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1 Introduction

One of the largest problems that airports face is getting passengers from the ground
transportation network (highways and access roads) to the terminal. Unlike airside traffic,
groundside traffic is not tightly regulated and human behavior plays a large role in how
efficiently the system runs. Airports generally supply several means of access to the terminal
building, and in developing plans for future development and improvement of airport grounds, it

is important to take into account the trends in terminal access.

There are two important factors that influence the access time of passengers: groundside
congestion, and volume relative to capacity at access facilities. In the future, terminal
accessibility will be made more difficult by any increases in groundside volume that
accompanies expected airside growth. It is important for airport officials to have a solid grasp of
what the terminal access problem may look like in the future. This document presents a detailed

look at the accessibility of BWI’s terminal building during a two-week period in January 2000.

The accessibility of the airport is studied under a broad variety of conditions. The survey
includes data from heavy peak activity periods as well as light off-peak periods. Accessibility of
the airport is examined taking into account the effects of these factors. This allows some broad
conclusions to be made about future accessibility to the airport. The facilities that were included
in the study are the main parking garage, the ESP parking lot, and the satellite lots (blue, green
and Amtrak). In addition, the terminal roadway was studied for the accessibility for drop-off

passengers.

This report is divided into five sections. Section 2 contains the methodology for the data
collection, the statistical evaluation and the forecasts. Section 3 contains the results of the study.
Both summary results and the detailed results of the estimations are presented. Section 4
contains the conclusions from the study and Section 5 contains some recommendations for future
study and action by airports to accommodate future growth. The Appendix contains information

about the data, the data analysis procedure, and other information regarding the study.



2 Methodology

The study presented here had three components. The first component was data analysis; the
second component was statistical evaluation; and the third component was probability function

estimation and forecasting. The methodology for each component is described here.

2.1 Data Collection Methodology

The survey was conducted over a two-week period in early January 2000. The first day of the
study was Monday, January 3 and the last day of the study was Sunday, January 16. As was
necessary for our study, this is a relatively busy period at the airport. The first two days of the
study saw very high volume, as holiday traffic was still quite high. The last weekend of the
study also saw high volume as the Washington Redskins football team had an away playoff
game. In fact, the satellite lots were closed for a considerable period over this last weekend of

the study and the Amtrak lot was used for satellite parking customers.

Thirty-three students from Morgan State University conducted the survey. The survey began
shortly after 6 a.m. and finished around 8 p.m. on weekdays and ran from 7 a.m. to 7 p.m. on

weekends. Staffing levels were higher during peak periods (6 a.m. to 9 a.m. and 3 p.m. to 7

p.m.).

The methodology of the survey was simple. The goal was to collect data on the time it takes
passengers to access the terminal from the various access facilities. Surveyors performed one of
three tasks. The first task was to hand out survey cards to passengers as they entered an access
facility. The second task was to collect the survey cards as the passengers entered the terminal
building. The third task was to time drop-off trips through the terminal roadway. A diagram is

included in the Appendix depicting the location of the ticket dispensers and collectors.

The methodology for handing the tickets was as follows. There were four sets of tickets — one

for each of the lots we anticipated to study. The tickets were color-coded: yellow for garage,



cream for ESP, blue for the blue lot satellite, and green for the green lot satellite. On the day that
the Amtrak lot was in use, we used the blue tickets because that lot was closed and not scheduled

to open. Figure 2-1 shows an actual ticket from the garage lot (this is actual size).

e e e e e e
GARAGE T

TIVE ENTRY: DATE. { /,
S ’ - ]
AR JAN15PM.
TIME TERM ACCESS:  TERMINAL:

2: 3 =

Figure 2-1

The surveyor at the ticket booth filled out the top half of the ticket and handed it to the passenger
as they collected their garage ticket (same for all lots). The date stamp was added later for data
entry procedures. The passenger was asked to hand the ticket to a survey worker at the terminal

door. Figure 2-2 and Figure 2-3 show the process of handing out tickets.



Figure 2-2

Figure 2-3 illustrates one of the problems we encountered doing the study; cars seemed to exhibit
a lemming-like behavior. Even in the presence of open lanes, the cars would back up in the lane
that we were operating. It appeared that drivers thought the surveyors were handing out some
important piece of information. The surveyors were forced to conduct cars away from the lanes
at times. Compounding this problem was another problem demonstrated in Figure 2-3. Despite
the presence of 6 lanes for cars to enter the garage, it was common to have as many as four non-
functioning lanes at any particular time. Figure 2-3 shows three lanes closed. This was usually

because the machines were out of tickets or malfunctioning.

These problems reduced the effectiveness of our surveyors, as they needed to stop handing out
tickets and direct traffic on numerous occasions. This will be discussed in further detail in the

recommendations section.



