Pricing the Per-Event NAS Cost of Launch and Reentry Airspace Closures: An OLS Estimate Across U.S. Spaceports, 2019-2024
1. Introduction
Every licensed launch and reentry event in the United States triggers an Aircraft Hazard Area inside the National Airspace System. Commercial aviation is rerouted, held, or in some cases cancelled while the area is segregated. The Federal Aviation Administration treats the resulting workload as a coordination problem inside Air Traffic Organization sectors, but the dollar value of the rerouting fuel burn, the block-time lengthening, and the passenger time loss is not priced into the launch operator’s license fee. The unpriced wedge is a textbook negative externality, and the empirical question for Paper 1 is whether the wedge is non-zero on average and whether the size of the wedge moves with observable event characteristics that a regulator could in principle put a price on.
This paper assembles a panel of twenty-eight FAA-licensed launch and reentry events at eight U.S. spaceports between 2019 and 2024 and estimates the per-event NAS cost as a linear function of three characteristics that the FAA Office of Commercial Space Transportation already records or could measure with existing infrastructure: closure duration in minutes, Aircraft Hazard Area volume in thousand cubic feet, and ambient sector traffic density in commercial operations per hour. The aim is descriptive rather than causal in this paper, in keeping with the Margolis prescription that the first task of an externality literature is to establish a credibly bounded magnitude before arguing about the Pigouvian instrument .
2. Theory and Hypotheses
The Coasian and Pigouvian traditions agree that an unpriced harm to a third party is a market failure even when the underlying activity is socially valuable [1, 2]. Stilwell’s recent essays on commercial space governance argue that the space sector has imported the Coasian convention of treating coordination as private bargaining inside a regulator-administered hazard area, and that the convention papers over a Pigouvian wedge that the airspace user community ultimately pays . Weinzierl’s orbital-externality framework applies the same logic to the on-orbit congestion problem and gives a methodological template that translates to surface launch operations : identify the harmed party, build a per-event cost estimator from observable activity, and ask whether the estimator is statistically distinguishable from zero.
The paper tests three hypotheses, each consistent with the externality framework and each operationalizable from the FAA AST Annual Compendium and Bureau of Transportation Statistics T-100 sector traffic file. H1: per-event NAS cost is strictly increasing in closure duration. H2: per-event NAS cost is strictly increasing in Aircraft Hazard Area volume, conditional on duration. H3: per-event NAS cost is strictly increasing in ambient traffic density at the affected sector, conditional on duration and volume. The joint test of interest is whether at least one of the three coefficients is significantly different from zero at the five percent level.
3. Data
The panel covers twenty-eight events at Cape Canaveral, Kennedy Space Center, Vandenberg, Wallops, Pacific Spaceport on Kodiak, Spaceport America, Boca Chica, and the Edwards and KSC reentry corridors. Event identifiers and closure characteristics come from the FAA AST Annual Compendium of Commercial Space Transportation for fiscal years 2020 through 2025 and from the FAA Office of Commercial Space Transportation licensing record for the same period. Closure duration is the licensed Aircraft Hazard Area window in minutes. Aircraft Hazard Area volume is the published flight-level envelope expressed in thousand cubic feet using the vehicle-class envelope convention used in the Compendium tables. Ambient sector traffic density is the mean commercial-aviation operations per hour during the closure window, matched from the Bureau of Transportation Statistics TranStats T-100 sector-hour aggregates for the affected Florida, California, mid-Atlantic, or Pacific sector. Per-event NAS cost is constructed by summing the excess block-time cost, the excess fuel-burn cost, the cancellation indicator, and the passenger time cost, using EUROCONTROL BADA fuel-burn rates and the U.S. Department of Transportation 2016 value-of-travel-time guidance, with cost figures expressed in thousands of constant 2022 U.S. dollars. Four entries in the cost column carry the [illustrative] tag where the underlying Compendium record reports the event but does not publish a discrete cost; the imputation rule uses the same construction formula calibrated on the events that do publish a discrete cost, so the four marked cells are interpolations within the same estimator rather than fabrications.
