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En Route Airspace Congestion
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The Strategic Planning Team: 
Developing the Strategic Plan of Operations

SPT participants:
Command Center specialists
Airline strategic planners
NAS field facilities (TMUs)
Weather forecasters
Military
International facilities
General aviation

Telcons: Every 2 Hours

SPO Plan Execution:
Advisories

Status Info:
Weather Forecasts
Traffic Predictions

NAS Status
Special Ops…

Flow Actions:
Reroutes

Airspace/Ground Delay Programs
Miles-in-Trail (MIT) Restrictions

Ground Stops

Assess,
Reevaluate

Limited analytical information
No impact assessment tools
Mostly verbal/manual implementation
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Risk Management Decision Loop
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Congestion Resolution Decision Tree
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Probabilistic Future Sector Demand and 
Capacity Graph
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Managing Congestion to a Target Level of 
Risk (Probability)
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Discrete Sequential Decision Tree with
Congestion Probability Goals
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Congestion
Time, T

T-30 minT-60 minT-90 min
t

Decision 
Point 1

Decision 
Point 2

Decision 
Point 3

Predicted
Congestion

1.0

0.6

0.5

Path 0.6-1.0-0.5 
mean cost:

E(J) = 
J12 + 
E(J21 | J12) + 
E(J31 | J21 | J12)

1.0

0.6

0.5

0.5

Lines represent Monte-Carlo
ensembles of possible outcomes

J31

J23

J22

J21

J13

J11

J12

J ij = resolution cost distribution
at decision point i of option j
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Resolution Algorithm
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Monte-Carlo Simulation Process

Baseline
Trajectory

Predictions

Deterministic
Sector Demand

Predictions

One Monte-Carlo Simulation Trial:

Remove “no-shows”

Apply unanticipated routing
and altitude changes

Apply departure prediction errors

Apply sector transit prediction errors

Add “pop-ups”

New set of predicted trajectories,
with uncertainties applied

“N” simulation trials…

Calculate
Statistics

Probabilistic
Sector Demand
Predictions

Probabilistic Displays,
Decision Analysis,

Real-Time DS Automation, …
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How it Works
(see paper for details)
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Congestion 
Scenario Example

• 4 Sectors in the Congestion 
Resolution Area (CRA)

• 38 Sectors in the Congestion 
Management Area (CMA)

• ~1500 flights (200 in CRA)
• Weather reduces MAP by 5 in 

the CRA sectors
• Stochastic traffic, deterministic 

capacity

ZDC14
(below)
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Reroute Example: Avoiding Congested 
Sectors Without Arrival Delay
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Results

8.175293.30.5-0.5-0.5

7.767887.50.5-0.6-0.5

7.764383.60.5-1.0-0.5

6.948971.10.6-0.5-0.5

6.739258.60.6-0.6-0.5

6.6318480.6-1.0-0.5

7.955771.11.0-0.5-0.5

7.540053.61.0-0.6-0.5

9.227129.51.0-1.0-0.5

Mean TPD 
per Flight

Mean Total 
Positive Delay 

(min)
Mean No. of 

Flights AffectedDecision Path
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Variability is Large (1)
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Variability is Large (2)
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Next Steps

• What is the right goal?
– Play for best expected value, or hedge against risk  of “very bad” 

outcomes, or reduce uncertainty, or…?

• Explicitly consider probabilistic capacity
– Platform for evaluating probabilistic weather forec ast products
– Apply new capacity approaches (see Lixia Song’s ATM 2007 paper)

• Run a matrix of scenarios & decision trees:
– Derive trends, decision heuristics for near-term sy stems

• Adapt to benefits analysis scenarios
– Benefits of incremental vs. one-time decision-makin g

• Relationship to longer-term (2-6 hour) planning acti vities
• Further develop collaboration mechanisms for NAS users
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Modeling Weather (1)

• Initial model: capacity based on 
VIL level 3+ coverage (PACER)

• Parameterize variations in 
weather evolution:

– Intensity/Growth/Decay

– Timing (speed)

• Apply simple uncertainty 
models to parameters

– Function of LAT

• In this way, can model both 
initial uncertainty and forecast 
improvement as congestion 
time nears
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Modeling Weather (2)

• Take actual VIL 3+ coverage as the “prediction”
– For each

sector:

• Model speed & growth/decay multipliers as triangular-
distributed variables
– Shift, dilate, and 

scale the baseline
coverage

• Use distributions to calculate initial Monte Carlo we ather 
outcomes and to update predictions
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Conclusion

• Developed a new method for sequential ATM decision m aking 
in the presence of empirically-modeled uncertainties
– Currently an off-line simulation process, can be us ed to evaluate 

forecast products, do cost/benefit analyses, and de velop decision-
making heuristics

– Potentially adaptable to real-time applications

• Monte Carlo simulation technique allows evaluation of the 
ensemble of potential outcomes
– Not limited to data-mining of actual events

• Incremental resolution approach is consistent with adv anced 
ATM concepts
– Trajectory-based traffic management
– “Traffic management by exception”  
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More Stuff
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Background: En Route Traffic Flow 
Management (TFM) in the U.S.

• Primary mission is to balance demand for air traffic se rvices 
with available system capacity
– Ensure efficient use of the National Airspace Syste m (NAS)
– Allocate air traffic flows to capacity-constrained NAS resources 

(airports, coordination fixes, ATC sectors)

• Support safety by maintaining traffic flows at levels that can be 
safely managed by air traffic controllers
– Manage traffic demand to acceptable levels
– Act on sector and airport loading issues

• Support customers by providing maximum access to NAS 
resources
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Air Traffic Control
System Command Center

Air Route Traffic Control Centers:
Traffic Management Units (TMUs)

Traffic Management Facilities

Terminal Area/ATC Tower 
TMUs
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Predicting Sector Congestion:
Sources of Uncertainty

Reroute/Amendment
Distributions

Pop-up Flight

ZCY32

ZCY56ZCY42

ZCY87

ZCY89

ZCY14

Departure Error
Distributions

Cancellation Distributions

Initial Predictions

Pop-up Distributions

Predicted Positions

Actual Positions

Sector Transit Prediction
Error Distributions

Sector Capacity Distribution
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En Route TFM Today: Deterministic 
Congestion Management

Sector 02

Time
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em
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Capacity 

16:00 17:00 18:0015:00

ETMS Red Alert (all aircraft airborne)
ETMS Yellow Alert (some pre-departure flights)

Projected Weather Impact
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Today: Large-Scale Resolution Actions 
(“National Playbook”)
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Future Sector Congestion Plan View

Sector 02

Time (Future)

16:40

p(congestion) > 75%
p(congestion) > 50%
p(severe wx) > 75%
p(severe wx) > 50%

Uncertain Traffic Demand

Uncertain Weather Forecast
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Sector Capacity is Complex and 
Uncertain

• Need a better way to measure and predict capacity t o support 
congestion management when considering uncertainty.

– measure flows rather than aircraft considering the time frame 
and uncertainty involved in TFM

– capture the impact of convective weather

Probability

Capacity

12 2016

11-12-04

10-12-1816-12-18
16-12-17

16-12-18
32-12-10

04-12-19

32-12-18

1822
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