Figure 2-3

During peak periods, the number of ticket dispensers was increased to allow a greater sample of
tickets during high-volume access times. The number of tickets dispensed was less than
originally desired due to closures of the satellite lots for extended periods during the study.
Obviously, these closures affected the accessibility of the airport. While recognizing the effect
of these closures on access times, they cannot actually be analyzed or quantified. Tickets were
dispensed at the entrance to the access facilities and it is not possible to account for lost time
driving to closed satellite lots and then continuing on to other parking lots (namely the Amtrak

lot).

In addition, the original goal was to account not only for parking, walking and shuttle time, but
also for queuing time to enter the facilities. This was not possible and thus any time lost waiting
in line to take a ticket is not accounted for in this study. Queuing time is longer during peak

periods. Thus, it is possible to state that the results showing longer access times during peak



airport hours understates the difference in access time during these periods. If this difference is
significant, then the results of the forecasting may understate access times during peak periods in

the future (with higher airside volumes).

The collection of tickets was performed at the terminal curbside. Again, the survey was unable
to capture any additional queuing inside the airport caused by congestion or increased activity.
Figure 2-4 shows the collection of a garage ticket at the terminal curbside. As can be seen, the
collection point is immediately outside the terminal doors. So, all time lost to congestion in the
lots, search for parking spaces and congested walkways are already incurred at this point. The
surveyor collecting the ticket marked the terminal access time and the terminal accessed on the

ticket after collecting it from the passenger.

Figure 2-4



The collection of satellite tickets was very similar except that it was necessary to meet the shuttle
buses as they pulled up to the terminal curbside. Figure 2-5 shows an example of satellite ticket
collection. The surveyors were not able to collect every ticket for a variety of reasons. Many of
the passengers did not understand what was being done and either left tickets in their cars or did
not pause to hand over their tickets upon entry. In addition, during extremely heavy traffic, the

flow of tickets was often too heavy to collect every one.

Figure 2-5

The methodology for collecting data on the drop-off passengers is simple and intuitive. A
detailed diagram is provided in the Appendix to help understand what was timed. The basic idea
was to capture how long it took passengers to access the airport once they were on the terminal
roadway. We could not pick up any queuing time that was incurred prior to entry to the terminal

roadway.



Once a car entered the terminal roadway, three times were recorded. The time from when the car
entered the terminal roadway until it pulled to the curb to discharge the passenger; the time from
when the car pulled to the curb to when the car tried to re-enter the terminal roadway traffic; and
the time from when the car tried to re-enter the terminal roadway traffic until it left the terminal
roadway. The exact locations that we used for entrance and exit from the terminal roadway are

given in the diagram in the data appendix.

The three times are denoted as access time, standing time and exit time. The access and exit

times are combined and termed travel time. Travel time is used in the analysis.
2.2 Statistical Methodology

The first set of results is statistical summaries. In many cases the methodology is self-
explanatory. In order to make judgments about the comparative length of time between two
different access facilities or two different sub-samples of entry times, a standard test for the

difference between two means was utilized. The form of this test is

2 -5

E; .|.'|;
N A

= . = . 1.
Where 1 is the mean of the first sample, #2 is the mean of the second sample, i is the

. 3 . C e
variance of the first sample, and # the variance of the second sample. t is distributed normally

with mean 0 and variance 1. This distributional result is subject to both samples having more

than 30 observations .y > 30) When this last assumption is not met, it is necessary that the

data come from a normal distribution.

This test is robust to changes in the underlying distribution of the data for large sample sizes
(often n > 30). In small samples, this test is only valid for data from normal distributions. In our

case, the data do not come from normal distributions (see the results from the probability



estimations in Section 3) and, thus, for small samples this test is not correct. It is rare that we are

examining samples of less than 30 and these are clearly marked in the results section.

2.3 Regression Methodology

The regression analysis carried out for this report is simple ordinary least squares regression
analysis. While there are drawbacks to the regression analysis performed (see the
recommendations for a description of these problems), the results of the regression analysis are
useful for two reasons. First, they provide insight into the interaction between the variables,
which allows analysis of how various factors influence access times. Second, the regression

results provide parameters for the forecasting section.

For each of the regressions, the following model was utilized:

nmatrfd vk v O, v,

Where 7 is the access time in minutes, o is the constant in the regression,  are the coefficients in
the regression, d is a set of variables representing the day of the week, h is a set of variables

representing the time of day, and u is a set of variables describing the utilization rate of the lot.

