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Overview 

Despite a long history of egregious flight congestion delays experienced by airline passengers 
at airports serving large populated regions, no solution for relieving congestion delays has 
been implemented. It is well established that most of the nation’s congestion delays emanate 
from the three chronically congested airports in New York City — LaGuardia, JFK, and Newark. 
These airports consistently rank at or near the bottom in on-time performance. 

But excess market demand does not automatically mean excessive delays. Clearly, too many 
flight authorizations are being allocated at these airports. Allocating fewer flight 
authorizations would prevent congestion. But there is controversy in determining how many 
fewer flights. 

This white paper summarizes the flaws in the FAA’s method for setting flight volume limits and 
the method Exhaustless uses for estimating capacity, as disclosed in our patent application1. 

Measure Real Capacity to Prevent Chronic Delays 

A key part of addressing flight congestion is to accurately estimate airport capacity — the rate 
of landings and takeoffs that the airport can reliably serve.  

The FAA imposes flight limits at LaGuardia, JFK, and Newark to prevent peak flight volumes 
from exceeding the operational capacity of the airport. But the methods used to estimate the 
operational capacity of the airport are outdated and do not follow proper systems and 
operations research practices. Exhaustless analyzed operating details from the FAA ASPM 
flight delay data, which illuminated further limitations in the current methods and tools.  

We found that the FAA’s current capacity estimates significantly overstate the capacity of NYC 
airports and lead to the overscheduling of flights that cause chronic delays. This egregious 
overstatement only occurs in NYC because it is the only coordinated airspace where the FAA 
limits flight operations. 

Exhaustless’ goal is to rely on market competition to allocate reservations for the limited flight 
capacity at high demand airports to both suppliers (carriers) and consumers (passengers). This 
requires minimizing congestion delays while supporting the highest volume of passengers, 
which in turn requires eliminating the overscheduling of flights.  

 

1  System and Method for Managing Air Traffic Data: U.S. Patent Application 15/789,585. 
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Exhaustless’ patent-pending Aviation 2.0 solution measures the congestion-free capacity of 
high demand airports to overcome limitations in the current method that the FAA and DOT 
use to determine and set operating volume limits.2  

The Impact of NYC Metro Operations on the NAS  

The Bureau of Transportation Statistics (BTS) data in Figure 1 shows that the national average 
delay in 2017 was roughly 60 minutes and that roughly twenty-five percent of travelers 
experienced delays on average. Regulators set the delay values indirectly by determining slot 
volumes. 

 

Figure 1: BTS Delay Data for LaGuardia, June Yearend 2000 – 20173 

  

 

2  For more information, see our document Aviation 2.0 — Explained. 

3  Throughout this white paper, we use LGA data for the examples; the methods and processes that the FAA and 
that Exhaustless use to determine capacity are the same for LGA, JFK, and EWR.  
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“LGA, which provides almost exclusively domestic service, consistently has been 
one of the most congested airports in the nation. Its proximity to midtown 

Manhattan makes it a desirable airport for many travelers, and airlines attempt 
to meet that demand by operating many flights to LGA. Physical constraints4 of 

the airfield limit the ability to expand capacity.” 5 

In their Orders and Notices, the FAA discusses the egregious delays that occurred when AIR-21 
went into effect in 2000. The egregious June 2000 average delay at LGA was 72 minutes. The 
June 2019 average delay was 88 minutes. 

DOT & FAA’s Method 

The FAA’s model overestimates the capacity in NYC in four ways. First, it analyzes the capacity 
of the highest throughput runway configuration only. Second, it bases the runway capacity on 
the maximum throughput achieved for that runway. Third, it ignores the reduction in 
throughput from the coordination of operations at nearby airports. And fourth, it assumes 
airlines will cancel delayed flights in NYC. 

Goal – Maximize Utilization 

Congress’ policy is to rely on maximum competitive market forces and prevent monopoly 
airlines.6 

The DOT’s policy is to maximize utilization and prevent monopoly airlines. 

