figure 2c shows the original master sheet used to collect data during the observation.

Figure 2a — bicycle parking in the
garage

The parameters recorded during the survey, which were tabulated on fifteen-minute intervals and
consisted of number of vehicles entering, number of vehicles exiting, number of vehicles
carpooling, and number of unregistered vehicles.
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Figure 2b — the observation point and garage’s Figure 2¢ — a photo of the original master sheet
entrance/exit used to collect the data

After the observation was completed, each group member was instructed to assess the data and
develop a number of theories, which were then included in this memorandum.

PHASE 2: MATHEMATICAL ANALYSES

The first key parameter used to analyze garage G is its utility. The formula used to assess this
utility is shown below:
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where A, = actual occupancy
M, = number of spaces in garge
U, = Utility at time at t

From this function, the opposite of the utility can be found. This opposite represents the
probability of a parking spot being available at a certain time throughout the day.
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where Ay, and M, are as above,
P, = probability of availble parking at time t
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Figure 3a — the probability of available parking Figure 3b — the occupancy of the garage
over the ten-hour observation and the average throughout the observation
utility and probability throughout the entire survey

Both the utility and probability functions were used onsite in an excel spreadsheet to generate the
information presented in figures 3a and 3b.

Further analysis of the collected observation data focused around three probability distributions —
the binomial distribution, Poisson distribution, and exponential distribution. The binomial
distribution was used to calculate the probability of finding a specific number of available
parking spots in the garage throughout the day. This probability is found by the formula:

PGe=k)=(})pa-p)"* (3)
where x is a binominal distributed discrete random variable
k is the number of parking spaces in question
n is the total number of spots in the garage
p is the average probability found in figure 3a



The data obtained from the study determined the values of both # and p; n was found as 693
spots, and p as .2762. Exemplifying how this distribution was used, the probability of finding
250 open spots in the garage is calculated below:

693

P(x = 200) = (200

).2762200(1 — 2762)593-200 — (02567

Table 1 displays this calculated probability for a few different values of k-

Number of available

spots (k) Probability
0 5.19607E-98
50 3.6548E-42
100 5.21509E-17
150 5.49731E-05
200 0.025670334
250 2.5244E-07
300 3.78483E-19
350 2.27683E-37
400 7.18268E-62
450 8.31446E-93
500 1.1956E-130
550 2.4391E-176
600 0
693 0

Table 1 — the probability of finding a certain number of available spots in
the garage throughout the day

By using a binomial probability distribution, the number of expected available spaces in the
garage can also be found by:

EX =np = 693(.2762) = 191.4066 spots
Furthermore, the variance and standard deviation of this distribution can be found by:

o2 =np(1—p) = 693(.2762)(1 — .2762) = 138.54
o = np(1 —p) =,/693(2762)(1 — .2762) = 11.770

The Poisson distribution was used to analyze the net flow of the garage. The average net flow
found from the observation was one car leaving in every 15-minute interval. A Poisson
distribution can be used to find the probability of multiple numbers of cars leaving the garage in
this 15-minute interval. Mathematically this distribution can be represented by:
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where x is a Poisson distributed random discrete variable
k is the number of cars leaving
A is the average number of cars leaving in 15 minutes

For example, formula (4) be used to calculate the probability that no cars will leave the garage

within fifteen minutes:
-110

e
P(x = 0) = —5— = 03679

Table 2 shows this calculated probability for up to 20 cars leaving during fifteen minutes:

Number of cars leaving in a 15 minute interval Probability

0 0.367879441
1 0.367879441
2 0.183939721
3 0.06131324
4 0.01532831

5 0.003065662
6 0.000510944
7 7.2992E-05

8 9.12399E-06
9 1.01378E-06
10 1.01378E-07
11 9.21616E-09
12 7.68013E-10
13 5.90779E-11
14 4.21985E-12
15 2.81323E-13
16 1.75827E-14
17 1.03428E-15
18 5.74599E-17
19 3.0242E-18

20 1.5121E-19

Table 2 — the probability that a certain number of cars will leave the
garage during a 15-minute interval