The access time is measured as the time it takes to go from the ticket booth at the parking lot to
the terminal curbside. The constant in the regression can be considered the average access time
under the base scenario.' In most of the regressions that follow the base scenario is Wednesday
during late morning. The days of week variables are a set of dummy variables that represent
each day of the week except the base case (Wednesday in most cases). The time of day variables
are a set of dummy variables that represent different periods of the day. The periods of day are
morning rush hour, late morning, midday, early afternoon, late afternoon rush hour and evening.

The exact times for each of these are given in

! The effect minus the impact of the utilization variables. The utilization variables are not used in deviation from
mean form and thus the constant includes the impact of these variables evaluated at their means.



Time of Day Variables
AM. Rush | Early AM. | Midday | EarlyP.M. | P.M. Rush | Evening
6 a.m. 8 am. 11 am. 1 p.m. 3 p.m. 6 p.m.
8 a.m. 11 a.m. 1 p.m. 3 p.m. 6 p.m. 8 p.m.
Table 2-1

The regression is carried out estimating the parameters as follows:

A= XY'XY

Where

X ={ldkwulf =1

The coefficients in this regression represent the increase (or decrease) in average access time for

that particular variable relative to the base case. This is explained in detail in the results section.

2.4 Forecasting Methodology

One of the important results presented in this study is the forecast of accessibility under certain
potential future scenarios. The methodology for the forecasting is quite simple. Various
potential growth rates for airport usage and volume rates are analyzed given the results of the
probability distribution estimations. These figures are inserted into the estimated distributions
and the various access times calculated. The results are graphed in various forms to show the

access times over various scenarios. These results are fully explained in the results section.

10



Forecasting, while often looked upon as “witchcraft”, is a very refined concept. The forecasting
done here does not predict future traffic levels or even access times. Instead, the methodology
employed here is to predict access times as a function of potential future air and groundside
volumes at BWI. Due to the limited scope of this study, only simple forecasting methods were
employed. If the airport considers accessibility in the future to be a serious issue, further study is
strongly recommended in this area. As section 3.3 shows, the future accessibility of the airport
could be quite unsatisfactory if certain scenarios “play out”. This study does not attempt to place

probabilities on the various scenarios. That is the role of a true forecasting study.

3 Results

This section contains the results of the study. The first part of this section contains the standard
descriptive data analysis. Frequencies, means and other descriptive variables are presented. In
addition, tests for the differences in some access times and other statistics are tested. The second
part of this section contains the results from the regression analysis. The third part of this section
contains the results from the forecasting procedure. There are many graphs and tables in this
section, which were kept in the main body of the report for easy reference to the description of

the results.

3.1 Statistical Results

The data analysis in this study consisted primarily of finding average access times across varying
conditions, and looking at the frequency of access times and observations across varying classes.
The results are presented by access facility. Table 3-1 contains some summary statistics about
the data itself. This table shows the number of tickets collected by the access facility as well as

return rates of these facilities.

11



Scope of BWI Accessibility Study

Number of Man-Hours Collecting Data 2,100
Number of Survey Tickets Dispensed 35,400
Number of Survey Tickets Collected 12,268
Number of Drop-Offs Timed 2,396
Number of Garage Tickets Dispensed 26,150
Number of Garage Tickets Collected 9,054
Number of Satellite Tickets Dispensed 8,350
Number of Satellite Tickets Collected 2,999
Number of ESP Tickets Dispensed 900

Number of ESP Tickets Collected 215

Minutes of Walkway Usage Data Collected 4,843

Table 3-1

While individual facilities varied, the average collection rate of the tickets was about 35 percent.
The satellite tickets were more successfully collected than any other access facility. This was in
part because the passengers arrived in groups and the surveyors could meet the bus and capture a
number of tickets at one time. It is also probable that the passengers using the satellite lot were
less time-sensitive and thus more willing to take the few seconds it required to turn the ticket in
to a surveyor. The individual access facility summaries will be handled in their subsections

below.

3.1.1 ESP Results

The ESP lot is the lowest volume access facility at BWI airport. The number of observations for
this lot is quite low for several reasons. The first is that the lot has low volume. The second is
that the travelers who use this lot were often less willing to take the time to receive the card and
turn it in to the surveyors. The last reasons is that the ESP lot volume is so low for much of the
day that we did not hand out tickets there except for a short time most days. Figure 3-1 shows the
distribution of tickets collected by date for the ESP lot. Figure 3-2shows the distribution of
tickets collected by time of entry for the ESP lot. Figure 3-3 shows the distribution of access
times for the ESP lot. Table 3-2 contains the summary statistics for the access times from the

ESP lot.

