
Airport Throughput Capacity 
Limits For Demand Management 

PlanningPlanning

Lance Sherry
Vi k KVivek Kumar

( C S 13th 2009)(ICNS: 13th May, 2009)

CATSRCATSR



AcknowledgementsAcknowledgements
• Tony Diana, Akiro Kondo, Stephanie Chung y , , p g

(FAA)
• Maria Consiglio, Brian Baxley, Kurt Nietzche 

(NASA L l )(NASA, Langley)
• Norm Fujisaki, Terry Thompson (Metron Aviation 

Inc )Inc.)
• Ira Gershkoff (Slipstream Aviation)
• George Donohue John Shortle Mike• George Donohue, John Shortle, Mike 

Henriques, Claudia Antezano, John Ferguson, 
Guillermo Calderon-Meza (GMU/CATSR)

CATSRCATSRCATSRCATSR 2



Airport Capacity
• Airport Capacity is a significant “Control 

Lever” for NAS performanceLever  for NAS performance
• Airport Arrival Rate (AAR)
• Airport Departure Rate (ADR)• Airport Departure Rate (ADR)

• Airport Capacity determined by:
1 R C fi ti1. Runway Configuration

• Wind, Noise abatement
2 R Th h t2. Runway Throughputs

• Separation distance (Ceiling, visibility)
• Staffing
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Demand ManagementDemand Management

• Demand Management is conducted underDemand Management is conducted under 
the jurisdiction of:

IATA Slot Allocation (IATA 2000)– IATA Slot Allocation (IATA, 2000)
– FAA High Density Rule (FAA, 1968)

D d M t t il fli ht• Demand Management curtails flights 
delays by scheduling flights within the 
C it Li it f th i tCapacity Limits of the airport 
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HDRHDR
• High Density Rule, established limits on the g y

number of takeoffs and landings allowed by the 
incumbent airlines at five U.S. airports

1. Chicago O’Hare International, g ,
2. Newark

– 81 arrivals and departures slots per hour (i.e. 1458 slots 
between 6am and 10pm or 20.25 slots per 15 minutes)

3 JFK3. JFK
– 81 arrivals and departures slots per hour (i.e. 1458 slots 

between 6am and 10pm or 20.25 slots per 15 minutes)
4. LaGuardia

– 75 arrival and departure slots per hour (i.e. 1350 slots 
between 6am and 10pm or 18.75 slots per 15 minutes)

5. Washington Reagan National 

CATSRCATSRCATSRCATSR 5



Requirements on Demand 
M C i Li iManagement Capacity Limits:

1. Established at least one year/six months in y
advance

2. Should account for variability in Airport 
C iCapacity

• Runway configuration changes
– Wind direction and magnitude

• Throughput changes due to separation distance (IFR, 
MVFR, VFR)
– Visibility and ceiling

• Staffing, Service Reliability, etc..

3. Reflect economics of operations
• Cost of Delays vs. Cost of Under-utilized Capacity
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Cost of Delays vs. Cost of Under utilized Capacity



Performance at HDR AirportsPerformance at HDR Airports
• When Schedule is in excess of Capacity -> p y

Ground Delay Program (GDP)
• GDP allocates delays according to Schedule 

arrival timesarrival times
– First-Scheduled/First-Allocated

• GDP allows airlines to prioritize their own flights 
(b i ) di t th i bj ti(by swapping) according to their objective 
functions (i.e. cost, revenue structures)
– Continental prefers all day GDP at EWRp y

• to maintain network schedule integrity (not end GDP in 
middle of bank)

• to swap flights
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Performance at HDR AirportPerformance at HDR Airport
• Why is use of GDP at HDR airports growing?
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Performance at HDR AirportsPerformance at HDR Airports
• Why is Duration of GDPs at HDR airports increasing?
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QuestionsQuestions
1. What is the variability in Seasonal Airport y p

Capacity at OEP-35 airports?
2. What is the Optimal Airport Capacity in the 

presence of variabilitypresence of variability
– minimize under-utilization AND over-scheduling

3. What is the Optimal Airport Capacity in the 
f i bilit AND tpresence of variability AND operator

preferences?
– What is the value of Lost Profit for  Under-

scheduled Capacity?
– What is the Cost of Delays for Over Scheduled 

Capacity?
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ObjectiveObjective

• Analysis of:Analysis of:
1. Seasonal Declared capacity at the OEP-35 

airports
2. Profits and Costs of Delays of operations at 

these airports
3. The “economically optimal” airport capacity

• The optimal airport capacity trades 
– the value of lost profits of under-utilized capacity duringthe value of lost profits of under utilized capacity during 

a season
– costs of delays that are the result of variability in the 

available capacity during this season 
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Data SourcesData Sources
• Federal Aviation Administration (FAA) Aviation System Performance 

Metrics (ASPM) airport databaseMetrics (ASPM) airport database 
– June 2008 to August 2008 
– The following fields were used:

• Airport ID – this field identifies the airport with the FAA 3 letter code
• AAR (Airport Arrival Rate) – declared arrival capacity for airport in each 15 

minute period between 6am and 10pm local time
• ADR” (Airport Departure Rate) – declared departure capacity fore the airport 

for each 15 minute period between 6am and 10pm local time
• RwyConf (Runway configuration) the configuration of the runways during• RwyConf (Runway configuration) – the configuration of the runways during 

the 15 minute period

• BTS (Bureau of Transportation Statistics)
– Airline On-Time Performance (AOTP) - Average delay
– T100 (BTS) - ‘number of passengers’
– DB1B (BTS) - Airfare
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C it C Ch t (CCC)Capacity Coverage Chart (CCC)
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OEP-35 Airport Variabilityp y
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Less Fluctuation in Capacity
ATL (Fl CCC)- ATL (Flat CCC)

• Probability distributions for 15 minute Capacity at Airports• Probability distributions for 15 minute Capacity at Airports
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Uniformly distributed capacity (symmetric runway config, throughput)



High Fluctuation in Capacity
BOS (S lik CCC)- BOS (Step-like CCC)

• Probability distributions for 15 minute Capacity at Airports
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Non-uniformly distributed capacity (asymmetric runway config, throughput)



Range of Variation in Seasonal Airport 
C it f OEP 35 Ai tCapacity for OEP-35 Airports
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OEP-35 Airport Variability
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7 airports experience declared capacity below 0.8 of maximum capacity 
more than 20% of the time. 

CATSRCATSRCATSRCATSR 19

•13 airports experience declared capacity below 0.8 maximum capacity 
more than 10% of the time



Quantify the better CCC of 
Airports?Airports?
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Airport Capacity ReliabilityAirport Capacity Reliability

ACR = (Weighted Mean) / (Standard Deviation)ACR =  (Weighted Mean) / (Standard Deviation)
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OEP-35 Airports Ranked by Airport 
Capacity Reliability (ACR)p y y ( )
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Trade-Off Between Delay and 
U d tili tiUnderutilization

High Delays , Low Underutilization

Less Delays , High Underutilization
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Trade-off Lost Profits v. Delay Costs

Lost Profits due to Under-Utilization

Costs due 
to Over-

Scheduling
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“Optimum” Airport Capacity
• Optimum Airport Capacity as a percent of Max Capacity where:

Number of Under-utilized Slots = Number of Over-scheduled Slots
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Assumption: Cost of Delay for over-scheduled flight = Cost of lost Revenue for under-
utilized flight



Asymmetry in Delay and 
Underutilization CostUnderutilization Cost

Unit Delay Cost = Unit Underutilization Cost

( flights / t)

t

$/flight

CATSRCATSRCATSRCATSR 26

Delay Cost per aircraft
Profit Lost per unutilized slot



Assumptions
• No economies of scale:

– Delay incurred per additional aircraft = Current 
average delay 

– Revenue generated per aircraft = Average revenue 
generated by aircraft flying in/out of the airportgenerated by aircraft flying in/out of the airport

• For a given airport, all aircrafts have equal # of 
seats (= average size of aircraft for that airport).seats (  average size of aircraft for that airport). 
Also, load factor is assumed t be 100%. 

