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Outline 

• Why is MIT involved? 
 

• What is “Departure Metering” and why is it needed? 
 

• What is the JFK Departure Metering Program? 
 

• What are the impacts of the JFK Departure Metering 
Program? 
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Exploring methods to 
improve efficiency of air 

transport system 

 
 
 
 
 

Understanding and 
mitigating environmental 

impacts of aviation 

 
 
 
 
 

Prototyping and benefits 
assessment of advanced 
air traffic control systems 

Why is MIT Involved? 

MIT Lincoln Laboratory 

MIT  MIT  
ICAT  ICAT  

MIT International Center 
for Air Transportation 

Partnership for Air Transportation 
Noise and Emissions Reduction 
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• Meeting demand 
for air 
transportation... 
 

•  while reducing 
environmental 
impacts 

Noise 
Air Quality Climate 

A Key Challenge for Commercial Aviation 
in the 21st Century 

ICAO Environmental 
Report, 2010 Revenue Passenger Kilometers (millions) 
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Air Transportation Inefficiencies 

• Advanced operations have potential to address some air transport 
inefficiencies relatively quickly (compared to other mitigations) 
with existing fleet 

Departure Terminal Area

Arrival Terminal Area

En Route Airspace

Restricted
airspace

Adverse 
weather

Departure
procedures

Arrival
procedures

Holding

Congested
airspace

Expensive
airspace

Departure fix

Arrival fix

Taxi-out

Taxi-in/Gate
Take-off

Landing

Gate

Flight
planning

5 



© Massachusetts Institute of Technology, 2011 

• Optimized Profile Descents 
• Low Power/Low Drag 

approaches 

•  

• RNP/RNAV 
procedures 

• Continuous climb 
• Optimal thrust 
• Dispersal headings 
• Low population over-

flight routes 

Surface Take-Off

Departure/Climb

Cruise

Descent/Approach

Landing

Taxi-In

ORIGIN
AIRPORT

DESTINATION
AIRPORT

Push-
back

“Gate-to-Gate” Operational Mitigations 
MIT current focus areas in bold 

• Horizontal route efficiency 
• Vertical profile efficiency 
• Speed profile efficiency 

• Contrail avoidance 

• Surface congestion 
management systems 

• Single-engine taxi 
• Tow-outs 

• APU/ground power management 
• Airport layout improvements 
• Improved airline/ATC coordination 

tools 
 

Miscellaneous 
• Integrated ATC automation 
• Airspace re-design 

• Reduced contingency fuel 
• Increased ATC priority for environmental performance 
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• RNP/RNAV 
procedures 

• Continuous 
Descent Approach 
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Outline 

• Why is MIT involved? 
 

• What is “Departure Metering” and why is it needed? 
 

• What is the JFK Departure Metering Program? 
 

• What are the impacts of the JFK Departure Metering 
Program? 
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Departure Metering = Element of 
Surface Congestion Management 

• Surface congestion => increased taxi times, fuel burn & emissions 
 

• Annually, at major airports in the United States (2009 ASPM) 
– Over 32 million mins taxi-out delay (over unimpeded times) 
– 130 million gallons excess taxi fuel => $260-390 million @ $2-3/gallon 

 
• Departure metering can help: 

# departing aircraft 
that airport can 

efficiently handle 

Time Interval: 1 

Max 
efficiency 
limit 

2 3 4 

“Excess” flights held until 
   later time intervals when  
      they can be more efficiently 
         accommodated 

Excess 
congestion 
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Implementation Currently being 
tested at/by: 

Inform ATC of max efficiency limit, 
ATC determines who pushes when 

  Boston (BOS) 
  “Pushback rate  
  control” 

Allocate quotas to airlines, who 
then allocate flights within quota 

  Memphis (MEM) 
  Orlando (MCO) 
  “CDQM” 

Allocate push times to specific 
flights with airline collaboration 

  New York 
  (JFK) 

