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Problem/Issue

# Predict delay in domestic flights departing
from Washington DC Metro Area before the

actual flight day

#* \Why? - More information is available on flight
o performance once the flight takes off but not

" before-hand

# Customer Point-of-View - Airlines are among
the companies that process significant
amount of information for operational
efficiency




Data for Analysis

# Bureau of Transportation Statistics

Extensive resources in every form of
transportation

Databases and Consumer Reports

Mission - To lead in developing
transportation data and information of high
guality, and to advance their effective use
In both public and private transportation
decision making.

WWWw.transtats.bts.gov



http://www.transtats.bts.gov/

BTS Data

# \Who uses the data from BTS?
Congress and Federal Agencies
State and Local Governments
Metropolitan Planning Organizations
Universities

Private Sector

General Public — Us!!
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Airline On-Time Statistics

Summary Statistics Detailed Statistics Special Repors

Detailed Statistics

Detailed statistics are collected and reported by the Bureau of Transportation Statistics an flight delays,
cancellations and diversions for the nation's major airlines and the airports they semve since 1995;

® Departure Statistics with scheduled departure time, actual deparure time, scheduled flight time,
actual flight time, departure delay, wheels-off time and taxi-out time

(O Arrival Statistics with scheduled arrival tirme, actual arrival time, scheduled flight time, actual flight
tirme, arrival delay, wheels-on time, taxi-in time

' Airborne Time by airport and airline for individual flights
() cancellation b airport and airline for individual flights

) Diversion by airport and airline for individual flights

et




-
S

BTS Data

# Departure Statistics Variables
Scheduled Departure Time
Actual Departure Time
Scheduled Elapsed Time
Actual Elapsed Time
Departure Delay

Wheels-off Time

Taxi-out Time




BTS Data - Query

#* Airport
DCA — Reagan National
BW!I — Baltimore International
|AD — Dulles International

#* Alrline

Continental, Delta, Northwest, Southwe
US Airways

#* Date (one week)
May 10 — May 16 2003




BTS Data

Airport: Baltimore, MD - BaltimoreMVashington International (BWI)
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# Database Tables
@ Carrier Codes
Y Destination Airport




Additional Data

# Modified Variables

Destination Airport - Regions

5 geographic regions (Northeast, North-
Midwest, Southeast, South-Midwest, West)

Date - Day of the Week

Scheduled Departure Time - Minutes
Transformed into minutes through a formula

v {(hh,mm/60)/24}*1440

b Ex: 09:45 am - (9,75/24)*1440 = 585 mn.




Additional Data

#* \/ariables Added

Weather Condition (www.weather.com)
Flight Status (Delayed/Not Delayed)

Delay 1 Delay 2
AL A
B I 4 \
>
Scheduled Actual heel Scheduled Actual
Departure ~ Departure W ee s-off Arrival Arrival
Time Time time Time Time


http://www.weather.com/

Additional Data

#* Flight Status — Delayed/Not Delayed

Delay = Departure Delay + Actual Elapsed
Time — Scheduled Elapsed Time

If Delay < 10min = Not-Delayed
If Delay > 10 min - Delayed
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Issues with Data Collection

# Avallability of the data
Query on database vs. all data
Departure Statistics vs. Arrival Statistics

#* Format of the data
Text with spaces
Time format (text vs. time)

# Technical definitions of the variables
Scheduled Elapsed Time etc.




Issues with Data Collection

# \\Weather variable

Past weather statistics — average
temperature vs. weather condition
(sunny/cloudy etc.)

#* [rrelevant observations
International Flights (Mexico)

Flights with Actual Elapsed Time =0
» Cancelled Flights




Putting It All Together - Data

# Size = 2,388 (n) * 7 (k)
#* Observation = Flight

#* Flight Status (Delayed/Not Delayed)

a function of...
Carrier
Departure Airport
Day of the Week
Time of the Day
Weather
Destination Airport




ii¢ Sample Data

Departure . Day of the Destination - - - -
Airport Carrier Code Week Weather Airport Begion Time_in_Minutes Flight S5tatus

DA, Delts Wednesday Clear Iy Jl lrﬂll-' ast 1110 Mot Delayed
7 Bl southwes Friday Cloudy/Hain Wiest b50 Mot Delayed
A= Southwes Friday Cloudy/Rain Wies 1175 Mot Delayed
1 DA, Delta Thursday Clear Wortheas 1050 Mot Delayed
Bl Southwest Friday Cloudy/Hain YWes 1060 Mot Delayed
' southwes ""l-ldru-' ay Wias 4.0 Yot Delayed
southwes 3 580 Mot Delayed
southwest  Wednesday 1175 Mot Delayed
southwes Thursday . Wies 1060 ["-J ot EIE!I:' ved
Southwes Thursd Y “lear Widas 1175 ]
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Carrier Code
Cantinental
Delta
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# Correlations (Chi-Square)

Pwalues Departure Airport  Carrier Code Day_Grouped Weather Air ?:ft;.::E: Flight Statuxs

Departure Airpork

Dectination

ai=l i
Airport_Hegion 0.942

* Low p-value says that variables are not independent

* Carrier Code, Departure Airport and Destination Airport are correlated due ta the routing decisians
airlines make




How did summary stats help?