The expected number cars leaving the garage in 15 minutes, the variance, and standard deviation
of this distribution can also be found by:
EX=A=1car
o2=21=1
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c=Vi=1
The exponential distribution was used to determine the probability that a car will leave a parking
spot during a certain amount of time or less. This distribution is represented by:

Fx)=1—-e*,x>0 (5)
where F(x)is the cumulative distribution function,
x is an exponentially distributed continous random variable
Ais the Poisson rate of the process

In particular, for the data collected on garage G, x represents the number of hours being
evaluated and lambda is the average amount of time a parking spot is occupied by a car. This
average amount of time was calculated through analysis of Figure 3b. The average amount of
time spent in a space was found by working upwards through the graph. For example, one can
use the graph to determine 470 cars were in the garage for 600 minutes, one car was in the
garage for 30 minutes, and continue until the entire graph is analyzed. The average time was
then calculated as 537.429 minutes or 8.97 hrs. However, this average is limited by ten hours of
observation and only concerns the cars that were already in the garage. Using the average
amount of time, one can find:

1 car leaves a spot

8.957 hours = 11176931

Thus, the exponential distribution can be used to find the probability of a car leaving a spot in a
certain amount of time or less once it has been parked. For example, the probability of that car
leaving in 10hrs or less is found by:

F(lO) =1— e—(.11176931)10 = 673
Table 3 displays the probability for multiple values of x.

Number of hours in spot Probability that car will leave in this number of hours or

(x) less
0.672966636
0.634293351

=
o

0.591046763
0.542686056
0.48860646
0.42813169
0.360505483
0.28488215
0.20031599
0.10574947
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Table 3 — the probability that a parked car will leave its spot in a certain number of hours or
less



Also the expectation, variance, and standard deviation of this distribution can be found by:

1
EX = p = 8.947 hours
o? = > = 80.049

o =—=28.947

SRR -

PHASE 3: FINANCIAL ANALYSIS

In order to assess the investment aspect of
garage G, a cash flow diagram had to be
formatted with parameters that fit the scope
of this project. This means the only form of
revenues considered were prices per garage
G parking permits, unregistered users
throughout a given time period, and initial
cost of construction. All other financial
parameters were beyond the scope of this
analysis. Also, a reasonable interest rate of
5% was used in the calculations, which are
shown in figure 4a.

As mentioned before, the garage is
residential and caters to students who rent a
pass at an annual rate. This eliminates a
small percentage of error in comparison to
the other garages on campus that are used by
both residents and commuters.

Annual revenue was calculated by
multiplying the cost per space by number of
spaces and then by number of hours in the
fall, spring, and summer semesters. The garage
loses money in this analysis from unregistered
vehicles that occupy the garage during time
intervals observed by the team. When an unregistered vehicle parks in garage G, the garage’s
utility is temporarily decreased because a registered, paying vehicle cannot park in that
unregistered vehicle’s space.

Figure 4a — revenue worksheet for garage G

We used the worksheet in figure 4a to come up with annual revenue of $259,775.11. This
amount was used in equation (6) to find the present value of the cash flow:

1

PV (4) = %1[1 - m] (6)
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where PV (A)is the present value
A is the annuity
i is the 5% interest rate
n is the number of years in the analysis

For this garage’s analysis, n was replaced with infinity to acquire a general estimation of the
garage’s worth if all conditions remained fixed as they were at the time of the analysis. This
value of n is not realistic, but allows for a sense of the analysis.

The calculations demonstrated in figure 4b give
an annual worth of -$98,622.60. The negative
sign means that the garage is in the red and must
pay for the funding that was appropriated for its
construction. The present worth analysis gives
us a present value of -$1.97 million.