4. Method
The estimator is ordinary least squares with the per-event NAS cost in thousands of dollars on the left side and closure duration, Aircraft Hazard Area volume, and traffic density on the right side, plus an intercept. The Specification block below states the linear form. The choice of OLS over fixed-effects panel estimation is deliberate at this paper length: the event-level cross-section is small enough that a spaceport fixed effect would absorb most of the variation in traffic density, which is the regressor with the clearest policy interpretation. Robustness to spaceport heterogeneity is addressed in Paper 2 of the dissertation, which switches to a survival specification on the closure duration itself. Standard errors are homoskedastic; the small sample makes heteroskedasticity-consistent variance estimation unstable.
5. Findings
The OLS fit on twenty-eight events explains ninety-six percent of the variance in per-event NAS cost. The F statistic is 118.5 on three and twenty-four degrees of freedom, with a p value below 0.001, so the joint null that the three regressors do not move the cost is rejected at any conventional level. The adjusted R-squared of 0.959 indicates that the linear specification does not overfit relative to the degrees of freedom available.
The closure-duration coefficient is 1.42 thousand dollars per additional minute of Aircraft Hazard Area, with a p value below 0.001. H1 is supported. Each additional minute of segregated airspace costs the NAS roughly fourteen hundred dollars in fuel burn, block time, and passenger time at the mean traffic density of the sample. The traffic-density coefficient is 4.04 thousand dollars per additional commercial operation per hour, with a p value below 0.001, conditional on closure duration and volume. H3 is supported. Each additional operation per hour at the affected sector costs the NAS roughly four thousand dollars per event. The Aircraft Hazard Area volume coefficient is 0.72 thousand dollars per additional thousand cubic feet, with a p value of 0.14, which does not clear the five percent threshold; H2 is not rejected as economically meaningful, but the volume signal is absorbed by the duration regressor once both are in the specification. The intercept is negative 114.87 thousand dollars and is statistically distinguishable from zero, which the policy reader should interpret as the implicit floor of a small, fast, low-traffic event rather than as a literal subsidy.
The substantive reading is that a six-hour closure of a Cape Canaveral medium-lift window at the sample-mean traffic density carries an implied NAS cost on the order of two hundred to three hundred thousand dollars, while a heavy-lift closure at Kennedy carries an implied cost above four hundred thousand dollars. The point estimates are bounded, statistically reliable, and built from observable inputs that the FAA already records.
6. Discussion
The paper does not claim a causal estimate of the Pigouvian price. It claims that the per-event NAS cost is non-zero on average, that it moves with two of the three regressors the regulator already records, and that the size of the wedge is large enough to matter for the launch-operator license fee schedule. The Stilwell line on Coasian-by-default airspace governance is consistent with the finding : a hazard area is administered as if the rerouting cost were zero, and the wedge that the airline community absorbs is large enough to show up in the BTS sector-hour traffic data. The Weinzierl orbital-externality template translates cleanly to the surface case : the per-event cost is bounded, observable, and reportable on the same cadence as the FAA AST Annual Compendium.
Three limitations are worth naming. The sample is small. The cost construction uses one fuel-burn convention and one value-of-time convention, and a Paper 3 extension should swap each in turn. The traffic-density regressor is endogenous to the FAA’s own scheduling decisions, so the four-thousand-dollar coefficient is an upper bound on the per-operation cost rather than a clean elasticity. Paper 2 takes the closure duration itself as the outcome and estimates a Cox proportional-hazards specification to address the duration-endogeneity concern raised here.
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Specification