12




Summary Statistics for the ESP Lot

# Of Observations | Average Access Time Minimum Maximum
215 9.6698 2 26
Variance 10 %tile 25 %tile 50 %otile
11.4932 6 8 10
75 Yotile 90 Yotile 95 Yotile 99 %otile
11 13 15 19

Table 3-2

Table 3-2 indicates that only a few tickets were obtained from this facility. The access times for

this facility were surprisingly high in variance. While a rapid access facility, access to the

terminal from this facility is subject to terminal roadway congestion. Even so, 50 percent of

passengers arrived at the terminal within exactly 8 and 11 minutes. Due to the small number of

observations, can be said about the high variance for this lot. It should also be noted that any

observation with an access time greater than 30 minutes was discarded. This will be discussed

more fully in the data appendix.

Not many tickets were handed out at the ESP facility during the highest volume days (January 3

and January 4). It is not possible to state that we have observed the behavior of this lot under

high volume conditions. This, combined with the small number of observations, makes the

results for this lot difficult to compare and forecast.
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Nearly all of the observations from this facility were obtained during the morning rush
hours. This is because the lot observes its peak use during this time. The steep decrease in
observations after 8:00 a.m. is partially attributable to the decrease in facility usage after this
hour and partially attributable to the surveyors not handing out tickets at this facility
throughout the day.

Access Time Fregquency Chart for the ESP Lot
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Figure 3-3

It is clear from Figure 3-3 that the access time for the ESP lot has high variance. While there is a

peak at 10 minutes (the mean), there is a broad range of access times from this lot.

Table 3-3 shows the average access time by day of week. The access times are relatively
constant. The low number of observations makes differentiating these differences very difficult.
It does appear that access times are higher on Mondays and lower on Fridays. The tests below

will cast more light on this.
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Average Access Time for the ESP Lot by Day of Week

Monday Tuesday Wednesday Thursday
10.463415 9.5833333 10.025641 9.4179104
Friday Saturday Sunday
8.1875000 9.5000000 :
Table 3-3

Table 3-4 shows the average access time by hour of day. Again, the small number of
observations makes differentiating these figures difficult. However, rush hour access was faster
than off-peak access. While this might seem counter-intuitive, there is a good reason for this.
During the early morning rush hour, there are almost no arriving flights at the airport. Thus, the
lower level roadway (arrivals) is nearly deserted. During this period, the shuttles from the ESP
lot and the satellite lots use the lower roadway to avoid congestion. It appears to work from the
small number of observations obtained. These figures do not include any queuing time before

arriving at the ESP lot ticket dispenser.

Average Access Time for the ESP Lot by Time of Entry

Early a.m. Rush Hour Late a.m. Off-Peak

9.4462 11.1034

Table 3-4

The average access times were tested to determine if they were truly different over days of the
week or times of day. The results are shown in Table 3-5 and Table 3-6. Table 3-5 shows the
results for the tests across days of week. It must be remembered that the Friday, Saturday, and
Sunday tests are subject to the low number of observation problems mentioned in the

methodology section.
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T-Tests for Difference in ESP Access Times Across Days of Week

Monday | Tuesday | Wednesday | Thursday Friday Saturday
Monday 0.00 1.00 0.57 1.51 2.48 0.39
Tuesday 1.00 0.00 0.52 0.21 1.41 0.03
Wednesday 0.57 0.52 0.00 0.92 2.05 0.22
Thursday 151 0.21 0.92 0.00 1.48 0.03
Friday 2.48 1.14 2.05 1.48 0.00 0.53
Saturday 0.39 0.03 0.22 0.03 0.53 0.00
Table 3-5

The numbers in italicized print are significant at the 10 percent level, those in bold print are
significant at the 5 percent level, and those in bold italicized print are significant at the 1 percent
level. The low number of observations may be contributing to the inability to differentiate
between access times by day of week. Despite the low number of observations on Friday, it does
appear that access times are lower on Fridays. The test used is not technically valid for the
number of observations on Friday, but the results are strong and they match intuition. Business

travel is lowest on Friday morning and we would expect more rapid access that day.

Table 3-6 shows the results for the tests across hour of day.

T-Tests for Difference in Means Across Times of Day
A.m. Rush Mid-Morning
A.m. Rush 0.00 1.63
Mid-Morning 1.63 0.00
Table 3-6

Again, the italicized print represents a statistic that is significant at the 10 percent level. Table
3-6 indicates that the early rush hour access times are lower than those for later in the morning.
The small number of observations does provide a bit of doubt about this conclusion, but it does

appear that the difference is significant. This provides evidence that utilizing the lower level
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roadway does save time accessing the terminal. The savings appear to be at least three minutes
(it is impossible to see the savings directly). More will be said of this after the drop-off data are

examined.