PHASE 4: CONCLUSION

The analysis of garage G presented in this
memorandum established a rhythm of
movement for the garage. It also can be used to
forecast and predict traffic patterns and the
facility’s utilization. The methods implemented
to observe the garage also provide a sense of
what procedures are necessary in this type of
traffic analysis and the parameters that dictate

Figure 4b — finding the present worth of the the utility and probability.
garage

After consideration of the garage’s traffic flow,

one can clearly understand why the facility only
has one entrance and exit; there was not too much traffic entering and exiting the garage. This
idea is shown from the Poisson distribution analysis in which the highest probability comes from
zero or one car leaving the garage. Also, the average utility of 72.38% seems like an acceptable
rate for a residential garage, especially if not every resident
owns a car. The traffic density and probability should also
be considered while keeping the trip production and
attraction created by UCF. Though this garage is only
capable of servicing a little more than 1% of the
university’s student body, it is connected to a larger system
that depends on its existence. For this reason, one must
conclude that even though the financial analysis yielded a
negative present worth of $1.97 million dollars, the benefits
from this facility far outweigh its financial burden. For
example, if 693 students purchase permits to park in this
garage and also pay an average tuition of $2000 dollars per
semester, then about 1.4 million dollars are of income are
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generated. This income is a significant amount of funding because it only comes from just over
1% of UCFs 60,000 students.

Furthermore, the 191 expected number of available parking spaces found by the binomial
distribution does not suggest that the garage was over-designed, but that the design was created
with future growth in mind. UCEF’s student population is constantly growing, and these 191
spaces allow for some versatility in the garage.

Overall, the procedures followed in this study clearly show the necessity, efficiency, and
functionality of garage G. This project allowed for a lot of discussion and consideration on how
traffic studies are performed and provided a great experience to learn more about the
transportation industry.



APPENDIX

TIME INTERVAL VEHICLES ENTERING  VEHICLES LEAVING NET FLOW

8:15 AM 3

8:30 AM
8:45 AM
9:00 AM
9:15 AM
9:30 AM
9:45 AM
10:00 AM
10:15 AM
10:30 AM
10:45 AM
11:00 AM
11:15 AM
11:30 AM
11:45 AM
12:00 PM
12:15 PM
12:30 PM
12:45 PM
1:00 PM
1:15 PM
1:30 PM
1:45 PM
2:00 PM
2:15 PM
2:30 PM
2:45 PM
3:00 PM
3:15 PM
3:30 PM
3:45 PM
4:00 PM
4:15 PM
4:30 PM
4:45 PM
5:00 PM
5:15 PM
5:30 PM
5:45 PM
6:00 PM
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TIME INTERVAL

NET FLOW

10:15 AM
10:45 AM
11:15 AM

11:45 AM
12:15 PM
12:45 PM

¥ VEHICLES ENTERING

UTILITY

OCCUPANCY

UTILITY

PROBABILITY OF
AVAILABLE PARKING

8:15 AM
8:30 AM
8:45 AM
9:00 AM
9:15 AM
9:30 AM
9:45 AM
10:00 AM
10:15 AM
10:30 AM
10:45 AM
11:00 AM
11:15 AM
11:30 AM
11:45 AM
12:00 PM
12:15 PM
12:30 PM
12:45 PM
1:00 PM
1:15 PM
1:30 PM
1:45 PM
2:00 PM
2:15 PM
2:30 PM

525
527
530
529
530
538
536
533
525
524
520
518
515
509
509
506
510
510
504
504
499
498
492
483
484
487

75.76%
76.05%
76.48%
76.33%
76.48%
77.63%
77.34%
76.91%
75.76%
75.61%
75.04%
74.75%
74.31%
73.45%
73.45%
73.02%
73.59%
73.59%
72.73%
72.73%
72.01%
71.86%
71.00%
69.70%
69.84%
70.27%

24.24%
23.95%
23.52%
23.67%
23.52%
22.37%
22.66%
23.09%
24.24%
24.39%
24.96%
25.25%
25.69%
26.55%
26.55%
26.98%
26.41%
26.41%
27.27%
27.27%
27.99%
28.14%
29.00%
30.30%
30.16%
29.73%




70.56%
70.13%
69.26%
69.84%
70.13%
70.42%
70.56%
69.26%
68.83%
68.83%
67.82%
67.97%
67.97%
68.11%

UNREGISTERED VEHICLES

e=$=JNREGISTERED VEHICLES

¥8-9AM
¥ 9-10AM
¥ 10-11AM
¥11-12AM
®12-1PM

¥ 1-2PM

29.44%
29.87%
30.74%
30.16%
29.87%
29.58%
29.44%
30.74%
31.17%
31.17%
32.18%
32.03%
32.03%
31.89%
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