The FAA’s policy: “[T]he FAA believes it must strike a balance between (1) promoting 
competition and permitting access to new entrants and (2) recognizing historical 
investments in the airport and the need to provide continuity”.7 There is no basis in law or 
economic theory that the FAA should recognize historical investments and provide 
continuity; in fact, this is antithetical to market competition.  

 

4  Assuming current technology, the shared airspace makes it difficult to expand capacity. In addition, New York 
wants more sustainable flight technologies to address the environmental impacts of air transportation. A2os 
introduces sustainable flight technologies that address both the political and technological hurdles.  

5  Slot Management and Transparency for LaGuardia Airport, John F. Kennedy International Airport, and 
Newark Liberty International Airport, 80 Fed. Reg. 1273, 1278 (Jan. 8, 2015). 

6  49 U.S.C. §40101. 

7  Slot Management and Transparency for LaGuardia Airport, John F. Kennedy International Airport, and 
Newark Liberty International Airport, 80 Fed. Reg. 1273, 1275 (Jan. 8, 2015). 
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The FAA’s implied goal8 is to determine the capacity that allows the highest volume of 
flights up to the point that the congestion impacts cancellations (above an arbitrary base 
level). This goal is a result of assuming that maximum utilization and schedule consistency 
are the top priorities — rather than market competition and schedule reliability as is 
normally the case for transportation systems.  

To illustrate this point, consider the concept of a planned recovery period for reserved 
flight times that the FAA plans into scheduled operations:  

“The nature of operations at JFK, and to a lesser extent at EWR, is such that 
demand has historically been less in mid-morning and very early afternoon. 
Therefore, many of those lower demand hours have allocations below the 

hourly limits of 81. These low demand hours currently provide a recovery period 
that reduces delays and prevents them from continuing into the peak afternoon 

hours.”9 

In other words, passengers are paying a higher airfare to the airline for a reservation to fly 
during a peak-demand hour, but the FAA is planning to delay those flights to a time when 
the demand is reduced. (See Figure 4 for an example of the instability and the hours it 
takes to recover.) The passenger does not know their new flight time, nor are they 
refunded for this change in flight time. This is an unfair practice of the FAA and deceptive 
advertising of the airline. The schedule should be planned to accommodate reservations 
and with enough slack to be able to recover from delays that occur because of normal, 
random fluctuations in operations.  

Measure Ideal Capacity 

The FAA determines the flight volume based on the throughput achievable under the best 
conditions10 — without regard to the congestion delay and the size of the queue for the 
operational throughput.  

 

8  See UMD model, Docket No. FAA-2014-1073 (Mar. 5, 2015). 

9  Slot Management and Transparency for LaGuardia Airport, John F. Kennedy International Airport, and 
Newark Liberty International Airport, 80 Fed. Reg. 1273, 1285 (Jan. 8, 2015). 

10  This is counter to their claim, “The Government Accountability Office (GAO) recommended, and FAA agrees, 
that operational limits for LGA should be established under realistic weather and operating scenarios, not 
optimal conditions.” 
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Figure 2: FAA Capacity Profile for LGA 201411 

For example, see the FAA’s flight capacity profile in Figure 2. The profile shows a two-
dimensional scatter graph that plots the volume of arrivals and departures of runway 
configuration 22 | 13 during Visual operating conditions. The sidebar notes that this is the 
highest volume configuration, but was only operational approximately 11% of the time in 
Visual weather conditions and 9% overall. The scatter graph appears to show that the 
sustainable volume of flights achieved is approximately 35 arrivals and 35 departures, or a 
capacity of approximately 70. 

 

11  “Actual hourly LGA operations, weather and configuration data were obtained from the FAA ASPM database, 
and represent operational hours from 7am to 11pm local time for all of Fiscal Years 2009 and 2010.” 
https://www.faa.gov/airports/planning_capacity/profiles/media/LGA-Airport-Capacity-Profile-2014.pdf 

https://www.faa.gov/airports/planning_capacity/profiles/media/LGA-Airport-Capacity-Profile-2014.pdf
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But, each data point on the graph is a one-hour period of operations, not a morning or an 
afternoon or any sustained operating level at a given level of service.  