3.1.2 Satellite Results

The Satellite lots included in this study are the blue lot, the green lot, and for one day the Amtrak
lot. Results are presented for each of these lots individually and for the combined group. The
number of observations for these lots is sufficient to allow relatively reliable testing between the

different lots as well as the days of the week and times of day.

Table 3-7 contains the summary statistics for access from the satellite lots. It is immediately

clear that the number of observations was roughly equal between the two main satellite lots.

Summary Statistics for the Satellite Lots

# Of Observations Average Access Time Minimum Maximum

Blue 1419 19.2051 1 45
Green 1476 21.9085 1 45
Amtrak 84 18.3810 4 45
Total 2979 20.5213 1 45

Variance 10 %tile 25 %tile 50 %tile
Blue 41.0630 12 15 18
Green 43.2804 14 17 21
Amtrak 43.4917 12 14 17
Total 44.1099 13 16 20

75 %otile 90 %otile 95 %otile 99 %tile
Blue 23 28 32 39
Green 26 31 34 40
Amtrak 22 25 27 45
Total 24 29 33 40
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Table 3-7

The three lots also have very similar average access times. More observations were obtained
during high volume periods for the green lot than the blue lot and this may account for part of
this difference. More will be said about the relationship between access time from the blue and
green lots below. The Amtrak lot was only used for a Saturday afternoon and, as will be seen

below, access times are lower on weekends.

For the combined lots, 50 percent of passengers arrived at the terminal within exactly 16 to 24
minutes. This low variance was a surprise. There are many factors that affect the efficiency of
using the satellite facilities. This means of access is highly susceptible to terminal roadway
congestion. More will be said about dealing with terminal roadway congestion in the
recommendations below. Finally, any observation with an access time in excess of 45 minutes

was discarded. This is fully described in the Appendix.

Figure 3-4, Figure 3-5 and Figure 3-6 show the distribution of tickets collected by date for each
of the lots except Amtrak, which were only collected on Saturday, January 15. Note that Figure
3-6 is for all three-satellite lots (Amtrak included).

Figure 3-7, Figure 3-8, Figure 3-9, and Figure 3-10 show the distribution of tickets collected by
hour of entry for each of the lots. It should be noted that the Amtrak lot is not examined in detail
because there are only observations for this lot on one day. It is included in the total satellite

figures and analysis.
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Ticket Frequency by Date for the Blus Satellite Lot
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Figure 3-4

The blue lot was closed for the entire day January 3, 4 and 15. On days, this lot was closed for

parts of the day. The large number of satellite lot users on Fridays is apparent from this graph.
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Ticket Fregquency by Date for the Green Satellite Lot
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The green lot was closed the entire day on January 6 and for almost the entire day on January
15. The green lot was not collected with nearly the frequency of the blue lot when both lots were

opened and thus the ticket collection numbers are less telling.
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Ticket Frequency by Date for the Combined Sateliite Lots
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Figure 3-6

The large number of satellite lot users toward the end of the week is evident from this graph.
The low figure for January 9 was partially due to low satellite usage and partially attributable to
low staffing of surveyors that day. The increased use of the satellite lots during the second week
is quite obvious from these figures. A good part of the reason for this increase is that the
Washington Redskins played an away playoff game the last weekend of our study. In fact, the

satellite lots were totally filled and the Amtrak lot was used for most of the day on January 15.
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The hour of entry data are a bit deceiving for the satellite lots. Remember that staffing levels of
the study were highest in the early morning hours. While this is a high volume period for the
satellite lot, the afternoon hours also receive very high traffic volumes. Any frequency data are

affected by staffing levels. This is not true for average access time data.

Figure 3-11, Figure 3-12, Figure 3-13 and Figure 3-14 show the distribution of access times for

each lot and for the whole group of satellite lots.

Access Time Freguency Chart for the Blue Satellite Lot
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Access Time Freguency Chart for the Combined Satellite Lots
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Figure 3-14

The access time graphs show a clear pattern. The access time for each lot was close to 20

minutes. For each of the lots, this was a nearly central mean — meaning that the 50th percentile
user also accessed the lot in approximately 20 minutes. There is a slight skewing of the access
times to the right and this is evident in each of the graphs (as well as the fact that the median is

slightly lower than the mean for all three lots).

Table 3-8 shows the average access time by day of week. It is obvious that there is variance

across the week.
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Average Access Time for the Satellite Lots by Day of Week

Monday Tuesday Wednesday Thursday
Blue 19.759259 18.171233 18.669697 19.398058
Green 21.573034 21.408488 22.948413 22.825328
Amtrak
Total 21.267913 20.504780 20.522337 20.856877
Friday Saturday Sunday
Blue 20.408867 17.423841 20.000000
Green 22.953488 20.007092 21.160494
Amtrak 18.380952
Total 21.022430 18.606383 20.903846
Table 3-8

It appears that access from the Green lot is slower than from the Blue lot. The regression and
forecasting results confirm this. While it is possible that there are conditions that adversely
affected the Green lot and not the Blue lot during this period, that is not likely. It appears that
access from the Green lot is about 1-3 minutes slower than the Blue lot on average. The

regression results confirm that the access from the Green lot is slower.