• Market competition is not taken into account.p
• Cargo revenue is not included.
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Delay Cost
• Estimated Direct Operating Cost per aircraft hour = $2000* ( ~ 

$33/min)

dAri               = average arrival delay for flights landing at airport i
dDpi             = average departure delay for flights departing airport i
nAri = total number of arrivals at airport inAri               total number of arrivals at airport i
nDpi             = total number of departures at airport i
avgDeli = average delay per operation at airport i

avgDeli =  [ (dAri  * nAri ) +  (dDpi  * nDpi )  ] / (nAri  + nDpi )

• Total Delay Cost =
i is

index 
for

33.3 * (# of Flight Delayed)  * (avgDeli)
for 

Airport
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Estimated Average Costs of Delay 
Fli hper Flight

Estimated Average Cost of Delays at OEP-35 Airports
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Loss of Profit Due to Underutilization

avgProfit = 2 5% * avgRev Total Lost Profit =
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avgProfiti = 2.5% * avgRevi Total Lost Profit =
(# of Slots Unused)  * (avgProfiti)



Estimated Average Lost Profits per 
Fli h

Estimated Loss of Profit due to Unused Capacity at OEP-35 Airports
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Ratio of Delay and Underutilization 
C P Fli h (RDU)Cost Per Flight (RDU)

• RDUi = avgDeli / avgProfitiRDUi = avgDeli / avgProfiti
• RDU for an airport is the ratio of cost of 

delay due to scheduling an extra flight todelay due to scheduling an extra flight to 
the opportunity cost lost due to not using 
an available slotan available slot.
– RDU > 1 : Delays more costly than 

UnderutilizationUnderutilization
– RDU < 1 : Underutilization more expensive 

than Delays
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Ratio Delay Costs/Lost Profits
(RDU)(RDU)
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Optimal Airport Capacity (with Cost of 
D l d U d ili i )Delays and Underutilization)

Min 79.1

Max 99 8

Average

Max 99.8

Mean 94.3

Median 95.3

( flights / t)

t

( flights / t)

$/flight
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ConclusionsConclusions
1. 13 of the OEP-35 airports exhibit variations in runway configurations that 

result in a reduction of more than 20% in capacity more than 10% of theresult in a reduction of more than 20% in capacity more than 10% of the 
time.

• Cleveland, Boston, Cincinnati, San Francisco, Chicago O’Hare, JFK.
2. 24 of the OEP-35 airports –

• Average Costs of Delays per Flight > Average Profits per FlightAverage Costs of Delays per Flight >  Average Profits per Flight
• JFK, Newark, La Guardia

3. Optimum airport capacity for Demand Management
• ranged from 81% to 100% of the maximum airport capacity
• average optimum airport capacity was 93% of the maximum airport capacity. g y y
• Twelve airports, including Boston, JFK, Newark, and San Francisco, exhibited an 

optimum airport capacity below the average 93%.
4. The range of the RDU per flight indicates the non-homogeneous nature 

of the service providers in the NAS and the need to take into account the 
airline revenue and cost structures in determining resource availabilityairline revenue and cost structures in determining resource availability. 

5. Third, “economically optimal” capacity limits established to trade-off 
delays and underutilization, provide a rational approach to assigning 
capacity limits that take into account airline preferences.
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Future WorkFuture Work

• Improved fidelity of Airline DirectImproved fidelity of Airline Direct 
Operating Cost and Profit Margin

• Actual throughput per 15 mins vs reported• Actual throughput per 15 mins vs reported 
AAR and ADR
U i M i l C t f D l d• Using Marginal Cost of Delays and 
Underutilization to include ‘Economies of 
S l ’Scale’
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Questions?Questions?

CATSRCATSR



3 Optimal Capacity (Variance & Ops)3. Optimal Capacity (Variance & Ops)
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Impact of “Economics” on 
O i l Ai C iOptimal Airport Capacity

Optimum Airport Capacity (Variance Only) Optimum Airport
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Summary of ResultsSummary of Results

Airport Capacity Variability/Reliability

High Low
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RDU RDU

High Low High Low
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How does OOP change
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Optimal Airport Capacity
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Optimal Airport Capacity
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RDU vs Optimal Capacity (Var Only)

High Airport Capacity 
Variance AND High RDU, y) schedule more conservatively 
(OOP < 93%) (Green and 
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Sensitivity of RDU to Fuel PricesSensitivity of RDU to Fuel Prices

Optimum Airport Capacity is sensitive to increases 
in RDU at:

airports with changes in capacity• airports with changes in capacity
• High variability (green), 
• Med variability (blue)
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Increasing fuel prices