And yet, the FAA documents that the capacity range is between an ATC reported 80 (red 
dot on the graph) and a model estimated 86 (black dot on the graph) – volumes that are 
rarely or never achieved, respectively. And that is because they are not basing the capacity 
estimate on the volume actually achieved, but on the volume that they believe could have 
been achieved based on ATC reports: 

“To determine the average adjusted capacity for an airport, the FAA considered 
the airport's capacity to be the higher value of either the aircraft throughput at 

the airport in a given hour or the number of arrivals and departures that ATC 
personnel identified as achievable in that hour. As a result, the FAA accepted 
the higher number when the airport's performance exceeded expectations, as 

well as when the airport's potential capacity exceeded demand.”12 

The problem with this interpretation is that the graph and line above only represent a 
schedule13, not a market demand. Since no congestion premiums are collected, there is 
currently no way for the FAA to calibrate the actual market demand for flight service 
relative to any capacity estimate. At best, the chart shows that ATC tried to operate the 
airport at 37 departures and 37 arrives in as much of the time as possible — without regard 
for queue length or delays. 

The flight limits at LGA are currently 78 operations per hour (75 scheduled and 3 
unscheduled) but the FAA has been “moving toward” a flight limit of 74 since 2009.14 Even 
at the lower 74-limit, that is in the high range of throughput of the highest throughput 
runway configuration. And that configuration, according to the FAA, was in use 9% 
annually. Which means that they are overscheduling the runways more than 91% of the 
time, which explains the chronic nature of the congestion.   

Measure Independent Airport Operations 

The FAA models each airport separately and independently, although they know they are 
dependent: “This capacity profile does not take into consideration operating 
configurations at nearby airports such as LGA, JFK, and PHL. In particular, the NY/NY/PHL 

 

12  Slot Management and Transparency for LaGuardia Airport, John F. Kennedy International Airport, and 
Newark Liberty International Airport, 80 Fed. Reg. 1273, 1283 (Jan. 8, 2015). 

13  96% of flights (75/78) are scheduled. 

14  The Order Limiting Operations states that the limit is 71 but that they allow existing OA’s above that limit and 
have requested airlines to voluntarily give up their slots to achieve this reduction. No airlines have relinquished 
their slots since the limit was set to 71 over a decade ago. (74 FR 2646, January 14, 2009). 
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airspace is complex and highly interconnected. Departure or arrival patterns at one airport 
can impact capacity at nearby airports”.15 

The shared and coordinated airspace leads to frequent changing of runway configurations 
during operations, which further reduces capacity and thus should result in lower slot 
limits. 

Estimate Cancellations 

The FAA used a University of Maryland (UMD) model which estimates the volume of 
flights within an acceptable level of cancellations. The unstated premise of the model is 
that an airline will cancel a flight once the delay becomes intolerable. However, NYC is in 
the earliest time zone of the day, and the downstream flight schedules for the entire day 
depend on those aircraft and crew. It is less costly to incur tarmac delays than to cancel a 
flight out of or into NYC. There is simply no slack to shift flight schedules. Thus, the 
airlines’ definition of an “intolerable” delay in NYC diverges wildly from its definition at 
other airports, and from its passengers’ definition.  

In addition, the target cancellation rate was arbitrarily set at 3% — without regard for the 
magnitude of delays created. Letting delays accumulate until cancellations start to 
increase is another way utilization is substituted for market competition.  

Flaw of Averages   

The FAA attempts to determine the multi-modal16 runway configuration throughput by 
using a Monte Carlo simulation — but this data is not used to set the flight limits (which 
are set as discussed above).  