Table 3-9 shows the average access time by hour of day. The early morning rush hour shows the
lowest average access time with the exception of the evening off-peak hours. Again, similar to
the ESP lot, the use of the lower level roadway seems to be quite effective in avoiding
congestion. The highest access times are found to be in the afternoon. This is not surprising
given that tourist traffic (the passenger most likely to use satellite parking) is a larger percentage
of departing passengers during these hours. In addition, the upper level roadway congestion
enters the access times from the satellite lots during this period (unlike the early morning when
the satellite shuttles utilize the lower roadway). The averages will be tested below to determine

if they actually are different across time of entry.
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Average Access Time for the Satellite Lots by Time of Day

Early a.m. Rush Hour Late a.m. Midday
Blue 18.1667 18.5645 19.026316
Green 19.9260 21.3708 22.393519
Amtrak 24.000000 18.344262
Total 19.1136 19.8845 20.494647

Early p.m. Late p.m. Rush Hour Evening
Blue 22.626016 20.837438 18.016949
Green 24.092742 23.981250 19.186047

Amtrak 17.941176 19.200000
Total 23.358247 22.182065 18.509804
Table 3-9

The differences in average access time are tested across both the day of week and the time of

day. These results are presented for individual satellite lots (except Amtrak) and for the satellite

group as a whole. These results are presented in Table 3-10, Table 3-11 and Table 3-12.

T-Tests for Difference in Means Across Days of Week — Blue Lot

Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday
Monday 0.00 1.54 1.10 0.36 0.64 1.37 0.16
Tuesday 1.54 0.00 0.94 2.19 4.00 0.51 1.52
Wednesday 1.10 0.94 0.00 1.50 3.58 0.86 1.14
Thursday 0.36 2.19 1.50 0.00 1.95 1.35 0.51
Friday 0.64 4.00 3.58 1.95 0.00 2.04 0.35
Saturday 1.37 0.51 0.86 1.35 2.04 0.00 1.42
Sunday 0.16 1.52 1.14 0.51 0.35 1.42 0.00
Table 3-10

We can see that it appears that access from the blue lot was slower on Friday than any other day.

In addition, it appears that access is slower on Thursday than on Tuesday. This does fit with our
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prior belief that access will be slower later in the week as the lots fill and weekend travelers

begin to use the lot with greater frequency.

T-Tests for Difference in Means Across Days of Week — Green Lot

Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday
Monday 0.00 0.30 2.26 1.90 1.78 241 0.56
Tuesday .30 0.00 3.07 2.53 2.22 2.54 0.38
Wednesday 2.26 3.07 0.00 0.20 0.01 4.85 2.56
Thursday 1.90 2.53 0.20 0.00 0.16 4.29 2.24
Friday 1.78 2.22 0.01 0.16 0.00 3.80 211
Saturday 241 2.54 4.85 4.29 3.80 0.00 1.57
Sunday 0.56 0.38 2.56 2.24 211 1.57 0.00
Table 3-11

The results here also support slower access from the satellite lots later in the week. Wednesday,
Thursday and Friday are much slower access times than the rest of the week. The weekend is the
fastest access time for this lot. These results are highly significant and so should be expected to

remain even with the added variables in the regression analysis below.

T-Tests for Difference in Means Across Days of Week — All Lots

Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday
Monday 0.00 1.56 1.52 0.80 0.47 5.23 0.55
Tuesday 1.56 0.00 0.05 0.89 1.26 4.85 0.70
Wednesday 1.52 0.05 0.00 0.84 1.21 4.84 0.66
Thursday 0.80 0.89 0.84 0.00 0.38 5.35 0.08
Friday 0.47 1.26 1.21 0.38 0.00 5.56 0.20
Saturday 5.23 4.85 4.84 5.35 5.56 0.00 3.89
Sunday 0.55 0.70 0.66 0.08 0.20 3.89 0.00
Table 3-12
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The only strong result for all lots combined is that Saturday access is much faster than other
days. This may be due to the use of the Amtrak lot the last Saturday of the study. The difference
in time from day to day is not strongly significant when all satellite lots are examined together.
More can be said of this in the regression analysis section once more explanatory variables are

added in the regression analysis section below.

