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BOS airport operations (6/30/2012) 
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Motivation:  
Impacts of surface inefficiencies 

  Inefficiencies lead to increased taxi times, fuel burn, emissions 
  Annually, at major airports in the United States (2009 ASPM) 

  Over 32 million minutes taxi-out delay (over unimpeded times)  
  Over 13 million minutes taxi-in delay (over unimpeded times) 

  Terminal-area volume responsible                        
for 19% of delays at OEP 35             
airports in 2009 

  Aircraft in Europe are estimated                  
to spend 10-30% of their time        
taxiing [Airbus 2008] 

  A short/medium range A320            expends 
as much as 5-10% of its fuel on              
the ground [Airbus 2008] 

  Taxiing aircraft contribute to       
surface emissions as well as noise 
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Problem: Airport surface congestion 

  Frequent congestion at major airports results in inefficient 
operations, and increased fuel burn and emissions 
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Number of active departures on the ground, N 

Saturation regime 

JFK departure throughput (2009) 

Mean 

 1 Std Deviation 

When JFK is saturated: 

In Visual Meteorological Conditions,  
the average taxi-out time is 56 min 

In Instrument Met. Conditions,  
the average taxi-out time is 69 min 

Unimpeded taxi-out time: 16-19 min 

JFK is saturated 18% of the time in 
VMC, and 24% of the time in IMC 

32% of departures at JFK takeoff 
during saturated periods 

Simaiakis and Balakrishnan, Transportation Research Record: Journal of the Transportation Research Board, 2010 
(Confirms Pujet, Delcaire and Feron, BOS 1999). 
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Main focus has been on departure 
metering 

 Departure metering just one 
element of likely required 
surface management toolset  

 Departure metering manages 
pushbacks during congested 
periods 

•  Decreased “engines-on” time, 
fuel burn & emissions 

  In principle, can work at any 
congested airport, but details 
of successful implementation 
vary 
•  e.g., FAA vs. ramp tower 
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Types of departure metering approaches 

Aggregation 
Level Examples Field  

tests Key Output 

Airport-level 

N-Control Phase 1 
Pushback Rate Ctrl. BOS Aggregate airport pushback rate 

N-Control Phase 2 
Collaborative Pushback Rate Ctrl. TBD Aggregate airport pushback rate distributed 

collaboratively among airlines 

Runway-level Q-Control 
(TFDM prototype) DFW Runway-specific pushback rate 

Airline-level Collaborative Departure 
Queue Management 

MEM, 
MCO Airline-specific pushback quotas 

Aircraft-level 
Ground Metering Program JFK Aircraft-specific pushback time 

Spot and Runway Departure 
Advisor (NASA) 

DFW 
simulation Aircraft-specific spot release times 
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Departure metering field studies 

 Field studies! Key input data! General approach! Metering 
control entity!

N-Control"
(Phase 1: BOS 2010-11)"

(Phase 2: TBD, 2012)"

• Surveillance data for number 
on surface, configuration, 
weather, arrival demand"

• Aggregate demand (Phase 1)"
• Ramp-spec. demand (Phase 2)"

• Uses departure throughput as "
   f(config, arrivals, # on surface) to 

manage pushbacks to keep  # on 
surface below target"

• FAA (Phase 1) "
• Ramp towers 

(Phase 2)"

Q-Control"
(DFW, 2011)"

• Surveillance data"
• Runway assignments"
• Aggregate demand"

• Uses departure throughput as "
   f(# in queue) to manage 

pushbacks to keep # in queue 
below target for a given runway"

• FAA or ramp  
tower"

CDQM"
(MEM, 2009-2011;"
MCO, 2011-2012)"

• Surveillance data"
• Runway assignments"
• Airline-specific demand"

• Uses models of taxi time to 
determine expected time in 
runway queue"

• Manage pushbacks to keep  time 
in queue below target"

• Airlines"

Ground Metering Program"
(JFK, 2010 - Apr 2012; "

Apr 2012 - present )"

• Airport configuration, weather"
• Aggregate demand"
• Aircraft-specific desired 

pushback times"

• Calculates expected airport 
throughput or target queue length"

• Manage pushbacks when 
demand exceeds expected 
throughput in 15 min intervals"

• GMP suggests 
push times to 
airlines"



8 

Pushback Rate Control 

  Aircraft pushback from gates, start their engines, and then taxi 
until they takeoff 

 Control pushbacks in order to maintain runway utilization while 
avoiding excessive levels of congestion   
  Minimal procedural modifications and change in ATC workload 

  Key challenges: 
1.  How do we design the control strategy? 
2.  How do we implement control strategy? 
3.  How do we interface with human controllers? 

runways taxiways gates 

N 
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  Formulate a dynamic control problem that recommends pushback 
rate to maintain departure throughput, given loading of taxiway and 
runway queues 
•  Model runway queuing process and system dynamics 
•  Optimal pushback rate to balance runway throughput and congestion 