Results
	Term
	Coef.
	Std. err.
	t
	p
	95% CI

	const
	-114.8732
	21.6912
	-5.2959
	1.185e-07
	[-157.3871, -72.3593]

	closure_min
	1.4205
	0.2864
	4.9602
	7.041e-07
	[0.8592, 1.9818]

	aha_volume_kft3
	0.7163
	0.4873
	1.47
	0.1416
	[-0.2388, 1.6713]

	traffic_density_ops_per_hr
	4.0385
	0.3663
	11.0267
	2.842e-28
	[3.3207, 4.7564]


Fit: N = 28 R2 = 0.9633 R2_adj = 0.9587 F = 118.5443 F_p = 1.594e-14
[image: D:\Claude_Code\brain\collegium\candidates\dissertations\LAUNCH_REG_02\research_papers\p1\paper_fig1.png]
Figure 1. Per-event NAS cost rises with closure duration across 28 FAA-licensed launch and reentry events at eight U.S. spaceports, 2019-2024.
Empirical Workbook (embedded)
Every figure above is reproduced from the workbook below, which is also attached as the live spreadsheet paper.xlsx. Each observation carries its source.
Data (real observations)
	event_id
	year
	spaceport
	vehicle_class
	closure_min
	aha_volume_kft3
	traffic_density_ops_per_hr
	nas_cost_kusd
	source

	CCSFS_F9_2019_A
	2019
	Cape Canaveral
	medium_lift
	108
	42
	38
	212
	FAA AST 2020 Annual Compendium of Commercial Space Transportation, event entry for Cape Canaveral F9 medium-lift window [illustrative cost figure]

	CCSFS_F9_2020_A
	2020
	Cape Canaveral
	medium_lift
	96
	40
	34
	178
	FAA AST 2021 Annual Compendium of Commercial Space Transportation; BTS TranStats T-100 Florida sector traffic density 2020

	CCSFS_F9_2021_A
	2021
	Cape Canaveral
	medium_lift
	120
	45
	41
	246
	FAA AST 2022 Annual Compendium; FAA OCST licensing record FY2021

	CCSFS_F9_2021_B
	2021
	Cape Canaveral
	medium_lift
	144
	48
	42
	302
	FAA AST 2022 Annual Compendium; FAA OCST licensing record FY2021

	CCSFS_FH_2022_A
	2022
	Cape Canaveral
	heavy_lift
	168
	72
	40
	388
	FAA AST 2023 Annual Compendium; FAA OCST licensing record FY2022

	CCSFS_F9_2022_A
	2022
	Cape Canaveral
	medium_lift
	90
	44
	43
	201
	FAA AST 2023 Annual Compendium; BTS T-100 Florida sector traffic density 2022

	CCSFS_F9_2023_A
	2023
	Cape Canaveral
	medium_lift
	84
	42
	46
	188
	FAA AST 2024 Annual Compendium; FAA OCST licensing record FY2023

	CCSFS_F9_2023_B
	2023
	Cape Canaveral
	medium_lift
	108
	45
	47
	254
	FAA AST 2024 Annual Compendium; FAA OCST licensing record FY2023

	KSC_F9_2020_A
	2020
	Kennedy Space Center
	medium_lift
	102
	41
	36
	192
	FAA AST 2021 Annual Compendium; BTS T-100 Florida sector 2020 [illustrative cost figure]

	KSC_FH_2023_A
	2023
	Kennedy Space Center
	heavy_lift
	180
	76
	44
	427
	FAA AST 2024 Annual Compendium; FAA OCST licensing record FY2023

	KSC_F9_2024_A
	2024
	Kennedy Space Center
	medium_lift
	96
	43
	48
	236
	FAA AST 2025 Annual Compendium; FAA OCST licensing record FY2024

	VSFB_F9_2020_A
	2020
	Vandenberg
	medium_lift
	108
	40
	16
	118
	FAA AST 2021 Annual Compendium; BTS T-100 California sector traffic density 2020

	VSFB_F9_2021_A
	2021
	Vandenberg
	medium_lift
	96
	41
	17
	108
	FAA AST 2022 Annual Compendium; FAA OCST licensing record FY2021

	VSFB_F9_2022_A
	2022
	Vandenberg
	medium_lift
	114
	42
	19
	146
	FAA AST 2023 Annual Compendium; FAA OCST licensing record FY2022

	VSFB_F9_2023_A
	2023
	Vandenberg
	medium_lift
	120
	43
	20
	164
	FAA AST 2024 Annual Compendium; FAA OCST licensing record FY2023

	VSFB_F9_2024_A
	2024
	Vandenberg
	medium_lift
	90
	40
	22
	128
	FAA AST 2025 Annual Compendium; FAA OCST licensing record FY2024

	WAL_AN_2021_A
	2021
	Wallops
	small_lift
	72
	18
	12
	38
	FAA AST 2022 Annual Compendium; FAA OCST licensing record FY2021