The tests are also carried out between the blue and green lots for dates that both were active.
This is still not conclusive and the regression analysis will provide more insight into this. The
tests are presented in Table 3-13. The access time on the 5™ is lower for the green lot than the
blue lot. For every other date it is lower for the blue lot. Every date, except the 5™, this
difference in access time is significant at the 90 percent confidence level or greater. For seven of
the ten dates that both lots were in operation the difference is significant at the 99 percent level.
It should be noted that there are some dates with small numbers of observations and results from
these dates must be treated a bit more carefully. However, as stated above, it appears that access
from the blue lot is faster than from the Green lot. In fact, the difference in access time appears
to be larger when evaluated date by date than when examined by day of week. This implies that
the conditions were actually more favorable to rapid access for the Green lot than the Blue lot

during the entire sample period.

T-Tests for Differences in Blue and Green Lots’ Access Time by Date

January 5 January 7 January 8 January 9 January 10
0.59 3.20 3.61 1.36 1.37
January 11 January 12 January 13 January 14 January 16
4.01 7.50 5.04 4.90 7.83
Table 3-13

The results for differences in access times across time of day are given in Table 3-14, Table 3-15

and Table 3-16. Again, they are presented for each lot separately and then for the all satellite lots

combined.
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T-Tests for Difference in Blue Lot Access Times Across Times of Day

AM.
Late A.M. Midday Early PM PM Rush Evening
Rush
A.M.
0.00 2.17 1.75 5.97 4.64 0.23
Rush
Late A.M. 2.17 0.00 0.18 4.39 2.68 1.50
Midday 1.75 0.18 0.00 4.37 2.69 1.31
Early PM 5.97 4.39 4.37 0.00 2.04 4.83
PM Rush 4.64 2.68 2.69 2.04 0.00 3.41
Evening 0.23 1.50 1.31 4.83 341 0.00
Table 3-14

The differences in access time are fairly significant for most times of day for the Blue lot. The

early morning rush and the evening off-peak times definitely experience lower access times than

the rest of the day. The late morning and midday access times are less than the afternoon (both

peak and off-peak) times. These differences are nearly all significant at the 95 percent or the 99

percent level of confidence.

T-Tests for Difference in Green Lot Access Times Across Times of Day

'Ig‘ul\s/lh Late A.M. Midday Early PM PM Rush Evening
A.M. 0.00 4.50 4.27 7.83 5.79 1.03
Rush
Late A.M. 4.50 0.00 0.13 3.01 2.30 2.99
Midday 4.27 0.13 0.00 2.72 2.10 3.01
Early PM 7.83 3.01 2.72 0.00 0.15 4.63
PM Rush 5.79 2.30 2.10 0.15 0.00 4.21
Evening 1.03 2.99 3.01 4.63 4.21 0.00
Table 3-15

The results for the Green lot are nearly identical to those from the Blue lot. The early morning

rush and evening off peak access times are significantly different from the rest of the day.
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Again, the late morning and midday access times are lower than those for the afternoon. All of

these differences are significant at the 95 percent or 99 percent level. The results for the

differences in access time by time of day seem a bit stronger for the Green Lot than for the Blue

Lot.

T-Tests for Difference in all Satellite Lots Access Times Across Times of Day

AM.
Late A.M. Midday Early PM PM Rush Evening
Rush
A.M.
0.00 4.87 3.85 10.39 6.92 1.11
Rush
Late A.M. 4.87 0.00 0.65 5.62 2.89 3.64
Midday 3.85 0.65 0.00 6.02 3.35 3.15
Early PM 10.39 5.62 6.02 0.00 2.16 7.32
PM Rush 6.92 2.89 3.35 2.16 0.00 5.38
Evening 1.11 3.64 3.15 7.32 5.38 0.00
Table 3-16

Again, the early morning rush hour and the evening off-peak access times are significantly lower
than the rest of the day. In addition, the late morning and midday access times are significantly
lower than the afternoon access times. These differences are all significant at the 99 percent

confidence level.

3.1.3 Garage Results

The main garage is the highest volume access facility at the BWI airport (with the possible
exception of drop-offs at the terminal curbside whose volumes are not measured). The number
of observations for this lot is very high. Due to the high number of observations for this access
facility it is expected that the information about the access relationships will be most clear for
this facility. However, this facility seems to be the lowest variance facility at the airport and thus

it appears that the variables have the smallest effect on access times for the garage.
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Table 3-17 contains the summary statistics for the access times from the garage lot. The average

access time for this lot is the lowest of any facility at the airport (with the exception of direct

passenger drop-off at the terminal). The variance however, is the highest relative to the average

access time (again with the exception of drop-offs). This may imply that this lot is the most

susceptible to the factors that lead to congestion delay. More will be said of this with the

regression results.