1. Designing control strategy 

No restriction 

Stop 

Optimal pushback rate: 27, 22L | 22L,22R 

Simaiakis  and Balakrishnan, American Control Conf., 2012.  
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Refining models using operational data 

  Optimal pushback rate as function 
of queue length 

  Account for fleet mix, arrivals, etc. 
•  Use improved predictions of 

throughput to predict queue length 

(mean, stdev) of throughput/15 min 
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2. Implementing control strategy 

 On-off control does not work in practice 
•  Rather than release an aircraft every time that a flight 

takes off, controllers prefer a rate at which to let 
aircraft pushback from their gates 

•  Pushback Rate Control 
•  Rate is updated periodically 
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3. Interfacing with human controllers: 
Layout of BOS Tower 

ITW
S
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3. Interfacing with human controllers 

  Suggest pushback rate 
(color-coded cards or a 
tablet display) 

• Pushbacks in current time interval can be released (grayed out) 
• Unused rate is carried over to the next time interval, up to 2/min 
• Pushbacks in future time intervals can be reserved (angled) 
• Pushbacks can be reserved for the following 15-min time period 

Alternative 
display modes 
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Sample test results: 7/21/2011 

Simaiakis  and Balakrishnan, 
American Control Conf, 2012.  
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Reduced queue sizes 

Simaiakis  and Balakrishnan, American Control Conf., 2012.  
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Visualization of operations (7/21/2011) 
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Visualization of operations (9/2/2010) 
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BOS field test results 

  Aug-Sep`10 & Jul-Aug`11  
  4PM-8PM departure push 
  Average gate-hold: 4.7 min 
  23-25 tons (6,600-7,300 gal) 

reduction in fuel burn 
  52-58 kg decrease in fuel 

burn / gate-held flight 
  71-79 tons CO2 reduction 
  Fair distribution of benefits 

among airlines 
  1 min gate-hold => 1 min 

taxi-out time savings  
  Throughput maintained 

Configuration! # of gate 
holds!

Taxi-out time savings 
(min)!

27, 22L | 22R" 63" 256"
27, 32 | 33L" 34" 114"
27, 32 | 33L" 8" 38"

27, 22L | 22R" 45" 295"
27, 22L | 22R" 19" 42"
27, 22L | 22R" 11" 23"
27, 32 | 33L" 11" 24"
27, 32 | 33L" 56" 210"

2010 247! 1003 min = 16.7 hours!
27, 22L | 22R" 14" 28"
27, 22L | 22R" 42" 384"
27, 22L | 22R" 50" 290"

4L, 4R | 4L, 4R,9" 11" 13"
4L, 4R | 4L, 4R,9" 7" 13"

27, 22L | 22R 6 9 
27, 22L | 22R 12 23 

2011 142! 760 min = 12.7 hours!
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Distribution of benefits 
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Survey of BOS Tower 
  Survey of BOS controllers 

•  21 respondents: 15 (BOS Gate 2010), 13 (2011), and 12 (both) 
•  General support: “the ability to touch planes,” “reserve spots,” “…count 

the planes and account for aircraft with long delays,” “allows me to push 
& tells me to hold,” and “easy to use & understand”  

•  Responses were positive about combining BOS Gate & another position 

Simaiakis  et al.,  
Intl. Conf. on Research in Air Transportation, 2012.  
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Lessons learned from BOS 

  Proposed approach requires congestion to work (as expected) 
•  Almost no metering in most efficient configuration 

 Can handle target departure times (e.g., EDCTs) 
 Many factors drive throughput, but pushback rate control 

strategy can adapt to variability  
•  Heavy landings on departure runway, arrivals, controller crossing 

strategies, birds on runway,… 
  Controllers have different strategies to implement suggested 

rates, but are quite accurate in doing so 
  Need to consider ground crew constraints, gate-use conflicts, 

different taxi procedures for international flights, etc. 
 Measurable metrics: Daily “operational efficiency” reports from 

ASDE-X, provided to Operations Manager 
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Stakeholder feedback, next steps 

 Promising stakeholder feedback 
•  Daily debrief with FAA, BOS Tower, Massport and airline 

representatives (Air Transport Association) during demo 
•  Traffic managers in tower noted improved surface “flows” 
•  Track on time performance of flights  

– Major airline confirmed that its on-time performance was indeed 
not impacted 

–  Arrival taxi times not impacted 
 Detailed benefits assessment including fuel burn models 
 Extensions to other conditions, other airports, etc. 
•  e.g., Integration of convective weather forecasts 



23 

Summary 

  Significant potential for improving the environmental and 
operational efficiency of departure process 
•  Important to identify and monitor implementation issues 

(runway throughput, “efficiency of metering”, fairness in 
benefits distribution, operational constraints, etc.) 

•  Incorporation of weather data yields promising preliminary 
results 

•  Operational efficiency reports for BOS from ASDE-X data 

 Other airport operations related research includes 
•  Modeling and control using ASDE-X data 
•  Estimation of maximum-likelihood discrete-choice models of 

the runway configuration selection process  
•  Evaluation of infrastructure investments  

–  e.g., new runway at CLT 
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