Nevertheless, the simulation has its own flaws. The Monte Carlo simulation software 
inputs all runway configuration parameters and operating conditions to simulate 
operations and calculate an average throughput. However, this tool is inappropriate for 
use in this situation because of a statistical distortion17 of delay conditions that arises when 
operating under very high levels of utilization. The nonlinear relationship of volume to 
delays changes depending upon the runway configuration. In modes with throughput 
below the average, delays grow very fast with the addition of just a few more aircraft 
(compared to delays with throughput above the average), leading to unstable queue 
behavior. None of the math used for queueing theory support using arrival rates higher 

 

15  See the most recent airport capacity profiles for LaGuardia, JFK, and Newark, July 2014, which were based on 
fiscal years 2009 and 2010 flight data. See https://www.faa.gov/airports/planning_capacity/profiles/ 

16  See Segregate Multimodal Data below for an explanation. 

17  This statistical distortion is called Jensen’s Inequality. 
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than the lowest throughput without modeling the lengths of the queue or level of delay. 
This results in actual delays that are much higher than those estimated from the 
simulation18. 

The FAA has not updated their tools to model the degradation in throughput caused by 
the constraints of operating a coordinated NYC airspace. 

Be Opaque 

The DOT sets the operating limit irrespective of the FAA’s recommendation or the level of 
delay. Clearly the GAO and the FAA feel that flight volume should be set to lower values. 

The FAA does not have the systems engineering nor operations research expertise to 
understand how to manipulate and interpret the data to formulate a solution to the 
problem of congestion. The FAA presents disparate sets of data analysis to support its 
findings, without explaining a coherent process or a goal rooted in statute or policy.  

For example, in support of its most recent extension of its LGA Slot Limit Order, the FAA 
published a Performance Summary. The report shows the percentage change from 
summer 2018 to summer 2008 and to summer 2017 of the average flight volume, and in 
various average arrival and departure delay measures at each airport, irrespective of a goal 
or the economic cost.  The data only reflect the percentage changed – no starting value, 
no ending value, no goal to reach or level to avoid, no explanation why they are comparing 
to 2008 alone and no other years. 

Ignore Delay Costs 

The elephant in the room in all of these FAA analyses is the absence of accounting for 
delays – none of the FAA processes of measuring capacity account for, nor measure, nor 
barely acknowledge delays.  

The capacity profile says, “The operational limits . . . involve a trade-off between airport 
throughput and a tolerable level of delay.” Yet there is no definition of a “tolerable” delay 
and how their method decides the trade-off.  

But this is a deregulated market, and intellectual property in line with Congressional intent 
will eventually prevail. 

 

18  See Jensen’s Inequality. 
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Exhaustless’ Method 

Goal – Maximize Competitive Market Forces 

Our goal is to determine the capacity that is needed to maximize market competition by 
supporting the highest volume of flights and passengers while minimizing physical 
competition (i.e., congestion). 

Segregate Multimodal Data 

There is a common misperception that airport operators know the throughput of their 
airports. But in reality, the airport’s throughput is a dynamic value that is largely out of the 
control of the operator. And that is especially true in NYC, where air traffic control must 
coordinate the selection of, and changes to, the active runways for the operations at the 
three hub airports that share the airspace.  

Each airport has different runway configurations that are operated in different conditions, 
based on the wind or weather conditions at that airport or at the other airports in the 
shared airspace. These different runway configurations can have significantly different 
throughputs due to the different levels of interference between arriving and departing 
flights. This situation is considered ‘multimodal’ because each mode19, or runway 
configuration, has different throughput characteristics.  

At LaGuardia, for example (see Figure 3), one runway configuration is 22 | 13, which means 
that arrivals will approach runway 22 going southwest and departures will approach 
runway 13 going southeast. Because both aircraft will clear the intersection quickly, there 
is less interference between departures and arrivals, and therefore throughput is highest in 
this configuration. Compare that to configuration 31 | 4, where both arriving and departing 
aircraft take longer to clear the intersection and create more interference. Or to 
configuration 31 | 31 where both arrivals and departures use the same runway.  When 
airlines reserve their flight schedules months in advance of the flight there is no way to 
predict which runway configuration will be operational at the actual flight time, and 
therefore no way to know the airport’s throughput — at least beyond the slowest runway 
configuration. 