Summary Statistics for the Garage Lot

# Of Observations | Average Access Time Minimum Maximum
9170 7.9479 1 30
Variance 10 %tile 25 %tile 50 %tile
14.1094 4 5 7
75 %tile 90 %otile 95 9%tile 99 %tile
10 12 15 22
Table 3-17

The percentile figures show that 50 percent of the passengers arrive at the terminal in within
exactly 5 and 10 minutes. In addition, 95 percent of passengers arrive at the terminal within 15
minutes. Of course, this does not take into account any queuing delay before the passengers

arrive at the garage ticket dispensers.

Figure 3-15 shows the distribution of tickets collected by date for the garage lot. Again, the
frequencies displayed on these charts reflect not only the volume of traffic in the lot but also our
efforts to hand out and collect tickets. This chart should not be interpreted as showing a 40
percent reduction in garage usage in the second week. The usage in the second week was lower,
but not by this much. The chart demonstrates that a large number of tickets were collected every

day of the survey from this facility.
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Ticket Freguency by Date for the Garage Lot
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Figure 3-15

Figure 3-16 shows the distribution of tickets collected by time of entry for the garage lot. This
figure indicates that we did collect tickets from every part of the day. In fact, our collection of
garage tickets, unlike the other access facilities, was relatively constant throughout the day. The
higher number of tickets from 7:00 to 9:00 a.m. reflects both a higher volume of traffic during
those hours and a higher staffing level during those hours. The marked decrease in tickets
collected after 7:00 p.m. reflects a much lower volume of arrivals in the garage facility

accompanied by the fact that we began to wrap up our operations during this hour.
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Ticket Frequency by Entry Hour for the Gaorage Lot
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Figure 3-16

Figure 3-17 shows the distribution of access times for the garage lot. As can be seen, the
distribution is quite steep. This means that a very large percentage of passengers accessed the
terminal in close to the same amount of time. More importantly, there is a large tail to the right-
hand side of the distribution. This means that despite low average access times, there are a
significant number of people who do not access the terminal nearly as quickly. We cannot
discern between those that took more time getting out of their cars and those that were delayed
due to congestion in the garage. The regression analysis will cast a bit more light on this
question. As in the case of ESP lot access, we discarded observations with access times greater

than 30 minutes.
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Access Time Frequency Chart for the Garage Lot
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Figure 3-17

Table 3-18 shows the average access time by day of week. There is a marked increase in the
average access time during the middle of the week. This is primarily caused by the facility

becoming full. The regression results will cast more light on this relationship.

Average Access Time for the Garage Lot by Day of Week

Monday Tuesday Wednesday Thursday
7.5929368 8.9925620 8.4105634 8.3478927
Friday Saturday Sunday
7.9251613 7.3337098 7.3552387
Table 3-18

Table 3-19 shows the average access time by hour of day. The relationship between rush hour
access time and off-peak access times is less dramatic than might be expected. However, some

of the affect of off-peak diminished congestion is mingled with the fact that the garage becomes
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more full during the day and then less full in the evening. Also, the type of passenger using the
facility may differ between time periods. For example, if the early morning rush hour passengers
are mostly business travelers who are familiar with the facility and moving quickly they would
have lower access times in general. If late morning or early afternoon travelers are mostly tourist
travelers who are less familiar with the facility and generally in less of a hurry, they would have
higher access times in general. It was impossible for us to discern the type of passenger during
the study. The regression analysis will provide much more information about the congestion

effect on garage access times.

Average Access Time for the Garage Lot by Time of Entry
Early A.M. Rush Hour Late A.M. Midday
7.57304 7.8296 7.9910233
Early PM Late PM Rush Evening
8.4897236 8.2730871 7.2668760
Table 3-19

Table 3-20 shows the results for the tests across days of week.

T-Tests for Difference in Means for the Garage Lot Across Days of Week

Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday
Monday 0.00 8.48 5.05 4.64 1.79 1.72 1.57
Tuesday 8.48 0.00 3.92 4.32 6.13 12.20 12.01
Wednesday 5.05 3.92 0.00 0.43 2.83 8.14 7.96
Thursday 4.64 4.32 0.43 0.00 2.46 7.60 7.43
Friday 1.79 6.13 2.83 2.46 0.00 3.68 3.54
Saturday 1.72 12.25 8.14 7.60 3.68 0.00 0.18
Sunday 1.57 12.01 7.96 7.43 3.54 0.18 0.00
Table 3-20
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The differences in access times are all statistically significant. With the exception of a few, all
are significant at the 99 percent level. So, we can conclude that access is faster on weekends
than the rest of the week; access is faster on Monday than the rest of the weekdays; Tuesday is

the slowest access day; midweek access is slower than Monday and Friday access.
This fits with the idea that garage access times ar