Implementing Departure Metering 

• Specifics of implementing metering concept depends on 
airport characteristics and level of sophistication desired 
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Departure Metering Concept 

• At times of high congestion, hold “excess” aircraft at gate or other 
designated area (ideally with engines off) to reduce surface 
congestion & fuel burn while not adversely affecting wheels off or 
airport throughput 
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BOS: Pre-metering 
16 a/c in queue 

BOS: Post-metering 
10 a/c in queue, 6 being held 
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Departure Metering Concept 

• At times of high congestion, hold “excess” aircraft at gate or other 
designated area (ideally with engines off) to reduce surface 
congestion & fuel burn while not adversely affecting wheels off or 
airport throughput 

 

JFK: Pre-metering 
15 a/c in queue 

JFK: Post-metering 
8 a/c in queue, 8 being held 
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Departure Metering Concept 

Traffic Metric 
e.g. # aircraft on airport surface or in queue  

D
ep

ar
tu

re
 ra

te
 

Saturation 
point 

Impacts of metering 
all flights above control point 

Control 
point 

Airport X, Configuration Y, Condition Z 
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Outline 

• Why is MIT involved? 
 

• What is “Departure Metering” and why is it needed? 
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• What are the impacts of the JFK Departure Metering 
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What is the JFK Departure Metering Program? 

• Goals of the Program: 
– Reduce fuel burn 

Reduce air emissions 
Reduce cost 
Reduce fuel load 

– Enhance the passenger experience through fewer and shorter 
onboard delays 

• History: 
– 2002: JFK/LGA begin early form of departure metering for deicing 

operations 
– 2002-2010: fourteen other airports adopt the same program for 

deicing and/or field condition reporting 
– February 2010: JFK expands the departure metering program 

(software and processes) to full-time to address five month runway 
closure 

– July 2010: JFK runway reopens, airlines unanimously elect to 
continue departure metering at JFK  
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JFK Departure Metering Process 

• Collaborative process involving all carriers 
• Utilizes a “Virtual Queue” (VQueue™) 

– Departures allocated and sequenced based on schedule, 
actual demand, and actual capacity 

– Delays taken at gate/“metering area” rather than active queue 
– Aircraft “delivered” to tower with less congested path to 

runway 
• Process 

– Departure plan submitted and/or modified by carriers 
– Automated slot management based on “ration by schedule” 
– PASSUR assesses: 

Predicted and current system performance (airspace & 
surface) 
Rates set by tower 
Arrival operation status 
Departure demand & capacity   
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JFK Departure Metering Process 
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Objectives of MIT Study 

• First order assessment of JFK departure metering 
program in terms of taxi time, fuel burn & CO2 
emissions 

 
• Many other potential impacts of metering operation: 

– Throughput 
– Gate usage 
– Holding area usage 
– Ground crew operations 
– Passenger connectivity 
– Bag connectivity 
– Airport terminal occupancy 
– Airport terminal revenues 
– etc.  
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Basic Analysis Approach 

• Compare taxi times, fuel burn & 
emissions pre/post metering 
implementation, everything else 
being as equal as possible 

– Demand 
– Capacity 
– Airport configuration 
– Weather/ATC constraints (EDCTs, 

MITs,  ) 
– Equipment status 
– etc  

 
• Runway 13R/31L under 

construction 1 Mar-31 Jul 2010 
– Pre-metering assessment period: 

1 Jan 2009-28 Feb 2010 
– Post-metering assessment period: 

1 Jul-31 Dec 2010 
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Basic Analysis Approach 

• In practice, very difficult to normalize for all operational factors 
• Some “similar” days found based on throughput, config, wx 

 
 
 
 
 
 
 
 
 
 
 
 

• For broad applicability, derived statistical relationships between 
metering and taxi time impact from set of sample days and applied 
found relationships to all data 
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Data Sources 

• FAA Aviation System Performance Metrics (ASPM) data 
– Flight-specific OOOI (OUT, OFF, ON, IN) times 
– Airport throughput in 15 mins intervals 