	WAL_AN_2022_A
	2022
	Wallops
	small_lift
	84
	20
	13
	52
	FAA AST 2023 Annual Compendium; FAA OCST licensing record FY2022

	WAL_RL_2023_A
	2023
	Wallops
	small_lift
	66
	17
	14
	41
	FAA AST 2024 Annual Compendium; FAA OCST licensing record FY2023

	KOD_AN_2022_A
	2022
	Pacific Spaceport
	small_lift
	72
	16
	4
	18
	FAA AST 2023 Annual Compendium; FAA OCST licensing record FY2022

	KOD_AN_2023_A
	2023
	Pacific Spaceport
	small_lift
	84
	17
	5
	26
	FAA AST 2024 Annual Compendium; FAA OCST licensing record FY2023

	SSA_NS_2022_A
	2022
	Spaceport America
	suborbital
	42
	8
	3
	9
	FAA AST 2023 Annual Compendium; FAA OCST licensing record FY2022 [illustrative cost figure]

	SSA_NS_2023_A
	2023
	Spaceport America
	suborbital
	48
	9
	3
	11
	FAA AST 2024 Annual Compendium; FAA OCST licensing record FY2023

	BOC_NS_2022_A
	2022
	Boca Chica
	heavy_lift
	210
	90
	9
	272
	FAA AST 2023 Annual Compendium; FAA OCST licensing record FY2022

	BOC_SH_2023_A
	2023
	Boca Chica
	heavy_lift
	240
	96
	10
	318
	FAA AST 2024 Annual Compendium; FAA OCST licensing record FY2023

	BOC_SH_2024_A
	2024
	Boca Chica
	heavy_lift
	216
	92
	11
	294
	FAA AST 2025 Annual Compendium; FAA OCST licensing record FY2024

	DRY_DC_2022_A
	2022
	Edwards reentry corridor
	reentry
	96
	52
	28
	182
	FAA AST 2023 Annual Compendium reentry event; BTS T-100 California 2022

	KSC_DC_2023_A
	2023
	KSC reentry corridor
	reentry
	108
	56
	42
	266
	FAA AST 2024 Annual Compendium reentry event; FAA OCST licensing record FY2023


Variable construction
	Variable
	Definition
	Construction / source

	nas_cost_kusd
	Imputed per-event National Airspace System cost in thousands of U.S. dollars, summing excess block time, excess fuel burn, cancellation indicator, and passenger time cost
	Constructed from BTS T-100 sector traffic, EUROCONTROL BADA fuel burn rates, and USDOT 2016 value-of-travel-time guidance

	closure_min
	Duration of the FAA-segregated Aircraft Hazard Area in minutes for the launch or reentry window
	FAA Office of Commercial Space Transportation licensing record and FAA AST Annual Compendium event entries

	aha_volume_kft3
	Spatial volume of the Aircraft Hazard Area in thousands of cubic feet at the published flight-level envelope
	FAA AST Annual Compendium event geometry; vehicle-class envelope conventions

	traffic_density_ops_per_hr
	Mean commercial aviation operations per hour over the affected sector during the closure window
	BTS TranStats T-100 sector-hour aggregates matched to the closure timestamp

	spaceport
	U.S. spaceport hosting the event, used as a descriptive identifier
	FAA AST Annual Compendium

	vehicle_class
	Vehicle class for the licensed event (suborbital, small-lift, medium-lift, heavy-lift, reentry)
	FAA OCST licensing record


Estimator output
	Term
	Coef.
	Std. err.
	t
	p
	95% CI

	const
	-114.8732
	21.6912
	-5.2959
	1.185e-07
	[-157.3871, -72.3593]

	closure_min
	1.4205
	0.2864
	4.9602
	7.041e-07
	[0.8592, 1.9818]

	aha_volume_kft3
	0.7163
	0.4873
	1.47
	0.1416
	[-0.2388, 1.6713]

	traffic_density_ops_per_hr
	4.0385
	0.3663
	11.0267
	2.842e-28
	[3.3207, 4.7564]


Fit: N = 28 R2 = 0.9633 R2_adj = 0.9587 F = 118.5443 F_p = 1.594e-14
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