 

19  Modal is used as it relates to mode of operation in statistical analysis, not mode of transportation. 
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Figure 3 LaGuardia Runways 

To understand the relationship of the runway configuration to flight throughput, 
Exhaustless analyzed hourly departure data during calendar year 2015 for LaGuardia, JFK, 
and Newark. At LaGuardia, eliminating the days with delays due to weather or mechanical 
reasons left a population of 179” Normal” days, or days with either no delay reason given 
or with only volume delays. The highest throughput runway configuration was operational 
for 29% of the time on those Normal days. The slowest runway configurations, when 
takeoffs and landings share a runway, were operational 16% of the time. Plotting the 
hourly takeoffs by runway configuration against the average hourly flight delay showed 
the volume that the configuration could handle before leading to delays. The range of 
delay-free throughput volumes of the runway configurations was between 22 to 38 
departures per hour. 
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Exhaustless’ goal is to allow the highest volume of flights with the least congestion — 
consistent with maximum market competition. Clearly, we would not want to set flight 
volume assuming the highest throughput when that runway configuration was operational 
roughly 25% of the time on Normal days, or that would lead to overscheduling of flights 
and excessive congestion delays. On the other hand, to set the volume assuming the 
lowest throughput, when those configurations were operational less than 20% of the 
Normal days, would prevent some passengers from flying during the other 80% of the 
congestion-free time. Maximizing market competition includes competition among 
passengers, so the volume must be set to produce no queue when operating using the 
slower runway configurations that are frequently in operation.20 

Analyzing the throughput of the remaining runway configurations that were operational 
55% of the time, Exhaustless determined the delay-free throughput — and therefore the 
reservation limit — was 30 departures per hour, or 60 total flights (takeoffs and landings) 
per hour. Combined with the highest throughput configuration would mean that 
approximately 75% of the Normal time, the runway configuration would support the 
reservation limit. For those times when the runway configuration throughput does not 
fully support the reservation limit, there will be some delays, but the delays will be shorter 
than currently experienced because the system will have more slack and offer flexibility to 
allow airlines to more quickly recover from periods of congestion. 

Illustration of Time Series Data 

To illustrate part of our analysis, see the LGA time series data for April 2, 2015 in Figure 4. 
As discussed above, this day was a Normal operating day, no reported weather or 
maintenance events. 

About the ASPM data that was used for this analysis — each record includes the number of 
flights per slot time, the runway configuration active at that time, and arrival and 
departure taxi times. So, we do not know the actual delay per flight or the number of 
passengers that were on board each airplane. 

In hours 2 to 5, runway configuration 22 | 13 (the highest throughput configuration) was 
operational. In both hours 4 and 5, there were 42 departures with an average delay per 
aircraft of 28 minutes, or a sum of 1,176 minutes of average delay. 

In hour 6, the runway configuration is changed to 22 | 31 (a lower throughput 
configuration). This takes some time and increases the queue; average delays are 32 

 

20  ” There are two ways [to] increase [the price] to the market-clearing level — that is, to the price just high 
enough to eliminate the excess demand and hence the queue at peak times.”  Air Transp. Ass’n of Am. v. U.S. 
Dep’t of Transp., 613 F.3d 206, 210 (D.C. Cir. 2010). 
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minutes for 38 aircraft, for a sum of 1,216 minutes of aircraft. The mid-afternoon flight 
volume decreased, and delay levels recovered a little bit. 

Then in hour 12, late afternoon, flight volumes pick back up to the maximum slot limit 
level of 39 and the delays increase dramatically. By hour 15, average delays are 50 minutes 
for 36 flights for a sum of 1,800 minutes of aircraft delay. 

    

 

Figure 4: Example of Data from Exhaustless’ Time Series Analysis 
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Account for Shared Airspace 

The NYC airspace is shared by three major airports. The operations at one of these airports 
affects the operations at all the others.  

For the 179 Normal days we analyzed, only 16% operated with one runway configuration, 
36% operated with two, 23% operated with three, and the remaining 25% operated with 
four or more runway configurations. 