# Overall understanding of the data

#* How to handle dummy variables
Change In reference categories
« DCA > IAD

Day of the week

» Weekend vs. Weekday
» Mon-Wed vs. Thu-Sun

-
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nalysis of Data




Analysis Technigue

# | ogistics Regression

The gqualitative nature of the response
variable

The gqualitative nature of the predictor
variables (other than departure time)

The binary distribution of predictor
variables

# Discriminant Analysis

To validate/double-check the findings from
the logistic regression




Modeling Process

# Getting the data ready for analysis
Creating Dummy Variables
Partitioning Data (60%-40%)
» Main objective Is to predict
Various combination of variables put int
the model
» Common Sense

» Chi-Squared
» Summary Statistics




Modeling Process

# Cut-off value calculation
Success Class = Delayed

Cut-off value = the probabillity of delay from
3 departure airports in May 2003

% of Delayed
Flights™

=rand Total

* Bureau of Transportation Statistics -
5 | Ayiation Consumer Report July 2003




Modeling Process

# Cost for various errors

Classfication Confusion Matrix
Predicted Class

Actual Class Delayed| MNot Delaved

Delayed

Mot Delayed

.....

The cost of ‘b’ Is not equal to the cost of ‘C’

The relative costs change from customer-
to-customer (business vs. leisure)

No fact on the relative importance of costs
of ‘b’ and ‘C’




Models

#* Model A

Input variables

Th-Su
Cloudy Rain

S3407452

Mull deviance
Model devianc
lmprovement

p-value
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Models

* Mode| C  "mememrmmre

Input variables ici Std. Error
Constant term ’ Ly
Defta 2

Time*Day

Error Report
| #Cases| #Erors| % Error]
B MUl deviance 18997046
Madel deviance . 1823.7226
-
-

._r'5 G520

Improvement

p-value

Error Report

Gioss | ceses] wErmors] iiror




Model Comparison

# Overall Error as well as Error in Delayed
Flights

More weight on error in delayed flights

Error
Linear Delayed
Regression Owverall

Error
; Discriminant Delayed
R | Analysis  Cwerall



Constant term
Celts 2

Time*Day

#* Delta_ 2

Odds

037025481 01833163 0.0492533 1.445310355
0.00122352( 0.00013436 ol 1.001229:32

053791696 023616017 0.02274065
04101131 | 0235973959

The odds of Delta flight getting delayed Is
1.45 times the odds of a flight from one the

other 4 airlines getting delayed, when all
other predictor variables are held constant



Std. Error

Constant term 0 253806627 ]
Delta 2 037025451 015853163 0.049253535
Time*Day 000122552 0.00015436 al 1.00122952
B2 23616017 0.0227406858| 0.583396339

041011131 23597959 5| D.EE3STESE

¢ = Time*Day
For flight on Monday thru Wednesday, the time of

the flight doesn’t necessarily contribute to the
odds of delay, when all else is constant

For flights on Thursday thru Sunday, any
additional minute in the time of the flight,
Increases the odds of delay by a factor of 1.001,
when all other variables held constant

An additional hour 2> a factor of 1.08 increase




Odds

Constant term
Delta 2 037023481 01883163 0.0492833] 144810355
Time*Day 000122552 0.000154356 o 1.00122952
053791696 023616017 002274065
041011131 023597959

0 = BWI_2
The odds of a flight out of BWI getting delayed Is

0.58 times the odds of a flight out of IAD getting
delayed when all other predictors are constant.

» DCA 2

The odds of a flight out of DCA getting delayed Is
0.66 times the odds of a flight out of IAD getting
delayed, when all other predictors are constant.




%Q What does it really mean for
A yOur)

# Don’t fly Delta out of Washington DC Metro
Area! — if you don’t have to!

#* Your airport preference should be BWI, DCA
~*and IAD to minimize the odds of delay
% Try to fly on Monday, Tuesday or Wednesday
"~ = If you need to fly on the other days, then fly
as early in the day as you can.

# Your destination doesn’t necessarily have too
much to do with the delay

. = The weather conditions will be addressed
i under recommendations




Recommendations

# More data covering a larger time frame
A month
A year (to account for seasonality)
#* \Weather — Day of the week
complication

Mon-Fri - Cloudy

Sat-Sun-> Clear

-
S
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