• Airport Surface Detection Equipment-X (ASDE-X) 
– Position in active movement area (not ramp) at 1 sec update 

• PASSUR metering hold data 
– Flight-specific desired vs. metered slot times 

Gate 
OUT 

Spot 
ASDE-X pickup 

Wheels 
OFF 

ASPM OUT-to-OFF Pre-metering 
taxi time 

ASDE-X Spot-to-OFF 
Post-metering 

taxi time Out-to-Spot 
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PASSUR Hold time (gate, non-movement, movement area) 

ASPM/ASDE-X/PASSUR 
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Key Concepts in Analysis 
Methodology 

• Define appropriate congestion metric & variation 
pre/post metering 

– “Takeoff queue” = # of other aircraft that take off between 
pushback and wheels off for a flight 

– Different from number on surface due to possible “overtakes” 
 
 

 
 

– Example: 
Flight ABC123, push-back 12:00, wheels-off 12:30 
During ABC123 taxi-out, other a/c depart at 12:05, 12:10, 12:15, 
12:20, 12:25 
“Take-off queue” for ABC123 = 5 
 

– Tried other metrics but this was most robust 
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ABC123 
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Key Concepts in Analysis Methodology 

• Establish how congestion metric relates to taxi time on 
representative sample days 

 
 
 
 
 
 
 
 

 
• Determine fuel burn impacts of metering 

– Assumed holds > 10 mins with engines off, APU on 
– Match individual aircraft to engine types (fleet database) 
– ICAO-certification ground idle fuel flow numbers for engine types 
– Fleet average fuel flows established (JFK av fleet = 6.1 gallons/min) 
– Explored sensitivity to single-engine taxi % 23 
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Configuration 

Scaling Factors Summary 

• Differences in scaling factors show benefits of metering differ by 
configuration 

– Benefits greatest for configurations with lowest declared capacity 
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    32         32             42                  54   51        43            32        
Declared Capacity (ADR) 

20% 15% 8% 8% 7% %VMC hold mins: 20% 

Early = 1 to 5 pm. All others are 5 to 9 pm. 
Whiskers = 5 mins (high) and 9 mins (low) gate-to-spot 

correction factor 
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Annual Monetized Benefits of JFK Metering 

• 14,800 hours taxi time reduction 
• 5.0 million gallons fuel saving: $10.0-15.0 million at $2-3/gallon 
• 48,000 metric tons CO2 saving 

 

MIT “best estimate”: 
$11.2 million annual taxi 
fuel saving at 2010 av. 
fuel price ($2.24/gallon) 
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Other Operational Impacts 

• Need to carefully monitor impacts of metering to ensure no 
adverse operational consequences 

– Gate conflicts 
– Increased ramp congestion 
– Lost throughput 

 
• To first order, no evidence of adverse consequences at JFK 

– Further study recommended into scaling factor differences and taxi-
in/throughput differences with some configurations 

0

2

4

6

8

10

12

14

16

18

Total 17 18 19 20 21

Local Hour

A
ve

ra
g

e 
T

ax
i-

in
 T

im
e 

(m
in

)

Pre-SCM, July 1 -Dec 31 2007 Pre-SCM, July 1 -Dec 31 2008
Pre-SCM, July 1 - Dec 31 2009 Post-SCM, July 1 - Dec 31 2010

  



© Massachusetts Institute of Technology, 2011 

Summary 

• Major challenge to meet demand for air transportation 
while reducing environmental impacts 

 
• Departure metering an important operational mitigation 

 
• Departure metering being studied at various airports 

– Implementation approaches vary by airport 
 

• Estimated annualized reductions of 14,800 hrs taxi time, 
$11.2 million fuel & 48,000 metric ton CO2 from 
departure metering operation at JFK 

 
• Need to explore other operational impacts 

– Currently exploring throughput: no impact to first order seen 
pre/post metering 
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Questions? 

Post-metering 
9/9/2010, 19:12-19:20 

Pre-metering 
2/11/2010, 19:12-19:20 
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