To understand how this affects operating performance, refer to Figure 5: Delays on Days 
with 1 Runway Configuration, Figure 6: Delays on Days with 2 Runway Configurations, 
Figure 7: Delays on Days with 3 Runway Configurations, and Figure 8: Delay Profile per 
Runway Configuration. 

These figures help to visualize the real capacity and the impact that the changes in runway 
configurations (the shared airspace aspect) has on delays. The high delays in periods 
below 30 operations (such as the hour at 1000-minute delay level during 20 operations) are 
the flights carried over in the queue from peak-times. 

Notice that the taxi times of the arrival samples increase with the increasing number of 
configuration changes and become more varied as they start to overlap with the departure 
delays. 

These figures make it clear that flights are egregiously overscheduled for the capacity.  
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Figure 5: Delays on Days with 1 Runway Configuration 
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Figure 6: Delays on Days with 2 Runway Configurations 
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Figure 7: Delays on Days with 3 Runway Configurations 
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Figure 8: Delay Profile per Runway Configuration 
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Drill Down to the Granularity 

A statistical average value can be a meaningful calculation to support an understanding of 
high-level, long-term trends – in the context of many other values and statistics, such as 
the maximum and minimum value, the mode, and the standard deviation.  But since a 
long-term trend doesn’t say anything about the underlying problems, it is not prescriptive. 
We analyze the operations at the granular level to identify the underlying bottlenecks.  

Exhaustless understands that passengers experience actual delays. Rather than estimating 
the average throughput to reduce the average delay, our method estimates the 
throughput which services the most volume while preventing the most delay. This lower 
volume reduces the strain on the system to provide buffer for the storms or random 
operational issues that can impact throughput.   

Use the Actual Data 

The runway configuration is only one of many random operational factors that determines 
throughput on these Normal days.21 Those factors will be part of the actual operational 
data and could account for differences in hourly throughput when using the same runway 
configuration. 

The ASPM accumulates very detailed data on runway operations at large airports. 
Exhaustless analyzed the full year of these operations to measure the capacity of each 
runway configuration during Normal conditions – that is, we segregate the operations 
during inclement weather versus good weather conditions. 

Account for the Economics 

To account for the economics of the delays, Exhaustless converts the delay-minutes into 
dollars. An average delay of 75 minutes at JFK has much greater economic consequences 
than the same average delay in Topeka, Kansas because it is an everyday occurrence in 
NYC, is likely to lead to excessive tarmac delays due to utilization levels, and that impacts 
more passengers who are willing to pay a premium to fly without delays. Our progress will 
be measured in the economic impact to the nation. 

Be Transparent 

Any adjustments to Exhaustless’ modeled capacity estimate to set operating volumes will 
be documented and supported with empirical evidence.  

 

21  For example, the fleet mix affects throughput because heaver aircraft produce a higher wake intensity that 
requires more time to dissipate, or in other words, a longer separation time between flights. 
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Conclusion 

Any solution requires blending policy goals and data science to ensure the fair allocation of the 
correct number of flight authorizations. In passing deregulation, Congress has dictated that 
market competition should determine prices, origin/destination, and service — and that 
maximum market competition “shall” be the goal. 

But without a competitive market allocation scheme, the FAA has become the allocator of last 
resort. Regulators options are limited by deregulation. Many of their tools have not been 
updated to analyze new empirical flight taxi data reported by airlines, and include assumptions 
that no longer apply to the industry. 

To reduce the NAS average delay, more airports should be slot controlled and their flight 
volumes reduced to congestion-free levels. 

The national air transportation schedule is dependent upon NYC demand. The money needed 
to fund innovation that increases the throughput of these high demand airports is continuously 
wasted on congestion-delay costs. Neither the FAA nor the Port Authority of New York and 
New Jersey have the data science expertise to lead NYC out of this quagmire. Exhaustless 
Aviation 2.0 monetizes the congestion costs to provide reliable schedules and to fund the 
development of innovations to increase throughput at these high demand airports.  

 


